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Preface 

Engineering geodesy is a discipline of geodesy related to the application of 
geodetic measuring systems in the entire process of project making, construction 
and exploitation of structures related to the civil engineering and building 
construction, energetics, the development of projects of regulation of existing 
settlements and the building of new settlements. Monitoring and analyses of 
displacements for the purpose of determining the possible deformations of 
constructions and tectonically active regions, i.e. deformation analysis, whose 
purpose is to protect and preserve human and natural resources, is part of the 
engineering geodesy that uses the most precise surveying methods for collection, 
processing and analysis of spatial data. 

 
The aim of the Symposium that is traditionally held every four years, is to 

present the latest domestic and international scientific and professional 
achievements in the field of engineering geodesy. The topics of the Symposium are 
related to the overall objective of this Symposium, i.e. they cover a wide variety of 
scientific aspects and applications regarding the engineering geodesy in 
construction and industry, new technologies in engineering geodesy and 
deformation monitoring of natural objects and man-made structures. 

 
The Symposium Proceedings cover 45 papers, including 5 special papers 

related to the topics of invited lectures, and 1 paper that relates to a very special 
topic – Ruđer Josip Bošković, 2016 geodesist of the year and 250th anniversary of 
measuring the meridian length from Brno via Vienna to Varaždin. All papers are 
divided into seven topics: 

 
• Invited lectures 
• Deformation monitoring, analysis and interpretation 
• Geodetic networks, data quality control, testing and calibration 
• Engineering geodesy for construction works, industry and research 
• Environmental geoengineering 
• GNSS and indoor navigation 
• New technologies in engineering geodesy and multisensor systems 

 
The International Symposium on Engineering Geodesy – SIG 2016 is the third 

symposium on engineering geodesy organised in Croatia. The first symposium was 
organised in 2007 followed by the second in 2012. Symposiums were organised by 
the Croatian Geodetic Society (FIG member) in co-operation with the Faculty of 
Geodesy of the University of Zagreb (FIG academic member). SIG 2016 is the first 
symposium of this series organised in cooperation with the International Federation 
of Surveyors (FIG), Commission 6 – Engineering Surveys, and its president Prof. h. 
c. Dr.-Ing. Ivo Milev who gave his full support to the organisers of this symposium. 
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The Symposium is held in the historic, baroque city of Varaždin, the former capital 
of Croatia, at the Faculty of Geotechnical Engineering, University of Zagreb. 

 
Geodesists from 8 countries have accepted our invitation to participate in the 

Symposium, and in this way ensured high quality of papers, as well as cooperation 
with the members of FIG Commission 6, Croatian Chamber of Charted Geodetic 
Engineers, with the colleagues from Serbia, and especially with our colleagues from 
the University of Technology in Bratislava, Faculty of Civil Engineering from 
Slovakia and from the Technical University of Munich, Faculty of Civil, Geo and 
Environmental Engineering from Germany.  

 
The received papers were selected by the Symposium Scientific Committee and 

reviewed by the Symposium Review Board. Thus we have managed to come with 
the best possible results, and have achieved the scientific and professional level of 
the Symposium. Likewise, all papers have been subject to a proofreading process by 
our two lectors, who have done a remarkable job in a very short period of time. All 
this guarantees that the proceedings in front of you will bring us new knowledge 
and skills from the field of engineering geodesy, which is essential in our lifelong 
education process that never stops and keeps going on. 

 
I would like to express my immense gratitude to all the authors, presenters, 

participants, sponsors, reviewers, lectors, committee members and my closest 
colleagues and friends for their support and commitment that greatly assisted the 
organising of this Symposium. 

 
Thank you all! 
 
Varaždin, May 2016 

Rinaldo Paar 
on behalf of the 

Scientific Committee of SIG 2016 
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Getting to the Point: the Engineering Geodesist’s Role in 
an Interdisciplinary Team of Experts 

Thomas Wunderlich1  

1 Chair of Geodesy, Faculty of Civil, Geo and Environmental Engineering, Technical 
University of Munich, Arcisstrasse 21, Munich, Germany, th.wunderlich@tum.de 

Abstract. Before designing the solution, it takes to design the task – that is the 
general message of this presentation and will be illustrated by selected examples 
from personal experience. Geodesists charged with responsible project contracts 
typically have to collaborate with other experts to fulfil a common mission. 
Frequently the surveyor does not have detailed knowledge of the object, its 
behaviour and the processes, while at the same time the partners are not familiar 
with geodetic competences, instruments and methods. They mostly restrict 
themselves to general terms like surveying, staking out or monitoring and to 
imposing accuracy, time and cost limits. The consequence could be that we struggle 
to deliver optimum results, but some of the partners or the client himself finds out 
too late that they had a different idea of the work supplied. That is the reason why it 
proves enormously important to start an intense dialogue before designing a 
concept or even begin to execute measurements. The very first thing must be to find 
out what the others really need as well as how and when the results have to be 
presented. Captivating examples will be given from the fields of structural 
monitoring, landslide monitoring, industrial surface inspection and staking out of 
ambitious architectural design. 

Keywords: engineering geodesy, interdisciplinarity, professional perspective. 

1. Introduction 

In November 2010 at the Max-Kneißl-Institute of Geodesy near Munich Section 
Engineering Geodesy of the German Geodetic Commission started a process of self-
conception. It ended up with a careful and thorough definition and description of its 
up-to date competencies, features and tasks [Kuhlmann et al. 2013, 2014]. The 
definition agreed on was “Engineering Geodesy is the discipline of reality capture 
(survey), setting-out and monitoring of local and regional geometry-related 
phenomena, paying particular attention to quality assessment, sensor systems and 
reference frames”. Compared to the original attempt of [Rinner 1970] the 
description indeed mentioned the typical interdisciplinary working domain, but did 
not reflect about the indispensable discussion process to jointly defining the task. 

This fact gives occasion to remind of the corresponding passage and to 
illustrate subsequently its importance by a couple of current examples: “The 
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engineering geodesist most often has to first formulate the problem in discussion 
with engineers (experts) from other disciplines”. This is my issue and concern here. 

2. Examples from survey 

We will first cast a glance at two surveys for demanding inspection tasks, one 
from an industrial and the other one from a construction environment. 

2.1. Smallest imperfections of vehicle bodies 

Premium car manufacturers are extremely concerned about delivering perfect 
quality and thus to detect exceedance of limits as soon as possible to immediately 
correct and improve manufacturing processes. Our involvement focussed on 
inspecting raw metal surfaces before coating for second order deviations from the 
intended shape. These characteristics are called dent, bulge and waviness. 

Before even brainstorming of possible measurement solutions, we invested 
weeks of discussing and defining the task with mechanical engineers, metrologists, 
surveying engineers and auditors. We had to learn about origins of characteristics 
in the production process, accuracy and time demands, established methods of 
inspection and most of all about influences of different nature (e.g. lighting, 
temperature, vibration, skill) on the results. Only after having gained detailed 
insight and comprehension, as well as having watched each of the processes at the 
production site we were able to consult. The main aspect we found was that there 
was an objective method missing! 

That is the reason why the premium manufacturer supported one of its 
engineering geodesists to investigate the whole matter profoundly and to find a 
seminal solution within a sponsored PhD project [Özkul 2009]. The main outcome 
relevant for this paper was the comparison of three outstanding optical inspection 
systems by different criteria (accuracy, discrimination capability, observation and 
evaluation time), contrasting the results with the results of the best auditors, 
selecting the optimum system and scaling it to the manufacturer’s classification 
table. To motivate the skilled auditors to score the same vehicle parts as the systems 
represented the most delicate mission within the whole projects. They were the true 
experts and were afraid to get obsolete after introducing an automated technique. 
The PhD candidate proved able to convince them of the advantage of objectivity also 
as a standard comparison between their scores. These were magnificent for each 
auditor personally, but showed systematic differences among different auditors. 

Moreover, the auditors are able to do their work locally close to the assembling 
process, while the objective 3d optical inspection system needs a vibration-free and 
dimmed room to where designated instances have to be brought to. An automated 
in-line system still remains a vision. On the following page figure 2.1 shows manual 
inspection by a sensing glove, figure 2.2 sighting under special illumination and 
figure 2.3 results of both. Figure 2.4 presents objective classifications by the selected 
optical 3d inspection system reaching accuracies down to tens of microns. 
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Figure 2.1 Manual inspection by sensing glove [Özkul 2009] 

 
Figure 2.2 Visual inspection under special illumination [Özkul 2009] 

 
Figure 2.3 Results from auditors’ scores [Özkul 2009] 
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Figure 2.4 Objective classification by optical 3d inspection system [Özkul 2009] 

2.2. Unknown deformations of a structural steelwork 

In course of necessary modifications of historic buildings, a frequent 
precondition is to generate accurate as-built or rather as-is building models. Our 
example concerns a detailed survey of the steel structure bearing and holding the 
glass dome construction of Munich’s Palace of Justice. Structural analysis of the 
construction for planning the extra loads of necessary fire protection installations 
had to be based on the original plans of 1887. At the same time, it was well known 
that towards the end of World War II a blockbuster hit the building next to the 
Palace. The dome’s glass broke, whereas the steel construction withstood. Later the 
dome received a new glass cover. The examining Civil Engineer and his team, our 
expert partners, suspected deformations of the steel structure due to the blast which 
had never been surveyed and documented. In our teamwork, we learned that in case 
of a certain amount or precarious location of deformations a much more expensive 
2nd order theory would have to be applied, based on detailed up-to-date survey data. 

From the beginning, it was evident that TLS would be the only way to 
document the complex structure [Wunderlich et al. 2008a] and the CEs relied on our 
competence to select the optimum stations and the scanning and registration 
processes. The real challenge to be met was to mutually specify the distinct targets 
to be extracted that would be appropriate for structural analysis. Hundreds of rivets 
had to be selected in scanner images and correlated with captured scan patches. 

A second topic within our expert round dealt with possible thermally induced 
deformations acting upon registrations over a sunny day. The examining engineer 
proved right that they did not exceed 2 mm as an extra monitoring survey showed. 
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Below figure 2.5 gives an impression of an elevated scan station inside of the 
dome, figure 2.6 and figure 2.7 explain the correlation process for the rivets and 
figure 2.8 shows an image of a detected and dimensioned severe deformation.  

 
Figure 2.5 Leica Scan Station in top position [Wunderlich et al. 2008a] 

 
Figure 2.6 Rivet selected in image [Wunderlich et al. 2008a] 

 
Figure 2.7 Corresponding rivet in scan [Wunderlich et al. 2008a] 
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Figure 2.8 Example for a detected deformation [Wunderlich et al. 2008a] 

3. Examples from setting-out 

This part will lead us to two exceptionally difficult tasks in setting-out, which 
both afforded long-term preparations and coordination with the Civil Engineers.  

3.1. Vertical orientation transfer for an intermediate tunnel attack 

To drive and complete long tunnels in reasonable time intermediate attacks 
complement tunnel driving from both ends. Usually horizontal attacks are 
projected; an exception was made at Sedrun where a shaft of 800 m depth provided 
the access to additional tunnel boring sections. After plumbing to create geodetic 
starting points in the underground chamber, an accurate and reliable orientation 
has to be accomplished. As a rule, this is done by determining gyro azimuths. Within 
the Gotthard Railway Tunnel Project (NEAT), the building contractor imposed a 
rigorous check by an alternative method, but at that time, no alternative existed. 

Hence, an anticipatory method, based on inertial navigation and 
autocollimation (AC), was developed at the TUM in course of a PhD project [Neuhierl 
2005] and was put into effect together with the ETH Zurich and AlpTransit. An IMU 
fixed together with an AC mirror was installed at the mine cage bottom [Figure 3.1]. 
Its absolute orientation was transferred from the fundamental tunnel network 
above ground by AC, then the cage dashed downwards and the orientation was 
picked up underground again by AC. The IMU data evaluation delivered the 
correction due to the cage’s rotation during the vertical motion [Figure 3.2]. To 
cancel out systematic influences partly, up and down journeys were averaged and 
eight journeys up and down within a day were sufficient to attain an orientation 
accuracy comparable to the results from the gyro observations. 

Regarding our role in the interdisciplinary team of experts, the main task was 
to match the neatly planned (and trained) procedure with the complex logistics of 
the tunnel construction work. It took one-year preparation time with different 
specialists from CE and responsible authorities to get eight hours privileged access 
to the shaft, which constitutes the main arteria of the tunnel! Predefining the 
optimum baseline in the starting chamber, which afterwards served as unique initial 
orientation for all driving works, was the second task [Wunderlich et al. 2008b]. 
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Figure 3.1 IMU and autocollimation mirror in mine cage [Neuhierl 2005] 

 
Figure 3.2 Cage rotation  determined by IMU [Neuhierl 2005] 

3.2. Setting-out on unstable platforms  

From approximately 100 m height on multi-storeyed buildings start to bend 
away from the sun due to insolation with a specific delay systematically with the 
sun’s azimuth and elevation. The influence shows a diurnal and a seasonal variation. 
Constant wind pressure additionally induces a corresponding deflection and wind 
gusts as well as heavy loads of cranes attached to the building can stimulate an 
oscillation. Thus, setting-out the coordinates of CAD design on the top platform 
becomes an extraordinary problem. The engineering geodesists involved have to 
conceive specific and laborious plumbing procedures to lift up fundamental 
networks long before sunrise or to give continuous GPS monitoring approaches a 
trial. While the first method allows relative setting-out according to plan, the second 
one calls for intense communication links to provide coordinates adapted to the 
instantaneous position of the top platform in space [Wunderlich 2014]. 

Although all these uncommon circumstances and side conditions have to be 
carefully discussed and aligned with the site management and subcontractors, the 
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next example considerably goes beyond. We will look at a case demanding steady 
data comparison with the planning engineers because of ambitious architectural 
design [Almesberger 2005] as recently for the European Central Bank in Frankfurt. 

The architects Coop Himmelb(l)au, Austria designed twin towers of 165 m and 
185 m height, connected by oblique steel diagonals. The special touch of the shapes 
is caused by the continuous change of the floor plan from a trapezoid to a rectangle 
in upward direction at one tower and in the opposite way at the other one, thus 
resulting in torsion of the façades [Figure 3.3]. At the same time, this particular 
design leads to translations and rotations of each storey because of the changing 
centre of gravity. The civil engineers therefore apply approximated initial 
deformations to counteract, which have to be confirmed by the engineering 
geodesists from their monitoring surveys accompanying the setting-out stages. 

Every week the expert round held a meeting to compare the latest observed 
deflections with the simulation results and drew conclusions for the next storey to 
build. To support the findings from TPS and GPS, which were always smaller than 
the values computed by the CEs, a supplementary vertical line of three two-axis 
inclinometers was installed. The collaboration then really took place at eye level.  

 
Figure 3.3 ECB twin towers Frankfurt/Main [Photo: Walter Wunderlich 2011] 

4. Examples from monitoring 

The last section will present geodetic monitoring solutions tailored to specific 
information demands, in one case for swift safety assessment, in the other case for 
long-term investigations. They were worked out in expert teams with CEs resp. 
geologists and environmental engineers.  
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4.1. Attendant bridge monitoring during demolition under traffic 

The Freimann overpass bridge is a central bridge element in the north part of 
the city of Munich. Severe damage caused by environmental influences had occurred 
which made a new construction necessary. A central condition for the new 
construction project was the maintenance of the traffic flow over the construction 
during demolition and reconstruction work. As the bridge had a single-component 
cross-sectional superstructure, the superstructure was demolished in part. This led 
to special construction levels, which required geodetic monitoring to ensure that 
safety was maintained throughout the operations [Zilch et al. 2008, 2009]. 

The procedures were realized while maintaining a four-lane flow of traffic over 
the bridge. This not only involved interference in the static system of the 
superstructure and its positioning, but also release of enormous forces when 
separating the prestressing elements. Important alteration of the static system had 
to be expected when the transverse beams were cut through. This work was realized 
on weekends. Rope saws [Figure 4.1] cut through three transverse beams 
simultaneously. These processes of 30 hours each had to be geodetically monitored 
from beginning to end in eight distinct epochs for seven bridge sections. 

 
Figure 4.1 Rope saw executing the separation process [Photo: Chair of Geodesy 2007] 

We decided to observe six custom-built double-sided reflex targets per epoch 
[Figure 4.2] in a short sequence from two robotic TPS stations. These were free-
stationed with redundancy within an existing high precision network we earlier 
established for damage detection campaigns under the bridge. Such considerations 
and decisions – as in all examples presented in this paper – were pure geodetic tasks; 
the superior task of interest here was to design optimum presentations of our 
results [Figure 4.3, Figure 4.4] together with the responsible CEs. They were neatly 
planned and programmed long before the start of the demolition works to enable 
comparison with thresholds from FEM simulations.  
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Figure 4.2 Bridge cross section, cut postion and six reflex targets [Zilch et al. 2008] 

 
Figure 4.3 Time series of vertical displacements at cross girder 4 [Zilch et al. 2008] 

 
Figure 4.4 Single box presentation with ±1 mm thresholds [Zilch et al. 2008] 
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4.2. Landslide monitoring in alpine hazard management 

In contrast to the previous example, the layout of landslide monitoring often 
has to be oriented to decades of observation and evaluation. In general, all 
considerations have to be taken in close cooperation with expert geologists. This 
starts with sharing present knowledge of dispositions, possible causes and triggers, 
expectations regarding future development and hazard potential. It takes to select 
stable control points and object points to reflect characteristic object deformations. 

Appropriate observation methods have to be discussed and determined 
jointly, not once for all, but with a reasonable perspective to follow new technologies 
over the years and enable their application. As a matter of fact, this is a very difficult 
matter and needs exceeding diligence, also regarding to longevity of monuments 
and reference systems [Wunderlich 2004]. 

Moreover, databases have to be designed for high data load and versatile 
requests from different users; useful and comprehensible presentations are needed, 
also suitable for integrating with other types and origins of observations. 

 
Figure 4.5 Point movements at the Hornbergl landslide area [Wunderlich 2004] 

One of our landslide monitoring projects in the Tyrol [Figure 4.5] now lasts for 
nearly thirty years and we gained a lot of insight what long-term monitoring needs 
and what kind of expectations must be answered over time [Moser et al. 2009]. The 
most important ones concern motion changes, in particular accelerations, and 
correlating them with triggers to maybe gain extra warning time – e.g. in case of 
heavy rainfall some hours before the ground movement is activated. In case of our 
object of study, Hornbergl, figure 4.6 indicates a significant acceleration in 2001 
after long rain and fast snowmelt.  
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Figure 4.6 Point movements at the Hornbergl landslide area [Moser et al. 2009]  

To jointly assess diagrams and form an opinion concerning significance and 
message of phenomena found proves equally important as can be illustrated by the 
changing behaviour of point 28 [Figure 4.7] precedent to its fall and loss.  

 
Figure 4.7 Horizontal point movements – note G28 [Diagram: Wunderlich 2011] 
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5. Conclusion 

By reference to six specific examples from practical engineering geodesy, the 
author tried to work out the engineering geodesist’s duties and capabilities within 
interdisciplinary teams of experts. Careful definition of the expected deliverables 
within a clear timeframe proves of superior importance. Being competent in all 
matters of surveying must be taken for granted – the real value of our product 
originates from understanding the needs of the expert partners, i.e. getting to the 
point. It affords willingness to thoroughly advancing into the task in general and in 
detail until a sound and promising concept can be set up and tailored to the job.  

Ignoring usual pressures of time and economy, it will be worth to act like this. 
Gradually, the engineering geodesist’s reputation will build up and bring new 
contracts in return. Besides, it satisfies to have met the expectations of the partners. 

Let us bring face to face the main issues of the six examples for straightforward 
action and for interdisciplinary empathy: 

• Introducing a new inspection system with opposition or collaboration of 
concerned professionals 

• Tedious creation of a digital 3d model instead of targeted extraction of 
necessary pieces 

• Experiencing impossible observation beliefs as opposed to long prepared 
fitting into overall construction logistics 

• Delivering exact data not understood or common evaluation of measured 
and simulated results 

• Transferring standard lists and presentations instead of presenting 
accorded diagrams tailored to the application 

• Continuously filling high quality data bases or taking part in interpretation. 
Similar convincing examples could be added in a long row. Alas, there is no 

denying the fact that only a few of them can be considered as typical everyday work. 
However, the strategy can be carried to more simple tasks without effort, and to 
neighbouring disciplines in geodesy. Let me confine myself only to cadastral work 
for homebuilders. There, the most important service of a chartered geodetic 
engineer is consulting the client based on inquiries at and negotiations with public 
authorities and legal experts. The specific extra knowledge and experience 
concerning various regulations, their significance and their validity in time and 
location requires the same occupation than the one advised to engineering geodesy. 

Then, we should not be afraid of other professionals trying to take over our 
work just because automated survey systems are at their disposition [URL 1]. 
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Sažetak. Prije konstruiranja rješenja, potrebno je definirati zadatak – to je okvirna 
pouka ovog rada i kao takav će biti ilistriran na izabranim primjerima iz 
profesionalnog iskustva. Geodeti zaduženi za kapitalne projekte uglavnom moraju 
surađivati sa stručnjacima iz ostalih područja kako bi ispunili zajednički cilj. Geodeti 
često ne posjeduju detaljno znanje o objektu te njegovim karakteristikama i 
ponašanju, dok u isto vrijeme ostali stručnjaci nisu upoznati s geodetskim 
mogućnostima, instrumentima i metodama. Oni su uglavnom ograničeni na opće 
geodetske izraze kao što su izmjera, iskolčenje ili monitoring. Uslijed toga može doći 
do problema pri pronalaženju optimalnog rješenja ili jedan od partnera na projektu 
sazna prekasno da je imao drugačiju ideju za realizaciju projekta. Zbog toga je 
iznimno važno obaviti intenzivnu komunikaciju prije razrade koncepta mjerenja ili 
početka mjerenja. Jedna od prvih stvari koje je potrebno dogovoriti je što točno 
ostali partneri zahtijevaju te kada i kako je potrebno isporučiti rezultate mjerenja. U 
radu su prikazani primjeri na područjima monitoringa građevina i klizišta, pregleda 
industrijskih ploha te iskolčenja ambicioznih arhitektonskih objekata. 

Ključne riječi: interdisciplinarnost, inženjerska geodezija, profesionalna 
perspektiva 

*scientific paper 
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New Trends in Engineering Surveying – Bridge 
Monitoring using TLS, Accelerometers and Ground-
Based Radar Interferometry 

Ján Erdélyi1, Peter Kyrinovič1, Imrich Lipták1, Alojz Kopáčik1 

1 Department of Surveying, Faculty of Civil Engineering, Slovak University of 
Technology in Bratislava, Vazovova 5, Bratislava, Slovakia, jan.erdelyi@stuba.sk, 
peter.kyrinovic@stuba.sk, imrich.liptak@stuba.sk, alojz.kopacik@stuba.sk  

Abstract. The weather conditions and the loading during operation cause changes in 
the spatial position and in the shape of engineering structures that affect static and 
dynamic function and reliability of these structures. Due to these facts, geodetic 
monitoring is an integral part of engineering structures’ diagnosis and gives 
important information about the current state (condition) of the structure. The 
development of the measuring instruments enables deformation monitoring of 
engineering structures using non-conventional surveying methods. For static 
deformation monitoring it is feasible to use the technology of terrestrial laser 
scanning, (TLS) if the selected parts of the monitored structure are approximated 
by single geometric entities (small planar surfaces). For dynamic deformation 
measurements (Structural Health Monitoring) of bridge structures ground-based 
radar interferometry and accelerometers are often used for the vibration mode 
determination using spectral analysis of frequencies. The paper deals with the 
experiences of researchers of The Department of Surveying, STU Bratislava in the 
field of deformation monitoring of bridge structures by non-conventional surveying 
methods. It describes the experimental deformation monitoring of the Liberty 
Bridge (Bratislava, Slovak Republic) performed using TLS, ground-based radar 
interferometry and accelerometers. The procedure of measurement, the data 
processing and the results of deformation monitoring are illustrated.  

Keywords: accelerometer, deformation monitoring, ground-based radar 
interferometry, structural health monitoring, terrestrial laser scanning. 

1. Introduction 

Bridge structures are integral parts of the transport infrastructure in the 
Slovak Republic; their number in recent decades has increased by several times. The 
modernization of the transport infrastructure has caused the increase in traffic 
intensity, which is also reflected in the increased operating load of the bridges. This 
causes changes in the spatial position and the shape of the constructions, which 
affect their static and dynamic functions and reliability. Due to these facts, geodetic 
measurements are integral parts of the bridge structure diagnosis.  
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For static deformation monitoring of bridges, the technology of terrestrial 
laser scanning (TLS) could be used. The advantage of TLS over conventional 
surveying methods is the efficiency of the spatial data acquisition. TLS allows for a 
contactless determination of the spatial coordinates of points lying on the surface of 
the measured object. The scan rate of current scanners (up to 1 million points per 
second) allows for a significant reduction in the time necessary for the 
measurements; they respectively increase the quantity of the information obtained 
about the object measured. To increase the accuracy of the results, selected parts of 
the monitored structure can be approximated by single geometric entities using 
regression. In this case the position of the measured points is calculated from tens 
or hundreds of scanned points [Vosselman & Maas 2010]. 

Nowadays, the knowledge of the dynamic characteristics of a bridge 
structure’s behaviour is also increasingly important. They are mainly caused by 
wind and by moving of the objects on the structure (pedestrians, cyclists, vehicles). 
These affect the resonant behaviour of the structure, which results in its dynamic 
deformation that is described by the modal characteristics of the structure’s 
deformation (vibration modes). To achieve the safe operation of the structure it is 
necessary to design the deformations by computational modelling and to monitor 
them during the loading tests. Likewise, long-term monitoring of the structure using 
suitable methodologies is essential. The data obtained by dynamic monitoring 
significantly contribute to the stable and safe operation of the bridge and can be 
used for the calibration of a structural numerical model. For Structural Health 
Monitoring (SHM) of bridges, mainly accelerometers, ground-based radar 
interferometry, GNSS, tilt sensors and the like, are used. The dynamic characteristics 
of the monitored bridge are calculated using spectral analysis methods from the 
data (time series) acquired by the above mentioned technologies.   

2. Deformation monitoring using TLS 

The determination of the displacements of structures from laser scanning data 
is relatively simple if the deformation is determined by differential models (as the 
difference between surfaces), or by measuring the coordinate difference between 
discrete measured points. In both cases the accuracy of the results depends on the 
accuracy of the position of scanned points (several millimetres). To increase the 
accuracy of the results, the measured points (monitored parts of the scanned 
structure) have to be modelled using regression.  

The vertical displacements of the measured points may be determined as the 
difference between the heights of these points in each measurement epoch. The 
height of the points could be calculated by modelling planes using orthogonal 
regression, while the position of the measured points in the XY plane can be defined 
by their coordinates in the plane [Figure 2.1]. 

The advantage of this procedure is that the position of the measured points 
does not change with the thermal expansion of the structure. The heights of the 
measured points are calculated by projecting the points onto regression planes.  
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Figure 2.1 Determination of the height of measured points 

Orthogonal regression is calculated from the general equation of a plane: 
 𝑎 ∙ 𝑋 + 𝑏 ∙ 𝑌 + 𝑐 ∙ 𝑍 + 𝑑 = 0 (1) 
where: a, b and c are the parameters of the normal vector of the plane, X, Y and 

Z are the coordinates of the point lying in the plane, d is the scalar product of the 
normal vector of the plane and the position vector of any point of the plane.   

Singular Value Decompensation is used for the calculation of the elements of 
the normal vector [Čepek et al. 2009]: 

 𝐀 = 𝐔𝚺𝐕T (2) 
where: A is the design matrix, with dimensions nx3, and n is   the number of 

points used for the calculation. The column vectors of Unxn are normalized 
eigenvectors of matrix AAT. The column vectors of V3x3 are normalized eigenvectors 
of ATA. The matrix Σnx3 contains eigenvalues on the diagonals. Then the normal 
vector of regression plane is the column vector of V corresponding to the smallest 
eigenvalue from Σ. 

The design matrix has the form: 

 𝐀 = (

(𝑋1 − 𝑋0) (𝑌1 − 𝑌0) (𝑍1 − 𝑍0)

(𝑋2 − 𝑋0) (𝑌2 − 𝑌0) (𝑍2 − 𝑍0)
⋮

(𝑋𝑛 − 𝑋0)
⋮

(𝑌𝑛 − 𝑌0)
⋮

(𝑍𝑛 − 𝑍0)

) (3) 

where: (𝑋1 − 𝑋0), (𝑌1 − 𝑌0) and (𝑍1 − 𝑍0) are the coordinates of the point cloud 
reduced to a centroid.  

The position of the observed points in XY plane is defined as fixed. The Z 
coordinates (heights) of the measured points are calculated by projecting the points 
onto regression planes [Figure 2.1] using formula: 

 𝑍𝑃 = −
𝑎∙𝑋+𝑏∙𝑌+𝑑

𝑐
 (4) 

The standard deviations of the results are calculated using uncertainty 
propagation law, from the standard deviation of the vertical component of the 
transformation error and the standard deviation of the regression plane. 

The transformation of the point clouds in each measurement epoch is needed 
to obtain data in a common coordinate system in each measurement epoch.  The 
accuracy of the transformation is given by the differences (ΔX, ΔY, ΔZ) between the 
identical reference points succeeding the transformation of the scanned point cloud 
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of the current measurement epoch into the coordinate system of the initial 
measurement epoch. The standard deviation of the regression planes is calculated 
from the orthogonal distance of the points of the point cloud from these planes. 
Dispersion of the points around the plane mainly reflects the random error (noise) 
of the distance measurement by TLS (coordinate determination). To eliminate the 
effects of the systematic errors, it is recommended to perform the measurements in 
the same conditions in each epoch (position of the scanner, temperature, etc.). The 
effect of the systematic errors is included in the accuracy of determination of 
coordinates of the reference points (stable objects in each epoch). 

To get a better imagination about the behaviour of the monitored structure, 
the vertical displacements can be transformed into the direction of the normal 
vectors of the regression planes. 

An application based on software MATLAB® – Displacement_TLS [Figure 2.2] 
was developed for automated data processing. The aforementioned computational 
procedure is performed and controlled with help of the graphical user interface of 
the application. The application was created as a standalone app; however, the 
Matlab Runtime is necessary to be installed.  

 
Figure 2.2 Print screen of the Displacement_TLS dialog window  

3. Deformation monitoring using accelerometer measurements 

Accelerometers generate an output signal in the form of a time series of the 
accelerations. Determining relative displacements can be accomplished by several 
methodologies. The most common method is the double integration of the 
acceleration by a rectangular or trapezoidal rule [Sangbo 2010]. Generally, this 
problem can be described by the formula 

 𝑠(𝑡) = 𝑠0 + 𝑣0 ∙ 𝑡 + ∫ (∫ 𝑎(𝑡)𝑑𝑡
𝑡

0
) 𝑑𝑡

𝑡

0
 (5) 
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The selection of the appropriate sample rate has a significant effect on the 
accuracy of the calculations. In this case it is recommended to provide the 
measurement with a sample rate at least twice that of the highest significant 
frequency of the vibration of the structure. Another important factor influencing the 
accuracy of the integration of the measurements is the implementation of a high-
pass filter. By using a suitable filter, the long-term components of the measured 
signal (e.g., drift) can be eliminated. Therefore, it is necessary to design a filter with 
a minimum frequency and magnitude response. The effect of the filter seen on the 
raw measurements can be analysed by a transfer function. 

4. Deformation monitoring using ground based radar 

Ground-based radar is an innovative measurement approach for the dynamic 
deformation monitoring of large structures such as bridges [Bernardini et al. 2007], 
[Pieraccini et al. 2007]. Radar measurements use the Stepped Frequency 
Continuous Wave (SF-CW) technique. This approach enables the detection of target 
displacements in the radar’s line of sight. The basic principle of the technique is the 
transmission of a set of sweeps that consist of a number of electromagnetic waves 
at different frequencies. A pulse radar generates short-term duration pulses to 
obtain a range resolution that is related to the pulse durations according to   

 ∆𝑟 =
𝑐𝜏

2
 (6) 

where c is the speed of light in a free space, and τ is the time of the pulse’s flight. 
At each time interval of the measurements, the components of the received signals 
represent a frequency response measured at the number of discrete frequencies. 
The application of an Inverse Fourier Transformation frequency response is 
transformed to a time domain. The system then builds a one-dimensional image – a 
range profile, where the reflectors are resolved with a range resolution according to 
their distance from the radar [Figure 4.1]. 

When the range profile is generated, the displacements of the targets are 
detected by the Differential Interferometry technique. This approach compares the 
phase delay of the emitted and reflected microwaves Radial displacement is 
therefore linked with the phase delay Δφ by the following 

 𝑑𝑝 =
𝜆

4𝜋
Δ𝜑 (7) 

where λ is the wavelength of the signal. Radial displacements of the targets can be 
transformed into vertical displacements according to figure 4.2. 
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Figure 4.1 Radar range resolution principle 

 
Figure 4.2 Radial displacement and projected displacement 

5. Spectral analysis of the measured data  

In the case of determining bridge vibration modes, spectral analysis methods 
are used. The most often used is the Fourier transformation. This approach 
describes a time-dependent signal by harmonic functions that can be used to 
transition the signal from the time to the frequency domain. The signal can be 
expressed continuously or in a discrete form. 

In practical applications a finite number of the data is analyzed by the 
numerical method of the Fourier transformation, known as the discrete Fourier 
transformation (DFT). Calculation of the DFT can be realized by several algorithms. 
In the case of the dynamic deformation of bridges, the fast Fourier transformation 
(FFT) is most often used. The FFT is defined as 
 𝑋𝑥(𝑓) = ∑ 𝛾𝑥

𝑀
𝑘=0 (𝑘)𝑤(𝑘)𝑒𝑖2𝜋𝑓𝑘/𝑓𝑠  (8) 

where 𝛾𝑥(𝑘) is the autocorelation function, and 𝑤(𝑘) is the spectral window function 
[Cooley & Tukey 1965]. 

An alternative is the application of the Welch method that uses the FFT 
algorithm. In this case, the spectral density of the time series is computed from the 
overlapped segments. These segments are analysed by the FFT method. The results 
give a smooth periodogram and better accuracy of the frequencies determined. 
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However, the resolution of the magnitude spectrum is unfortunately lower [Welch 
1967]. 

A cross-spectral analysis of two-time series (signals) is used for the cross-
correlation and the time delay between them. It can be described as a different 
dynamic response to external effects (wind, pedestrians, cyclists, etc.). The cross-
spectral density of the two-time series can be estimated by the FFT of the cross-
correlation function as 
 𝑋𝑥𝑦(𝑓) = ∑ 𝛾𝑥𝑦

𝑀
𝑘=0 (𝑘)𝑤(𝑘)𝑒𝑖2𝜋𝑓𝑘/𝑓𝑠  (9) 

where 𝛾𝑥𝑦(𝑘) is the cross-corelation function, and 𝑤(𝑘) is the spectral window 

function [Bracewell 1965]. 
The correlation of two time-synchronized signals at a specific period can be 

defined by their coherence. The significant frequencies of the signals are determined 
by Fisher’s periodicity test. The amplitudes and phase shifts of the signals can be 
estimated by the least squares method. 

6. Liberty Bridge (Slovakia) 

The Liberty Bridge is part of a cycling route between the Bratislava district of 
Devínska Nová Ves (the Slovak Republic) and Schlosshof (Austria). It crosses the 
river Morava at the river kilometre 4.31, where a transverse cycling route, a 
stagnant pool of the river Stará mláka, the ruins of the old bridge, and a border 
fortification bunker are located. The bridge is built over an inundation area on both 
sides in a protected floodplain forest [Figure 6.1]. The total length of the bridge 
structure is 525.0 m [Agócs & Vanko 2011]. 

The substructure consists of reinforced-concrete pillars in which the supports 
of the main structure are anchored. The main structure consists of a steel structure 
with a triangular truss beam suspended over the river Morava and the inundation 
bridges on both sides of the river. 

  
Figure 6.1 Liberty bridge, suspended structure (left) and inundation bridge (right)  

The measurements were focused on determining any displacements of the 
suspended bridge; it consisted of 3 sections with spans of 30.0 m + 120.0 m + 
30.0 m = 180.0 m over the river. The reinforcing girder is a tubular triangle shaped 
with an orthotropic deck. The middle section has the shape of a circular arc with a 
radius of 376.35 m. The deck is composed of a metal plate, steel girders that are 
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positioned in a transverse direction, and of the longitudinal reinforcements. The 
cross slope of the deck is 2% from the longitudinal axis of the bridge to the edges; 
the clearance width is equal to the width of the 4.0 m traffic lane. 

The structure of the main construction is suspended on four pylons that are 
designed as dual - hinged rectangular frames. The diameter of the pylons is 0.914 m; 
their height is 17.7 m [Figure 6.1]. 

7. Deformation monitoring using TLS, accelerometers and interferometric radar 

The monitoring using TLS was performed in 3 measurement epochs; i.e., in 
November 2012, March 2013 and November 2013, using Leica ScanStation2. The 
bottom side of the middle section of the suspended structure was scanned from a 
single position of the scanner. The scanner was positioned on the Slovak side of the 
river approximately at the longitudinal axis of the bridge, thus the whole bottom 
side of the structure could be scanned [Figure 7.1]. 

The reference network consists of four control points. Due to the fact that the 
bridge is built in the natural reservation, there are no possibilities to make 
observation sites. Due to this restriction two of the control points were stabilized on 
the base of the pillars on the Slovak side by metallic fasteners and another two were 
on the points of the original setting-out network of the bridge and stabilized by 
observational pillars. All of the control points were signalized by Leica HDS targets.

 

Figure 7.1 Position of the scanner and control points 

The data obtained by the TLS were transformed to the local coordinate system 
of the bridge as defined by the control points. The data processing was focused on 
determining the vertical displacements of the observed points positioned on the 
bottom side of the bridge deck.  

The vertical displacements of the observed points were determined by the 
methodology proposed in the Chapter 2 using the app Displacement_TLS. During the 
data processing, square fences of 0.075 m x 0.075 m were defined on the bottom 
side of the bridge deck (these defines approximately the same set of points in each 
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epoch). The observed points were positioned on the bottom of the transverse 
girders between the diagonal reinforcements of the supporting girders on both sides 
of the bridge. The total number of observed points was 46.  

The figure 7.2 shows the displacements of the observed points selected. The 
measurements show the displacement of all of the observed points except for the 
points on the ends of the suspended structure. These points have not changed their 
position, because the structure is anchored to the supporting structure at these 
parts. The standard deviation of the displacements calculated using uncertainty 
propagation law varies from 1.3 mm to 1.8 mm. The displacements towards the 
centre of the bridge are increasing and have negative values. In the middle of the 
bridge they reach values of -13 mm respectively, -10 mm in March 2013. This is 
partly caused by the lower temperature of the structure in the control epoch of the 
measurement and partly by the load of a 10 cm layer of snow. 

 
Figure 7.2 Vertical displacements Liberty bridge 

For the dynamic deformation monitoring of the bridge two HBM B12/200 one-
axial accelerometers, that are supported by an HBM Spider 8 A/D transducer and a 
ground-based IBIS-S interferometric radar was used.  

The accelerometers measure the acceleration in vertical direction. These 
inductive sensors have an operating frequency of up to 200 Hz and measuring range 
of up to 200 ms-2. The accuracy of the sensors is defined by a relative error of up to 
±2%. The measured signal is digitized by a HBM Spider 8 A/D transducer and saved 
to the computer by Catman Easy software. The sensors are positioned in the middle 
of the suspended structure and at the anchorage of the suspension cables [Figure 
7.3]. 
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Figure 7.3 Position of the radar and the accelerometers 

The radar measures the dynamic displacements by comparing the phase shifts 
of the reflected radar waves collected at the same time intervals. Displacement is 
measured in a radial direction (line of sight). The minimal range resolution of the 
radar is 0.5 m. The accuracy of the measured displacements is at a level of 0.01 mm, 
but it depends on the range and the quality of the reflected signal. The 
measurements and data registration are managed by the IBIS-S operational 
software installed in a PC (notebook). 

The dynamic measurements were performed during different types of the 
structure loading that were designed on the basis of the finite element method 
(FEM) model of the bridge [Agócs & Vanko 2011]. Four loading epochs were defined 
as follows: the first – without loading, the second – 1 person, walking, the third – 1 
person running, the fourth – 1 person jumping at the centre of the structure. Each 
epoch was performed in 3 phases. In the first phase, the measurements had started 
before the loading of the structure. The second phase continued at the time of the 
loading and the last phase was realized after the loading of the structure during its 
damping phase. Each epoch lasted approximately 2 minutes. The frequency of the 
data registration by the accelerometers and ground-based radar were realized on 
the level of 100 Hz due to the requirements to achieve a higher degree of accuracy 
of the relative displacements and the occurrence of significant frequencies of the 
structural deformations that were higher than 10 Hz.  

 
Figure 7.4 Vertical displacements determined by radar (left) and accelerometers (right) 

during Epoch No. 4 

The data processing consisted of the determination of the relative 
displacements, auto-spectral analysis of the accelerometer and the ground-based 
radar data, as well as of cross-spectral analysis of the data obtained by both 
methods. Determining the relative displacements by the accelerometers was 
realized by the double integration of the accelerations measured. The accelerometer 
drift and integration errors were eliminated by a Butterworth high-pass filter with 
a cut-off frequency at the level of 0.5 Hz. This filter attenuates the magnitude of the 
spectrum at the frequency of 1 Hz by 0.7%, which has no significant influence on the 
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displacements determined. The filter was applied before and after the first 
integration of the velocities. 

Raw displacement data from radar are measured in a radial direction 
(direction in the line of sight). The first step in the data processing of the radar 
measurements is setting the geometry of the structure and defining the position of 
the radar and the measured points. We can define the measured points manually 
using corner reflectors or by finding parts on the structure that have acceptable 
reflection parameters. In our case the second option was chosen. A good reflection 
of the signal from the structure defines the range bin profile [Figure 7.5]. 

 
Figure 7.5 Range bin profiles 

The selected peaks (P01 and P02) correspond to the position of the 
accelerometers stabilized on the structure. The figure 7.5 shows the estimated 
signal to the ratio (SNR) of the signal’s reflection, depending on the structure’s 
range. The effect of pedestrians walking has a minimum influence on the vertical 
displacements. The rapid movement of pedestrians affects the maximum vertical 
displacements twice more than during the loading by a standard pedestrian’s 
walking. The harmonic jumping of pedestrians affects the maximum displacements 
at a level of around 2.50 mm (P01) and 4.85 mm at the centre (P02) of the structure. 
Before the spectral estimation of the accelerations, each measured time series of the 
accelerations was filtered by the Butterworth high-pass filter with a cut-off 
frequency of 0.1 Hz. This filter attenuates the signal amplitudes with a 1 Hz 
frequency on the level of 0.2%. This has a minimum influence on the estimation of 
the expected dominant frequencies of the structural deformations. Determining the 
natural frequencies of the structural deformations at each measured point (P01 and 
P02) was realized by an auto-spectral analysis using the FFT method. The same 
method was used for the cross-spectral analysis of the time series measured by the 
acceleration sensors and interferometric radar at the points P01 and P02. The 
estimation parameters were the same as during the auto-spectral estimation at 
these points. In the next step, the phase shifts of both signals and their coherence 
were determined. 

During the measurement without the structure’s load, the frequency of 
deformation at the level of 1.52 HZ has been determined. only by radar 
measurements. Signals from both measuring points are low coherent with relatively 
high phase delay at the level of around 65.0°. The dominant frequencies of the 
deformations that were determined during the walking of 1 person corresponds 
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with the 22nd vibration mode of the structure (from the FEM model). The estimated 
frequencies approximately at the level of 2.10 Hz corresponds with the frequency of 
the pedestrian’s steps during standard walking. The phase shift at the level around 
23.0° is caused by a short delay in the structure’s response at points P01 and P02 
that were influenced by the pedestrian’s walking. The third loading epoch shows the 
resonant oscillation of the structure affected by running at the range from 2.50 Hz 
to 3.00 Hz, which corresponds to the frequency of the impact of feet on the structure 
during running. The signals at the 44th vibration mode at the level around 3.80 Hz 
have a minimum phase delay at the range from 0° to 3°. The 4th load was realized 
during the synchronized jumping by one person at the centre of the structure. The 
structural oscillation at the frequency level of 1.81 Hz and the minimum phase shift 
are affected only by this activity. The estimated frequency is similar to the 22nd 
natural frequency defined by FEM model. 

8. Conclusion 

The paper deals with the deformation monitoring of the bridge structures by 
non-conventional surveying methods: terrestrial laser scanning, accelerometers 
and by the ground-based radar interferometry. The basic principles of deformation 
monitoring using the mentioned methods have been described. The paper also 
describes the experimental deformation monitoring of the Liberty Bridge 
(Bratislava, Slovak Republic). 
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Novi trendovi u inženjerskoj geodeziji – monitoring 
mosta pomoću TLS-a, akcelerometra i terestričke 
radarske interferometrije 

Sažetak. Vremenski utjecaji i opterećenja koja djeluju na građevinu uzrokuju 
promjene u položaju i obliku građevine, što ima utjecaja na statičku i dinamičku 
funkciju i pouzdanost tih građevina. Iz tih razloga, geodetski monitoring je sastavni 
dio praćenja građevina koji daje važne informacije o trenutnom stanju građevine. 
Razvoj mjernih instrumenata omogućuje monitoring pomaka i deformacija 
građevina korištenjem nekonvencionalnih metoda mjerenja. Za monitoring 
statičkih pomaka moguće je koristiti tehnologiju terestričkoga laserskog skeniranja 
(TLS), ako se odabrani dijelovi građevine aproksimiraju jednim geometrijskim 
entitetom (malim ravnim plohama). Za monitoring dinamičkih pomaka mostova 
često se koristi terestrička radarska interferometrija i akcelerometri za određivanje 
vibracija pomoću spektralne analize frekvencija. U radu je opisano iskustvo 
znanstvenika sa Zavoda za geodeziju, STU Bratislava u području monitoringa 
pomaka i deformacija mostova pomoću nekonvencionalnih metoda mjerenja. 
Opisan je eksperimentalni monitoring Mosta slobode (Bratislava, Slovačka) 
korištenjem TLS-a, terestričke radarske interferometrije i akcelerometra. Prikazani 
su postupci mjerenja, obrade podataka i rezultati monitoringa pomaka. 

Ključne riječi: akcelerometar, monitoring pomaka, monitoring građevina, 
terestrička radarska interferometrija, terestričko lasersko skeniranje. 

*scientific paper 
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Abstract. The paper presents in short some particularities of engineering geodesy, 
as well as the methodological elements common in all engineering geodetic projects. 
There is also a short review of the education of geodesists in the Republic of Croatia 
given, especially in the field of engineering geodesy. At the end of the paper, there 
are also some significant structures presented that have been built in Croatia in the 
last twenty years.  

Keywords: engineering geodesy, infrastructure buildings, particularities of 
engineering geodesy. 

1. Introduction  

The development of construction, i.e. the construction of large and complex 
structures requiring often very high precision in performing the works (bridges, 
tunnels, dams, etc.) has entailed the need to carry out some specific geodetic works 
related to designing and building of such objects. Therefore, a special rather 
extensive discipline has emerged from general geodesy known under the titles 
"Applied Geodesy", "Engineering Geodesy", "Geodesy in Engineering" or "Applied 
Geodesy in Engineering" [Cvetković 1970]. The title "Engineering Geodesy" has been 
accepted in the Republic of Croatia. The topic referring to the education of 
geodesists will show that engineering geodesy was not a separate field of geodesy, 
but has been developing spontaneously in interaction with other technical 
professions and their requirements using in this process the knowledge from 
geodetic sciences, new information technologies, instruments, as well as other 
modern technologies.  

This paper presents in short certain particularities of engineering geodesy 
being a multidisciplinary field of geodesy, as well as methodological elements 
common in all engineering geodetic projects. After that, a short review of education 
of geodesists in the Republic of Croatia is given, especially in the field of engineering 
geodesy, and at the end, there are some significant objects presented, that were built 
in Croatia in the last twenty years.  

2. Engineering geodesy  

What is engineering geodesy and what does it deal with? The textbooks and 
professional literature offer various, but very similar definitions of engineering 
geodesy. These are for example the following: Engineering geodesy is the field of 
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geodesy related to the application of geodetic measuring systems in the entire 
process of designing, construction and usage of structures. In the paper [Brunner 
2007], the following definition was offered: Engineering geodesy is the production 
of geodetic information necessary for the planning of technical projects, setting out 
of the project design, control of the correct construction, and monitoring of 
deformations.  

It should be pointed out that the monitoring and analysis of deformations of 
built objects and tectonically active areas – deformation analysis, are the processes 
in engineering geodesy where the most precise methods of capturing, processing 
and analysing the spatial data are applied.  

Without engineering geodesy, no larger infrastructure buildings can be 
constructed. It should be said at the beginning, that it is not at all easy, and actually 
it is unnecessary, to determine the borders between agreed (imagined) geodetic 
areas. In the process of designing and constructing the objects in the field, geodesy 
is utilized in its entire realm. These works should, therefore, be entrusted to highly 
experienced experts having significant experience in most geodetic works apart 
from the theoretical knowledge. They should also be familiar with the problems of 
the related professions when working together on project tasks. Furthermore, since 
the construction, i.e. geodetic works are performed in various location and climate 
conditions, it is essential to have organisational skills that need to be made 
acceptable in each new project task based on scientific and professional knowledge 
[Kapović 2010]. 

3. Some particularities of engineering geodesy  

One of the basic tasks of geodesy is to present the existing situation in the field 
on plans and maps on the basis of measurements (observations). Hence, we move 
from the observation domain to the domain of coordinates. On the other hand, one 
of the basic tasks of engineering geodesy is to transfer the designed object from the 
geodetic plans to the field. Hence, we move from the domain of coordinates (on the 
basis of which the elements of setting out are calculated) to the observation domain. 
The procedures of field surveying are standardized and specified in various Book of 
rules and Instructions, depending on the surveying purpose. There are no such Book 
of rules with respect to engineering geodesy, because the requirements set in the 
processes of designing and building of various objects (primarily the requirements 
related to the accuracy in performing the works and pertaining to the end results) 
differ among each other. However, various engineering geodetic projects have 
shown that there are some common methodological elements appearing in all 
projects. Why are there the methodological elements mentioned, and not 
professional or scientific elements? It is implied in the definition of engineering 
geodesy that it uses the scientific information and scientific methods, but it is 
considered to be more a technological discipline. Why? Namely, a theory is being 
developed in the science as a correct theory until it is proved to be correct, i.e. to be 
wrong. The science develops through the process of refuting some theory and of 
creating a new improved theory. The key values (measures) in science are "true" of 
"false" (incorrect), and they are based on the laws and principles. The technology is 
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different. The development of technology is reflected in making something easier, 
better and more efficient. The refuting is replaced by defining whether something is 
done "good" or "bad". The key measures in technology are "good" and "bad". These 
measures are not based on the laws. The structure on which technology is based is 
provided by methodology. The endeavour to use good technology in engineering 
projects leads to the consideration of methodology in engineering geodesy. Many 
geodetic experts are dealing with the methodology in engineering works and offer 
various suggestions. In his work, Brunner 2007, mentioned on the basis of his own 
experience 10 methodological elements that are common to all engineering geodetic 
projects. These are the following:  

 
1. Point discretisation of natural surfaces and objects. The Earth’s surface and 

engineering structures are represented by discrete points. The coordinates of 
all points are determined by geodetic measurements. Note: due to the 
development of technology, the structure can be completely defined today.  

2. Distinction between coordinate and observation domain. The observation 
(measurement) domain and coordinate domain should be distinguished. 
Moving between both domains must be possible in either direction without loss 
of information. This is particularly important in the engineering geodesy, as in 
the survey mode, we determine points coordinates from measurements 
(observations), and in setting out mode, we calculated survey data (the 
elements of setting out – angle, distance) from points coordinates. Both modes 
should yield compatible results.  

3. Definition of reference system. The field work starts with the definition of 
geodetic control (network) that all future works refer to. Hence, the definition 
of the reference coordinate system is performed in this stage. In all applications 
of engineering geodesy, a reference system for the calculation of coordinates 
should be clearly and uniquely defined. Furthermore, it is important to define 
the relationship between various reference frames, as different types of 
measurement usually refer to different datums. Once the reference system has 
been clearly defined, the construction works can start at n different points 
simultaneously, which might reduce the construction time significantly (e.g. 
tunnels or bridges).  

4. Specification of unknown parameters and desired precision. An engineering 
project usually starts with the specification of unknown parameters and desired 
precision. This point requires serious discussion between civil engineers – 
designer and geodesists, and quite often precision may change by an order of 
magnitude during these discussions. A task is to relate the construction 
tolerances to precisions (standard deviation) and thus derive confidence limits 
for the planned measurements using statistical methods. 

5. Geodetic network and observation design. The first stage of defining the 
geodetic network is the network design. The quality of the network can be 
assessed without any field work using computer simulations. In the network 
design, the configuration of the network and measurement precision are 
defined.  
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6. Quality control of equipment. The quality control of equipment is an extremely 
important methodological element. The geodesist must know the condition of 
the measuring equipment, i.e. it should be tested whether the instruments 
(instruments and auxiliary equipment) are still performing according to the 
given specifications, when the next calibration is necessary, whether the field 
check is required according to ISO standards. The field procedures for testing 
the geodetic instruments are specified in the standard ISO 17123 that was 
accepted by the Croatian Standards Institute.  

7. Quality control of measurements. Systematic effects can be eliminated or 
reduced using the measuring method (e.g. levelling from the middle, 
measurement of directions on both faces), or these errors are modelled and 
introduces as corrections of measurements. They can also be reduced by 
scheduling the measurements at certain times of the day (for example, by 
avoiding poor satellite geometries). Outliers in observation can be detected 
using redundant measurements. Apart from that, the measurements should be 
planned in such a way that the measuring quantities check themselves (meeting 
the geometric conditions: e.g. closing the angles or horizon, closed levelling 
figure). After the measurement, the method of variance assessment 
(measurement precision) form true errors or from deviations of repeated 
measurements is most frequently used.  

8. Establishment of measurement models. After the survey, the data have to be 
processed. Geodetic field measurements are affected by instrumental errors 
and environmental conditions, which requires to make adequate instrumental, 
meteorological and gravimetric corrections, but also geometric reductions to 
the reference surface taken as the reference for the calculation of network 
points coordinates. In this stage, the stochastic part of the Gauss-Markov model 
is formed that is used for the network adjustment. The stochastic model should 
be clearly defined in order to select appropriate statistical tests.  

9. Establishment of parameter estimation models. The functional part of the 
Gauss-Markov model is the basis for the estimation of unknown parameters 
(coordinates) from the measurements. On one side, there are all performed 
observation, and on the other side, there are all required parameters (points 
coordinates). The connection between the two domains is via a model, meaning 
that the observation domain is mapped in the model domain. This "mapping" 
produces a consistent set of information (adjusted measurements). The 
mapping is done from the model domain to the parameter domain and vice 
versa, which is of great importance in engineering geodesy. The elements of 
setting out are calculated from the data of parameter domain and expressed in 
the model domain.  

10. Quality control of results. At the end, it is necessary to make the quality control 
of the final results. The purpose of this control is to check whether the desired 
accuracy, determined in the project, has been actually achieved. Statistical tests 
have to be the basis of arguments and must replace the personal experience. If 
the statistical tests fail, this can be due to outliers in observations, incorrectly 
selected weight, incorrectly set functional model, etc.  
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It should be distinguished between general methodological elements in 

engineering geodesy and the elements that are closely related to various stages of 
the engineering geodetic project. General elements are the first three. Out of these 
10 methodological elements, as we can see, the term "quality control" appears three 
times, and it is clear that these are the key elements of methodology in engineering 
geodesy. If, for example, one of these elements is left out, it is highly probable that a 
problem will emerge in a later stage of the project.  

4. Education of geodesists in Croatia  

In the period of its 54 years long independent existence, the Faculty of Geodesy 
has been acting in accordance with the tradition of top performance as teaching, 
research and professional institution. The Faculty of Geodesy at the University in 
Zagreb is one of rare independent geodetic high education institutions in the world.  

The education of geodesists did not start 54 years ago, ever since the Faculty 
has been active as an independent institution, but more than 241 years ago, as the 
first textbook by Martin Sabolović Exercitationes Gaeodeticae (Geodetic Exercises) 
was published in Latin in Varaždin in 1775.  

Geodesy was lectured at the Faculty of Philosophy, University in Zagreb, at the 
Technical High School in 1919, and at the Technical Faculty that became a member 
institution of the University in Zagreb in 1920.  

The Geodetic and Cultural Technical Department had the chair named: The 
Chair for Geodesy: Lower geodesy for all departments at the technical faculties: 
geodetic, civil engineering, architectural, mine engineering, mechanical engineering.  

The courses in the academic year 1929/30 at the Technical Faculty – Geodetic 
and Cultural Engineering Department were also rather interesting: Civil 
Engineering, Hydraulics, Road and Railway Construction, Water Engineering, Mine 
Measurements, Introduction to Legal Sciences, Special Administrative Laws, 
Economy, National Economy, Social Politics.  

In the academic year 1948/49, the course Geodesy in Engineering Works 
(course holder Mato Janković) was introduced. The teaching activity in geodesy was 
more and more focused on providing theoretical and practical basics in geodesy that 
are indispensable in the implementation of engineering projects. The course was 
named Geodesy in Engineering Works, and later in the ac. year 1966/67, the name 
Engineering Geodesy (course holder Mato Janković) appeared. Obviously, 
Engineering Geodesy was created as the consequence of linguistic combination.  

The professors and assistants performing the teaching activity in the field of 
engineering geodesy in the past and now at the Faculty of Geodesy: prof. eng. Mato 
Janković (1948-1982), prof. dr. sc. Zvonomir Narobe (1957-1994), prof. dr. sc. 
Zdravko Kapović (1977-2013), assistant Marijan Ratkajec (1991-2001), prof. dr. sc. 
Gorana Novaković (1999-2016), doc. dr. sc. Rinaldo Paar (2001-today), doc. dr. Ante 
Marendić (2004-today), junior researcher Krešimir Babić (2006-2012), assistant 
Igor Grgac (2013-today). 

After more than 241 years of educating geodesists in Croatia, there are the 
following curses covering today the field of engineering geodesy at the Faculty of 
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Geodesy, University in Zagreb: Engineering Geodetic Control, Engineering Geodesy, 
Engineering Geodesy in Construction, Movements and Deformations, Geodetic 
Network for Special Purposes, and Industrial Survey. 

5. Some more significant infrastructure buildings in the Republic of Croatia  

Further in the text, some more significant infrastructure objects will be 
presented in short that were built or reconstructed in the period of the last twenty 
years in Croatia based on the data we have received from the Faculty of Geodesy, the 
Geodetic Institute Split (Damir Lončar), Institute for Photogrammetry (Damir 
Pahić), Topoing Rijeka (Ivan Puškarić) and Water Management of Croatia (Slaven 
Marasović). The emphasis is on the role of Engineering geodesy during construction, 
reconstruction and maintenance of these infrastructure buildings. 

5.1. Bridges 

5.1.1. The bridge over the river Krka near Skradin  

The bridge Krka [Figure 5.1] is a reinforced-concrete arch bridge over the river 
Krka near Skradin at the A1 A1 Skradin – Šibenik highway route. The length of the 
bridge is 391.16 m, and the arch span is 204 m. The foundations of the piers, 
abutments and arch have been constructed on the rock. The cross section of the arch 
is a box-section with two chambers, 3 m high and 1 m wide. The construction of the 
bridge started in January 2003, and the works were completed in December 2004. 
After completing the construction of the bridge, but before its being opened to 
traffic, the bridge was tested. The employees of the Faculty of Civil Engineering and 
the Faculty of Geodesy tested the bridge [Figure 5.1] in order to assess the behaviour 
of the construction as related to the project assumptions.  

 
Figure 5.1 Testing of the bridge Krka 

Relative deformations, temperature and humidity on the construction are 
permanently measured with the monitoring system installed on the bridge Krka 
[Figure 5.2]. The displacements of the construction and the corrosion degree of the 
steel reinforcement are measured periodically. There are altogether 51 sensors 
installed, out of which 28 sensors are used for the measurement of relative 
deformations, 21 sensors for temperature measurement, and 2 sensors for humidity 
measurement. There are also the benchmarks installed for the purpose of periodical 
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measurement of construction displacements where the displacements are 
measured, and also 6 sensors for the measurement of the degree of steel 
reinforcement corrosion [Rak et al. 2010]. Monitoring system has been established 
because every damage or significant deformation affects the bridge performance 
and safety, and can result with the collapse and disintegration of every traffic system 
[Paar 2010]. 

Figure 5.2 The presentation of the complete monitoring on the bridge over the river Krka 
near Skradin (left) and LVDT sensors for the measurement of relative deformations (right) 

5.1.2. The bridge of Dubrovnik  

The load-bearing system of the "Bridge of Dubrovnik" consists of 324.7 m long 
main nonsymmetrical bridge in composite construction of steel-concrete having 
inclined tie rods, and of 147.4 m long prestressed concrete access viaduct, which 
makes altogether 472.1 m. The bridge pylon is made of concrete having A-shape 
with vertical top and with the total length of 141.5 m. The bridge was completed in 
May 2002.  

The employees of the Faculty of Civil Engineering and the Faculty of Geodesy 
made test measurements of the bridge determining also the horizontal 
displacements of the pylon in all load stages along with the vertical displacements 
of the bridge [Figure 5.3]. Vertical displacements of the bridge were determined 
with the modified method of differential levelling and with the method of 
trigonometric levelling. Horizontal displacements of the bridge pylon [Figure 5.4] 
were determined using GNSS method [Kapović et al. 2005]. 
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Figure 5.3 Static testing of the bridge (up) and the diagrams of measured and theoretical 

displacements (below) 

 
Figure 5.4 Horizontal displacement of the top of the pylong in the stages 3, 4, and 5 (left) 

and measurement diagrams of horizontal displacements (right) 

5.1.3. "New-old" Maslenica bridge 

"New-old" Maslenica bridge with the length of 315.30 m is a steel arch bridge 
according to load transfer and it is intended for road and pedestrian traffic. The 
employees of the Faculty of Geodesy established the geodetic control for the 
reconstruction of the bridge. The geodetic control consisted of six points [Figure 
5.5]. For the measurement of the geodetic control, the quick GPS static method was 
applied in combination with triangulation and trilateration. The method of 
trigonometric levelling was used in determining the elevation of points.  

After the bridge had been finished, the test measurement of the bridge was 
made by the employees of the Faculty of Civil Engineering and the Faculty of 
Geodesy, University in Zagreb. In the test measurement, horizontal and vertical 
displacements of the bridge were determined in all load stages defined in the test 
design. Figure 5.6 presents the results of the static load testing of the bridge.  
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Figure 5.5 Geodetic control of the bridge [Paar 2006] 

 
Figure 5.6 Static testing of the bridge with the presentation of determined vertical 

displacements of the bridge 

5.1.4. Railway Bridge Sava 

The Railway Bridge "Sava" [Figure 5.7] is a double-track railway bridge over 
the river Sava in Zagreb. The bridge is a steel structure over 4 spans with the total 
length of 306 m and the width of 9.6 m. The main span is 135.54 m long, the 
remaining three spans being 57.50 m, 57.96 m and 55.00 m long. Detailed testing of 
the bridge was conducted after its reconstruction. Croatian National Standard HRN 
U.M1.046 requires a load testing to be done after the reconstruction is completed 
and prior to opening to traffic. The load testing consists of static and dynamic 
testing. Field measurements were made on June 7th 2015. 

Static and dynamic loading were performed using two 119.5 m long train 
compositions, each consisting of a locomotive and 8 freight wagons. The mass of the 
locomotives was 80.0 t and they were 15.5 m long. The wagons were loaded with 
gravel, their average mass was 79.8 t and their length was 13.0 m. The total weight 
per train composition was approximately 720 t, i.e. 1440 t two trains together. The 
employees of the Faculty of Civil Engineering and the Faculty of Geodesy made load 
test measurements. 

The main focus of this testing was to evaluate the ability of Robotic Total 
Station (RTS) to measure the dynamic displacements to the order of a few 
millimetres, as well as determining the natural frequencies of the bridge. For this 
purpose, during dynamic testing the displacements of the bridge were measured by 
means of two models of RTS with sampling frequencies of 10 Hz and 20 Hz. 
Measured vertical displacements of the bridge during the trains’ passage and 
determined natural frequencies of the bridge are shown on figure 5.7. This was the 
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first time in Croatia that the bridge dynamic displacements as well as natural 
frequencies were determined based on RTS measurements [Marendić et al. 2015]. 

 

 

 

  
Figure 5.7 Position of RTS instruments and reflector(left) measured vertical displacements 

of the bridge (left), and determined natural frequencies of the bridge (right) 

5.2. Tunnels 

5.2.1. Tunnel Mala Kapela 

The 5821 m long tunnel Mala Kapela, being the longest tunnel in Croatia, is 
located on the highway Zagreb-Split which connects the northern and southern 
parts of the country. Referring to the geotechnical characteristics of a rock mass, this 
tunnel is classified into the middle category related to the construction complexity. 
Tunnel Mala Kapela consists of two separated double-lane tubes with the distance 
between axes of 25 m. Horizontal alignment is mostly straight, with transition 
curves at portal arias only.  

Surface reference network of the tunnel Mala Kapela consists of [Figure 5.8]: 
• two quadrilaterals (near northern and southern portal), and  
• 6808 m long precise surface polygon (traverse) for networks connection.  

At the demand of independent control measurements, the surface and 
underground reference networks of the tunnel were checked by the employees of 
the Faculty of Geodesy.  
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Figure 5.8 The northern portal of the tunnel Mala Kapela (left) and the surface geodetic 

control of the tunnel (right) [Paar 2006] 

5.2.2. Tunnel Sveti Rok 

The tunnel Sveti Rok is located at the route Tunnel Sveti Rok – Maslenica on 
the highway Zagreb – Split. The length of the left tunnel tube is 5679 m, and of the 
right tunnel tube 5670 m. In June 2003, the right tunnel tube was opened to traffic. 
The year 1993 is considered as the official beginning of the construction of the 
tunnel Sveti Rok, however, the first works started in 1995 by digging the approach 
cutting of the tunnel, and the works on the excavation of the entrance to the tunnel 
tube started in 1997.  

 
Figure 5.9 Geodetic control of the tunnel Sveti Rok 

The established overground geodetic control (the works were performed by 
the Institute for Photogrammetry, and analysed through master thesis done by Grgić 
2003) consisted of [Figure 5.9]: 

• two geodetic rectangles (one near the northern, and the other near the 
southern portal), and 

• precise traverse that positionally connected the two micro-networks.  
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5.3. Sports halls and buildings 

5.3.1. Sports hall Arena Zagreb – construction  

"Arena Zagreb" sports hall [Figure 5.10] which was built for the purpose of 21st 
Handball World Championships held in Zagreb in 2009 is the object of special 
importance. The roof structure of the hall is nearly rectangular shaped ground plan 
with the dimensions of 143.0 x 103.6 m. It consists of curved main steel girders and 
suspended steel tie rods to the tops of the facade of concrete beams in the east-west 
direction and secondary steel beams in a north-south direction. Since this is a sports 
hall where there is a large number of people during sports events and considering 
its particularly complex shape and design construction, the applicable Croatian 
legislation for steel structures (HRN U. M1. 047 – OG 139/09) requires an 
experimental testing. The scheme of the roof structure, with the sites where the load 
was placed, and the points at which the measurements were done, is given in figure 
5.10. The testing of the main girders was conducted from the platforms placed on 
11 secondary nodes of the main roof girders with hanging rack ("unimog") where 
the platform for applying the load was placed [Figure 5.11]. 

 
Figure 5.10 Roof construction of the sports hall Arena Zagreb 

 
Figure 5.11 Platforms with load at a particular load roofing scheme 

https://www.google.hr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http://abduzeedo.com/best-week-140&bvm=bv.121070826,d.ZGg&psig=AFQjCNEK3w1UONUiGCMMfTOjiWaHBGsRrQ&ust=1462134076756222
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Figure 5.12 Stabilization of the control and measuring points. 

The load test measurements were made by means of the method of 
trigonometric levelling directly on the roof construction of the hall at 115 points 
[Figure 5.12], and the construction was loaded from the interior area of the hall in 
the above described manner [Marendić et al. 2011]. The whole testing procedure 
lasted 15 days due to the exceptional complexity of the construction and the manner 
of its loading and have been done by the employees of the Faculty of Civil 
Engineering and the Faculty of Geodesy. 

5.3.2. The building of Euroherc Insurance Company – extension  

In order to increase the workspace, the owner of the Euroherc building in 
Zagreb [Figure 5.13], had decided to extend the building from the existing eight 
floors to the thirteen floors and to reconstruct the entire building. It was specified 
in the project, that new floors would be built on the four pillar blocks with three 
pillars in a block, they should be almost "invisible" and the building had to be in 
function all the time during construction works. Geodetic works on supervision and 
control of constructing works, as well as on establishing a geodetic control for the 
purpose of building extension and reconstruction, and deformation monitoring 
were done by the employees of the Chair of Engineering Geodesy, Faculty of 
Geodesy, University of Zagreb [Babić et al. 2011]. 

Determination of vertical displacement was needed to check building 
foundation settlement and due to building double weight, the benchmarks R1-R9 
were stabilized in the basement on the bedplate (axis SM), while the benchmarks 
R10-R12 were stabilized in the foundation of pillar block S3, where the 
deformations were also determined [Figure 5.14]. Five control (reference) 
benchmarks were stabilized in the deformation free zone. In relation to relative 
displacements which were constantly measured, vertical displacements were 
measured periodically. 
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Figure 5.13 Extension of Euroherc Insurance Company building 

 
Figure 5.14 Displacement values shown graphically for benchmarks R1 to R9 in the SM axis 

5.4. Hydropower plants 

5.4.1. Reversible hydropower plant Velebit 

It is one of rare pumping hydropower plants built in the world. At a certain 
time of the day, it pumps the water from the lower reservoir back into the upper 
reservoir. It was built in 1984. The whole system of the hydropower plant consists 
of the upper accumulation pool (Gračac-Štikada-Lovinac) – supply tunnel – steel 
pressure pipeline – engine room – input-output structure – lower accumulation pool 
Razovac, the river Zrmanja [Figure 5.15].  
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Figure 5.15 Reversible hydropower plant Velebit 

The overground 2108 m long steel pressure pipeline is laid on the southern 
slope of Velebit. In the horizontal sense, it is a straight line, and in the vertical sense 
it is a broken line. It is stemmed at 10 permanent points (ST) and supported on 103 
saddles (S). The entrance into the engine room is at the bottom of the pipeline. The 
deep engine room was built using the technology of open caisson and the original 
method of lowering and control of the position during the lowering [Figure 5.16]. 
Referring to its size and the relation between the depth and the diameter 60 m: 30 
m, it belongs to the world top achievements. The engine room – a cylinder made of 
reinforced concrete – was built on the surface and gradually lowered into the 
terrain. The process of lowering was monitored using geodetic and physical 
methods. After some time, only geodetic methods were used.  

 
Figure 5.16 Construction of the engine roome of the hydropower plant Velebit 

5.4.2. Hydropower plant Peruća 

The dam Peruća [Figure 5.17] with the accumulation lake and hydropower 
plant is located on the river Cetina 14 km away from Sinj. The dam was built in 1959 
and it is 63 m high. It consists of downstream and upstream embankment made of 
crushed stone with the vertical clay core between them. Between the core and the 
stone, there are transition filter layers made of fine sand, gravel and broken stone.  

https://www.google.hr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEs_z3_bXMAhXJbRQKHTK5DLQQjRwIBw&url=http://atlas.geog.pmf.unizg.hr/e_skola/geo/mini/obnov_izvori_energ/hidroenergija.html&psig=AFQjCNGYiJVy9Ush8TMEl5ooAJ9K3sNDyA&ust=1462092604728285
https://www.google.hr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http://www.krajinaforce.com/forum/index.php?/topic/498-obrovac/&psig=AFQjCNGYiJVy9Ush8TMEl5ooAJ9K3sNDyA&ust=1462092604728285
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Figure 5.17 Hydropower plant Peruća 

The area of the hydropower plant Peruća was occupied by the Serbian 
paramilitary forces and the Yugoslav National Army during the homeland war. On 
28th January 1993, the explosive was activated to demolish the dam and cause the 
catastrophe downstream of the dam. Already on 29th January 1993, the employees 
of the Geodetic Institute d.d. Split (Mate Tomić, Jakov Zokić and Joško Pribudić) 
made the geodetic measurements. The observation of the dam was performed from 
29th January 1993 till 10th  February 1994 lasting altogether 277 days. There were 
19 profiles set up on the dam crest where the movements were measured. The 
measurement data indicated that the settlement of the dam was the largest in the 
profiles P-7a and P-8a, in the amount of 1.37 to 1.55 m [Figure 5.18]. By the end of 
the year 1995, the dam was completely recovered and raised by 1 m, which also 
increased the accumulation. It should also be mentioned that the system of geodetic 
monitoring: prof. dr. sc. Stjepan Klak and prof. Veljko Petković, Faculty of Geodesy 
was established already at the beginning of the exploitation in 1961. GPS (GNSS) 
static method was applied in later years for horizontal movements. 

 
Figure 5.18 The situation of the hydropower plant Peruća 

Legend: 
1. Dam 
2. Flood spillway  
3. Supply tunnel  
4. Fundamental outfall tunnel  
5. HE Peruća 
6. Switchyard  
7. Damaged access tunnel  
8. Subsequently collapsed 

craters  

https://www.google.hr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiI1K78_LXMAhVEUhQKHWDXB1UQjRwIBw&url=http://www.konstruktor-split.hr/reference/tabid/905/a/View/pid/96/Default.aspx&psig=AFQjCNEIOKYcF6dzV4yi5K5wgoCA4z_mYg&ust=1462092429918357
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5.4.3. Hydropower plant Lešće  

The hydropower plant [Figure 
5.19] is the first hydropower plant 
that was built in Croatia as an 
independent state. The hydropower 
plant Lešće is the type of hydropower 
plant at a valley dam (accumulation / 
flow-through power plant) and it has 
the installed power of 55.5 MW. In 
2013, the record 110.6 GWh of electric 
power was produced. It was built at 
the location of the col of the river 
Dobra.  

 
Figure 5.19 Hydropower plant Lešće. 

Lešće is the storage hydropower plant with its artificial lake having the 
reservoir of about 25.7 million m3. The length of the artificial lake is 12.61 
kilometres and it occupies the area of 146 hectares. The concrete dam is 176.5 
metres long, 52.5 metres high, and 4 metres wide. Geodetic works were conducted 
through all phases of plant construction, and are still performing in exploitation 
phase of the plant. 

5.4.4. Hydropower plant Varaždin 

The hydropower plant Varaždin [Figure 5.20] is the oldest multi-purpose 
power plant of the basin of the river Drava in Croatia. It is the power plant located 
most downstream using the potential of the river Drava for the production of 
electric power, it improves the flood protection, provides the gravitational irrigation 
of the farming land along the supply canal, as well as the conditions for the 
development of sports and recreation. The hydropower plant Varaždin is a diversion 
power plant with artificial lake (accumulation) intended for the daily regulation of 
inflow. The total installed power of the hydropower plant Varaždin is 94 MW.  

 
Figure 5.20 Hydropower plant Varaždin 

The task of geodetic observation of the object Hydropower plant Varaždin was 
to provide the protection from possible unexpected phenomena on the objects (dam 
and engine room), and the protection of the environment and the downstream area 



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

58   
 

from damages and hazards. Geodetic technical observation were used to capture the 
necessary data by means of most precise geodetic measurements in order to provide 
rational maintenance of objects during their exploitation. It is important to register 
all events and situations on time that might affect the safety of objects. Apart from 
geodetic observations (auscultations), there were also other technical observations 
performed depending on the type, dimensions and importance of objects. Some of 
them are the following [Rezo 2011]: 

• Levelling measurements of micro and control network 
• Levelling measurement and network adjustment  
• Alignment  
• Clinometer measurements  
• Measurement of directions and distances (trilateriation in micro 

trigonometric network) 
• Field measurements and adjustment of micro network – engine room  
• Field measurements and adjustment of micro network – dam  
• Determination of the verticality of antenna masts and vertical movement. 

5.5. Canal Danube-Sava 

The future multi-purpose canal Danube-Sava [Figure 5.21], being the basis of 
the combined water-railway traffic corridor Podunavlje – the Adriatic Sea has been 
long ago recognized in Croatia as the facility for implementing the traffic potentials 
between the Central Europe and the Mediterranean area.  

 
Figure 5.21 Canal Danube-Sava 

The length of the canal route between Sava and Danube is 61.4 km. The 
chainage of the canal starts in Vukovar at the Danube km 1334+700, and ends in 
Slavonski Šamac at the Sava km 310+750. The route follows the existing streams in 
64%: Vuka, Bosut, Bazjaš, Biđ and Konjsko, and along the entire excavation length. 
There are the town Vinkovci and a larger rural settlement Cerna on the route. The 
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route passes through 63% of agricultural land, 20% of forested area and 17% of 
building area. The canal will divide the eastern Slavonia, which requires the divided 
area to be connected with 27 bridges and 72 cable and pipeline crossings.  

The canal Danube – Sava being the part of the VII. Danube corridor provides 
the integration of the Croatian water routes and the connection of the trans-
European internal waterway Rheine – Danube with the sea, i.e. with the Croatian 
harbours Rijeka and Ploče. In the strategy of the Croatian transport policy, the 
sailing through channel Danube-Sava is considered in the context of the 560-
kilometer-long river-railway combined transport corridor Danube-Adriatic. Sailing 
through Sava to Western Europe will be shortened by Danube-Sava for 417 
kilometres, and to the Eastern Europe for 85 kilometres. 

5.6. Construction and monitoring of settlements  

The employees of the Faculty of Geodesy have been working very successfully 
in the last twenty years on the projects of the construction of settlements. The 
geodetic works consist of field measurements needed for the production of geodetic 
control, the preparation of geodetic documents needed for the formation of building 
lots and for the regulation of property relations, the preparation of setting out, the 
preparation of documents for the recording of data about building, and the 
preparation of geodetic monitoring for the purpose of determining vertical and 
horizontal displacements of settlements, old town centres and tectonically active 
area. There are some geodetic documents, subdivision documents and layouts given 
below for:  

1. the construction of refugee camps in Knin on the polygon Golubići and of 
the settlement on the polygon Gašinci near Đakovo 

2. the construction of refugee camp in Gračac, Karlovac and Petrinja 
3. the construction of university campus Borongaj in Zagreb. 
 
The project of monitoring the old town centre of Dubrovnik should be pointed 

out that started with the establishment of the geodetic network needed for 
monitoring in 1982 and was continued in 1994 with the survey at 7-measurement 
epoch of the entire old town centre. There were 115 benchmarks installed in the old 
objects that were arranged in 4 rows [Figure 5.22] where vertical displacements 
were observed by means of the method of differential levelling [Kapović et al. 1998]. 
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Figure 5.22 Levelling network in the historical centre of Old City of Dubrovnik 

6. Conclusion  

The engineering geodesy is mostly connected with the construction and 
presents a significant, specific and very interesting area of geodetic activity. All of us 
who deal with engineering geodesy are privileged to participate in the construction 
of large infrastructure objects and to be able to demonstrate our knowledge and 
creative skills. Everyone dealing with engineering geodesy in construction is the 
creator and author of his/her works on the construction of objects. A geodetic expert 
is independent, autonomous and creative and performs all of his/her tasks on the 
basis of knowledge and skills being aware that he/she has accepted a great 
responsibility while doing his/her work.  

All works in engineering geodesy support the objects that need to be useful, 
functional and generally acceptable. Since the experts of various profiles are 
included in the design and construction process, the maximum efficiency can be 
achieved only by means of good collaboration among designer – contractor and 
geodesist, and by well-defined task and agreed optimal work method.  

A significant development of technologies, new approaches and methods of 
work done by those dealing with engineering geodesy may be observed as a respond 
to ever growing designing and construction requirements related to more and more 
complex objects.  

In this paper, we have illustrated the area of activity related to engineering 
geodesy and only a small part of its specific features. The research and testing of 
new technologies in this area will never end. We have also given a short overview of 
the developments in engineering geodesy related to the education of geodesists in 
Croatia.  
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Povijest inženjerske geodezije u Hrvatskoj 

Sažetak. U ovom radu ukratko su prikazane određene specifičnosti inženjerske 
geodezije te metodološki elementi zajednički za sve inženjerske geodetske projekte. 
Zatim slijedi kratak osvrt na školovanje geodetskih stručnjaka u Hrvatskoj, posebno 
u području inženjerske geodezije i na kraju je prikazano nekoliko značajnijih 
građevinskih objekata izgrađenih u Hrvatskoj u posljednjih dvadesetak godina. 

Ključne riječi: infrastrukturni građevinski objekti, inženjerska geodezija, 
specifičnosti inženjerske geodezije. 

*scientific paper 
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Monitoring of Displacements and Deformations of 
Geologically Hazardous Areas 

Boštjan Kovačič1 

1 Faculty of Civil Engineering, University of Maribor, Smetanova ul. 17, Maribor, 
Slovenija, bostjan.kovacic@um.si 

Abstract. In this paper, a detail geodetic works in geotechnical testing on 
geologically hazardous areas will be described. Engineering geodesy deals with 
precise measurements using the most precise instruments. Tracking of landslides 
should be done with the systems that allow us to determine millimetre precision. 
This can be achieved by robotic surveying instruments of 0.5” accuracy and also 
with GNSS systems and special automatic tilt and movement sensors. If we want to 
achieve high precision, a focus must also be on deformation analysis. The main 
objective of monitoring of displacement and strain is to secure and protect human 
and animal lives, property, cultural heritage and the environment from the effects 
of natural and human activities. 

Keywords: deformation analysis, geodetic monitoring, specific deformations, 
vertical displacement. 

1. Introduction  

The determination of the displacements of points in geologically hazardous 
areas is one of most demanding geodetic works. The displacements cause the 
deformations on fabricated objects (hydro-electric power plants, dams, bridges, 
viaducts...) in the surrounding area, and in the nature, as for example landslides, 
tectonics... Geodetic measurements help us in learning about and detecting the 
forces that act on the surface and cause the change of the ground. The force can cause 
drastic changes, sometimes more slowly and sometimes suddenly, that may 
influence our life depending on the size and the location of displacements. We have 
practically no power to influence the natural processes, but we can significantly 
reduce the consequences if we are aware of the behaviour of the nature. We should 
therefore be aware of many things, especially of fabricated objects that are a large 
threat because of their weight. We can also expect that the fabricated mass will not 
settle down over the night.  

Along with the mass itself, there are also many other factors that may cause 
the movement of the earth. Natural, hydrological, seismological and fabricated 
influences make all a total of factors that may trigger the instability of the surface, 
especially the one being more poorly built.  

Several technical fields are involved in measuring the displacements and 
deformations, and geodetic measurements are certainly the most important because 
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they yield the most probable values directly in the field in absolute sense. Geodetic 
measurements are used to detect the displacements of points that reveal the 
deformations by means of deformation analysis. Many instruments and systems are 
available today to monitor the displacements. It is very important to use always the 
same equipment that should be correct and precise. There are most often no 
problems with the surveying itself. The angles are measured in cycles, and the 
distances with distance meters several times. The problem of measuring the 
displacements and deformations in geologically hazardous areas is related to the 
need to find a stable reference station of the instrument. The station points should 
be connected to the geodetic network that needs to be checked regularly by means 
of deformation analysis.  

2. Geodetic monitoring  

At the Faculty of Civil Engineering, Traffic Engineering and Architecture, 
University in Maribor, we have been dealing with monitoring already since 1998. 
Ever since that time, we have made more than 400 geodetic monitoring procedures 
on various objects, mostly the test loadings of structures (bridges, viaducts, 
flyovers...). For the purpose of monitoring the hazardous areas, mostly landslides, 
we have bought the most recent equipment and software for deformation analysis. 
Since 2007, we have been monitoring the displacements and deformations on a part 
of the motorway Ljubljana – Nova Gorica, to be more precise, on the part of the 
motorway over the area of the mountain Nanos. It is somewhat more than 13 km of 
the road where various road objects are located, including bridges, tunnels, 
retaining walls, pile walls, altogether 39 objects. The measurement of displacements 
is very interesting because no station point is stable. It is therefore necessary to form 
a macro geodetic network with 6 micro geodetic networks in it that are mutually 
connected, and also connected to the macro network. This network is connected to 
the GNSS station points in Slovenia and to the GNSS points in Europe. Apart from 
this project, we are also performing smaller monitoring procedures on the 
landslides in the surroundings of Maribor where to many interventions have been 
made in the nature due to ever growing construction of objects. For example, more 
than 36 have occurred in one cadastral municipality. On some landslides that are 
»dangerous« with respect to the protection of people, animals, heritage..., we 
perform monitoring and repair the damages.  

3. Geodetic instruments used for monitoring 

For the purpose of performing the geodetic monitoring, we use mostly the 
GNSS devices, total stations and digital levels. Recently, various manufacturers have 
been offering the equipment for monitoring the displacements, and the software for 
data processing. With GNSS devices, the antennas are used for measuring the 
position every 5 seconds in each static method. The antennas are left at the 
measuring point for 24 hours, which provides the obtaining of all parameters 
needed for the processing of results. The monitoring is then performed from these 
points by means of a classical method using total station in several cycles.  
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Figure 3.1 The instruments used for geodetic monitoring 

The company Leica offers a special equipment for monitoring the 
displacements and deformations. GNSS sensor GMX, GPS antenna, NIVEL inclination 
sensor, electronic tachometer, SPIDER software equipment and GeoMos are used for 
monitoring the landslides. 

 
Figure 3.2 Leica products for monitoring the displacements and monitoring 
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4. Deformation analysis  

Deformation analysis is the procedure by means of which we can obtain the 
displacements of points in space on the basis of geodetic measurements using the 
methods of statistic analysis. These displacements make it possible to easily obtain 
the deformations of the geometry of geodetic network on the basis of two or more 
periodical surveys. The deformations calculated on the basis of the displacements of 
points are used as the information about the construction and material, and we also 
obtain the data about the safety of an object. Two conditions should be met in the 
deformation analysis:  

• the errors appearing in the measurement should not lead us to the 

displacements that are different from real displacements, 

• a sufficient probability of determining the stability of points should be 

provided. 

The determination of the stability of points is of essential importance in the 
procedure of deformation analysis for the purpose of absolute determination of 
displacements. It has always been challenging to find the optimal method of statistic 
analysis needed for the determination and detection of displacements. In each of the 
proposed methods, different presumptions, mathematical models, statistical 
analysis were taken into account, which resulted in their difference with regard to 
usability, rationality and implementation. In 1978, a group for the uniformity of 
procedures was established in Bonn at the II. Congress of Deformation 
Measurements (FIG). The following university centres were included: Delft, 
Fredericton, Hannover, Karlsruhe and Munich. The group concluded that it was 
difficult to establish uniform procedures and that the selection of the procedure of 
deformation analysis should be left to the user only. Apart from the methods 
mentioned before, the analyses according to the methods by Ašanin and Mihajlović 
[Savšek 2002] are mostly used in our area.  

When performing the deformation analysis, it is most important to determine 
the stability of reference points in the time between the repeated periodical surveys. 
When determining the displacements of points on an object, the size of the 
displacement is determined according to the stable points in geodetic network. The 
following presumptions should be met to make the geodetic network useful in the 
deformation analysis:  

• right selection of the location of reference points and the points on the 

object,  

• proper stabilization of points, 

• proper measuring accuracy,  

• optimal geometry of the network, 

• right selection of test statistics. 

The result of deformation analysis proves the stability of a reference point and 
defines the size of the displacements between two periodical surveys. We speak 
about the displacement in practice when it is 2.5 to 3 times bigger than the value of 
standard deviation of certain displacement. It is therefore recommended to meet the 
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following demands for the purpose of obtaining the needed accuracy in determining 
the displacement: always use the same instrument and equipment, perform the 
measurements in individual periodical survey according to the identical plan, 
preserve the identity of the geometry of geodetic network and process the 
measurement values according to the same procedure. 

Table 4.1 Comparison of the methods of deformation analysis [Savšek 2002] 
Phase/Method Hannover Ašanin Mihailović 

Equalisation and 
detection of major 
errors 

𝑣𝑖
𝑇𝑃𝑣𝑖 = 𝑚𝑖𝑛  

�̂�𝑖
𝑇�̂�𝑖 = 𝑚𝑖𝑛  

𝑖 – terminal 
measurement 

𝑣𝑖
𝑇𝑃𝑣𝑖 = 𝑚𝑖𝑛  

�̂�𝑖
𝑇�̂�𝑖 = 𝑚𝑖𝑛  

 

𝑣𝑖
𝑇𝑃𝑣𝑖 = 𝑚𝑖𝑛  

 

Transformation 
S-transformation 
(in date of identical 
points) 

S-transformation 
(in date of points, 
which symmetry is 
identified) 

/ 

Input data 
Levelled coordinates and estimation of determination accuracy of point 
coordinates of individual terminal measurement. 
�̂�𝑖𝑖𝑄𝑥𝑥′�̂�𝑜𝑖

  

Test of homogenous 
accuracy 

𝐻0: 𝐸(�̂�𝑜𝑖
) = 𝐸(�̂�𝑜𝑖−1

)  

Terminal measurement must be homogenous accurate. 
Reference variety a 
posteriori of both 
terminal 
measurements 

�̂�0
2 =

𝑓𝑖�̂�0𝑖
2 +𝑓𝑖+1�̂�0𝑖+1

2

𝑓
  

𝑓𝑖 = 𝑛𝑖 − 𝑢𝑖 + 𝑑𝑖 , 𝑓 = 𝑓𝑖 + 𝑓𝑖+1  

/ 

Test of global 
symmetry 

𝐻0: 𝐸(�̂�𝑖) = 𝐸(�̂�𝑖+1)  
We want to establish whether coordinates of points in the network are 
changed. 

Test stability of 
reference points 

Displacement vector 
𝑑 = �̂�𝑖+1 − �̂�𝑖  
𝐻0: 𝐸(𝑑𝑆) = 0  
We want to establish 
whether there are any 
unstable points 
among reference 
points. 
𝑑𝑆 – displacement 
vector of reference 
points 

𝑑 = �̂�𝑖+1 − �̂�𝑖  
𝐻0: 𝐸(𝑑) = 0  
We want to establish 
the symmetry of two, 
tree … points in the 
network. 

Stability of reference 
points are established 
according to 
displacements. 
𝑑′𝑦𝑖 = 𝑦𝑖+1,𝑗 − 𝑦𝑖,𝑗  

𝑑′𝑥𝑖 = 𝑥𝑖+1,𝑗 − 𝑥𝑖,𝑗  

𝑗 – point number 
Calculation of the 
middle value of 
displacement. 
�̅�′𝑦, �̅�′𝑥  

Number of 
combinations 
2𝑝 − (𝑝 + 1)  
𝑝 – number of the 
network 

Establishment of 
unstable reference 
points 

Gradual elimination of 
points which show the 
highest asymmetry. 

Points which show 
symmetry in all 
combinations are 
treated as stable. 

Test of displacement 
of points on object 

𝐻0: 𝐸(𝒅0) = 𝟎  
�̅�0 = 𝑑0 − 𝑃00

−1𝑃0𝐹𝑑𝐹  
𝑑0 – displacement 
vector of points on 
objects 

𝐻0: 𝐸(𝒅0) = 𝟎  
𝑑0 = �̂�𝑖+1 − �̂�𝑖  

𝐻0: 𝐸(Δ𝑑′̅𝑗) = 𝟎  

Δ�̅�′𝑦𝑗 = 𝑑′𝒚𝑗 − �̅�′𝒚  

Δ�̅�′𝑥𝑗 = 𝑑′𝒙𝑗 − �̅�′𝒙  
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Figure 4.1 Displacements vectors obtained with classical geodetic method 

For the purpose of geotechnical monitoring, the standards have been prepared 
in Slovenia for the usage of geodetic systems and accuracy. The displacements have 
been classified in two orders:  

• I. Order of Accuracy – displacements of 2 cm to 10 cm, 

• II. Order of Accuracy – displacements of 5 mm to 2 cm. 

Traverse point 

Object point 

GNSS point 

Displacement 
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Figure 4.2 Displacement vectors obtained with GNSS method (author: Kovačič B.) 

In order to meet the I. Order demands, it is necessary to use the electronic 
tachometer with the accuracy of 3” per angle and 3 mm per distance, the level with 
the accuracy of 1 mm/km, then to use the static and RTK method with GPS repeating 
the measurements 10 times, to measure the meteorological parameters, to centre 
the instrument optically and make normal stabilization of measuring points. For the 
II. Order it is necessary to stabilise the instrument precisely (re-enforced concrete 
pillars), to perform forced centring of the instrument, reflector and GPS antenna, to 
use precise reflector and invar staff, to use calibrated equipment, and to measure 
the meteorological parameters several times a day.  

5. Conclusion  

In performing the geotechnical monitoring of landslides, geodetic profession 
plays the most important role providing immediately the results related to terrain 
displacement that are used for determining the deformation of structures. It is 
necessary to make a detailed plan of monitoring and to arrange simultaneous 
measurements with other participants. This refers to the measurement with 
inclinometer and other geological equipment. We obtain thus a complete picture 
about the behaviour of the landslide at the top and along the length of the 
inclinometer.  

Geodetic measurements should be performed accurately and precisely, and it 
is also necessary to develop a good geodetic network for special purposes. The 
selection of instrument depends on the foreseen displacement and the terrain. 
Geotechnical and geodetic measurement of displacements in geologically hazardous 

Displacement 
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areas should be well organised in accordance with the needs of the project manager 
providing also adequate safety of workers and” equipment.  

References  

Kapović Z. (2010). Geodezija u niskogradnji (Geodesy in Civil Engineering), 
University in Zagreb, Faculty of Geodesy, Zagreb. 

Kovačič B.; Kamnik R. (2009). Praktična geodezija v gradbeništvu, Univerza v 
mariboru, Fakulteta za gradbeništvo, Ljubljana. 

Pribičević B.; Medak D. (2003). Geodezija u građevinarstvu (Geodesy in Civil 
Engineering), University in Rijeka, Faculty of Civil Engineering, Zagreb. 

Savšek S.S. (2002). Ugotavljanje premikov z metodami deformacisjke analize, 
Slovensko združenje za geodezijo in geofiziko, Strokovno srečanje, Ljubljana. 

US Army Corps of Engineers (2002). Structural Deformation Surveying, Engineer 
manual, Washington, USA. 

 

Praćenje pomaka i deformacija geološko opasnih 
područja 

Sažetak. U radu ćemo detaljnije opisati geodetske radove kod geotehničkih 
ispitivanja na geološko opasnim područjima. Inženjerska geodezija se bavi 
preciznim mjerenjima uz upotrebu najpreciznijih instrumenata. Za praćenje kliznih 
područja, treba upotrijebiti sustave koji nam omogućavaju milimetarsku preciznost. 
To možemo postići robotiziranim geodetskim instrumentima točnosti 0.5” uz 
upotrebu GNSSa i posebnih automatskih senzora nagiba i pomicanja. Ako želimo 
postići visoku preciznost, treba se osvrnuti i na deformacijsku analizu. Osnovni cilj 
monitoringa pomaka i deformacija je osiguranje te zaštita života ljudi i životinja, 
imovine, kulturne baštine te okoline od utjecaja prirode i djelatnosti ljudi. 

Ključne riječi: deformacijska analiza, geodetski monitoring, specifične deformacije, 
vertikalni pomaci. 

*scientific paper 
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Abstract. Geodetic control networks for hydro technical object monitoring are 
comprised of 1D and 2D networks, rarely of 3D networks. For the successful project 
design it is necessary to define the criteria in cooperation with Civil Engineering 
Experts, respecting the principles of surveying profession. The task of the Civil 
Engineering Experts is to define the size of movements which, for a specific type of 
construction must be detected “with certainty” between the two measuring epochs; 
to discretize the object with the optimal number of characteristic points along 
horizontal and vertical intersections, and to define the approximate monitoring time 
plan. The task of the geodetic surveyor is to design a control network, based upon 
these criteria. The Control Network Design, with reference to the set terms, 
presupposes choosing the position of the reference network points – points outside 
the object, defining the measuring plan, the network datum, and the precision of 
measurements, calculation of network quality criteria, and technical conditions for 
the realization of measurement. Whether the criterion for the size of movement 
detected “with certainty” between the two monitoring epochs has been satisfied is 
supposed to be seen at the end of each calculation. This paper offers the inquiry into 
the methods and problems of Control Networks Designing. 

Keywords: control network, monitoring, precision, reliability. 

1. Introduction 

Hydrotechnical objects are used for: accumulation, transport, filtering and 
storage of water, and flood protection. The types of hydrotechnical objects are: 
dams, canals, embankments, hydrotechnical tunnels, aqueducts, pipelines, water 
filtering factories, and reservoirs. Dams are used for water accumulation, the 
purpose of which is water supply or for the production of electrical energy. They 
could be made of concrete or earth/rock filled. Dams are types of hydrotechnical 
objects that require regular monitoring, because they are extremely significant for 
the functioning and security of larger areas.  

The purpose of the Control Network Project is to “with certainty” spot the 
predefined movement vector of network points, between the epochs, obeying the 
principles of the field of expertise. The quality of geodetic network is defined by the 
precision, reliability and the price of realization [Amiri-Simkoeei 2001]. The 
reliability criterion is connected to the possibility of discovering a gross error in 
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measurement (internal), and the influence of an undetected gross error on the 
parameter assessment (external) [Baarda 1968]. While designing the control 
network, it is necessary to conduct the optimization of a number of orders. The 
orders of optimization are: the zero order – the datum selection, first order – the 
choice of survey plan, second order – defining measuring accuracy, and, optionally, 
third order addition of new points [Grafarend & Sanso1985]. 

Designing problems can be solved by using analytical or heuristic methods 
[Amiri-Simkoeeii et al. 2012]. The heuristic method is used for the definition of the 
criteria that the network must meet The properties defined are: the network datum 
and configuration with the survey plan, precision of measurements, and accuracy 
calculations [Milovanović et al. 2014]. If some of the defined criteria are not met, 
then either the network configuration, the monitoring plan, or the precision of 
measurements are most commonly altered. The analytical method implies resorting 
to a unique series of mathematical steps for immediate satisfaction of the defined 
criterion.  

This paper will present the first method of designing control networks. The 
aim of this paper is to create an overview of all possible issues and the upgrade of 
the designing method. 

2. The Algorithm of Control Network Design  

In order to complete the project successfully, a certain type of designing 
algorithm must be used. Figure 1 shows the designing algorithm with all the steps 
necessary for project designing. These steps are a part of the project technical 
report.  

 
Figure 2.1 Control Network Design Algorithm 
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3. Technical Report 

The aim of designing is to define all the terms necessary for the realization of 
measurements, as well as the method for the evaluation of the vector of movement, 
with the accuracy estimation. Measurements may contain the following sources of 
errors: instrument, operator, external conditions, measurement method, and/or 
formulae for atmospheric and geometric reduction. With our measurement designs 
we wish to prevent the occurrence of gross and systematic errors in measurement 
results. Gross errors can be eliminated by defining the monitoring and control 
criteria, while systematic errors can be eliminated by: measurement methods, 
measurement conditions, accuracy conditions, and correction introduction. These 
project solutions comprise a part of the technical report.  

3.1. Project Design Criteria 

Control projects for 1D and 2D networks are generally separated in practice. 
The reason for this is that usually, a smaller size of movement to be detected 
between the epochs within 1D network is required, so the direct differential (spirit) 
leveling has to be applied. Since 1D and 2D network measurements are physically 
independent, there is no need for the network to be the adjusted as a 3D. The criteria 
refer tothe precision, reliability, network sensitivity and to the price. All criteria 
must comply with the expertise principles. The five principles of surveying expertise 
are: from whole to the part, economy of accuracy, independent control, data 
consistency and data safety [Schofield & Brench 2007]. 

Network sensitivity refers to the size of themovement of the control points, 
that will be detected “with certainty“1 between the two epochs of measurement. This 
size is defined by the project task (dp). The vector of movement is obtained as the 
difference between the points' coordinates between the two epochs. Its standard 

deviation (σdp) equals the double value of the standard point position deviation 

within one epoch (𝜎𝐾𝑀̅̅ ̅̅ ̅), because it is implied that the measurement epochs are of 
the same precision. A movement may be regarded as a “confidence interval“, since 
it can be either positive or negative in between the epochs. Based on the mentioned 
vector of movement, 𝑑 equals 

 𝑑𝑝 = 2𝑡𝑝√2𝜎𝐾𝑀̅̅ ̅̅ ̅ , (1) 

while the standard deviation of the control network point position 𝜎𝐾𝑀̅̅ ̅̅ ̅ within the 
epoch is 

 𝜎𝐾𝑀̅̅ ̅̅ ̅ =
𝑑𝑝

2𝑡𝑝√2
≈

𝑑𝑝

5
, (2) 

where 𝑡𝑝 represents the quantile of the normal distribution (for the double Laplace 

function), for 𝑝 = 0.95 ⇒ 𝑡𝑝 = 1.96. 

The hydrotechnical surveyed objects are made of concrete (dams, reservoirs, 
hydrotechnical tunnels) or of earth (earth filled dams and embankments). The 

 
1 The phrase “be detected with certainty” is used to denote that the power of the test is 

0.80%, and the level of significance 0.05. 
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movement size that must be detected “with certainty” between the epochs is given 
in table 3.12. 

Defining a standard deviation for points’ position/benchmark heights means 
complying with the accuracy economy criterion, because network precision is 
crucial for the required criterion to be satisfied. Should the need for the network 
expansion arise (i.e. in case of landslides, implying the monitoring of objects and the 
surrounding terrain), the errors of given sizes must be taken into consideration, 
because the network expansion must be conducted within the same coordinate 
system. It is impossible to achieve greater precision than that of the already existing 
network. 

Table 3.1 Size of movements that must be detected “with certainty“ between epochs 

Object 
Size of movement [mm] 

1D 2D 

Concrete 2 15-20 

Earthen 10 50 

 
Other criteria are defined by the Survey Designer himself/herself respecting 

the principles of the profession. The first demand refers to the precision. The 
network should be either homogeneous-isotropic (2D), or homogeneous (1D). An 
isotropic network is the network in which the ratio between the semi-major axis (A) 
and the semi-minor axis (B) of the error ellipse is not over 2:1 [Perović 2005]. With 
this, the principle of network consistency will be satisfied, which necessitates the 
same precision for the determination of all points. The other criterion refers to 
reliability, thus the principle of the independent network control will be satisfied. 
The global measurement of internal reliability of �̅� for the 2D network is 0.3-0.4, i.e. 
having at least one redundant measurement towards each point; and for 1D that is 
0.2, i.e. the closed levelling polygon does not require to have over five levelling lines. 
The third criterion is also connected to the network reliability, meaning that the 
marginal gross error that can be detected through data-snooping testing, must not 
exceed 5𝜎𝑖 − 7𝜎𝑖 (𝜎𝑖 – standard deviation of individual measurements) [Perović 
2005].  

3.2. Number and Arrangement of Network Points  

A construction is a continuous figure, which is discretized by the finite number 
of points for surveying purposes [FIG No25 2002]. The choice of points on the object 
is made by the civil engineering expert (designer), while the task of the surveyor is 
to determine on which side of the segment the points/benchmarks should be 
mounted, so that a signal or the staff can be placed on. With the concrete dams, the 
object is discretized downstream in the orthogonal profiles of the body of the dam, 
while the benchmarks are placed on the dam's crest; the points on earthendams are 

 
2 The movement sizes presented in this table are based on the requirements the author 

had been asked to fulfill during the network designing for the dam and associated structures 
monitoring.  
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mounted at constant distances on each downstream berm, which are also the points 
of the 1D and 2D networks.  

The point configuration outside the object in the 2D network – the stations – 
depends on the terrain configuration, the object’s characteristics, precision 
requirements and the points on the object designated for survey. As a rule, these 
points are usually found on a stable terrain and outside the object’s zone of 
influence. However, in order to realize a better network geometry, or to be able to 
observe all points on the object, the station could also be placed on the object itself 
or within the deformation zone. Such points have to be observed from at least three 
points on the determined stable terrain. Depending on the parameters measured 
towards the object’s points, it is necessary that each point on the object can be 
observed from the two (if distances and horizontal directions are being measured), 
or from the three stations (if only the horizontal directions are being measured). 
The arrangement of the directions towards the points should be distributed evenly 
on the horizon. The direction intersections towards the points should be within the 
30°–135° interval [Mihailović 1995]. In this manner, the shape of the error ellipses 
are as close to the shape of the circle, as possible. Additionally, at least two adjacent 
points and one non-adjacent should be visible from each point outside the object. 
These points should be positioned on the approximately same height, in order to 
decrease the influence of the systematic errors of the measured directions. They 
should also be easily accessible. When dealing with the dams, the last of these 
requirements is hard to satisfy.  

Generally, all points outside the object are included into the 1D network, 
together with the predefined points on the object. At the greater distance from the 
2D network points outside the object, at least three benchmarks should be stabilized 
a securely stable terrain. These benchmarks need to be properly distributed around 
the object.  

3.3. Choice of Datum  

Choice of datum is a sensitive topic, in the case of deformation analysis. In 
order to compare the estimated coordinates between the epochs, it is necessary that 
the network datum be the same for both epochs. It has to be defined, or left with 
minimal trace on stable points. Some methods of congruency however, do not imply 
the existence of stable reference points (Pelzer’s, robust, Karlsrue’s), whereas 
others, like the Caspary’s method, do imply the existence of stable points and 
predetermined datum. 

Depending on the method that will be used for the determination of stable 
points, the choice of datum would also be necessary. If those are the methods that 
do not imply the existence of stable points, it will be necessary to conduct a 
calculation with the minimal trace on all points, as well as on the part of the points 
that are assumed to be stable based on geological research.  
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3.4.  Plan of Measurement  

The monitoring plan has to ensure that each network point intersect properly 
distributed measurements at the horizon (at least 3 measurements for the 2D 
network, and at least 2 for the 1D network). In addition, the type of measurement 
regarding the 2D network should be planned so that the error ellipsis is as near to 
the circle as possible, and its accuracy homogeneous.  

The approximate number of measure in the network is determined according 
to the demanded global measurement of internal reliability �̅� 

 �̅� =
𝑛−𝑢+𝑑

𝑛
⇒ 𝑛 =

𝑢−𝑑

1−�̅�
, (3) 

where 𝑛 represents the number of measurements, 𝑢 the number of unknown 
parameters, and 𝑑 the network defect. Formula (3) yields the approximate number 
of measurements within the network, and can be enlarged up to 10% in order to 
meet the criteria, due to unfaborable distribution of reference points. 

Dam monitoring is performed by using total stations and digital levels, 
primarily for its precision, e.g. standard of the point position, on concrete dams must 
not exceed 3-4 mm, which can hardly be done using GPS. The GPS technology are 
used for the measurement of the longest diagonals in the network, in order to 
improve the geometry. The measured distances should be controlled by directions 
and vice versa, so that independent control of all measurements is realized.  

 Within a 1D network, the measurements are planned according to closure 
polygons. It is generally preferable for the polygon not to have more than five sides. 
The connection between the benchmarks (those outside the object) and the 
benchmarks on the object, should be properly, i.e. approximately the same number 
of benchmarks should be between the connections on the object. In this way, the 
homogeneous accuracy is ensured, as well as approximately the same local 
reliability measure in the network. 

3.5. Precision of measurements 

Based on the known size of movement, that must be detected, standard 
deviation of the position/height of the point/benchmark is obtained. As a rule, in 
order to define the standard deviation, the standard deviation of arithmetic mean 
value of measurements does not produce a linear error of the point larger than the 
required position accuracy. Every unknown parameter in the network could be 
evaluated in at least two independent ways, because of the redundant 
measurements, so that the standard deviation of the points' position/height 
determined through an independent method (𝜎𝐾𝑀)can be obtained as  𝜎𝐾𝑀 =

𝜎𝐾𝑀̅̅ ̅̅ ̅√2. In this way, we gain a bigger error budget. However, this way of calculating 
standard deviations of measurements need not always satisfy all the requirements.  
 
 
 
Directions and distances 
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Figure 3.1 shows the effect of the error of direction on the point positioning 
error. The value of the standard deviation of the arithmetic mean of the measured 
direction of a number of series is obtained through:  

 𝜎�̅� = 𝑎𝑟𝑐𝑡𝑔 
𝜎𝐾𝑀

𝐷𝑖𝑗
≈ 𝜌

𝜎𝐾𝑀

𝐷𝑖𝑗
. (4) 

 
Figure 3.1 The influence of error of direction on the point position error  

The distance between the points is determined according to the approximate 
network's points coordinates. Standard deviation of the arithmetic mean of 
distances equals the standard deviation of the points' position.  
 
Height differences obtained through direct differential leveling  

A required benchmark’s standard deviation 𝜎𝐻 is given. The height difference 
of the leveling line is obtained as the difference between the heights of the two 
benchmarks, while the standard deviation of the arithmetic mean of height 
difference 3 𝜎∆𝐻̿̿ ̿̿  equals: 

 𝜎∆𝐻̿̿ ̿̿ = 𝜎𝐻√2 (5) 

Weights in geometric leveling are determined as 𝑃𝑖 =
1

𝑁𝑖
 or 𝑃𝑖 =

1

𝐷𝑖
 (𝑁𝑖 represents 

the number of stations on the leveling line, where 𝐷𝑖 is the length of the side). The 
first formula is most commonly used among engineers, because the lengths of the 
lines of sight could vary between stations. It is necessary to determine the standard 
deviation of the arithmetic mean of the height difference at the station 𝜎∆ℎ̅̅̅̅  , which is 
used as the a priori dispersion factor 𝜎0 in calculation. In order to calculate this 
standard deviation, it is sufficient to determine the highest number of stations in the 
leveling line, so that  

 𝜎∆ℎ̅̅̅̅ ≡ 𝜎0 =
𝜎

∆𝐻̿̿ ̿̿

√𝑁𝑚𝑎𝑥
 (6) 

3.6. Network Design Accuracy 

Based on the previous steps, a functional model (design matrix A), a stochastic 
model (weight matrix P), and datum matrix (B), can be developed. Using these 
matrices a co-factor matrix of unknown parameters can be calculated; precision 
criteria: in the direction of the coordinate axes and error ellipsis; reliability criteria: 
local measure of internal reliability, and marginal gross error which can be detected 
through the data-snooping test. The most important thing is to calculate the size of 
movement which must be detected “with certainty” between the two epochs via the 

 
3 The definite value of height difference is obtained as an arithmetic mean of the front-

back measurements, while the front or back height difference is the arithmetic mean of the 
sum of the height differences determined through the change of the height of the instrument.  

𝜎�̅� 
𝜎𝐾𝑀̅̅ ̅̅ ̅ 

𝐷𝑖𝑗 𝑖 𝑗 
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non-centrality parameters 𝜆 for 𝜒
1−

𝛼

2

2 (𝑓) non-central distribution (𝑓 number of 

degree of freedom – for 2D is 2, and for 1D is 1): 

 𝜆 =
𝐝T𝐐d

−1𝐝

𝜎0
2  (7) 

𝐝 –  vector of one point’s coordinate differences between the epochs,  
𝐐d – co-factor matrix of coordinate differences between epochs. 

 
2D network 

The most unreliable position of each control network point is in the direction 
of the major axis of the error ellipsis, so that  

 𝜆 =
𝑑𝑝[sin 𝜃 cos 𝜃]𝐐d

−1𝑑𝑝[
sin 𝜃
cos 𝜃

]

𝜎0
2  (8) 

that is 

 𝑑𝑝 = √
[sin 𝜃 cos 𝜃]𝐐d

−1[
sin 𝜃
cos 𝜃

]

𝜆𝜎0
2  (9) 

where: 
θ – is the angle between the major axis error ellipsis with positive direction of X-
axis, 
𝐐d = 2𝐐xi

, and 𝐐xi
 is the block of the cofactor matrix 𝐐x , of the dimension 2 × 2, 

which refers to a particular network point.  
 

1D network 
For a 1D network the size of movement that must be detected “with certainty” 

between the two epochs is more easily obtained, since all elements of the formula 
(7) are scalars 

 𝑑𝑝 = √
1/𝐐xi

𝜆𝜎0
2  (10) 

𝐐xi
 – is the diagonal element of the co-factor matrix for adequate benchmark. 

3.7. Validation of Project Solution  

The basic criterion for the validation of a project is being able to detect the size 
of movements defined by the project task. Additionally, the principles of the 
profession referring to the homogeneity and isotropy of network, local measure of 
internal reliability, and marginal gross error that can be detected through the data-
snooping test, should be obeyed. Depending on the project deficiencies, certain 
modifications of the project solutions could be applied. They are:  

Additional monitoring of points which did not meet the criteria must be 
performed. The additional monitoring can refer to certain measurements of the 
object’s points (i.e. on earth filled dams or on pipelines), if those are measurable, or 
via the GPS monitoring. Sometimes the need for additional points outside the object 
may arise, in order to increase the number of observations, that could have the 
influence on the choice of the network datum. The weights of measurements could 
also be changed, but without significant improvement in accuracy, because changes 
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in weight up to 30% do not influence the estimate of the unknown parameters 
significantly.  

3.8. Technical Terms Measurement Realization 

Technical requirements for the realization of measurement imply the 
definition of: types of instruments according to precision, measurement method, 
measurement conditions, accuracy conditions, introduction of weather-condition 
corrections and geometric reductions, monitoring criteria and measurement 
control, and the crew. Further in the paper, only generalities referring to terrestrial 
measurements (direction, distance and differential leveling height difference) shall 
be included, without showing the complete calculating procedure.  

By calculating the precision of measurements, the standard deviation of 
arithmetic mean is obtained. Elaborating on the technical terms requires defining 
the standard deviation of each individual measurement.  

 
Horizontal directions 

The dispersion of the arithmetic mean of the reduced horizontal direction is:  

 𝜎�̅�𝑟
2 =

𝜎𝐶𝐼
2

2

𝜚2

𝐷2 +
𝜎𝐶𝑆

2

2

𝜚2

𝐷2 +
𝜎𝜀

2

𝑛𝑔
+ 𝜎𝑟

2 + 𝜎𝑣𝑖𝑧
2  (11) 

𝜎𝐶𝐼 – standard deviation of instrument centering, 
𝜎𝐶𝑆 – standard deviation of signal centering, 
𝜎𝜀 – standard deviation of angle measurement in double face observation 
𝐷 – the distance of the line of sight, 
𝑛𝑔 – number of double face measurements 

𝜎𝑟 – standard deviation of the direction measurement due to the refraction – in 
these areas it is about 0.6” 
𝜎𝑣𝑖𝑧 – standard deviation of the direction measurement due to pointing errors – 
emerges in short distances; i.e. if the signal width is 1 mm and the length of the line 
of sight 10 m, the pointing error is 6”-10”, at the line of sight of 30 m it is 2”-3”, and 
at the line of sight of 50 m it is 1”-2” whereas on 100 m 0.5”-1”. In order to become 

insignificant, it has to be smaller than 
1

3
𝜎�̅�𝑟

. 

The principles of equal influences are used for the calculation of standard 
deviations of all elements of the formula (11). 

For a definite number of series of measurements it is necessary to calculate the 
following monitoring and controlling criteria for the measurements: 

• the difference allowed for 2C inside the double face measurement, taking 
care of the length of the line of sight, due to the occurrence of a dominant 
pointing error, 

• the difference allowed between the reduced directions between double face 
measurements, 

• the allowed non-closure of the triangle. 
 
Distances 
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The standard deviation of the arithmetic mean of front-back distance 
measurement is determined based on the standard deviation of the network points’ 
position. The dispersion of this value is: 

 𝜎�̅�𝑛𝑎𝑝−𝑛𝑎𝑧

2 =
𝜎𝐶𝐼

2

2
+

𝜎𝐶𝑆
2

2
+ (𝑎2 + 𝑏2𝐷2) (1) 

𝑎 – standard deviation of distance due to constant errors, the so called additional 
systematic/constant errors, 
𝑏 – standard deviation of distance measurements due to errors proportional to the 
measured distance, the so called multiplying systematic errors. 

By applying the principles of equal influences, standard deviations for all 
factors in the formula are being calculated. The criteria for the monitoring and 
control of measurements are: 

• the difference allowed of one direction distances  
• the difference allowed of the front-back arithmetic mean 
 

Height Differences Determined by Differential Leveling 
The measuring standard for the height difference at the station is already well 

known, and therefore it will not be difficult to calculate the following criteria for the 
measurement check and control: 

• the difference allowed between multiple staff readings (digital level), or the 
difference allowed of staff constant (precise optical levels), 

• the difference allowed of the double determined height differences per 
station, 

• the allowed height differences of the leveling side from front-to-back 
measurement, 

• the allowed non-closure of the leveling polygon. 
The method of stabilization of the points is determined upon these 

calculations. It is well known that an instrument can be centred with an optical 
plummet with the precision of 1 mm – 2 mm However, for the majority of 
hydrotechnical objects, it is common to stabilize the points with pillars outside the 
object. The foundingdepth of a pillar is decided by the geotechnical experts, and it 
should be the same or bigger than the founding depth of an object, provided that the 
terrain structures are the same. 

It is necessary to define the method for the results measurement analysis, in 
order to determine whether the realized measurement precision accords with the 
project. This analysis implies testing the measurement results referring to the 
presence of gross and systematic errors. Further, the network adjustment method 
needs to be defined, together with the network points stability determination 
method. These methods have been defined by the International Federation of 
Surveyors (FIG), for the case of congruence models: the Pelzer’s, Caspary’s, Delft’s, 
Karlsrue’s, Welsch’s and robust method.  

Contemporary trends imply establishing the connection between causes 
(forces affecting the object) and effects (deformations). A connection function 
between input and output signals is formed, i.e. the effect of each input signal on the 
object is defined together with the object’s response, so that the object behavior 
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could be simulated or predicted, depending on the variations in the intensity of the 
analyzed input signals. This procedure of analysis has not been applied in practice, 
yet, and is still being used (almost exclusively) for research purposes. 

4.  Conclusion 

The task of the deformation analysis is to prevent human and material loss. 
Hydrotechnical objects are crucial for the functioning of the society, and if damaged, 
they could cause significant consequences. This is why it is extremely important that 
they be regularly surveyed by Civil and Surveying Engineering Experts. The task of 
the Surveying Engineers is to monitor long term deformations within the absolute 
coordinate system. 

The requirements regarding the size of movements are very strict, therefore, 
high precision monitoring is the Surveying Engineer’s great responsibility. In order 
to conduct successful survey and data analysis, it is necessary to have a high quality 
project at hand. It is expected of the Project Designer to be an expert in mathematical 
statistics, surveying error sources and influences, deformation analysis method, and 
in the use of accuracy calculating software. 
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Projektiranje kontrolnih mreža hidrotehničkih objekata 
za potrebe geodetskog praćenja 

Sažetak. Geodetske kontrolne mreže za monitoring hidrotehničkih objekata sastoje 
je od 1D i 2D mreža, a rijeđe od 3D mreža. Za uspješnu izradu projekta potrebno je 
definirati kriterije u suradnji s građevinskim inženjerima poštujući principe 
geodetske struke. Zadaća građevinskih inženjera je za određeni objekt definirati 
veličinu pomaka koji je potrebno “sa sigurnošću” odrediti između dije epohe 
mjerenja, da definiraju karakteristične točke te da približno definiraju period 
monitoringa. Zadaća geodetskih stručnjaka je optimiranje kontrolne mreže da 
zadovolji postavljene kriterije. Optimiranje geodetske kontrolne mreže uključuje 
odabir lokacija točaka referentne mreže – točaka izvan objekta, definiranje plana 
mjerenja, odabir datuma mreže, definiranja preciznosti mjerenja, računanje 
kriterija kvalitete mreže i tehničkih uvjeta za realizaciju mjerenja. Da li mreža 
zadovoljava uvjet za određivanje pomaka “sa sigurnošću” određuje se na kraju 
svakog računanja. Ovaj rad daje uvid u metode i probleme prilikom optimiranja 
kontrolnih mreža. 

Ključne riječi: kontrolna mreža, monitoring, pouzdanost, preciznost. 

*scientific paper 
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Ruđer Josip Bošković and the 250th Anniversary of the 
Vienna Meridian Survey 

Miljenko Lapaine1 
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Abstract. The surveys of the Vienna meridian conducted 250 years ago are of 
historical importance because they were the first surveys of the kind in the former 
Austria-Hungary. The results of developing trigonometric networks were very 
significant for producing contemporary maps and cadastral plans. The surveys were 
led by Joseph Liesganig at the request of Maria Theresa, as recommended by Ruđer 
Josip Bošković. The trigonometric chain to be established and surveyed originates 
in Soběšice near Brno (now Czech Republic), passes through Vienna and Graz in 
Austria and central Slovenia, ending in Varaždin. Liseganig’s surveys of the Vienna 
meridian are especially important for Croatia because it was the first time in history 
that a trigonometric point was established and surveyed in Croatia. The paper 
briefly describes the life and work of Ruđer Bošković who was proclaimed the 
European geodesist of the year 2016. It emphasizes his role in proposing the Vienna 
meridian survey. The trigonometric chain is represented that was established to 
enable the Vienna meridian survey with special emphasis on the first four points in 
the Czech Republic visited by the author in December 2015 and the last three points, 
including the cathedral in Varaždin.  

Keywords: Joseph Liesganig, Ruđer Bošković, Vienna meridian. 

1. Introduction 

A scientific dispute over the shape of the Earth between I. Newton, G. Cassini 
(father) and J. Cassini (son) significantly contributed to the solution of this problem 
– at the end of the 17th century, the Earth was thought to be an exact sphere. Newton 
proved, based on physical laws, that the Earth is not and cannot be an exact sphere, 
but that it is flattened at poles. Ch. Huyghens (1629–1695), an excellent physicist, 
astronomer and mathematician came to the same conclusion. On the other hand, 
based on their own measurements, the Cassinis stepped out claiming that the Earth 
is not flattened at poles, but along the equator. 

The scientific dispute could only be solved by precise astronomical and 
trigonometric measurements at various places on the Earth. The measurements 
started in France and spread to other continents, prompting scientists and 
monarchs of other countries to undertake their own measurements so that they 
could, in addition to triangulation, create the bases for a detailed state mappings 
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needed for rapid economic-technical development of lands and for military 
purposes. 

The Austrian empress Maria Theresa, influenced by the French measure-
ments, also did not want to stay behind the other monarchs. Therefore, she 
authorized the director of the Jesuit observatory Josef Liesganig to determine the 
length of one degree on the Vienna meridian according to the proposal of the 
astronomer, mathematician and philosopher R. J. Bošković and Chancellor W. A. von 
Kaunitz. 

2. Ruđer Josip Bošković 

Much has been written about the famous, world-renowned scientist, Ruđer 
Josip Bošković and his work. He was a scientist whose work covered a wide range of 
fields: philosophy, astronomy, mathematics, physics, geodesy, cartography, 
geography, instrument production, hydrotechnics, structural engineering, archae-
ology… as well as writing and diplomacy. Let us briefly review his life and work, with 
a special emphasis on his contribution to the geosciences. 

Bošković was born in Dubrovnik on May 18, 1711 and died in Milan on 
February 13, 1787. He attended the Collegium Ragusinum in Dubrovnik until 1725, 
when he joined the Society of Jesus at the Roman Novitiate of St. Andrew at the 
Quirinal. He completed his novitiate in 1727 and was assessed ad studia. He 
attended the central university of the Jesuit order, the Collegium Romanum, where 
he studied rhetoric from 1727 to 1729, followed by philosophy (1729–32) and then 
theology (1738–41). During the period between these last two courses, he was a 
magister grammaticae et humanitatis at colleges in Roma and Fermo. In 1740, as a 
third year theology student, he began to teach mathematics as a part of the 
philosophy course at Collegium Romanum. He took holy orders and swore 
allegiance to the Pope in 1744. During his lifetime, he occupied four positions: Public 
Professor of Mathematics within the philosophy course at the Collegium Romanum 
(1740–60), although he was granted leave from Rome for research and diplomatic 
purposes; Professor of Mathematics at the revived University of Pavia (1764–69) 
under Austrian administration; Professor of Applied Mathematics, Optics and 
Astronomy at court schools in Milan (1770–73) and Director of Optics for the French 
Navy (1774–82). 

Bošković made four major journeys: a visit to Dubrovnik in 1747, a 
geodetic/cartographic survey from Rome to Rimini between 1750 and 1752, a trip 
to Lucca and Vienna (1756–58) to resolve hydrotechnical issues between Lucca and 
Tuscany, and a study trip to European capitals (1759–63), when he visited Newton’s 
Cambridge. Following the Pope’s abolition of the Jesuit order in 1773, he remained 
in holy orders and accepted a friend’s invitation to continue his scientific work in 
Paris. He obtained French citizenship in 1773 in order to become a high-ranking 
official in the French Navy. When he was granted leave in 1782, he left Paris and 
spent three years in Bassano, overseeing preparations for the publication of his 
Opera pertinentia ad opticam et astronomiam in five volumes. 

Among Croatian scientists, Bošković stands out due to his incomparable work, 
which not only advanced science, but changed the scientific picture of the world. 
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Bošković was highly influential in natural philosophy, astronomy and optics. He 
developed his original theory of forces in a series of writings, from the dissertation 
De viribus vivis (1745) to the synthesis in his masterpiece, Philosophiae naturalis 
theoria (1758). 

From an early age, Bošković was interested in problems concerning the shape 
and size of Earth (De veterum argumentis pro telluris sphaericitate – On the 
arguments of the ancients for the sphericity of Earth, 1739, Dissertatio de telluris 
figura – A dissertation on the shape of the Earth, 1739, and problems relating to 
Newton’s theory of gravity De inaequalitate gravitatis in diversis terrae locis – On 
the inequality of gravity in diverse places on the Earth, 1741). In order to resolve 
these problems, along with theoretical research, Bošković proposed to take 
measurements of meridian degrees at various points on the Earth’s surface [Bialas 
1982]. 

Bošković owed the first encouragement he received to carry out geodetic 
measurements to an invitation from Portuguese king, Joao V, in 1750. With the 
approval of the Jesuit Superior General, Bošković applied to join an expedition to 
Brazil, to participate in setting the border between the Spanish and Portuguese 
lands, on condition that he was allowed to measure a single meridian degree. His 
original intention was thwarted by Cardinal Silvio Valenti Gonzaga, the Secretary of 
State of the Holy See, who issued an order from Pope Benedict XIV, directing 
Bošković to carry out an “astronomical and geographical journey” or, as we would 
put it today, to take geodetic measurements [Figure 2.1] of the meridian between 
Rome and Rimini in the Papal States. Bošković chose Christopher Maire as his 
companion and they spent two academic years on their travels (1750–52). The 
results were published in 1755 in a scholarly report titled De litteraria expeditione 
per Pontificiam ditionem that included a special three-page supplement showing 
Nuova carta geografica dello Stato Ecclesiastico, the map of the Papal States, created 
by Christopher Maire, using information he had collected with Bošković. Thus, 
Bošković can be considered one of the precursors of Croatian cartography. Bošković 
published the main findings of his geodetic measurements three more times: in 
1757 in a concise report for the journal of the Bologna Academy, in 1760 in a 
supplement with a poem by Benedikt Stay, and in 1770 in the French translation of 
his major geodetic work, Voyage astronomique et géographique, dans l’État de 
l’Église. 
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Figure 2.1 Geodetic instrument quadrant in Bošković's time [Liesganig 1770] 

In addition, Bošković surmised the irregular shape of the Earth, later named 
geoid. He suspected that meridians were ellipses and his measurements confirmed 
his hypothesis. He claimed that the shape of the Earth was not only irregular, but 
variable in time, which was proven eventually, though much later. 

Bošković’s posited the theory of isostasy (1742, 1755, 1785), although it was 
not actually named until 1889, when it was named by the American geologist C. E. 
Dutton. According to this theory, the accumulations of mass and the existence of 
empty spaces in the Earth’s crust are compensated for by the corresponding 
distribution of mass in the Earth’s interior. The discovery of the Mohorovičić 
discontinuity between the Earth’s crust and mantle in 1910 was in alignment with 
Bošković’s ideas on isostasy. 

Bošković was the first person in the history of science to establish the method 
of adjusting straight lines (Bošković’s straight line) according to measurement 
results, by setting corresponding conditions. The method was subsequently 
expressed by P. S. Laplace in analytical form and named the Laplace method after 
him (in more recent times, it has become known as the Bošković-Laplace method). 
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During his lifetime, Bošković was awarded many marks of recognition. For 
example, he was a full member of the Scientiarum et Artium Institutum atque 
Academia in Bologna (1746), a correspondent member of the Académie des 
Sciences in Paris (1748), an honorary member of the Imperial Academy of Sciences 
in St. Petersburg (1760) and a full member of the Royal Society in London (1761). 
On 16 September 1757, the Senate of the Republic of Lucca ennobled him in return 
for his services in resolving the hydrotechnical conflict with Tuscany. Within the 
Roman circle of Croatian Latinists, Bošković was a source of poetic inspiration: 
Benedikt Stay dedicated 1600 hexameters in the tenth book of his poem Recentioris 
philosophiae to Bošković’s natural philosophy, and Rajmund Kunić composed an 
elegy and epigrams in Bošković’s honour. Much later, one of the craters on the Moon 
was named in Bošković’s honour. Nowadays, respected scientific almanacs Kalendar 
Bošković and Almanah Bošković bear his name, along with the Ruđer Bošković 
Institute and the famous Ruđer Bošković Award for the natural sciences. 

3. Measurements of the Vienna Meridian Arc 

Joseph Xavier Liesganig was born in Graz, Austria on February 13, 1719 and 
died in Lemberg, Galicia (now Lviv, Ukraine) on March 4, 1799. He entered the 
Society of Jesus in 1734 and received his education at the Jesuit College in Vienna. 
From 1742 to 1751, he served the order in various academic and ecclesiastical posts 
(having been ordained in 1749) in Austria, Hungary, and Slovakia; in 1752 he 
returned to the Vienna Jesuit College as professor matheseos. At the same time, he 
was attached to the Jesuit astronomical observatory (of which he was appointed 
prefect in 1756, a position he held until the order was suppressed in 1773) and 
professor of mathematics at the University of Vienna. He was elected a dean of the 
university’s philosophical faculty in 1771.  

 

 
Figure 3.1 H. Rišková and M. Lapaine 
with the monument marking the first 

trigonometric point of the Vienna chain 
of triangles, Ostrá horka, Soběšice near 

Brno, December 2015 

 
Figure 3.2 H. Rišková and M. Konecny in 

front of the st. Antony of Padua (st. 
Antonín Paduánský) Chapel that was 
restored in 1863. Near Újezd u Brna, 

December 2015 
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The development of a more 
detailed map was also 
considered in Austria at the time. 
Defining the length of one degree 
of the Vienna meridian was 
supposed to be the geodetic 
background for this mapping. 
Maria Theresa entrusted this 
work to the director of Vienna 
Observatory – Joseph Liesganig. 

Liesganig picked an open 
terrain between Brno, Vienna, 
Graz and Varaždin for this work 
that started in 1759 when he laid 
out a chain of 22 triangles along 
the Vienna meridian in the span 
of some three degrees of latitude 
[Figure 3.3]. He mostly chose 
churches, chapels or objects on 
elevated terrain as vertices so 
that they would not require any 
special signalization. He 
measured angles in triangles 
using the so-called quadrant 
radius of 79 cm with two 
telescopes. He tied the points of 
the chain to the directly 
measured base (12 158.075 m 
long) near the Wiener Neustadt. 
Later during the work, he 
measured another two control 
bases on the Moravian Field. He 
measured the latitude of the 
Jesuit observatory earlier in 
1758. In order to orient the 
chain, he measured astronomical 
azimuths to the Sun. The 
longitudes were determined in 
Soběšice, Brno, Graz, Varaždin 
and other places using a special 
device called sector. Based on 
geodetic coordinates of vertices 
and corresponding latitudes and 
longitudes (after the projection  

Figure 3.3 Triangulation network of the Vienna 
meridian [Liesganig 1770] 
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on the Vienna meridian), he was able to compute the length of one degree on various 
latitudes on the given meridian. 

The first point of Liesganig's chain of triangles was the centre of the chapel of 
St. Cross tower in Soběšice, about 5 km north of Brno [Figure 3.1]. Next two points 
were St. Antony of Padua Chapel [Figure 3.2] and St. Peregrin Chapel [Figure 3.4]. 
The chain of triangles passed through the Vienna Observatory and ended at the 
tower at the church in Varaždin [Figure 3.8]. 

In order to determine the size of the chain, Liesganig measured the base near 
Wiener Neustadt using 6 fathom (around 11.4 m) wooden laths. The base was 
6 410.903 Viennese fathoms (12 158.175 m) long. From this base, there were eleven 
triangles to Brno and to Varaždin. 

The latitudes were determined at the points in Soběšice, at Brno castle [Figure 
3.5], in Vienna, Graz and Varaždin. Liesganig used an improved sector for measuring. 
At the top end of the instrument, there was an object glass and at the bottom, there 
was an ocular with a device used to measure the star tangent of the angle from the 
vertical. The ocular was so low that the measurement had to be done while lying. 

On April 3, 1765, Liesganig wrote a letter to the Secretary of the Royal Society 
in London to request a number of instruments for his observatory [Liesganig 1765]. 
From this letter we know that by 1764, Liesganig’s collection of instruments 
included: two mural quadrants, each with a nine foot radius, a six foot quadrant, a 
ten foot sector constructed in the style of the Jesuit Ruđer Bošković, a four foot 
quadrant, a moveable quadrant of two and a half feet radius, a transit instrument of 
six and a half feet, several fixed telescopes, a 14 feet high gnomon, micrometers and 
other instruments. Two years later, on April 4, 1767, Liesganig also sent to Bevis a 
short account of the measurement he did of three degrees of latitude along the 
meridian of Vienna [Liesganig 1767]. 

The difference between latitudes of Soběšice and Varaždin was 2°56'45.85". 
Liesganig also measured the azimuth needed for the projection of the chain to the 
meridian passing through the St. Stephen's Cathedral tower in Vienna. The outcome 
of this work was to determine the length of 1° on the meridian near Vienna – 
58 664.2 Viennese fathoms (111 255.716 m). 

The results from Liesganig’s measurement were criticized soon after 
publishing. The director of Gotha’s observatory, a surveyor and astronomer Zach, 
accused Liesganig for adjusting results and achieving better accuracy of his 
calculations. Later triangulations indeed showed that the lengths of sides were 
longer than according to Liesganig’s calculations. For example, the engineer Šimek 
calculated the length of Soběšice – Děvín to be 42 162.91 m from a new 
measurement; Liesganig stated the value 41 972.98 m. The difference is 183.93 m 
which is almost exactly 100 Viennese fathoms. This is more probably a rough error 
in calculations than the adjustment of calculation results [Šimek 1963, Vykutil 
1968]. 
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Figure 3.4 St. Peregrin Chapel near Ořechov, December 2015 

 
Figure 3.5 Špilberk Castle in Brno, December 2015 

The Chapel of St. Cross was standing at Ostrá Horka and was cancelled by the 
emperor Joseph II and perished. Since it was the first trigonometric point in 
Czechoslovakia of that time, the engineer Šimek located and uncovered its base and 
then the State Administration of Geodesy marked the point as a memorial [Figure 
3.1]. 

 
On June 9, 2012, the Croatian Cartographic Society organized a tour and a visit 

to the oldest trigonometric point in Croatia on the occasion of the 250th anniversary 

 

Figure 3.6 St. Urban, Borl, former 
Ankenstein, April 2012 

 

Figure 3.7 The Church of the Sad Mother 
of God, Jeruzalem near Ormož, April 

2012 
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of the Vienna meridian arc survey. The Liesganig’s surveys of the Vienna meridian 
arc are exceptionally important for Croatia because it was the first time in history 
that a trigonometric point was established and surveyed in Croatia [Lapaine 2012]. 

 
Figure 3.8 Varaždin Cathedral, the last trigonometric point of the Vienna chain of triangles, 

April 2012 

After visiting the Varaždin City Museum, the participants went to the Church 
of Assumption of the Blessed Virgin Mary (now Varaždin cathedral [Figure 3.8]). 
The participants had a unique possibility of climbing to the 45 m high belfry, which 
offers a unique panoramic view, as far as Borl and Jeruzalem. The tour continued to 
Slovenia and the old city of Borl, which used to be called Ankenstein and where a 
trigonometric point is located in the tower of the church of St. Urban [Figure 3.6]. 
The old city of Borl is owned by the Republic of Slovenia and it is not possible to 
access it due to its poor condition. The third and last trigonometric point of the tour 
was the church tower in Jeruzalem near Ormož. It is the Church of the Sad Mother of 
God [Figure 3.7] and it can be visited. It has an interesting history and attracts 
pilgrims from all over the world. Nearby, there is a hotel with an information centre 
and a wine cellar. The tour was the first step in the effort to mark the final point of 
the Vienna survey (Varaždin cathedral tower) with a monument or at least a 
memorial plate. 

Liesganig published the final outcomes of his measurements in the Latin 
publication Dimensio graduum Viennensis et Hungarici peracta a Joseph Liesganig 
in Vienna in 1770. 

4. Bošković and Liesganig 

Bošković is credited with coming up with the idea and motivation for surveying 
the Vienna meridian in numerous sources, such as [Embacher 1951], [Allmer 1987], 
[Dörflinger 2004], [Drbal 2014], [Drbal 2015] and [Veres 2015]. The accuracy of 
such notions can be confirmed from the notes by translator Hugon de Châtelain of 
the book Voyage astronomique ... [Maire & Boscovich 1770] on pages 476–481: 
“Father Bošković asked the Empress Queen to order degree surveys in Moravia, 
Austria and Styria, the countries with lots of mountains, as well as in Hungarian 
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plains. He also asked the King of Sardinia to conduct a survey in Piedmont, where 
plains are between the Apennines and the Alps, which is opposite his own degree, 
where the Apennines are between two plains. Finally, during his journey to England, 
he explained to the Royal Society the advantage they would have if a degree in 
America was surveyed in addition to another reason, because England did not do 
anything to find out about Earth’s shape since astronomy had been perfected. 
Bošković’ requests were successful. On page 317 of the 58th volume of Philosophical 
Transactions from 1768 [Mason & Dixon 1768], one can read the size of the 
Piedmont degree surveyed by Father Beccaria; the first degree by Father Liesganig; 
the degree in Pennsylvania surveyed by Masson & Dixon: Father Liesganig is 
currently surveying his second degree in Hungary. When we obtain the details of 
Liesganig’s and Beccaria’s surveys, we are going to see the effect of mountains on 
the plumbline. An astute reader is going to feel the obligation we have to Bošković, 
who requested these surveys.” 

Bošković was in Vienna from 1756 to 1760 and in 1763. While he was in 
Vienna, Liesganig was entrusted with managing the Jesuit observatory. According to 
[Allmer 1987], Liesganig learned the basics of surveying meridian arcs from 
Bošković. 

How well Bošković and Liesganig knew each other is probably going to be 
known after studying Bošković’s comprehensive correspondence. For examples, 
Accademia Nazionale delle Scienze detta dei XL, Croatian Academy of Sciences and 
Arts, INAF – Osservatorio Astronomico di Brera and Pontificia Università Grego-
riana within the project Edizione nazionale delle opere e della corrispondenza di 
Ruggiero Giuseppe Boscovich provide a list which includes 116 Bošković’s letters in 
Latin [URL 1]. This correspondence includes as many as 40 letters communicated 
with Liesganig. 

Ruggiero Giuseppe Boscovich, Lettere per una storia della scienza edited by R. 
Tolomeo [Tolomeo 1991] includes 11 letters in Latin from the Bošković-Liesganig 
correspondence written in 1767. Bošković also mentioned Liesganig in some other 
letters. For example, in a letter to his friend Francesco Puccineli in 1776, Bošković 
wrote of Liesganig “uomini sono ingiusti, e ingranti”, i.e. “people are unfair and 
ungrateful”. The issue is that Bošković helped Liesganig and pleaded for him, but 
Liesganig did not even mention this in his Dimensio graduum … Similar information 
is found in [Zach 1804] on page 516 “In Wien schlug Boscovich der Kaiserinn Maria 
Theresia vor, auch in ihren grossen und weitläuftigen Staaten, … Dem Boscovich 
verdross es sehr, dass sein Ordensbruder Liesganig dieses Umstandes mit keiner 
Sylbe in seinem Werke Dimensio Graduum gedacht hatte.” 

5. Instead of Conclusion 

Ruđer Josip Bošković was a scientist whose work covered a wide range of 
fields: philosophy, mathematics, physics, geodesy, astronomy, poetry, diplomacy 
and many others. It is therefore commendable that the Council of Geodetic 
Surveyors honoured him on the 5th Day of European Surveyor and Geoinformation 
– tribute to Ruđer Bošković, Surveyor of the year 2016. 
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Between 1750 and 1755, Bošković and Ch. Maire surveyed meridian arc length 
from Rome to Rimini, analysed and published results obtaining thus great 
experience in geodetic survey. While Bošković stayed in Vienna from 1756 to 1760, 
he certainly collaborated with his Jesuit brother Liesganig and taught him the basics 
of meridian arc length surveying. 

At the end of his dissertation, P. Embacher concludes [Allmer 1987]: 
1) The first large geodetic work in Austria in which triangulation was applied is 

Liseganig’s survey of the Vienna meridian in 1762. 
2) Father Liesganig surveyed the Wiener Neustadt base so accurately that it was 

still used in military and cadastral triangulation 100 years later. 
3) Liesganig’s work makes it clear he was knowledgeable in centring, refraction, 

direct and inverse normal intersection and Earth’s flattening. He even doubted 
theat the plumbline deflection in Styrian Alps was due to mass attraction. 

4) In comparison to contemporary results, Liesganig’s work shows errors that are 
mostly due to simple instruments (Liesganig personally made each screw for 
his instrument) and large difficulties he had to overcome in his pioneering 
work. 
 
Considering that the last point of Liesganig’s triangulation was a Jesuit church 

(now cathedral) in Varaždin, let us end by observing that point’s coordinates [Table 
5.1]. 

Table 5.1 Coordinates of the Varaždin cathedral, the last point of Liesganig's triangulation 

Longitude () Latitude () Description Reference 

34°07'15” 46°18'18” Warasdiner C. Zach 1803, p. 48 
34°06'53” 46°18'13” Varasdin (Colleg. 

S. J. Kirche) 
Zach 1804, p. 130 

34°00'11” 46°18'29” Warasdin, 
Jesuiten-Kirche 

Zach 1811, p. 158 

34°00’19” 46°18’29” Triangulation 
point, belfry 

Pilar 1890 

16°20’21” 46°18’26” Cathedral in 
Varaždin 

Contemporary 
coordinates, 2016 

 
Small differences in coordinates are due to geodetic surveys and use of 

different ellipsoids, and the large difference in the longitude of 17°40' is due to 
calculation of longitudes from Ferro at the beginning of the 19th century, while the 
countries were gradually switching to the Greenwich prime meridian at the end of 
the 19th century. 
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Ruđer Josip Bošković i 250. godišnjica izmjere Bečkog 
meridijana 

Sažetak. Mjerenja duljine Bečkog meridijana izvedena prije 250 godina bila su prva 
te vrste u tadašnjoj Austrougarskoj te tako imaju svoje veliko povijesno značenje. 
Prikupljeno znanje u razvijanju trigonometrijskih mreža bilo je vrlo značajno za 
izradu suvremenih karata kao i poslije za izradu katastarskih planova. Mjerenja je 
predvodio Joseph Liesganig na zahtjev Marije Terezije, a na preporuku Ruđera 
Josipa Boškovića. Trigonometrijski lanac koji je trebalo uspostaviti i izmjeriti 
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započinje u mjestu Soběšice kod Brna u današnjoj Republici Češkoj, vodi preko Beča 
i Graza u Austriji, prolazi dijelom Slovenije i završava u Varaždinu. Za nas u 
Hrvatskoj Liesganigova mjerenja duljine luka Bečkog meridijana su posebno 
značajna jer je pri tome u Hrvatskoj po prvi put u povijesti postavljena i izmjerena 
jedna trigonometrijska točka. U radu se ukratko opisuje život i rad Ruđera Boškovića 
koji je proglašen europskim geodetom za 2016. godinu. Posebno se ističe njegova 
uloga u predlaganju izmjere Bečkog meridijana. Zatim se prikazuje trigonometrijski 
lanac koji je uspostavljen radi izmjere duljine Bečkog meridijana s naročitim 
naglaskom na prve četiri točke u Češkoj koje je autor posjetio u prosincu 2015. i 
posljednje tri točke, uključujući Varaždinsku katedralu. 

Ključne riječi: bečki meridijan, Joseph Liesganig, Ruđer Bošković. 

*review paper 
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Geologic Investigation and Load Test of Peračica Viaduct  
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Abstract. The article deals with the bridge investigation in macro (geologic 
investigations) and micro (load test) sense. For the geologic assessment a recent 
structural set was made for the Peračica viaduct, the earthquake in the area were 
considered and field investigations (outcrops) were also studied. Load test were 
performed not using only the levels and total stations but also strain gages, inductive 
transducers and accelerometers. The viaduct is in a quite active region but the load 
test showed that the bridge response on the load is as expected. 

Keywords: accelerometer, bridge surveying, inductive transducer, load test, strain 
gauge, recent structural set. 

1. Introduction  

Geodetic measurements are of great importance during the construction of a 
bridge. Geodetic plans are made based on geodetic measurements. Geodetic plans of 
different scales must be made for the purpose of building the bridge. Studies for the 
location of a bridge are made on small scale maps [Kapović 2010] in which, amongst 
other tests includes the development of the recent structural set area where the 
bridge is planned for construction. Furthermore, special geodetic plans of larger 
scales should be obtained when designing the bridge. 

During the bridges construction a precise geodetic control measurements 
must be conducted. In order to measure the actual state of the constructed object 
(for technical inspection), measurements are carried out after the construction of 
the bridge. In addition, surveys of the bridge carrier construction should also be 
performed. After the construction of the bridge, when the bridge is at the 
exploitation phase, geodetic measurements are performed at bridge load test in 
order to monitor the behaviour of the bridge (determination of displacements and 
deformations). However, it may happen that bridge can be endangered the next day 
after the load stress test finds no structure micro defects, due to other extreme 
external influences. Therefore, it is good to investigate the bridge also in macro level 
and make the recent structural set.  

The position of the Peračica viaduct in relation to the assessments of recent 
tectonic movements that can be expected at the viaduct location was analysed. Data 
are obtained that significantly affect the stabilities and possible deformations of the 
bridge. Load testing of bridges is usually performed for structural health monitoring, 
diagnostics, damage detection, load-rating, condition assessments, load carrying 



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

102   
 

capacity estimation and model updating [Ataei 2005]. There are several different 
methods for performing load tests on bridges but, in general, it involves the 
placement of sensors on all critical load carrying members and electronic 
measurements of their individual responses as known vehicles traverse the bridge 
[Chowdhury & Ray 2003]. The method used depends on the type of construction, 
accessibility, required accuracies, sensitivities and reliabilities of the used 
instruments.  

Yet the unavailabilities of certain parts during the constructions of bridges can 
be a serious problem. In practice classical surveying methods such as trigonometric 
methods and levelling are still used, and so are the latest measurement instruments. 
If possible, physical methods such as measuring with acceleration sensors, LVDT 
(Linear Variable Differential Transducers) [Sanli et al. 2000] and strain gauges 
[Stone & Nanni 2001] should also be applied. Under extremely difficult field 
conditions (very large bridge spans and/or bridges passing over water or steep and 
deep valleys), it is necessary to simultaneously apply two or more independent 
methods [Meng et al. 2007]. 

New field investigations into the dynamic influences of vehicles or trains on 
bridge are presented in the papers by Deng & Cai 2009. To assess the Peračica 
viaduct position in macro scale (for a purpose of safety assessment) a geology 
studies with recent structural set were made.  

2. Geology studies 

Tectonic movements continuously deform the Earth's surface. The amplitudes 
of the recent movement developments of any point on the surface can be 
determined by geodetic measurements. Older and also recent tectonic shifts are 
determined by field geological measurements in zones of tectonic faults. Therefore, 
it is always required to compare the data obtained from geological and geodetic 
measurements. It is important to point out that the Earth's crust, including surface 
area, is presented with geological structure built from the rocks of different 
composition and density. Some structures and their relationships, positions in space 
and shifts represent a structural set of an area, which is included in regional units, 
and smaller or larger portions of the earth's crust known as the Earth's plates and 
micro plates. The most important fact is that the tectonic movements are always 
present around locations of considered bridges. Therefore, it is certainly necessary 
to define in detail their characteristics due to the potential impact on the individual 
bridge. 

Identification of tectonic activity requires determination of the causes of 
tectonic activities in a regional area in the first place and then in narrow areas 
around the considered location. Elaboration of recent geological structural 
relationships was performed by the classification of structures and faults, the shifts 
in the parts of the structure in the side faults and particular the analysis of position 
of bridges in active structural set.  

The necessary data on tectonic activity were collected with the help of previous 
information and knowledge from various published and important papers that point 
to the recent dynamics of the structural set around the considered location. First, 
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the basic information about the rocks on the surface and structural relationships in 
the basic geological map sheets Maribor and Leibnitz [Žnidarčić & Mioc 1988] is 
chosen. 

Further, important structural classification and data of structural relationships 
on the surface and in depth and position of the bridge considered in the broader 
context are presented [Prelogović et al. 1999, Castellarin & Canelli 2000, Vrabec & 
Fodor 2004]. Especially prominent works of seismo-tectonic relationships, stress 
regime and geodetic-geological data on recent tectonic movements [Altiner 1999, 
Poljak et al. 2000, Pribičević 2001, Pribičević et al. 2002, 2003, 2007, Grenerczy & 
Kenyeres 2004, Bada et al. 2004, Đapo 2009] are considered. 

3. Recent geologic structural set and the tectonic activities for Peračica viaduct 

In order to collect necessary data about the location of viaduct, a detailed 
structural – geological mapping was needed. Thus, the most important structural 
data on the dynamics of recent structural assembly was obtained and a series of 
outcrops of faults were discovered. Required measurements of structural elements, 
which indicate the particular type, origin and location of faults in the structural part, 
conducted; and the side faults of the movement and the related stress and 
deformation structures were found. Strict regulations of position and the mutual 
relations of faults led to the study of further satellite images. The collected data 
emphasizes the determination of compression stress, its orientation and angle of the 
action. At each point of measurement, the orientation of the local compression stress 
is determined. Such stress causes deformation of parts of the structures. The 
orientation of the maximum compression stress is determined from several data. 
The maximum compression stress directly shows the basic structural relationships, 
in fact the positions and movements of the complex of rock walls of different 
densities which forms the structural set. 

The first notable regional structural set [Figure 3.1] is highlighted in the recent 
tectonic activity review. These regional structural units are present in Slovenia: 
Southern Alps (marked as SA) and Prealps (AF), Eastern Alps (EA), Dinarides (D), 
Adriatic microplate (AMP) and the western part of the Pannonian Basin, which 
includes the Sava fold (WPB1) and the Slovenian hills (WPB2). In these boundaries 
important structural set faults are extended: faults Gorica – Illyrian Bistrica – River 
(1), the fault of the Southern Alps (2 – eastern part known as the Sava fault), fault 
Fella – Sava – Karlovac (3), Periadriatik – Drava fault (4) and Zagreb fault (5). Initial 
tectonic movements that cause the structural set are shifts of the Adriatic 
microplate. They condition the extreme compression in the Southern Alps and 
northern Dinarides. Consequently, reversing structure and transcurrent right shifts 
of the Alps and Prealps units arises. The rotation of individual units results in shifts. 
The western boundary part of the Pannonian Basin is located partly in the wedged 
position between the Alps and the Dinarides. The result is transpression space. This 
means that tectonic movements conditioned the space compression with a general 
right tectonic transport. 

At present recent tectonic activity directly indicates occurrence of an 
earthquake. The strongest earthquakes occur in the western part of the Southern 
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Alps, in the northern part of the Dinarides and in the border region of the western 
and southern part of the Pannonian Basin. Throughout all Slovenia is a significant 
frequency of earthquakes. Earthquakes have also occurred around locations of 
considered viaduct. However, the magnitude of the most earthquakes is up to 4.9.  

 
Figure 3.1 Regional geologic structural relations [Pribičević et al. 2007] 

In recent structural set, the location of the viaduct is in the western part of the 
structural unit that occupies the space between the Julian Alps [1 on figure 3.2] and 
Savinian Alps. This is a structural unit known as the Bled - Ljubljana basin. The limits 
of structural units provide the fault zone Fella - Sava and the Sava fault. 

On the surface of the structural units there are walls of different ages. The 
oldest walls from Middle Triassic are present along the slopes of the mountain 
Jelovica in the Julian Alps. The walls are of volcanic origin: keratophyre, porphyry, 
porphyrite and their pyroclastic rocks. Along the discussed parts of the Julian and 
Savinian Alps, particularly common are the limestones and the dolomites of the 
Middle and Upper Triassic and Lower Jurassic. In the space between the Julian and 
Savinian Alps marl and marly clay of Oligocene age prevail. Outcrops of the same 
wall can be found directly in the hanging wall of the fault zone Fella – Sava and the 
valley of the Lipnica River. More to the west of the village Peračica the andesite tuffs 
and volcanic breccias of the same age are on the surface; particular emphasis – 
should be given to Quaternary conglomerate. Most outcrops are situated in the 
space between the Julian and Savinian Alps and also along local structures in the 
valley between the rivers Sava and Lipnica. In the valleys of the rivers mainly sands, 
clays and gravels were accumulated. The walls on the surface sloping incline and 
have different direction and angle. This indicates the folding of the rocks and 
deformation of the parts of the local structure caused by the present tectonic 
movements. 
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Figure 3.2 Structures and faults in the relief for Peračica viaduct 

The collected structural geological data indicate that the area in figure 3.2 is 
dominated by reversing structure. The most important fact is that reverse faults 
with convergence or displacement of the hanging wall towards to the N and NE are 
in the Julian Alps. The central part of the discussed area is also characterized by 
reverse structures. In the structural part of those units there are particularly 
noticeable most prominent parts of four local reversing structures along which 
hanging walls provide reverse faults of the opposite vergence. Narrow, elongated 
and lowered structures can be noticed between the sets of the local reverse 
structures in the Sava valley and between locally raised reverse structures. Along 
their wings the reverse faults of opposite vergence are present. 

The local structures and faults are clearly reflected in the relief. That indicates 
the present tectonic movements. In the edge of the Julian Alps there are particularly 
raised reversing structures. The most important structural faults set extend along 
the steep slopes. 

 
Figure 3.3 T2: Fella – Sava (1) fault N of the 
Kamna Gorica village: some parallel faults 

with the position 210°/70°/65°/reverse right 

 
Figure 3.4 T8: Near Brezje pri Tržiču 

village – zone of parallel faults with the 
position 40°/80°/45°/normal right 

The fault zone in the measurement point T2 in Kamna Gorica is represented by 
its own fault location of 210°/70°/65°/reverse right [Figure 3.3]. The faults of the 
NNW – SSE to NW – SE are most numerous. Some of these have a relatively large 
width. The diagonal shifts of the side of fault with overcoming of the horizontal 
component can be noticed. A good example is a fault detected in outcrop at point T8 
at Brezje pri Tržiču. Measured position is 40°/80°/45°/normal right [Figure 3.4]. 

The viaduct is located right next to the fault zone which extends along the local 
reversing elevated structure Črnivec. The faults are located 100 m and 200 m north 
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of the bridge [Figure 3.5]. Determined orientation of the local compression stress is 
parallel with the valley. That indicates that the valley was formed by expanding of 
this space. Determined local compression stress has the azimuth 42° at the angle of 
39°. The opening of the valley creates the Ljubno hills. These movements directly 
impact the structure of the bridge. Recent tectonic movements will probably 
condition further expansion of the valley. 

 
Figure 3.5 Structures and faults around the Peračica viaduct 

At present, recent tectonic activity directly indicates occurrence of 
earthquakes. According to the map of earthquakes epicentres, a relatively 
pronounced concentration of earthquakes epicentre exists around the site. In the 
last century the strongest earthquakes had a magnitude of 4.9. The most powerful 
earthquake of magnitude 6.4 occurred near Ljubljana at a distance about 30 km. 
However, it is necessary to determine the maximum possible intensity of 
earthquakes. The most active part of tectonic fault of the most important structural 
set is taken into account, i.e. fault Fella – Sava. Along its most active part, there is a 
transverse orientation of the maximum compression stress and reverse movements 
of hanging wall. The part between Bled and Podnart is isolated at the length of about 
12 km. In the area of the most active part of the fault Fella - Sava the occurrence of 
an earthquake of the magnitude 6.2 to 6.3 according to the international standards 
is possible. 

To assess the bridge safety in micro scale a load test of the bridge was made. 
The results are presented in the next chapter. 

4. Peračica viaduct and load test description 

The Peračica viaduct has been taken as a real model for the propped cantilever 
(first and last span) and for the continuous beam [Figure 4.1]. The viaduct is one of 
the few in Slovenia that had already at the time of the construction been equipped 
with 24 strain gauges for the strain measuring in all of the key structural elements 
(foundations, pillars, the top of the pillars, base lamella and tie lamellas). All 
measuring points were then used during load test. The Peračica viaduct has five 
supports and four spans of 73.5 m, 110 m, 110 m and 73.5 m. It is located on the 
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highway Ljubljana-Jesenice over the Peračica valley in the central northern part of 
Slovenia. The viaduct height is up to 60 m [Figure 4.1]. 

 
Figure 4.1 The sketch of the Peračica viaduct 

Dynamic load tests (with a single lorry at 20 km/h, 40 km/h, 50 km/h, 60 
km/h, 70 km/h and 80 km/h) as well as static load tests (including 22 lorries) were 
performed. 13 different static load cases were studied using two groups of lorries. 
The first group comprised 10 lorries, (317.335 kg) while the second one 12 
(299,704 kg). When the centre load cases were examined the lorries were 
positioned in the centre of the driving lane. Examining excenter load cases, the 
lorries were positioned either on the left (fast) lane or on the right (service) lane in 
a straight line [Štrukelj 2007]. For the geodetic measurements of vertical 
displacements in the inner supports and two inner spans, total stations taken by 
Nikon DTM 720, were used. Fixed standing concrete pillars for both instruments 
were prepared under the viaduct in the axis of the object. Retro tape targets were 
affixed in the middle of the spans. On the supports, just below the driving structure, 
targets were affixed to pillars. For the measurements of vertical displacements, the 
Karl Zeiss DiNi 21 level was used for the first span measurements, while Nikon AE-
7C level was used for the last span. Three accelerometers were applied in the middle 
of the first three spans (named ACC-1, ACC-2 and ACC-3). 24 strain gauges 
(numbered 1-24) were applied on the last two spans. In the first span two inductive 
transducers were also applied. They were mounted on a scaffold 18.5 m away from 
the abutment. 

Figure 4.4 shows the filtered signals of the accelerometer ACC-2 (already twice 
by time) integrated using Bruel&Kjær Type 2635 charge amplifier) and strain gauge 
SG-24 applied on the middle of the tie lamella of the third span. This signal was 
obtained when the truck drove across the viaduct at 60 km/h. The blueline is the 
signal of the accelerometer ACC-2 and the red line is the signal of the strain gauge 
SG-24 during a dynamic load test. 

In the filtered signals of strains, the value of the amplitude that forms a 
relationship with the values corresponding to the amplitudes of filtered signals of 
vertical displacements obtained with the accelerometer, were found. Next, the 
average proportional factor between the signal of the strain gauge and the signal of 
the accelerometer was calculated using the dynamic accelerometer strain ratio 
method [Kamnik 2014]. Within the elastic state of loading both the vertical 
displacements and strains of the structure are proportional to the loading level, thus 
they are proportional to each other. Further, the average proportionality factor was 
calculated. The measured specific deformation for each strain gauge was then 
multiplied by the corresponding average ratio factor. Values of vertical 
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displacements were calculated for the strain gauge SG-24 Subsequently, the 
calculated vertical displacements were compared with the displacements measured 
with accelerometers. Measured and calculated (using the proportional factor) 
vertical displacements are practically identical, as evident from figure 4.5. The x axes 
present the time and the axis y the size of the vertical displacement. The blue line is 
the signal of accelerometer ACC-2 and the red line is the signal of strain gauge SG-
24 multiplied with the proportional factor. 

Figure 4.4 Measured signals on ACC-2 and 
SG-24 

 
Figure 4.5 Comparison of signals after 

calculation with proportional factor 

After the dynamic load test, static load testing of the viaduct was also carried 
out. The average reading was 27.80 m/m [Štrukelj 2007]. The results of the static 
load measurements of vertical displacements on the fourth span are presented in 
table 4.1 (static load case no. 6 – load on span 3 and 4). The column 1 shows the 
average ratio. Measured strain on strain gauge SG-24 is shown in column 2. Expected 
vertical displacement modelled with Solid Works and calculated by Finite element 
method-FEM analysis can be seen in column 3, while the measurement with the total 
station (TS) is shown in column 4. The value of measured strain in column 2 was 
multiplied with the ratio and the obtained vertical displacement is presented in 
column 5. The total station measurements are closer to the predicted displacement 
than vertical displacement calculated by the proportional factor method. 
Nevertheless, the calculated value of the vertical displacement by means of 
proportionality factor is still comparable to the measured geodetic vertical 
displacement and still close to the predicted vertical displacement. 

Table 4.1 Comparison of vertical displacement 

Prop. factor 
Measured 
spec. def. 
[m / m] 

Vertical displacement [mm] 

ACC-2 / 
SG-24 

on SG-24 
Predicted by 

FEM 
TS 1  2 

1 2 3 4 5 
-0.4011 27.80 -15.80 -11.40 -11.15 

5. Conclusion 

The amplitudes of the recent movement developments of any point on the 
surface can be determined by geodetic measurements. Older, as well as recent 
tectonic shifts are determined by field geological measurements in zones of tectonic 
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faults. Where possible, it is required to compare the data obtained from geological 
and those obtained from geodetic measurements. It is important to point out that 
the Earth's crust, including the surface area, has geological structure built from the 
rocks of different composition and density. Some structures and their relationships, 
positions in space and shifts represent a structural set of the area included in 
regional units, and smaller or larger portions of the earth's crust known as the 
Earth's plates and micro plates. The most important fact is that the tectonic 
movements are always present around locations of the considered bridges. 
Therefore, it is undoubtedly necessary to define in detail their characteristics due to 
the potential impact on the individual bridges. It is necessary to make a plan for each 
load test. After visual inspection, we can begin to test the structure under external 
(useful) load, which depends on the function of the building. 

The fact that the facility is under the load which, by its intensity and schedule 
represents the maximum impact on it, is taken into account. The results obtained 
with the load tests show, in addition to everything else, the level of security of the 
building. When applying the load to a bridge (during the loading test) the structure 
should never be loaded over the serviceability limit state, so the bridge remains in 
an elastic state. But again the load on the bridge should be such that some situations 
on/in the bridge that actually do occur can be correctly measured.  
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Geološko istraživanje i statičko ispitivanje vijadukta 
Peračica 

Sažetak. U radu je prikazano istraživanje mostova u makro (geološka istraživanja) i 
mikro (probno opterećenje) području. U svrhu geološke procjene napravljen je 
recentni strukturni sklop za vijadukt Peračica te je analizirana učestalost potresa na 
navedenom području i rezultati terenskih istraživanja. Pri probnom opterećenju 
mosta, uz nivelire i totalne stanice, upotrebljeni su tenzometri, induktivna osjetila i 
akcelerometri. Vijadukt se nalazi u prilično aktivnom području, ali odgovor mosta 
na opterećenje bio je u skladu s projektom. 

Ključne riječi: akcelerometar, elektro otporna mjerna traka, induktivno osjetilo, 
izmjera mosta, probno opterećenje, recentni strukturni sklop. 

*scientific paper 
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Measurements During the Testing of Steel Railway 
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Abstract. The measurements conducted within the experimental investigation of 
steel railway bridges in Zorkovac (the bridge “Zorkovac”), Fužine (the bridge 
“Ličanka”) and Zagreb (the bridge “Sava”) are presented in this paper. On these 
bridges, there was static and dynamic testing conducted under traffic load. The 
strain in critical structural elements and vertical displacements of the bridges were 
measured within the scope of the static tests. Vertical displacements of all the 
mentioned objects were measured by means of a modified method of geometric 
levelling, however, on the bridge “Sava”, the displacements were also measured by 
means of a trigonometric levelling method. Furthermore, dynamic tests were 
conducted and modal parameters that are very important for future structural 
health monitoring were determined. Natural frequencies of the bridge “Sava” were 
determined by means of two methods, operational modal analysis and from 
vibrations measured by robotic total station. Experimentally determined vertical 
displacements, strains, natural frequencies and modal shapes are presented in this 
paper. Finally, this paper presents numerical models of bridges where measured 
values are compared with the calculated values. 

Keywords: dynamic parameters, modified geometric levelling method, 
trigonometric levelling method. 

1. Introduction 

Due to the increase in traffic load, steel railway bridges “Sava” and “Zorkovac” 
were strengthened and in case of bridge “Ličanka” entire superstructure of bridge 
was replaced in order to meet higher standard requirements. After the 
strengthening, experimental investigation of the bridges was conducted. 
Experimental investigation was fully performed according to guidelines given in 
Croatian National Standard HRN U.M1.046 – Testing of bridges with test load [HRN 
U.M1.046 1984]. 

Bridge "Sava" is a double-track railway bridge over 4 spans with total length of 
306 m and width of 9.6 m. Static system of the bridge is a simply supported 
continuous beam which is strengthened by the arch in the main span (Langer beam). 
The main span is 135.54 m long and the remaining three spans are 57.50 m, 57.96 
m and 55.00 m long – figure 1.1. [Rak et al. 2015], [Marendić et al. 2016[. 
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Figure 1.1 the bridge “Sava” before the strengthening 

The bridge “Ličanka” located in Fužine is a single-track railway bridge over two 
spans with total length of 70.72 m. Before the superstructure replacement, the static 
system of the bridge was continuous truss girder that was replaced with box girder 
shown in figure 1.2. Box girder has two spans equal in their length which is 35.36 m 
[Rak et al. 2014]. 

 
Figure 1.2 Bridge “Ličanka” before (left) and after the replacement of its superstructure 

(right) 

The third investigated bridge presented in this paper is bridge “Zorkovac” over 
the river “Kupa” [Damjanović et al. 2014]. Zorkovac is a single-track railway bridge 
over two spans, each span has the length of 46.0 m. Static system of each span 
consists of a simply supported beam, and main load bearing elements of the spans 
are two parallel truss girders variable in their height. In the middle of each span, the 
girder height has its maximum value of 7.6 m and above the abutment, the girder 
height is 2.6 m [Figure 1.3]. 

 
Figure 1.3 The bridge “Zorkovac” over the river “Kupa” 

2. Experimental investigation 

As mentioned in the previous chapter, strengthening of these bridges was 
performed due to higher standard requirements in relation to those applicable at 
the time when the bridges were built. All listed bridges were strengthened in order 
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to meet these standards and the main objective of experimental investigation was 
to determine if these bridges could withstand increased traffic loads imposed on 
them. 

In this chapter, a brief description of experimental investigation is presented, 
and the measuring points of investigated parameters are shown for each listed 
bridge. 

2.1. Experimental investigation implementation 

Experimental investigation consisted of static and dynamic testing. All static 
tests were conducted under the traffic load in the form of locomotives and freight 
wagons. During the static tests, trains were positioned in different locations on the 
bridges in order to achieve maximum inner forces and displacements corresponding 
to those from the bridge design. Basic parameters and brief description of train 
compositions used for static loading of each listed bridge are shown in table 2.1. 

Table 2.1 Length and masses of train compositions used for static loading of the bridges 
The bridge “Sava”  
Compositions Locomotive (1 per composition) Freight wagons (per composition) 
Number Length Mass Number Length Mass 
2 15.5 m 80.0 t 8 13.0 m 79.8 t 
Total length per composition 15.5 + 8*13.0 = 119.5 m 
Total load 2*(80.0 + 8*79.8) = 1436.8 t 

The bridge “Ličanka” 
Compositions Locomotive (2 per composition) Freight wagons (per composition) 
Number Length Mass Number Length Mass 
1 17.0 m 103.0 t 3 12.3 m 80.0 t 
Total length per composition 2*17.0 + 3*12.3 = 70.9 m 
Total load 2*103 + 3*80 = 446 t 

The bridge “Zorkovac” 
Compositions Locomotive (1 per composition) Freight wagons (per composition) 
Number Length Mass Number Length Mass 
1 10.5 m 44.0 t 2 12.3 m 63.0 t 
Total length per composition 10.5 + 2*12.3 = 35.1 m 
Total load 44.0 + 2*63.0 = 170.0 t 

 
Static testing of all bridges was carried out through multiple phases of loading 

and unloading. Vertical displacements were measured in each phase by means of the 
method of geometric levelling. On the bridge “Sava”, the displacements were also 
measured by means of a trigonometric levelling method. 
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Figure 2.1 Static testing of the bridge “Sava” – two compositions in the main span 

During static testing, the strains in critical elements were measured with the 
HBM data acquisition system MGCPlus, providing continuous measurement with the 
adjustable sampling frequency. It provided the strain measurement to be conducted 
while compositions were moving across the bridge at low speed in order to achieve 
and detect maximum inner forces occurring in the bridge elements. 

 
Figure 2.2 Vertical displacement measurement on bridge “Ličanka” (left), data acquisition 
system for strain measurement on bridge “Sava” (middle) and measurement of dynamic 

parameters on bridge “Zorkovac” (right) 

Modal parameters (natural frequencies and modal shapes) were determined 
by means of operational modal analysis. Accelerations were measured at multiple 
measuring points of the bridge during ambient excitation (the bridge “Sava” and 
“Zorkovac”), using 4 accelerometers (PCB Piezotronics 393B31) – connected to the 
Bruel & Kjaer data acquisition system 3560C. Two accelerometers were used as 
reference, while the other two were moved through all measuring points. The 
acquisition and post processing of data was conducted on PC with the software 
“Pluse”. Data post processing included Fast Fourier Transforms (FFT) and 
Frequency Domain Decomposition (FDD) in order to obtain modal shapes from time 
signal functions measured with accelerometers. The detailed explanation of data 
post processing is presented in [Damjanović 2010], [Brincker et al. 2001]. 

Unlike operational modal analysis, the determination of natural frequencies 
with the robotic total station is hardly achievable during ambient excitation only. 
For that reason, higher level of vibration of the bridge was produced by the train 
passing over the bridge at various speeds [Psimoulis & Stiros 2013]. 

On the bridge “Ličanka”, the operational modal analysis wasn’t conducted but 
natural frequencies were measured with the accelerometer placed at 0.4L (L = span 
length) in order to avoid null points of modal shapes.  
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It is important to note that experimental investigation of all bridges was fully 
performed according to the guidelines given in Croatian National Standard HRN 
U.M1.046 but not all of the performed tests and obtained results are shown in this 
paper. The results given in this paper are limited to vertical displacements, strains 
in critical elements and modal parameters. Critical values of measured vertical 
displacements and measured modal parameters are compared to the values 
obtained from numerical models based on Finite Element Method (FEM).  

2.2. Investigated parameters with measuring points schemes 

2.2.1. The bridge “Sava” 

During the experimental investigation of the bridge “Sava”, vertical 
displacement of the bridge were measured at 30 measuring points (21 measuring 
points along the axis A and 9 measuring points along the axis B) – figure 2.3. Vertical 
displacements were measured by means of a modified method of geometric levelling 
and also by means of a trigonometric levelling method. 

 
Figure 2.3 Measuring points of static vertical displacements (red) and measuring points for 

strain measurement (blue) – the bridge “Sava” 

Table 2.2 Measuring points for strain measurement 
Measuring point label Description of the measuring point location 

S1 MG1 – LZ Main girder, span 1, lower flange. 

S2 MG2 – LZ Main girder, span 2, lower flange. 

S3 MG2 – UZ Main girder, span 2, upper flange. 

S4 CG2 – UZ Cross girder, span 2, upper flange. 

S5 CG2 – UZ2 Cross girder, span 2, upper flange. 

S6 SLG2 – UZ Secondary longitudinal girder, span 2, upper flange. 

S7 HM Hanger in the middle of the main span. 

S8 H2 Second hanger. 

S9 H1N First hanger, north side. 

S10 H1S First hanger, south side. 

S11 ARCH Arch, span 2, south side. 
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Measuring point label Description of the measuring point location 

S12 MG2C – UZ Main girder, column between second and third span, upper zone. 

S13 MG3 – LZ Main girder, span 3, lower flange. 

S14 MG4 – LZ Main girder, span 4, lower flange. 

S15 SLG3C – LZ Secondary longitudinal girder, span 3 – near column, lower zone. 

S16 CG2C - UZ Cross girder, column between second and third span, upper zone. 

 
Apart from vertical displacements, the strains in critical structural elements 

were measured continuously at 16 measuring points during all phases of the static 
testing of the structure. The measuring points for strain measurement were placed 
on the main girders (6 measuring points), on the secondary longitudinal and cross 
girders (5 measuring points) and on the arch and hangers of the main, largest, span 
(5 measuring points) – figure 2.3 and table 2.2. 

Within the scope of the determination of modal parameters (natural 
frequencies and modal shapes) using OMA, the accelerations were measured at 42 
points during ambient excitation. Additionally, natural frequencies of the bridge 
were determined with the Robotic Total Station (RTS). Positions of the acceleration 
measuring points (1-42) as well as RTS measuring point are shown in figure 2.4. 

 
Figure 2.4 Positions of accelerometers and RTS measuring points 

2.2.2. The bridge “Ličanka” 

Vertical displacements of the bridge “Ličanka” were measured at 18 measuring 
points (9 measuring points along each axis, A and B). Vertical displacement 
measurement was conducted by means of a modified method of geometric levelling 
during all phases of static loading of the bridge. The measuring points of static 
vertical displacements are shown in figure 2.5. 
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Figure 2.5 Measuring points of vertical displacements and strain– the bridge “Ličanka” 

In addition to vertical displacements, the strains were measured at 11 
measuring points, 4 points in each span and 3 points on the main box girder above 
the middle column. The strain measurement was conducted continuously during all 
phases of the static tests. The strain measuring points are shown in figure 2.5. 

As mentioned in paragraph 2.1, natural frequencies of the bridge “Ličanka” 
were obtained from acceleration measurement. The accelerometer was positioned 
as shown in figure 2.5. 

2.2.3. The bridge “Zorkovac” 

On the bridge “Zorkovac”, vertical displacements were measured at 20 
measuring points (10 point along each axis, A and B) by means of a modified method 
of geometric levelling – figure 2.6. The strain measuring points and positions of 
accelerometers during dynamic tests are shown in figure 2.6. 
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Figure 2.6 Vertical displacements measuring points (blue), positions of accelerometers 

(red) and strain measuring points (green) – the bridge “Zorkovac” 

3. Numerical models 

The vertical displacements and modal shapes obtained by experimental 
investigation are compared to those obtained from numerical models. All numerical 
models are created in software CSI SAP2000 based on Finite Element Method 
(FEM). As shown in figure 3.1, all numerical models are made of frame elements. 

 

 
Figure 3.1 FEM numerical models of the investigated bridges – 3D view 

In order to determine masses and positions of train compositions causing 
maximum inner forces and displacements of the structure, numerical models were 
made prior to experimental investigation. For all numerical models, static and 
dynamic analyses were conducted. Within the static analysis, forces equal to those 
of train compositions were applied on to the numerical models. The analysis output 
in terms of vertical displacements is compared to the values obtained 
experimentally and presented in this paper. Furthermore, the dynamic analysis was 
conducted and dynamic parameters (natural frequencies and modal shapes) 
obtained from a numerical model are compared to the measured ones. 
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4. Analysis of results 

4.1. Vertical displacements 

In this paragraph, maximum values of measured vertical displacements for 
each span of each bridge are compared to the corresponding numerically obtained 
displacements. Residual values after load removal were also measured and shown 
below. 

Table 4.1 Comparison between measured and numerically obtained vertical displacements 
for the bridge “Sava” 

Span Measuring 
point 

Measured value Numerically 
obtained value 

Residual 
displacement 

1 P3-A 45.0 mm 47.6 mm 2.0 mm 
2 (main span) P9-B 102.0 mm 107.0 mm 2.0 mm 
3 P15-A 43.0 mm 49.0 mm 1.0 mm 
4 P19-B 49.0 mm 51.2 mm 1.0 mm 

 
Table 4.1 and figure 4.1 show that the results obtained from experimental 

investigation are similar to those obtained from the numerical model. Maximum 
deviation between measured and calculated values is about 12% (span 3). 
Maximum residual displacement is measured in spans one and two (2,0 mm), which 
is 4% of the maximum measured displacement in span 1 and 2% of the maximum 
measured displacement in the main span. The ratio between residual and maximum 
measured vertical displacements is below 15%, which is the maximum allowed 
value given in Croatian National Standard HRN U.M1.046 for steel structures.  

 
Figure 4.1 Measured and numerically obtained deflection curves for a load case with two 

compositions in the main span – maximum vertical displacement (the bridge “Sava”) 

Table 4.2 Comparison between measured and numerically obtained vertical displacements 
for the bridge “Ličanka” 

Span Measuring 
point 

Measured value Numerically 
obtained value 

Residual 
displacement 

1 3-B 15.0 mm 17.1 mm 0.0 mm 
2 7-A 15.2 mm 14.7 mm 0.2 mm 

Table 4.3 Comparison between measured and numerically obtained vertical displacements 
for the bridge “Zorkovac” 
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Span Measuring 
point 

Measured value Numerically 
obtained value 

Residual 
displacement 

1 3-A 17.0 mm 18.7 mm 0.2 mm 
2 7-B 16.1 mm 18.7 mm 0.1 mm 

The comparison between measured and calculated values of vertical 
displacements for the bridges “Ličanka” and “Zorkovac” are given in table 4.2 and 
table 4.3. Just like in the case of the bridge “Sava”, the deviations between measured 
and calculated values are below 15 % and residual displacements measured on both 
bridges are below the maximum allowed value given in HRN U.M1.046. 

4.2. Strain measurement 

Due to the determination of cross section usability, strain measurement was 
conducted on each investigated bridge. The maximum measured strain values 
detected on each bridge during experimental investigation are given in table 4.4. 

Table 4.4 Maximum measured strain values with estimated stresses 

Bridge 
Measuring point 

label 
Measured strain [‰] 

Estimated stress 
[MPa] 

SAVA S11 - ARCH -0.3793 -79.7 
LIČANKA LVDT 3 0.1471 30.89 

ZORKOVAC RD – D1 0.2123 44.58 

The continuous record of the measured strain values during experimental 
investigation performed on the bridges are shown in figure 4.2, figure 4.3 and figure 
4.4. 

Figure 4.2 Continuous record of the measured strain values during experimental 
investigation of the bridge “Sava” (measuring points placed on the main girder) 
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Figure 4.3 Continuous record of the measured strain values during experimental 
investigation of the bridge “Zorkovac” 

Figure 4.4 Continuous record of the measured strain values during experimental 
investigation of the bridge “Ličanka” (measuring points located in the first span – north) 

Stress estimation is calculated with the Hooke’s law for one axial stress (1),  
 𝜎 = 휀 ∙ 𝐸 (1) 
where 휀 represents measured strain value, 𝐸 [MPa] is Young’s module of elasticity 
and 𝜎 [MPa] represents calculated stress value. The expression (1) can be used if all 
sensors were placed in one axial stress zone, which is the case in this experimental 
investigation. 

4.3. Dynamic parameters 

The natural frequencies of the bridge “Sava” were determined from dynamic 
displacement measured with robotic total station (RTS) and with operational modal 
analysis (OMA). Fast Fourier transform (FFT) analysis was used to convert the time 
domain records of dynamic displacement measured with RTS to frequency domain. 
Natural frequencies were identified as resonance peaks of these spectral functions. 
The comparison between measured and numerically obtained values are shown in 
table 4.5. 
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Table 4.5 The bridge “Sava” – natural frequencies 
OMA [Hz] RTS [Hz] Numerical model [Hz] 

1.01 1.02 1.03 
1.57 1.56 1.63 
1.96 1.95 1.54 
2.73 2.73 2.81 

For each natural frequency, the modal shape was also determined by means of 
operational modal analysis, some of experimentally obtained modal shapes are 
shown below. 

 

  
Figure 4.5 Modal shapes of the bridge “Sava” obtained by OMA 

Comparison between measured and numerically obtained values of natural 
frequencies on bridge “Zorkovac” is shown in table 4.6. 

Table 4.6 Bridge “Zorkovac” – natural frequencies 
OMA [Hz] Numerical model [Hz] 

5.33 4.93 
11.55 12.20 
20.99 20.55 

 
Figure 4.6 Modal shapes of the bridge “Zorkovac” obtained with OMA 

The comparison between measured and numerically obtained values of 
natural frequencies on the bridge “Ličanka” is shown in table 4.7. 

Table 4.7 The bridge “Ličanka” – natural frequencies 
Measured value [Hz] Numerical model [Hz] 

2.54 2.19 
3.89 3.43 
9.96 9.63 

15.92 16.22 

1.01 Hz 

1.57 Hz 

1.96 Hz 

2.73 Hz 

5.33 Hz 11.55 Hz 
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5. Conclusions 

As mentioned above, the steel railway bridges “Sava”, “Zorkovac” and 
“Ličanka” were strengthened in order to meet higher standard requirements in 
relation to those at the time when bridges were built. After the strengthening, 
experimental investigation of the bridges was performed according to guidelines 
given in Croatian National Standard HRN U.M1.046 – Testing of bridges with test 
load [HRN U.M1.046 1984]. 

The experimental investigation consisted of vertical displacement and strain 
measurement but also of dynamic parameters determination.  

The comparison between numerically obtained and measured values of 
vertical displacements shows high concurrence in results. Furthermore, the 
measured values of residual vertical displacements are below 15% of the maximum 
measured values being the maximum allowed ratio for steel structures given in HRN 
U.M1.046. 

The measured strain and estimated stress show that all critical structural 
elements of the investigated bridges remain elastic during all phases of static tests. 
The maximum measured strain value (the bridge “Sava”) is -0.379‰ resulting in the 
stress of 79.7 MPa or 22.5% of the yielded point value for steel S355 that the bridge 
was built of. 

The investigated dynamic parameters are of great importance for future health 
monitoring of the structures. The dynamic parameters obtained from experimental 
investigation are within the expected range, which tells us that no significant 
damage was detected during the experimental investigation. Natural frequencies of 
the bridge Sava determined from RTS measurement show excellent agreement with 
natural frequencies determined experimentally with OMA. Considering these 
results, we can conclude that RTS could potentially be used for dynamic monitoring 
of large and medium span bridges. 
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Mjerenja pri ispitivanju čeličnih željezničkih mostova 

Sažetak. U okviru ovog rada prezentirana su mjerenja provedena u sklopu 
ispitivanja pokusnim opterećenjem čeličnih željezničkih mostova u Zorkovcu (most 
„Zorkovac“), Fužinama (most „Ličanka) i u Zagrebu (most „Sava“). Na navedenim 
objektima provedena su statička i dinamička ispitivanja uslijed utjecaja prometnog 
opterećenja. Prilikom statičkog dijela ispitivanja mjereni su vertikalni pomaci 
konstrukcije te relativne deformacije kritičnih elemenata iste. Vertikalni pomaci 
konstrukcije na svim su objektima mjereni modificiranom metodom geometrijskog 
nivelmana, a na mostu „Sava“ pomaci su dodatno mjereni i metodom 
trigonometrijskog nivelmana. Osim statičkih, provedena su i dinamička ispitivanja 
gdje su određeni osnovni dinamički parametri koji su vrlo važni za buduće praćenje 
ponašanja navedenih objekata. Dinamički parametri mosta „Sava“ mjereni su na dva 
načina, eksperimentalnom modalnom analizom i robotiziranom totalnom stanicom, 
a dobiveni rezultati međusobno su uspoređeni. Zajedno s vertikalnim pomacima i 
relativnim deformacijama, dobiveni dinamički parametri u vidu vlastitih oblika i 
frekvencija prikazat će se u ovom radu. Nadalje, u radu će se prikazati i numerički 
modeli objekata gdje su mjerene veličine uspoređene s računski dobivenim 
vrijednostima. 

Ključne riječi: metoda modificiranoga geometrijskog nivelmana, metoda 
trigonometrijskog nivelmana, osnovni dinamički parametri. 

*scientific paper 
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Abstract. One of the main tasks associated with the safety of civil engineering 
structures is their deformation. Modern and often untypical shape of these objects 
generates requirements for the monitoring of structural deformations. A current 
approach in the automation of geodetic measurements allows the application of 
automated systems for structural monitoring. The paper presents a design of an 
automated measurement system developed for the permanent geodetic monitoring 
of the bridge structures over the river Danube in the capital city of the Slovak 
Republic, i.e., Bratislava. It describes the topology and preliminary experimental 
testing of the automated system on the actual bridge structure. The bases of the 
system are a geodetic total station, tilt sensors, accelerometers and complementary 
sensors such as a meteorological station and temperature sensors. The control of 
the measurement process is realized by the remote management and the data server 
via the mobile internet connection. The system is able to monitor long-term 
deformations and the dynamic behaviour of the bridge in real-time. 

Keywords: accelerometer, automated monitoring system, bridge, deformation, 
natural frequency, structural health monitoring, tilt sensor, total station. 

1. Introduction 

The issue of the investigation, realization and implementation of new 
technologies in monitoring of civil engineering structures is generally discussed as 
Structural Health Monitoring (SHM). An important part of these activities is geodetic 
monitoring of bridges. Several operation restrictions in monitoring large bridge 
structures by classic geodetic technologies and methodologies and requirements on 
dynamic measurements, increase the number of installations of automated 
measurement systems on these structures. 

Automated measurement systems have recently been implemented at large 
bridge structures around the world, mainly in Japan, China and USA [Hill & Sippel 
2002], [Hsieh et al. 2006], [Yong & Spencer 2008], [Wenzel 2009] and [Ko & Ni 
2005]. They significantly determine the approach in this research area, especially in 
the area of sensors and monitoring of dynamic behaviour of bridge structures. In the 
countries referred to above the monitoring is focused on the seismic resistance of 
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structures, due to many structures situated in areas affected by the increased 
seismic activity. 

USA has implemented the program of long term monitoring of significant 
bridges supported by legislative frame as LTBP program (Long-Term Bridge 
Performance). This frame helped to implement several permanent long-term 
automated monitoring systems of bridges. 

Automated systems on bridge structures are implemented especially at 
significant traffic corridors with high operation load. Several systems, focused on 
dynamic monitoring of the structures, have been implemented on highway bridges 
in Europe [Wenzel 2009], [Wenzel & Pichler 2005], [Enckell 2007] and [Geier 2009]. 
Measurement systems are based on terrestrial geodetic (total stations, GNSS) and 
non-geodetic measurement systems (accelerometers, strain gauges etc.). The most 
famous project in this area is the bridge crossing Oresund strait that connects 
Sweeden and Denmark [Peeters 2009]. 

Requirements on geodetic bridge monitoring in Slovak Republic are anchored 
by legislative frames and national technical standards. The realization of bridge 
monitoring is performed mostly by classic geodetic approach. The approach 
includes several disadvantages, such as requisition for some operation breaks, that 
cause traffic problems. This can be avoided by automated measurement systems of 
bridge structures. 

The Department of Surveying at the Faculty of Civil Engineering of the Slovak 
University of Technology in Bratislava (FCE STU) has been monitoring the dynamic 
effects on civil engineering structures of different types and dimensions for a long 
time. Our recent research is focused on the automation of the monitoring process, 
the preparation of innovative geodetic technologies for multi-sensor fusion, with the 
aim of integrated automated structural health monitoring of large bridges in 
Slovakia. The focus of this paper is on recent research in the area of development of 
an integrated monitoring system of two Danube bridges in Bratislava – the Apollo 
Bridge and the Bridge of Slovak National Uprising. 

2. Automated measurement system for bridge monitoring 

Current geodetic monitoring of bridge structures is generally based on 
periodic measurements of selected parts of the bridge structure, that are realized 
when there is no traffic on the structure. According to these limitations, especially 
in the case of large bridges with significant operation load by traffic, arises the 
requirement regarding design and realization of an automated measurement 
system (AMS). AMS is able to monitor the bridge structure in arbitrary moment in 
time and frequency according to the requirements of the bridge management. This 
eliminates the requisites for the realization of the regular operation breaks, or 
minimizes the time of the operation breaks. It also brings significant logistic and 
economic advantages to the bridge management. 

The design of an AMS for long-term monitoring is focused on monitoring of 
behaviour of the bridge girders. These parts of the structures are extremely loaded 
under the influence of weather conditions and operation. AMS is designed for: 

• a continuous and time unlimited monitoring of the bridge girder, 
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• determining the dynamic and long-term deformation of the bridge girder, 
• providing information about the deformation in real time, 
• a remote access and management of the system. 

The designed AMS is divided into two separated and interconnected 
subsystems [Figure 2.1]. Both subsystems are time synchronized. The subsystem of 
the sensors is designed for the installation on the bridge structure. It communicates 
with the master subsystem via the Internet connection, that is situated on the 
Department of Surveying of the FCE STU. Remote access to sensors is possible in 
real-time through the master subsystem. 

 
Figure 2.1 Subsystems of the AMS 

The subsystem on the bridge is built by several types of sensors and 
communication devices [Figure 2.2]: 

• total station Leica TS30, 
• tilt sensors Leica Nivel220, 
• meteorological station Reinhardt DFT 1MV, 
• accelerometers HBM B12/200 and universal amplifier HBM Spider 8, 
• temperature sensors Pt1000/TG7 and data logger Comet MS6D, 
• local time server Mobatime LTS, 
• GPRS/EDGE/3G router Racom MG102. 

 
Figure 2.2 Subsystem of sensors 

The base of the subsystem of sensors is the total station Leica TS30, used for 
measurement of the spatial long-term and dynamic deformations of the bridge 
girder. Tilt sensors measure longitudinal and transversal tilts of the bridge girder. 
These measurements are useful for monitoring of both, the vertical bending and the 
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torsional deformation of the girder. Accelerometers are used for the measurement 
of vertical vibrations of the bridge deck. The sensor configuration is suitable for 
long-term continuous monitoring of changes as well as for the vibrations of the 
monitored structures. AMS is able to monitor changes in both, the structure and air 
temperature by contact resistive temperature sensors Pt1000. 

The master subsystem is built by server located at the Department of 
Surveying. The server is running permanently, communicating with the subsystem 
of sensors by virtual private network (VPN). The advantage of this solution is a 
stable and safe access to the components of the system in real time and the 
possibility of the system configuration. Time synchronization of the system is 
realized through the local time server Mobatime LTS, that provides the time signal 
of the satellite navigation system NAVSTAR GPS. The accuracy of this 
synchronization is given by 0.05 second with evenly spaced actualization of the 
system time with frequency of 1 Hz. 

The measurement and the registration process of most of the components is 
provided by proprietary software. Yet, for the dynamic measurements by total 
station, proprietary software solution does not exist. This was the reason to develop 
own software “Tracking TS30” using Leica GeoCoM protocol. This software is a 
unique solution for dynamic monitoring of engineering structures in real time, 
which is an important component of AMS [Lipták 2014]. 

3. Application of AMS at the Bridge of Slovak National Uprising in Bratislava 

The developed AMS for a bridge structure stability control can be applicable at 
arbitrary bridge structure. In the case of the development of the system prototype, 
several versions of AMS installation at the cable-stayed steel bridge of Slovak 
National Uprising in Bratislava, were realized. 

The reference network contains permanently stabilized points for controlling 
the stability of the total station using the spatial polar method. Spatial distribution 
of the objects in the bridge surrounding cause difficulties in the correct location and 
stabilization of the reference points. There is increased pedestrian and car traffic, 
which brings limitations for the permanent stabilization and operation of the total 
station. According to this the reference points at the bridge structure were located 
in non-standard position. There are 5 reference points stabilized for total station 
measurements [Figure 3.1]. 

The reference point VB1, with the total station [Figure 3.2], is built in the 
bridge abutment chamber at the right bank of the Danube (Petržalka). The position 
of this point provides a good protection and the visibility of each reference and 
measuring point at the bridge deck as well. The point is stabilized by cylindrical 
shaped and 1.20 m high steel pillar of the diameter of 300 mm and concrete filling. 
Tilt sensor Leica Nivel220 monitors horizontal stability of the pillar and the 
meteorological station Reinhardt DFT 1MV is situated near the pillar to monitor the 
weather conditions in the surroundings of the total station. 
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Figure 3.1 Stabilization of the reference points. Total station positioned at the reference 

point VB1 (left). Longitudinal section of the bridge pillar and abutment (center). The 
position of the reference points inside the bridge abutment – situation (right) 

Reference points VB2 – VB5 are used for control of the measured horizontal 
angles and for monitoring the stability of the total station. These are located in the 
thrust block and the bottom part of the bridge pylons. The position of the measuring 
points is given by typical points of the bridge deck where the deformation has the 
highest influence on the stability of the structure. The points are designed in three 
cross sections in the locations of the catenaries hanging [Figure 3.2]. In each cross 
section, at the outboard bottom flange, there are stabilized prisms Leica GPR1 
[Figure 3.3 left]. In the chambers of catenaries hanging, tilt sensors Leica Nivel220, 
accelerometers HBM B12/200 and temperature sensors Pt1000 [Figure 3.3 right], 
are situated. 

 
Figure 3.2 Measuring points configuration 

Connection between sensors and data loggers is realized by UTP and FTP 
cables. UTP cables are used for the interconnection of tilt sensors, whereas FTP 
cables are used for the connection of accelerometers and temperature sensors. They 
are resistant to influence of external conditions and to non-stability of the electric 
voltage. This advantage reduces the risk of signal distortion. The measuring bus for 
power supply and communication interconnection of the sensor subsystem is 
installed in the thrust block of the bridge support near to the reference point VB1. 
The registration laptop and the universal amplifier HBM Spider8 are located in the 
chamber of the catenaries hanging No. 4. Communication of this part of the system 
with the measuring bus is realized by Wi-Fi working at 5 GHz frequency. 
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Figure 3.3 Stabilization of the measuring points 

4. Long-term monitoring of the bridge 

Application of the AMS enable us to monitor structural deformation in 
common time resolution and time range. The possibility of the continuous 
monitoring of the bridge dynamics is a significant advantage of the developed AMS. 
These measurements can be used for the analysis of long-term behaviour of the 
bridge dynamics, but can also perform useful data about the static deformation. 
Selected parts of the bridge monitoring using the developed AMS are described here. 

4.1. Long-term monitoring of the bridge deck by total station 

The long-term monitoring using total station enable us to monitor spatial 
displacements of the chosen part of the bridge structure, for example the bridge 
deck. The measurement was made by the total station Leica TS30, the measurement 
process was managed by Leica GeoMoS software. The results of realized 
experimental measurements indicate strong oscillation of the structure with 
dominant cyclical component at the level of 24 hours. Figure 4.1 brings the 
longitudinal bridge deck deformation during the experimental measurements 
realized from April 10, 2014 to April 15, 2014. 

 
Figure 4.1 Longitudinal displacements of the bridge structure 

The results of the cross-spectral analysis of longitudinal displacements and the 
structure’s temperature underline a strong influence of the temperature variation 
at the bridge deck deformation. This fact was confirmed by high coherence (at level 
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0.95) between the structure’s temperature and the displacements at each 
measuring point. The analysis of the phase delay of time series describes structural 
response on temperature changes approximately in 1 to 1.5 hour. Average 
amplitudes of daily variations of displacements at points PBH01 and PBH02 are at 
level of 5.0 mm whereas at points PBH03 and PBH04 are at level of 10.0 mm. The 
highest amplitudes varies from 10.0 to 18.0 millimetres, at the control point PBH05. 

The accuracy of the displacements determined in each direction was 1.2 
millimetres. Monitoring the bridge deck deformation in real time and short time 
intervals provides high quality information about the structure health, like the 
temperature influence on the structure. The realized permanent measurements 
using the AMS have significant advantages against the classic long-term monitoring 
made in annual or longer intervals. 

4.2. Long-term monitoring of the bridge by accelerometers 

Accelerometers are stabilized at the typical parts of the bridge deck, where the 
dynamic response of the structure is the most significant. The aim of the dynamic 
deformation analysis is the determination of natural frequencies of vertical 
oscillation of the structure and the analysis of their variations. The important part 
of the dynamic bridge behaviour monitoring is the determination of relative vertical 
displacements of the bridge deck, as well. Deformations of the bridge deck of Bridge 
of Slovak National Uprising are described by Finite Element Method [Benčat et al. 
2012], and characterized by vertical bending modes at significant frequencies at the 
level form 0.1 Hz to 5.0 Hz [Figure 4.2]. 

 
Figure 4.2 Spectral analysis of the accelerometer measurements 

Determination of average daily vibration frequencies is realized in several 
steps. Continual measurements extracted into discrete 5 minutes long blocks are 
realized in the first step. In each block the trend component of the time series is also 
removed in the first step followed by then estimated frequencies of the structural 
deformation using spectral analysis. The calculated average daily frequencies of the 
structural deformation are in minimum different from the modelled frequencies, at 
level lower than 10%. This fact points to a very good compliance of the results from 
permanent measurements and the numeric model of the structure. The average 
vibration frequencies of the structural deformation determined by the 
accelerometers show minimal fluctuations at the level of each vibration modes. 
Figure 4.3 shows the changes of vibration frequencies during experimental 
measurements from April 10, 2010 to April 15, 2014. 
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Figure 4.3 Daily variations of the vibration frequencies 

Differences reached the minimum values at the level 0.02 Hz. The highest 
fluctuations are at the 12th vibration mode at the frequency 2.48 Hz. The minimum 
changes are registered at the vibration mode with lower frequencies, where the 
daily variations are maximally 0.01 Hz. At each significant vibration mode frequency 
variations have a cyclical pattern with 24-hour long period. Results of cross-spectral 
analysis of the oscillation frequencies and structural temperature illustrate their 
significant coherence at level higher than 0.75. Phase delay of the changes in 
vibration frequencies and the temperature of the structure at the level around -150° 
shows the fact that the parallel with the increasing structure’s temperature is 
decreasing the vibration frequency with the time delay from 1.4 to 2.4 hours. The 
results of the realized measurements point to good use not only for the purpose of 
dynamic measurements but for long-term monitoring of the structure’s vibration, 
too. 

5. Conclusion 

The new development in the field of geodetic monitoring of engineering 
structures is closely connected with the innovations of the measurement and 
communication technologies, thus supporting the designing and application of the 
innovative methods and technological processes in the field of monitoring of 
complex structures. Automation of the measurement process and data processing 
increases the efficiency of the geodetic structural health monitoring. The paper is 
focused on the development of the integrated measurement system able- to monitor 
short time variations of spatial deformation of the bridge structures in fully 
automated mode. Data processing and analysis are based on mathematical models 
generally used for time series analysis. The designed system was installed and 
tested at the Bridge of the Slovak National Uprising in Bratislava. The system was 
tested by several experimental measurements, thus the results show wide 
possibilities of the system usage mainly in civil engineering and provide parallel 
large base for research in engineering surveying and in modal analysis in the field 
of structural engineering. The realized measurements show the good use of the 
applied technologies and measurements, as well as the developed methodology of 
data processing in this sphere. The development of the presented AMS prototype 
has not been finished yet. For the future, the extension of the system by another 
sensors is planned, parallel to the installation at all Danube bridges in Bratislava 
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which are described in this paper. This approach will ensure the integrated 
measurement system for structural health monitoring of the busiest bridges in 
Slovak Republic, in the future. 
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Monitoring mosta Slovak National Uprising pomoću 
automatskog sustava 

Sažetak. Jedan od glavnih zadataka povezanih sa sigurnošću građevina je praćenje 
njihovih deformacija. Izgradnja modernih građevina netipičnih oblika zahtjeva 
monitoring pomaka i deformacija građevine. Trenutni pristup automatiziranih 
geodetskih mjerenja omogućuje primjenu automatskih mjernih sustava za 
monitoring građevina. U radu je prikazan dizajn automatskoga mjernog sustava 
razvijenog za potrebe kontinuiranoga geodetskog monitoringa mosta preko rijeke 
Dunav u glavnom gradu Slovačke Republike (Bratislava). Također je opisana 
topologija i preliminarno testiranje automatiziranoga mjernog sutava na mostu. 
Sustav se sastoji od geodetske mjerne stanice, senzora nagiba, akcelerometra i 
popratnih senzora kao što su meteorološka stanica i senzori za temperaturu. 
Kontrola mjernog procesa je ostvarena putem daljinskog upravljanja i servera 
podataka putem mobilne internet veze. Sustav omogućuje monitoring 
dugoperiodičnih pomak i deformacija i dinamičkog ponašanja mosta u realnom 
vremenu. 

Ključne riječi: akcelerometar, automatski sustav za monitoring, deformacije, mjerna 
stanica, monitoring građevina, most, prirodna frekvencija, senzor nagiba. 

*scientific paper 
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Abstract. Image Assisted Total Stations (IATS) unify the geodetic precision of total 
stations with the areal coverage of images. One or more cameras integrated in total 
stations deliver accurately geo-referenced and oriented images, an appropriate 
calibration provided. In combination with image processing and recognition 
techniques as well as the polar methods of the base instrument, new measurement 
approaches can be developed. By using image sequences of subsequent 
measurement epochs, objects or features can be detected and tracked fully 
automated.In this article, we present current systems, commercially available as 
well as research prototypes. Different calibration methods and a general 
mathematical system description are given as the basis for the further described 
monitoring concepts. The presented application examples – monitoring of 
structures and geo-risk areas – prove that IATS are particularly suited for the 
repetitive or continuous check and control of artificial or natural structures. 

Keywords: calibration, geo-monitoring, image assisted total station (IATS), 
structural monitoring. 

1. Introduction 

Monitoring in the form of a repetitive or continuous check and control of 
artificial or natural structures is one of the key tasks in engineering geodesy. It is a 
process of periodically gathering information on the current state of all aspects of 
the observed object. The repeating measurement of the same target(s) in particular 
supports the development and usage of automated systems. For this reason, mostly 
motorized total stations, digital levels, GNSS or digital photogrammetry in 
combination with automated analyzing and evaluation methods are used. With the 
integration of cameras into total stations these different sensor classes are fusing to 
a single universal instrument [Wunderlich et al. 2014]. Moreover, the high accurate 
height determination and height transfer with invar leveling staffs were recently 
implemented into Image Assisted Total Stations [Wagner et al. 2016]. In this article 
we will present more details on this instrument category, current systems and their 
mandatory calibration. Furthermore, the application examples will prove the 
suitability for monitoring tasks. 
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2. Image Assisted Total Stations 

The first theodolites with integrated cameras – the Kern E2-SE and the Wild 
TM3000V – were released almost simultaneously in the 1980s. These instruments 
had been primarily used for close range applications in the industrial metrology, but 
disappeared after a short time, with the introduction of laser trackers [Wagner et al. 
2014b]. In the recent years, the interest of the manufacturers raised again to provide 
image assisted solutions. Since the beginning of this decade all major manufacturers 
of total stations have released instruments with at least one integrated camera. 
These instruments are commonly termed Image Assisted Total Stations (IATS). 

Each image taken by the integrated camera – including the live video stream – 
is absolutely orientated by using the instrument’s station and orientation and its 
mounting offsets. This means that the exterior orientation is directly known in the 
world or object coordinate system. Currently, the camera images are only used to 
ergonomically optimize the standard measurement procedure, e.g. by replacing the 
view through the telescope and/or to transfer it to the range pole via remote control. 
Furthermore, the image and video function is used as a support capacity for the 
standard field survey tasks of a total station. Such functions are, for example, 
documentation, aiming support or an overlay of the live video stream with 
measurements, planning data or sketches. Some manufacturers offer additional 
software which allows a further photogrammetric post-processing. If a scanning 
function is available at the instrument, additional image based support functions, 
like a scan area selection, are offered. 

Nevertheless, the full potential of the combined photogrammetric evaluation 
and analysis is not yet used in commercially systems, as will be shown in the 
following sections. 

2.1. Commercially available systems 

The current generation of commercial IATS was introduced in 2005 by Topcon 
with the instrument GPT-7000i. This total station was already equipped with two 
different VGA cameras: (1) a wide-angle camera with fixed focus which is mounted 
next to the telescope making it possible to rotate with it, and (2) an on-axis 
(telescope) camera which registers the operator’s view through the telescope 
including the variable focus. The images of these cameras differ widely. The first 
camera has a large field of view (FOV) and gives an overview of the surveying area. 
The second camera image benefits from the magnification of the telescope, resulting 
in a quite small FOV, but giving a more detailed view. Meanwhile, the Topcon 
technology is distributed under the term Imaging Station, currently in the 3rd 
generation [Figure 2.1a]. 

Trimble released its first IATS under the name of VX Spatial Station in 2007, 
with a fixed-focus 3-megapixel color camera. The same overview camera is also used 
in the subsequent top level total stations series, including the current Trimble S9 
[Figure 2.1b]. 

2009 Pentax introduced a total station equipped with an overview camera in 
the Visio instruments. In contrast to the other instruments presented here, the video 
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image is not displayed at the standard instrument’s display, but instead at a separate 
screen above the ocular [Figure 2.1c]. 

Leica Geosystems followed in 2010 with a built-in overview camera in the Viva 
instrument series. Instruments of the successive Nova series [Figure 2.1d] – 
released 2013 –provide an additional focusable telescope camera similar to the 
Topcon Imaging Station. 

2.2. Research prototypes 

Research and development ambitions are focused on deriving precise 
measurement information from (calibrated) camera images. This should be possible 
in real time for autonomous measuring processes as they are necessary e.g. for 
monitoring applications. A telescope camera which provides a high pixel-angle ratio, 
i.e. a high spatial resolution, is of particular interest. Due to limited accessibility to 
the individual measurement data – in particular to image data – and low data 
transfer rates of commercial products, in-house developments are frequently used. 
In general, two different implementations can be distinguished: 

1. Clip-on cameras, which are put onto the eyepiece, or replace it, 
2. Prototypes, specifically designed or being modified for research purposes. 

First named systems offer the advantage that standard total stations can be 
converted into IATS e.g. only for one special measurement task and reconfigured 
anytime to their original condition. Examples are the systems of the Brno University 
[Machotka et al. 2008], of the ETH Zurich (DAEDALUS) [Bürki et al. 2010] or of the 
i3mainz (MoDiTa) [Hauth et al. 2012]. 

Current prototypes, such as the Leica IATS1 [Walser 2004], its succeeding 
small batch series IATS2 [Reiterer et al. 2009, Wasmeier 2009, Wagner et al. 2014a] 
or the system TOTAL of the University Bochum [Juretzko 2004] offer the advantage 
of the camera to be rigidly connected to the instrument which ensures a constancy 
of the calibration parameters. In the case of the aforementioned modular systems, 
an (in-situ) calibration is inevitable at each changeover. 

a) b) c) d) 
Figure 2.1 Current available IATS: a) Topcon IS-3 [URL 1] b) Trimble S9 [URL 2]  

c) Pentax Visio [URL 3] d) Leica Nova [URL 4] 
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The cameras of both types of IATS can be read out and processed via a direct 
cable connection (e.g. USB) to an external computer in real time. This allows the 
evaluation of the recorded scene using any image processing software, e.g. an 
integrated program function of a monitoring system, so the result can be directly 
used for further sequence control of the total station. 

2.3. Calibration 

The major advantage of the IATS is the fact that the methods and approaches 
of (close range) photogrammetry can be used in combination with the precision of 
a total station. An appropriate system calibration provided, each two-dimensional 
image coordinate can be expressed as a field angle in the object space. Together with 
the station coordinates and orientation of the instrument, each captured image is 
directly geo-referenced and can be used for direction measurements with no need 
for object control points or further photogrammetric orientation processes. 

The objective of an IATS calibration is to determine a function of incremental 
values, i.e. the angle improvements to which the telescope should be rotated so that 
the sighting axis would aim to the selected point in the image [Reiterer et al. 2003]. 
In literature, many different system descriptions of IATS cameras and their 
calibration may be found. These may be divided into two categories: 

1. Methods which are valid for overview and telescope cameras. 
2. Methods which can only be used for the telescope cameras. 

Representatives of the first category are e.g. Huang & Harley [1989], who 
extend the collinearity equations by an additional camera rotation and a translation, 
or Juretzko [2004], who uses a central projection in the form of an oblique gnomonic 
map projection and an optional empirical correction matrix. Both approaches do not 
consider instrument errors within their system description. Vogel [2006] instead 
extends the collinearity equations by additional parameters in form of a 
photogrammetric collimation axis and vertical index error, camera rotations, and an 
additional distance between the theodolite and camera projection centers, but also 
by the classical instrument errors. By reducing the number of parameters, this 
approach can also be adopted for telescope cameras. 

Calibration procedures which are only practicable for the telescope camera 
can be found in Bürki et al. [2010], a central projection expressed as affine 
transformation without theodolite errors. Knoblach [2009] extends this approach 
for the use of different focus lens positions with less parameters. Walser [2004] 
describes the camera with an affine chip model and takes the instrument errors into 
account. Wasmeier [2009] combined this last mentioned approach with the one of 
Vogel [2006]. 

An universal description of the relationship between a homogeneous 3D 
coordinate �̃� = [𝑋, 𝑌, 𝑍, 1]𝑇 and its image projection �̃� = [𝑥, 𝑦, 1]𝑇 is given in Wagner 
[2016]. The inner (intrinsic) camera parameters 𝑲 and the outer (extrinsic) 
parameters (the rotation matrix 𝑹 and the translation vector 𝑻) are thereby 
combined in a single, compact 3 × 4 projection matrix 𝑷: 

 �̃� =  𝑷�̃� = 𝑲[𝑹|𝑻]�̃� (1) 
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As shown in figure 2.2 the outer (extrinsic) parameters 𝑹 and 𝑻 are composed 
of three different Euclidean transformations: 

1. Transformation from the world or object coordinate system into the 
theodolite coordinate system (𝑹𝑤 , 𝑻𝑤). 

2. Transformation (pure rotation) into the telescope coordinate system (𝑹𝑡). 
3. Transformation into the camera coordinate system (𝑹𝑐 , 𝑻𝑐). 

 
Figure 2.2 Relation between total station center 𝑺 and (overview) camera center 𝑪 

In case of overview cameras, for which the projection center must be different 
to the total station center, the collimation axis is projected as a line into the image, 
c.f. figure 2.2. It means that the point to which the instrument is aiming to, can only 
be precisely displayed in the image if the object distance is known. 

3. Monitoring concepts 

By using IATS in monitoring applications, almost any kind of signaled or non- 
signaled structures can be used as a target. The base is the automatic detection and 
retrieval of defined points, shapes or textures in the camera image. Any pixel 
coordinate found can be transformed into theodolite angles by appropriate 
calibration parameters. By additional (reflectorless) distance information, a full 3D 
coordinate can be calculated. Alternatively to a direct distance measurement, a 
spatial intersection of two devices can be used. This is of particular interest in case 
of long distances to natural structures, see section 3.2. 

In the field of photogrammetry and computer vision numerous algorithms for 
object detection and localization in images are known. The difficulty is to fully 
automate these processes, especially under changing illumination conditions and 
atmospheric influences, as this often appears in surveying tasks. The achievable 
detection accuracy depends, i.a., on the object size, the resolution, and a sufficiently 
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good focus [Reiterer & Wagner 2012]. Out of the variety of algorithms the following 
methods have proved to be particularly suitable [Wagner & Wasmeier 2014]: 

1. Blob analysis, where objects are segmented from the background by 
threshold operators based on their grayscale ranges. 

2. Edge detection, which detects and localizes discontinuities in images mostly 
by first- or second-order derivatives. 

3. Template matching, which tries to find and localize objects based on a 
training pattern, e.g. by correlation. 

4. Feature matching, where the neighborhood of pixel locations is numerically 
described by (statistical) information to be used for matching. 

In the following sections we will present IATS monitoring applications using 
some of the methods mentioned above. These examples fully exploit the new 
potential of integrated cameras in total stations going beyond the present 
manufacturers’ solutions. 

3.1. Monitoring of structures 

As part of Structural Health Monitoring (SHM) the functionality of components 
and structures is i.a. derived from changes in their natural oscillation frequencies. 
As shown in Wagner et al. [2013] IATS are very suited for this field of application. 
The study describes two use cases where one or more active LED targets are tracked 
in the camera image and vertical movements and oscillation frequencies are 
derived. 

Figure 3.1 shows the set-up of a measurement at the Fatih Sultan Mehmet 
Bridge (2nd Bosphorus Bridge) in Istanbul, Turkey. Several infrared (IR) LED targets 
– powered by high-performance  rechargeable batteries – were attached to the 
underside of the bridge in a regular grid. The IATS prototype used was positioned 
on a pillar next to the western abutment of the bridge. During the measurements the 
telescope of the total station remained motionless directed to the targets. The 
images were recorded with a frequency of 25 Hz and analyzed in real-time. By using 
low camera exposure times (only) the IR targets are visible as bright spots in the 
images, see screenshot in figure 3.1. In the figure, the IR-LED targets are highlighted 
for clarity, the red circle indicates the target observed by the IATS. The pixel position 
of the blob structure’s gravity center can easily be extracted by a blob analysis. 
Recording rates of several hundred hertz can be achieved by reducing the resolution 
and/or decreasing the field of view. However, this may lead to the fact that only one 
single target can be observed, especially when using the telescope camera which 
comes along with a limited FOV. With the observation of several targets 
simultaneously, in contrast, possible rotational motions of the observed object could 
be uncovered. 
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Figure 3.1 Structural Health Monitoring ot the Fatih Sultan Mehmet Bridge (2nd Bosphorus 

Bridge, Istnabul) using IATS 

In principle this monitoring approach does not differ from the classical 
photogrammetric method as the total station is "only" used as a carrier system of 
the camera. However, the additional sensors also bring significant advantages. The 
stability of the camera alignment can be continuously monitored by the total 
station’s angle readings and the built-in inclinometer. If necessary, it can be 
corrected by adjusting the exterior orientation of the images. Furthermore, the 
station and orientation of the system can be achieved by control points which do not 
have to be visible inside the image. The measurement results can therefore easily be 
transferred into any reference coordinate system. In particular in the case of 
repetitive measurements for a short time period, the measuring system can be set 
up, the measurements performed, and afterwards removed simply and quickly. 

It should be noted that in the given study an IATS prototype was used which 
allows a direct access to the (telescope) camera images including high data transfer 
rates. A similar procedure has recently been implemented using a standard 
(commercially available) instrument [Ehrhart & Lienhart 2015]. Further, no active 
but passive artificial targets, as well as features of natural structures were used in 
this case. However, the main drawback of using state-of-the-art IATS is the 
(currently) limited frame rate of 10 fps and thus a maximally analyzable oscillation 
frequency of 5 Hz. 
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Figure 3.2 3D displacement vectors of a local deformed area, directly derived from two 

different measurement epochs (exaggerated by factor 10) [Wagner et al. 2014a] 

3.2. Geo-monitoring 

The combination of images analysis and total station methods brings further 
advantages in many kind of application. The areal-based detection of non-signalized 
natural objects in images is particularly useful in the field of geo-monitoring. In 
Wagner et al. [2014a] two IATS are used in stereo configuration for high-resolution, 
long-range stereo monitoring of geo-risk areas. A pre-selected region of interest 
(ROI) is subdivided into an image bundle whose single images are automatically 
acquired by both IATS. The images are composed to a spherical panorama for each 
station using the high accurate exterior orientation, which is determined by the total 
station’s angles. Image matching techniques – in this case image feature description 
and detection methods – are then used to generate dense disparity maps by which 
the object surface can be reconstructed via spatial intersection. The density of the 
generated point cloud is thereby comparable with that of a laser scanner. The 
footprint, however, is many times smaller. If multiple epochs of the same area are 
measured, it is possible to search for corresponding points not only in the stereo 
pair but also in the two images of the subsequent epoch. In this way, significant 3D 
displacement vectors can be directly derived. In particular for movements 
perpendicular to the viewing direction, this is difficult for most other measurement 
methods. Figure 3.2 shows an example of an 3D displacement vector field directly 
derived from two different measurement epochs. A local (significant) translated 
patch in the center is clearly visible, while the surrounding stable area stays stable 
(shows only short vectors).  

A similar approach for geo-monitoring is described in Wagner [2016]. The 
instruments of the method mentioned above are replaced here by one single 
modern total station. The scanning capability of such an instrument is used to 
generate RGB+D images. This decreases the maximum range of the measurement 
method compared to stereo observations, but it also reduces the costs of equipment 
and field work effort. A spherical panorama from the pre-selected observation area 
is generated in the same way as in the previous method. Additionally, the same area 
gets also scanned – depending on the instrument used with up to 1000 points per 
second. The point cloud is projected into the previously generated spherical 
panorama and by transforming the distances from the station into grey or color 
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values for each pixel, a depth image (D-channel) is formed. As the reference shape 
of the panorama is a sphere, each pixel coordinate directly corresponds to a 
theodolite angle. In conjunction with the depth information a 3D polar coordinate 
can be tapped/extracted straight from the RGB+D image. Different epochs – 
generated in permanent or periodical operation mode – can now be analyzed by 
image matching methods. If an object has been moved between two subsequent 
measurements, corresponding points in both panoramas define the start and end 
point of a 3D displacement vector immediately, c.f. figure 3.2. Using RGB+D images 
combines the advantages of both acquisition methods (imaging and scanning) and 
is the first method which utilizes the full potential of a modern total station and its 
various built-in sensors. 

4. Conclusion 

The usage of image information in the measurement process is an established 
feature of modern surveying. A continued automation of the multi-sensor system 
total station can be expected. Monitoring concepts which are using image 
information are consequently the next step not only in research applications. The 
studies conducted so far – including the presented ones – clearly proved their 
suitability, also in terms of the achievable accuracy. However, the used approaches, 
especially the implemented image processing algorithms, have to be developed 
further and adopted to be robust enough for geodetic needs. The main issue is the 
reliability of the results under changing illumination and atmospheric outdoor 
conditions alike. This will slightly shift the innovation potential from the last 
decade’s sensor technology focus back to evaluation strategies and will not be 
achieved by the manufacturers only, but will give opportunities for research and 
third-party applications. 
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Koncept monitoringa korištenjem mjernih stanica s 
ugrađenim CMOS senzorima 

Sažetak. Mjerne stanice s ugrađenim CMOS senzorima (IATS) objedinjuju geodetsku 
preciznost mjernih stanica s mogućnošću prikupljanja slika predmetnog područja. 
Jedna ili više kamera integriranih u mjernu stanicu omogućuju precizno 
georeferencirane i orijentirane slike. Zajedno s metodama procesiranja slika i 
tehnikama prepoznavanja uzorka, kao i mogućnost mjerenja polarnom metodom, 
omogućuje razvoj novih pristupa mjerenjima. Korištenjem niza slika uzastopnih 
mjernih epoha, objekti ili obilježja mogu se detektirati i pratiti potpuno 
automatizirano. U radu su prikazani postojeći mjerni sustavi, komercijalno 
dostupni, kao i istraživački prototipovi. Opisane su različite metode kalibracije i opći 
matematički opis sustava kao osnove za koncept monitoringa. Prikazani primjeri 
primjene – monitoring građevina i geološki rizičnih područja – dokazuju da je IATS 
primjeren za ponavljajuće ili kontinuirano praćenje umjetnih i prirodnih objekata. 

Ključne riječi: geo-monitoring, kalibracija, mjerne stanice s ugrađenim CMOS 
senzorima (IATS), monitoring građevina. 

*scientific paper 
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Abstract. During the past 35 year period of a rotary kiln work at the cement factory 
"Cemex" in Kaštel Sućurac, Croatia, its central support has been damaged. This 
caused increased horizontal displacements. Furthermore, as a result of a rotary kiln 
work, vibrations were transmitted to the ground in the vicinity of the support, which 
made the use of LVDT (Linear Variable Differential Transformer) sensors for 
displacement measurements questionable. For this reason, dynamic displacements 
of the rotary kiln support were planned to be measured by additional method using 
Robotic Total Station (RTS). RTS could be set up outside the area of vibration caused 
by the work of the rotary kiln, but the problems for its usage were the values of the 
expected displacements that were in the range of a few tenths of a millimetre. For 
this reason, prior to the measurements, it was necessary to test whether it was 
possible to determine submillimetre dynamic displacements using RTS. Tests were 
conducted in the Laboratory of Civil Engineering at the University of Zagreb and 
were simulated by using a universal (static-dynamic) testing machine. The results 
of RTS testing from the laboratory, as well as the comparison of determined 
displacements of the rotary kiln support measured by RTS and LVDT sensors will be 
presented in the paper. 

Keywords: dynamic displacements, LVDT, Rotary kiln, RTS. 

1. Introduction 

During the past 35 year period of the rotary kiln work at the cement factory 
"Cemex" in Kaštel Sućurac, Croatia, its central support has been damaged. This 
caused increased horizontal displacements. Displacements were the result of both 
vibrations produced by the rotary kiln during rotation (approx. 3.6 rpm) and 
increased horizontal loading with dynamic impacts that occurred in different 
periods of work due to the deformations of the rotary kiln. For the purposes of the 
rehabilitation project of the central support aiming to repair the damage and 
strengthen the structure in order to reduce the previously mentioned displacements 
and vibration, an investigation work that would include determination of the rotary 
kiln support displacements had to be done. 

mailto:amarendic@geof.hr
mailto:rpaar@geof.hr
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mailto:ddomagoj@grad.hr
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As a result of the rotary kiln work in the vicinity of the central support 
vibrations were transmitted to the surrounding ground, therefore the use of LVDT 
(Linear Variable Differential Transformer) sensors for measurement of the 
support’s displacements has become questionable. Hence, in order to perform 
displacement measurements by LVDT sensors, it was necessary to set up a scaffold 
outside the area of vibration on which the LVDT sensor would be fixed. Since the 
size of the area around the rotary kiln support in which the vibrations are 
transmitted to the ground was not known prior to the measurements, while still in 
the planning phase of the project, it was decided to prepare an additional method 
for displacement measurements.  

For this reason, dynamic displacements of the rotary kiln support, were 
planned to be measured by the additional method using a robotic total station (RTS). 
RTS is a newer generation of a surveying instrument that is capable to record 
changing 3D coordinates of a moving target by the automated process with the 
sampling frequency up to 20 Hz [Stempfhuber 2009]. The suitability of RTS for 
monitoring the dynamic displacements of flexible, oscillating structures has been 
tested in several studies [Cosser et al. 2003, Psimoulis & Stiros 2007, 2013, Gikas & 
Daskalakis 2006, Marendić et al. 2013, Erdogan & Gulal 2009], where RTS was used 
for measuring simulated and actual dynamic displacements of bridges. Results of 
these studies showed that RTS can precisely measure amplitudes of oscillation 
larger than a few millimetres. 

RTS as an additional instrument for displacement measurements was chosen 
because the ground vibrations in the vicinity of rotary kiln support do not have an 
effect on the RTS measurements, since the instrument can be positioned outside the 
area of vibration caused by the work of a rotary kiln. The problems of RTS usage that 
this project met with, were the values of the expected displacements at the bottom 
of the rotary kiln support that were in the range of a few tenths of a millimetre. 
Therefore, prior to the measurements, it was necessary to test whether it was 
possible to determine submillimetre dynamic displacements using RTS. Tests were 
conducted in the Laboratory of Civil Engineering at the University of Zagreb. 
Displacements were simulated using the universal (static-dynamic) testing 
machine. Amplitudes and oscillation frequencies of the simulated displacements 
were i within the range of expected values at the cement factory. 

Results of testing the RTS from the Laboratory of Civil Engineering, as well as 
results of measuring displacements of the rotary kiln support by RTS and their 
comparison with LVDT measurements will be shown in this paper. 

2. Central support of the rotary kiln  

Central support of the rotary kiln at the cement factory ''Sv. Juraj'' in Kaštel 
Sućurac is a reinforced concrete frame structure consisting of 4 m long walls, that 
are 100 cm thick, and of 125 cm thick slab [Figure 2.1]. The height of the support 
structure is 520 cm above the ground. The pillars are connected below the ground 
level with a foundation plate at a depth of approximately 7.0 m, cross section of 
pillars being increased with the depth.  
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The outer diameter of the rotary kiln is 3.68 m. The load is transmitted to the 
support structure through the two rollers with a diameter of 1.80 m. The design load 
of the middle support of the rotary kiln is 4432 kN + 50% in vertical direction, and 
±1540 kN + 50% in the horizontal direction.  

 

 

 
Figure 2.1 North side of the support with details of damage 

During the past 35 year period of the rotary kiln operation, the central support 
of the construction has been damaged, which resulted with crack propagation and 
consequentially with increased horizontal displacement. This was the result of 
vibrations produced by the rotation of the rotary kiln (approx. 3.6 rpm) and by the 
increased horizontal loading caused by dynamic impacts occurring in different 
periods due to the deformation of the rotary kiln. Its deformed geometry was 
repaired by changing deformed parts of the kiln, which reduced dynamic impacts.  

For the purposes of the rehabilitation project of the central support aiming to 
repair the damage and strengthen the structure, investigation works were carried 
out. As part of the investigation works it was necessary to determine displacements 
of the middle support of the rotary kiln. 

3. Instruments used for displacements measurements 

Displacements of the rotary kiln support were planned to be measured by two 
instruments: LVDT sensor and the robotic total station Leica TPS 1201 [Figure 3.1]. 

LVDT (Linear Variable Differential Transformer) is a position/displacement 
transducer that offers a very good linearity performance, low hysteresis and 
excellent repeatability. LVDT sensors used in this research were HBM WA10 and 
WA 50, with measurement range of 10 mm and 50 mm, nominal sensitivity of 80 
mV/V and linearity deviation less than 0.2%. 
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Figure 3.1 a) LVDT sensor set on measurement point P1, b) RTS Leica TPS1201 

Robotic total station Leica TPS 1201 is capable to record changing 3D 
coordinates of a moving target by automated process with sampling frequency up 
to 10 Hz [Leica 2004]. Sampling frequency of Leica TPS 1201 set up to 10 Hz was 
not achieved and varied around 7 Hz with irregular time intervals between 
individual records [Stiros et al. 2008, Marendić et al. 2013]. In order to increase the 
number of recorded measurements, Visual Basic (VB) application that relies on 
GEOCOM protocol was used. The VB application controls the RTS measuring process 
via laptop and enables to record 12 to 13 measurements per second [Marendić et al. 
2013]. 

4. RTS testing in the Laboratory of Civil Engineering  

The value of expected horizontal displacements at the bottom of the rotary kiln 
support were in the range of a few tenths of a millimetre. For this reason, prior to 
the measurements, it was necessary to test whether it was possible to determine 
submillimetre dynamic displacements using RTS. Tests were conducted in the 
Laboratory of Civil Engineering at the University of Zagreb. Displacements were 
simulated using a universal (static-dynamic) testing machine. Amplitudes and 
oscillation frequencies of simulated displacements were in the range of expected 
values at the cement factory. RTS was set up at a distance of 15 m from the reflector 
fixed to the static-dynamic machine [Figure 4.1] that simulated displacements in the 
vertical plane. 

 
Figure 4.1 Static-dynamic machine with fixed reflector 
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In the Laboratory, RTS was determining simulated dynamic displacements in 
nine tests with different predefined oscillation amplitudes and frequencies 
(amplitudes of 0.3 mm, 0.5 mm and 1 mm, and oscillation frequency of 0.1 Hz, 0.5 
Hz and 1 Hz). The results of RTS measurements are shown in figure 4.2, where red 
colour shows the predefined values of displacements, while results of RTS 
measurements are shown in blue colour. 

 

 

 
Figure 4.2 Results of RTS measurements from the Laboratory 

From the measurement results we can see that RTS precisely determined 
vertical displacements in tests with the smallest predefined displacement amplitude 
of 0.3 mm. The worst results were obtained by RTS in tests with predefined 
displacement amplitude of 0.5 mm, where the difference between measured and 
predefined displacement was up to 0.23 mm. In tests with the predefined 
displacement amplitude of 1 mm, the difference was up to 0.16 mm. 

5. Field measurement in the cement factory 

Investigation works on the central support of the rotary kiln were done on Dec 
12 and Dec 13, 2013. The purpose of the investigation works was to collect 
additional data about the rotary kiln state in order to define/made rehabilitation 
project of the central support. Prior to central support displacements measurement, 
the level of vertical vibration around the support was determined using the 
vibrometer HBM SMU31 (at 16 measuring points). The level of vibration is shown 
in figure 5.1. 
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Figure 5.1 The level of vibration around the rotary kiln support (plan view at ground level) 

Since the level of vibration on the ground around the rotary kiln support was 
not significant, and further from the support it become negligible, the scaffold with 
fixed LVDT sensors on it was set up at a distance of 3.50 m from east and west wall 
of the central rotary kiln support. Horizontal displacements of the support were 
determined at 12 measurement points. Measurements were carried out during the 
normal operation of the rotary kiln. The values of the measured displacements are 
expressed as the upper and lower amplitude during the cyclic operation of the 
rotary kiln. The position of measurement points and measurement results (13. 12. 
2013, 14:20) are shown in figure 5.2. 
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Figure 5.2 Displacements measured by LVDT sensor (13. 12. 2013, 14:20)  
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Measurements were performed for two days at different times. During the 
measurements, changes in the value of displacements measured at different times 
of the day were detected (from 1.5 mm to 2.0 mm in the highest point of support) 
which can be explained by different amount of material within the rotary kiln. 

In addition to the LVDT sensors, horizontal displacements were measured 
using robotic total stations Leica TPS1201. Displacements of the rotary kiln support 
were determined in three measuring points on the east side of the support (points 
R1, R2 and R3). The positions of the measuring points on the support are shown in 
figure 5.3. RTS was set up at a distance of 11 m from the central support in the 
extension of the east wall of the central support. Since the displacements had to be 
determined in the horizontal direction perpendicular to the rotary kiln, by setting 
up the RTS as explained above, the horizontal displacements were determined 
based on the measurements of the horizontal directions toward the moving reflector 
and distance which was determined prior to the measurements. 

 

 

 

Figure 5.3 Central support of rotary kiln and positions of measuring points  

 
Figure 5.4 Horizontal displacements of rotary kiln support in point R3 determined by LVDT 

sensor and RTS (12. 12. 2013, 15:28) 

Results of the rotary kiln support horizontal displacements in point R3 
determined by LVDT sensor and RTS are shown in Figure 5.4. From the LVDT 
measurements, maximal values of horizontal displacements were ±1.64 mm, and 
from the RTS measurements ±1.48 mm. Mean values of rotary kiln support 
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horizontal displacements within the time interval shown in figure 5.4 were ±1.56 
mm (LVDT) and ±1.39 mm (RTS). 

Maximal values of the support's horizontal displacements in point R2 [Figure 
5.5] determined by LVDT sensor and RTS were ±0.94 mm and ±1.02 mm. Mean 
values of rotary kiln support horizontal displacements within the time interval 
shown in figure 5.5 were ±0.91 mm (LVDT) and ±0.95 mm (RTS). 

 
Figure 5.5 Horizontal displacements of rotary kiln support in point R2 determined by LVDT 

sensor and RTS (12. 12. 2013, 16:34) 

Maximal values of the support's displacements in point R1 [Figure 5.6] 
determined by LVDT sensor and RTS were ±0.24 mm and ±0.38 mm. Mean values 
of rotary kiln support displacements within the time interval shown in figure 5.6. 
were ±0.23 mm (LVDT) and ±0.35 mm (RTS). 

 
Figure 5.6 Horizontal displacements of rotary kiln support in point R1 determined by LVDT 

sensor and RTS (12. 12. 3013, 15:57) 

Maximum values of horizontal displacements in points R1, R2 and R3 
determined by both instruments are shown in figure 5.7. From the obtained results 
it can be seen that the maximal difference between horizontal displacements 
determined by LVDT sensors and RTS is 0.16 mm. Almost the same results were 
obtained in Laboratory of Civil engineering where the maximal difference between 
predefined and determined displacements by RTS was 0.23 mm. Furthermore, the 
measurement results show [Figures 5.4, 5.5 and 5.6] that the vibrations of the 
central support in points R2 and R3 are properly determined by RTS.  
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Figure 5.7 Maximal horizontal displacements in points R1, R2 and R3 determined by RTS 

and LVDT 

6. Conclusion 

As part of the investigation work for the preparation of the rehabilitation 
project of the central support, it was necessary to determine its displacements 
caused by the rotary kiln work. Since the vibrations of the central support were 
transmitted to the surrounding ground, the use of the LVDT sensors was 
questionable. Thus, in the planning phase of the project it was decided to apply an 
additional method for support displacement measurements, using RTS. Prior to the 
measurements, the test had to be conducted to see whether it was possible to 
determine submillimetre dynamic displacements using RTS. 

In the Laboratory, RTS determined simulated dynamic displacements in nine 
tests with different predefined oscillation amplitudes and frequencies (amplitudes 
of 0.3 mm, 0.5 mm and 1 mm, and oscillation frequency of 0.1 Hz, 0.5 Hz and 1 Hz). 
As seen from the measurement results, RTS precisely determined amplitudes of 
displacements in tests with the smallest predefined amplitude of 0.3 mm. The 
largest difference between the measured and predefined displacement were up to 
0.23 mm in tests with predefined amplitude of 0.5 mm. 

Possibilities of RTS in determining submillimetre dynamic displacements were 
confirmed by measurements in the cement factory. Displacements determined by 
RTS were compared with values determined by LVDT sensors. By RTS 
displacements were determined at three measuring points on the east side of the 
central support. The maximal values of displacements determined at the top of the 
central support (point R3) were ±1.48 mm, in the middle of the central support 
(point R2) displacements were ±1.02 mm, and at the bottom of the central support 
(point R1) they were ±0.35 mm. The maximal difference between the 
displacements of the central support determined by LVDT sensors and RTS was 0.16 
mm. 

The measurement results from both the Laboratory and from the cement 
factory showed the possibility of application a robotic total station in the project of 
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determining the dynamic displacements of structures characterised by very small 
values (submillimetre level). 
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Određivanje dinamičkih pomaka oslonca rotacione peći 
robotiziranom mjernom stanicom 

Sažetak. Tijekom rada rotacione peći u tvornici cementa "Cemex" u Kaštel Sućurcu 
u Hrvatskoj, kroz proteklih 35 godina na konstrukciji oslonca došlo je do oštećenja i 
pojave pukotina, a zbog toga i povećanih horizontalnih pomaka. Uslijed rada 
rotacione peći u okolini srednjeg oslonca su se prenose vibracije, uslijed čega je bila 
upitna mogućnost primjene LVDT osjetila za mjerenje pomaka oslonca. Iz tog 
razloga pomaci oslonca rotacione peći planirali su se mjeriti, osim LVDT osjetilima, 
i s drugom metodom mjerenja primjenom robotizirane mjerne stanice (RTS). RTS 
se mogla postaviti van područja vibracija uzrokovanih radom rotacione peći, ali 
problem za upotrebu RTS su predstavljali iznosi očekivanih pomaka oslonca peći, 
koji su iznosili u dnu oslonca samo par desetinki milimetra. Iz tog razloga, prije 
samog mjerenja, bilo je potrebno ispitati da li je moguće s RTS odrediti 
submilimetarske iznose pomaka pri kinematičkim mjerenjima. Testiranja su 
provedena u Laboratoriju za ispitivanje konstrukcija Građevinskog fakulteta 
Sveučilišta u Zagrebu. Dinamički pomaci su simulirani univerzalnim (statičko-
dinamičkim) ispitnim strojem. U radu će biti prikazani rezultati testiranja 
robotizirane stanice iz laboratorija, te pomaci oslonca rotacione peći određeni RTS-
om i njihova usporedba sa mjerenjima LVDT osjetilima. 

Ključne riječi: dinamički pomaci, LVDT, rotaciona peć, RTS. 

*scientific paper 

  



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

160   
 

  



TS 1 – Deformation Monitoring, Analysis and Interpretation 

  161 
 

Determination of Recent Movements of Lithosphere in 
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Abstract. In the area of carbonate or karst Dinarides, besides the dominant 
carbonate rocks, in many places more significant masses of chemogenic sediments 
can be found, represented by gypsum and anhydrite. In the Croatian part of the 
Dinara mountains such phenomena are most frequent in the area of Knin, Vrlika, 
Sinj and Drniš. As chemogenic sediments are specifically lighter than overlying 
rocks, during the long geological history they have been trying to achieve isostatic 
equilibrium or to get out on the ground surface. Recently, a larger tectonic activity 
has been noted in areas with Chemogenic sediments, rather than in the wider 
environment. This is certainly reflected in increased vertical and tangential 
displacements along major faults in relation to the surrounding area, that are built 
mainly of carbonate deposits. Determining the amount of movement of diapiric 
bodies would precisely assist the understanding of the tectonic movements and 
recent structural relations in a wider area.  
The goal of this paper is to present the preliminary results of a 2-year research of 
geodynamic shifts in the area between Knin and Sinj. The measurements were 
carried out through 3 GPS campaigns (every 6 months) on 8 geodetic points, which 
were stabilized in the area of interest, in order to enable maximum measurement 
accuracy. The computer processing of GPS measurements was made with the 
scientific software GAMIT/GLOBK. The representation and visualization of the 
results were made using the programs - Generic Mapping Tools and Surfer, where 
shifts and the preliminary movement model are clearly shown. 

Keywords: GAMIT/GLOBK, geodynamics, GPS, movements, tectonics. 

1. Introduction 

The rocks, in which karst systems develop, are most commonly composed of 
the carbonate, sulphate and chloride minerals. The sulphate minerals are quite 
numerous, but only gypsum and anhydrite form extensive masses in sedimentary 
sequences [Klimchouk & Andrejchuk 1996].  

Gypsum, anhydrite and salt (halite, polyhalite, kieserite and carnallite) are the 
most common evaporite sediments. They occur in arid climates (dry and warm air), 
under conditions in which the evaporation of water is several times faster than the 
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flow of water, so that the salt concentration is constantly increasing. By the chemical 
composition of gypsum and anhydrite, both are the calcium sulphates. Limestone 
and dolomite are the most common carbonate rocks. They contain more than 50% 
carbonate minerals.  

As chemogenic sediments are specifically lighter than overlying rocks, during 
the long geological history, they have been trying to achieve isostatic equilibrium, or 
to get out on the ground surface [Dragičević et al. 2010], [Vranjković et al. 2010], 
[Prelogović et al. 2004], [Dragičević & Velić 2002]. Since there is a connection 
between diapiric and salt tectonics and the development of oil and gas reservoirs, 
this research explores the area in central Croatia - the triangle between Knin, Drniš 
and Sinj. This area is specific for its geological structure with a vast number of 
gypsum/anhydrite masses, as shown on the geological map of the research area 
[Figure 1.1], where the magenta areas represent evaporites. 

 
Figure 1.1 Geological map of the research area 

Recently, a larger tectonic activity has been noted in areas with chemogenic 
sediments than in the wider environment. This is certainly reflected in increased 
vertical and tangential displacements along major faults in relation to the 
surrounding area, that are built mainly of carbonate deposits. Determining the 
amount of movement of diapiric bodies as absolute and relative, using the most 
modern surveying methods, would precisely assist the understanding of the tectonic 
movements and recent structural relations in a wider area. 

The idea was to track these movements, using the precise GPS technology. To 
be able to do this, the first step was to differentiate the „gypsum/anhydrite area” 
from the „karst area”. Then, the geodetic points had to be stabilized in both areas to 
be able to monitor their shifts, both absolutely and relatively to each other. The final 
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goal was to make a movement model, which could explain the past movements and 
predict the future ones, furthermore, to confirm the hypothesis. 

2. Hypothesis and geodetic methods 

The fundamental objective of the research was to show relations of recent 
tectonic movements in parts of the terrain built of Paleozoic rocks, anhydrite and 
gypsum, and surrounding parts mainly built of carbonate rocks, as well as to create 
a geodetic movement model in the field of research. The hypothesis was that the 
area with chemogenic sediments would arise in relation to surrounding karst rocks 
due to the isostatic equilibrium and the compression of space. The methodology 
applied for this study had previously been used in “Basic GPS-Network of the City of 
Zagreb” project [Medak & Pribičević 2001], [Đapo 2005], [Đapo 2009], [Špiranec 
2010], [Đapo et al. 2014], according to [Dong et al. 1998]. 

Four segments were determined within the area of interest, where four pairs 
of geodetic points were stabilized. The places where gypsum and anhydrite could be 
located were in the area of Knin, Drniš, Vrlika and Sinj. The first step before 
stabilizing the points was to determine the boundaries that separate the areas with 
gypsum/anhydrite from the carbonate areas [Figure 2.1]. Following, the pairs of 
points were stabilized on four locations, one in the karst area and one in the 
evaporite area [Table 2.1]. In this way it was possible to monitor relative and 
absolute point shifts. 

 
Figure 2.1 Gypsum field near Drniš and carbonate rocks near Vrlika 

 

 

Table 2.1 The list of stabilized geodetic points 

Point code Point name Soil 

PUGR Pusto Groblje gypsum/anhydrite 

MARK Markovac carbonate rocks 

RUZC Ružić gypsum/anhydrite 

MIRC Mirčetići carbonate rocks 
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Point code Point name Soil 

MAOV Maovice carbonate rocks 

PERC Peruča gypsum/anhydrite 

KRKS Karakašica gypsum/anhydrite 

LUCA Lučani carbonate rocks 
 
The geodetic points are represented by special gudgeon pins. The pins were 

stabilized into the ground using the concrete, that should ensure their stability for 
many years. GPS antennas were put above the points with the help of special 
columns for forced centring, thereby achieving measurement accuracy one order of 
magnitude greater than the predicted magnitude of displacement [Figure 2.2].  

 
Figure 2.2 Concrete point stabilisation and forced centering of GPS antenna 

Three GPS measurement campaigns were carried out in this research. Zero 
campaign was on January 9, 2014, the first on July 2, 2014 and the second on April 
9, 2015. During the three campaigns the goal was to collect the data by the same 
method to ensure minor deviations in measurements. Careful planning had been 
made before performing the GPS measurement campaigns - observation intervals 
were selected according to P-DOP and other parameters. Campaigns lasted for 12 
hours, measurements were carried out with an observation interval of 10 seconds, 
hence 4,320 epochs of measurements were collected during each campaign. The 
locations of geodetic points are shown in [Figure 2.3]. 
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Figure 2.3 Locations of geodetic points on DOF 

3. Computation and visualization 

The computer computation of GPS measurements was done using the 
GAMIT/GLOBK scientific program package [Herring et al. 2015], version 10.65. It is 
a comprehensive suite of programs for analysing GPS measurements primarily to 
study crustal deformation. The software has been developed by MIT, Scripps 
Institution of Oceanography, and Harvard University with the support from the 
National Science Foundation.  

GAMIT is a collection of programs for processing phase data to estimate three-
dimensional relative positions of ground stations and satellite orbits, atmospheric 
zenith delays, and earth orientation parameters. Input data for GAMIT are raw data 
in RINEX format. The primary result of measurement processing is a loose solution 
in a form of H-file, that includes estimated parameters and corresponding 
covariance, and is forwarded to GLOBK program. 

GLOBK is a Kalman filter whose primary purpose is to combine various 
geodetic solutions to acquire results. The role of GLOBK program is to combine the 
multisession data in order to get the location and velocity of observed points, the 
covariance matrix and earth orientation and orbital parameters.  

Representation and visualization of the results was made using Generic 
Mapping Tools (version 5.2.1.) – open source collection of about 60 tools for 
visualization of results in geosciences, also supported by National Science 
Foundation, and commercial software Surfer (version 12.6.963) – a geostatistic 
program for 3D visualization and modelling. 

The adjustment of GPS measurements was done in two ways: with regard to 
CROPOS network (CROatian POsitioning System) and EPN network (EUREF 
Permanent Network). There are two reasons why this methodology of adjustment 
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was used. The first reason is that this method provides a control of results, in a way 
that the movement trends as the result of two independent network adjustments 
are mutually comparable. The second reason was to test the results to realize the 
differences, pros and cons of adjustments of a rather small network in a regional and 
global sense. Reference points Gračac, Šibenik and Zadar were used in CROPOS 
network while in EPN network reference points Graz and Matera were used. 

The statistics of adjustments is shown in table 3.1. 

Table 3.1 Statistical absolute values of annual shift velocities 

CROPOS 
vφ  

[mm/yr] 
vλ  

[mm/yr] 
vH  

[mm/yr] 
v2D  

[mm/yr] 
v3D  

[mm/yr] 

min 0.49 0.14 0.05 0.70 0.92 

max 9.24 13.18 28.42 13.81 30.55 

avg 3.82 5.46 9.11 7.13 13.57 

EPN 
vφ  

[mm/yr] 
vλ  

[mm/yr] 
vH  

[mm/yr] 
v2D  

[mm/yr] 
v3D  

[mm/yr] 

min 0.40 1.70 0.21 1.81 2.05 

max 5.76 11.78 5.44 12.03 12.06 

avg 2.31 5.91 2.02 6.61 7.16 

 
Shift velocity vectors with corresponding error ellipses at certain scale were 

made for CROPOS and EPN adjustments [Figure 3.1]. 

 
Figure 3.1 Shift velocity vectors with eror ellipses for CROPOS (left) and EPN (right) 

adjustment 

The comparison graphs of horizontal and spatial shift velocities according to 
CROPOS and EPN adjustments are shown in [Figure 3.2] and [Figure 3.3]. 
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Figure 3.2 Comparison graph of horizontal shift velocities 

 

 
Figure 3.3 Comparison graph of spatial shift velocities 

The vector comparison of azimuth and vertical angles are shown in [Figure 3.4] 
and [Figure 3.5]. 
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Figure 3.4 Vector comparison of azimuth values (CROPOS – blue arrow, EPN – red arrow) 

 
Figure 3.5 Vector comparison of vertican angle values (CROPOS – blue arrow, EPN – red 

arrow) 

The table with comparison of shift velocity values is shown in [Table 3.2]. 
 
 
 

Table 3.2 Comparison of shift velocity rates and standard deviation 
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 CROPOS EPN 
E rate N rate H rate σ E rate N rate H rate σ 

[mm/yr] [mm/yr] [mm/yr] [mm/yr] [mm/yr] [mm/yr] [mm/yr] [mm/yr] 
KRKS -11.39 -4.28 0.73 0.84 -11.78 0.40 -0.30 2.86 
LUCA 10.91 -5.83 -7.78 0.82 9.44 -1.57 -2.83 2.80 
PERC -6.33 -9.24 28.42 0.90 -6.06 -3.90 5.44 2.91 
MAOV 13.18 4.12 -0.05 0.62 10.56 5.76 -0.80 2.66 
RUZC -0.32 -1.77 6.65 0.82 -1.75 0.45 0.97 2.89 
MARK -0.14 -0.91 -20.35 0.83 -3.65 0.98 -2.96 3.03 
MIRC -0.50 -0.49 -0.59 0.60 -1.70 2.35 -0.21 2.72 
PUGR 0.93 -3.93 8.28 0.55 -2.35 -3.03 2.67 2.63 

4. Result analysis 

The angle and shift velocity values do not match, but the graphs are clearly 
showing the trend, i.e. the figures of both graphs are very similar, which leads to the 
conclusion that the adjustment results coincide. The distance from the measured 
points to CROPOS reference points is considerably smaller than to EUREF points. 
Since the network concerned has a local character, the CROPOS adjustment results 
are more reliable, which is proven by the standard deviation comparison. It displays 
that EUREF standard deviation is significantly higher than CROPOS’, which explains 
why vertical rates are almost 4 times lower. Additional reasons for such results are 
different sets of GPS data used on the reference points and different parameters that 
effect the longer baselines in GPS networks. The results of comparison between 
CROPOS and EPN adjustments were expected, because similar results were obtained 
in local and global adjustments of the Belgian network [Legrand et al. 2011].  

5. Conclusion 

The goal of this research was to create a chemogenic sediment movement 
model in the specific Dinarides area, according to 3 GPS campaigns results, and to 
confirm the hypothesis that the areas with chemogenic sediments arise in relation 
to surrounding karst rocks. The network adjustment was conducted in 
GAMIT/GLOBK program package in two ways: in reference to the local CROPOS and 
in reference to the global EUREF network. The results demonstrate that the points 
stabilized in gypsum/anhydrite area are arising in relation to the points stabilized 
in karst area, which confirms the hypothesis. They also show that the local 
adjustment is a better solution for local networks, but the regional adjustment can 
be used as a result control of the local one. The calculated movement model helps to 
understand the seismotectonic relations and earthquake causes in area concerned. 
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Određivanje recentnih pokreta litosfere na područjima s 
kemogenim sedimentima na površini u području 
Dinarida – preliminarni rezultati 

Sažetak. U području Dinarida, u čijoj građi prevladavaju karbonatne stijene, na više 
mjesta pojavljuju se i značajnije mase kemogenih sedimenata koje su predstavljene 
gipsom i anhidritom. U hrvatskom dijelu Dinarskog gorja ovakve pojave 
najzastupljenije su u prostoru Knina, Vrlike, Sinja i Drniša. Obzirom da su kemogeni 
sedimenti specifički lakši od krovinskih stijena, tijekom duge geološke povijesti 
nastojali su postići izostatsku ravnotežu, odnosno izaći na površinu terena. U 
recentno vrijeme u područjima s kemogenim sedimentima primijećena je veća 
tektonska aktivnost u odnosu na šire okruženje, što se reflektira u povećanim 
vertikalnim i tangencijalnim pomacima uz brojne rasjede u odnosu na okolna 
područja izgrađena od pretežito karbonskih naslaga. Utvrđivanje iznosa kretanja 
dijapirskih tijela, egzaktno bi pripomoglo razumijevanju tektonskih pokreta i 
recentnih strukturnih odnosa u širem području. Cilj ovog članka je prezentirati 
preliminarne rezultate dvogodišnjeg istraživanja geodinamičkih pomaka na 
području od Knina do Sinja. Kroz tri GPS kampanje (otprilike svakih šest mjeseci) 
izvršena su mjerenja na osam geodetskih točaka, koje su stabilizirane u interesnom 
području tako da se omogući maksimalna točnost mjerenja. Računalna obrada GPS 
mjerenja napravljena je uz pomoć znanstvenog softvera GAMIT/GLOBK. Prikaz i 
vizualizacija rezultata napravljeni su pomoću programa Generic Mapping Tools i 
Surfer, gdje su jasno prikazani pomaci te preliminarni model gibanja. 

Ključne riječi: GAMIT/GLOBK, GPS, geodinamika, pomaci, tektonika. 

*scientific paper 
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Abstract. Dubrovnik, the Croatian and the world cultural monument of the highest 
category, that has been included in UNESCO's World Heritage List since 1979, is 
placed in seismic very active area. Throughout the history, the buildings in the city 
suffered a large amount of damage caused by natural disasters and by human action. 
The most critical of all these causes were earthquakes. Monitoring of the 
displacements in vertical direction in order to determine possible deformations of 
the historical centre of the Old City of Dubrovnik started with project network 
making in 1982. A comprehensive analysis of deformations has been made using 
PANDA scientific software. In 1995 and 1996 the larger Dubrovnik area was hit by 
more than 150 earthquakes of VII and VIII degrees on the MCS scale. Series of 
aftershocks that followed lasted for more than two years. In the course of this period 
more than 3000 earthquakes were registered. The region around Dubrovnik is very 
active in seismically-tectonic sense. The main cause of earthquakes are tectonic 
movements of the Adriatic micro-plate which pushes forward parts of the Adriatic 
structural unit. In this paper the report on geodetic measurements during the 
eighties and nineties in the past century will be made. The results of the analysis will 
show the need for further research, i.e. geodetic observations of the historical centre 
and much wider area around the city of Dubrovnik. Further observations must be 
expanded with the precise horizontal, GNSS and gravimetric measurements. The 
research should be done in an interdisciplinary way. The reconstruction plan for the 
previously established network, as well as the plan for the future research work will 
be presented in this paper. 

Keywords: displacement measurements, Dubrovnik, earthquakes, geodynamic 
measurements, levelling network. 

1. Introduction 

Old City of Dubrovnik [Figure 1.1], the Croatian and the world cultural 
monument of the highest category that has been included in UNESCO's World 
Heritage List since 1979 [URL 1], is placed in seismic very active area. Throughout 
the history the buildings in the city suffered a lot of damage caused by natural 
disasters and by human action. Earthquakes were among the most important of all 
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these causes, yet with the most severe consequences. There were more than 5000 
earthquakes, the most notable was the one in 1667 that destroyed almost the whole 
city, killing more than 5000 people and also marked the declining power of the 
former Republic of Dubrovnik [URL 2]. The power of the earthquake was X degrees 
on the Mercalli–Cancani–Sieberg (MCS) scale. In 1979 the Dubrovnik was hit by 
another strong earthquake of IX degrees on the MCS scale, which marked the 
beginning of permanent seismic survey in the city and aseismic rehabilitation of the 
facilities in the historical centre under the UNESCO protection. 

In addition to natural disasters and the effects of weather, deterioration of the 
Old City of Dubrovnik was contributed by the bombing and destruction of the City 
during the Croatian War for independence at the end of 1991. Damage caused to the 
buildings brought concern among the general public and it became necessary to 
repair the damages that according to estimates amounted to over two and a half 
billion dollars. 

 
Figure 1.1 Old City of Dubrovnik 

Monitoring of the vertical displacements to determine possible deformations 
of the historical centre of the Old City of Dubrovnik started with project network 
making in 1982. This project was realized in the field in 1983 with stabilization of 
benchmarks. From 1983 till 1994 seven series of measurements were carried out 
using precise levelling method. A comprehensive analysis of deformations has been 
made according to Hannover method, using PANDA scientific software. 

After the last conducted series of measurements, in 1995 and 1996 the larger 
(15 km in radius) Dubrovnik area was hit by more than 150 earthquakes of VII and 
VIII degrees on the MCS scale. Series of aftershocks that followed lasted for more 
than two years. There were more than 3000 registered earthquakes, of which 1350 
had been located [URL 3]. 
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2. Geodynamic aspect of Old City of Dubrovnik and its surrounding area 

Dubrovnik was founded on the two main settlements - Laus and Dubrava (area 
3 and 1 in Figure 2.1 - left) that were connected in 11th century by filling marshy 
valley between the Gruz Bay in the north and the Old Port in the south and by the 
construction of today’s main street Placa, i.e. Stradun (part 2 in Figure 2.1 - left). 
Placa street (Stradun) is running through the centre of the city from the Pile Gate to 
Luza Square. Its walls Dubrovnik was given in the 12th and 13th century. In figure 2.1 
(right) seismic microzoning is shown, and it is notable that the whole Old City of 
Dubrovnik is placed in a very unpleasant area regarding the possible magnitudes of 
earthquakes. As shown in figure 2.1 (right) the maximum earthquake magnitudes 
that can occur are between 8 to 10+ MRC degrees [URL 4]. Old Town and the 
boardwalk were built on the ground, the composition of which consists of mud and 
sand, and they are both concurrently located on a seismically active area, where the 
Adriatic micro plate underlines the Dinarides [Marjanović 2009]. 

 

Figure 2.1 The structure parts of the ground of historical centre of Old City of Dubrovnik 
(left), and its seizmic microzoning (right). 

Causes of the earthquakes are tectonic movements whose starting point is 
situated in the moves of the Adriatic micro-plate. Additionally, the micro-plate 
pushes forward parts of the unit Adriatic. Due to the resistance to these moves a 
relatively wide space of noticeable compression along the touch of units the Adriatic 
and the Dinaric is formed. Seismically-tectonic profile has been done on the basis of 
the interpretation of a deep seismic reflexive profile. Firstly, positions of certain 
faults in space are observed, then leaps of rocks' complexes in their zones. The 
highest leap is present along the fault Ploče-Dubrovnik. Its largeness is about 4 km 
in the under surface part of the Earth's crust. In profile added focuses of earthquakes 
are joined to the certain zones of fault. The occurrence of earthquakes in depths 
between 5 and 15 km has been distinguished. The highest concentration of 
earthquakes' focuses is placed in depths between 3 and 20 km [URL 4].  

The region around Dubrovnik is very active in seismically-tectonic sense. 
Relatively high concentration of earthquakes and particularly the phenomenon of 
high intensity earthquakes indicate to permanently present tectonic activity. 
According to the geologic classifications this region is located in the area of contact 
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between the regional structural units the Adriatic and the Dinaric. The fault Ploče 
Dubrovnik stretches along the direct borders of these units. Between the island of 
Mljet and Dubrovnik's seabed the unit Adriatic adjoins the Adriatic micro-plate. In 
seismically-tectonic sense the whole area of contact of these units is the most active 
in the structural system. 

3. Displacements measurements 

The primary task of geodetic measurements of vertical displacements consist 
of determination of the height changes of the observed object as related to its 
surroundings and/or height changes as the functions of time [Pelzer 1987]. This 
definition supposes continuous observation of objects, which was technically not 
possible in the 1980s. Therefore 115 benchmarks were embedded into the objects 
in the town, i.e. they make levelling network composed of many closed figures. 

3.1. Levelling network established in the 1980s 

Levelling network in the area of the old city was designed so that its 
benchmarks primarily serve as a permanent base points for monitoring vertical 
displacements. The plan of the city that was made in 1972 by the Institute of Art 
History, was used for the design of the network. The plan was developed based on 
the polygon network of Dubrovnik and measured contours of blocks in scale 1:1000, 
later supplemented by the details obtained from and given by the same Institute. 
The basic levelling network consists of 13 closed polygons and a series of 
benchmarks stabilized in the pilot objects selected according to the agreement with 
the representatives of the Institute of Cultural Monuments Protection in Dubrovnik. 
A total of 115 benchmarks were stabilized [Figure 2.1]. and are designated by the 
capital letters and numbers: 

• A benchmarks outside the city walls (in total 14 benchmarks), 
• B benchmarks inside the city walls (in total 60 benchmarks), 
• C benchmarks of additional profiles (in total 24 benchmarks), 
• D benchmarks in pilot objects (in total 17 benchmarks).  
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Figure 2.1 Levelling network in the historic centre of Old City of Dubrovnik 

Stabilization of the benchmarks has been done in the first half of May 1982. 
Benchmarks in the form of brass rods, 6 cm long and 1 cm in diameter with a hole 
in them, are embedded into objects to the plane of the wall, for about 1.30 m above 
the ground. The height above the sea level is defined with the hole in the middle of 
the bar, which during the observation also serves to set shorter levelling rod. 
Benchmarks are set to be invisible, i.e. in the plane with the wall of the facility where 
they are located. From 1983 to 1994 seven epochs of measurements were carried 
out: 

1. First epoch of measurements was carried out in February 1983. 
2. Second epoch of measurements was carried in March 1984. 
3. Third epoch of measurements was carried out in March 1985. 
4. Fourth epoch of measurements was carried in April 1987. 
5. Fifth epoch of measurements was carried out in April 1988. 
6. Sixth epoch of measurements was carried out in April 1990. 
7. Seventh epoch of measurements was carried out in June 1994. 

A longer time period can be noticed between 6 and 7 epochs of measurements, 
which was caused by the Croatian war for independence. In the period from 1994 
until today no measurements have been made. Taking into account that in 1995 and 
1996 the area near Dubrovnik was hit by more than 150 earthquakes of VII and VIII 
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degrees on the MCS scale that were followed by more than 3000 aftershocks; the 
fact that no measurements were taken afterwards is quite unsatisfactory.  

3.2. Field measurements procedures 

Measuring conditions were specific and extremely unfavourable. Very short 
lines of sights in combination with large height differences dominated in the field. 
This has resulted in increased number of level stations and thereby always with a 
possibility of reduced measurement accuracy. 

Very often the lines of sights were passing near the ground and buildings, 
where the refraction influence is the biggest. Due to the terrain configuration and 
specific urban architecture, this was not possible to avoid. For example, one of the 
cross sections was 330 m long with height difference on the south side compared to 
the central part it is about 25 meters, while in the northern part it is about 35 meters. 

Given the specific field conditions (overcoming larger height differences over 
short distances), a measurement procedure has been specially adapted. For the 
determination of height differences between benchmarks a pair of levelling staves 
of various types was used. When the observation of the benchmark was performed, 
a special short levelling rod (length 0.90 m) with centimetre division on invar bar 
was used. It was hung on the benchmarks in the objects. The levelling rod was 
secured at the benchmark using iron groove which was corresponding to the hole. 
Observations at the connecting points have been done using standard 3-meter invar 
levelling rod. The entire levelling network is dependent to a stable benchmark 
RDCLXXII, which was taken as errorless [Kapović et al. 1998]. Height differences 
between benchmarks were measured by means of differential levelling method, 
double-run levelling (forward and backward). The measurements were made using 
level Leica NA2 with optical micrometre Leica GPM3. According to ISO 17123-2 
achievable accuracy (1 km double run levelling) is 0.3 mm / km by using parallel 
plate micrometre GPM3 [URL 5]. It should be noted that in each epoch of 
measurements special care has been dedicated to taking care of the technical 
requirements, i.e. not to change them, so the same instruments, methods of levelling, 
levelling staves and other accessories were used. 

The results of the aforementioned measuring conditions were 4300 m levelling 
lines in the area of 25 ha. Due to the unfavourable terrain conditions, 4300 m 
levelling lines were required to set up with 270 level stations. The average length of 
the line of sight was 8 meters [Kapović et al. 1998]. According to the optimal length 
of the line of sight for differential levelling of 27.5 m [Kapović 1993], it can be 
concluded that these conditions were extremely unfavourable. 

By reason of all these problems, great attention was paid to develop the 
network project with optimal geometry (with the proper selection of the position of 
network points in geological terms and their stabilization), in order to achieve high 
precision and reliability of the network. This was essential for making accurate 
conclusions about the actual behaviour of the monitored structures. 
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4. Data processing and results analysis 

In vertical network adjustment, 118 benchmarks were included (115 
benchmarks of epochs A, B, C and D with benchmarks R130, RDCLXXIV and RDCLXXII and 
149 height differences), i.e. there were 117 unknowns and 149 measurements 
which should have been adjusted. The adjustment of the levelling network was 
carried out with multi, surveying customised, scientific software package PANDA. 
Height differences for the adjustment process were taken as the arithmetic average 
of the two measurements (double run measurements). Statistical tests show that 
there were not any blunders among the observations. Since the goal of the task is to 
determine the vertical displacements, i.e. the change in height above the sea level of 
all the benchmarks from one epoch to another, the levelling network relies on a 
single benchmark RDCLXXII as the error less. This is the benchmark of the precise 
levelling network on the building in the Old port [Figure 2.1], with its height above 
the sea level being H = 3.6060 m. Its height is obtained from tide gauge 
measurements and the measured height differences related to the RDCLXXII. The 
approximate values of unknowns, i.e., the height of nodal benchmarks are 
determined based on the height of benchmark RDCLXXII. For all seven epochs of 
measurements the same approximate values of unknowns were taken, i.e. the 
approximate heights of the points were taken from the first epoch of measurements. 
The benchmark RDCLXXII in the Old port is connected with benchmark RDCLXXIV which 
is located on the side west of the Pile Gate. This benchmark is associated with 
benchmark R5 located in the area Boninovo. 

The obtained quality analysis from the adjustment process [Table 4.1] shows 
that the average standard deviation of measurements is around 1 mm for all epochs 
of measurements except epoch 6. In epoch 6 average standard deviation is 2.54 mm. 
Achieved standard deviation per 1 km levelling is 3 mm/km except epoch 6. In epoch 
6 standard deviation per 1 km levelling is nearly 8 mm/km. These results show that 
extremely difficult field conditions have the impact on collected data. Nevertheless, 
the quality of collected data is very satisfactory. Only in epoch 6 the measurements 
were of lesser quality. The reason for that fact remains unknown. 

Table. 4.1 Data quality analysis 

1.96  = 95% 
Epoch 1 

(mm) 
Epoch 2 

(mm) 
Epoch 3 

(mm) 
Epoch 4 

(mm) 
Epoch 5 

(mm) 
Epoch 6 

(mm) 
Epoch 7 

(mm) 

Min. st. dev.  0.57 0.35 0.49 0.39 0.76 1.29 0.49 

Max. st. dev. 1.67 1.06 1.10 1.16 2.27 3.80 1.29 

Average st. dev. 1.12 0.76 0.80 0.83 1.62 2.54 0.92 

St. dev. of st. dev.  0.22 0.13 0.13 0.14 0.27 0.49 0.20 

St. dev. / km 3.48 2.14 2.52 2.35 4.60 7.91 2.86 

4.1. Visualisation and interpretation of the achieved results 

In order to analyse the behaviour of the network benchmarks, and thus the 
whole network, it is necessary to determine the vertical displacements of the 
benchmarks for all epochs in relation to the first epoch of measurements, i.e. the first 
epoch was taken as a reference. Adjusted heights from least square adjustment were 
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taken for the purpose of determining the vertical displacements between all epochs 
of measurements. 

Determined vertical displacements are shown in table 4.2, with only basic 
statistical information. 

Table 4.2 Basic statistical data of determined vertical displacements 

 
Vertical displacements (mm) 

Epoch 2-1 Epoch 3-1 Epoch 4-1 Epoch 5-1 Epoch 6-1 Epoch 7-1 

Max “-“ value -3.0 -1.7 -4.0 -4.2 -4.6 -4.8 
Max “+” value  2.0 1.9 4.3 4.1 2.4 1.8 

Average 0.0 0.0 1.0 0.4 -0.1 -0.6 
St. dev. 0.8 0.7 1.2 1.3 1.3 1.5 

 
For the purpose of the best possible interpretation of the results, the 

visualisation of displacements between the first and other epochs of measurements 
has been done. Figure 4.1 shows the 3D surface of the entire network as a result of 
the first epoch of measurements. 

 

Figure 4.1 3D surface of 1st epoch of measurements. 

Figure 4.2 shows the visualisation of displacements that has been obtained as 
a difference of adjusted benchmark heights of the entire network for sixth and 
seventh epoch of measurement. Determined vertical displacements were obtained 
relative to the first epoch of measurement, i.e. 6-1, 7-1. 
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Figure 4.2 Visualization of vertical displacements 

From the presented results, it is evident that in the first three series of 
measurements no significant displacements of surface occurred. However, from the 
fourth series of measurement, displacements of the benchmarks up to 4.8 mm were 
determined. The largest displacements were determined at the benchmarks built in 
pilot objects after sixth and seventh epoch [Figure 4.2], and it can be concluded that 
there was the subsidence of these objects. 

5. Future plans 

The results of the analysis show the need for further research, i.e. geodetic 
observations of the historical centre and much wider area around the city of 
Dubrovnik. Further observations must be expanded with precise horizontal, GNSS 
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and gravimetric measurements. The research should be done in interdisciplinary 
way. 

The established levelling network from 1982 needs to be expanded. The 
problem this network has is that the area that it covers isn’t stable enough and it is 
located on a seismically very active area. So it is necessary to expand it to the east, 
west and north side of the Old City of Dubrovnik, to a more stable ground with a 
couple of more levelling lines and benchmarks. In that way, a more comprehensive 
deformation analysis could be done. The main problem with the current network is 
that it relies on the benchmark RDCLXXII stabilized in the Old Port that is placed on the 
filled ground and in the area where the strongest earthquakes can occur. From the 
fifth epoch of measurements benchmark RDCLXXIV was connected with benchmark R5 
located in the area Boninovo, on the east side of the Old City, 1.5 km distant from 
benchmark RDCLXXIV. The levelling network should also be expanded to the north and 
west side of the Old City, so in the future the whole levelling network can rely on 
more benchmarks that are placed on a more stable ground and in a distant area. 

Furthermore, the relative gravity measurements should be included in this 
project, using the calibrated high order Gravimeter Scintrex CG-5 [Figure 5.1], (the 
standard which is required to achieve the specified Geoid Model accuracy) [Bašić & 
Bjelotomić 2014] at new benchmarsks explained above and at main nodal leveling 
network points (A benchmarks outside the city walls) along with the GNSS 
measurements. The main purpose of including the gravity measurements is using 
the potential differencies beside only differential levelling heights, and in that way 
not to depend on levelling lines in the future. 

 

Figure 5.1 Relative gravimeter Scintrex CG-5 

The GNSS measurements will be carried out either with the fast static or with 
the kinematic method for determination of ellipsoidal height for each gravity point. 
In the future, the differential levelling measurements must be complemented with 
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measurements for determination of the horizontal displacements using GNSS 
measurements. Since Dubrovnik is located on a seismically active area where the 
Adriatic micro plate underlines the Dinarides, GNSS measurements are necessary 
for better understanding and interpretation of the determined displacements. GNSS 
has become one of the most used methods in applications that require high 
positioning precision such as velocity field estimation and computation of plate 
tectonic models. Also, coordinates of geodetic points on Earth’s surface change with 
time due to plate tectonics and therefore are dependent of epoch of their 
determination [Marjanović et al. 2012]. The Adriatic microplate is a plate or a 
lithosphere block which includes the area of the Adriatic Sea, eastern part of Italy, 
the river Po valley and the area of western Dinarides. The microplate is situated on 
the border between two major tectonic plates, Euro-Asian and African plate. The 
main cause for the deformation processes in the whole area is the moving of African 
plate in north direction [Krijgsman 2002]. The results of determination of horizontal 
and vertical movements of the Adriatic microplate on the basis of GNSS 
measurements that were carried out in the period between 1994 and 2005 within 
the frame of the 21 measuring campaigns organised at the research territory, 
[Marjanović et al. 2012] should also be analysed for better interpretation of 
determined displacements of the Old City of Dubrovnik. At the beginning of 
December 2008 the CROPOS (CROatian POsitioning System) was launched. The 
system has 33 reference GNSS stations working 365/24/7 and apart from applying 
CROPOS for the state survey and cadastre, CROPOS data can also be used for further 
geodynamic research of the Old City of Dubrovnik. Thus, more precise and reliable 
horizontal and vertical movements of the Adriatic microplate can be obtained 
[Pavasović 2014]. 

6. Conclusion 

This paper, shows the results of the monitoring project of the vertical 
displacements of the Old City of Dubrovnik during the eighties and the nineties of 
the past century. Since Dubrovnik is located on a seismically active area where the 
Adriatic micro plate underlines the Dinarides, and considering the fact that after the 
last epoch of measurements the larger Dubrovnik area was hit by more than 3000 
earthquakes, it is very important to continue with this monitoring project. 

Having analysed the results of measurements of vertical displacements of the 
Old City of Dubrovnik, the conclusion reached is that, although undoubtedly some 
displacements occurred in amount from -4.8 mm to 4.3 mm, they were largely 
unified, i.e. they were with the same character in terms of positive or negative 
displacements and with similar amounts. Some displacements that occurred and 
should be paid more attention to, took place at two pilot objects. At present, these 
displacements do not represent a problem for the objects in Dubrovnik, but 
monitoring displacements should be carried out, especially if we are familiar with 
the fact of the ground on which the city is located. Hence, it is necessary to react if 
some kind of bigger displacements occur in the future. 

The results of the analyses show the need for further research, i.e. geodetic 
observations of the historical centre and much wider area around the city of 
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Dubrovnik. Further observations must be expanded with precise horizontal, GNSS 
and gravimetric measurements, and in that way not to depend on levelling lines 
only. The research should be done in interdisciplinary way. 
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Izvješće o prethodnim i plan budućih geodinamičkih 
istraživanja u povijesnoj jezgri Staroga Grada 
Dubrovnika 

Sažetak. Dubrovnik, hrvatski i svjetski kulturni spomenik najviše kategorije, koji je 
uključen u UNESCO World Heritage List od 1979. godine, smješten je na seizmički 
vrlo aktivnom području. Tijekom prošlosti, zgrade unutar grada pretrpijele su velike 
štete uzrokovane prirodnim nepogodama i ljudskim djelovanjem. Najznačajniji od 
navedenih uzroka su potresi. Praćenje pomaka u visinskom smislu kako bi se 
odredile moguće deformacije povjesnog centra Staroga Grada Dubrovnika započeto 
je u sklopu projekta uspostave geodetske osnove 1982. godine. Opsežna analiza 
deformacija provedena je pomoću znanstvenog programa PANDA. Godine 1995. i 
1996. na širem području grada Dubrovnika je zabilježeno više od 150 potresa jačine 
VII I VIII stupnjeva na MSC ljestvici. Niz manjih potresa, koji su uslijedili nakon 
razornih potresa, trajao je više od dvije godine. Tijekom tog razdoblja registrirano 
je više od 3000 potresa. Područje oko Dubrovnika vrlo je seizmičko-tektonski 
aktivno. Glavni uzrok potresa je gibanje jadranske mikroploče koja pritišče dijelove 
jadranske obale. U ovom radu prikazani su rezultati geodetskih mjerenja 
provedenih tijekom osamdesetih i devedesetih godina 20. stoljeća. Analiza rezultata 
ukazuje na potrebu za daljnjim istraživanjem i novim geodetskim mjerenjima 
povjesne jezgre i šire okolice grada Dubrovnika. Buduća mjerenja moraju biti 
provedena preciznim horizontalnim, GNSS i gravimetrijskim metodama. 
Istraživanje je potrebno provesti interdisciplinarno. U radu je prikazan plan 
rekonstrukcije postojeće geodetske mreže, kao i plan budućih istraživanja. 

Ključne riječi: Dubrovnik, geodinamička mjerenja, mjerenje pomaka, nivelmanska 
mreža, potresi. 

*scientific paper 
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Innovated Project of Geodetic Monitoring of “Bočac” 
Dam 
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Abstract. The main task of geodetic monitoring of dams over the period of 
exploitation is to detect the deformation on time that can cause human and material 
damage. The paper presents the innovated project of geodetic monitoring of the 
“Bočac” dam on the river Vrbas in the hydroelectric power plant Bočac. This 
innovated project was developed for the purpose of analysing the current state of 
geodetic control networks and to design a new 2D and 1D geodetic control network 
for monitoring of the dam. The design of the new 2D and 1D geodetic control 
network included: 1) defining the geometry, coordinate system, geodetic datum, 
observation plan, the accuracy of measurements, 2) the accuracy calculation and the 
verification of the correctness of design solutions, 3) defining the technical 
conditions for the performance of measurements, processing method and analysis 
of measurement results, adjustment of networks, the methods of determining shift 
of points on the object and the methods of presenting the results. 

Keywords: designing the geodetic control network, geodetic control network, 
geodetic monitoring of dams. 

1. Introduction 

A great performance of all geodetic works is possible only with the 
establishment of a quality geodetic network. This network should be established 
according to the following principles in geodesy: “from large to small”, “cost 
effectiveness resulting from accuracy”, “consistency”, “control”, “protection of data”. 

This paper describes the procedure of making the renewed project of the 
geodetic observation of the “Bočac” dam. The dam was constructed on the river 
Vrbas as a part of the hydropower plant “Bočac” located 40 km from the city of Banja 
Luka. 

The existing project of geodetic observation from 1980 is inapplicable due to a 
number of changes. These changes are found in: the construction of new 
hydrotechnical objects, construction and reparation of the river dikes and access 
roads, as well as due to the damage or destruction of the existing geodetic control 
network points. None of the newly constructed objects are included in the existing 
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project of observation. Furthermore, the methods and techniques proposed in the 
existing project are outdated (almost never used nowadays). 

The goal of the renewed project is to include all the objects and lands that form 
a narrower complex of the hydropower plant and to optimize the geodetic 
observation in accordance with the accuracy demands, of objects and relief. 

A practical research was performed: 1) on the basis of the available technical 
data about the dam, the geodetic bases and the data about the existing control 
networks, 2) in accordance with legal requirements of the Republic of Srpska and 
the practical field experience from the neighbouring countries, and 3) in accordance 
with the project task related to the preparation of a renewed project. The calculation 
of the accuracy of geodetic control networks was done with the specially developed 
software package for designing of geodetic networks prepared by the assistant 
professor Branko Milovanović. 

2. Analysis of the existing geodetic networks and the observation of “Bočac” dam 

The conclusions about the existing geodetic networks for the observation of 
the dam, its attached objects and the surrounding fields were made on the basis of 
the study of available data and by visiting the hydropower plant. 

2.1. Analysis of the existing geodetic networks for the observation of the dam 

The geodetic 2D control network consists of a number of points of basic 
geodetic 2D network and a number of points on the body of the dam, the attached 
objects and the surrounding field, divided equally in accordance with the conditions 
in the field and the disposition of objects. The network consists of 30 points in total 
[Vasiljević 2015].  

In the geodetic 2D control network, the directions of all points of the basic 
network were measured according to the visible network points and 2 basic lengths 
(microtrigonometric network base) DST5-ST3 and DST5-ST6. On the basis of these 
measurements, the coordinate of the network points were calculated in the local 
coordinate system. 

All the points of the geodetic 2D network were stabilized with geodetic poles 
as planned in the Main project observation. The points on the body of the dam were 
stabilized. The points for the observation of the rock had to be stabilized with small 
bolt poles on the head of the pole serving for the observation of directions. 

The geodetic observation of vertical movements was done by measuring the 
height differences with precise geometric levelling in four independent traverses set 
at four height levels [Vasiljević 2015]. 

The network consists of 60 benchmarks. All benchmarks were stabilized 
according to the instructions from the Main project – “deep” benchmarks were 
installed vertically, and benchmarks on the objects were mostly installed 
horizontally. The level lines begin on one and end on the other coast on so-called 
deep benchmarks (benchmarks with the mark DR). Deep benchmarks are 
considered to be the points of basic geodetic 1D network. 
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It was planned to work on the Main project of technical observation of the dam 
using geodetic methods, and the project of observation of suburban area should 
connect the level lines in one unique area network by measuring the height 
differences using the trigonometric levelling with the poles of geodetic 2D network 
base. However, we can conclude from the available documents that this was 
practically not done. The level lines formed without the interconnection with the 
measurement values cannot be considered as a unique 1D geodetic control network. 
Even the deep benchmarks do not make a basic 1D network because they are not 
interconnected with the measured height values. 

2.2. Analysis of the previous epochs of dam observation 

The observation of the dam has been done according to the previously 
described methodology since it was constructed until today, that is, according to the 
Main project. A number of epochs of measurement in geodetic networks for the 
observation of the dam was done during the first (test) loading and discharge of 
accumulation. The observations were done later twice a year at the most. The 
observation was significantly disrupted in the period from 1992 to 1998. 

The results of the observation require calculated coordinate values and point 
heights done by cutting the lines forward and the heights in the level lines, the 
observation of their numerical values and the calculation of vector of movement. 
The vector of movement implies the length of movement and orientation calculated 
on the basis of the coordinates of the same points on objects in simultaneous periods 
of observation. 

On the basis of previous analysis of the given geometrical network, it can be 
concluded that the following criteria of quality in geodetic control network can be 
accomplished for the plan of observation and the accuracy of measured values: 

• the minimum value of standard deviation of the position of 2D network 
points is 2 mm and the maximum is 9 mm, 

• the minimum value of the unit of movement of points in 2D network that 
can be discovered is 7 mm and the maximum is 37 mm,  

• the relation between the small and the big axis of the error ellipse is from 
1.5:1 to 4:1,  

• the minimum local measurement value of inner reliability is 0.1 and the 
maximum is 0.80, and 

• the value of marginal gross errors is from 2𝜎𝑙𝑖
 to 18𝜎𝑙𝑖

 

These criteria can be accomplished by performing an adjustment of the whole 
network by means of the Least Squares Method and by applying the conventional 
methods of deformation analysis, which was not the case in the realized periods. 

As previously stated, the micro levelling network for the observation of the 
vertical movements of the dam was not established as a unique geodetic 1D control 
network, so the specific quality analysis of such network could not be made. 
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3. The innovated project of geodetic control networks 

The previously presented documents about the “Bočac” dam did not provide 
the conclusion about the value of the movement of the dam, its attached objects and 
the surrounding field, which should be revealed by geodetic observation. Taking 
into consideration that it is a concrete dam, the value of the movement of the points 
of geodetic 2D control network that should be determined is 15 mm; on the other 
hand, the value of the benchmark movement of geodetic 1D control network that is 
to be revealed is 2 mm. 

The geodetic 2D and 1D networks are intended for geodetic observation of the 
“Bočac” dam, its nearest objects and the surrounding field (river dikes, access 
roads). The networks consist of basic geodetic networks and the networks of points 
on objects. A separate combining of geodetic control networks was performed due 
to the accuracy demands, related to the field configuration, form and size of objects. 

3.1. Innovated project of geodetic 2D control network 

The geodetic 2D control network implies the basic 2D geodetic network of the 
dam and the network of points on the dam, its attached objects and the surrounding 
field. Considering the fact that the geodetic 2D control network for the dam exists, 
this project: 1) defined the values of movement that are to be determined by the 
measurements in the network, 2) proposed the stabilization of new points in the 
network (replacement of the damaged points), 3) proposed a new plan of 
observation in the network, 4) defined the accuracy of the measured values in the 
network, 5) performed a calculation of network accuracy, 6) defined technical 
requirements for measuring. 

The value of the point movement in geodetic 2D control network which should 
be determined in the network is 15 mm. Taking the value of the movement that 
should be determined into consideration, the geodetic 2D control network should 
be established with the precision of the point position being σ = 3 mmpol/GK2DM . 

The standard deviation σpol  is defined on the basis of the movement size 

value. In order to determine the size d, the standard deviation of the position of 
points should be 

 𝜎𝑃𝑂𝐿 ≤
1

5
𝑑 (1) 

The network consists of 62 points in total and their disposition is given in the 
figure 3.1. Apart from the existing points in the geodetic 2D control network, it is 
proposed to stabilize 2 new points of basic geodetic network and the point for the 
follow-up of the supporting wall on the right coast next to the dam on the 
downstream side, new points for tracking the right river dike downstream from the 
dam, new points for the observation of “overflow“ and “ski leap” of the left 
circulatory tunnel as an object of monitoring, and the point on the roof of the main 
machine building HE for its observation. The method of stabilization was defined in 
accordance with the objects and the requirements defined in the project for all 
points of the geodetic 2D control network. 
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Figure 3.1 The disposition of points of the new geodetic 2D control network 

The coordinate system for geodetic 2D control network is local and defined by 
the previously accepted rectangular coordinates of points in the existing network. 
The coordinates of their points have been adopted as approximate.  

The datum of the geodetic 2D control network was defined by coordinates of 
all points (minimum trace on all points).  

A plan of observation and the required accuracy of measured values were 
defined for the constructed geometrical shape of the network. The measurement of 
horizontal directions and lengths, that is, 262 directions and 99 lengths, were 
planned in the network. 

The accuracy of the measured values was determined with the calculation 
providing the estimated accuracy of the coordinate of points to be consistent with 
the given positional accuracy [Milovanović et al. 2014]. 

The review of the required measuring accuracy for the horizontal directions in 
2 gyrus depending on the length perspective and for the accepted 𝜎𝑝𝑜𝑙/𝐺𝐾2𝐷𝑀 = 3 
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mm
 
is given in the table 3.1, where   is a standard deviation of arithmetic mean 

for the measured directions. 
The required accuracy for the length measurement is the same for all lengths  

𝜎�̅� = 3 mm [Milovanović et al. 2014]. 

Table 3.1 Accuracy of the measured directions depending on the length perspective 
D [m] 15 20 25 30 35 40 45 50 60 70 80 

["]  41.3 30.9 24.8 20.6 17.7 15.5 13.8 12.4 10.3 8.8 7.7 

D [m] 90 100 120 140 160 180 200 230 260 290 320 

["]  6.9 6.2 5.2 4.4 3.9 3.4 3.1 2.7 2.4 2.1 1.9 

 
A calculation of the accuracy of the geodetic 2D control network was 

performed for the designed geometrical shape of the network, for the plan of 
observation and the defined accuracy of the measured sizes, and the following was 
adopted: 

• weight of measured directions 𝑝 =
𝜎0

2

𝜎𝑝
2 =

1

𝜎𝑝
2, (2) 

where 𝜎0 = 1, 𝜎𝑃 = 𝜎�̅� and 

• weight of measured lengths 𝑝 =
𝜎0

2

𝜎𝑑
2 =

1

𝜎𝑑
2, (3) 

where 𝜎0 = 1, 𝜎𝑑 = 𝜎�̅�,. 
 
According to the report on the accuracy estimation for the geodetic 2D control 

network, it can be concluded that the following criteria of the network quality were 
acquired: 

• the minimum size of movement that can be determined is 3.6 mm, and the 
maximum is 13.6 mm, 

• the minimum value of standard deviation for the position of points is 1 mm, 
and the maximum is 3 mm,  

• the relation between the big and the small axis of the ellipse error for all 
points is less than 2:1, 

• the minimum value for local measurement of internal reliability is 0.2 and 
the maximum is 0.9 and  

• the value of marginal gross errors for all planned measurements is between 
5𝜎𝑙𝑖

 and 7𝜎𝑙𝑖
. 

The innovated project of the geodetic 2D control network specified the 
technical requirements for the measurement of directions and lengths: 1) a declared 
accuracy of instruments for the measurement of directions and lengths, 2) the 
requirements during the measurement, 3) required geodetic measurement 
equipment and tools, 4) measurement procedure and 5) the criteria for tracking and 
measurement control. This project also defined the procedure for the result analysis 
and adjustment of unique geodetic 2D control network. 
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3.2. Innovated project of the geodetic 1D control network 

The geodetic 1D control network implies a basic geodetic 1D network of 
objects and a network of benchmarks on the dam, its attached objects and the 
surrounding terrain. Taking into consideration that there are level lines for the dam 
that are not interconnected, this project: 1) defined the size of the movement that 
should be determined in the measurement, 2) proposed the stabilization of new 
river dikes in the network (the replacement of the destroyed ones), 3) proposed a 
new plan for observation in the network, 4) defined the accuracy of the measured 
values in the network, 5) performed a calculation of network accuracy, and 6) 
defined technical requirements for the measurement. 

The scope of the movement of the geodetic 1D control network which should 
be determined in the measurement is 2 mm. Considering the size of the movement 
to be determined, the geodetic 1D control network should be established with the 
precision of benchmark position 𝜎𝑝𝑜𝑙/𝐺𝐾1𝐷𝑀 = 0.4 mm. 

The network consists of 88 benchmarks in total and their disposition is given 
in the figure 3.2. Apart from the existing points of the geodetic 1D control network, 
the following is proposed – the stabilization of new benchmarks, the observation of 
ground subsidence and access roads downstream the dam, new benchmarks for ski 
– leaps observation, new benchmarks for the follow-up of the right river dike 
downstream the dam, new benchmarks for the observation of the main hydropower 
plant building and new benchmarks for the observation of the overflowing 
construction of circulatory tunnel. 

For all the points of the geodetic 1D control network, the method for the 
stabilization was defined in accordance with the objects and requirements defined 
in the project. 

The coordinate system for the geodetic 1D control network is local and defined 
with the previously accepted heights of benchmarks of the existing level lines in the 
national coordinate system (NCS). Even though the heights are given in NCS, the 
geodetic 1D control network should be analysed in the local coordinate system due 
to the elimination of errors of given values. The heights of benchmarks are to be 
used as approximate.  

The datum of the geodetic 1D control network is defined by the heights of all 
benchmarks (minimum trace on all points).  
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Figure 3.2 Disposition of benchmarks of the new 1D control network 

For the defined geometrical shape of the network, the plan of observation is 
defined as well as the required accuracy of the measured values in the network. A 
total of 143 height differences are measured in the network.  

The height differences between benchmarks of the geodetic 1D control 
network should be determined by means of the method of precise geometric 
levelling for the points that are on the same height level, and the method of 
trigonometric levelling for the height differences that the level lines are connected 
with on various levels.  

The level lines have not been connected on the levels until now, which 
indicates that they were processed separately. Considering that these level lines are 
intended for the subsidence observation of the same object, the interconnection 
between these level lines was proposed, as well as forming of a unique geodetic 1D 
control network. 

The accuracy of the measured values was determined by the calculation that 
ensures that the estimation of the accuracy of the coordinate points is consistent 
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with the given positional accuracy. The calculation indicated that the required 
accuracy of the arithmetic mean of the measured height differences is smaller than 
𝜎Δ𝐻 ≤ 0.56 mm. 

The calculation of the accuracy for the geodetic 1D control network was 
performed for the designed geometric shape of the network and it was adopted that: 

• the weight of measured height differences is 𝑝 =
𝜎0

2

𝜎Δ𝐻
2 , (4) 

where: 𝜎0 = 0.2 mm is the aprioristic dispersion factor and 𝜎Δ𝐻 is the standard 
deviation of measured height difference, 

• the accuracy of height differences of geometric levelling 𝜎Δ𝐻 = 𝜎0√𝑛 (5) 
where n is the number of stations according to which a height difference is 
established, and 𝜎0 = 0.2 mm the aprioristic dispersion measuring factor, 

• the accuracy of height differences of trigonometric levelling [Mihailović & 
Aleksić 2008]

22 2
2 2 2 2 2 2 2

2(cos ) ( sin )
2


    




 
=  +  −  + + +  

  
k

Z r
H D i l k

D
Z D Z

R
 𝜎Δ𝐻 =

√(𝑐𝑜𝑠𝑍)2 ∙ 𝜎𝐷𝑘

2 + 𝐷2 ∙ (−𝑠𝑖𝑛𝑍)2 ∙
𝜎𝑍

2

𝜌"2 + 𝜎𝑖
2 + 𝜎𝑙

2 + (
𝐷𝑟

2

2𝑅
)

2

∙ 𝜎𝑘
2, (6) 

where 𝐷𝑘 is slope distance, 𝜎𝑍 standard deviation of measured zenith deviation, 𝜎𝑖 
standard deviation of instrument height measuring , 𝜎𝑙 standard deviation of signal 
height measuring, 𝑅 central Earth radius and 𝜎𝑘 standard refraction deviation. 

According to the calculation report for the geodetic 1D control network, it can 
be concluded that the acquired quality criteria of the network are the following: 

• the minimum movement size that can be determined is 1 mm and the 
maximum is 2 mm,  

• the minimum value of standard point position deviation is 0.35 mm, and the 
maximum is 0.45 mm, 

• the minimum value of local measurement for internal accuracy is 0.2, and 
the maximum is 0.8 and  

• the value of marginal gross errors of all planned measurements is between 
5𝜎𝑙𝑖

 and 7𝜎𝑙𝑖
. 

The innovated project for the geodetic 1D control network specified the 
technical requirements for the measurement of height differences: 1) declared 
accuracy of instruments for the measurement of height differences using geometric 
and trigonometric levelling, 2) the requirements during the measurement, 3) the 
required geodetic measuring equipment and tools, 4) measurement procedure, 5) 
criteria for tracking and measuring control. This project also defined the procedure 
for the result analysis and the adjustment of the unique geodetic 1D control 
network.  

4. The procedure of establishing the geodetic 1D and 2D control network stability 

The establishment of the stability of points in geodetic 1D and 2D should be 
done with Pelcer method by doing the following [Mihailović & Aleksić 1994]:  
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• adjustment of the null and i – epoch of measurement in the network with the 
minimum trace on all points, 

• according to this method, we question the stability of points, 
• the adjustment of the null and i – epoch of measurement in geodetic control 

network with the minimum trace on stable benchmarks/points of the basic 
network, 

• according to Pelcer method, we question the stability of benchmarks/points 
on objects. 

After performing the Pelcer method of ascertaining the stability of points in the 
network, it is necessary to determine and present (in tables and graphically) the 
sizes of movement values for which it was ascertained that they were moved.  

5. Conclusion 

It has been proved on the practical example that even the high demands for 
accuracy can be met with the application of presented methodology of designing in 
the procedure of determining the movement of points on the dam with optimal 
material and human resources.  

Considering the social significance and economical value of objects in the 
hydropower sector, the financial investments in application and advancement of 
methodology of geodetic observation were neglected. 
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Inovativni projekt geodetskog monitoringa brane 
“Bočac” 

Sažetak. Osnovni zadatak geodetskog monitoringa brana pri eksploataciji je 
pravovremeno otkrivanje deformacija koje mogu uzrokovati ljudske i materijalne 
štete. U radu je prikazan inovativni projekat geodetskog monitoringa brane “Bočac” 
na rijeci Vrbas, pri hidroelektrani Bočac. Izrada ovog inovativnog projekta 
podrazumijevala je analizu postojećeg stanja geodetskih kontrolnih mreža i 
projektiranje nove geodetske kontrolne 2D i 1D mreže za monitoring brane. 
Projektiranje nove geodetske kontrolne 2D i 1D mreže obuhvatilo je: 1) definiranje 
geometrije, koordinatnog sustava, geodetskog datuma, plana opažanja, točnosti 
mjernih veličina, 2) proračun točnosti i provjeru ispravnosti projektnog rješenja, 3) 
definiranje tehničkih uvjeta za realizaciju mjerenja, načina obrade i analize rezultata 
mjerenja, postupka izjednačenja, načina određivanja pomaka tačaka i načina 
prezentacije dobivenih rezultata. 

Ključne riječi: geodetska kontrolna mreža, geodetski monitoring brana, 
projektiranje geodetskih mreža. 

*scientific paper 
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Optimal Adjustments of 3D-Models of Hybrid Networks 
and Deformation Analysis 
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Abstract. The paper investigates the optimal models of adjustment of 3D hybrid 
networks and discusses the functional and stochastic models as well as the 
assessment of quality of unknown parameters. Two models of deformation analysis 
are shown: Hanover's and Karlsruhe's, as well as a new author's transformed 
Hanover's model. For the deformation analysis, two program packages are 
developed: the first for the adjustments of all kinds of 3D hybrid networks with 
classical terrestrial observations as well as the satellite measurements (GNSS 
observations), and the second for the deformation analysis of 3D geodetic control 
networks. The program packages are tested on three 3D-examples with simulated 
deformations and on simulated hybrid observations in 3D geodetic networks and 
with simulated movements. The main characteristics of program packages are 
simplicity, speed, flexibility and practicality in their usage. 

Keywords: adjustment of 3D networks, deformation analysis, hybrid networks. 

1. Introduction 

The practice of combining various observational methods has been used in 
geodesy all the time. The satellite methods in some cases have almost completely 
replaced classical terrestrial methods. The satellite observations require no 
intervisibility and no establishing of points on difficult parts of inaccessible terrain. 
With satellite measurements, it is possible to obtain satisfactory results in a few 
minutes. However, GNSS method has its bad sides. One of the main problems of the 
GNSS observational methods is the difficulty with signals in urban areas and areas 
with high vegetation. On the other hand, satellite measurements can be made day 
and night under variety of conditions. That makes them economical and justifiable. 
The worst established component of satellite measurements is the height. For that 
reason, satellite observations in 3D and 1D deformation analysis are often 
supplemented by some terrestrial measurements, for example by a precise 
geometric and trigonometric levelling on shorter distances.  

In order to use efficiently satellite observations in a combination with 
classical terrestrial methods (common name: hybrid measurements), many new 
methods around the world have been continuously developed. Using the advantages 
of these methods, one can increase efficiency, reliability and accuracy of the results.  
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2. Adjustment of 3D Control Networks and 3D Deformation Analysis 

 The satellite observations are defined in the global geocentric coordinate 
system. The classical terrestrial measurements on the other hand are defined in a 
local astronomic coordinate system. The systems in which the hybrid measurements 
are made must be connected by 3D coordinate transformations or transformations 
of coordinate differences. The unified hybrid adjustment of satellite and terrestrial 
observations is only possible in a single common coordinate system. There is a 
possibility to transform satellite measurements in a local coordinate system and 
then the adjustment is made together with the terrestrial measurements in the local 
system. The second possibility is the transformation of classical terrestrial 
measurements into the global geocentric coordinate system and the adjustment is 
performed together with the satellite observations. The third option is a possibility 
of transformation of classical and satellite observations into a new coordinate 
system and the adjustment of control networks in that system. 

The results of the adjustment directly depend on the weights of 
measurements. The correct adjustment results obtained by the method of least 
squares can be expected only if a-priory weights are correctly established. The 
problem of correlation between classical terrestrial measurements must be added 
to the problem of weights. In most of the cases, the classical terrestrial 
measurements are considered to be statistically uncorrelated and the variance-
covariance matrix and subsequently the weight matrix are strictly diagonal 
matrices. In satellite measurements, the three of the positional vectors are 
correlated, or the variance-covariance matrix is a 3x3 matrix for individual base 
lines. In hybrid 3D networks, the satellite measurements are added to the classical 
terrestrial measurements. However, the adjustment process requires a single 
weight matrix that refers to all measurements. For heterogeneous measurements, a 
single variance factor that is valid for all observations must be used. Hybrid 3D 
control networks have vector measurements that contain the measurements of 
directions, distances, vertical angles, coordinate differences obtained by satellite 
methods, therefore the determination of a single unique common variance factor 
represents a problem that has to be solved in adequate way. By using estimates of 
variance components (PVK), each group of measurements is determined by its own 
variance factor. The actual computation of variance components is made iteratively. 
The procedure is repeated until all individual group variance factors are equal to 
unity. 

The determination of movements and deformations of terrain (physical 
surface of the Earth) and objects on it represents a demanding task in geodetic 
profession. The problem of stability of terrain and built objects has an 
interdisciplinary character and demands complex investigations to be performed by 
geodetic, civil, geological, hydrological and seismic professions. Precise geodetic 
observations were treated adequately and reliably in the past. A certain number of 
points were declared stable, usually outside the deformation area from the very 
beginning. These points represented the fundamental network which was adjusted 
as an independent entity. After that, the network of points on objects was adjusted 
by means of constrained methods. The datum of the network was defined with the 
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points of the fundamental network. Such treatment is not used any more. The 
characteristic of modern approaches in the determination of deformations is the 
adjustment of all points together. Measurements on the object points increase the 
accuracy of the fundamental control network. Those two control networks become 
better when adjusted together. There are no a-priori stable points. The adjustment 
of the control network becomes a free adjustment made independently for two 
epochs as long as the two adjustments contain the same points. When the points are 
not identical for a correct comparison of the two epochs, the S-transformation has 
to be made. The stability of the points or the congruency test is then made. 

The coefficients of residual equations are the partial derivatives of the 
mathematical model used in the research and also in the deformation analysis and 
they are made according to the instructions well documented in the geodetic 
literature. [Leick 1995], [Strang & Borre 1997], [Vaniček & Krakiwsky 1986] and 
[Ghilani & Wolf 2006], [Caspary 2000], [Niemeier 2008]. 

3. Practical Example 

The authors of the text developed and tested two programs (the first for the 
adjustment of 3D hybrid control networks and the second for 3D deformation 
analysis) on three practical and one simulated examples. In this article, only one of 
them is shown. There are several ways and models of treating the results of 
observations, as well as the models of deformation analysis. Firstly, the method of 
least squares was adopted as the fundamental method of adjustment. Secondly, for 
a solution of unknown parameters, the coordinates of the selected parameters 
𝑋, 𝑌, 𝑍 are transformed into 𝑛, 𝑒, 𝑢 coordinates after the adjustment. To simplify the 
model, the undulations of the geoid and the deflection of the plumb line were not 
taken into account because the geoid was not well defined with a high accuracy. In 
the case of combined satellite and classical terrestrial measurements, four unknown 
parameters (scale and three rotations) were taken into account.  

The geodetic control network consists of ten points. The fundamental 
information of the network is given in the following table [Table 3.1]. 

Table 3.1 Fundamental information about the network 
Information Epoch I Epoch II 

Number of points: 10 10 

Total number of measurements: 189 192 

Number of distances: 36 36 

Number of vertical angles: 36 36 

Number of directions: 36 36 

Number of GPS vectors: 27 28 

Percentage of terrestrial measurements: 57% 56% 

Percentage of GPS vectors: 43% 44% 

Number of unknowns: 44 44 

Defect of datum: 4 4 
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Characteristics of the network: The network has a form of a net of triangles; 
satellite observations were performed on all points with classical terrestrial 
measurements in one secion; the cofactor matrix of satellite measurements is a 
symmetric and fully populated matrix; percentage of terrestrial measurements is 
slightly higher than of satellite measurements (about 55%); the size of the network 
area is about 630 m x 640 m; the redundancy number is considerably higher than 
0.5 (0.788); an average length of sides is 263  m. 

 The adjustment of 3D network and deformation analysis were performed by 
means of two approaches:  

• Hib – Combination of satellite and classical terrestrial observations (hybrid 
measurements). 

• Ter – Approach using terrestrial measurements only. 
In both approaches, the computation of PVK was made, and that created sub 

approaches: Hib-bez and Hib-sa and also Ter-bez and Ter-sa (bez – without, sa – 
with). A plan of the network is given in the figure 3.1 with shown circular boundary 
of the deformable body (around points 20, 30 and 40). 

 
Figure 3.1 Survey control network 

In the second epoch, different measurements in size and direction were 
simulated. The size and the direction of introduced movements are given in: [Figure 
3.2] and [Table 3.2]. 
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Figure 3.2 Simulated movements 

Table 3.2 Magnitude and direction of simulated 
movements 

Point 
Movement 

d 
H Direction 

20 30.0 mm -5.0 mm 310° 

30 35.0 mm -5.0 mm 270° 
40 15.0 mm -5.0 mm 240° 

 

To save the space, the coordinates of points, results of the adjustment and 
other numerical values are not shown. Only the fundamental quantities are given.  

Test of homogeneity, Hib-bez 
In epoch I, the following values were obtained as the results of adjustment: 

s0I=1.1000, fI=149, and in epoch II, s0II=1.241, fII=152. The values of the statistics 
test of homogeneity of measurements, or the test of two variances is: F=1.273. The 
critical test value is: FC=1.308. Since the value of F is smaller than the corresponding 
critical value, we can conclude that measurements of both epochs were 
homogeneous. They are made with the same accuracy. After the test of homogeneity, 
a common variance factor is calculated and its value is s2=1.376. 

It should be mentioned that the assessed variance factor from the second 
epoch did not pass the global test, since the condition of 1.244<1<1.954 was not 
fulfilled. However, the local tests passed and did not indicate the presence of a large 
error. The problem was created with a poor determination of a-priori value of the 
variance factor which was later proven with PVK computation in approach Hib-sa. 

The global congruency test 
The deformation analysis is based upon the adjusted coordinates, or the 

difference of adjusted coordinates of individual epochs and their cofactor matrices 
𝐐𝐱𝐈 and 𝐐𝐱𝐈𝐈 as well as already mentioned values 𝑠0𝐼, 𝑠0𝐼𝐼, 𝑓𝐼and 𝑓𝐼𝐼. In the table 3.3, 
the differences of coordinates between the two epochs are given. 

After the test of homogeneity, the global test of congruency for the stability of 
the two epochs was performed. This test uses the quadratic form 𝐝𝐓𝐐𝐝

−𝐝=1198.980 
and its redundancy: 𝜃2=46.115. Since the test statistic 𝐹=33.518 is much larger 
than its critical value 𝐹𝐶=1.533, it can be concluded that the positions of points differ 
more than expected. The coordinates of points in two epochs differ too much or the 
networks are not congruent. 

Table 3.3 The coordinate differences, Hib-bez 

Point 
dX 

[mm] 
dY 

[mm] 
dZ 

[mm] 
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10 1.7 7.4 7.4 

20 -11.0 -20.2 -20.2 

30 6.8 -26.1 -26.1 

40 2.2 -3.1 -3.1 

50 -0.8 6.4 6.4 

60 0.5 6.5 6.5 

70 -0.9 8.0 8.0 

80 1.7 8.0 8.0 

90 -5.8 7.8 7.8 

100 5.8 5.1 5.1 

 
Determination of unstable points is made by means of an iterative method. The 

results of the iterative procedure are given in table 3.4. 

Table 3.4 Iterative procedure to determine unstable points, Hib-bez  

Point I iteration II iteration III iteration IV iteration 

10 12.70 6.77 3.43 4.26 

20 407.24 620.65 movement movement 

30 408.00 movement movement movement 

40 151.89 202.83 131.59 movement 

50 212.41 79.33 42.52 3.26 

60 1.89 1.44 1.37 2.44 

70 5.74 5.45 3.76 5.07 

80 17.12 18.31 10.09 13.39 

90 73.34 66.01 30.25 11.17 

100 32.25 29.54 21.66 15.44 

 𝐝𝐓𝐐𝐝
−𝐝 1198.980 790.975 170.324 38.737 

 F 33.518 24.996 6.190 1.656 

 FC 1.533 1.565 1.606 1.657 

 
Table 3.4 displays the iterative procedure to localize deformed points 30, 20 

and 40 through three iterations. The next iteration is unnecessary, because F < 𝐹𝐶  
and it can be concluded that other points have not changed their positions between 
two epochs. Finally, the S-transformation will define the end values of deformations 
[Table 3.5]. 

Table 3.5 The final movements of points 

Point X Y Z n e u 

10 2.6 0.6 0.9 -1.2 -0.2 2.6 

20 -9.0 -28.0 12.9 21.4 -23.7 -3.6 

30 8.5 -33.4 -6.4 -2.9 -34.4 -6.2 

40 3.6 -10.9 -8.5 -6.2 -11.4 -5.9 

50 0.3 -0.8 3.7 2.6 -0.9 2.6 

60 -0.6 -0.8 -0.1 0.5 -0.6 -0.7 
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Point X Y Z n e u 

70 -0.4 1.1 -0.8 -0.5 1.2 -0.6 

80 1.5 2.1 -1.5 -2.5 1.5 0.4 

90 -6.0 -0.9 -0.7 3.6 1.0 -4.9 

100 2.6 -1.3 -1.5 -2.5 -2.0 0.5 

 
The same procedure was repeated for the approaches Hib-sa, Ter-bez and Ter-

sa. Graphical interpretation of deformed points and their ellipses of error are given 
in figures 3.3 and 3.4. 

 
Figure 3.3 Determined movements and relative ellipses of points 

Figure 3.3 shows the determined movements, simulated movements and the 
relative ellipses of error on all points of the control network. The largest ellipse of 
error has the point 100, which is understandable because it is far from other points 
in the network. The vectors of determined displacements on which there are no 
movements are within the ellipse of errors where the displacement vectors for the 
points that moved are outside the ellipses of errors. 
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Figure 3.4: Simulated and determined movements on points 20, 30 and 40 

On figure 3.4, the movements are shown with different colours: Simulation – 'black', 
Hib-bez – 'green', Hib-sa – 'cyan', Ter-bez – 'blue' and Ter-sa – 'magenta'. 

4. Analysis of the Results of Adjustment and Deformations  

The comparison of the results of adjustment and the subsequent deformation 
analysis is given in a local geodetic coordinate system in two ways. The first 
compares the results of all four approaches and the second way is related to the 
comparison of individual determination with the simulated results.  

Comparison of the results of all four approaches 
Simulated and determined movements of points from all four approaches are 

displayed on the figure 4.1.  

 
Figure 4.1 Histogram of the determined 3D movements 

After analysing the results of all four approaches it becomes obvious that all 
approaches give the same results. The differences between them are insignificant. 
All approaches indicated the movements of points 20, 30 and 40. 

The standard deviations obtained from the differences of individual 
movements and the mean are shown in figure 4.2.  
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Figure 4.2 Histogram of standard deviations in the local coordinates n,e,u 

Evidently, the standard deviations are small quantities. The largest value is 4.1 
mm on the point 60 in the direction of coordinate axis u.  

Comparison of results of all four approaches with the simulated values 
The differences between the determined movements and simulated values are 

shown in figure 4.3. 

 
Figure 4.3 The differences between determined and simulated movements  

From the previous figure it can be concluded that the differences between 3D 
movements determined by means of all four approaches are very similar. The 
exceptions to that rule are the points 60 and 100 (approaches Ter-bez and Ter-sa). 
The differences between the determined and simulated movements are smaller than 
1.8 mm (the point 20, approach Hib-sa). The largest value with no simulated 
movements is 8.3 mm. 

Table 4.1 Standard deviations of points  

Approach 
Standard deviations 

simulated movements 
Standard deviations 

all points 

Hib-bez 1.3 mm 3.0 mm 

Hib-sa 1.3 mm 2.9 mm 

Ter-bez 1.7 mm 4.0 mm 

Ter-sa 1.7 mm 4.0 mm 
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The standard deviations obtained from the differences of evaluated and 
simulated movements obtained at the points where the simulations were 
introduced are given in the second column of the last table. The last column contains 
the standard deviations evaluated at all points [Table 4.1]. The calculated values of 
standard deviations clearly indicate that the models of adjustment and deformation 
analysis satisfy the expected accuracy in the monitored geodetic control networks. 

5. Conclusion 

In this work, the adjustment model of a 3D hybrid geodetic control network is 
presented in a suitable program. A connection of various methods of observations 
represents a great challenge for the geodetic profession because various types of 
observations require a large variety of coordinate systems and demand adequate 
weights for classical terrestrial and satellite measurements. In that respect, the 
presented work provides the possibility to use all types of observations from 
classical to satellite methods and their simultaneous adjustments. 

The deformation analysis locates the points with significant changes in 
position and assesses the magnitude and direction of those changes. The 
comparison with the simulated movements shows the reliability and quality of the 
obtained results because the determined deformations were virtually identical to 
the simulated changes of positions.  

The achieved accuracy of deformations obtained by the developed 
methodology is satisfactory for the majority of projects where movements and 
deformations have to be determined. The values of standard deviations indicate the 
need for the application of hybrid surveying models. The numerical values of 
standard deviations are approximately 30% smaller than those obtained by the 
classical terrestrial models. 
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Optimalni 3D-model izjednačenja hibridnih mreža i 
deformacijske analize 

Sažetak. U radu se istražuje optimalni model izjednačenja 3D-hibridnih mreža te se 
razrađuju funkcionalni i stohastički model, kao i ocjena kvalitete nepoznatih 
parametara. Prikazana su ukratko dva modela deformacijske analize: Hannoverski i 
Karlsruhe, kao i vlastiti, tj. izmijenjeni Hannoverski model. U svrhu deformacijske 
analize razvijena su dva programska paketa: prvi za izjednačenje svih vrsta 3D-
hibridnih mreža (ulazni podaci klasična terestrička te GNSS-mjerenja) i drugi za 
deformacijsku analizu 3D-geodetskih mreža. Programski paketi su testirani na tri 
3D-primjera iz prakse sa simuliranim pomacima, kao i na simuliranim hibridnim 
mjerenjima u 3D-geodetskoj mreži sa simuliranim pomacima. Karakteristika 
programskih paketa je jednostavnost, brzina, fleksibilnost i praktičnost u radu. 

Ključne riječ: deformacijska analiza, hibridne mreže, izjednačenje 3D mreža. 

*scientific paper 
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Abstract. A geodetic network design process consists of the design of network 
geometry and the optimal observational plan, which describes the realization of 
survey measurements necessary to fulfill the accuracy requirements. The possibility 
of handling open source/free software (R + Google Earth + Google Maps) in the 
geodetic network design and adjustment processes was considered in this work. 
The R software gives the possibility to calculate and store the results in spatial data 
format that could be exported in the internet file formats such as KML or HTML. The 
represented methodology is organized in two segments: the calculation of the 
project parameters based on the network geometry, the observational plan and 
available equipment standards; the interactive visual representation of the results 
in the internet browsers like Google Earth or Google Maps. For the geodetic network 
design, the optional preliminary step would be the design of network geometry and 
survey observations (observational plan) in Google Earth. 

Keywords: Google Earth, network design and adjustment, plotGoogleMaps, R. 

1. Introduction  

A geodetic control network is the framework of survey stations, with a strictly 
defined position in relation to the reference coordinate system (CRS). These 
networks are established for the purpose of topographic surveying, control of 
supplementary points, for the horizontal and vertical staking out and other 
dimensional controls on site. The establishment of control networks is the most 
fundamental operation in any facility construction process and it is a part of the 
earliest phase of the facility construction. Geodetic control network design involves 
finding the appropriate network geometry (spatial arrangement of stations) and the 
network observational plan (the number, arrangement and the precision of 
observations). The aim of network designing is to provide the parameters which 
guarantee the fulfillment of project required precision and reliability. During the 
design of geodetic networks, facts such as: constructing accuracy, spatial 
organization of construction site and terrain configuration, precision of survey 
equipment, must be taken into account. These circumstances limit the finding of the 

http://www.dwheeler.com/oss_fs_refs.html
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optimal solution for a geodetic network, not allowing formulaic approach to design 
problems in geodetic networks. A construction project, that requires a centimeter 
or a sub centimeter accuracy, also requires a high precision geodetic control 
network. In this case, a professional and careful approach in the geodetic control 
network design is necessary. 

The design of a geodetic control network, in terms of accuracy and reliability, 
is based on the application of statistical methods to the observation model. The 
assumption about the influence of random errors in observation results and their 
functional dependence on coordinates is described with the mathematical model of 
observation [Perović 2005]. Parametric least squares adjustment is the most used 
technique for adjusting or estimating the coordinates in survey control networks. 
When performing a parametric least squares adjustment, observations are 
expressed in terms of the unknown parameters that had never been observed 
directly [Ghilani & Wolf 2006]. 

Product of the least squares solution is a set of statistical statements about the 
quality of the solution. These statistical statements may take the form of standard 
errors of the computed coordinates, error ellipses describing the uncertainty of a 
two-dimensional position in standard errors of observations derived from the 
computed coordinates and other meaningful statistics [Schofield & Breach 2007].  

Having completed the adjustment on simulated network geometry and 
observational plan, the network can be checked for geometrically weak areas, 
unacceptable error ellipse sizes or shapes, and more. This inspection may dictate 
the need for any or all of the following: 1) more observations, 2) different 
observational procedures, 3) different equipment, 4) more stations, 5) different 
network geometry, etc. [Ghilani & Wolf 2006]. 

The design methodology presented in this paper relies on R and Google Earth 
software, and considers both, one-dimensional and two-dimensional control 
networks that involve traditional observations of heights (1D), distances and 
directions (2D). The adjustment methodology is quite similar to the design 
methodology. It also combines R for statistical computation and Google Earth for 
results visualization. 

 R is an integrated suite of software facilities for data manipulation, calculation 
and graphical display and is very much a vehicle for newly developing methods of 
interactive data analysis [Venables & Smith 2010]. In addition, it has developed 
rapidly, and has been extended by a large collection of packages (set of functions 
written for a single piece of data analysis). Google Earth is the geographical browser 
(virtual globe) that is increasingly popular in the research community and as such, 
it is very suitable for visualization of spatial data.  

The aim of this work is the automation of a computation process of geodetic 
networks design and adjustment of real survey observation for 1D and 2D networks 
in R environment, by using GIS format KML or R Data Frame format as input and 
output. This approach offers a possibility to create cartographic output of designing 
results in the virtual globe Google Earth where visualizations are realized in KML 
files with stored numerical data from the project design. This gives the user of the 
software full control of the process from the start to the end in the visual and 
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intuitive manner where manipulation with the text file as input data for network 
geometry simulation is avoided. An additional output can be HTML page with Google 
Maps as base map. 

2. Software environment R, Google Earth and Google Maps API 

R environment, a tool for statistical programming is proposed as the solution 
of automated computing, analysing and process control of data for the network 
design in this paper. Input data for simulated network measurements are provided 
by using KML as Google Earth spatial data format or R Data Frame format. 
Visualization of the results of the geodetic network design and adjustment is 
provided by using KML and HTML format. 

2.1. R environment 

‘‘R is a system for statistical computation and graphics. It provides, among 
other things, a programming language, high-level graphics, interfaces to other 
languages and debugging facilities’’ as defined in the Introduction of the R Language 
Definition on-line manual [URL 1]. R implements a language similar to the S 
language. The S language was originally developed by John Chambers [Becker & 
Chambers 1984]. The main difference is the license. R is free and open source 
software under the terms of the GNU General Public License. The syntax of the 
language is similar to C. However, it is a fully functional interpreter that permits the 
creation of functions and calculations within the environment that is defined by a 
command line window or graphical user interface [Grunsky 2001]. The R is 
organized as a collection of packages. 

The R packaging system has been one of the key factors of the overall success 
of the R project [R Development Core Team 2008]. The R contains the base system 
which allows statistical computation, linear algebra computation, graphics creation 
and similar. A package is a related set of functions, help files, and data files that have 
been bundled together. Packages in R are similar to modules in Perl, libraries in 
C/C++, and classes in Java. The specific packages are not necessary to be installed 
if this is not a part of the user computing and analyzing interests. 

R developers have written the R package sp to extend R with classes and 
methods for spatial data [Pebesma & Bivand 2005]. Classes specify a structure and 
define how spatial data are organized and stored. Methods are instances of functions 
specialized for a particular data class [Bivand et al. 2008]. Another important 
package used in this research is rgdal package. This package uses functions of the 
Geospatial Data Abstraction Library to read and write GIS data with options to 
handling coordinate referent system (CRS). There is an option to define CRS or CRS, 
that might be obtained directly from the data, and an option to perform 
transformations among different CRSs by using PROJ4 library implemented in rgdal 
package. 
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2.2. Google Earth and Google Maps API 

Originally known as EarthViewer, Google Earth was developed by a company 
called Keyhole Inc. In October 2004 search provider Google acquired Keyhole Inc. 
and in late June of 2005 Google released Google Earth. Google Earth is a three 
dimensional interactive virtual globe that displays the Earth through a combination 
of different layers of information. Google Maps and Google Earth have had 
significant influence in developing of web cartography. Google Earth/Maps is 
ground-breaking software in at least five categories: availability of application, high 
quality background maps, a single coordinate system, web-based data sharing, 
popular interface and availability of API services [Hengl 2009]. Google Maps and 
Google Earth applications derived from Google Maps project, significantly changed 
web cartography approaches [Xiaojun et al. 2008, Gibin et al. 2008]. 

Data format for the integration of user’s additional data in the Google Earth is 
KML format. All visualization of additional data in Google Earth is controlled by the 
KML files. KML is XML data format for presentation of information in geographical 
context. Just as web browsers display HTML files, Earth browsers such as Google 
Earth display KML files. KML is easy readable programming language uses text and 
strings. KML has received OGC specification status, which is a very important fact 
for this paper, because reading and writing KML files is available in R by rgdal 
package.  

Google Maps application contains a set of cartographic data (spatial and 
attribute data) in combination with satellite imageries and/or 
aerophotogrammetric images. Google Maps API allows combination of geographic 
information from a variety of sources and formats. The mashups creation implies 
some knowledge of JavaScript, XML, XHTML, and CSS. Thus, GIS data objects such as 
vector, points, polylines, polygons or raster need to be converted in Google Maps API 
Java Script objects. The solution for the automatic creation of complete web map 
based on the Google Maps API (the HTML file with CSS styling and Java Script 
functionality) is the R package plotGoogleMaps [Kilibarda 2010]. This package 
provides new interactive plot device of the geographic data for web browsers. 

2.3. Experimental site 

The case study area is situated in Belgrade, Serbia, about 9 km from the city 
center to the south. The design network was simulated near Straževica tunnel. 
Latitude and longitude of the simulated network are approximately 44o43.3 N, 
20o27.0 E.  

Figure 3.1 shows the final adopted network geometry with two fixed datum 
points (red triangles). 

3. Results 

In the geodetic network design, a topographic map or aerial photos were used 
for choosing the possible station positions. This paper presents the possibility of 
using high resolution imagery in Google Earth for the station position choice. In the 
presented solution, datum selection is possible in the Google Earth by adding “x,y” 
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in point description, or by adding just one of the parameters. The network geometry 
is stored in the KML format that represents the first input file. The KML is 
interpreted in the R software. 

 
Figure 3.1 The final adopted network geometry with two fixed datum points, represented 

with triangle symbol 

Once the network geometry had been established and stored in KML format, 
the observation plan was defined, based on visual inspection of high resolution 
satellite images and Digital Elevation Model given in Google Earth. The 
observational plan, distance and direction observations are given in R Data Frame 
format (Data Frame format is used in R for storing data tables). The Data Frame 
consists of four columns: from point, to point, type of measurement (“direction” or 
“distance”) and pre-estimated observational precision. Finally, the observational 
plan is the input for least squares adjustment process in the control network design. 
If the network is without defined fixed points, or has less than three fixed 
parameters, it will lead to the least squares adjustment with pseudo inversion. A 
stochastic model, necessary for the creation of weighted matrix of observations, is 
added into R function by defining the observational equipment precision for the 
directions and distances. Figure 3.2 shows the final observational plan. 
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Figure 3.2 The directions and distances included in final survey plan. Directions are 

coloured in red and distances in yellow 

R functionalities allow the transformation of the design input coordinates and 
measurements simulation derived from Google Earth (WGS84 CRS) to the national 
CRS. It is possible to transform the geometry to desired CRS specified by PROJ4 
notation.  

 A least square adjustment computation is applied to the final observational 
plan with the equipment specification. The whole computation process was done by 
author’s functions created in R environment. Quality measures for the points and 
measurements are derived from the adjustment computation:  

• Coordinate standard deviation and error ellipse geometry parameters are 
computed for the unfixed points in the network; 

• Internal reliability and marginally detected blunders are computed for the 
measurements. 

Numerical quality assessment for the points is incorporated into the point 
coordinates, and it is converted into sp class in R, SpatialPointsDataFrame. 
SpatialPointsDataFrame contains four slots, containers for data, that fully determine 
the data in a spatial way. Project4string slot defines CRS, bbox – boundary box, 
coords – all coordinates of points, coords.nrs – records the column positions where 
in the data the coordinates were taken from (just in case when a spatial class is 
derived from the Data Frame, the Data Frame is the most popular data format in R). 
The points’ attributes, the numerical quality assessment of the points, in this case, 
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are stored in the remaining SpatialPointsDataFrame slot named data. 
SpatialPointsDataFrame could be exported to many GIS format by using R package 
rgdal. Spatial class, SpatialLinesDataFrame and SpatialPolygonesDataFrame also 
used in this research have similar properties. 

 
Figure 3.3 Schematic representation of SpatialPointsDataFrame class [Bivand et al. 2008] 

Observations with quality parameters are adapted to SpatialLinesDataFrame. 
Error ellipses geometry in desired scale with other quality measures of points as 
attributes, is created by authors’ function. This is the class of 
SpatialPolygonsDataFrame. Thus, all results of the adjustment are possible to be 
converted into many GIS formats in desired CRS. KML, as a popular format for the 
geographic visualization on virtual globes, was a choice in this case [Figure 3.4]. 
Besides the visualization of the geometry, numerical results of the adjustment are 
stored in KML. Numerical results are available by clicking on the points, ellipses and 
lines in Google Earth. The results of the network adjustment were visualized in 
HTML format by using R package plotGoogleMaps [Figure 3.5]. HTML page has the 
same functionality as KML+Google Earth format with more additional appearance 
options. It is available at URL: http://osgl.grf.bg.ac.rs/en/materials/strazevica/. 
Results were kept in the image plot and CSV format as well. 

After network adjustment and visualization inspection or in case of changed 
project parameters, it could be necessary to add, edit or remove points or 
observations (distances, directions). This can be done by editing KML input files and 
obtaining the same methodology again. Updating KML files may be repeated until all 
conditions are fulfilled. 

The workflow of the geodetic network design and adjustment processes is 
given in figure 3.6. 

http://osgl.grf.bg.ac.rs/en/materials/strazevica/
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Figure 3.4 Results of network adjustment in Google Earth KML format. Error ellipses are in 

scale 20 000:1 

 
Figure 3.5 Results of network adjustment in Google Maps produced by plotGoogleMaps 

package. Error ellipses are at scale 20 000:1 
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Figure 3.6 The simplified development solution and work flow of the gedetic network 

design and adjustment processes divided in the components 

4. Conclusions 

Linear algebra computation and statistical computation provided by base R 
installation offers possibility for an easy least square adjustment computation of the 
geodetic network. The possibility for exporting and importing different data formats 
in R allows the classical approach to this problem, making both input data and 
output reports in text data format. This paper presents the solution where the input 
data are in the GIS format and the output is generated as desired GIS format. This 
approach enables elegant and intuitive way of controlling the network design and 
adjustment process from the beginning to the end. 

The functions and routines in R for the both two-dimensional (2D) and one-
dimensional (1D) geodetic control network design and adjustment that involve 
observations of distances, directions and heights, have been created. Future work 
will contain solutions for the deformation analysis of geodetic networks for facility 
monitoring, thus all of these functions may become a useful geodetic package in R. 
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Razvoj interaktivnog programa za optimiranje i 
izjednačenje 1D/2D geodetskih kontrolnih mreža u 
open source okruženju (R + Google Earth + Google 
Maps) 

Sažetak. Optimiranje geodetskih mreža sastoji se od određivanja geometrije mreže 
i optimalnog plana mjerenja, koje opisuje realizaciju mjerenja potrebnih kako bi se 
zadovoljila tražena točnost. U radu je razmatrana mogućnost korištenja open 
source/besplatnih programa (R + Google Earth + Google Maps) za potrebe 
optimiranja i izjednačenja geodetskih mreža. Program R omogućuje računanje i 
pohranjivanje rezultata u prostornom formatu koji se može konvertirati u internet 
formate kao što su KML ili HTML. Prikazana metoda je podijeljena u dva dijela: 
računanje parametara na temelju geometrije mreže, plana opažanja i dostupne 
opreme; interaktivna vizualna interpretacija dobivenih rezultata u internet 
pregledniku kako što su Google Earth ili Google Maps. Za optimiranje geodetske 
mreže, neobavezan predkorak bio bi odrediti geometriju mreže i plan mjerenja u 
Google Earthu. 

Ključne riječi: Google Earth, optimiranje i izjednačenje mreže, plotGoogleMaps, R. 

*scientific paper 
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Abstract. Modernization of height reference systems has started in the past decade 
in the field of basic surveying work in the world. It was triggered mostly by intensive 
development and daily use of satellite positioning methods, as well as by increased 
accuracy of global and regional gravity models. The accomplishment of one-
centimetre accurate geoid model in higher resolutions and implementation of the 
World Height System is expected in the next decade. The current height systems in 
the world, usually defined by means of tide gauge measurements and realized by 
means of levelling, do not meet the growing and diverse needs of geodetic 
engineering practice, especially in demanding infrastructure jobs. Therefore, the 
redefining of Croatian height system and reconstruction of its frame (Croatian 
Height Reference System 1971) will be an important task in the upcoming years. 
This paper analyses the current definition of Croatian height system and its 
framework, and considers the strategy for its modernization with the aim of finding 
the best long-term solution within the current world’s experiences and guidelines. 

Keywords: geoid, height reference system, HRG2009, modernization, II. NVT. 

1. Introduction 

Heights are positional attributes of all geo-related data and are essential for a 
wide range of engineering and scientific activities such as mapping, surveying, 
agriculture, forestry, transportation, navigation, etc. Precise levelling used to be the 
main technique for height determination for a long time. However, the advancement 
of the GNSS (Global Navigation Satellite System) technology in the last two decades 
and its wide usage have replaced it with GNSS/levelling. 

It is reasonable to expect that ellipsoidal heights will be determined in real-
time with GNSS technology and CORS networks with absolute vertical accuracy of 1-
2 cm during the next decade [Flury & Rummel 2005]. However, ellipsoidal heights 
have only geometrical meaning and cannot be used directly for the determination of 
physical heights because they do not have direct relation to the Earth’s gravity field. 
The relation to the Earth´s gravity field is established with geoid models that would 
nowadays have to be determined with the same accuracy as GNSS ellipsoidal 
heights. Within this context, modernization of the height reference systems has 
lately received considerable attention worldwide and many countries are reviewing 
options. 
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2. Approaches and strategies to height reference systems definition and realization 

Height (vertical) datum is a reference surface of zero elevation that 
geometrical or physical heights of points on the Earth are referred to. It can be 
defined by: observing the sea level, gravimetric geoid determination or the selection 
of reference ellipsoid (e.g. GRS80). Defined by observing the sea level and geoid 
datum relates to the reference surfaces for the gravity-related heights (geopotential, 
dynamic, orthometric, normal heights) whereas ellipsoid is the reference surface for 
the geometrical heights (ellipsoidal). A reference system consists from reference 
surface (height datum) and origin points with known height from which heights of 
all other points are calculated. Currently, there are more than one hundred different 
height reference systems worldwide that are non-consistent to each other. 
Generally, two different approaches of height datums and reference systems exist. 

2.1. MSL/levelling based height reference system 

Traditionally, tide-gauges have measured sea level over a longer period. These 
data are averaged in observation epoch to provide the value of the MSL as a zero 
reference surface (height datum origin). A levelling-based height reference system 
is realized by means of precise levelling at connected geodetic points (benchmarks) 
and the establishment of precise levelling networks over the territory. Until GNSS 
era, the MSL/levelling height reference system was the only possible option to use 
physical heights over some country or continent. Therefore, most of the height 
reference systems throughout the world are defined and realized in this way.  

2.2. Geoid/GNSS based height reference system 

The alternative approach in defining a height datum is my means of 
gravimetric geoid. The gravimetric geoid is an equipotential surface that is 
determined from the measurements of the Earth’s gravity field and serves as a 
reference surface for the most physically meaningful orthometric heights (in terms 
of traditional geodetic glossary: heights above sea level). A geoid-based height 
datum would be defined solely by calculating the high-resolution gravimetric geoid 
model from satellite, airborne and terrestrial gravity data. If gravimetric geoid 
model should be adopted as height datum, its absolute vertical accuracy should be 
at the order of 1-2 centimetres. Height reference systems could be realised solely by 
GNSS surveying. 

2.3. MSL/levelling vs geoid/GNSS height reference system 

Each of the possible two approaches in definition and implementation of 
height datum and height reference system has its advantages and disadvantages. 
MSL/levelling approach offers an independency of geoid undulation in order to 
determine heights, and it is also more reliable especially in the areas without the 
GNSS signal. However, it lacks the consideration of the sea level rise and topography, 
it is exposed to systematic error accumulation, benchmarks are destructed over 
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time, its maintenance is budget- and time-consuming, it exhibits 100 realizations 
worldwide that are non-consistent, etc. 

The greatest advantages of geoid/GNSS approach are the replacement of costly 
and laborious levelling, possible achievement of real-time physical heights with 1-2 
cm accuracy, and having globally consistent and exchangeable heights. 

More advantages and disadvantages of two approaches are outlined in table 
2.1, with A sign highlighting the advantage.  

Table 2.1 MSL/levelling vs geoid/GNSS height datum – advantages and disadvantages  
 MSL/levelling Geoid/GNSS 
Height datum independent of h-N – it can be used 
as an independent surface for geoid model 
validation 

yes A no  

Compatible with satellite positioning techniques no  yes A 
High precision of heights in the areas with the no 
signal 

yes A no  

Fixed to MSL, an unstable surface (globally rising 
at a rate of 1.80.3 mm/yr) 

yes  no A 

Accumulates the systematic levelling errors over 
long distances 

yes  
no, 

independent 
A 

Requires an ongoing maintenance  yes  no A 
Sensitive to tectonic and seismic activity no  yes A 
Vulnerable to changes in topographic slopes  yes  no A 
Laborious datum realization yes  no A 
Expensive and unreliable benchmark revision yes  no A 
Existence of network distortion yes  no A 
Long-term sea level change considered no  yes A 
Sea surface topography is not considered no  yes A 
Requires continuous updating of terrestrial 
gravity database  

no A yes  

High local relative precision yes A no  
Compatibility with World Height system yes  yes  

 
From user perspective, the necessity to modify traditional height reference 

system has not been sufficiently addressed yet. The existing height reference system 
is judged mainly from the aspect of usability being satisfactory for most of users as 
such, even though absolute vertical accuracy is completely wrong. Depending on the 
usage, the requirements related to the corresponding vertical accuracies are given 
in table 2.2. 

Table 2.2 User requirements on absolute vertical accuracies 

Absolute vertical 
accuracy 

Use Users 

1-10 mm land subsidence and uplift scientists 
<0.03 m Cadastral survey land surveyors 
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<0.1 m Construction of the communal 
and buildings infrastructure, 
flood protection, 
irrigation schemes 

local government agencies 
(city, district and regional 
councils) 

<0.1 m geospatial analysis, 
web-based applications 

GIS users 

0.15 m topographic surveying and 
mapping 

land surveyors 

0.5-1 m long-term environmental 
changes in large regional and 
national areas 

scientists 

1-5 m other uses of GNSS technology other users 
depths less than 
30 m accuracy: 
<0.25 m 

nautical charting sailors, marine workers 

 
A significant number of field applications require high relative accuracy of the 

points in the local area. Their users use local networks and do not need connection 
to the official height reference system. For example, when researching land 
subsidence or deformations of the bridges. It is unlikely that any new definition of 
height datum will ever be able to support these millimetre accuracy requirements 
in absolute sense. 

2.4. Change or no? 

Although the scientific community has mostly agreed upon the necessity of the 
modernization and unification of local height datums, despite the problems that 
they bring along, there are still some different opinions on two available approaches. 

In spite of all the benefits that a new height datum would provide, most users 
could find the transition to a new height datum reluctant and hesitate to implement 
it. Firstly, MSL/levelling height reference system has traditionally been used for 
many decades. Secondly, users are more focused on local and regional tasks and are 
not interested in the integration with the international height reference system. 
Thirdly, consistent transformation of existing geospatial data might be complicated 
and long-term. Finally, if benefits and improvements are not really necessary and 
significant, such obstacles discourage the users to perform changes. 

3. Croatian Height Reference System 

Croatian height datum was defined by MSL observed at five tide gauges during 
the period of 18.6 years, which resulted with the reference geoid surface of Croatia 
defined for the epoch 1971.5. Croatian Height Reference System (HVRS71) was 
realised by the levelling measurements conducted during 1970-1973 connecting the 
benchmarks distributed across the country by means of precise levelling. Because 
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of the lack of gravity data that were not collected during the establishment of 
fundamental levelling network (II. NVT), the normal-orthometric heights were 
adopted for the height system [NN 110/2004]. Due to this approximation, HVRS71 
fails to be rigorously and physically correct because normal-orthometric heights are 
related to the normal gravity field. The differences between hybrid normal-
orthometric and most desirable orthometric heights are typically less than 2 cm but 
can be even 10 cm in the mountains.  

HVRS71 is realized on about 3200 fundamental benchmarks of the highest 
order of accuracy. In 2000, around 30% were destroyed. Thus, today there are less 
then 2000 high-precision benchmarks in Croatia (~1 benchmark per 30 square 
kilometres). 

Internal absolute accuracy of heights on benchmarks obtained from levelling 
network adjustment is 10 mm, reaching the extreme values from 0.4 mm to 14 mm 
[Tir et al. 2013]. Mainly because of two reasons these statistical measures are no 
longer valid and reliable. First, MSL value (height datum origin) has changed since 
the 1971.5 epoch because of the mean annual rise of the Adriatic Sea of 3 mm per 
year. This practically means all benchmark heights today increased for about 15 cm 
from 1971. Second, [Rožić et al. 2011] published the crustal velocities that have 
absolute values from 1 to 4 mm/yr over the Croatian territory. This implies that 
benchmarks have changed non-uniformly since 1971 between 5 cm to 20 cm. Apart 
from these two reasons, benchmarks have changed, distorted and destroyed 
because of tectonic and seismic activity and physical removal. 

The relation with ellipsoidal GNSS heights and HVRS71 was established by 
adopting the HRG2009 quasi-geoid model. HRG2009 was created gravimetrically 
and then mathematically adapted (fitted) to the benchmark heights of HVRS71, 
practically becoming hybrid quasi-geoid model. It currently serves as 
transformation surface between ellipsoidal and height reference system (HVRS71). 
According to [Bašić & Bjelotomić 2014], its accuracy is 3.5 cm throughout the 
country. Although HRG2009 is the best national quasi-geoid solution at the moment, 
new gravity satellite missions with improved resolution and accuracy should yield 
data for the future improved geoid solution that the height reference system could 
be based on. 

4. Future perspective of modernization 

Basic requirements of a modern height reference system are: defined in the 
Earth´s gravity field; consistent, stable and reliable; compatible with GNSS without 
geoid model fitting; consistent with global and regional gravimetric geoid models; 
dynamic; suitable for scientific research; suitable for integration into global height 
datum; able to satisfy a large number of economic activities and applications 
(engineering, cartography, survey, mapping, scientific). The International 
Association of Geodesy (IAG) has adopted standards, conventions and guidelines for 
the definition of international height reference system (IHRS). According to these 
guidelines, we should adopt [Sanchez 2015]: 1) best-estimated value for the 
potential W0 of a height reference surface (geoid), 2) parameters, observations, and 
data related to the mean tidal system/mean crust, 3) heights expressed in 
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geopotential numbers, 4) positions of points in International Terrestrial Reference 
Frame (ITRF).  

However, the main issues to be resolved prior to modernization of height 
reference system is choosing between two different approaches (MSL/levelling or 
geoid/GNSS). Several countries in North America, Europe and Asia have started to 
abandon the MSL/levelling height reference system and are adopting a geoid/GNSS 
based height reference system. The first such implementation has been adopted in 
New Zealand [Amos & Featherstone 2009]. In 2013, Canada replaced the old vertical 
datum dated from 1928 (CGVD1928) [Veronneau et al. 2006]. USA is planning to 
establish new height reference system by 2022 and are currently investing 
significant efforts in improving their data [Roman & Weston 2012]. Some other 
countries have recently discussed this issue, including Australia [Featherstone et al. 
2012], Turkey [Ince et al. 2014] and South Africa [Wonnacott & Merry 2011]. 

5. Conclusion 

The international experience shows that national and regional height datum 
definitions have limited life-span and should be replaced or upgraded every few 
decades. This is also the case with the traditional mean sea level (MSL) height 
datums that have significant limitations. These limitations could be successfully 
solved by defining a new height datum that could exploit all advantages of GNSS and 
precise gravimetric geoid models with addition to promising surveying techniques 
such as Terrestrial Laser Scanning (TLS), Mobile Laser Scanning (MLS), Airborne 
Laser Scanning (ALS) and Synthetic Aperture Radar (SAR).  

Since the definition and the realization of the HVRS1971 nearly 50 years ago, 
immense changes in terms of technology, data and user requirements have 
occurred. Although HVRS71 will remain Croatian’s official height reference system 
in the foreseeable future, a new height reference system is considered as an 
imperative for a long-term solution. Without significant time and financial 
investment HVRS71 does no longer satisfy the demands in terms of heights 
accuracy, cost and time efficiency. Redefinition of the height datum by 
determination of precise gravimetric geoid model is very promising despite the 
problems that might occur. The authors believe that its long-term benefits should 
trigger its implementation. Consequently, strategy development and planning 
should start as soon as possible.  
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Razmatranje modernizacije Hrvatskoga visinskog 
referentnog sustava 

Sažetak. Proteklog desetljeća u području osnovnih geodetskih radova u svijetu 
aktualizirala se tema modernizacije visinskih referentnih sustava. Glavni uzroci 
tomu su intenzivni razvoj i svakodnevno korištenje satelitskih metoda 
pozicioniranja te povećanje točnosti globalnih i regionalnih modela geoida. U 
sljedećem desetljeću očekuje se ostvarenje točnosti modela geoida od jednog 
centimetra u većim rezolucijama te realizacija Svjetskog visinskog sustava. Sadašnji 
visinski sustavi u svijetu, najčešće definirani mareografskim mjerenjima i realizirani 
nivelmanom, ne udovoljavaju sve većim i raznovrsnijim potrebama geodetske 
inženjerske prakse, osobito ne u zahtjevnijim infrastrukturnim poslovima. Iz tih bi 
razloga Hrvatskoj u narednim godinama trebalo uslijediti redefiniranje visinskog 
sustava i obnova visinskog okvira (Hrvatskog visinskoga referentnog sustava 1971). 
U radu će se analizirati sadašnja definicija hrvatskog visinskog sustava i stanje 
okvira te razmotriti strategije i mogućnosti modernizacije, a s ciljem pronalaska 
najboljega dugoročnog rješenja. 

Ključne riječi: geoid, HRG2009, modernizacija, visinski referentni sustav, II. NVT. 
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Abstract. The paper presents the review of the new international standard ISO 
17123-8:2015 for testing the precision of GNSS RTK measurement systems. The 
standard specifies the simplified field test procedure consisting of one measurement 
session and is used for detecting gross errors without statistical assessment. The 
field procedure for full precision test of GNSS RTK measurement systems consisting 
of three measurement sessions is described in details in this paper. It provides 
additionally the estimation of standard deviations and of statistical testing 
according to four statistical tests. Compared to the standard ISO 17123-8:2007, a 
few changes have been introduced into the standard ISO 17123-8:2015. Apart from 
some designations being changed without changing their meaning, a completely 
new chapter titled „The Assessment of Combined Standard Uncertainty “has been 
introduced where the sources of uncertainties and their amounts are described. 

Keywords: combined standard uncertainty, full test, GNSS RTK measurement 
system, ISO 17123-8:2015. 

1. Introduction 

In technical sense with regard to geodetic instruments, the standards specify 
the testing procedures, calibrations and indications of measuring results with the 
assessment of measuring uncertainty. It is therefore recommendable to define the 
following terms: testing and calibration. 

Testing refers to the determination of the properties of products, processes or 
services in accordance with exactly defined procedure. 

Calibration relates to the determination, under specified conditions, of the 
relation between the values obtained and indicated by measuring instrument and 
adequate values obtained and provided by standards. 

There have been a certain number of standards issued within the scope of the 
competence of ISO – Technical Committee 172 – Section Committee 6 the list of 
which can be found on [URL 1]. 

In order to make the people in Croatia aware of the importance and the 
possibility of applying the standards, the two first mentioned authors of this paper 
have published in collaboration with other colleagues a certain number of papers 
related to standardization. We are mentioning only the most important among 
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them: [Zrinjski et al. 2010], [Zrinjski et al. 2011], [Zrinjski et al. 2013], [Barković et 
al. 2014], [Zrinjski et al. 2015]. 

In the Republic of Croatia, The Croatian Standards Institute (Hrvatski zavod za 
norme – HZN) takes care of the procedures related to the issuing of Croatian 
standards or accepting the international standards.  

Croatian standards can be original (Croatian) or accepted (European or 
international) standards. 

2. The standard ISO 17123-8:2015 

ISO 17123-8:2015 specifies field procedures to be adopted when determining 
and evaluating the precision (repeatability) of Global Navigation Satellite System 
(GNSS) field measurement systems in real-time kinematic (GNSS RTK) and their 
ancillary equipment when used in building, surveying, and industrial 
measurements. Primarily, these tests are intended to be field verifications of the 
suitability of a particular instrument for the required application at hand and to 
satisfy the requirements of other standards [ISO 2015]. 

Before starting with any kind of surveying, it is important to provide adequate 
instruments to achieve a desired precision of the final measuring result. The 
standard ISO 17123-8:2015 specifies two procedures of testing the precision of 
GNSS RTK measurements system: simplified and full test [ISO 2015]. The mentioned 
tests are made for the sets of GNSS antenna and receiver given as such in the 
manufacturer’s manual.  

The testing procedure requires one receiver at the point with known 
coordinates (base) and one receiver, i.e. a rover set up at two points of unknown 
coordinates (rover 1 and rover 2). The rovers should be set at the distance between 
them not shorter than 2 m and not longer than 20 m. Horizontal distance and 
elevation difference are determined between the two points of unknown 
coordinates by means of the geodetic method that provides higher precision than 
the GNSS RTK method, and therefore, certain values of these quantities are 
considered as reference values.  

A full test is done when it is necessary to determine the best possible precision 
that can be achieved with the tested GNSS device. This test consists of three 
measurement series and provides: detection of gross errors, the assessment of 
standard deviations and statistical tests. Unlike the full test, the simplified test 
consists of one measurement session and does not provide the assessment of 
statistical tests. 

The presentation of the full test is given further in the text. Every successive 
measurement series is carried out in the time interval of minimally 90 minutes 
because it allows the elimination of the influences resulting from the change of 
satellite configuration and ionosphere variations, as well as from other factors. Each 
measurement series consists of five measurement sets each of them containing the 
measurements at the points of unknown coordinates (rover 1 and rover 2). The time 
difference between each measurement set is 5 minutes. It means that each 
measurement series lasts about 25 minutes within which the measurement sets are 
to be equally distributed in terms of time. Regarding the period needed to carry out 
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one series, the elimination of the multipath influence has been provided. Standard 
deviations obtained on the basis of all measurements will present the quantitative 
precision measures including most of the influences occurring in satellite 
positioning.  

After the measurements have been performed, it is necessary to do the 
calculation that consists of two steps. In the first step, individual measurements of 
all series are compared directly with the reference values in order to detect the 
presence of gross errors in measurements. For each set 𝑗 = 1, … , 5 of every series 
𝑖 = 1, 2, 3, the horizontal distance and elevation difference between two points of 
unknown coordinates and their deviation from the reference values are calculated 
[ISO 2015]: 

 𝐷𝑖,𝑗 = √(𝑥𝑖,𝑗,2 − 𝑥𝑖,𝑗,1)
2

+ (𝑦𝑖,𝑗,2 − 𝑦𝑖,𝑗,1)
2

  

 𝛥ℎ𝑖,𝑗 = ℎ𝑖,𝑗,2 − ℎ𝑖,𝑗,1 (1) 

 휀𝐷𝑖,𝑗 = 𝐷𝑖,𝑗 − 𝐷∗ 

 휀ℎ𝑖,𝑗 = ℎ𝑖,𝑗 − ℎ∗ 

where 𝑥𝑖,𝑗,𝑘, 𝑦𝑖,𝑗,𝑘, ℎ𝑖,𝑗,𝑘 are the measurements for the set 𝑗 at the point of the 

rover 𝑘 in the series 𝑖. 𝐷𝑖,𝑗 , ∆ℎ𝑖,𝑗 are calculated horizontal distance and elevation 

differences for the set 𝑗 in the series 𝑖, and the reference values of these quantities 
are marked with 𝐷∗ and ℎ∗. 휀𝐷𝑖,𝑗  and 휀ℎ𝑖,𝑗  are the deviations of these horizontal 

distances and vertical differences from the related reference values. 
In order to find out whether there are possible gross errors present, it is 

necessary to see whether the deviations meet the conditions [ISO 2015]: 

 |휀𝐷𝑖,𝑗| ≤ 2.5 ∙ √2 ∙ 𝑠𝑥𝑦  (2) 

 |휀ℎ𝑖,𝑗| ≤ 2.5 ∙ √2 ∙ 𝑠ℎ 

where 𝑠𝑥𝑦 and 𝑠ℎ are previously determined standard deviations according to 

the full test or the values specified by the manufacturer of GNSS device. If at least 
one of the conditions has not been fulfilled, it is possible that there are gross errors 
in the measurements, and the whole procedures should be repeated. 

In the second step of the calculation, the statistical values are determined. To 
begin with, the method of least squares is used to adjust the measurements in all 
series and to determine the best assessments for 𝑥, 𝑦 and ℎ for each rover point 𝑘 =
1, 2 [ISO 2015]: 

 �̅�𝑘 =
1

15
∑ ∑ 𝑥𝑖𝑗𝑘

5
𝑗=1

3
𝑖=1  

 �̅�𝑘 =
1

15
∑ ∑ 𝑦𝑖𝑗𝑘

5
𝑗=1

3
𝑖=1   (3) 

 ℎ̅𝑘 =
1

15
∑ ∑ ℎ𝑖𝑗𝑘

5
𝑗=1

3
𝑖=1  

where the sum of each adjusted measurement for each set 𝑗 in every series 𝑖 is 
divided by 15 because it is the total number of measurements of that quantity, and 
thus obtained common arithmetic mean presents its best assessment. 

The residuals 𝑟𝑥, 𝑟𝑦 and 𝑟ℎ for the measurements of 𝑥, 𝑦 and ℎ are calculated by 

subtracting the individual measurement from the best assessment of certain 
quantity [ISO 2015]: 

 𝑟𝑥𝑖,𝑗,𝑘 = �̅�𝑘 − 𝑥𝑖𝑗𝑘 
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 𝑟𝑦𝑖,𝑗,𝑘 = �̅�𝑘 − 𝑦𝑖𝑗𝑘  (4) 

 𝑟ℎ𝑖,𝑗,𝑘 = ℎ̅𝑘 − ℎ𝑖𝑗𝑘 

It is further necessary to square these residuals and sum them up including the 
measurements for both points 𝑘 = 1 and 𝑘 = 2 for each quantity 𝑥, 𝑦 and ℎ [ISO 
2015]: 

 ∑ 𝑟𝑥
2 = ∑ ∑ ∑ 𝑟𝑥𝑖,𝑗,𝑘

22
𝑘=1

5
𝑗=1

3
𝑖=1  

 ∑ 𝑟𝑦
2 = ∑ ∑ ∑ 𝑟𝑦𝑖,𝑗,𝑘

22
𝑘=1

5
𝑗=1

3
𝑖=1   (5) 

 ∑ 𝑟ℎ
2 = ∑ ∑ ∑ 𝑟ℎ𝑖,𝑗,𝑘

22
𝑘=1

5
𝑗=1

3
𝑖=1  

The empirical standard deviations of an individual measurement of 𝑥, 𝑦 and ℎ 
are calculated by means of dividing the corresponding sum of residual squares by 
the degree of freedom [ISO 2015]: 

 𝑠𝑥 = √
∑ 𝑟𝑥

2

28
 

 𝑠𝑦 = √
∑ 𝑟𝑦

2

28
  (6) 

 𝑠ℎ = √
∑ 𝑟ℎ

2

28
 

where the degrees of freedom are equal for each single measured coordinate 
and their amount is 28. The empirical standard deviation of coordinates (𝑥, 𝑦) is 
then calculated according to [ISO 2015]: 

 𝑠𝑥𝑦 = √𝑠𝑥
2 + 𝑠𝑦

2  (7) 

The empirical standard deviation of the height ℎ is given in the third formula 
in the expression (6). 

Statistical tests play an important role in a full test and they are made by using 
earlier calculated values 𝑠𝑥𝑦 and 𝑠ℎ for obtaining the answers to four questions 

[Table 2.1]. 

Table 2.1 Statistical tests [ISO 2015] 

Question Null hypothesis Alternative hypothesis 

a) 𝑠𝑥𝑦 ≤ 𝜎𝑥𝑦 𝑠𝑥𝑦 > 𝜎𝑥𝑦 

b) 𝑠ℎ ≤ 𝜎ℎ 𝑠ℎ > 𝜎ℎ 

c) 𝜎𝑥𝑦 = �̃�𝑥𝑦 𝜎𝑥𝑦 ≠ �̃�𝑥𝑦 

d) 𝜎ℎ = �̃�ℎ 𝜎ℎ ≠ �̃�ℎ 

 
Question a). Null hypothesis is accepted if the calculated empirical standard 

deviation 𝑠𝑥𝑦 of the coordinate (𝑥, 𝑦) is less than or equal to the theoretical 

previously determined corresponding value 𝜎𝑥𝑦, i.e. if has been met [ISO 2015]: 

 𝑠𝑥𝑦 ≤ 1.15 ∙ 𝜎𝑥𝑦   (8) 

Question b). Null hypothesis is accepted if the calculated empirical standard 
deviation 𝑠ℎ of the height ℎ is less than or equal to the theoretical previously 
determined corresponding value 𝜎ℎ, i.e. if has been met [ISO 2015]: 
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 𝑠ℎ ≤ 1.22 ∙ 𝜎ℎ   (9) 
Question c). The test shows for two different measurement series whether the 

empirical standard deviations 𝑠𝑥𝑦 and �̃�𝑥𝑦 belong to the same sample, and then null 

hypothesis 𝜎𝑥𝑦 = �̃�𝑥𝑦 is accepted if it has been met [ISO 2015]: 

 0.59 ≤
𝑠𝑥𝑦

2

�̃�𝑥𝑦
2 ≤ 1.70   (10) 

Question d). The test shows for two different measurement series whether the 
empirical standard deviations 𝑠ℎ and �̃�ℎ belong to the same sample, and the null 
hypothesis 𝜎ℎ = �̃�ℎ is accepted if has been met [ISO 2015]: 

 0.47 ≤
𝑠ℎ

2

�̃�ℎ
2 ≤ 2.13   (11) 

The theoretical values of standard deviations are declared by the instrument 
manufacturer. It is valid for each statistical test, if the null hypothesis has been 
rejected, that the alternative hypothesis is accepted. All above-mentioned 
expressions for statistical tests are given for the confidence level 𝑘 = 0.95. 

The entire presentations of simplified and full test of the standard ISO 17123-
8:2015 can be found with adequate mathematical expressions in [ISO 2015]. 

To the computational processes of testing the precision of the RTK 
measurement system was made computer program GNSS_RTK_ISO in software 
package Microsoft Excel 2010 [Zrinjski et al. 2015]. 

3. The assessment of standard combined uncertainty 

Compared to the standard ISO 17123-8:2007 [ISO 2007], a few changes have 
been introduced into the standard ISO 17123-8:2015. Apart from some designations 
being changed without changing their meaning, a completely new chapter titled 
“The Assessment of Combined Standard Uncertainty” has been introduced where 
the sources of uncertainties and their amounts are described. 

The uncertainties of the position of the point 𝑢ISO−GNSS_RTK are obtained as the 
result of measurement. The uncertainty of coordinates (𝑥, 𝑦) 𝑢ISO−GNSS_RTK−𝑥𝑦 is 

equal to the obtained empirical standard deviation 𝑠𝑥𝑦, and the uncertainty of height 

ℎ, 𝑢ISO−GNSS_RTK−ℎ is equal to the obtained empirical standard deviation 𝑠ℎ. 
The uncertainty of the tubular level sensitivity on the base plate of the 

instrument 𝑢bub is obtained from the manufacturer’s specifications and its amount 
is 8'. 

The uncertainty of the display round-off error 𝑥, 𝑦, 𝑢disp according to the 

standard ISO 17123-8:2015 is 0.29 mm. 
The centring uncertainty 𝑢c, as well as the uncertainty of the antenna height 

𝑢ℎa is 1 mm according to the same form. 
The uncertainty of the tripod height 𝑢ℎs is estimated within 0.05 mm according 

to ISO 12858-2:1999 [ISO 1999], which is negligible in this case as related to the 
total amount of uncertainty. 

The uncertainties caused by the phase centre movement in the antenna are 
expressed by means of the parameters d𝑥, d𝑦 and dℎ, their amount is 𝑢d𝑥 = 𝑢d𝑦 =

1 mm and 𝑢dℎ = 2 mm. 
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When the distance between the rover and the base is 20 m, the undulation 
between them is 1.95 mm and less. According to the standard, the value of 0.56 mm 
is given as the uncertainty of geoid undulation 𝑢dH. 

All described uncertainties are given in the table [Table 3.1]. 

Table 3.1 The sources of uncertainty for GNSS (RTK) [ISO 2015] 

Sources of uncertainty Symbol Distribution 

I. Result of measurement   

Standard uncertainty of xy coordinates 𝑢ISO−GNSS_RTK−𝑥𝑦 Normal 

Standard uncertainty of h coordinates 𝑢ISO−GNSS_RTK−ℎ Normal 

II. Relevant sources of the GNSS receiver   

Sensitivity of the tubular level 𝑢bub 
Specified by the 

manufacturer 

Display round-off error x, y 𝑢disp Rectangular 

III. Error pattern from the settings of the 
instruments 

  

Centring 𝑢c Normal 

Antenna height 𝑢ℎa Normal 

Stability of a tripod height (ISO 12858-2:1999) 𝑢ℎs Rectangular 

Antenna phase centre off-set-parameter dx and dy 𝑢d𝑥, 𝑢d𝑦 Normal 

Antenna phase centre off-set-parameter dh 𝑢dℎ Normal 

Multipath  Not considered here 

Clock in the GNSS receiver or satellite  Not considered here 

Orbit of the satellite  Not considered here 

Ionospheric delay  Not considered here 

Tropospheric delay  Not considered here 

IV. Mathematical modelling   

Transformation 𝑢tr Normal 

Geoid undulation 𝑢dH Rectangular 

 
The combined uncertainty for the horizontal coordinate system is [ISO 2015]: 
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𝑢𝑥𝑦 = √𝑢ISO−GNSS_RTK−𝑥𝑦
2 + [ℎatan (𝑢bub)]2 + 2𝑢disp

2 + 𝑢c
2 + 𝑢d𝑥

2 + 𝑢d𝑦
2 + 𝑢tr

2  (12) 

where ℎa is the antenna height. 
The combined uncertainty of vertical coordinate system is [ISO 2015]: 

 𝑢ℎ = √𝑢ISO−GNSS_RTK−ℎ
2 + 𝑢disp

2 + 𝑢ℎa
2 + 𝑢ℎs

2 + 𝑢dℎ
2 + 𝑢dH

2   (13) 

Both uncertainties from the expressions (12) and (13) are given for the 
probability of 68%, and in order to obtain the expanded uncertainties 𝑈𝑥𝑦 and 𝑈ℎ, 

the probability 95%, 𝑢𝑥𝑦 and 𝑢ℎ are multiplied by the factor 2 [ISO 2015]: 

 𝑈𝑥𝑦 = 2 ∙ 𝑢𝑥𝑦  (14) 

 𝑈ℎ = 2 ∙ 𝑢ℎ  (15) 

4. Conclusion 

The geodetic profession in the Republic of Croatia, the full member of the 
European integration, should not be excluded from the competitive market in 
providing its services without high quality testing and calibration of geodetic 
instruments. For this purpose, the comparator and programme for the calibration of 
levelling rods and measuring tapes have been developed in the Laboratory for 
Measurements and Measuring Technique at the Faculty of Geodesy, University of 
Zagreb [Barković 2002], as well as the device for testing and calibration of the 
frequency of electro-optical distance meters. The programmes for the automation of 
testing the precision of levels according to the standard ISO 17123-2:2001, for the 
automation of testing the precision of theodolites according to the standard ISO 
17123-3:2001, for the automation of testing the precision of total stations according 
to the standard ISO 17123-5:2012, as well as for the automation of testing the 
precision of GNSS RTK measuring systems according to the standard ISO 17123-
8:2015 have also been developed. 

The measuring instruments and devices for testing and calibration of geodetic 
instruments are rather specific. There are no comprehensive solutions for such 
testing and calibration in the market of geodetic instruments, and they have to be 
developed separately and continuously updated, modernised and automated. 
Hence, the instruments and devices for testing and calibration of geodetic 
instruments have been developed at the Faculty of Geodesy, University of Zagreb. In 
the Laboratory for Measurements and Measuring Technique of the Faculty of 
Geodesy there are laboratory testing and calibrations of geodetic instruments 
carried out, and field procedures of testing and calibration are made on the 
calibration baseline of the Faculty of Geodesy, length 3 km, that is the longest 
calibration baseline with the largest number of pillars in the world according to the 
available literature [Zrinjski 2010]. 

This paper provides the review of the new international standard ISO 17123-
8:2015 for testing of GNSS RTK measuring systems being the second revised edition 
of the standard from the year 2007.  

Generally speaking, the testing of GNSS RTK measuring systems is very specific 
since it does not depend only on technical and construction quality of measuring 
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device, but the precision and accuracy of measurements are also influenced by the 
performance quality of control and space segments of global navigation satellite 
systems. 
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Pregled nove međunarodne norme za ispitivanje GNSS 
RTK mjernih sustava 

Sažetak. U radu je dan pregled nove međunarodne norme ISO 17123-8:2015 za 
ispitivanje preciznosti GNSS RTK mjernih sustava. U normi je opisan terenski 
pojednostavljeni postupak ispitivanja, koji se sastoji od jedne sesije mjerenja te služi 
za otkrivanje grubih pogrešaka bez statističke procjene. U ovom je radu detaljno 
opisan terenski potpuni postupak ispitivanja preciznosti GNSS RTK mjernih sustava, 
koji se sastoji od tri sesije mjerenja te dodatno omogućuje procjenu standardnih 
odstupanja i statističkih ispitivanja prema četiri statistička testa. U odnosu na 
normu ISO 17123-8:2007, u normu ISO 17123-8:2015 uvedeno je nekoliko 
promjena. Osim promjene nekih oznaka, ali ne i značenja istih, uvedeno je potpuno 
novo poglavlje „Procjena kombinirane standardne nesigurnosti“ u kojem su opisani 
izvori nesigurnosti te procijenjene njihove vrijednosti. 

Ključne riječi: GNSS RTK mjerni sustav, ISO 17123-8:2015, kombinirana standardna 
nesigurnost, potpuni test. 

*scientific paper 
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Abstract. The development of Russian global navigation system GLONASS has 
eliminated the technological reliance on single global navigation system – GPS. 
Precise GNSS instruments for RTK positioning that no longer depend on GPS have 
also been developed along with this system. Such a device called SP80 was 
developed by Spectra Precision. The company has developed Z-Blade technology 
that allows RTK positioning being independent of GNSS used, and it will be possible 
to use only BeiDou, GLONASS or Galileo (in near future). In this work, the quality of 
positioning in RTK mode on the Croatian territory by means of GLONASS is 
presented in accordance with ISO 17123-8:2015 standard. 

Keywords: GLONASS, ISO 17123-8:2015, RTK positioning, SP80, Z-Blade. 

1. Introduction 

The development of GPS has provided faster, simpler and much more efficient 
positioning anywhere on the Earth surface. For this purpose, as well as for the 
purpose of surveying, terrestrial GPS rovers for centimetre-accurate positioning 
were developed. Since GPS represents the American military system, some countries 
decided to build their own navigation satellite system. It is first of all the Russian 
GLONASS, and more recently European Galileo, Chinese BeiDou, etc. However, in 
spite of the development of other satellite systems and the technological 
development of the GPS receivers that are turned into GNSS receivers in such a way 
that they receive and process the data from other satellite systems, they still depend 
on GPS that is still necessary for their operation, which makes them GPS-centric. 

Triggered by the above mentioned facts and the dependence on GPS, the 
company Spectra Precision started to develop the technologies that will enable the 
positioning without depending on GPS. For this purpose, Z-Blade technology has 
been developed that makes the receivers GNSS-centric, and the last GNSS chip has 
introduced a new era in GNSS precise positioning that has become independent of 
one system only – GPS. 

mailto:icorab@gmail.com
mailto:stomic@geoskola.hr
mailto:mladen.zrinjski@geof.hr
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2. Z-blade technology 

Z-Blade is a (patent pending) GNSS-centric positioning technology developed 
by Spectra Precision, based on many years of GNSS experience and know-how and 
the strong understanding that the future of GNSS receivers lies in making better use 
of all GNSS satellite signals, without unnecessary reliance on GPS satellite signals 
alone. Z-Blade technology provides GNSS receivers to be independent of GPS and to 
literary be GNSS receivers that can operate using any GNSS considering the that 
satellites from any system "equally valuable" [Spectra Precision 2013]. This 
provides a much better reception quality and processing of signals, and gives the 
ability to work in any other GNSS – GLONASS, Galileo, BeiDou, without using the 
signal from the GPS. 

The figures 2.1 and 2.2 show the difference between GPS-centric and GNSS-
centric (Z-Blade) approach, and the figure 2.1 shows that the position cannot be 
determined if there are not enough GPS satellites available which is used today by 
most receivers [Figure 2.1], [Figure 2.2], [Spectra Precision 2013]. 

Following this unique technology, we have decided to examine the precision of 
GNSS receivers in our work that use the signals only from the GLONASS satellites in 
RTK mode. 

 
Figure 2.1 GPS-centric approach 
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Figure 2.2 GNSS-centric approach 

The first GNSS receiver that enables measurements in RTK mode, but without 
using any GPS satellite signals, is the SP80, GNSS receiver from Spectra Precision 
[URL 1]. In order to test the possibility of such an operation on the Croatian territory, 
the precision of coordinate measurement was tested according to ISO 17123-
8:2015. 

3. ISO 17123-8:2015 standard 

ISO 17123 standard defines the testing of geodetic and surveying instruments, 
and its common name is Optics and Optical instruments – Field Procedures for 
Testing Geodetic and Surveying Instruments [URL 2]. The field procedures for 
testing the precision of the GNSS field measurement systems in real-time kinematic 
(RTK) are defined in its eight chapter. ISO 17123-8:2015 standard specifies the field 
procedures for testing the precision of Global Navigation Satellite System, (this 
includes GPS, GLONASS, Galileo) in real-time kinematic (RTK), as well as of its 
ancillary equipment when used in construction, industrial, and other measurements 
[ISO 2015]. 

4. Implemented measurements and analysis of the obtained results 

Field testing was made in Zagreb applying highly precise positioning (VPPS) 
CROPOS system and using GNSS receiver SP80, serial number 5410900102. The 
receiver was tested according to the full test of ISO 17123-8:2015 standard. 
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There were two points set up and firmly stabilized on the ground at the 
distance of about 20 meters. The measurements were made in two series. Each 
series consisted of 3 sessions, each of them having 5 sets. Each set included the 
measurements on the points 1 and 2. 

Horizontal distance and height difference between these two stabilized points 
were determined by means of geodetic methods with the accuracy higher than 3 
mm. The obtained values were taken as reference values. 

The first series of measurements was conducted by Sanja Šarušić on the 21st 
August 2015. The second series of measurements was conducted by Ivica Šarušić 
that same day. 

Figure 4.1 shows the screen of the used GNSS receiver SP80 showing active 
GLONASS satellites [Figure 4.1]. 

In order to speed up the computational processes of testing the precision of 
the RTK measurement system, the computer program GNSS_RTK_ISO made in the 
software package Microsoft Office 2010 was used [Zrinjski et al. 2015]. 

 
Figure 4.1 Display of the active GLONASS satellites 

When using the full test, the results of the measurements are processed in two 
steps. In the first step, the measured data are compared with the reference data, 
while in the second step, the statistical values are determined and 4 statistical tests 
made. 

As a result of testing, ISO 17123-8:2015 standard sets four assumptions in the 
full test that need to be met by the measuring system.  

GNSS measuring system Spectra Precision SP80 has a declared measurement 
uncertainty for the network RTK mode given in the technical specifications, 
horizontally (8 mm+0.5 ppm), vertically (15 mm+0.5 mm). 
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After the measurement, the empirical standard deviation of coordinates (x, y) 
was calculated [ISO 2015]: 

 𝑠ISO−GNSS_RTK−𝑥𝑦 = √𝑠𝑥
2 + 𝑠𝑦

2  (1) 

The result of the 1st series of the measurement: 𝑠ISO−GNSS_RTK−𝑥𝑦 = 6.72 mm. 

The result of the 2nd series of the measurement: 𝑠ISO−GNSS_RTK−𝑥𝑦 = 6.90 mm. 

The empirical standard deviation of the height (h) was calculated [ISO 2015]: 

 𝑠ISO−GNSS_RTK−ℎ = √
∑ 𝑟ℎ

2

28
 (2) 

The result of the 1st series of the measurement: 𝑠ISO−GNSS_RTK−ℎ = 17.54 mm. 
The result of the 2nd series of the measurement: 𝑠ISO−GNSS_RTK−ℎ = 10.47 mm. 
Consequently, statistical tests were carried out with a level of confidence being 

k=0.95. 

4.1. Test number 1 

In the test number 1, we got the results comparing the calculated empirical 
standard deviation (sGNSS_RTK-xy) and the corresponding value (σxy) declared by the 
manufacturer of the instrument. 
 
Hypothesis: 

Null Hypothesis (H0): sGNSS-RTK-xy  ≤  σxy 
Alternative Hypothesis (H1): sGNSS-RTK-xy  >  σxy 

Selected level of significance α = 0,05 
 
The first series of measurements:  

 
Calculated empirical standard deviation of position, sGNSS-RTK-xy 

6.72 mm 
 
The value of the standard deviation given by the manufacturer, σxy 

8.5 mm 
6.72      ≤       8.5      ·     1.15 

6.72      ≤       12.65 
With 95% probability: 
 

  

Null Hypothesis (H0) is accepted, ie. calculated empirical standard 
deviation is smaller then declared standard deviation. Measurements 

were carried out with the expected accuracy.   
 

The second series of measurements:  
 
 

Calculated empirical standard deviation of position, sGNSS-RTK-xy 
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6.90 mm 
 
The value of the standard deviation given by the manufacturer, σxy 

8.5 mm 
6.90      ≤       8.5      ·     1.15 

6.90      ≤       12.65 
 
With 95% probability: 

 

  

Null Hypothesis (H0) is accepted, ie. calculated empirical standard 
deviation is smaller then declared standard deviation. Measurements 

were carried out with the expected accuracy.   
 

4.2. Test number 2 

In the test number 2, we got the results comparing the calculated empirical 
standard deviation (sGNSS_RTK-h) and the corresponding value (σh) declared by the 
manufacturer of the instrument. 
 
Hypothesis: 

Null Hypothesis (H0): sGNSS-RTK-h  ≤  σh 
Alternative Hypothesis (H1): sGNSS-RTK-h  >  σh 
Selected level of significance α = 0,05 

 
The first series of measurements:  

 
Calculated empirical standard deviation of height, sGNSS-RTK-h 

17.54 mm 
 

The value of the standard deviation given by the manufacturer, σh 

15.5 mm 
17.54      ≤       15.5      ·     1.22 

17.54      ≤       25.62 
 
With 95% probability: 
 

  

Null Hypothesis (H0) is accepted, ie. calculated empirical standard 
deviation is smaller then declared standard deviation. Measurements 

were carried out with the expected accuracy.   
 
The second series of measurements:  
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Calculated empirical standard deviation of height, sGNSS-RTK-h 

10.47 mm 
 

The value of the standard deviation given by the manufacturer, σh 

15.5 mm 
10.47      ≤       15.5      ·     1.22 

10.47      ≤       25.62 
 

With 95% probability: 
 

  

Null Hypothesis (H0) is accepted, i.e. calculated empirical standard 
deviation is smaller then declared standard deviation. Measurements 

were carried out with the expected accuracy.   

4.3. Test number 3 

In the test number 3, we got the results comparing two empirical standard 
deviations of the horizontal position (s i ŝ) obtained from various measurements of 
the same number of degrees of freedom. 

 
Hypothesis: 

Null Hypothesis (H0):   s = ŝ 
Alternative Hypothesis (H1):  s ≠ ŝ 
 
Calculated empirical standard deviation of position for the first series of 

measurements, sGNSS-RTK-xy 

6.72 mm 
 
Calculated empirical standard deviation of position for the second series of 

measurements, ŝGNSS-RTK-xy 

6.90 mm 
 
The limits of mutual test:  

0.59          ≤          s² / ŝ²          ≤          1.7 

 
The ratio of the square of empirical standard deviations, s² / ŝ² 

0.95 
 

 
With 95% probability: 
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Null Hypothesis (H0) is accepted, ie. empirical standard deviations come from 
the same sample. 

 

4.4. Test number 4 

In the test number 4, we got the results comparing two empirical standard 
deviations of the height (s i ŝ) obtained from various measurements of the same 
number of degrees of freedom. 
 
Hypothesis: 

Null Hypothesis (H0):   s = ŝ 
Alternative Hypothesis (H1):  s ≠ ŝ 
Calculated empirical standard deviation of position for the first series of 

measurements, sGNSS-RTK-h 

17.54 mm 
Calculated empirical standard deviation of position for the second series of 

measurements, ŝGNSS-RTK-h 

10.47 mm 
 
The limits of mutual test:  

0.47          ≤          s² / ŝ²          ≤          2.13 

 
The ratio of the square of empirical standard deviations, s² / ŝ² 

2.80 
 
With 95% probability: 
 

Null Hypothesis (H0) is not accepted. 

5. Conclusion 

The testing of SP80 GNSS surveying system with the signals used only from 
GLONASS satellites according to ISO 17123-8:2015 standard yielded the results of 
horizontal accuracy with a standard deviation of 6.72 mm and 6.90 mm, and the 
results of the accuracy of height determination with the standard deviation of 17.54 
mm and 10.47 mm. According to the technical specification of the manufacturer, the 
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accuracy in the network RTK mode is (8 mm+0.5 ppm) (horizontal position) and 
(15 mm+0.5 ppm) (height). 

Based on the results of measurements and statistical tests and on their 
comparison with the technical specifications of the manufacturer, it can be 
concluded that the horizontal accuracy of the measured data is in accordance with 
the declared precision. The precision of the height measurement in the first series is 
not in accordance with the declared precision. On the other hand, the precision in 
the second series is in accordance with the declared precision. It resulted with the 
negative result of the fourth test. After reviewing the measured data of the first 
series, the deviation in one of the sets of measurements was noticed, which 
consequently makes the standard deviation higher than declared. 

Regardless of the negative fourth statistical test being the result of individual 
variations in the real measurement conditions, we can conclude that GNSS receivers 
that receive only GLONASS satellite signals and use Z-Blade GNSS-centric technology 
comply with the precision declared by the manufacturer and can be used for a 
number of applications in cadastral and engineering geodesy. With this 
technological solution, the global reliance on GPS in determining the position no 
longer exists. 
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Ispitivanje kvalitete RTK pozicioniranja primanjem 
signala samo s GLONASS satelita prema normi ISO 
17123-8:2015 

Sažetak. Razvitkom ruskoga globalnog navigacijskog sustava GLONASS prestaje 
tehnološka ovisnost o jednom globalnom navigacijskom sustavu – GPS-u. U korak s 
njegovim razvitkom razvijaju se i geodetski precizni GNSS uređaji za RTK 
pozicioniranje koji prestaju biti ovisni o GPS-u. Takav uređaj razvila je tvrtka Spectra 
Precision pod nazivom SP80. Tvrtka je razvila Z-Blade tehnologiju koja omogućuje 
RTK pozicioniranje neovisno o GNSS-u koji se koristi te je moguće neovisno koristiti 
samo GLONASS ili samo BeiDou ili samo Galileo (u bliskoj budućnosti) sustav. U radu 
će biti prikazana kvaliteta pozicioniranja u RTK modu rada na području Hrvatske 
koristeći GLONASS, a iskazana prema normi ISO 17123-8:2015. 

Ključne riječi: GLONASS, ISO 17123-8:2015, RTK pozicioniranje, SP80, Z-Blade. 
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Abstract. In order to make high-quality GNSS observations leading to reliable 
coordinates, especially on the stations that are intended to be used frequently or 
permanently, it is necessary that the location on which the observations will be 
taken fulfils certain criteria encompassing primarily the horizon without any 
obstacles, but also the absence of noise generated by the sources of electromagnetic 
radiation. The fulfilment of these criteria has been examined from the data taken 
during 24-hours long session of GNSS observations on the station located atop the 
tower of the Faculty of Mining, Geology and Petroleum Engineering (RGN) below 
which the antennas and the base station of mobile telecommunication provider are 
located. The observation data processing done with the TEQC software provided the 
information about Signal-to-Noise Ratio (SNR) and multipath both at L1 and L2 
frequencies for signals of GPS and GLONASS satellites. Similarly, the observation 
data from the nearby CROPOS CORS ZAGR were processed and the comparison of 
results was presented. Based on GNSS observations taken on the RGN station along 
with the observation from CROPOS CORS stations KARL, SISA, ZABO and ZAGR, the 
baselines were processed, subsequently the network was adjusted and the 
coordinates accuracy estimation was given. Additionally, the apparent horizon 
around the RGN station was observed with the total station revealing that the sky is 
without obstacles above 10° elevation mask. 

Keywords: GNSS observations, horizon, multipath, Signal-to-Noise Ratio (SNR), 
TEQC. 

1. Introduction 

The station sites that are intended to be frequently or permanently occupied 
are required to meet certain criteria for the purpose of capturing high-quality GNSS 
observations resulting in reliable coordinates, especially related to the horizon 
being completely free of obstacles, but also to the absence of noise generated by the 
sources of electromagnetic radiation. The absence of obstacles (horizon cleanliness) 
around a GNSS station is usually determined by simple terrain reconnaissance, but 
it can be determined more reliably by observing the zenith distances, i.e. the 
elevation angles of objects on apparent horizon. However, in order to detect the 
noise caused by the sources of electromagnetic radiation, it is necessary to carry out 
GNSS observations in a longer time window and subsequently process the data 
using appropriate software tools and interpret the results. Such measurements 
were performed atop the tower of the Faculty of Mining, Geology and Petroleum 
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Engineering (RGN) of the University in Zagreb, with the antennas and the base 
station of mobile telecommunication provider located below the tower [Figure 1.1]. 

Except the antennas shown on figure 1.1, the antennas and the base station 
owned by another mobile telecommunication provider are located on the roof of the 
RGN building, approximately 40 m apart from the tower. Fortunately, the latter are 
not oriented towards the tower, so the GNSS station is not located within the 
directed beam of radiation. The depicted circumstances with the sources of 
electromagnetic radiation and the potential noise effect on the quality of GNSS 
observations have motivated the research work and the preparation of this paper as 
well.  

2. Multipath and Signal to Noise Ratio 

Multipath is mainly caused by reflecting surfaces near the receiver, secondary 
effects are reflections at the satellite during signal transmission. There is no general 
model of multipath effect because of the time- and location-dependent geometric 
situation. The influence of the multipath, however, can be estimated by using a linear 
combination of code and carrier phase measurements on frequency L1 and L2. The 
principle is based on the fact that the troposphere, clock error, and relativistic 
effects influence code and carrier phase by the same amount. This is not true for the 
ionospheric refraction and multipath, which are frequency dependent. Taking 
ionosphere-free code ranges and carrier phases, and forming corresponding 
differences, all mentioned effects except for multipath are canceled [Hofmann-
Wellenhof et al. 2008]. Multipath propagation affects both code and carrier 
measurements. The effect on P-code observations is two order of magnitude larger 
than on carrier phase observations, and can reach decimeter to meters [Seeber 
2003]. It is assumed that the phase multipath on carriers L1 and L2 (mp1 and mp2) 
are small in comparison to MP1 and MP2 pseudorange multipath on carriers L1 and 
L2. Pseudorange multipath MP1 and MP2 can be estimated by equations [Seepersad 
& Bisnath 2015]: 

 𝑀𝑃1 = 𝑃1 − (
2𝛼

𝛼−1
) 𝐿1 + (

2𝛼

𝛼−1
) 𝐿2, (1) 

 

Figure 1.1 Tower of RGN (GNSS station is on 
the top and monumented with metal pillar) 

 

Figure 1.2 GNSS receiver on RGN station 
(metal pillar) during 24-hours long session 
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 𝑀𝑃2 = 𝑃2 − (
2𝛼

𝛼−1
) 𝐿1 + (

2𝛼

𝛼−1
) 𝐿2, (2) 

where P1 and P2 are pseudoranges on carriers f  (L1) and f (L2), L1 and L2 are phase 
measurements on carriers f (L1) and f (L2), respectively. Coefficient α is derived 
according to [Seepersad & Bisnath 2015, URL 1]: 
 𝛼 = (𝑓(𝐿1)/𝑓(𝐿2) )2= 1.646944. (3) 
A complete derivation of expressions (1) and (2) may be found in e.g. Zrinjski, 2010. 
As was shown in Seepersad & Bisnath 2015, at lower elevations angles there is 
higher multipath and as the observed elevation of the satellites increases, the 
multipath decreases. The occurrence of multipath at the GNSS antenna adversely 
affects GNSS initializations and solutions: during initialization by the OTF (On-The-
Fly) method, it is difficult to detect multipath, which may cause initialization to be 
lengthy or unsuccessful [Trimble Navigation Ltd 2013]. 
The Signal to Noise Ratio (SNR or S/N) describes the performance of GNSS receiver  
functional block by relating the signal power P to the noise power N according to 
expression [Hofmann-Wellenhof et al. 2008, Seeber 2003]: 

 
𝑆

𝑁
= 10 𝑙𝑜𝑔10  

𝑃

𝑁
   [𝑑𝐵]. (4) 

The carrier-to-noise power density ratio C/N0 is a bandwidth-independent index 
number that relates the (carrier) power to noise per 1 Hz bandwidth: 

 
𝐶

𝑁0
= 10 𝑙𝑜𝑔10  

𝑃𝑟

𝑁0
       [𝑑𝐵𝐻𝑧]. (5) 

Whereas S/N is generally used in conjunction with signal at baseband after 
dispreading operations, C/N0 is more commonly used to quantify the signal power 
Pr of received signal [Bradke 2009]. Typical values range from roughly 30 or 40 
dBHz at low elevations to 50 to 55 dBHz at elevations above 60°. This quantity is 
used for comparison of signal strength between channels and between satellites, 
and to assess interference. It can also be used to map the multipath environment 
around antenna, to estimate time-varying multipath parameters, and may be a way 
to remove multipath errors from phase data [Estey & Wier 2014]. An overview of 
Signal To Noise Ratio and carrier-to-noise is given in e.g. Joseph 2010. 

3. GNSS measurements on RGN station 

The observations atop the tower of RGN were made using the GNSS receiver 
Trimble R8 (model 2) with the integrated antenna R8 GNSS/SPS88x and the 
controller Trimble (Trimble Survey Controller). Receiver parameters were set as 
follows: data logging interval 10 seconds, elevation mask 0°, recording of L2C, L5 
and GLONASS satellites data. The data logging started on 22nd February 2016 at 
07:16 GPST (GPS Time) and ended on 23th February 2016 at 07:34 GPST which 
means that the session lasted for more than 24 hours. The observations were made 
on the geodetic station monumented with 1.30 m high metal pillar (tube). On the 
top of the metal pillar, there is an aluminum disk with the threaded screw in its 
centre for setting up the geodetic instruments [Figure 1.2]. A tribrach was mounted 
on the screw and used for levelling the GNSS receiver with integrated antenna. The 
antenna height was measured vertically from upper plane of the aluminum disk up 
to four positions evenly spaced along the center of bumper. As it will be explained 
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later in this paper, the station coordinates were determined by means of static 
measurements. Horizontally, coordinates are related to the center of the screw, 
vertically to the upper plane of the aluminum disk. The power was supplied from 
external battery [Figure 1.2]. For the purpose of data processing, the comparisons 
of the results with the nearby CROPOS CORS ZAGR, as well as the baselines 
processing, network adjustment, and the determination of RGN station coordinates, 
GNSS observations for CORS stations KARL, SISA and ZABO were downloaded from 
CROPOS GNSS Reference Station WEB Server [URL 2] in RINEX 2.11 format (more 
details about this format may be found on e.g. URL 3.). The observations recorded 
with data logging interval of 10 seconds covered the time window from 22nd 
February 2016 at 07:30 GPST up to 23rd February 2016 at 07:30 GPST. 

4. Data processing in TEQC 

TEQC is a comprehensive toolkit for solving many problems in the 
preprocessing of GNSS data. The most common data format used in TEQC is RINEX 
(OBS, NAV, MET files) being currently supported formats up to the version 2.11 
[Estey & Lou 2014]. The usage of proper options in TEQC provided the reduction of 
original RINEX file with the observations gathered on the RGN station to 24-hours 
long time window matching the same time span used for the data on CROPOS CORS 
ZAGR. The time spans are given in GPST that is currently (March 2016) ahead from 
UTC by 17 seconds (leap seconds). In RINEX file (RGN station), there are 13 types of 
observations contained: C1, C2, C5, P2 (pseudoranges in unit m), D1, D2, D5 
(Doppler frequency shift in unit Hz), L1, L2, L5 (carrier phase in unit full cycles), S1, 
S2 and S5 (Signal-to Noise Ration for phase observations in unit dBHz). It is specified 
in the User Guide for GNSS receiver Trimble NetR5 installed on CROPOS CORS 
stations that „typical SNR of a satellite at 30° elevation is between 47 and 50 dBHz; 
the quality of a GPS position is degraded if the SNR of one or more satellites in the 
constellation falls below 39“  [URL 3]. The header of RINEX file with data from RGN 
station is shown on figure 4.1. 

GNSS data in RINEX 2.11 format observed at CROPOS CORS include only 8 
types of observation, so for the purpose of further data processing, analysis and 
comparison, the observables C2, C5, D5, L5 and S5 contained in RINEX file at station 
RGN were removed. 

 

 
Figure 4.1 Header of original RINEX file with the observations gathered on the RGN 

station 
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Additionally, as it is reported in figure 4.1, the model designation of GNSS 
receiver “R8 Model 2” along with the designation of GNSS antenna “TRM60158.00” 
are not in accordance with IGS (International GNSS Service) standards supported by 
TEQC. Although the GNSS receiver “Trimble R8 Model 2” and GNSS antenna 
“TRIMBLE R8 GNSS/SPS88x” are concerned here, due to correct data processing 
within TEQC, the receiver and antenna designations were harmonized with IGS 
standards: TRIMBLE R8 GNSS (receiver) and TRMR8_GNSS (antenna) [Figure 4.2]. 

 
Figure 4.2 Header of the edited RINEX file prepared for processing in TEQC with the 

observations gathered on the RGN station 

4.1. TEQC Quality Check (QC) 

By using “+qc” options within TEQC, different quality indicators of input data 
are calculated and GNSS observation problems revealed. Along with observation 
data, the satellite ephemeris data (GPS and GLONASS) may be used optionally in 
order to improve QC results (qc-full) [URL 5]. GPS and GLONASS navigation files 
were used for data processing, so the results are given in ‘qc-full’ format. TEQC's 
default mask elevation is 10° above the horizon. The horizon in TEQC is defined by 
the plane parallel to the ellipsoid through the receiver's antenna phase centre [ibid.]. 

The results of QC data processing are output in ASCII file with an “S” appended 
to the file extension (e.g. by processing of input file “ZAGR053A.16o” along with GPS 
and GLONASS navigation files, the output “ZAGR053A.16S” ASCII file with “qc-full” 
results is generated). This file contains the processing report given in two parts: 
short report format and long report format. In the short format part, “ASCII plot” 
with graphical results of data processing for each individual satellite along with the 
“summary report” is presented, whereas in the second part, there are the details 
about, e.g. multipath per each satellite given, as well as the distribution of SN1 and 
SN2 values per elevation above horizon. The abbreviations SN1 and SN2 refer to the 
Signal to Noise Ratio (SNR) of phase observations on L1 and L2 carriers, respectively 
[Estey & Lou 2014]. 

The comparative analysis of QC processing results for the stations ZAGR and 
RGN is presented in sequel. In table 4.1, there is the information given about: 
receiver tracking capability (Rx tracking capability: 28 SV), number of possible 
epochs with observation (Poss. # of obs epoch: 8640), number of epochs with 
observation (Epoch w/ observations: 8640), possible observations above horizon 
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(Possible obs >0.0 deg), possible observations above elevation mask 10° (Possible 
obs >10.0 deg), complete observations contained in observation (OBS) file above 
elevation mask (Complete obs >10.0 deg), deleted observations above elevation 
mask (Deleted obs >10.0 deg) and masked observations i.e. observations below the 
elevation mask 10° (Masked obs <10.0 deg).  A “complete observation” within TEQC 
is related to the phase and code pseudorange data on both carriers (L1 and L2) for 
GPS and GLONASS data, and also "good" S/N data on both L1 and L2, and that is 
usually the case when the threshold is zero. “Deleted observation” are the 
observations deleted for any reason: below elevation mask, missing code or phase 
data, and/or poor S/N [URL 5]. 

Table 4.1 Number of possible, complete, deleted and masked observations gathered on 
stations ZAGR and RGN 

ZAGR 

 
RGN 

 
 
It is evident from the data in table 4.1 that GNSS receivers on the stations ZAGR 
(Trimble NetR5) and RGN (Trimble GNSS R8) were capable to track 28 satellites, 
there were 8640 possible observations using logging interval of 10 seconds (24 x 60 
x 6 = 8640). Slightly greater number of possible observations above 10° at the ZAGR 
station (129686) compared to those on the RGN station (129645) are most likely 
due to the characteristics of the GNSS receiver and antenna set, bearing in mind that 
the horizon on the station RGN is free of obstacles (see Chapter 5). The great 
difference in the number of complete observations between the stations ZAGR and 
RGN is due to the absence of code pseudoranges P2 (carrier L2) for 11 GPS satellites. 
Significantly greater number of masked observations on the RGN station is the direct 
effect of setting the elevation mask to 0° (elevation mask on the station ZAGR was 
set to 10°). 

Table 4.2 Moving average (RMS) MP12 and MP21 as well as mean values of S1 and S2 

ZAGR 
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RGN 

 
 
TEQC computes the root mean square (RMS) of multipath combinations MP1 

(MP12) and MP2 (MP21). The values MP1 and MP2 are TEQC's computed values of 
the RMS moving average values of the MP1 and MP2 in meters. There are 50 points 
contained in the moving average, and the observations above elevation mask 10° 
are taken into consideration. Moreover, the mean values of SNR1 and SNR2 are 
reported together with standard deviations and number of values the mean values 
are calculated from. The moving average RMS values of MP12 and MP21 along with 
S1 (SNR1) and S2 (SNR2) values for stations ZAGR and RGN are shown in table 4.2. 

Table 4.3 Number of observations on stations ZAGR and RGN along with percentage of 
observations above elevation mask without data and observations with low SNR values 

ZAGR 

 
RGN 

 
It can be inferred from the data in table 4.2 that the moving average values MP12 
and MP21 on the RGN station are in average 4 cm larger in comparison to those on 
the ZAGR station, the mean SNR1 values are approximately equal, the SNR2 values 
are higher on the RGN station. This may lead to the conclusion that the noise effect 
on the RGN station is smaller than on the ZAGR station, although it must be pointed 
out that GNSS observations on both stations were not gathered using equal receiver 
and antenna equipment. 

QC-full report includes a summary of MP12 and MP21 RMS values per each 
observed satellite as well as the mean value (RMS) for the station. The distribution 
of MP12 and MP21 values (RMS) per elevation intervals starting from 85°-90° down 
to 5°-0° are graphically and numerically presented, showing that satellites at low 
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elevations are significantly more burdened with multipath effect. On the RGN 
station, MP12 values are smaller for all elevation intervals greater than 50°-55°, 
MP21 values are smaller for all elevations. 

Graphical and numerical representation of S/N  (SNR) distribution for carriers 
L1 and L2 per elevation intervals are given at the end of qc-full report. The total 
number of observations per elevation intervals along with mean S/N values and 
their standard deviation (1 sigma) are given too. 

Table 4.3 Comparative overview of S/N distribution on carrier L2 per elevation interval on 
stations ZAGR and RGN 

ZAGR 

 
RGN 

 
 
The data in table 4.3 show that S/N mean values on L2 carrier are generally 

smaller on the ZAGR station. It is clearly visible that SNR values are increasing along 
with the elevation increase. Significantly more populated intervals 0°-5° and <0° on 
the RGN station may be correlated with the elevation mask 0°. 

5. Baseline processing and network adjustment in TBC 

The ultimate goal of GNSS measurements is the determination of coordinates 
along with their accuracy estimation. The statically gathered observations on the 
RGN station together with the data downloaded for CROPOS CORS stations KARL 
(47.4 km), ZABO (25.1 km), SISA (47.6 km) and nearby ZAGR (0.115 km) were 
processed using Trimble Business Centre (TBC), ver. 3.40. For baseline processing, 
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GPS and GLONASS broadcast as well as precise ephemerides were used. The precise 
GPS ephemerides (IGS final) were downloaded from URL 6, GLONASS precise 
ephemerides were downloaded from URL 7. Prior to baseline processing, project 
setting in TBC were defined as follows: coordinate system HTRS96/TM, GPS time, 
ephemerides broadcast/precise, usage of all satellites observations (GPS and 
GLONASS), elevation mask 10°, antenna calibration NGS Absolute. After baseline 
processing using broadcast ephemeris, the network adjustment was performed 
with CORS KARL, ZABO, SISA and ZAGR coordinates fixed in reference frame 
ETRF2000 (R05) (official reference frame of CROPOS CORS network). The network 
adjustment after baseline processing using precise ephemeris given in IGS08 (IGS 
realization of ITRF2008 [Rebischung et al. 2012]) was carried out as follows: CORS 
coordinates were transformed from ETRF2000 (R05) (e = 2008.83) to ITRF2008 (e 
= 2016.14), network adjustment was performed in ITRF2008 with subsequent 
transformation back to ETRF2000 (R05) (e = 2008.83). The station velocities were 
estimated from model NNR Nuvel 1A using Plate Motion Calculator [URL 8]. The 
adjustment results with associated accuracy estimation are given with the 
confidence level 95%. Although the results of the baseline processing (using 
broadcast and precise ephemerides) and subsequent network adjustment have 
shown equal results, the solution derived with precise ephemerides was accepted 
as the final result. The final ellipsoid coordinates (GRS80) of the RGN station along 
with the coordinates of CROPOS CORS ZAGR are given in table 5.1. 

Table 5.1 Ellipsoid coordinates (GRS80) of stations RGN and ZAGR 

Station φ λ h [m] 
RGN 45°48' 25.22069'' 15°57' 49.87412'' 202.410 
ZAGR 45°48' 28.68661'' 15°57' 47.83532'' 194.402 

 
The estimation of coordinate accuracy is given as follows: ±0.003 m (E), 

±0.002 m (N) and H ±0.003 m (h). These accuracy estimation values may be 
considered as additional confirmation of significant noise absence in GNSS 
observations on RGN station. The ellipsoid azimuth value from RGN to ZAGR station 
(α = 337° 38° 19’’) has been calculated from coordinates in table 5.1. Using this 
azimuth value and the total station Topcon GTS 212, horizontal directions and 
zenith distances to objects on the apparent horizon around RGN station were 
observed. It was found that on apparent horizon around RGN station there are no 
objects with elevation greater than 8.6° leading to the conclusion that such horizon 
with the application of elevation mask 10° can be considered totally free of 
obstacles.  

6. Conclusion 

Although the suitability of site GNSS measurements may be assessed by means 
of terrain reconnaissance, a more reliable approach involves elevation angles 
determination of objects on the apparent horizon around the station. However, in 
order to get better insight about potential noise generated by the sources of 
electromagnetic radiation, it is necessary to gather a sufficient amount of statically 
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observed data and subsequently process and analyze the results using appropriate 
software tool, e.g. TEQC. The quantities that have to be analysed are multipath and 
SNR on carriers L1 and L2 for GPS and GLONASS satellites as well. The increased 
multipath indicates the presence of reflective surfaces, whereas small SNR can 
indicate the potential presence of noise that comes from the sources of 
electromagnetic radiation. In spite of the presence of antenna and base station of 
mobile telecommunication providers in the proximity of the RGN station, the results 
of data processing in TEQC have not pointed out a significant source of noise. In 
comparison with QC results on CROPOS CORS ZAGR, the presence of slightly 
increased multipath on RGN station was revealed, but at the same time, there were 
higher SNR values for L2 carrier found. Since the observation on the stations RGN 
and ZAGR were carried out using different GNSS receiver and antenna combinations, 
more reliable analysis requires the observations to be made by using GNSS 
equipment of equal characteristics. The performance of GNSS measurements on 
station with horizon free of obstacles and the absence of noise generated by source 
of electromagnetic radiation are the main prerequisites for reliable determination 
of coordinates. 
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Ispitivanje pogodnosti lokacije za GNSS mjerenja 

Sažetak. U svrhu provedbe kvalitetnih GNSS opažanja koja će rezultirati pouzdanim 
određivanjem koordinata točaka, posebice onih koje se često ili trajno koriste, 
potrebno je da lokacija na kojoj će se izvoditi mjerenja zadovolji određene kriterije 
što ponajprije uključuje horizont bez zapreka, ali i izostanak šuma generiranih 
izvorima elektromagnetskog zračenja. Ispunjavanje navedenih kriterija ispitano je 
na osnovi podataka prikupljenih tijekom 24-satne sesije GNSS opažanja na točki na 
vrhu tornja Rudarsko-geološko-naftnog fakulteta (RGN) ispod kojeg se nalaze 
antene i bazna stanica operatera mobilne telekomunikacijske mreže. Prikupljeni 
podaci opažanja obrađeni su pomoću programa TEQC, a dobivene su informacije o 
SNR-u (engl. Signal-To-Noise Ratio) kao i o višestrukoj refleksiji signala (engl. 
multipath) na L1 i L2 frekvencijama kako GPS tako i GLONASS satelita. Slično tome, 
obrađena su i opažanja s obližnje CROPOS CORS ZAGR te su prikazani dobiveni 
rezultati. Na osnovi GNSS opažanja prikupljenih na točki RGN zajedno s opažanjima 
na CROPOS referentnim stanicama KARL, SISA, ZABO i ZAGR izračunani su vektori, 
provedeno je izjednačenje mreže te je dana ocjena točnosti dobivenih koordinata. 
Dodatno, pomoću totalne mjerne stanice opažan je prividni horizont oko točke RGN 
iz čega se zaključilo da je horizont potpuno čist iznad elevacijske maske 10°. 

Ključne riječi: GNSS opažanja, horizont, omjer signal-šum (SNR), TEQC, višestruka 
refleksija signala (multipath). 

*scientific paper 
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Institutional Framework for Operation of Engineering 
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Abstract. In recent years we have been the witnesses of major changes in the 
institutional, legislative, and technological terms that affected the requirements and 
needs of surveyors in the field of engineering. This paper will examine and provides 
an overview of the institutional problems in terms of the change in the 
organizational models of work, challenges, and requirements for licensing, diploma 
nostrifications, types of the equipment and different software. The greatest and 
most difficult requirement is to provide financial instruments of action at the 
national or regional market, as a condition for the participation in investment 
projects financed either by bilateral or international financial institutions. 

Keywords: institutional framework, international projects, licensing, regional 
market. 

1. Introduction and a Brief History of the Engineering Geodesy Development on the 
Balkans 

The engineering geodesy, a broadly covering application of geodesy and its 
methods of work in the wide area of technical sciences, is a constitutive and an 
unavoidable part of designing, development and exploitation of civil engineering, 
industrial, energy, transportation and other economic (investment) projects. 

From the very beginning of geodesy, the engineering geodesy was not a 
separate specialization; instead, it had been developing through the interaction with 
other technical professions, meeting their requirements and using all the 
achievements of geodetic science (new instruments, computer use, measuring and 
adjustment methods, data acquisition, etc.). 

According to the present records and estimates, about 45% of all geodetic 
professionals work in the field of the engineering geodesy, i.e. the fields of geodesy 
serving development of investment facilities. 

A brief historical overview of the engineering geodesy development may be 
presented through three periods: 

• The second half of 20th century up to the dismemberment of Yugoslavia in 
1991/92; 

• From 1991to the end of war in late 1990’s 
• The beginning of 21st century up to the present time 
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The period from mid-20th century to the dismemberment of Yugoslavia in 
1991/92 was specific for numerous civil works, machinery development, power 
development, etc., being the most productive sectors of economy, with works 
performed both locally and abroad. These works were performed by the companies 
from individual republics, either individually, or jointly as the consortiums of 
companies, with complementary types of services and works. 

The period from 1991 to the end of war in late 1990’s had seen much lower 
volume of works due to the United Nations embargo and winding down of economic 
activities in all fields. Serbian companies had lost their position at global and 
neighbouring countries’ markets due to both, war actions and political decisions of 
bigger countries, one of the major issues was the emigration of highly educated and 
experienced staff, going to foreign companies’ worldwide, thus the domestic 
companies remained without the necessary experts needed for carrying out quality 
operations. All this had contributed to a significant decrease of economic activities, 
followed by a decrease of geodesy application in infrastructural and other projects. 
The greatest decrease of operation was suffered by the major Serbian companies, 
such as: Energoprojekt, Trudbenik, Autoput, Rad, Gosa, Hidrotehnika and many 
others. The loss of market share was fatal for the survival of many companies, thus 
some had failed to recover even after improving the business climate in early 21st 
century and were closed and wound up. 

The beginning of 21st century to nowadays is characterized by the economic 
transition and company operation change, along with the emergence of new, 
modern organizations for implementing infrastructural projects. The majority of big 
systems had undergone the inappropriate privatization processes, thus small 
private companies, adjusted to the minor projects implementation, emerged on the 
Serbian market. On the other hand, the presence of big foreign systems for the 
implementation of major infrastructural projects smothers or destroys smaller, 
newly established geodetic organizations with insufficient solvency. The advantage 
of major foreign systems is based on the capacity to meet strictly defined bidding 
conditions (bank guarantees, references regarding projects implemented over past 
5 years, annual turnover, etc.) that cannot be met by small Serbian companies. Thus, 
the foreign companies had won and developed the majority of infrastructural 
facilities, while taking over prominent experts and staff from Serbian systems that 
had previously been closed or improperly privatized. Under the pressure of market 
conditions and legislation, Serbian companies have been working as sub-
contractors, with the right to get references after the project completion. Many 
facilities were developed in such manner, including the ones on the Corridor 10, the 
Gazela bridge reconstruction, the Oslobodjenje bridge construction in Novi Sad, the 
Ada bridge construction in Belgrade, the construction of the Danube River Bridge 
covered by the Chinese loan, and many others [Geodetic Activities in Serbia 1837- 
2012 ,2012]. 

2. Chamber of Engineers and Position of Surveyors Therein 

The field of geodesy serving other engineering professions is a subject to 
general engineering rules and principles, along with the legislation covering other 
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fields, such as the Law on planning and construction, laws in the field of environment 
protection etc., along with the laws on higher e education. 

Professional codes of conduct are prescribed under the general engineering 
codes of the Chamber of Engineers. The field of geodesy lacks the base section in the 
Chamber of Engineers; instead, it is categorized under “other technical disciplines). 

There are 452 graduated engineers of geodesy and 22 engineers of geodesy 
(those having four-year undergraduate education) all of whom are the members of 
the Chamber of Engineers of the Republic of Serbia [URL 1]   

Graduated engineers of geodesy are licensed as: 
• responsible designers of geodetic projects, designation 372, with a total of 

434 active licenses; and 
• responsible contractors of geodetic projects, designation 471, with a total 

of 291 active licenses. 
Undergraduate engineers of geodesy, together with the first level of BsC three 

year graduate studies, are licensed as: 
• responsible contractors of geodetic projects in the field of low- and high-

rise development, designations 771 or 871, with a total of 22 licenses. 
When developing geodetic designs under the major investment projects 

(roads, bridges, housing blocks, etc.), it is necessary to submit the licenses for the 
geodetic engineers responsible for designing geodetic works (e.g. geodetic network, 
geodetic demarcation or construction observation). 

The person holding the license by the Chamber of Engineers shall be appointed 
the responsible contractor of geodetic works, pursuant to the categories of licenses 
above. 
 

1. General conditions for granting licenses are: 
• Appropriate education level, graduated engineer of geodesy or Master for 

license 372; 
• Appropriate education level, graduated engineer of geodesy or Master for 

license 471; 
• Appropriate education level, undergraduate studies, or three i.e. four years 

of graduate studies for licenses 771 or 871. 
2. Given professional experience; 
3. List of references on respectable designs or projects implemented; 
4. Professional exam passed. 

 
Apart from the legislation obligatory for geodetic works pertaining to geodetic 

works performed for state survey and cadastre, the rulebooks of particular 
importance for regulating the geodetic works in engineering-technical fields are: 

• The Rulebook on content, methods, conditions, supervision and control of 
geodetic works performance in engineering-technical fields (“Official 
Gazette RS”, number 20/2002) 

• The Rulebook on technical norms, methods of work for technical 
documentation production and control of technical documentation for 
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geodetic works performance in engineering-technical fields (“Official 
Gazette RS”, number 20/2002) 

• The Rulebook on terms and conditions for granting authorization for 
geodetic works performance and designing in engineering-technical fields 
(“Official Gazette RS”, number 20/2002) 

• The Decree on technical documentations for geodetic works performance 
and granting authorization for geodetic works performance (“Official 
Gazette RS”, number 20/2002). 

3. The Republic Geodetic Authority – The Impact on Engineering Geodesy 

The competence of the Republic Geodetic Authority (RGA) also includes 
geodetic works and affairs pertaining to: 

• issuing and revoking the license for operation of surveying companies; and 
• issuing and revoking the geodetic license. 

Pursuant to the same law, the license for surveying companies will be issued 
if: 

• organization is registered at the competent governmental authorities; 
• organization has employed prescribed number of geodetic professionals 

with the appropriate geodetic licenses,  
• organization has the appropriate working places and the equipment. 

The license for geodetic works in accordance to the Law on State Survey and 
Cadastre may also be issued to the public enterprise (with the limitation of 
performing the works only for their own purposes), to a higher educational 
institution only for the works covering technical documentation and supervision of 
geodetic works that require project documentation and to a geodetic organization 
registered abroad (which may only perform works pertaining to geodetic works 
that require the project designing, if such organization had been selected under the 
international bidding procedure). 

Geodetic licenses issued to a private person are categorized as 1st and 2nd order 
licenses. 

The 1st order geodetic license provides permission for activities, such as: 
• responsible project designer; 
• project management and supervision of geodetic works that require the 

main project design; 
• doing professional field activities; and 
• designing stake out in accordance to urban planning. 

The 1st order geodetic license takes the geodetic surveyor with the appropriate 
education (master academic studies, specialization academic studies, etc.), 
professional exam passed, and a minimum of five years working experience in 
geodetic profession, from which two years minimum with the above degree.  

The 2nd order geodetic license provides the permission for activities, such as: 
• doing geodetic works at the area of cadastre and utility cadastre; 
• stake out works; and 
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• making the maps as the basement in engineering projects, not acquiring the 
project design. 

• The 2nd order geodetic license may be granted to a geodetic surveyor: 
• with the appropriate education (undergraduate academic studies, 

undergraduate professional studies, etc.), professional exam passed, and a 
minimum of three years working experience in geodetic profession from 
which one-year minimum in the above degree; 

• with the appropriate education (master academic studies, specialization 
professional studies, etc.), professional exam passed, and a minimum of 
one-year experience in the above degree. 

Conditions for geodetic works in engineering surveying that surveying 
company needs to satisfy are as follow. 

For technical documentation and professional supervision of geodetic works 
requiring the main project design it is required a minimum of two geodetic 
surveyors employed, with a minimum of one with 1st order geodetic license. For the 
geodetic works requiring the main project design a minimum of five geodetic 
professionals employed are required, with a minimum two that have 1st order 
geodetic license. For geodetic works in map production requiring main project 
design a minimum of two geodetic surveyors employed are required, with a 
minimum of one with the 2nd order geodetic license. 

It is important to say that the geodetic works in engineering-technical fields 
(civil engineering, architecture, mining, energy, agriculture, forestry, etc.) are 
regulated by the legal document regulating planning and civil engineering. 

According to the RGA’s official site information, 486 surveying companies are 
licensed. Institute for Geodesy and Geoinformatics which works under the Faculty 
of Civil Engineering (University of Belgrade) and 36 public enterprises are licensed, 
too. Of the total number of geodetic organizations, 473 satisfy the requirements of 
the engineering surveying works. 

The 1st order licenses have 391 geodetic surveyors, with 552 surveyors having 
the 2nd order license [URL 2]. 

4. Capital Projects in the Region and the Republic of Serbia 

Considering the international bidding for contractors, exclusion of the most 
favourable bidder from the selection process, apart from the cases when bidding 
conditions are not met, mostly refers to the companies that had assisted in drafting 
bidding documents or had provided some sort of consulting services in the bidding 
preparation phase. 

In numerous cases, due to the nature of works, a group of contractors 
organized as a consortium (Joint Venture) jointly submits a bid, and the conditions 
for bidding by such a group are defined. Each partner individually must meet 
general conditions for participation, as well as the entire group jointly. 

Having the scope and value of such works, elimination in the event of 
corruption and fraud is particularly noted as the general condition for bidding. In 
the event of high cost bids, the purchaser may include national legislation of 
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beneficiary country in the bidding documents, regarding protection of bidding and 
fraud and corruption prevention. 

World Bank, IMF, European Bank for Renewal and Development and other 
international financial institutions reserve the right to perform the review or the 
supervision over procurement of works pursuant to the contract and to perform the 
control of performance and the review of documents covering the contract 
performance or to assign this to the auditors appointed at the regional or the EU 
level. 

4.1. Special Bidding Conditions for Capital Projects  

Apart from general bidding conditions for the international bidding, special 
bidding conditions or qualification criteria are commonly being defined. They 
include: 

• Technical conditions; 
• Contractor’s production capacities; 
• Financial conditions; 
• Additional legal requirements; 
• Additional requirements if a bid is submitted by a consortium of several 

contractors. 
Technical bidding conditions commonly include specific experience of a 

contractor in the certain field covered by the bidding, appropriate professional staff 
and additional requirements regarding language skills, etc. 

Conditions providing the contractor’s production capacities involve the proof 
on the method the contractor intends to employ for works performance (technical 
solution proposed, employee data, available equipment), the list of similar contracts 
performed in the past three years, the list of contracts underway with deadlines for 
their completion, in order to verify the availability of capacity. 

The aim of financial conditions review is to obtain a financially “healthy” 
contractor who would financially be able to perform the works required. The 
contractor needs to have the prescribed annual turnover and the appropriate cash 
flow. If a contractor participates in several biddings or contracts under the project 
simultaneously, the conditions need to be met summarily for each of the existing or 
proposed works. The contractor must submit the proof of meeting financial 
requirements, along with the financial reports for the past two years, audited by 
authorized auditing firm. The minimum annual turnover is the value of works 
multiplied by the factor ranging from 1.5 to 2.5. If works performance deadline is 
not equal to one year, this amount is adjusted by multiplying the annual amount 
required by 52/number of weeks of works performance. Daily cash flow required 
should be sufficient to cover four months requirements of project costs (0.25 * 
contract value). If works performance deadline is not equal to one year, this amount 
is adjusted by multiplying the annual amount required by 52/number of weeks of 
works performance. 

For each individual requirement, it is necessary to be indicated which 
particular conditions need to be met by each individual contractor – consortium 
member. The contractors may jointly submit the bid through the Joint Venture. The 
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companies shall arrange their relations through a contract that must be duly signed 
and validated by authorized persons of all companies, without the need of court 
validation. 

In the event of Joint Venture, the contractors must meet the additional 
conditions. They must submit the letter indicating the signatory, validated by a 
public notary or other appropriate entity. They also need to submit the consortium 
agreement, with a minimum of content described. The agreement must clearly 
stipulate that all of the partners are jointly and individually responsible for the 
performance of contracted works, with one of the partners being designated a 
leading partner, to provide guarantees and receive instructions on behalf of all 
partners participating in joint venture, while the entire contract execution, including 
payment, is to be done with the leading and responsible partner [Procurement 
under IBRD Loans and IDA Credits 2014]. 

If the bid is submitted by Joint Venture, all companies participating must meet 
the requirements stipulated in the bidding documents and provide proof of this. The 
leading company authorized for all types of communication ensuing from the 
contract must cover a minimum of 40% of works required, while other companies 
under the Joint Venture must cover a minimum of 25% of works required. Such 
choice is due to the fact that there is the need for the companies in Joint Venture to 
meet a certain degree of requirements; otherwise, a large number of companies (e.g. 
100) may join to collectively meet 100% of requirements, while each of them 
individually would not meet the minimum requirements, which is not to be 
evaluated.  

4.2. Bank Guarantees 

Bank guarantees are financial instrument that assures commitment of 
potential contractors and quality of works to be performed. The most common ones 
are: bid guarantee, advance guaranty and performance guarantee. 

Bid guarantee or bid security is a document that secures bid in the amount of 
2% of the bid, aimed at installing accountability of a bidder to honour a bid. 
Submitting this guarantee provides a certain security for purchaser, along with the 
protection against irresponsible bidders, however it is not too high in order not to 
discourage the bidders. 

Advance guarantee is the form of a security in the situation when the bidder 
requires the advance payment. In that case, the contractor shall submit the advance 
guarantee covering the amount of advance payment requested, before the advance 
payment is made. 

Performance guarantee amounts to 10% of the contract value, submitted at the 
moment of contract signing, with 80% of this value being returned to the contractor 
after completing the contract, while 20% is being retained for the duration of 
warranty. 
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5. Trends of Geodesy Development in Engineering-Technical Fields 

Rapid development of electronic and computer technology has enabled the 
intense development of measurement technology data acquisition and processing 
in geodesy, thus providing a more efficient problem solving and tasks achieving in 
engineering geodesy. New measurement technologies (electronic total stations, 
GPS, automatic and digital levels, motorized total stations, digital photogrammetry, 
spectral and hyper-spectral remote sensing, integrated survey systems, LiDAR, etc.) 
elevated the engineering geodesy works to the high level of engineering, requiring 
geodetic engineers to obtain new knowledge not covered by the regular education. 
The introduction of new working methodologies is also related to the necessary 
financial investments, which are not minor in our poverty-stricken economy. In 
spite of the above mentioned problems, the issue of market survival forces the 
necessity to introduce new technologies and methodologies of work, to provide 
competitive access to domestic and foreign engineering geodesy markets. 

Procurement of new technologies for data acquisition and processing in 
geodesy is the prerequisite for survival of geodetic companies or their groups in 
domestic and particularly foreign markets. Although the procurement of new 
technologies for data acquisition and development of new work methodologies 
based on the forgoing requires significant expenditures, the problem cannot be 
solved without investing additional, significant, funds for staff training to optimally 
use the new technologies. New technologies are much more complex and staff 
training for their optimal use requires particular attention. This segment can be 
significantly improved by proper equipment and development of educational 
institutions, to assist geodetic practice through some form of permanent on-job 
education. 

6. Conclusion 

To respond to the increasingly complex requirements of facilities designing 
and development, there is a notable development in the field of engineering geodesy 
and spatial data acquisition. To achieve global market competitiveness, Serbian 
geodetic enterprises need to constantly invest in their own resources and education, 
to keep pace with modern business processes. 

In the conditions of modern economy, geodetic enterprises are faced with a 
very difficult task to meet the needs and requirements of domestic and foreign 
investors, and to survive and thrive in the conditions of ever-growing competition. 

On the other hand, participating in major capital projects, either national or 
regional, requires familiarity with the public procurement procedures, in line with 
the global standards, based on the same principles: 

• Open bidding for all interested bidders; 
• Competition among the bidders; and 
• Procedure transparency. 

However, all such procedures are characterized by: 
• Long lasting procedures; 
• Strict formalism imposed upon the bids; and 
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• Strict technical, financial and staffing requirements for the bidders. 
Our bidders are not accustomed to such strict formal and essential conditions. 

However, since these procedures are the only way to get the jobs financed by the 
public funds, drafting bidding documents and provision of documents required by 
the purchaser, as well as associating in order to provide the joint offer aimed at 
achieving competitiveness against the foreign bidders, is the only way to get the job 
and to survive in the international market. 

Another conclusion to be indicated is that education, regardless of the degree, 
does not assure a successful engineering career; thus, permanent education is 
required, even in the fields only tangentially related to the basic field of education. 
Life-long education in the field of engineering geodesy needs to be organized for 
each profile. Graduate and undergraduate permanent education may be 
implemented under the Chamber of Engineers, with the participation of educational 
institutions. 
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Sažetak. Posljednjih godina svjedoci smo velikih promjena u institucijskom, 
zakonodavnom, tehnološkom i svakom drugom smislu, koji su utjecali na zahtjeve i 
potrebe geodeta u djelokrugu inženjerstva. U radu će se razmatrati i dati pregled 
suvremenih problema u institucijskom pogledu kroz promjenu organizacijskih 
modela djelovanja, izazova i zahtjeva za licenciranjem i certificiranjem diploma, 
opreme i softvera. A kao najveći i najteži zahtjev je osiguravanje financijskih 
instrumenata dijelovanja na nacionalnom ili regionalnom tržištu kao zahtjev učešća 
na investicijskim projektima financiranim, bilo iz bilateralnih ili međunarodnih 
financijskih institucija. 

Ključne riječi: institucijski okvir, licenciranje, međunarodni projekti, regionalno 
tržište. 

*scientific paper 
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Abstract. Although total stations and levels still hold primacy when it comes to 
determining geometry of various man-made structures, terrestrial laser scanners 
tend to emerge as at least equally efficient instruments for these purposes. This was 
one of the main motives for employing the method of terrestrial laser scanning for 
determining geometry of the tower of the St. Anthony of Padua Church in Belgrade. 
Unlike the church that was built in the early 1930s, the bell tower leaning against it 
was not completed until 1962. By the end of its construction, the longitudinal axis of 
the cylinder-shaped tower inclined from the vertical axis. Over the following years, 
the tower rehabilitation was done which was supposed to prevent the tower from 
further leaning. However, one epoch of terrestrial laser scanning performed in April 
2015 revealed that the horizontal displacement of the tower top centre from the 
tower ground floor centre reached the value of 1.2 m, which requests an immediate 
start of the tower stability monitoring in order to prevent a potential tower collapse. 
The magnitude of the displacement was determined based on the cylinder fitted to 
the obtained point cloud of the tower. Moreover, the distances of the individual 
points from the cylinder (residuals) were calculated and their magnitudes suggest 
that the tower does not act as a rigid body. 

Keywords: cylinder, determining geometry, inclination, residuals, tall structure, 
terrestrial laser scanning (TLS). 

1. Introduction 

Determining geometry of a tall structure is a specific engineering task that 
usually features unfavourable working conditions, e.g. very limited area around the 
structure suitable for setting up an instrument, different obstacles in the form of 
vegetation, other structures, etc. Total stations and levels have traditionally been 
used for solving these tasks, yet terrestrial laser scanning (TLS) as a method for 
mass data acquisition has recently been introduced to this field. 

Although nowadays numerous examples of using TLS for inspecting geometry 
of various man-made structures exist, [Pejić et al. 2013, Pandžić et al. 2014] just to 
mention a few, examples of employing TLS for determining geometry of a tall 
structure are still quite rare. Most of them deal with medieval bell towers 
throughout Italy. [Bertacchini et al. 2010] employed TLS for surveying and 
monitoring three medieval towers in the Emilia Romagna region. The inclination 
angle of each of these cuboid-shaped towers was determined based on the line 
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connecting centres of mass of a number of tower cross sections (along the tower 
longitudinal axis). The famous Two Towers of Bologna were the subject of interest 
for [Pesci et al. 2011]. Since both towers are cuboid-shaped, their leaning was 
determined based on plane fitting (vertical and best-fit) to the tower point clouds. 
[Teza & Pesci 2013] used TLS for determining the leaning angle of the cylinder-
shaped medieval bell tower of Caorle (the Province of Venice). They employed the 
moving cylinder approach for fitting a cylinder to the tower point cloud. 
[Pellegrinelli et al. 2014] and [Teza et al. 2015] investigated the possibility of 
employing TLS for surveying and monitoring tall structures in areas that are 
earthquake prone. Following the earthquake, the cuboid-shaped bell tower of San 
Benedetto Church in Ferrara was scanned and the tower inclination angle was 
determined and presented by [Pellegrinelli et al. 2014]. A digital level was also used 
for determining settlement of the tower foundations. It was shown that TLS and 
levelling complement each other very well when it comes to determining the 
geometry of a tall structure. [Teza et al. 2015] characterized geometry of the Leaning 
Tower of Ficarolo (the Province of Rovigo) after the 2012 earthquake by using 
several complementing methods, among which there were TLS and infrared 
thermography. Planes were fitted to the point clouds of this cuboid-shaped tower 
and consequently the tower leaning angle determined. 

Bell towers are not the only tall structures that have been scanned in order to 
determine their inclination angle, but industrial chimneys have also undergone this 
process. [Kregar et al. 2015] theoretically described and practically tested the 
efficiency of two different surveying methods on the example of two chimneys in the 
Brestanica thermal power plant in Slovenia. The traditional surveying method using 
a total station was compared to TLS. The chimney inclination angle in each case was 
determined based on the method of least squares fitting of a cylinder to a point 
cloud. 

In this paper we presented the results of determining geometry of the cylinder-
shaped bell tower of the St. Anthony of Padua Church in Belgrade. The data used for 
quantifying the tower inclination angle were collected in April 2015 using the 
terrestrial laser scanner Leica ScanStation P20. 

2. St. Anthony of Padua Church in Belgrade 

The St. Anthony of Padua Church is located in Bregalnička Street, near the very 
centre of Belgrade. It was built in the period of 1929-1932 based on the idea of the 
famous Slovenian architect Josip (Jože) Plečnik. Being 25 m high and built in a 
rotunda form, its ground plan reminds of the statue of St. Anthony with the baby 
Jesus in his arms [URL 1]. 

During the construction of the church, the first part of the 52 m high cylinder-
shaped bell tower leaning against it was built on the same foundations. Since the 
terrain and the surroundings were constantly changing and the tower became 
heavier with its completion in 1962, the longitudinal axis of the tower inclined from 
the vertical axis [Figure 2.1]. As Father Rafael Lipovac who served in this church said 
in 2007, at the moment of the tower completion this inclination corresponded to the 
horizontal displacement of ca. 45 cm of the tower top centre from the tower ground 
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floor centre. Over the following years, the tower rehabilitation was done and the 
tower foundation was separated from the church and additionally strengthened. 
This was supposed to ensure the stability of the tower, in spite of a potential terrain 
subsidence [URL 3]. However, one epoch of terrestrial laser scanning performed in 
April 2015 revealed that the tower leaned even more towards one newly built 
structure. 

 
Figure 2.1 St. Anthony of Padua Church in Belgrade with its bell tower [URL 2] 

3. Determining geometry of the tower using terrestrial laser scanning 

Geometry of tall structures has traditionally been determined using total 
stations. Field work in this case is often exhausting, very time-consuming and results 
in a dataset of a modest size, i.e. a structure is usually discretized with several tens 
or hundreds of points at most. On the other hand, terrestrial laser scanning, as a 
method that has been rapidly developing over the past decade, enables millions of 
points to be gathered within minutes. TLS requires less field work in comparison 
with traditional surveying methods, but one should be aware of its limitations, 
especially when it comes to the employing of this method for some challenging tasks, 
like determining geometry of a tall structure. Our intention here was to try to 
employ the method of terrestrial laser scanning exactly for such task – determining 
geometry of the bell tower of the St. Anthony of Padua Church in Belgrade. The tower 
was scanned in April 2015 using the terrestrial laser scanner Leica ScanStation P20 
[Figure 3.1]. 



TS 3 – Engineering Geodesy for Construction Works, Industry and Research 

  281 
 

 
Figure 3.1 Leica ScanStation P20 in action 

3.1. Scanning process 

The preparation for the scanning process involved, first of all, placing the 
targets, both on the surface of the tower and throughout the scanning location. A 
total of 30 black&white (B&W) targets (circular, with a diameter of 6") printed on a 
self-adhesive paper were placed on the windows of the tower [Figure 3.2] in the 
manner that they cover the entire extents of the tower. The only area lacking the 
targets was the backside (the north-western side) of the tower and this was due to 
its inaccessibility. Three original Leica tilt&turn 6" circular planar B&W targets were 
placed at the top of the tower (on the terrace fence, not on the very roof, to be 
precise). Eight more targets were placed nearby the tower, some of them were self-
adhesive targets placed on the neighbouring buildings, others were 15 cm x 15 cm 
square-shaped B&W targets placed on tripods. The reason for introducing the 
unusually large number of targets in the field was another experiment dealing with 
optimization of the target number and their disposition, but this is not within the 
scope of this paper. A certain number of the aforementioned targets were later on 
used in the process of scan registration. 

 
Figure 3.2 Target placed on one of the tower windows 
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Conditions for scanning the tower were unfavourable primarily because of the 
tower height and its surroundings. In the vicinity of the tower there are no other 
structures tall enough to enable raising the scanner above the ground, e.g. placing it 
at the height corresponding to the middle point of the tower height. Consequently, 
all the scanning had to be done from the ground with another limiting factor in the 
form of a distance from the scanner to the tower. Since the church and its belonging 
tower are located in an urban area, the choice of possible station points was very 
much restricted. Scanning was done from four different station points, out of which 
two were ca. 25 m away from the tower, the other two not more than 10 m away 
[Figure 3.3]. All this leads to the conclusion that the incidence angle (the angle 
between the direction of the propagation of the incoming laser beam and the normal 
of the surface) during scanning of the higher parts of the tower was high (about 80° 
for closer station points), which inevitably affected the scanning precision. 
Nevertheless, different quality filters can be applied during scanning and since the 
tower is made of bricks, its surface was suitable for scanning (regarding the surface 
roughness). That is why high incidence angles in this case were not a serious 
problem. Another thing to have in mind is that the lower part of the tower is 
connected to the church on the north-western side of the tower and therefore could 
not be scanned at all. The upper part of the tower on the same side could not be 
scanned either, due to its inaccessibility caused by the unfavourable tower 
surroundings. But this is only one stripe that covers about 5% of the entire tower 
surface. 

 
Figure 3.3 Disposition of station points 

Scanning resolution is, besides the target and station point number and the 
disposition, also something to pay attention to during the scanning process. The 
terrestrial laser scanner Leica ScanStation P20 offers only some predefined 
scanning resolutions, e.g. 0.8 mm, 1.6 mm, 3.1 mm, etc., all at the distance of 10 m 
from the scanner to the object. However, this is in most cases enough to set desired 
point spacing in a point cloud. Having in mind that the maximum distance from the 
scanner to the tower surface was about 60 m for the highest parts of the tower, 
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setting a scanning resolution of 3.1 mm at the distance of 10 m enabled us to have 
point spacing of about 1.5 cm for the highest parts of the tower. The lower parts of 
the tower featured point spacing of ca. 0.5 cm to 1 cm, depending on the station point 
in question. 

3.2. Scan registration and point cloud cleaning 

At each station point all visible targets were scanned prior to scanning the 
tower itself. As far as Leica ScanStation P20 is concerned, target scanning resolution 
cannot be chosen, at least not when built-in target acquisition process is employed 
in the field. A total of four scans obtained from four different station points were 
imported into Leica Cyclone 9.0 software for further data processing. First of all, 
scan registration was done constrained by identical targets identified in multiple 
scans, aided by cloud-to-cloud constraints for the higher parts of the tower. Namely, 
due to the unfavourable scanning conditions many of the targets, especially on the 
upper half of the tower, could not be scanned at all. Introducing cloud-to-cloud 
constraints helped to improve the quality of registration, particularly in the area 
lacking targets. Scan registration resulted in the point clouds aligned with respect to 
the point cloud obtained from the station point 1 (it was set as a reference scan). 
This means that the point clouds were not georeferenced, but rather they stayed in 
the scanner coordinate system. The mean absolute error of scan registration was 2 
mm. Registration in this case involved 4-parameter similarity transformation: three 
translation parameters (one for each coordinate system axis) and one rotation 
parameter (about Z-axis) were determined for each pair of scans. The parameters 
corresponding to the rotation about X- and Y-axis were not determined since the 
terrestrial laser scanner is equipped with a dual-axis compensator that enables the 
scanner to be levelled in the sense that XY-plane of its coordinate system coincides 
with the horizon. The scale parameter was also considered to be unchanged. 

 
Figure 3.4 Vegetation and surrounding buildings in the point cloud 
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Figure 3.5 Tower windows deviating from the tower surface 

Point cloud cleaning meant deleting millions of points that were of no interest 
for this experiment. The scanner field-of-view was not limited to a big extent during 
scanning in order to capture targets in the tower surroundings, so that they could 
be obtained directly from the point cloud if necessary. Inevitably, great amount of 
unnecessary data was collected [Figure 3.4]. Deleting irrelevant details like 
vegetation, pathways, parts of the church, etc. was done in Leica Cyclone 9.0. The 
tower windows had also been deleted because they deviate from the rest of the 
tower surface [Figure 3.5] and would have otherwise biased modelling of the tower. 

3.3. Determining geometry of the tower 

Scan registration resulted in mutually aligned, but still separate point clouds. 
In order to combine four distinctive point clouds of different parts of the tower into 
one comprehensive point cloud, the point cloud unification had to be done. This 
unification process led to a non-uniform point cloud, with largely varying point 
spacing. Therefore, the point cloud was resampled to point spacing of 3 cm. This 
unified and resampled point cloud was later on used for some analysis. 

Nowadays many different software packages for point cloud processing and 
object modelling are available on the market, Leica Cyclone, Geomagic Studio (now 
replaced with Geomagic Design X and Geomagic Wrap), 3DReshaper, Rhino, just to 
mention a few. There are also numerous free and open-source software packages 
like GOM Inspect, CloudCompare, Point Cloud Library (PCL), etc. Of course, not all of 
these are equally suitable for the cylinder-shaped tower modelling which was 
needed in this experiment. In this case we used two different software packages for 
fitting a cylinder to the tower point cloud. A few cylinders were fitted in both 
software packages, using point clouds with different point spacing. In one case a 
unified point cloud with 3 cm point spacing was used, in another one point spacing 
was 5 cm, later on 50 cm. The fact is that this fitting algorithm conducted in 
commercial software is so-called “black-box”, meaning that the user does not have 
the insight in the background of the algorithm. Nevertheless, in all of the 
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aforementioned cases pretty much the same fitting results were observed, so we 
decided to adopt one cylinder fitted in Leica Cyclone 9.0 as the final solution. The 
cylinder was fitted to the four mutually aligned point clouds, i.e. to the original 
separate point clouds after registration and cleaning, and prior to their unification 
and resampling. This helped to preserve as much original data as possible during 
cylinder fitting. At the same time, a huge amount of data did not obstruct the fitting 
process thanks to the software capabilities and the characteristics of the computer 
used in this case. 

Prior to quantifying tower leaning, one extra step had to be done. Namely, the 
tower itself consists of two main cylinder-shaped distinctive parts. The bottom 
(greater) part of the tower features a bigger diameter and on top of it there is 
another cylinder-shaped part with a smaller diameter. Yet, these two parts of the 
tower share the same longitudinal axis. The cylinder was fitted to the point clouds 
of the greater (wider) part of the tower. Since some points at the top of the tower 
upper (narrower) part were gathered during scanning, extrapolation of the fitted 
cylinder height could be done. Based on the height difference between points on top 
of the upper and lower parts of the tower, coordinates of the centre point of the 
tower upper part top base (the tower top centre) were determined. The coordinates 
of the centre point of the tower lower part bottom base were acquired during the 
cylinder fitting process. The tower leaning was quantified by a horizontal distance 
between the two aforementioned points, i.e. a horizontal displacement of the tower 
top centre from the tower ground floor centre. The magnitude of this horizontal 
displacement was calculated to be ca. 1.2 m which is about three times bigger than 
what it was believed to be. Consequently, an immediate start of the tower stability 
monitoring is needed in order to prevent a potential tower collapse. 

After cylinder fitting and determining the tower leaning, another analysis of 
the tower geometry was conducted. Firstly, the cylinder fitted to the tower point 
cloud in Leica Cyclone 9.0 was exported in a parametric form and in this form 
imported into Rhino. The cylinder in Rhino was transformed into a mesh with a 
parameter maximum distance, edge to surface set to 0.1 mm. This mesh was 
imported into CloudCompare afterwards, together with the unified and resampled 
(3 cm point spacing) point cloud of the tower. The step involving Rhino was needed 
because CloudCompare does not support importing a cylinder in a parametric form. 
For each point in the imported point cloud the shortest distance to the cylinder 
(mesh) was calculated. Inspection of these residuals, i.e. their magnitudes and 
disposition, revealed that the tower does not act as a rigid body. Nevertheless, most 
of the residuals are in the range of [-0.02, 0.02] m [Figure 3.6]. 

At this point, it is important to state that the tower is made of bricks. During 
scanning not only the surface of the bricks was obtained, but grout lines as well. The 
depth of the grout lines with respect to the surface of the bricks which is about 1 cm 
inevitably affected the tower modelling. Nevertheless, grout line points were greatly 
outnumbered by brick points in the tower point cloud. As a consequence, modelling 
of the tower was not significantly biased. 
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Figure 3.6 Point to mesh distances 

4. Conclusion 

As far as surveying is concerned, until a couple of years ago total stations and 
levels were predominantly used instruments in determining geometry of various 
man-made structures, including tall structures like bell towers, chimneys, etc. 
Terrestrial laser scanning as a rapidly developing method for mass data acquisition 
is now more and more used for these specific engineering tasks. Although an 
application of close-range photogrammetry also results in a great amount of data, 
this method unlike TLS requires determining a scale parameter and materializing 
the Z-axis of a data coordinate system. That is why TLS is often a more suitable 
method for determining geometry of various man-made structures than 
photogrammetry is. 

In this paper we described the procedure of determining geometry of a tall 
structure using the method of terrestrial laser scanning. The test field was the 
cylinder-shaped bell tower of the St. Anthony of Padua Church in Belgrade. The 
tower itself is more than 50 metres high and its longitudinal axis has been inclined 
from the vertical axis since the tower completion in the 1960s. It was believed that 
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this inclination angle corresponded to the horizontal displacement of the tower top 
centre from the tower ground floor centre of ca. 45 cm. Despite the tower 
rehabilitation conducted in order to prevent further leaning of the tower, the tower 
inclination angle increased over years. One epoch of terrestrial laser scanning 
performed in April 2015 revealed that the aforementioned horizontal displacement 
reached the value of 1.2 m. In addition to quantifying the tower leaning, distances of 
individual points from the cylinder fitted to the tower point cloud were calculated 
and their magnitudes suggest that the tower does not act as a rigid body. 
Consequently, permanent monitoring of the tower stability is planned in order to 
prevent a potential tower collapse. 
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TLS za potrebe određivanja geometrije visokih 
građevina 

Sažetak. Iako mjerne stanice i niveliri i dalje drže primat u određivanju geometrije 
raznih građevina, terestrički laserski skeneri se pokazuju kao barem jednako 
učinkoviti za navedeni zadatak. Navedeno je bilo motiv za određivanje geometrije 
tornja crkve sv. Antuna Padovanskoga u Beogradu pomoću terestričkoga laserskog 
skeniranja. Iako je sama crkva sagrađena u ranim 1930-im godinama, sam toranj, 
koji se naslanja na crkvu, je završen tek 1962. Do kraja gradnje, uzdužna os tornja 
se otklonila u odnosu na vertikalnu os. Tijekom idućih godina toranj je obnovljen u 
svrhu prevencije daljnjeg naginjanja tornja. Unatoč tome, tijekom jedne epohe 
terestričkoga laserskog skeniranja iz travnja 2015. godine, otkriven je pomak centra 
vrha tornja u odnosu na centar dna tornja u iznosu od 1.2 m, što zahtjeva monitoring 
stabilnosti tornja kako bi se spriječilo potencijalno urušavanje tornja. Veličina 
pomaka određena je na temelju modeliranja plohe valjka na izmjereni oblak točaka. 
Povrh toga, određene su udaljenosti pojedinih točaka od plohe valjka (popravke), te 
njihove vrijednosti ukazuju da se toranj ne ponaša kao kruto tijelo. 

Ključne riječi: nagib, određivanje geometrije, popravke, terestričko lasersko 
skeniranje (TLS), valjak, visoke građevine. 

*professional paper 
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Abstract. This paper will present the conducted measurements, their analysis, 
processing and determination of the concrete slab flatness using linear regression 
modelling, as well as its visualization. The implemented activities were part of the 
project ANAGENNISI – Innovative Reuse of All Tyre Components in Concrete. The 
project deals with the implementation of the recycling waste rubber products for 
the constructive concrete products and other purposes. For this purpose, the test 
field was set up at the concrete factory Gradmont ltd. in Gradačac, The Republic of 
Bosnia and Herzegovina. At the aforementioned test field the concrete slab was 
made using the recycled waste rubber products, i.e. the concrete for the slab was 
reinforced, using the fibre reinforcement obtained from the recycled tyres. The main 
hypothesis that led us to use this concrete was, that it is a more stable and stronger 
material than classic prestressed concrete. After the concrete slab was made it was 
necessary to do the geodetic deformation monitoring of it in the period of one year 
i.e. nine series of measurements had to be done in order to confirm the hypothesis. 
The analysis of displacements between series also had to be done, as well as the 
determination of flatness of the concrete slab for every series of measurements. To 
achieve this purpose, linear regression modelling was applied. 

Keywords: concrete slab, displacements, flatness, linear regression modelling. 

1. Introduction 

Project ANAGENNISI – Innovative Reuse of All Tyre Components in Concrete, 
deals with the implementation of the recycling waste rubber products for the 
constructive concrete products and other purposes. For this purpose the test field 
was set up at the concrete factory Gradmont ltd. in Gradačac, The Republic od Bosnia 
and Herzegovina. At the aforementioned test field the concrete slab was made 
[Figure 1.1] using recycled waste rubber products, i.e. the concrete for the slab was 
reinforced using the fibre reinforcement obtained from the recycled tyres. The main 
hypothesis for using this concrete is that it is a more stable and stronger material 
than classic prestressed concrete. 

After the concrete slab was made it was necessary to do the geodetic 
deformation monitoring of it in the period of one year in order to confirm the set 
hypothesis. Demanded accuracy for deformation monitoring was 1 mm in 
horizontal direction, and 0.2 mm in vertical direction. The series of measurements 
had to be conducted according to the following time sequence: on days - zero, first, 

mailto:rpaar@geof.hr
mailto:amarendic@geof.hr
mailto:igrgac@geof.hr
mailto:ijakopec@geof.hr
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third, seventh, fifteenth, thirtieth, and then after three, six and twelve months. There 
is still last series of measurements that needs to be done. The analysis of the 
displacements between series of measurements had to be done, as well as the 
determination of flatness of the concrete slab for every series of measurements. To 
achieve this purpose, linear regression modelling was applied, as it was necessary 
to approximate the obtained measurements of the characteristic points in each 
series of measurements with levelling surface of the concrete slab plane. The 
displacements between the modelled surface and the project surface had to be 
determined, in order to identify gaps in construction and the afterwards possible 
damages in exploitation [Paar 2006]. 

Figure 1.1 Concrete slab at the Gradmont ltd. factory 

2. Field measurements 

Determination of construction displacements and deformations are an 
important parameter in assessing the condition and safety of the construction in its 
exploitation. Thus, we get a confirmation whether a structure is consistent with the 
project solutions [Marendić et al. 2013].  

Figure 2.1 Reference network (red points) and control network (blue points) 

Geodetic works on the concrete slab consisted in determining the horizontal 
and vertical displacements of the stabilized points on the concrete slab at Gradmont 
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Ltd. factory, in the town of Gradačac, Bosnia and Herzegovina. Twenty-two control 
points, i.e. the control network was stabilized on the concrete slab, and nine 
reference points, i.e. the reference network was stabilized outside the concrete slab. 
Figure 2.1 shows the position of stabilized control and reference networks, as well 
as the dimensions (m) of the slab. 

For the stabilization of all control points geodetic bolts were applied. Figure 
2.2 shows the photo and schematic representation of the geodetic bolt with its 
dimensions. Geodetic bolts were stabilized in the concrete slab using a drill and two 
components adhesive. 

Outside the concrete slab, five reference points were stabilized as a reference 
network with the same stabilization type as the one with the control points [Figure 
2.1 points oP1-oP5]. These points form a reference network for vertical and 
horizontal displacements determination of the control points. For the determination 
of the horizontal displacements, four additional points were stabilized by reflective 
tapes 60x60 mm [Figure 2.3] mounted on the concrete pillars inside the factory 
[Figure 2.1 points oP6-oP9]. 

 
Figure 2.2 Stabilization type of the control and reference points 

 
Figure 2.3 Stabilization type of the reference points for the horizontal displacements 

Before measuring the control network, the reference network must be 
measured and adjusted. For measuring the network in vertical direction, geometric 
levelling method was applied using Leica NA2 with optical micrometre Leica GPM3 
and accessories for precise levelling for double run levelling. Each levelling line was 
measured two times double run using different instruments along with the 
observer. Polar method using robotic total station Leica TPS 1201 was used for 
measuring the network in horizontal direction. The reference network in horizontal 
direction was measured from the centre of the network as a free station, in two faces 
and with three sets of measurements in every epoch of measurement. After 

8 cm
 

3 cm 
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analysing the obtained data, i.e. detecting all errors and outliers and performing the 
adjusting of the network, we could access the measuring of the control network. 

Vertical displacements of all stabilized control points at Gradmont ltd. factory 
were determined by geometric levelling method using level Leica NA2 with optical 
micrometre Leica GPM3 [Figure 2.4] using Nedo precision invar levelling staff 
[Figure 2.5] to outperform the requirements of ISO 12858-1 and set standards in 
terms of accuracy. 

 
Figure 2.4 Leica NA2 with 

GPM3 

Technical data [URL 1]: 
• Telescope magnification: 32x (40x using FOK73) 
• Accuracy (1 km double run levelling according to ISO 17123-

2): 0.3 mm/km (using parallel plate GPM3) 
• Compensator setting accuracy:  0.3” 
• Precision with GPM3: 

o 0.1 mm direct reading 
o 0.01 mm assessment 

The horizontal displacements of all stabilized control points were determined 
by polar method using robotic total station Leica TPS1201 [Figure 2.6] with the use 
of accessories for forced centring (using Leica circular prism GPR121 for 
orientation) in order to increase the precision of measurements, and by means of 
Leica mini prism GMP101 for measuring the control points on the slab. 

Figure 2.5 Nedo precision invar levelling staff 

 
Figure 2.6 Leica TPS 1201 

Technical data [URL 2]: 
• angle measurement accuracy (according to ISO 17123-

3): 1'' 
• distance measurement accuracy (according to ISO 

17123-4): ±(2 mm + 2 ppm) 
• Telescope magnification 30x 
• Electronic level resolution: 2" 
• Compensator setting accuracy 0.5'' (dual axis 

compensator) 
• Compensator working range 4' 

Five epochs of measurements were carried out at the Gradmont ltd. factory 
during the first fifteen days after the concreting of the slab: 

1) First epoch of measurements was carried out on 26/3/2015. 
2) Second epoch of measurements was carried out on 27/3/2015 

(measurements performed 1 day after the concrete slab was made). 
3) Third epoch of measurements was carried out on 29/3/2015 

(measurements performed 3 days after the concrete slab was made). 
4) Fourth epoch of measurements was carried out on 2/4/2015 

(measurements performed 7 days after the concrete slab was made). 
5) Fifth epoch of measurements was carried out on 8/4/2015 (measurements 

performed 14 days after the concrete slab was made). 
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3. The analysis of achieved results 

Determined vertical displacements, i.e. vertical displacements between each 
epoch of measurements according to the first epoch are shown in table 3.1.  

Table 3.1 Determined vertical displacements of control points 

Point 
number 

Vertical displacements (mm) 
II–I epoch III–I epoch IV–I epoch V–I epoch 

1 0.0 0.1 0.1 0.1 
2 0.0 -0.1 -0.1 -0.3 
3 0.0 0.0 0.0 -0.1 
4 0.0 0.0 0.0 -0.1 
5 0.0 -0.1 -0.1 -0.4 
6 0.0 0.1 0.1 0.0 
7 0.1 0.0 0.0 -0.1 
8 0.1 -0.1 -0.1 -0.2 
9 0.0 0.0 0.0 0.1 

10 0.1 0.1 0.1 0.3 
11 -0.1 -0.1 -0.1 0.1 
12 0.1 0.2 0.2 0.3 
13 0.0 0.0 0.0 0.1 
14 0.0 0.1 0.1 0.2 
15 0.0 0.0 0.0 -0.1 
16 0.1 0.1 0.1 -0.1 
17 0.1 0.0 0.0 0.0 
18 0.1 0.0 0.0 0.0 
19 0.0 0.0 0.0 -0.1 
20 0.0 -0.1 -0.1 -0.2 
21 0.0 0.0 0.0 -0.1 
22 0.0 0.0 0.0 0.0 

Min -0.1 -0.1 -0.1 -0.4 
Max 0.1 0.2 0.2 0.3 

Average 0.0 0.0 0.0 0.0 
St. Dev. 0.0 0.1 0.1 0.2 

 
From the results achieved after the second, third and fourth epochs of 

measurements it is seen that no vertical displacements were determined. In the fifth 
epoch of measurements, vertical displacements (positive and negative values) are 
determined with the maximal value 0.4 mm, which is within the estimated standard 
deviation of vertical displacement determination. Determined vertical 
displacements in epoch five are approximately equal in all points regarding the 
direction and the amount of displacement. Displacements in epochs five are within 
the range of 0.2 mm regardless of the direction of displacement. 
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Figure 3.1 Local coordinate system for horizontal displacements 

Determined horizontal displacements are shown in table 3.2. Horizontal 
displacements are shown in X and Y axis. Figure 3.1 shows the established local 
coordinate system whose axis (X and Y) are defined by concrete slab boundaries. 

Table 3.2 Determined horizontal displacements of the control points 

Point number 
 

Horizontal displacements (mm) 
II–I III–I IV–I V–I 

X Y X Y X Y X X 
1 0.0 -0.1 0.4 0.2 0.3 0.3 0.5 0.8 
2 -0.1 -0.5 0.1 -0.4 -0.1 -0.3 0.1 -0.2 
3 -0.1 -0.4 0.0 -0.2 0.1 -0.4 0.2 -0.3 
4 -0.2 -0.4 0.0 -0.4 0.0 -0.2 -0.1 -0.4 
5 0.1 -0.2 0.3 0.1 0.2 0.3 0.1 0.5 
6 0.2 -0.4 0.4 0.0 0.2 0.4 0.4 0.9 
7 0.3 0.1 0.3 0.4 0.1 0.9 0.1 1.0 
8 -0.4 -0.3 -0.3 -0.4 -0.5 -0.2 -0.4 -0.4 
9 -0.1 -0.1 -0.2 -0.7 -0.5 -0.4 -0.7 -0.4 

10 -0.3 0.0 0.2 -0.2 0.2 -0.3 0.4 -0.2 
11 0.0 0.1 -0.4 0.1 -0.6 0.5 -1.0 0.6 
12 0.2 0.1 0.5 0.3 0.9 0.3 1.2 0.4 
13 0.0 0.1 -0.3 0.5 -0.7 0.9 -0.7 1.2 
14 0.0 0.2 0.4 0.6 0.7 1.0 1.2 1.2 
15 0.1 0.2 0.1 0.4 0.1 0.8 0.3 1.1 
16 -0.1 0.1 0.2 -0.2 0.1 0.0 0.0 0.0 
17 0.2 0.3 0.3 0.0 0.1 0.1 0.3 0.0 
18 -0.1 0.1 -0.1 -0.1 -0.2 0.0 -0.1 -0.1 
19 -0.1 -0.2 0.0 -0.2 0.1 0.3 0.3 0.3 
20 0.0 0.2 0.1 0.1 -0.1 0.3 0.2 0.3 
21 -0.2 0.1 0.0 0.3 -0.3 0.8 -0.1 0.9 
22 0.1 0.2 -0.1 0.1 -0.6 0.4 -0.3 0.6 

Min -0.4 -0.5 -0.4 -0.7 -0.7 -0.4 -1.0 -0.4 
Max 0.3 0.3 0.5 0.6 0.9 1.0 1.2 1.2 

Average 0.0 0.0 0.1 0.0 0.0 0.3 0.1 0.3 
St. Dev. 0.2 0.2 0.2 0.3 0.4 0.4 0.5 0.6 

Maximum value of determined horizontal displacements after five epochs 
shown in table 3.2 is 1.2 mm (V epoch of measurements - points 12 and 14) which 
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is within the estimated standard deviation of horizontal displacement 
determination.  

3.1. Concrete slab visualisation 

After determining the displacements in all epochs of measurements we have 
made the visualisation of them. Figure 3.2 shows graphical representation of the 
first epoch and determined vertical and horizontal displacements between epochs 
2-1, 3-1, 4-1 and 5-1. 

 

 

 
Figure 3.2 Graphical representation of I epoch, and determined vertical and horizontal 

displacements between epochs II-I, III-I, IV-I & V-I 

As seen from figure 3.2 it can be concluded that concrete slab rises up in the 
middle i.e. on the east side, and it goes down in the middle i.e. on the west side. This 
could be explained by the fact that in the middle of the slab dilatation joint is made. 
The fact is also supported by the horizontal displacements i.e. the direction of 
horizontal displacements suggests that the slab is moving apart in the middle where 
the dilatation joint is made. It has to be noted that the amount of this displacements 
is in the range from -0.4 to 0.3 mm in vertical direction, and -0.7 to 1.2 mm in 
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horizontal direction. To determine if this amount of displacement is significant, we 
decided to make the linear regression modelling of each epoch of measurement 
(chapter 4). 

4. Linear regression modelling 

Linear regression modelling was conducted using least square adjustment and 
according to the adjustment of indirect measurement of the same accuracy. The 
measurement of the characteristic points of the concrete plate needed to be 
approximated by the best fitted plane. Functional model for the best fitted plane is 
made with the assumption that horizontal position (2D coordinates in XY plane) is 
errorless. 

General form of the equation of the plane is [Howard 1994]: 
 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 + 𝐷 = 0 (1) 

Introducing axis notation of micro-network local coordinate system (x, y, H) 
and excreting height H yield final form for equation of the plane for linear 
regression:  
 𝐻 = −𝐴′𝑥 − 𝐵′𝑦 − 𝐷′ (2) 

Excreting of H coordinate from equation (1) is convenient, because in 
functional model of adjustment H coordinate of each characteristic point on plate 
represents measured value. Thus, functional model of adjustment is: 
 𝐻𝑖 + 𝑣𝑖 = �̅�′𝑥𝑖 + �̅�′𝑦𝑖 + �̅�′ (3) 

The goal of regression modelling is to determine measurement residuals vi and 
parameters A', B' and D' of best fitted plane. Residuals and plane parameters were 
calculated by implementing ordinary least square adjustment algorithm [Stanford 
2005]. Linear regression modeling was conducted separately for each epoch of 
measurements, i.e. five times. That way. five regression planes were determined, 
parameters of which are shown in table 4.1. 

Table 4.1 Equation parameters of linear regression modelled planes 
 A B C D 

I. epoch -0.000118 0.000048 -1.000000 100.003757 

II. epoch -0.000118 0.000049 -1.000000 100.003751 

III. epoch -0.000117 0.000047 -1.000000 100.003750 

IV. epoch -0.000117 0.000047 -1.000000 100.003750 

V. epoch -0.000116 0.000045 -1.000000 100.003719 

 
The analysis of determined plane parameters for each epoch of measurements 

shows that differences between planes are negligible which yields that regression 
plane for all five epoch of measurements is the same. To confirm the above, 
displacements between determined planes were calculated. 

4.1. The analysis of modelled planes 

Putting horizontal coordinates of 22 measuring points into equation (2) 
together with determined parameters of each regression plane yields heights of 
each point on regression plane for each epoch. There are no differences in heights 
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of the same points on different regression plane. Statistical indicators of vertical 
displacements between regression planes are presented in table 4.2. The obtained 
results confirm that the regression plane for all epochs of measurements is the same.  

Table 4.2 Statistical indicators of vertical displacements between modelled planes 

Point 
number 

Vertical displacements (m) 
II– I  III– I  IV– I  V– I  

Min 0.0000 0.0000 0.0000 -0.0001 
Max 0.0000 0.0000 0.0000 0.0001 

Average 0.0000 0.0000 0.0000 0.0000 
St. Dev. 0.0000 0.0000 0.0000 0.0000 

 
As it can be seen from table 4.2, there are no differences among five linear 

regression modelled planes in any of the 22 points, i.e. there are no displacements 
between them. The only difference appeared in the fifth regression modelled plane. 
The amount of this difference is 0.1 mm, which is not significant. 

4.2. Visualisation of modelled planes  

Figure 4.1 shows graphical representation of the modelled plane and 
measured surface for all epochs. The surface obtained from measured values (red-
blue), as well as the modelled plane from measured values using linear regression 
modelling (grayscale) are shown for each epoch. It can be noticed that there are no 
differences between any of the planes. The biggest difference is between modelled 
plane and measured surface in the first epoch. In other four epochs the difference is 
the same, and as mentioned before there are no differences between modelled 
planes. This brings us to the conclusion that there were some gaps in the 
construction-procedure of concreting the slab, but once the slab was made it became 
stable. Respectively, the only difference that occurred was between the project of 
the concrete slab and as built state of the concrete slab. 

The displacements between modelled planes and measured surfaces in all 
control points can be calculated using a well known formula for determining the 
distance from the point to the surface [Weisstein 2003]: 

 𝑑(𝑇, 𝜋) = −𝑠𝑖𝑔𝑛�̅�′ �̅�′𝑦𝑇+�̅�′𝑥𝑇+𝐶̅′𝐻𝑇+�̅�′

√�̅�′2
+�̅�′2

+𝐶̅′2
 (4) 

According to the expression (4) the displacements between all 22 points and 
modelled planes are within the range from -8.3 mm to 6.9 mm, and with standard 
deviation of 3.9 mm. This range and standard deviation are the same in all five 
epochs of measurements. 
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Figure 4.1 Graphical representation of modeled planes and measured surfaces (epochs I-V) 

5. Conclusion 

Project ANAGENNISI – Innovative Reuse of All Tyre Components in Concrete, 
deals with the implementation of the recycling waste rubber products for the 
constructive concrete products and other purposes. At the concrete factory 
Gradmont ltd. in Gradačac, Bosnia and Herzegovina, the test field was set up. At the 
test field the concrete slab was made using the recycled waste rubber products, i.e. 
the concrete for the slab was reinforced using fibre reinforcement obtained from the 
recycled tyres. The main hypothesis that led us to use this kind of concrete was that 
it is a much more stable and stronger material than classic prestressed concrete. 

After the concrete slab was made it was necessary to do the geodetic 
deformation monitoring of the slab for a period of one year in order to confirm the 
set hypothesis. In this paper the first five epochs of measurements are presented. 
The main task of geodetic measurements was to confirm the main hypothesis 
related to the fibre reinforced concrete slab. 



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

300   
 

After having performed five epochs of measurements it can be concluded that 
the slab is flat and stable. The analysis related to the displacements between the first 
five epochs of measurements shows that the differences between them are within 
the estimated standard deviation of vertical and horizontal displacement 
determination. Vertical displacements are within the range -0.4 to 0.3 mm, while the 
horizontal ones are within the range -0.7 to 1.2 mm. Therefore these displacements 
are not significant, and are related to the fact that in the middle of the slab a 
dilatation joint is made. 

Differences between linear regression modelled planes and measured surfaces 
bring us to the conclusion that some gaps in the construction-procedure of 
concreting the slab did occur, but once the slab was made it became stable. 
Respectively, the only difference that occurred was between the project of the 
concrete slab and as built state of the concrete slab. 
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Određivanje plošnosti betonske ploče pomoću 
linearnoga regresijskog modeliranja 

Sažetak. U radu su prikazana prikupljena mjerenja, njihova obrada, analiza i 
određivanje plošnosti betonske ploče pomoću linearnog regresijskog modeliranja te 
vizualizacija dobivenih rezultata. Mjerenja su provedena u sklopu projekta 
ANAGENNISI – Innovative Reuse of All Tyre Components in Concrete. Projekt se 
bazira na iskorištavanju otpada recikliranih gumenih proizvoda za potrebe izrade 
proizvoda od betona. Testno područje uspostavljeno je u tvornici betona Gradmont 
d.o.o. u Gradačcu, Bosna i Hercegovina. Na spomenutom testnom području izrađena 
je betonska ploča pomoću recikliranih gumenih proizvoda tj. beton je ojačan 
pomoću vlakna iz recikliranih auto guma. Glavna hipoteza glasi da je takav beton 
stabilniji i izdržljiviji od klasičnog prenapetog betona. Nakon što je betonska ploča 
izrađena bilo je potrebno obaviti geodetsko praćenje deformacija ploče u periodu 
od jedne godine (bilo je potrebno izmjeriti ploču u devet epoha kako bi se potvrdila 
postavljena hipoteza). Bilo je potrebno je odrediti pomake točaka, kao i odrediti 
plošnost betonske ploče u svakoj epohi mjerenja. Za određivanje plošnosti betonske 
ploče korišteno je linearno regresijsko modeliranje. 

Ključne riječi: betonska ploča, linearno regresijsko modeliranje, plošnost, pomaci. 

*professional paper 
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Abstract. Laser scanning has been used for a number of years as a method of 
surveying in extremely complex projects demanding high level of precision and 
detail coverage. The most prominent sector utilizing these types of surveys is the 
energy production and distribution. The emphasis is laid upon various facilities 
ranging from oil platforms and refineries, measurement and control stations of 
petrol and gas lines, water and electricity distribution facilities all the way down to 
distribution networks of such energy systems. Historically speaking, surveyors were 
initially introduced to laser scanning systems through those designed for the data 
acquisition of the terrain form and modelling employing Airborne Laser scanning 
Systems (ALS). However, due to technological revolution, both IT and laser systems, 
the applications have proliferated to a myriad of other areas. The ability of these 
systems to provide global instead of sparse and discrete coverage of objects of 
interest, to collect 3D information directly in poor or even completely dark 
conditions, and many other benefits contributed to significant proliferation of laser 
systems. This paper will describe an application of laser scanning for the purposes 
of industrial survey on the example of an atmospheric column 321-C-001 of the 
section 321-topping 3 for atmospheric distillation in the Oil refinery Rijeka. This 
specific project had a task of conducting deformation analysis of a column envelope 
for the purpose of the recovery project design. Due to the survey conditions, the 
requested precision levels, as well as density of data that needed to be presented in 
the results, laser scanning was employed as the only method that met all the 
requirements. 

Keywords: deformations, industrial facilities, laser scanning, recovery projects. 

1. Introduction 

INA-Industrija nafte, d.d. (INA, d.d.) is a medium-sized European oil company. 
INA Group has a leading role in the Croatian oil business and a strong position in the 
region in the oil and gas exploration and production, oil processing, and oil products 
distribution activities. 

One of the company’s facilities is Rijeka oil refinery, Urinj located at the 
northern part of the Adriatic Sea, occupying 3.5 square kilometres of coastal area of 
Kostrena and Bakar, 12 kilometres to the south of Rijeka. It is the shortest and most 
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convenient connection with Central Europe and with the Mediterranean. In Rijeka, 
INA has a road, railway, marine and pipeline infrastructure for the supply and 
shipment of goods, crude oil and petroleum derivates. 

The business activities of INA’s refineries are in accordance with the 
requirements of the international standards of the Quality Management System ISO 
9001:2000, Environmental Management Systems ISO 14001:1996 and Health and 
Safety Management System OHSAS 18001:1999 that have been certified by the 
awarded certificates. Quality control of INA’s products is carried out by applying 
modern testing methods in the refinery’s laboratories in accordance with the 
Authorization based on the standard HRN EN ISO/IEC 17025:2000 that was granted 
by the Croatian State Bureau of Standards and Metrology. 

The production program of INA’s refineries includes: Liquefied Petroleum Gas, 
virgin naphtha, motor gasoline, kerosene, aviation turbine fuel, diesel fuels, fuel oil, 
bunkers and liquid sulphur. The quality of products is regulated by INA’s, Croatian 
and European standards, and the production according to buyers’ special requests, 
stipulated in contracts, is also an option [URL 1]. 

To meet all the above mentioned operation and safety standards and to achieve 
corresponding product quality levels, regular maintenance and revitalization 
projects are necessary. For that reason, inspections and surveys have to be carried 
out to ascertain which elements, objects or even entire sections are in need of 
revitalization. 

 
Figure 1.1 Column 321-C-001 in Oil Refinery Rijeka 

Thus, when the inspection findings indicated that the column 321-C-001 might 
be in need of revitalization [Figure 1.1], a survey was requested to establish the 
extent of observed deformations and produce a sound and comprehensive basis for 
a revitalization project. Since the deformations of the column’s envelope are not 
uniform and equally distributed, a detailed survey was necessary. Such level of 
detail is difficult if not impossible to achieve using traditional methods, as will be 
clarified later on. On the other hand, the ability of a laser scanning instrument to 
collect high-resolution data over an object or a surface is an advantage over 
traditional surveying techniques (such as total station or GPS), especially for 
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monitoring of deformed surfaces. Global coverage is acquired rather than a sparse 
network of discrete points. The points clouds may be quickly modeled into regular 
gridded or triangulated surfaces permitting local deformation trends to be 
identified, which otherwise may have been missed by the traditional techniques 
[Gordon et al. 2001]. 

2. Field work and data acquisition 

The survey of the column’s envelope section was done from the inside of the 
column. The section surveyed has a 5.6 m internal radius and is 9.86 m high, but only 
the top 8.5 meter segment is the envelope, while the bottom segment serves as 
separation from lower parts of the column. One of the primary reasons for this is a 
much lower number of scan positons required, and the reduction of errors in scan 
registration that would result from going all around and a few stories up on the 
scaffolding which doesn’t provide firm footing which would result in causing 
additional errors. The chosen method of scanning provided higher efficiency, 
precision and overall reliability of the survey. But this decision also creates 
challenges in the survey process. The first one was in the form of accessibility, where 
the surveyor with all the equipment had to enter through a relatively small hatch on 
the side of the column [Figure 2.1]. The second challenge was related to the safety 
regulations and procedures that had to be followed to ensure that human life would 
not be in danger. It made the survey process last longer, but still not nearly as long 
as it would last when performed from the outside. 

 
Figure 2.1 Access hach to the inside of the column’s section 

The third challenge was related to the accuracy to be obtained in the surveying 
of an 8.5-meter-high envelope section made only about 1-1.5 meters away from the 
envelope itself. This was due to a sizable segment hanging from the middle, 
obstructing the view of the top of the envelope from a distance. This was also, the 
reason why multiple scan positions were necessary to have the whole object 
captured with as little shadows (areas with no data) as possible. However, these 
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multiple stations provided enough overlap and scans from “the side” of the top 
segment (thanks to its cylindrical shape) allowing for a smaller laser beam 
inclination angle in order to provide adequate accuracy assessment and data 
reconciliation. 

The surveys were conducted in two sessions in the period of one year, in 
January and again in December. Thus, the analysis of deformation progress could be 
made, i.e. whether or not there has been any further deterioration. This required 
having both data sets in the same coordinate system. That is an easy task for laser 
scanning data because the data matching can be done using cloud to cloud matching, 
which doesn’t require any pre-established reference system but relies on 
corresponding feature identification. With enough overlap this is a method often 
used when conducting many different types of laser scanning surveys. Nevertheless, 
the sphere targets were used for cloud registration in this project, both for faster 
data processing, and because all the stations registered exactly the same spheres, 
with high resolution and at small distance, providing thus high accuracy of 
subsequent registration process. 

 
Figure 2.2 Panoramic views from scanner (top January 2015, bottom December 2015) 

This brings us to the last challenge. During the first survey the scanning 
conditions inside the column were optimal. The column was dry, no obstructions 
other than the structural elements were in the way [Figure 2.2 top]. But, before and 
during the second survey, there were higher levels of fire danger indicators 
recorded, and there was an explosion when the gasses from the waste drains near 
the column caught fire, which is why the survey had to be postponed and the column 
doused in water for prevention. The scanning conditions were therefore rather 
poor, as everything was wet or moist, and the water was dripping heavily from the 
hanging central segment. The scaffolding had to be placed in the section to provide 
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footing for the scanner away from the dripping. Because of the restricted number of 
possible scan positions, the scanner was placed even closer to the envelope that was 
not as stable and as free of vibration as during the first session, and due to moisture, 
there were generally poorer conditions provided [Figure 2.2 bottom]. Even though 
the investors were warned of these conditions, they insisted on the performance of 
the survey. The resulting point cloud was, accordingly, not as precise as the first, and 
contained a lot of noise. 

3. The results 

The data in the form of point clouds obtained from two surveys were 
positioned in the same reference coordinate system after the registration of each 
individual data set using the first set of data obtained from the survey in January as 
a reference, and then matching the December point cloud set to it. Considering the 
fact that there were enough distinguishable features for registration to be 
successful, the two point clouds were aligned with a two centimetre accuracy. This 
level was sufficient, but also the best to be expected considering the conditions in 
which the second survey was performed, and the fact that the atmospheric 
conditions also influenced the behaviour of the envelope. It is well known that metal 
contracts in colder weather, and vice versa. 

 
Figure 3.1 Comparison of two sets of data from diferent survey sesions 

After they were properly positioned and oriented, the relevant data were 
compared in order to determine any major discrepancies between them [Figure 
3.1]. The relevant data mentioned refer to the envelop portion of the point clouds, 
since the other data represent the elements of no interest for the rehabilitation 
project. This was an initial analysis made for the purpose of submitting fast reports 
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about the results to the investors, so they would know what preparations to make 
for further operations. 

The final report comprised the detailed Inspection map representations, 
horizontal and vertical cross sections. Inspection map is a representation made by 
comparing the point cloud to an idealized model, in this case a vertical cylinder. 
[Figure 3.2] shows the two inspection maps made, where it is clearly visible that the 
first data set is much smoother because of the better quality of the data obtained, 
but when compared to the second one, similar or even same deviations can be 
observed, allowing thus for an easy visual inspection of the envelope. 

 
Figure 3.2 Inspection maps for the point clouds (left January, right December) 

For the purpose of obtaining the results that are more precise and agreeable 
from the engineering point of view, the cross sections were made in the horizontal 
and vertical plane. The horizontal sections were made every 25 cm with a 1° division 
(interval of deviation values) [Figure 3.3], while vertical sections were each 10° with 
a 1 cm division [Figure 3.4]. 

Such fine division would have been impossible to achieve using traditional 
survey methods. However, there are two reasons supporting such fine depiction of 
results. The first is obviously done for the purpose of identifying deviations and 
deviation trends. The other is, however, due both to great advantages and the flaw 
of the laser scanners. As mentioned earlier, the laser scanners provide global 
coverage of the object, which provides many benefits, but it also means that 
irrelevant data are captured that can even be misleading in this case.  



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

308   
 

 
Figure 3.3 Horizontal crossections of the envelope 

 
Figure 3.4 Vertical crossections of the envelope 

Many times, not all superfluous data can be removed from the point cloud 
requiring additional information about whether something is in this case qualified 
as a deformation or a structural element adjacent to the envelope. In case of total 
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station survey, such elements can be avoided, since the surveyor himself/herself 
chooses the point on the envelope to be surveyed. Still, the results of a classic survey 
would hardly be sufficient for such a detailed analysis of deformations and trends 
compared to those obtained by means of laser scanning. 

4. Conclusion 

Out of many aspects of applying the laser scanning, the most prominent and 
effective one is beyond doubt its application in deformation analysis. Laser scanning 
has provided the possibility for surveyors to conduct a comprehensive survey of 
objects needed for the analysis of deformation, allowing thus a thorough inspection 
and ascertaining of all causes of deformations. In comparison to conventional 
surveying techniques and methods, this method presents a significant progress for 
all professions included in this field. Apart from making the analysis process more 
efficient, accurate and comprehensive, it also makes it more cost effective, because 
all relevant analytical procedures can be done from the same data set, i.e. the point 
cloud [Babić et al. 2014]. 

The proliferation of laser scanners, has not been so significant in Croatia 
because of its initial cost and complexity of operation. Another emerging factor in 
this respect is the current UAV infatuation and expansion. UAV’s do provide another 
great addition to surveyor’s resources but cannot replace traditional surveying 
methods, or compete with laser scanning when dealing with the projects such as the 
one described here, or many others as well. The authors hope it is going to be 
recognized by more surveyors in Croatia, which will result in changing the current 
situation characterized by the fact that there are more firms not involved in geodetic 
activities that use laser scanning without knowing or understanding surveying, or 
what should be done to obtain high quality and true value. 

The best example of why this should be so has been shown in this paper where 
the investors were, ultimately, provided with a very detailed analysis of the object, 
all their demands and expectations were not only met but even exceeded, and they 
expressed satisfaction with great value for money. All subsequent questions, 
inquiries and challenges were, also, easy to resolve as all the data was so detailed 
and easy to use for settling any concerns. Both the surveyor and investor were, thus, 
protected from possible misinterpretations and a sound basis for further 
cooperation was established. 
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Mjerenje deformacija u industrijskim postrojenjima 
korištenjem laserskih skenera – primjer kolone 321-C-
001 u Rafineriji nafte Rijeka, Urinj 

Sažetak. Lasersko skeniranje se već niz godina koristi kao metoda izmjere u iznimno 
zahtjevnim projektima koji zahtijevaju visoku razinu preciznosti i pokrivenosti 
detalja. Najznačajniji sektor za čije potrebe se ova vrsta izmjere koristi je svakako 
onaj energetski. Pri tome je naglasak primarno na razne tipove postrojenja od 
naftnih platformi i rafinerija, preko mjerno kontrolnih stanica na plinovodima i 
naftovodima, vodoopskrbnim i elektroopskrbnim postrojenjima do same mrežne 
infrastrukture takvih energetskih sustava. Povijesno gledajući geodeti su prvu 
primjenu laserskih mjernih sustava upoznali kroz one namijenjene za prikupljanje 
podataka i modeliranje reljefnih oblika korištenjem zračnih laserskih sustava (ALS). 
Međutim, zahvaljujući tehnološkoj revoluciji, kako računalnoj tako i onoj laserskih 
sustava, ta primjena se proširila na nebrojeno mnogo drugih područja. Sposobnost 
ovih sustava da izmjerom obuhvate cijelo područje interesa, u odnosu na pojedine 
diskretne točke, da direktno prikupljaju 3D podatke u uvjetima slabe ili nikakve 
osvijetljenosti, što nije moguće fotogrametrijom, i niz drugih pogodnosti, doprinijelo 
je značajnom rasprostiranju upotrebe laserskih sustava. U radu će se prikazati jedna 
takva primjena laserskog skeniranja za potrebe industrijske izmjere na primjeru 
atmosferske kolone 321-C-001 na pogonu 321-topping 3 za atmosfersku destilaciju 
u Rafineriji nafte Rijeka. U konkretnom primjeru je zatražena analiza deformacija 
plašta kolone za potrebe izrade projekta sanacije. Zbog uvjeta rada, zahtjeva 
točnosti koji su bili definirani kao i gustoće podataka koje je trebalo prezentirati u 
izlazima, kao jedina metoda koja može zadovoljiti tražene uvijete nametnulo se 
lasersko skeniranje. 

Ključne riječi: deformacije, industrijska postrojenja, lasersko skeniranje, projekti 
sanacije. 

*professional paper 
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Abstract. Due to the unequal development of cities and drainage systems, non-
compliance of the natural drainage basins and the creation of artificial basins, there 
is a growing demand for the rapid geodetic maps, that can be used for the 
preparation of project documentation of the water drainage system construction. 
The reason for the inability of creating geodetic maps only for a specific critical 
location is that the reconstruction of a single weak link violates the conditions of the 
infrastructure in the surrounding area. The study and the project documentation 
cannot be resolved within the limits of the intervention without previously 
established conditions of the surrounding areas. The goal of this paper is to present 
the results of the use of the official digital terrain model of the Republic of Croatia 
combined with cadastral polygon points in the preparation of project 
documentation for water drainage system construction. The research and the 
analysis will be carried out for the area of the City of Pula. Since the development in 
vertical sense is higher in the Centre of the city compared to the parts of the city with 
lower development intensity, the accuracy of the model within the centre will be 
presented. It will also be shown, whether the model accuracy depends on the higher 
coverage of vegetation compared to the places with low vegetation and 
construction. The paper will present whether the DTM accuracy meets the 
requirements in areas with a small slope, where the focus is in the preparation of 
project documentation for water drainage system construction. 

Keywords: basin, designing, development, drainage, DTM, slope, vegetation. 

1. Introduction 

When decreasing representation of natural environment and increasing the 
amount of constructed area in the parts of cities where the steep slope leads to a 
depressed point, and simultaneously disregarding the increasing number of drain 
channels and diameter sewers, critical areas in water drainage system occur.  

In the preparation of project documentation for large areas, the input data are 
supposed to be collected as cheap and fast as possible. The example of that is the 
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preparation of project documentation for water drainage system construction both 
in urban and rural areas. This is why more and more digital terrain models (DTM), 
developed for large areas, are used in this type of projects. 

This research will show how processing and analysis of digital terrain models, 
derived from different sources, coincide with real situation on the field and whether 
they manage to satisfy the accuracy of use in the preparation of such projects. When 
DEM is used in terrain analysis, like in automatic drainage basin delineation, errors 
of the model are collected in the analysis results. Investigation of this phenomenon 
is known as error propagation analysis, which has a direct influence on the decision-
making process based on interpretations and applications of terrain analysis 
[Oksanen 2006]. As the most accurate data we used the official data of the State 
Geodetic Administration, vector DTM, obtained by photogrammetric restitution. We 
also used the official cadastral polygon points as the base for height interpolation. 
On critical areas of the City of Pula, so called hot spots, vector DTM will be analysed 
using terrestrial survey measurements, which can be considered flawless for the 
purpose of this analysis. The analysis will examine the dependence of the accuracy 
of digital elevation models, considering the slopes, vegetation and buildings on some 
critical points in the City of Pula. 

2. Digital terrain model 

There are many assumptions made in the basic drainage model, yet they have 
proven to be of considerable value. These assumptions include: (i) uniform 
precipitation; (ii) flows take place entirely across surfaces that they do not alter, and 
are unaffected by absorption (notably different soil or rock types) or groundwater; 
(iii) flows grow as a linear function with distance and are not altered by the slope 
values, just by the direction; (iv) there are no barriers to flow; and (v) the study 
region is complete and meaningful in the context of the analysis [de Smith et al. 
2015]. 

Digital terrain model is a statistical representation of the continuous surface of 
the ground by a large number of selected points with known X, Y, Z coordinates in 
an arbitrary coordinate field [Miller & Laflamme 1958]. A digital terrain model 
presents the terrain or surface topography of the Earth. The identification between 
digital terrain models and a digital elevation model can be found in many literature 
sources. However, a digital terrain model (DTM) differs from a digital elevation 
model (DEM). DTM is a representation of a continuous surface as if all objects are 
removed, and DEM represents a surface where objects are included in the surface 
measurement. A DEM can be represented by a raster or a vector data. These days, 
there are many methods for obtaining elevation data to create DEM. In this research 
we used three methods: Shuttle Radar Topography Mission, digital terrain model 
obtained by photogrammetric restitution, and terrestrial survey method using GPS 
and total station. 
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2.1. Vector DTM obtained by photogrammetric restitution 

As our most accurate data for a large area of interest, we used the official digital 
terrain model of the Republic of Croatia that we obtained from State Geodetic 
Administration. It is a vector DTM, obtained by photogrammetric restitution [URL 
1]. 

This data is formed by 3D polylines, 3D lines and 3D points. DTM turned out to 
be very interesting for our research, because one of the layers of the 3D polylines 
representing the pipelines, is created over the city streets, as the highest percentage 
of line pipes, not only for water drainage system, are located directly under the 
streets [Figure 2.1].  

 
Figure 2.1 Vector DTM overlaid on DOF5/2011 

Consequently, using the right interpolation model that uses these 3D polylines 
in process, will leave their height unchanged.  

2.2. SRTM data 

The Shuttle Radar Topography Mission (SRTM) is an international research 
effort that obtained digital elevation models on a global scale. The Shuttle Radar 
Topography Mission is a global project spearheaded by the U.S. National Geospatial-
Intelligence Agency and the U.S. National Aeronautics and Space Administration. 

Previously, SRTM data for regions outside the United States were sampled for 
public release at 3 arc-seconds, which is 1/1200th of a degree of latitude and 
longitude, or about 90 meters. The new data are being released with a 1 arc-second, 
or about 30 meters, sampling that reveals the full resolution of the original 
measurements [URL 2]. 

DEM provided from SRTM data is often used in hydrological studies and for 
delineation of drainage network. So far, it has not provided satisfying accuracy for 
such studies, but it is included in processing and analysis in order to compare results 
with other input data. 
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3. Height deviation between vector DTM and cadastral survey points 

The accuracy of the points available in the height models are only one aspect 
of the quality of the DEMs; along with the point spacing being important, they both 
lead to the morphologic quality, visible at contour lines [Sefercik et al. 2007]. 

One of the input data was cadastral survey network points. All the 2D points 
and all the points with the height that would have given wrong information in the 
process of interpolation (churches), had been removed from the list of points. All 
the points that were left after the process were converted to raster. Vector DTM was 
converted to raster DEM by firstly creating triangulated irregular network (TIN).  

The first accuracy indicator was the height deviation between raster DEM, 
created from vector data obtained from State Geodetic Administration, and raster 
created from cadastral survey network points.  

 
Figure 3.1 Height deviation between vector DTM and cadastral survey points 

The analysis has shown that over 5100 cadastral polygon points were in the 
range of ±1 m in height deviation. Also, height deviation indicated that almost 40% 
of points were in the range of ±0.5 m. It can be noticed that the mean value of all 
height deviations is about 0.15 m [Figure 3.1]. This is the first indicator that this kind 
of DEM can be used in the preparation of the project documentation for the water 
drainage system construction or at least for the studies that precede it. To eliminate 
even more errors, weighted interpolation of the vector DTM with cadastral survey 
points was used. 
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3.1. Height accuracy of vector DTM compared with SRTM data 

DEM provided from SRTM data is one of the most frequently used datasets in 
hydrological studies, as well as for delineation of drainage network. Usually, the 
results of studies and analysis were not accurate enough. We compared SRTM digital 
elevation model (30 m sampling) with the vector DTM and cadastral survey points. 
The first analysis has shown that, even though mean height deviation was also just 
under 0.15 m between vector DTM and DEM from SRTM data, most values were 
inside range of ±3 m [Figure 3.2]. To further determine that DEM derived from 
SRTM data does not meet the requirements of accuracy, we analysed height 
deviations between the DEM derived from SRTM data and the raster derived from 
cadastral survey points. The results have shown that height deviation is versatile 
and that they do not meet the requirements of accuracy. 

 
Figure 3.2 Height deviation between vector DTM and DEM-SRTM 

4. Weighted interpolation of the vector DTM with cadastral survey points 

Interpolation is a procedure used to predict values of cells at the locations that 
lack sampled points [URL 3]. There are many interpolation methods and all of them 
depend on the correlation between the near and distant objects. Correlation is 
defined by the level of interdependence between the objects, the strength of the 
interdependence and similarity of the objects within the area. The direction in which 
water will flow from a cell in consideration of its immediate surrounding cells yields 
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the Flow Direction Grid. This is a grid of cells indicating the steepest direction from 
a cell to the surrounding cells [Akajiaku & Ngozi 2015]. 

Four groups of data were gathered for creating the triangulated irregular 
network: 3D polylines that were created over the streets during the 
photogrammetric restitution, all other 3D polylines and lines from vector DTM, 3D 
points from 3D vector DTM and cadastral survey points. Due to the nature of this 
project, 'weighted interpolation method' was used for creating the TIN. Knowing 
that the highest percentage of pipelines are located directly under the streets, 3D 
polylines that were created over the streets were set as hard lines, so their height 
does not change and edges represent distinct breaks in the slope. All other 3D 
polylines and lines were set as soft lines because we wanted gradual change as the 
triangulated surface gets converted to the raster. All points were imported in 
process as nodes.  

 
Figure 4.1 TIN of critical area in City of Pula for water drainage system 

The TIN of one of the critical areas in the City of Pula is shown in [Figure 4.1] 
above. It is evident that the steep slopes are leading to a depressed area. 

5. Deviation of the raster DEM compared to data obtained with terrestrial 
measurements 

For further analysis, three areas in the City of Pula were measured by 
terrestrial surveying methods. Two areas represent critical points with their 
topographical features. For this research all three measured areas were considered 
flawless. On all of them height deviations were examined given the slopes, 
representation of natural environment and the amount of constructed area. 

Raster DEMs have been created from terrestrial measurements using spherical 
Kriging interpolation method. This method uses a progressive decrease of spatial 
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autocorrelation to a distance, beyond which autocorrelation equals zero. Regardless 
to the previous results, SRTM data were included into the research. Height 
deviations between terrestrial measurements and SRTM data were computed and 
results were not satisfying. On some places height deviations were over 9 meters, 
therefore the conclusion is that SRTM data do not meet the requirements of accuracy 
for the execution of such projects. 

Removing artefacts from digital surface models is a prerequisite for deriving 
high quality bare-earth digital elevation models [Gallant et al. 2012]. This is the main 
reason why vector DTM, obtained by photogrammetric restitution, is used for this 
project. 

5.1. Height deviations on terrain with low slope 

The first of three locations is specific for its topographical features, steep 
slopes around it leading to a depressed street with a low longitudinal slope. Along 
the street there is a continuous longitudinal slope of around 1%.  

 
Figure 5.1 DEM from terrestrial measurements and height deviation results against vector 

DTM 

Height deviations between raster DEM, created from vector data obtained 
from State Geodetic Administration, and raster DEM obtained from terrestrial 
measurements were calculated. Results of the research show that 90% of the values 
are in the range of -1.3 meters up to +0.30 meters, with mean value of -0.56 meters 
and standard deviation of 0.65 meters [Figure 5.1]. 

5.2. Height deviations on terrain with high development density 

The second area is a narrow street with low natural environment and high 
development density. The research shows very good results, 85% of the values are 
in the range of ±0.35 meters, with mean value of -0.01 meters and standard 
deviation of 0.35 meters. This analysis indicates that high development density does 
not affect the accuracy of vector DTM, and that this kind of digital elevation model 
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satisfies the accuracy requirements for the execution of water drainage system 
projects on the terrain with this kind of topographical features. 

5.3. Height deviations on terrain with high vegetation coverage 

Final research was conducted on the area covered with high vegetation 
(forest). The area is specific for its sudden steep slopes, thus poor analysis outcome 
was predicted. Results and height deviations demonstrate scattered values. Only 
70% of the values are in the range of -1.25 meters up to +0.25 meters, with mean 
value of -0.71 meters and standard deviation of 0.63 meters [Figure 5.2]. 

 
Figure 5.2 Height deviations for the forest area model 

In table [Table 5.1] research results of all three locations are shown. 
 

Table 5.1 Accuracy indicators on all three locations 

Locations Results range 
Mean 
value 

Standard 
deviation 

Low slope 
terrain 

90% of the values in 
range -1.3 m up to 

+0.3 m 
-0.56 m 0.65 m 

High 
development 

density 

85% of the values  in 
range of ±0.35 m 

-0.01 m 0.35 m 
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Forrest 
70% of the values in 
range -1.25 m up to 

+0.25 m 
-0.71 m 0.63 m 

6. Conclusion 

This research demonstrated various results. Firstly, the conclusion is that 
there is no significant impact of interpolation methods on DEM accuracy. This is 
because the highest accuracy is needed on streets with low longitudinal slope. 
However, in this case, it is very important to set weights for input datasets, to 
eliminate errors in critical areas of research. 

By comparing height deviations using cadastral survey points with vector 
DTM, obtained by photogrammetric restitution, results show that over 40% of 
values are in the range of ±0.5 m, and over 75% are in the range of ±1 m. As 
expected, SRTM data did not meet the accuracy requirements of this project. 

DEM crated from vector DTM and cadastral survey points using weighted 
interpolation method, demonstrated different results on terrain with different 
topographical features. As expected, lowest accuracy level occurred in the area with 
high vegetation coverage, the main reason being the lowest density of input data for 
the certain area. However, this result does not indicate that vector DTM, obtained 
by photogrammetric restitution should not be used for water drainage system 
construction. 

On the terrain with high development density, the research points to very good 
results with over 85% of the values in the range of ±0.35 m. This is an indicator that 
high development density and tall buildings do not have influence on the accuracy 
of vector DTM. 

However, in critical areas with steady longitudinal slope of around 1%, 
terrestrial measurements should be provided for projects like this. The research 
results demonstrated that 90% of the values are in the range of -1.3 meters up to 
+0.30 meters. Hence, vector DTM should be combined with more accurate input 
data on the terrain with this kind of topographical features. 
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Upotreba službenoga digitalnog modela reljefa 
Republike Hrvatske u izradi projekata za izgradnju 
sustava odvodnje oborinskih voda 

Sažetak. Uslijed neusklađenosti razvoja gradova i sustava odvodnje, te nepoštivanja 
granica prirodnih slivova i stvaranja umjetnih slivova, sve je veća potražnja za brzim 
geodetskim podlogama koje mogu poslužiti za izradu projektne dokumentacije 
sustava odvodnje oborinskih voda. Razlog zbog kojeg se na takvim kritičnim 
lokacijama ne može pristupiti izradom geodetskih podloga samo za određenu 
lokaciju je taj, da se rekonstrukcijom samo jedne slabe karike narušavaju uvjeti za 
infrastrukturu u okolici. Projektnu dokumentaciju i studiju nije moguće riješiti 
unutar granica zahvata bez prethodno uspostavljenih uvjeta okolnog područja. Cilj 
ovog članka je prezentirati rezultate uporabe službenog digitalnog modela reljefa 
Republike Hrvatske s bazom točaka geodetske osnove (katastarske poligonske 
točke) u izradi projekata za izgradnju sustava odvodnje oborinskih voda. 
Istraživanja i analize provoditi će se za područje Grada Pule. Prezentirat će se analiza 
točnosti modela unutar centra grada, gdje je izgrađenost u vertikalnom smislu veća 
u odnosu na manje izgrađene dijelove na periferiji grada, te analiza točnosti 
digitalnih modela terena na dijelovima grada pokrivenim višom vegetacijom u 
odnosu na mjesta niske vegetacije i izgrađenosti. Prikazat će se da li DMR 
zadovoljava točnost na lokacijama manjih nagiba, na koje se stavlja naglasak pri 
izradi projektne dokumentacije za izgradnju sustava odvodnje oborinskih voda. 

Ključne riječi: DMR, izgrađenost, nagib, oborine, odvodnja, projektiranje, vegetacija. 

*scientific paper 
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Abstract. Road transportation covers over 80% of the world’s traffic. Mobile 
mapping is a new segment, development of which started during the 1990-s with 
the appearance of GNSS systems which allowed precise positioning in real time. 
Mobile mapping system consists of a vehicle with the installed stereo cameras are 
mounted, GNSS positioning system, inertial measurement unit and a computer 
centre for data control and storage. This system allows the user to collect a great 
deal of data in short time. That allows the visual inspection of the places surveyed 
but also the vectorization of data from pictures/video and enables the user to gather 
descriptive data from the videos. The vectorised data is stored into databases such 
as MySQL, Oracle etc. In this article we shall show the usage of the system in the field, 
with additional data extracted from the videos and structured into a database, made 
by the company Geoprojekt d.d. Split, having a simple interface that can be used by 
the end user, without prior knowledge or training. As such, it can be used for high-
quality management of the roads and road infrastructure which in turn allows for 
higher security of the roads. 

Keywords: database, mobile mapping, road, road infrastructure. 

1. Mobile mapping 

The concept of mobile mapping was born in 1990. According to John Bossler; 
CFM director in Ohio: “Time and money are dissipated for mapping highway 
features with our present approaches”. Until that moment, the mapping was done 
by surveyors using geodetic instruments such as theodolites. Thus, the idea to create 
a system that could acquire large amount of data in short time was born. Initially, it 
was a system designed for highways but now, it has developed beyond that point. 
The evolution of this system started mainly due to the efforts of two research groups 
in North America: “The Centre for Mapping” at Ohio State University, USA and the 
Department of Geomatics Engineering at the University of Calgary, Canada with the 
improvements made both on the video camera and GNSS systems, the basics have 
made it possible to integrate these into a single system. The Centre for Mapping in 
Ohio developed its first prototype mobile data acquisition system in 1990. The 
project was called the GPS/Imagining/GIS project [Novak & Bossler 1995]. Its goal 
was “to build a mobile workstation that can automatically map and record crucial 
features of the nation’s highways.” The product of this project was a van with 
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integrated stereo cameras, GNSS and IMU systems. From that point onward, the 
technology kept improving and the basics outlined in this project are simply being 
refined by integration of improved sensors and systems. 

The biggest task is to assign the coordinates to the points in picture frames. 
The initial coordinates are first acquired for the GNSS sensor. Consequently, the INS 
sensor calculates the corrections needed for the initial coordinates from GNSS. After 
that, the GNSS and INS data can be combined to calculate updated positions. The 
most common method of data fusion for these purposes is a Kalman filter. The filter 
uses sensor data sets from INS and GNSS to estimate the position of the moving 
object and to predict the trajectory of the moving object in the next time frame. 
Those estimates are then used to improve the accuracy of the coordinates. After the 
GNSS/INS integration, the image pairs taken by stereo cameras are positioned. The 
necessary step to be taken before the beginning of the campaign is the calibration of 
the sensors. This process provides the user with the relative orientation parameters 
of the cameras, as well as with the offsets between different sensors. With all that, 
the image pairs can be georeferenced. Three dimensional coordinate sets of objects 
can be calculated by photogrammetric intersection procedures using left and right 
image coordinates:  
 𝑋𝑒 = 𝑋𝑖𝑛𝑠

𝑒 + 𝑅𝑛
𝑒 ∗ 𝑅𝑏

𝑛 ∗ 𝑅𝑟
𝑏 ∗ (𝑅𝑣

𝑟 ∗ 𝑋𝑣 + 𝐷𝑟𝑏
𝑟 ), (1) 

• 𝑋𝑒 – 3D coordinate in Earth fixed frame (ie WGS 84)  
• 𝑋𝑖𝑛𝑠

𝑒  – coordinates of the INS sensor in Earth fixed frame when image pairs 
were taken 

• 𝑅𝑛
𝑒  – rotation from the local frame (n) to Earth fixed frame (e) 

• 𝑅𝑏
𝑛 – rotation from the INS sensor frame (b) to the local frame (n) defined 

by Easting, Northing and Upward direction on the ellipsoid. Rotation angles 
(raw, pitch, yaw) are obtained from the INS system 

• 𝑅𝑟
𝑏 – rotation from the reference-frame (r) to INS frame (b). This matrix is 

determined in the calibration procedure 
• 𝑅𝑣

𝑟 – 90-degree rotation from vision frame (v) to reference frame (r). This 
rotation is used to place Z-axis in the vertical position  

• 𝑋𝑣 – 3D coordinate in the vision frame with the origin at the left camera, the 
X-axis pointing to right camera and the Y-axis parallel to the image frame 
pointing up 

• 𝐷𝑟𝑏
𝑟  – origin on INS frame (b) defined in r-frame. 

From this point onward it is relatively easy to transform these coordinates into 
geographic coordinates (φ, λ, h) or any other depending on the client’s needs.  
The accuracy of coordinates extracted in this way varied depending on the GNSS 
receiver for absolute coordinates and on the camera hardware for relative, internal 
accuracy. According to an article by Journal of the American society for 
photogrammetry and remote sensing; volume 68, number 6 [URL 1] the relative 
accuracy of the point coordinates derived this way was about 10 cm in first 
generation vehicles and has come down to 3-5 cm today with the implementation of 
new camera systems. The absolute accuracy is, of course, based on the precision of 
the GNSS receiver and INS units and today it’s estimated at 5-10 cm with 5 satellites 
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visible. A report named Direct Sensor Orientation in Airborne and Land-based 
Mapping Applications by Dorota A. Grejner-Brzezinska gives a good overview and 
comparisons of the accuracy of derived points using conventional methods and 
mobile mapping systems [URL 2]. The area of Callahan, Ohio was used as a test site 
for various methods to check the accuracy of each system. The accuracy of surveyed 
control points derived from stereopairs varied from 0.006 m to 0.50 m for 2D data 
and from 0.06 to 0.035 m for height component. With that said, the conclusion is this 
is a system usable for management purposes but of inadequate accuracy for civil 
engineering experts and people in need of data with high precision.  

The applications for which the system is used today vary greatly. Road 
management companies use it for monitoring of the road network and 
infrastructure, railway companies use it with LIDAR to monitor the state of the 
railways which used to be a problem in the past because of the of the difficulty to 
access the places like mountain ridges, tunnels and such. There are many other 
possibilities, but these two seem to be the most common for the time being. 

The benefit of this type of mapping is the possibility to cover large areas with 
relative speed and ease. This new interest in the acquisition and storage of 3D data 
in the GIS industry is likely to result in large amounts of 3D information in the near 
future. As a result, efficient and scalable techniques for storage and querying of 3D 
models will be essential for scalable terrestrial data management. Therefore, the 
extracted data are placed into structured databases such as MySQL, Oracle Spatial 
etc. At the moment, there are two main types of databases in use, free and 
commercial ones. According to the diploma thesis “Comparison of Open-Source and 
Commercial Spatial Databases” [Kovačić 2005]: “Free databases are a growing 
segment and are becoming ever so similar to commercial ones, due to the high 
degree of standardization and integration of new trends in the development of SQL, 
as well as the possibility of system installation on weaker hardware systems and 
zero licence costs.”. With that in mind, free databases are a thing to be considered, if 
for no other reason, but to lower the costs of this process. 

2.  Infrastructure management and mobile mapping in Croatia  

Over the last few years, informatization has become a priority in state 
administration and companies because it is a necessary prerequisite for the creation 
of a system that could provide complete oversight of all the state’s possessions, 
infrastructure and similar. The health care department started such a project and 
even though it is still burdened by problems, it is a good step towards that goal. 
Similar to this, the State Geodetic Administration (SGA) also made a web solution 
for cadastral plans and data.  

Until now, the road companies kept the data about roads in analogue maps or 
AutoCAD drawings and tabular data but the problem was that each section of the 
country had their own data sets and that created problems with management of the 
roads. As such, this way of management is proving to be ineffective. Redundancy of 
data, slowness, ineffectiveness and high overall costs are just a few problems to be 
named. Thus, the mobile mapping segment comes into play. 
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The mobile mapping segment in Croatia is still in its early stages. For the last 
few years, it has started to change. The City of Zagreb initiated projects that were 
designed to create GIS databases of roads and road infrastructure. The GIS solutions 
being used at the moment by road management companies in Croatia such as 
Hrvatske autoceste, Hrvatske ceste, Županijska uprava za ceste etc. do not have the 
possibility to extract data out of videos with accuracy greater than 50 centimetres 
and the data cannot be extracted to a database. 

But the products they are using at the moment are stepping stones towards a 
future solution that will contain complete, and most importantly, unified data sets 
which will, in turn, reduce the costs of maintenance and speed up the processes 
needed to keep everything operating at maximum efficiency.  

3. Geoprojekt pilot project 

After analysing the state of mobile mapping segment in Croatia, the 
representatives of the company Geoprojekt, a company which has a rich 60-years 
long history in road surveys, road designs and other infrastructure projects, 
motivated by the wishes and needs of our clients, decided to create a new solution 
for the task at hand. Therefore, we attended the InterGeo held in Berlin in 2014. 
During that time, we initiated the talks with a Swiss company iNovitas and decided 
to start a pilot project based on mobile mapping and additional databases to create 
a Web – GIS solution that would benefit from the mobile mapping part but still would 
be a viable solution for civil engineers and management services. The idea was to 
create a road Web GIS system covering the roads and road infrastructure. The usage 
of mobile mapping platforms already in use was not a good enough solution due to 
the 10-15 cm defined precision. The system in use by the Swiss had, in turn, a 
positioning accuracy that could even reach <1 cm precision. This, of course, 
required the raw GNSS data to be post processed with precise ephemeris data. Also, 
by using a few control points along the routes traveled, we managed to get the 
horizontal accuracy of points to <2 cm and vertical accuracy to <3 cm. With that in 
mind, the client already developed by iNovitas was used.  

The iNovitas system consists of 11 MP stereo cameras in the front and 2.4 MP 
cameras on the sides of the vehicle. Along with the cameras, the notable part of the 
system is Novatel navigation system (SPAN with ISA-100C) with inertial unit and 
GNSS sensor [URL 3]. Defined positional accuracy of such a system is estimated at 
<1 cm horizontal and <2 cm vertical accuracy for post processed data [URL 4]. 
There are the accuracy of the coordinates extracted from these images as defined by 
iNovitas [URL 5] shown below:  
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Figure 3.1 Positional accuracy according to iNovitas 

The driving campaign took place on 27. 10. 2015 during the morning hours. 
After the driving campaign was done, the data had to be processed. Data processing 
was done two weeks after the driving campaign took place so we could have access 
to precise ephemeris data for the satellites viewed. The most important task during 
this was to make such a transformation model from WGS 84 ellipsoidal coordinates 
that would get the best estimation of coordinates for any and all points surveyed in 
the video. For this purpose, Geoprojekt made a meridian convergence model that, 
along with the HRG 2009 geoid model data available on the web, became the basis 
of the transformation model from WGS 84 to HTRS96 coordinate system. The data 
acquired this way were later compared to the data gathered using total station Leica 
TS 09 (1” accuracy). For this reason, several control points along the road were 
picked having their coordinates fixed for both mobile mapping purpose and for 
classic, terrestrial surveying. Thus, the data gathered from both sources were finally 
comparable. 

 
Figure 3.2 Infra3D view 
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Figure 3.3 AutoCAD Civil 3d 2009 view 

The figure 3.2 and figure 3.3 above show the comparison of the data extracted 
from the Infra3D client and AutoCAD Civil 3D 2009 (surveyed by Leica TS 09 and 
then charted). The results are as follows: 

Table 3.1 Comparison of data from mobile mapping and terrestrial survey 

Coordinates of extracted object in HTRS96 (EPSG: 3765) 

Source: Infra3D Civil 3D Differences [m] 

E 499484.60 499484.59 0.01 

N 4830794.47 4830794.49 0.02 

h 356.22 356.24 0.02 

 
This shows that the data sets acquired from both sources are nearly equal in 

comparison with the usage of control points and post process georeferencing. For 
the road management companies, this should prove to be sufficient. The accuracy is 
good enough and the video gives the user a complete overview of the road making 
it possible to mark road flaws, pavement conditions and capture all other 
information that they need to conduct their day-to-day business of road control. In 
the next figure [Figure 3.4], there is the overview of the web interface that the 
ordinary user should understand relatively easy and with no prior knowledge about 
GIS programs. 
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Figure 3.4 Infra3D overview 

The client consists of a main window where the video overview is played. Right 
side consists of a map underlaid with OpenStreetMap WMS service and the routes 
mapped in blue. The red triangle marks the direction of the vehicle. On the left, there 
is the layer manager. Within the layer manager, there are the layers defined within 
the database that is connected to the client. In this case, the SQL database was used. 
Above the main overview window, there are the tool buttons that allow the user to 
measure distances, coordinates, areas or profiles. In addition, the client allows the 
user to chart data in the video section which is then saved in forms of points, lines 
or polygons into a database.  

4. Conclusion 

Bearing everything in mind, it is our conclusion that mobile mapping segment 
is just going to keep growing and expanding in the future, fuelled by new 
advancements in camera, GNSS and INS technologies. From the point where we are 
now, where the estimated positional accuracy is around 10-15 cm, it is still not good 
enough to be used for jobs that need precision. The system developed by iNovitas is 
the preview of the next step in mobile mapping. With accuracy of the points 
decreasing to as much as <1 cm with usage of control points and a good 
transformation models, it is now possible to use such systems for engineering 
purposes. As of now, mobile mapping is still somewhat expensive for Croatian 
purposes since the work hour of a surveyor still averages to a lesser amount then 
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what the cost would be for a mobile mapping solution. But the amount of data that 
can be collected with classical, terrestrial surveys fades in comparison with mobile 
mapping. Therefore, the mobile mapping segment seems to be the next step for the 
road management companies and others alike who require not just the survey data 
that were provided in the past, which was just a model of the real world, but now 
they can have that model and a visual inspection without having to go out in the field 
themselves. As the economic aspect is an important one, this is a viable solution both 
in terms of money and time spent and the amount of data acquired.  
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Uporaba mobilnog kartiranja u svrhu kvalitetnog 
upravljanja prometnicama i prometnom 
infrastrukturom 

Sažetak. Danas cestovni promet pokriva preko 80% ukupnog prometa. Mobilno 
kartiranje je relativno novi segment, čiji je razvoj počeo krajem 90-ih godina 20. 
stoljeća u geoinformacijskim tehnologijama, a preduvjet tog razvoja bila je pojava 
GNSS sustava koji su omogućili precizno pozicioniranje u realnom vremenu. Sustav 
za mobilno kartiranje sastoji se od vozila, kamera koje fotografiraju okolinu, GNSS 
sustava za pozicioniranje, inercijalnih mjernih sustava te računalnog centra koji 
kontrolira sustav i pohranjuje podatke. Prikupljaju se velike količine podataka u 
kratkom vremenu. Osim što ovaj način omogućuje naknadni prijenos geometrijskih 
podataka u baze podataka, iz fotografija i videa se mogu dobiti i dodatni deskriptivni 
podaci. Organizacija ovako velike količine podataka radi se kroz baze podataka kao 
što su MySQL, Oracle itd. U ovom radu prikazat ćemo primjer uporabe sustava za 
mobilno kartiranje te naknadno strukturiranje prikupljenih podataka u bazu 
podataka , izrađen od strane tvrtke Geoprojekt- Split, koji je krajnjem korisniku 
jednostavan za upotrebu, sadrži veliku količinu podataka, ne zahtjeva specifična 
znanja ni posebnu obuku za korištenje. Kao takav može poslužiti za kvalitetno 
planiranje i upravljanje prometnom infrastrukturom, što pridonosi povećanju 
sigurnosti prometa. 

Ključne riječi: baza podataka, mobilno kartiranje, prometna infrastruktura, 
prometnice. 

*professional paper 
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Geodetic Works during the Establishment of Wind 
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Abstract. This paper presents geodetic works during the construction of wind farms 
in hilly and mountainous areas of western Herzegovina (municipalities 
Tomislavgrad and Posušje). Geodetic works are required in various stages of design. 
They include digital mapping, land property relations (land acquisition), the 
establishment of the geodetic basis, the determination of local transformation 
parameters, surveying of layout and profiles of wind turbine locations, foundations 
of wind turbines, monitoring during the construction and after the construction 
including measurements of displacements and deformations of the objects. For this 
purpose, land property relations, GNSS methods of surveying in BIHPOS system and 
local systems, terrestrial methods of surveying and data processing are briefly 
explained in the paper. The procedures of digital mapping are also described. 

Keywords: data processing, digital mapping, geodetic base, GNSS surveying, 
horizontal and vertical displacements, monitoring, terrestrial surveying, wind 
farms. 

1. Introduction 

Considering the demands for electric energy and power in the long term 
period, as well as the responsibility for our own subsistence, growth, development, 
and the needs of our customers for electrical power, JP Elektroprivreda Herceg-
Bosne (JP EPHZH) has been working for more than a decade on the preparation of 
the power plants based on renewable energy (especially wind farms). 

The usage of wind energy through wind turbines is one of the most effective 
ways of exploiting the Earth's energy by means of transforming the wind kinetic 
energy into the electrical energy using wind turbine, which represents thus an 
alternative and renewable energy source. Wind is in fact an indirect form of solar 
energy, because the appearance of the wind occurs as a difference in temperatures 
between the more heated parts of the Earth (the equator) and less heated parts 
(poles). The temperature difference creates a difference in pressures, which causes 
the movement of air masses [URL 1]. 
  A valuable and important monitoring system of wind energy parameters was 
established within JP EPHZHB in July 2004. The equipment was first installed on ten 
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locations on 10 m masts ensuring a continuous measurement of wind speed and 
direction, as well as the temperature. After a one-year measurement cycle, three 
most optimum locations were chosen: 
 

• Mesihovina in Tomislavgrad municipality (22 wind turbines / 55 MW) 
• Velika Vlajna in the City of Mostar (16 turbines / 32 MW) and 
• Borova glava in the municipality of Livno (26 wind turbines / 52 MW). 

 
The measuring equipment was installed on 50 m masts and used for the 

measurements at 30 m and 50 m above the ground. The total expected production 
at these three locations is approximately 404 GWh per year. All locations are 
equipped with the first class sensors having MEASNET quality certificates issued by 
the licensed laboratory.  

As a result of two-year research cycle, the consulting company NIP, SA from 
Madrid made the following Study: “Analysis for the Use of Wind Power for Electricity 
Generation in Bosnia and Herzegovina”. The prominent Consulting Company 
GARRAD HASSAN from Zaragoza [Marinčić 2014] audited the Study. 

 
In 2006, the additional three 50 m high masts were installed: Planinica (Mostar 

City), Mokronoge and Srđani (Tomislavgrad), and 50 m high mast in 2010 at the site 
Poklečani (the municipality Posušje). 

This paper presents geodetic works during the construction of several wind 
farms, and mostly throughout the realization of the project WF Mesihovina, whose 
commissioning is expected at the end of 2017. 

WF Mesihovina will have 22 
wind turbines with the installed 
power of 2 to 2.5 MW per turbine, 
with maximum installed capacity of 
55 MW, depending on the choice of 
wind turbines. The expected annual 
production will be approximately 
165,170 MWh. Each wind turbine 
will have a foundation and a plateau, 
as well as access roads. The 
construction of substation Gornji 
Brišnik 20/110 kV is also planned. It 
will be connected to 110 kV 
Tomislavgrad - Posušje transmission 
line. Figure 1.1 shows the layout of 
WF Mesihovina wind turbines (Row 
2). 

 
Figure 1.1 Layout of WF Mesihovina wind 

turbines (Row 2) 
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2. Project documentation; collection, analysis and processing of planning and 
designing maps 

Before any activities on the preparation of project documentation can be 
commenced, it is necessary to collect adequate maps in different scales. Therefore, 
all necessary topographic maps in the scales 1:200 000 and 1:2500, cadastral maps 
in the scales 1:5000 and 1:2500 and Orto photo maps in the scale 1:5000 have been 
obtained from different institutions (Federal Administration for Geodetic and 
Property Affairs, Regional Geodetic Administrations, relevant Cadastre and Land 
Registry Offices). 

The purpose of topographic maps in the scale 1:200 000 is to locate the Project 
in a wider spatial context. The data from these maps are used only for an early phase 
of the Project planning and development (Preliminary Design and similar). These 
kind of maps are also used for preliminary planning of access road routes, for rough 
planning and for getting information about the distances from Project location to the 
nearest settlements, airports, seaports, state borders and similar.  

Topographic maps in the scale 1:25 000 (TK25) contain more relevant 
information for Project design. These maps are used to get three-dimensional view 
of the wider area encompassed by each project (by reading the data from 10-meter 
and 5-meter contours delineated on these maps), and to get additional information 
such as distances to the nearest settlements, vegetation coverage of certain areas, 
distances to the existing roads, etc.  

Valid cadastral maps in the scales 1:5000 and 1:2500 are used to define the 
structure of land user rights, establish terrain classifications and for upgrading the 
three-dimensional view of the Project area. The maps that, contain the information 
about the altitude of the terrain (contours) along with the information about the 
land user rights have been used.  

All the information collected from the described maps are used for all phases 
of Project Design until the phase of the Main Design that requires much more precise 
geodetic maps in larger scales. This will be elaborated in other chapters (Chapter 3). 

All collected maps were originally in analogue form, thus, they had to be 
transformed into a digital form for easier processing. For that reason, all of the maps 
are first scanned, and then brought to the original coordinate frame of the area that 
they represent by means of geocoding and georeferencing with software package 
AutoCAD Raster Design 2010 and other software packages. After the process of 
georeferencing of the maps has been performed, the information that these maps 
contain has been vectorized. The results of this process are better visibility of the 
information, possibility of digital analysis, establishing two-dimensional and three-
dimensional terrain models, higher efficiency while designing the project, etc. The 
first step was the vectorization of two-dimensional cadastral maps and data 
digitization (boundaries, cadastral numbers, classes of land, cultures of land and 
similar). The same process was performed with the maps that contain the 
information about the altitude of the terrain (contours). Cadastral maps contain, 
depending on scale, 5-meter or 2.5-meter contours. After finishing the process of 
vectorization of the contours, the numeric values of their altitudes were added to all 
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of the contours. Optionally, the refinement of the 5-meter contours was made with 
1-meter contours. This refinement was made with certain CAD tools (AutoCAD Civil 
Design 2010 and similar). 

The entire process resulted in the production of Digital Cadastral Plan (DKP). 
DKP represents a basic document for all phases of the project design, except for the 
phase of the Main Design [Figure 2.1].  

 
Figure 2.1 Part of DKP of the area of VF Poklečani (Posušje) 

The experience based on former planning and design of wind farms shows that 
Project Designers and Developers of Preliminary Designs, Feasibility Studies, 
Environmental Studies and other studies that precede the drafting of the Main 
Design and are necessary for obtaining certain permits, are extremely satisfied with 
the maps delivered in this way. The possibility of digital processing, relatively high 
precision of filed information and three-dimensional view capabilities (allowing 
rough calculation of necessary excavations and embankments) comply with most of 
the requests specified in the early phases of planning and project design. It is 
necessary to mention that even for the early phases of planning and project design, 
certain field surveys had to be made and the data about the terrain captured. 
Generally speaking, the measurements in these early phases included the stakeout 
of the locations of the wind turbines, geodetic survey of certain road intersections, 
geodetic survey of the substation areas and similar.  

3. Geodetic works during the preparation of the construction of wind farms 

The first step in the preparation of the construction of wind farms in a 
particular area is related to obtaining the Concession permit from the competent 
Ministry. After that, a contract of mutual cooperation has to be signed with the 
relevant municipality, in order to resolve property and legal issues. 

After fulfilling these conditions, it is possible to collect cadastral plans and title 
deeds from relevant Cadastral and Land Registry offices in order to achieve current 
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“right of easement” within the coverage area of planned wind farm. In order to make 
the inspection of the situation related to the “right of easement” within the coverage 
area of planned wind farm, land registry abstracts need to be obtained from the 
authorized land registry. Likewise, the data on existing trigonometric network 
(positional descriptions of trigonometric points) are obtained from the relevant 
Cadastral and Land Registry offices, in order to establish a geodetic basis within the 
concerned area. 

In the following sections, the geodetic works needed for the preparation of the 
construction of WF Mesihovina will be described in details. 

3.1. The geodetic basis and establishment of a new coordinate system 

In a wider, as well as in direct neighborhood of the project area, the existing 
trigonometric network was reviewed. This network served as the basis for 
surveying and data transformation into the state coordinate system [Marinčić et al. 
2013]. 

Positional descriptions of trigonometric points located in the wider area of WF 
Mesihovina were collected from the relevant Cadastral office of the municipality 
Tomislavgrad. Site inspection could be performed with the data collected in such a 
way (coordinates and positional descriptions of trigonometric points). 

The site inspection of the wider area of WF Mesihovina (ca 150 km2) made it 
possible to find the trigonometric points. However, a certain number of 
trigonometric points was destroyed, damaged or dislocated during the restoration. 
In total, 19 trigonometric points of III and IV order were found, 9 trigonometric 
points of III and IV order were destroyed, while one trigonometric point of I. order 
had positional disloca tion of 1.85 m during the restoration. 

When selecting the site for the stabilization of new points of vertical, horizontal 
or spatial networks, it is necessary to avoid landslides, the centre of parcels, river 
banks and road edges, all in order to reduce damages or destructions of new points 
[Zulijani 2007]. 

Some additional conditions have to be fulfilled during the stabilization of GPS 
network points: 

• Points cannot be located nearby powerful transmitters, high voltage power 
lines, etc. 

• Reflective surfaces (metal and glass surfaces) that cause multipath 
(multipath signals) have to be avoided. 

• Satellites elevation above the point horizon has to be minimally 15° – 20°. 
• Accessibility of the points day and night (points located on public property). 

These terms were taken into account in the process of setting up new GNSS 
reference points (G1-G7) in the micro-area of WF Mesihovina. New GNSS points 
were stabilized with the carved cross in the rock according to occupational 
regulations, in order to make the network more dense and thus increase its 
accuracy, and to make it applicable during and after the construction.  

 After the site inspection had been completed and the reliable official data 
about the geodetic basis of the investigated area collected, it was possible to start 
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with GNSS measurements taking into account the criteria specified in the Terms of 
Reference (ToR). 

The Network Plan [Figure 3.1] was established before the measurements 
started; the Observation Plan was also defined taking into consideration the length 
of baseline, satellite geometry and number of visible satellites. 

 
Figure 3.1 Network and Observation Plan of the existing trigonometric and new GNSS points 

GNSS measurements required the following observation parameters to be 
specified: 

• Lower elevation of satellite registration: 10°; 
• Interval of satellite registration: 1 s; 
• GDOP ≤4; 
• Session duration: 15 min + 1 min/km of GNSS vectors (15 min + 2 min/km 

for vectors longer than 10 km). 
GNSS measurements were conducted with the measuring equipment Leica GPS 

1200+, by means of rapid static positioning method. 
There were 13 existing trigonometric points and 7 new GNSS points observed. 

Special attention was dedicated to the measurement of the antenna height measured 
at the beginning and at the end of the observations using the antenna height meter 
with integrated measuring tape. The measured values of the antenna height were 
entered into the records of the GNSS measurements. The records of the GNSS 
measurements contained also the name of the points, the data about the used 
instruments, about the beginning and the end of the observations. The antenna 
heights and the methods of measuring the antenna heights were drawn and the 
numerical values of measured antenna heights were entered. The values of air 
temperature (°C), air pressure (hPa) and humidity (%) were also entered. 
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After the conducted observations, GNSS measurements were processed and 
adjusted in accordance with the professional rules (processing and optimizing of 
vectors, input of known coordinates of trigonometric points, adjustment and 
transformation of the Cartesian coordinate system WGS84 into the local coordinate 
system) on PC using software package Leica GeoOffice. 

The seven-parameter Helmert 3D transformation was used as a model of 
transformation. The transformation parameters for the transition from WGS84 to a 
local coordinate system were obtained by means of this transformation, as residuals 
of geodetic basis. After the observed vectors had been processed and adjusted, and 
the seven-parameter Helmert 3D transformation performed, the reliable and high-
quality local coordinate system – WF Mesihovina 2011 – was obtained.  

Based on this system and its transformation parameters, final coordinates for 
the new GNSS points (NB1-NB8) were obtained. 

3.2. Geodetic survey of layout and cross-sections 

After the site inspection had been completed and the basis established and 
updated with new geodetic points, the surveying measurements could begin taking 
into account the requirements set in ToR (situations of locations of wind turbines in 
scale 1:100, cross-sections along the access road route in length of 30 meters, 
situation of the location of future substation SS 20/11 Gornji Brišnik in scale 1:100 
etc.). 

The survey was carried out using the most advanced, high precision geodetic 
equipment, which included Leica TPS1203+ total station and Leica GPS 1200 RTK 
set consisting of a base station and a rover [Figure 3.2]. 

 
Figure 3.2 Leica TPS1203+ total station and Leica GPS 1200 RTK set 

The survey was performed by means of the relative kinematic GPS method in 
real time (RTK), which implies the initialization of measurement (determination of 
ambiguity), stationary reference base and a mobile rover whose trajectory is 
determined in the motion. 

Apart from RTK method, there was also the classical method of measuring 
angles and distances with the total station and reflecting prism used in the 
observation procedure (polar method). 
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3.2.1. Geodetic works at the locations of wind turbines and SS 20/110 G. Brišnik 

At each of the wind turbine locations (WT1 to WT22), the layouts were 
surveyed in the scale 1:100, as well as two cross-sections [Figure 3.3] in the length 
of 100 meters. The cross-sections were surveyed first, and immediately after that 
the wind turbine locations were surveyed with the minimum area of 1 ha (100 x 100 
meters). 

Besides the location of wind turbines, the location of future substation SS 
20/110 Gornji Brišnik had to be surveyed in the scale 1:100 according to ToR. The 
substation area covers approximately 3.5 ha. 

Figure 3.3 Cross-section at WT3 location (North-South) 

3.2.2. Geodetic works on the access road 

The layout survey was performed along the whole road route in the length of 
24,175 kilometres at the scale 1:500. The cross-sections were surveyed along the 
access road route in the length of 30 meters (±15 meters from the axis of the road) 
at the scale 1:100/100. The layout survey was also made at the connection of access 
road to the existing main road M 6.1, at the scale 1:200 [Figure 3.4]. 

 
Figure 3.4 Layout of the connection to the main road M 6.1 
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3.3. Processing of measurement 

The first step in data processing was to transfer the measured data from the 
measuring instruments to computers, where further processing was done. The data 
were transferred from the PCMCIA card as "raw" data into the program Leica Geo 
Office (LGO), where quality control and accuracy of measurements and their 
optimization were performed. All "raw" data were stored in backup files before any 
further processing for security reasons. The final product of LGO data processing is 
*.ASCII file that contains numbers and coordinates of surveyed points. File in .TXT 
format was created from *.ASCII file and was used for the input of points by means 
of LISP application into AutoCAD2010 for further processing. The data were further 
processed in AutoCAD2010, which included the plotting of all required layouts, as 
well as drafting and plotting of required cross sections. 

All plotting and mapping actions were carried out in accordance with the 
applicable regulations about Cartographic symbols (mostly with “Collection of 
Cartographic symbols” published by State administration for Geodetic Affairs of 
Republic of Croatia-DGU) and with the required scales. 

4. Monitoring of the wind turbines during the exploitation phase  

During the phase of exploring the planning activities for the wind farm, 
geomechanical measurements are conducted. The purpose of these measurements 
is to look into the physical and mechanical properties of the soil on which the wind 
turbines are going to be constructed. However, certain movements and 
deformations of constructed objects might still emerge. It is therefore necessary to 
establish a monitoring system for wind farms just like for any other electric power 
plant. The massiveness of single wind turbine (the height about 100 meters, 
propellers with the radius of 40 meters, etc.) as an individual object creates the 
possibility of vulnerability to certain influences (soil subsidence, impacts of weather 
conditions, etc.).  

It is reasonable to assume that the excavation of the foundation of an object is 
going to be dredged in accordance with the designed heights, regardless of whether 
the level of dredged area is horizontal or having some other shape. However, some 
points of the foundation can be transferred under pressure and thus form some 
other shapes. These shapes certainly present a deformation in relation to the 
designed shapes. It is logical to assume that these changes on the object foundations 
may be reflected in the constructed object itself. This is the reason why shifts and 
deformations of various shapes occur on the constructed objects [Pribičević & 
Medak 2003]. 

In order to monitor possible movements and deformations of the constructed 
objects, the implementation of horizontal and vertical monitoring points 
(landmarks) on the foundation of every single wind turbine (on every corner of the 
foundation) has been planned. A fixed landmark has been chosen on the body of the 
wind turbine to be monitored for the purpose of detecting horizontal movements 
and possible inclination of the turbine.  
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The first task of geodetic monitoring of high objects (as well as hydropower 
plants) is to insure the object against possible sudden and unpredictable events, as 
well as to protect the environment from possible damages. The geodetic technical 
monitoring process includes high precision geodetic measurements the purpose of 
which is to collect all necessary data in order to ensure rational maintenance of the 
constructed object during the exploitation phase. It is important to detect, in a timely 
manner, any events and conditions that could affect the safety of the constructed 
objects. Depending on the type, size and importance of the object, some technical 
monitoring measurements other than geodetic measurements can be performed as 
well [Rezo et al. 2007]. 

The spatial distance between the planned locations of wind turbines is going 
to be at least 300 meters. It is therefore necessary to stabilize at least two 
monitoring points for each turbine from which measurements towards wind 
turbines will be conducted. Monitoring points are going to be stabilized with 
concrete stone including stainless bolt both underground and over ground.  

It is planned to establish the levelling network by connecting all landmarks 
(benchmarks) inside the construction area with at least two landmarks placed 
outside of the included area. These outside landmarks will not be affected by any 
work inside the construction area. Apart from the landmarks planned to be set up 
on the foundations of wind turbines, at least one landmark (benchmark) for every 
wind turbine is planned to be set up outside the construction area of that wind 
turbine.  

In the first six months after completing the construction of wind turbines, the 
monitoring measurements are planned to be made every 30 days (monthly 
observations). The reason for such frequency lies in the fact that the constructed 
objects of such kind are most sensitive to various influences and changes in their 
stability immediately after being constructed. After the period of six months, the 
monitoring measurements are planned to be made once every half a year for the 
period of the next five years of exploitation (if necessary, the monitoring 
measurements can be carried out more often). 

After the period of five years, annual monitoring measurements are planned to 
be made on every constructed wind turbine till the end of the exploitation period. 

5. Conclusion 

Geodetic works are an important part of project design and the construction of 
wind farms. In the initial phase of the project, while selecting the location, obtaining 
concessions, drafting pre-feasibility study and conceptual design, it is necessary to 
prepare maps and plans in different scales according to project requirements, which 
includes georeferencing of maps and plans, vectorization i.e. digital mapping, digital 
terrain model, etc. Field surveying is made then for the purpose of conceptual, main 
and detailed design. This includes the establishment of geodetic basis, 
determination of local transformation parameters, layout and profile surveying on 
the site of wind turbines and access roads, the establishment of geodetic basis for 
staking out the access roads axis, wind turbine foundations, monitoring during 
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construction and after the construction including the measurements of 
displacements and deformations of the objects. In addition, land property issues, 
preparation of documentation for land expropriation, etc. are also a very important 
part of the project.  
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Geodetski radovi pri uspostavi vjetroelektrana 

Sažetak. U radu su prikazani geodetski radovi prilikom izgradnje vjetroelektrana na 
području brdsko-planinskih predjela zapadne Hercegovine (općine Tomislavgrad i 
Posušje). Geodetski radovi su potrebni u različitim fazama projektiranja. 
Obuhvaćaju postupke izrade geodetskih podloga, uređivanja imovinsko-pravnih 
odnosa, uspostavu geodetske osnove, određivanje lokalnih transformacijskih 
parametara, mjerenja situacija i profila lokacija vjetroturbina, kao i temelja nosivih 
konstrukcija vjetroelektrana, praćenje tijekom gradnje, te u vremenu eksploatacije 
elektrane, plan opažanja pomaka i deformacija samih objekta. U radu se ukratko 
pojašnjavaju procedure uređenja zemljišta, metode GNSS mjerenja u BIHPOS 
sustavu i lokalnim sustavima, terestričke metode mjerenja i obrade mjerenih 
podataka. Opisat će se i postupci izrade digitalnih katastarskih planova (DKP). 

Ključne riječi: digitalni katastarski plan, geodetska osnova, GNSS mjerenja, 
horizontalni i vertikalni pomaci, monitoring, obrada mjerenja, terestrička mjerenja, 
vjetroelektrane. 

*professional paper 
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Application of Modern Measurement Methods and Data 
Processing Automation in Land Consolidation 
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1 GEO-DIN Ltd., Stanka Vraza 15, Varaždin, Croatia, geo-din@vz.t-com.hr, 
lidija.spiranec@gmail.com 
2 GEOBIRO Ltd., Nikole Pavića 4, Čakovec, Croatia, geobiro_hr@ck.t-com.hr 

Abstract. In Croatia, most of the agricultural parcels are small, which hinders 
successful and profitable production, and the most advanced solution to this 
problem is land consolidation. It is a planned readjustment and rearrangement of 
land parcels and their ownership, applied to form larger and more rational land 
holdings. The adoption of the Agricultural Land Consolidation Law and the 
Ordinance on the Performance of Expert Geodetic Tasks in Land Consolidation 
created a legal framework on the basis of which, after a 24 years long break, land 
consolidation of agricultural land could be implemented in Croatia again. The goal 
of this article is to present the work on the pilot project in Međimurje County, in 
cadastral districts Gornji Kraljevec, Ferketinec, Sivica and Podturen. The project 
covers the area of approximately 1770 hectares with 9060 land parcels. The number 
of newly formed land parcels are planning to be reduced, and their value will most 
probably increase. Remote sensing technology using drones was used to create a 
preliminary design of land consolidation, in order to precisely determine 
topographic characteristics of the area and to make a better cost estimate. The 
analysis of the parcels covered by land consolidation was automated by creating the 
database. 

Keywords: database, drones, land consolidation, Međimurje County. 

1. Introduction 

Land consolidation is an agrarian-technical operation whose main purpose is 
grouping the scattered parcels of the same owner into one, or at least, into a few 
encircled parcels [Medić 1978]. The final purpose of land consolidation of 
agricultural land is to produce more at lower cost, however environmental 
restrictions have to be considered as well. Land consolidation works also help in 
settling the property rights and improving the quality of cadastral records. 

Two types of land consolidation are defined: moderate and radical [Medić 
1978]. Moderate land consolidation solves the problem of access to land 
consolidated parcels and groups scattered farming parcels. Radical land 
consolidation involves: enclosure of the entire cadastral district in the process of 
land consolidation without exceptions – with village and forest areas, construction 
of main channels and channels of detailed drainage and, if necessary, irrigation, land 
security for the facilities to be constructed in the future, preservation of the natural 
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environment, regroupement of wood lots and protection from erosion on hilly 
terrains. 

Since 1990, the land consolidation in the Republic of Croatia hasn’t been 
implemented. At the beginning of the 90s, the sociopolitical economic system 
changed, the property ownership structure changed, the limitation of the maximum 
land area was abolished and the process of land denationalization started. The 
period after the implementation of these changes until today has been characterized 
by poor real estate records, large fragmentation of land and low agricultural 
production. Therefore, land consolidation is the way of contributing the sustainable 
rural development in Central and Eastern Europe [Kranjčević & Prosen 2002]. 

The fragmentation of land is a huge obstacle for competitive agricultural 
production. Implementation of land consolidation to improve farm parcels’ 
structure is the fundamental prerequisite for survival of Croatian agriculture in the 
European Union. Croatian family farm has an average size of 2.7 ha that consists of 
5.3 parcels of average size of 0.5 ha [Husnjak et al. 2003]. The average family farm 
in Međimurje County is even below that national average, as it will be seen from the 
article. 

The adoption of the Agricultural Land Consolidation Law [NG 51/15] and the 
Ordinance on the Performance of Expert Geodetic Tasks in Land Consolidation [NG 
123/15] created a legal framework on the basis of which, after a 24 years long break, 
land consolidation of agricultural land could be implemented in Croatia again.  

In order to improve agricultural production, Agricultural Land Agency 
prepared five pilot projects for land consolidation in the Republic of Croatia. One of 
the pilot projects takes place in Međimurje County and engages the cadastral 
districts: Gornji Kraljevec, Ferketinec, Sivica, Podturen and Novakovec. 

2. The history of land consolidations in the upper part of Međimurje County 

Međimurje County is specific in many ways in the implementation of land 
consolidation in the former system. From 1982 to 1991, there was a job position in 
the former municipality of Čakovec (now Međimurje County) – the coordinator who 
monitored the quality of the implementation of land consolidation, planned new 
land consolidations. The person in charge coordinated his/her work with the work 
of land consolidation authorities, land surveyors and construction workers in the 
framework of land consolidation, and procured funding for the implementation of 
land consolidation. It resulted in higher work quality of all participants in the 
implementation of land consolidation, including land consolidation authorities. 

In the area of the present Međimurje County, four land consolidations were 
implemented in areas named “Kotoriba”, “Mursko Središće”, “Vratišinec” and “Sveti 
Martin” in the period from the late '70s until 1990. The labels of this land 
consolidation areas are G-1, G-2, G-3 and G-4 [Figure 2.1]. 
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Figure 2.1 Overview of implemented land consolidations in Međimurje County 

The installation of a large computing centre SPERRY UNIVAC 1100/60 within 
the former civil engineering company GK Međimurje in 1983 brought new 
possibilities in the processing of land consolidation activities. The land 
consolidation area "Mursko Središće" was a pioneering venture for geodetic 
engineers and computer professionals who invented some new methods and actions 
in land consolidation computation. A digital coordinate database and written 
database were created. This allowed the automation of many actions in land 
consolidation such as: creating and printing of land statements and land 
consolidation decisions, automatic creation of temporary and definitive land 
allotment and area computing. In technological terms, this principle is a guideline 
for present land consolidation. 

3. Pilot project of land consolidation in cadastral districts: Ferketinec, Gornji 
Kraljevec, Sivica and Podturen 

As seen in the above figure [Figure 2.1], land consolidation area covering the 
concerned cadastral districts is a natural continuation of land consolidation area 
Vratišinec (G-3). Therefore, because of the tradition, the new land consolidation has 
a label G-5. Encouraged by the success of the implementation resulting from the 
previous land consolidation, the owners of agricultural land in the new land 
consolidation area have positive expectations related to the implementation of land 
consolidation, and accept it therefore as agro-technical measure. The contractors 
who work on the development of land consolidation project – Phase I are the 
companies: Geobiro d.o.o. Čakovec and associate company Geo – Din d.o.o. from 
Varaždin. 
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The planning and executing of land consolidation project is based on the data 
provided by the Agricultural Land Agency in the exchange formats of graphical and 
textual databases (shx, shp, dbf and txt). Digital cadastral maps (DCM) for each 
cadastral district were generated by means of GIS software Quantum GIS ver. 2.4.0. 
DCM was converted into the form prescribed by specifications for the development 
of the DCM using Autodesk Map 2012. Digital orthophoto (DOP) is made for each 
cadastral district by obtaining it from the web service of the State Geodetic 
Administration (SGA) in the available segments at the scale of 1:5000. All segments 
were connected to overview DOP. DCM was overlapped on the DOP for each 
cadastral district, and thus, the base maps for each cadastral district were made 
[Figure 3.1]. The base map is adequate for presentations in the preliminary design, 
such as: display of existing road and drainage network, display of the land owned by 
the Republic of Croatia, display of the border of land consolidation area, display of 
boundaries of the construction area and the proposal for a new road network. 

Since not all parcels within one cadastral district are the object of land 
consolidation, but only agricultural plots, it is necessary to define the parcels that 
form the land consolidation area. The determination of the borders of the land 
consolidation area is a particularly delicate work, especially on the boundary with 
the construction area. Field visits are often required in order to properly draw the 
border on the base map. The regularity of agricultural boards, which will be next to 
land consolidation borders, shall also be taken into account. Also, planning 
regulations from spatial planning documents are important aspect for planning and 
implementing of land consolidation and land valuation. 

Instead of many field visits, local aerial surveys are recommended as better 
solutions being limited to critical areas and helping in the preparation of cost 
estimate, the determination of the route of new channels or pathways on rough 
terrains. Within the framework of Phase I preliminary design, aerial survey of a 
small land consolidation area was done, where it was not clear whether to regulate 
the land there and create arable land. The survey was done using Topcon Sirius Pro 
RTK system and the data was processed using Agisoft PhotoScan software. 
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Figure 3.1 Overview of the base map of preliminary design of land consolidation in cadastral 

district Gornji Kraljevec 

Later in the article, the comparison is done between the official DOP-5 [Figure 
3.6] and DOP made on the basis of survey with large scale drone [Figure 3.7]. The 
result of aerial survey is the 3D-model with points cloud with the internal 
positioning accuracy of ±3 cm, and quality DOP. 

Once the borders of the consolidation area had been defined in each cadastral 
district, it was possible to determine which parcels in each cadastral district would 
be a part of the land consolidation. The tools of Autodesk Map 2012 filtered the 
parcels within a closed polyline that formed the border of the land consolidation 
area, and exported them into the external Excel file. With this file it was possible to 
start creating the Access database [Figure 3.2]. 
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Figure 3.2 Overview of database with opened file that consists of land consolidation area 

parcels in cadastral district Gornji Kraljevec 

A complete cadastral documentation was delivered in the form of .txt files that 
were imported and edited in Excel tables. Excel spreadsheets were imported in the 
Access database for each cadastral district. All elements of complete cadastral 
documentation represented in each Access database by tables KatOpcine, POPIS_KC, 
POPIS_OSOBA and VRSTE_PRAVNOG_ODNOSA, were processed through the 
development of various queries and reduced to a part of the cadastral 
documentation that consisted of parcels within the table BROJPARCELA. In this way, 
it was possible to do the analysis necessary for the preparation of conceptual design 
of land consolidation, as well as reports. The following reports were made for each 
cadastral district: 

1. List of cadastral parcels included in land consolidation [Figure 3.3], 
2. Alphabetical directory of participants of land consolidation [Figure 3.4],  
3. Deeds, 
4. List of owners/possessors by land size and number of parcels. 

The following reports were made for the entire land consolidation area: 

1. Statistical data overview on parcel size [Table 3.1] and [Table 3.2], 
2. List of all participants of land consolidation for all cadastral districts [Figure 

3.5]. 
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Figure 3.3 List of parcels – example in cadastral district Gornji Kraljevec 

 

 
Figure 3.4 Alphabetical directory of participants – example in cadastral district Gornji 

Kraljevec 
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Table 3.1 Statistical data overview by cadastral districts 

Identification 
number of 
cadastral 
district 

Label of 
cadastral 
district 

Number of 
deeds 

Number of 
participants 

in land 
consolidation 

Area of land 
consolidatio
n territory 

in ha 
according to 

DCM 

Total 
number 

of parcels 

Average 
size of 
parcel 

owned by 
Republic 
of Croatia 

in ha 

Average 
size of 
parcel 
owned 

by others 
in ha 

302988 FERKETINEC 591 635 229.28 1431 1.07 0.144 

303038 
GORNJI 

KRALJEVEC 
1081 1211 694.06 3107 0.77 0.212 

303500 SIVICA 880 985 473.33 2349 1.66 0.18 

303402 PODTUREN 851 945 374.17 2173 1.04 0.17 

    3403 3776 1770.84 9060 1.1 0.177 

Table 3.2 Statistics of parcels for the entire G-5 area  
 Number of participants Area % 

5 ha and more 19 3 385 250 0.6 
from 4 ha to 5 ha 7 307 973 0.2 
from 3 ha to 4 ha 28 952 398 0.9 
from 2 ha to 3 ha 66 1 614 610 2.2 
from 1 ha to 2 ha 277 3 874 150 9.2 
from 0.5 ha to 1 

ha 
517 3 678 454 17.1 

to 0.5 ha 2 109 3 972 995 69.8 
TOTAL 3 023 17 785 829 100 

 
Figure 3.5 Alphabetical list of participants for the entire G-5 area  
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Figure 3.6 Overview of land consolidation area on DOP-5 

 
Figure 3.7 Overview of land consolidation area on DOP made by means of drone 

measurements 

4. Conclusion 

Land consolidation area G-5 is the typical land consolidation area of the North-
western Croatia, where the fragmentation of agricultural land is really problematic. 
The average parcel in G-5 has the area of 0.18 ha. Less than 4% owners own 35% of 
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area of the entire G-5. The number of owners is very large and the process of land 
consolidation will be needed to solve this problem. The solution might be the 
establishment of a small board closer to the village, something like gardens. The 
current situation is not realistic, because unregistered sales contracts certainly exist 
due to the fact that there are difficulties related to their registration in land registry. 
The situation will change through the process of land consolidation, because the 
implementation of sales contracts and additional buying and selling would reduce 
the number of owners of small properties. 

The final appearance of agricultural boards will be unknown until the 
coordination of cadastral, land and real situation is finally completed.  

DOP-5 is satisfactory in the conceptual stage, although it is recommended to 
measure the field with drones in critical areas. Registration of land evaluation and 
cost estimations for regulation of abandoned land require aerial survey in the period 
without vegetation. 

Number of households cannot be properly determined at this stage, because in 
the past, cadastral databases were not supplemented by means of a single protocol. 
The process of database adjustment will provide the determination of the exact 
figure of the households.  
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Primjena suvremenih metoda mjerenja i automatizacija 
obrade podataka u komasaciji 

Sažetak. Većina poljoprivrednog zemljišta u Hrvatskoj je podijeljeno u male parcele 
što sprječava uspješnu i profitabilnu proizvodnju, a najnaprednije rješenje tog 
problema je komasacija zemljišta. To je panirana preraspodjela parcela i vlasništva 
da bi se formirale veća i racionalnija zemljišna gospodarstva. Prilagodbom Zakona o 
komasaciji poljoprivrednog zemljišta i Pravilnika o obavljanju stručnih geodetskih 
poslova u komasaciji stvorena je pravna osnova prema kojoj se, nakon 24 godine 
stanke, može provesti komasacija poljoprivrednog zemljišta u Hrvatskoj. Cilj ovog 
članka je prezentirati rad na pilot projektu u Međimurskoj županiji u katastarskim 
općinama Gornji Kraljevec, Ferketinec, Sivica i Podturen. Projektom je obuhvaćeno 
područje od približno 1770 hektara sa 9060 parcela. Planira se smanjenje broja 
novoformiranih parcela te povećanje njihovih površina. Tehnologija daljinskog 
istraživanja korištenjem dronova je korištena za preliminarnu preraspodjelu 
zemljišta, kako bi se precizno odredila topografija zemljišta što omogućuje bolju 
procjenu vrijednosti zemljišta. Stvaranje baze podataka parcela za koje se provedi 
komasacija omogućuje automatiziranu analizu parcela. 

Ključne riječi: baza podataka, dron, komasacije, Međimurska županija. 

*professional paper 
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Abstract. After the Act on the Agricultural Land Consolidation [OG 51/2015] had 
been passed, the legal basis was prescribed for re-enforcement of land consolidation 
on the territory of the Republic of Croatia for the first time after asserting its 
independence. The Ordinance on Expert Geodetic Works in Land Consolidation [OG 
123/2015] regulates the actions in land consolidation procedures carried out by the 
persons licensed to perform expert geodetic works including the actions from the 
domain of Engineering Geodesy. Agricultural land consolidation is carried out on the 
basis of multi-annual and annual programs prepared by the Agricultural Land 
Agency. This paper gives an overview of activities taken so far concerning 
conceptual designs for five locations in which land consolidation should be carried 
out. The focus of the paper is on Engineering Geodesy activities in procedures of land 
consolidation, such as the design of the road and duct networks and the role in 
amelioration. 

Keywords: Agricultural Land Agency, amelioration, land consolidation, road and 
duct networks. 

1. Introduction 

At first glance, it is to be noticed on the cadastral plots of agricultural land that 
the majority of them are very small with irregular shape and in most cases they do 
not correspond to the real situation in the field [Figure 1.1]. When we consider 
unresolved property issues, it is obvious that the situation related to the agricultural 
land is extremely complex. This kind of situation is one of the major causes of the 
unprofitability of agricultural production due to small and fragmented agricultural 
properties that do not provide conditions for successful production in the Republic 
of Croatia because family farms have the average size of 2.7 ha and are fragmented 
to approximately 5.3 separated parcels, while in comparison with most European 
Union countries, the agricultural holdings in Croatia are six times smaller than the 
average size of agricultural holdings in these countries [Ivković et al. 2008]. Such 
agricultural holdings are hardly plausible, and consequently, such land gets 
abandoned and neglected becoming gradually unsuitable for agricultural 
production. 
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A solution that would most effectively eliminate the problem of small and 
fragmented agricultural holdings and thus eliminate one of the biggest obstacles to 
the revitalization of the agricultural production in the Republic of Croatia is 
agricultural land consolidation (hereinafter: land consolidation) [Ivković et al. 
2010]. 

 
Figure 1.1 Example of the condition of a part of cadastral map in the cadastral municipality 

Udbina 

2. Agricultural land consolidation 

Land consolidation is the agrarian and technical operation intended mostly for 
collecting scattered holdings that belong to individual households in a single unit, 
and it is the basic prerequisite for empowering private rural estates and social 
agricultural organizations to reach more cost-effective production. There are also a 
number of other technical or legal processes carried out within the scope of land 
consolidation or related to it, such as land amelioration, renovation of roads, 
regulation and recovery of settlements, regulation of ownership, production of new 
cadastral documents and other [Medic 1978]. This is the definition of land 
consolidation from the period when today’s Republic of Croatia was an integral part 
of the Federal Republic of Yugoslavia, and due to the changes in social, political and 
economic relations and the progress of technology, it needs to be modernized, but 
essentially, the goal remains the same. 

Since the Republic of Croatia became independent, there has been no land 
consolidation performed with no legal basis established ever since for its 
implementation. According to the annual reports published by the Ministry of 
Agriculture of the Republic of Croatia, the agriculture as an important economic 
sector has been getting less and less efficient for a number of years [RC 2012, 2013, 
2014]. Such trend was caused by the shape and size, as well as cadastral and legal 
status of cadastral plots of agricultural land [Ivković et al. 2010]. The Agricultural 
Land Agency (hereinafter: Agency) as one of the institutions involved in agriculture 
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and as an integral part of the Ministry of Agriculture participated in the initiative on 
the basis of which the Croatian Parliament passed the Act on the Agricultural Land 
Consolidation in May 2015 [OG 51/2015, hereinafter: Act]. According to the Act, the 
consolidation of agricultural land is carried out for the purpose of consolidating the 
properties and cadastral plots into larger and more regular plots adequate for cost-
effective use, of creating favorable conditions for the development of agricultural 
production, for the establishment and construction of field roads, water structures 
for land amelioration and execution of other works required to arrange the land 
intended for agriculture. Land consolidation is, in terms of the Act, a set of 
administrative and technical procedures applied to combine small and fragmented 
agricultural land into larger and better organized plots, to regulate road and duct 
networks and legal property issues, as well as other relationships attributed to the 
land. 
According to the Act, the land consolidation can be initiated if: 

• the land cannot be cultivated in a purposeful manner due to its 
fragmentation and irregular shape, 

• it is not possible to organize such production that will justify the purpose of 
investments, due to significant land fragmentation or the existing legal 
property relations in the areas where water structures for amelioration 
have already been constructed or where they are under construction, 

• the construction of new transport infrastructure (roads, railways) or other 
structures (dams, canals, etc.), as well as the regulation of large 
watercourses, will lead to further fragmentation of the existing cadastral 
plots and disruption of road and duct network. 

If land consolidation is proposed because of the construction of water 
structures for land amelioration, land consolidation can be initiated if, among other 
conditions, the conditions for the construction of such systems, as specified by 
special laws, have been met as well. It was also found out that the land consolidation 
will not start if: 

• it has been concluded that its implementation could worsen the conditions 
for agricultural production of land consolidation participants, 

• the costs of land consolidation would not be in proportion to the benefits 
expected from it, 

• without simultaneous land amelioration, no satisfactory results in 
agricultural production can be achieved, 

• prescribed measures for protection of soil, biodiversity and landscape 
diversity are not provided. 

3. Geodesy in land consolidation procedure – legal basis 

An important part of the work in the implementation of land consolidation are 
professional geodetic tasks that can be performed by a person licensed to execute 
professional geodetic activities (hereinafter: licensed geodetic expert) in 
accordance with a special law that regulates this area. The main professional 
geodetic activities in the process of land consolidation according to the Act are: 
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• staking out the boundaries of the land consolidation area, 
• drawing up an agricultural roads network, 
• staking out designed road and duct networks and consolidated cadastral 

plots in the field, 
• participation in the presentation of the road network project and handling 

the objections to the project, 
• development of maps of the land consolidation area and reports about the 

surfaces of the consolidated cadastral plots area, 
• partial cadastral survey. 

In addition to the above activities, the licensed geodetic expert: 
• harmonizes cadastral and land registry records with the actual situation, 
• participates in the land valuation and enters valuation results into the 

project report, 
• draws up land status reports prior to land consolidation and takes part in 

their presentation, furthermore handles objections to such land reports, 
• prepares a draft of the division of land consolidation mass, 
• participates in a public discussion on the allotment of land parcels and in 

the process of the land consolidation participants entering into the 
possession of the allotted land, 

• draws up land status reports after land consolidation, takes part in their 
presentation and handles objections thereto, 

• draws up a draft decision on land consolidation according to the 
conclusions adopted in the discussion about land allocation, and the 
conclusions on submitted objections, 

• draws up a consolidation project report (inventory of consolidated parcels, 
alphabetical list of land consolidation participants, draft disposition of the 
decision on land consolidation, valuation plans and technical report with 
overview maps about the status prior to and after land consolidation), 

• provides information in administrative and judicial proceedings and 
disputes, when ordered to. 

Pursuant to article 43, paragraph 3 of the Act, the director of the State Geodetic 
Administration passed the Ordinance on Expert Geodetic Works in Land 
Consolidation [OG 123/2015, hereinafter: Ordinance], which specifies the methods 
and the actions that licensed geodetic experts carry out for the purpose of 
accomplishing the land consolidation. 

4. Initial activities 

Article 4 of the Act specifies that the land consolidation is carried out on the 
basis of multi-annual and annual programs adopted by the Parliament and the 
Government of Republic of Croatia that are prepared by the Agency based on expert 
analysis of the implementation processes of land consolidation. The first step in the 
preparation of the Agency's program of land consolidation was to analyze the state 
of agricultural land on the Croatian territory by cadastral municipalities. Such 
analyses were made in collaboration with the Department for Spatial Information 
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Management at the Faculty of Geodesy, University of Zagreb. The results showed a 
high level of fragmentation of agricultural land in all regions of the Republic of 
Croatia, so it was decided that the first locations to be taken will be the areas in 
various regions that are characterized by different geographical, agricultural, 
economic and social conditions. It was also decided that in these areas not only the 
land consolidation processes will take place with their first phase being the 
conceptual design, but they will also serve as an example for business processes in 
the above mentioned process. For these zero or pilot projects, the following land 
consolidation areas were selected: 

• cadastral municipality Gundinci in the municipality Gundinci, 
• cadastral municipalities Debelo Brdo and Jošani in the municipality Udbina, 
• cadastral municipalities Zdenci and Orahovica in the municipality of Veliki 

Zdenci, 
• cadastral municipalities Ferketinec, Gornji Kraljevec, Podturen and Sivica 

in municipalities Vratišinec and Podturen 
• cadastral municipalities Cerovlje and Novaki Pazinski in the municipality 

Cerovlje. 

 
Figure 4.1 Part of the cadastral municipality Cerovlje 

After the licensed geodetic experts had made the first analysis of the cadastral 
and land registry status of agricultural parcels and organized the first gathering of 
owners, it was concluded that the land consolidation in the area of the municipality 
Cerovlje was not profitable because road and duct networks were already arranged 
there, and 95% of land was owned by the Republic of Croatia, hence, the best 
solution for the regulation of agricultural land was the preparation of geodetic 
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project that would harmonize the state of the cadastral and land registry records 
with the actual situation [Figure 4.1]. 

5. Conceptual design – Phase I 

The present studies of the Phase I of the conceptual design generally consist of 
several parts: 

• description of the characteristics of the local administration, such as 
geographic characteristics, demographic data, information about 
settlements, economy, soil, climate, hydrography, canals (irrigation and 
drainage), existing roads and other, 

• textual and numerical description of the cadastral municipality, 
• a detailed analysis of the state of cadastral municipalities, 
• analysis of the existing agricultural production (in collaboration with the 

agronomic experts), 
• proposal of the final land consolidation area, 
• proposal of required geodetic activities for the successful execution of the 

process of land consolidation, 
• proposal of all activities to be executed in the process of land consolidation, 
• estimate of the cost of land consolidation, 
• explanation of economic justifiability of land consolidation. 

The most important objectives of the Phase I of the conceptual design are to 
define the boundaries of the land consolidation area leading to the estimation of the 
type and scope of the activities, and thus the costs of the land consolidation 
procedures. It is further necessary to justify these economic costs, to familiarize the 
participants with the conceptual design of land consolidation and consequently 
obtain a decision on the procedure needed to start the land consolidation. 

5.1. Defining the boundaries of the land consolidation area 

In order to define the boundaries of the land consolidation area, licensed 
geodetic experts have collected all the information available: cadaster, land registry, 
LPIS layer (ARKOD parcels) owned by Paying Agency for Agriculture, Fisheries and 
Rural Development, the numerical data of the Croatian Forests, graphical data on 
mine suspected areas owned by Croatian Mine Action Centre, the graphics of the 
duct network and irrigation systems owned by Croatian Waters, and municipal and 
county spatial plans. 

Based on these data, they have made a thorough analysis of cadastral plots 
according to the state of cadastral and land registry records, the analysis of 
agricultural land-use, as well as the analysis of the existing road and duct networks, 
which has helped in defining the external border of the consolidation area. 
Municipal and county spatial plans have been taken to define the internal borders 
of the land consolidation area excluding building and other non-agricultural areas 
[Figure 5.1]. 

It is important to note that the analysis showed the necessity to conduct 
additional geodetic activities needed to define the boundaries of the land 
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consolidation areas more precisely, as well as to use detailed field survey methods 
to obtain a better basis for designing road and duct networks. 

 
Figure 5.1 Land consolidation area in the cadastral municipality Ferketinec (produced by 

Geobiro d.o.o. Čakovec) 

5.2. Estimation of the type and scope of the activities 

After defining the land consolidation area, the land consolidation mass has 
been precisely defined, as well as the cadastral plots to be included into the land 
consolidation procedure. By defining the land consolidation mass, all the types and 
scope of activities have been specified for the purpose of successful land 
consolidation. Some of these activities are: restoration of derelict land, renovation 
of existing and/or construction of new agricultural roads, renovation of existing 
and/or construction of new canals of main and detailed drainage and/or irrigation, 
and more. The bill of quantities for all the listed activities has been made and added 
to the costs of professional geodetic activities and other costs in order to obtain the 
final estimated cost of land consolidation. The estimated costs of land consolidation 
are certainly subject to changes because detailed cost estimates of particular 
activities can be made only after additional geodetic activities are completed.  

5.3. Explanation of economic justifiability of land consolidation 

The economic justification of land consolidation is based on the comparison of 
the estimated cost of the entire land consolidation with the benefits achieved after 
the completion of the procedure. In order to demonstrate and prove the justification 
of land consolidation, the analyses were made from the agricultural point of view 
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(increase in the total amount of agricultural land, forming parcels of optimal shape 
and size, the construction of drainage network – regulation of water regime), the 
economical point of view (construction of road network – lower costs, higher 
productivity, increased land value), and social point of view (greater influx of tax 
funds in the budget of local governments, increase of employment, regulation of 
property rights). 

6. Predicted engineering activities 

According to the Ordinance, the engineering activities carried out by licensed 
geodetic experts include the designing of the network of agricultural roads, 
designing and staking out the designed road and duct networks in the field, but there 
is certainly more to be noted like monitoring of land amelioration activities, 
especially the cultural-technical activities such as building of dams and 
embankments. 

Only after the Agency has passed the decision about the initiation of the 
process of land consolidation and after the funds for land consolidation have been 
obtained, licensed geodetic experts can make a geodetic survey according to the 
requirements of the design that will allow the beginning of engineering activities. 
Horizontal and vertical accuracy of geodetic survey depends on the required 
accuracy requirements of the road or duct network project, and the same is made 
by the standard geodetic methods such as tacheometric or GNSS survey, and more 
recently by aerial remote sensing methods such as photogrammetric or LIDAR 
techniques. 

When designing the road network, it is very important to consider the existing 
status of the road network and to try to achieve economic viability of their 
reconstruction or enlargement, as well as to coordinate the designing of the road 
network with the duct network design. It is necessary to pay special attention to the 
fact that these two linear features form regular parts of land consolidation mass 
(parent cadastral plots) that will be used for the formation of new cadastral plots 
for re-allocation and enable cost-effective agricultural production. Formation of new 
cadastral plots is a very challenging task in which it is necessary to agree on a few 
requirements: 

• total value of land which land consolidation participant receives from the 
land consolidation mass cannot be less than 80% nor greater than 120% of 
land owned by that participant before start of the land consolidation. 

• shape of cadastral plot must be suitable for agricultural production (regular 
shape, side ratio, plowing direction), 

• respecting participants wishes concerning number, size and position of re-
allocated cadastral plot without losing the purpose of land consolidation.  

It is also important to allow only a few exits of agricultural machinery to the 
main tar road in order to provide safe and smooth road traffic. The designing 
process should meet the requirements specified in the Ordinance on Conditions for 
the Design and Construction of Ports and Access to Public Roads [OG 95/2014]. 

According to the Article 13 of the Ordinance, the boundaries of road and duct 
networks are staked out in such a way that the detail points of designed pathways 
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and canals are transmitted to the field by means of geodetic methods specified in 
the regulations related to the state survey and real estate cadastre and marked with 
visible permanent marks. 

7. Improvement of legal basis 

With completion of ongoing initial projects it will be possible to assess and 
determine shortcomings of the current legal basis and create amendments to the 
Act, as well as drafts of ordinances that will precisely prescribe works and 
procedures defined by the Act. 

Already after the completion of Phase I. of the conceptual design certain 
shortcomings have been noticed, and some suggestions in terms of improving of the 
legal basis were given: 

• land consolidation area should be selected only if the consent of the 
majority of the land area owners has been given, 

• starting land consolidation on the initiative of the owners of the majority of 
the land area owners in cooperation with geodetic firm and with the 
agreement of all relevant participants of the land consolidation, 

• expanding land consolidation area on areas not intended for agricultural 
use by the spatial plan, 

• purchase of private land in the land consolidation fund and sale of the same, 
• production of the Ordinance on the assessment of land in the land 

consolidation. 

8. Conclusion 

According to the public opinion, the land consolidation of agricultural land has 
been observed for many years as the method that could help in the development of 
the Croatian agriculture. It is important to note that land consolidation is not only 
the process of farm consolidation and of creating a new network of canals and roads, 
but also an integrated process of creating favourable conditions for the development 
of agricultural production, the increase of farmers competitiveness, improving the 
physical conditions of each parcel, the rural environment, and for creating the basic 
conditions for irrigation. Land consolidation improves the living and working 
conditions of farmers and other people in the village. Land consolidation encourages 
the changes in the agricultural sector and rural areas. Ultimately, it creates a 
transparent real estate market by creating new cadastre and land registry records. 

The conceptual designs in four different locations in the Republic of Croatia 
clearly indicate that the land consolidation is indispensable, and its implementation 
is economically more than justified. Geodetic experts are the leaders in the process 
of land consolidation, and the engineering geodesy is of crucial importance in the 
initial phase because the designing of roads in conjunction with duct network 
greatly affects the final outcome of the land consolidation. It is necessary to restore 
the forgotten skills because there have been no land consolidation projects on the 
Croatian territory ever since it became independent, and it is obvious that it is 
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necessary, and in the near future we can expect an increasing number of ongoing 
projects. 
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Inženjerska geodezija u postupcima komasacije 
poljoprivrednog zemljišta u Republici Hrvatskoj 

Sažetak. Donošenjem Zakona o komasaciji poljoprivrednog zemljišta [NN 51/2015] 
propisana je zakonska osnova za ponovno provođenje komasacija na području 
Republike Hrvatske nakon njene samostalnosti. Pravilnik o obavljanju stručnih 
geodetskih poslova u komasaciji [NN 123/2015] propisuje radnje koje u postupku 
komasacije obavljaju osobe ovlaštene za obavljanje stručnih geodetskih poslova, a 
među kojima se nalaze i poslovi iz domene inženjerske geodezije. Komasacija 
poljoprivrednog zemljišta provodi se na temelju višegodišnjih i godišnjih programa 
koje izrađuje Agencija za poljoprivredno zemljište. Rad donosi pregled dosad 
poduzetih radnji na izradi idejnih projekata na pet lokacija na kojima se planira 
provođenje komasacije. Naglasak rada je na poslovima inženjerske geodezije u 
postupku komasacije, kao što je izrada projekta putne i kanalske mreže te uloga 
inženjerske geodezije u melioracijskim radovima. 

Ključne riječi: Agencija za poljoprivredno zemljište, komasacija, melioracija, putna i 
kanalska mreža. 
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Special Legal Regimes Pertaining to Infrastructure – the 
Task of Geodetic Profession to Create a Technical Base 
for the Application of Legal Regulations Pertaining to 
Infrastructure  
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Abstract. Economic, traffic and community infrastructure presents the foundation 
needed for the prosperous and well-balanced development of the community. Due 
to its volume, the infrastructure of some local, regional or state community goes very 
often beyond its primary role related to providing high-quality life of the citizens. 
Social and economic relations are reflected in the usage of infrastructure having 
often the tendency of assuming positive and neglecting negative effects that the 
infrastructure might have on the environment. If we wish to develop an efficient 
system of infrastructure management, we need to create a dynamic information 
system capable of implementing all documents on changes on daily basis. Ever since 
1973, Croatia has had the act that regulates the utility cadastre, and its provisions 
have been retained with certain amendments until the present day. The coordinate 
system has been selected as a fundamental principle of infrastructure spatial 
positioning. The increase of the volume of the infrastructure necessary for the 
uniform functioning of the community has triggered the development of space into 
an essential element of infrastructure.  The space has always had its legal owner, 
which has resulted in complex property relations, and recently, the relations have 
acquired a certain recognizable economic dimension. The European Union has 
recognized the electronic communication infrastructure as the foundation of digital 
economy. In order to use the existing capacities rationally, it is necessary to make a 
review of the situation related to the infrastructure in Croatia (not only in Croatia), 
which creates rather demanding tasks for geodesists and infrastructure managers. 
Legal regulation of the infrastructure shall also be changed, hence, the synergy 
activities of more professions are inevitable. 

Keywords: infrastructure, multi disciplinary synergy, utility cadastre. 
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1. Introduction 

The term of infrastructure has many meanings that can be found in literature. 
On the one hand, we speak about the technical aspect, and on the other hand, about 
economic, sociological or organisational aspect that connects people, objects and 
activities. The infrastructure can be related to space or make a virtual network 
organised for the purpose of performing some activity. The definition of 
infrastructure describing most adequately the contents of this paper is offered by 
the analysis of the ethimological meaning of the term, infra: below, down, and 
structure: building, structure set. This definition is also the closest to the definition 
given in the Territorial Development Law: infrastructure encompasses utility, 
traffic, power, water, maritime, communication, electronic communication and 
other facilities and systems intended for managing other types of man-made or 
natural features [National Gazette 2013a]. The significance of individual 
infrastructure objects has been changed through the history. If we follow the 
development of traffic infrastructure in the oldest cultures, we can notice the 
significance of water bodies and objects connected with them, like fortified 
harbours, then roads in the antiquity, the maritime traffic in the Middle Ages, the 
railway in the 19th century, highways and airports in the 20th century. All these types 
of traffic infrastructure have been gradually expanding and becoming globalised. 
The traffic potentials were the main triggers for the creation of human dwellings at 
the intersection of traffic routes. The accumulation of people at certain locations 
resulted in the need to construct water supply and sewer systems, power supply 
facilities, and to modernise the existing traffic routes for the purpose of better 
communication of goods. New systems of communication have emerged: telegraph, 
telephone, radio and television. These services have been united in the digital era 
into a new telecommunication service based on IP protocol with unexpected 
possibilities of bidirectional communication. It is believed that the mankind has 
invested into the infrastructure about one third of the amount invested in the 
construction of its cities. The cost of infrastructure maintenance by far exceeds the 
initial investments in the infrastructure construction. It sets a task before us to find 
economically acceptable models of recording the infrastructure, as well as suitable 
models of property protection. 

The infrastructure providing the supply of water, power, gas and other energy-
generated products, as well as electronic communication services and the drainage 
of water and rain water for the population, and economic and other entities is 
extremely significant for the undisturbed functioning of all parts of the state and 
local communities, legal persons and citizens. The regional planning, construction, 
development and maintenance of such infrastructure are therefore legally specified 
as public interest. Most of this infrastructure contain line infrastructure buildings 
(LIB) located in the space on a large number of land parcels mostly not owned by 
the owners of LIBs. Each of these LIBs being a unique and indivisible functional, 
technical and technological unit made of pipes (pipelines), cables and attributed 
elements that are built or laid on a large number of land parcels is by its nature a 
special type of object for which the principle of legal unity of a property is not 
applicable. Namely, in order to provide the functioning of such objects as one unit, 
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they need to be legally separated from land parcels where they are built or laid. It 
requires very often the regal regulation of real and other rights that certain persons 
may have over LIBs, but also over the properties where these building are built. 

Since each LIB as a unit is located principally on a larger number of land parcels 
being very often in different legal regimes and owned by a larger number of persons 
(corporate body under public law, other legal or natural persons or in a non-
proprietary regime as a common good), a number of special regulations are 
required in this respect for only one such building. The returning of principle of the 
legal unity of real estate into the legal system of the Republic of Croatia (RH) has not 
clearly solved the legal relationship between the LIB and the land where these 
buildings are built, which is especially highlighted with regard to the real estate in 
the regime of common good. Therefore, the property relations between the land 
owners and LIB owners are solved in accordance with the general property law 
regulation. There are special provisions related to all or some types of LIBs 
contained in the general ownership regulations, in other real rights, land registries, 
property cadastres and utility cadastres, as well as in the regulations that specify 
communal, water supply, energy and electronic communication activities. The 
registration of LIB in a unique public property registers (land registries, real estate 
cadastre) is not legally regulated. The existing system of land registry and real estate 
cadastre does not provide the registration of LIB as a unit in such registers. Namely, 
these public registers are based on the data about cadastral plots and are not 
familiar with the terms of a corridor infrastructure route. It is therefore not possible 
to enter these LIBs into such registers as special types of objects the construction of 
which requires the be planned in spatial plans at all levels as the route of a certain 
type of LIB in infrastructure corridors in accordance with the Territorial 
Development Law, and not as the construction on a building plot. Building and 
operating permits need to be obtained for the purpose of constructing and using 
such buildings in accordance with the Building Law [National Gazette 2013b], and 
they should be registered in the utility cadastre. 

There is no special regulation in RH that would regulate in a unique and 
systematic way the spatial planning, construction, usage, maintenance and 
registration in public registers of line objects of power, sewer and hot water 
infrastructure called utility lines in some applicable laws. The general property law 
regulation, as well as the regulations related to power systems, electronic 
communications, water management, communal economy, spatial development and 
construction have not given the significance to LIBs as a special type of objects that 
these objects have in practice. The existing legal framework of RH that is applicable 
to LIBs does not clearly specify such buildings as the type of objects with special 
characteristics in the field of spatial planning, construction, usage, maintenance and 
registration in public registers. 

2. Review of the regulations in the field of utility lines (LIBs) 

In the period between 1969 and 1999, the establishment and the operation of 
the utility cadastres at the territory of the present RH was regulated by a special law 
and ordinances on the utility cadastre. Since 1999, the establishment and operation 
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of the utility cadastre has been regulated within the frame of the regulations on state 
survey and real estate cadastre [National Gazette 1999]. 

We can divide the regulations of RH that are related to utility cadastre and LIBs 
(utility lines) to the regulations on the organisation and management of utility 
cadastre, and those that are related to the special types of LIBs (utility lines), their 
spatial planning and to the regulation of property relations with the owners of real 
estates. 

2.1. Regulations on the organisation and management of utility cadastre 

The organisation and management of utility cadastre is governed by EU 
regulations and the bylaws of RH. At the EU level, these are: Directive 2007/2/EC on 
establishing an Infrastructure for Spatial Information in the European Community 
(INSPIRE), Directive 2003/98/EC on the re-use of public sector information, and 
Directive 2014/61/EU on measures to reduce the cost of deploying highs-speed 
electronic communications networks. In order to achieve the goals of the Digital 
Agenda for Europe, it is necessary to create a national legal framework  that would 
provide efficient planning and coordination of the activities in the construction of 
utility lines called physical infrastructure in the Directive 2014/61/EU, the 
reduction of administrative works, the synergy between the sectors needed to 
reduce the construction works on establishing the electronic communication 
networks, and the possibility to share and approach all types of physical 
infrastructure (pipe systems, pillars and other parts of utility lines transporting or 
distributing illumination, heating, water and drainage of waste and rain waters) 
convenient for the installation of light conductors. The above mentioned requires so 
called mapping of all physical infrastructure and the possibility to access the 
information about the infrastructure convenient for the efficient deploying of high-
speed networks by means of a unique information point. RH should establish a 
unique information point according to the mentioned Directive until 1. 1. 2017 at 
the latest, hence, the activities were initiated by the State Geodetic Administration 
for the purpose of establishing the utility cadastre as a state utility register. All above 
mentioned also requires adequate amendments to the existing legal framework of 
RH for the purpose of establishing and managing the utility cadastre that contains 
the following regulations: the Law on State Survey and Real Estate Cadastre 
[National Gazette 2007], the Ordinance on Utility Cadastre [National Gazette 
2008b], the Ordinance on Cartographic Symbols [National Gazette 2011a] passed on 
the basis of the mentioned Law; the Law on Performing the Geodetic Activity 
[National Gazette 2008b]; the Law on National Spatial Data Infrastructure [National 
Gazette 2013c], and the Law on Critical Infrastructure [National Gazette  2013d]. 

2.2. Regulations related to individual types of LIBs (utility lines)  

The regulations related to individual types of infrastructure (utility lines) that 
are registered in the utility cadastre are the laws and attached bylaws in the 
following fields: the field of energy (Energy Act, Law on Electricity Market, Law on 
Gas Market, Law on Thermal Energy Market, Law on Oil and Petroleum Products 
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Market); the field of electronic communications (Law on Electronic 
Communications and the Decree of the Government of the Republic of Croatia on the 
Measures of Developing the Electronic Communication Infrastructure and Other 
Related Equipment, and a larger number of ordinances passed by the Croatian 
Regulatory Authority for Network Industries (HAKOM); the field of water and utility 
services (the Law on Utility Services and the Water Law). 

Apart from the above mentioned, there is also a number of regulations related 
to the spatial planning, construction, usage and maintenance of LIBs (utility lines) 
and to the regulation of the usage of the real estate where these utility lines are 
located. The most important of these regulations are the following: the Territorial 
Development Law, the Law on Construction, the Ordinance on the Regulation of 
Property Relations for the Purpose of Building the Infrastructure Objects, the Low 
on Ownership and Other Real Rights, the Law on Land Registry, the Law on Roads, 
the Law on Safety in Railway Traffic, the Law on Railways, the Ordinance on General 
Conditions for the Construction in the Protected Rail Belt, the Law on Maritime 
Domain and Sea Harbours, the Law on Farming Land, The Law on Forests, the Law 
on Protection and Preservation of Cultural Heritage, the Law on Nature Protection. 

2.3. What constitutes the utility cadastre  

Utility cadastre based on geodetic survey of utility lines was introduced as a 
new quality in registering the utility lines in space. The registration of utility lines 
based in Croatia on geodetic survey is specified by the Law on Utility Cadastre 
[National Gazette 1973]. The Republic of Croatia has thus become the first republic 
of the former Yugoslavia that passed the law in this field. Before the Law was passed, 
the position of the utility lines was determined in relation to the surrounding 
objects. The survey of the utility lines consisted of measuring the distance between 
some object and the utility line by means of arc method. This survey was used for 
the graphical presentation of the utility line as related to the surrounding objects. 
The quality of this records is sporadic because a part of the documents made in the 
period of construction has either disappeared, or the buildings in the corridor were 
demolished so that the measured data could not be used completely for the 
reconstruction of the route of utility lines. The original idea to measure the utility 
lines in the entire area has gradually become less feasible. If we consider the fact 
that there were utility lines for which no surveying data were available and were 
not recorded in the register of utility lines, the relevance of the utility cadastre has 
been slowly becoming doubtful. Regardless of the existence of the cadastre, the lines 
have continued to be “torn”, i.e. damaged. The intensity of “tearing” was relatively 
low, but the responsibility for tearing the cables has still been questioned. The 
cadastre as an institution could not guarantee the credibility of the records about 
the utility lines in certain area, which resulted in relocating the records to the local 
self-government. The utility cadastre belongs today to the obligations of local self-
government and to the manager of the utility lines. 

The contents of the utility cadastre is specified in the article 6 of the Ordinance 
on the Utility Cadastre [National Gazette 2008a]. Today, after more than 40 years of 
working on the regulation of this domain, there is hardly any surveyor who has not 
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been involved in the surveying of utility lines. The complexity of this kind of 
surveying results from the lack of knowledge about the creation of all utility lines in 
space, about the functioning of utility lines and attached objects, and recently from 
the need to regulate the property relations with the owners of real estate where the 
utility lines are built. The Directive 2014/61/EC on measures to reduce the cost of 
deploying highs-speed electronic communications networks requires also a more 
rational approach in the construction. An integral approach is supported that could 
significantly reduce the construction costs. The costs of digging for each 
infrastructure are approximately the same with each individual line and amount 
from 20-60% of the investment depending on the terrain category, for example, they 
would amount to 68% of the investment for the illumination infrastructure at the 
territory of Slavonia and Baranja [Ambroš et al. 2013a]. 

The introduction of new parameters into the utility cadastre like property 
relations, the investment effectiveness and the functioning of services, as well as the 
distance of users from the central point of service provider imposes new jobs on the 
experts of various profiles. The focus of all this is the information about the spatial 
location of all elements of lines and the objects attached to them.  

3. Mutual relations of the lines in space  

The space being a limited resource is intended for everyone who offers new 
quality to the citizens living or working in the area. The utility lines as a part of 
underground and overhead infrastructure are intended to contribute to the 
development of more high-quality relations in some area, and to disturb teh 
environment as little as possible. When we speak about the disturbance of the 
environment related to the utility lines, we have to take the following into account. 
A part of the utility lines must be buried in the ground for the purpose of their 
protection (water supply, sewer, gas supply system), and some utility lines are 
usually built underground (steam lines, heating system lines). Power supply lines 
and telecommunication lines are built both underground and overhead (“in the 
air”). The problems in digging the ditches for the underground cables are caused by 
the fact that the construction works in the alley disturb the statics of each individual 
tree. The aerial cable significantly deform the environment in visual sense. The 
investments in underground cables in much higher, but it provides a more reliable 
system and less maintenance, which makes it more cost-efficient in the long run. The 
lines for the communication of electric power and oil pipelines are usually built 
outside of urban areas. The other lines are built in urban areas in order to supply 
the citizens more rationally. Since the area in cities is limited, the lines are built 
parallel to each other. The intersection of lines cannot be avoided. In the corridor of 
one infrastructure (road), there are also other lines. The rules related to this 
corridor have to be specially regulated. Already in the designing process, the 
distance – horizontal and vertical distance from the existing lines must be 
considered. Without being familiar with the exact position of the lines, the usage of 
mechanical devices in the work on their maintenance would results in tearing the 
lines and cause significant financial consequences. The utility cadastre could reduce 
such damages to acceptable amount.  
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4. Methods and accuracy of surveying the utility lines  

The oldest surveying method, the arc method, was used in defining the lines in 
space much earlier than the line surveying was legally regulated. It was mostly the 
2D presentation with some data about the depth of burying. After that, the 
orthogonal, polar and photogrammetric methods, and finally the GNSgpsS survey 
were applied. The surveying of underground lines with the opened trench was 
making the survey significantly more expensive because the distances to be 
surveyed were too small, but it yielded the most precise results. The old lines and 
the lines that were buried had to be detected in various ways. Special instruments 
were used, and metal bars stuck into the ground to the laid line, and it had to be dug 
at the characteristic points again. The accuracy of surveying the lines was defined 
by the accuracy of the maps where the lines were delineated (the maps HOK5 and 
HOK10). The analysis of the surveying accuracy [Ambroš 1988[ showed that the 
accuracy of surveying the lines should not be defined in such a way anymore. If we 
agree that the utility cadastre is to be constituted of all lines (surveyed or in some 
other way registered position of the line), we should introduce more accuracy 
criteria. In Slovenia, the geodetic companies declare smaller accuracy from the one 
really obtained in order to avoid the responsibility for the data. We can expect that 
it will happen in Croatia as well. The responsibility of geodetic companies for 
geodetic documents is expected also after they have been inspected and verified by 
the competent institution. The solution of this situation may be in accepting the 
higher price if the geodetic report yields higher accuracy.  

The utility cadastre is being gradually transformed from the technical records 
into the ownership cadastre. The accuracy of utility lines and the accuracy obtained 
in surveying the cadastral plots are closely correlated. If we could regulate the 
corridors for the infrastructure, we would significantly simplify the records from 
technical, and especially from legal point of view.  

4.1. Geodetic report on utility lines made with combined geodetic methods  

A model of surveying based on classical geodetic survey, GNSS measurement, 
decoding and the measurements from known points has been developed for aerial 
electronic communication infrastructure. The task included the recording of the 
aerial network that would run on the roofs and in the attics of houses, over the 
pillars or girders on the facades of houses. It was necessary to register the route, to 
determine the cadastral plots where the network would pass, to determine the cable 
supports on the facades and to locate the support related to the cadastral plots 
[Figure 4.1 and 4.2].  
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Figure 4.1 Air Network (detail) 

 
Figure 4.2 The air network settlements Aljmas 

In the performance of this task, DOF from 2011 was used that was made for 
the purpose of legalizing the buildings. Each support pillar was surveyed. The 
declared accuracy was ±10cm. The position of the cable on the house (registered in 
cadastral records) was determined by means of decoding. The declared accuracy 
was ±100 cm. If the house had not been surveyed, it was surveyed, and the position 
of the aerial cable on the house was defined with the accuracy ±100 cm. Thus 
prepared report in electronic form has all the elements of the geodetic report on 
utility lines. 
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5. Multidisciplinary approach to the data on utility cadastre 

The utility cadastre is a multidisciplinary register. Various technical 
professions, architects and urban planners, civil engineers and contractors, 
geodesists and geoinfromation scientists, electricians and data base designers, 
machinists and mechanical contractors come together in this register. The legal 
aspect has become significant after the social system had been changed in Croatia, 
and the economic aspect culminated with its joining the European Union. On the 
other hand, the interest of citizens in having a more secure service indicates the 
need for transparent data. At the same time, the “visibility” of the position of lines in 
the space is the basic presumption for preserving the liens from being damaged.  

6. Land cadastre and land registry data are the starting point for the regulation of 
property relations 

The property relations between the owners of utility lines and the owners of 
real estate are the basic task to be implemented in the forthcoming period. The legal 
regimes related to the infrastructure rely on the state real estate registers, Cadastre 
and Land Registry. Since there are over 14 mil. cadastral plots registered in Croatia, 
and 1.7 times more registered titles over these plots (4.284 mil. inhabitants!!!), and 
only the underground electronic communication infrastructure (EKI) of the largest 
telecommunication operator Hrvatski telekom d.d. is built on 8.72% of all cadastral 
plots, it is easy to see the complexity of the problem. The detailed analysis for the 
area of the northeastern Croatia is presented in the work [Ambroš et al. 2013b]. It 
points out the priorities in the regulation of property relations on the real estates in 
Croatia. The geodetic experts could learn about these problems and about their 
possible legal regulation three years ago [Bajt 2013], and we now have the chance 
to refresh the activities in this area. 

6.1. The deficiency of public records in accelerated regulation of property relations 
between the owners of infrastructure and land owners 

The owners of the infrastructure that the building plot is formed for (roads, 
railways, harbours, airports...) regulate the property relations individually. The 
owners of the line infrastructure, like water supply lines (LIB) regulate the property 
relations in the form of easement or by means of the right-of-way. In other words, 
when the title holder is changed, the subject of agreement, i.e. the compensation 
user is also changed if the recurring compensation is agreed. The compensation base 
is the water length per each plot. The changes of boundaries between the neighbours 
is reflected in the amount of the compensation, so that the amount is increased for 
one party and decreased for the other. The amount of the compensation remains the 
same for the owner of the line. If we insist on righteousness, the unregulated public 
records can be disputable. The promotion of the establishment of corridors with 
special legal regimes would simplify the whole procedure of regulating the property 
relations related to the infrastructure and neutralize every day changes deriving 
from the maintenance of real estate cadastre.  
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7. Responsibility for the data  

The responsibility to the work in this activity is the key to all solutions. The 
previous practice according to which the management body responsible for public 
register assumed the responsibility after inspecting the report should be changed. 
The performed analyses have indicated the elements of trust abuse and the 
falsification of surveying data. It will therefore be necessary to make the revision of 
all reports. In some areas, the utility lines have been surveyed twice, the movement 
of the position in the report can be the consequence of an error or of laying the line 
on the approximately the same route. The Criminal Law of the Republic of Croatia 
[National Gazette 2011b] specifies the penalties for damaging the lines. Neither the 
geodetic contractors will be exempt from the responsibility in the surveying of the 
lines if the lines have not been surveyed with the declared accuracy, nor the officials 
in the public records who have not made the reports transparent, or the contractors 
who have started with the construction works in the area with the underground 
utility lines.  

8. Obligation of the State Geodetic Administration to establish the public records 

In accordance with the Directive 2014/61/EU on measures to reduce the cost 
of deploying highs-speed electronic communications networks, Croatia is obliged to 
provide the transparency of all utility lines for the purpose of more rational 
investment into the broadband infrastructure. Since the utility cadastre is the legal 
obligation of local communities that can also obtain the EU funds for promoting the 
construction of broadband infrastructure, primarily the infrastructure based on 
light conductor cables, the establishment of the public records could start with the 
formation of the county authorities where the data captured in the period longer 
than fifty years could be filtered. The initial base should contain the data about the 
owners of the utility lines, and the database of their local community. Furthermore, 
it is necessary to take over all reports that have been inspected and verified by 
cadastral offices. After that, the surveying of the utility lines with no available 
positional data needs to be planned.  

The State Geodetic Administration should immediately initiate the 
administrative procedures and start preparing the central public records point and 
the authority, if the local community should apply for EU funds intended for the 
infrastructure. 

9. The need to regulate this area in a more modern way  

If we take the fact into consideration that about 75% infrastructure is located 
in the road corridors, it is to be concluded that these corridors need to be regulated 
primarily with respect to the property relations. It should be defined in the 
development plan which corridors are missing, and they have to be regulated 
technically and legally in adequate documents. Legal solutions that regulate only 
individual infrastructure yield obviously no efficient solutions. It is therefore 
necessary to invest a lot of effort in the legal regulation of this area in modern and 
economically acceptable way.  
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10. Conclusion  

The infrastructure has a very important role in harmonious relations of the 
citizens in urban areas because it meets the demands that are growing more and 
more complex. The efficiency requires imperatively the saving of all resources, first 
of all the space, and also the avoidance of damages in construction works. The 
dynamic relations in space resulting in frequent changes of economic relationships 
based on property relations require the simplified procedures and the possibilities 
for faster investments in the infrastructure being an essential element of the 
economic development of every community.  
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Posebni pravni režimi na infrastrukturi – zadatak 
geodetske struke stvoriti tehničku osnovu za primjenu 
pravnih propisa iz područja infrastrukture 

Sažetak. Gospodarska, prometna i komunalna infrastruktura osnova su za 
prosperitetan i ujednačen rast zajednice. Po svom obimu infrastruktura neke 
lokalne, regionalne ili državne zajednice često nadilazi prvotnu ulogu, a to je 
osigurati kvalitetni život građana. Kroz korištenje infrastrukture zrcale se složeni 
sociološki i ekonomski odnosi, često s tendencijom svojatanja dobrih a 
zanemarivanja loših utjecaja koje infrastruktura ima na okoliš. Ukoliko želimo 
izgraditi učinkovit sustav upravljanja infrastrukturom obveza nam je izraditi 
dinamičan informacijski sustav koji će biti u stanju provoditi sve dokumente o 
izmjenama na dnevnoj bazi. Od 1973. godine Hrvatska ima zakon kojim se uređuje 
katastar vodova, čije odredbe su se uz određene izmjene održale do danas. Za 
temeljni princip prostornog lociranja infrastrukture odabran je koordinatni sustav. 
Povećanjem obima potrebne infrastrukture za ujednačenim funkcioniranjem 
zajednice, prostor je postao bitan element infrastrukture. Prostor je uvijek imao 
titulara te nastaju složeni imovinsko pravni odnosi, a u posljednje vrijeme odnosi 
dobivaju i prepoznatljivu ekonomsku dimenziju. Europska unija je elektroničku 
komunikacijsku infrastrukturu prepoznala kao temelj digitalne ekonomije. Zbog 
racionalnog korištenja postojećih kapaciteta potrebno je obaviti temeljnu inventuru 
infrastrukture u Hrvatskoj (ne samo Hrvatskoj), što pred geodete i upravitelje 
infrastrukture postavlja jako zahtjevne zadatke. Pravno reguliranje infrastrukture 
također će doživjeti izmjene pa je sinergijska djelatnost više struka neminovnost. 

Ključne riječi: infrastruktura, katastar vodova, multidisciplinarna suradnja. 

*professional paper 
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Abstract. This paper shows the state of data about corridors and routes of lines in 
the Republic of Croatia (RH), as line infrastructure buildings (LIB), and the role of 
geodesy in the transformation of utility cadastre records into a single public 
register. Although the RH law stipulates the establishment of the cadastre 
management at the local authority level, only a dozen of utility cadastres have been 
established so far as the registers of: electricity, electronic communications, water 
supply, sewage (drainage), hot water, gas pipeline and oil pipelines, and names and 
addresses of their managers. This situation adversely affects the investment in the 
construction of new and development of the existing LIBs, the prevention of their 
being damaged, the legal disposal and withdrawal of funds from the EU funds. 
Therefore, it is necessary to have one law regulating systematically and 
comprehensively the physical planning and construction of lines (LIB) and the 
establishment of an integrated geoinformation system of this cadastre as a single 
register for the entire country. For the purpose of registering the entire 
infrastructure and the area where it is located, the data about the corridors and all 
kinds of LIBs located in them, the free space in the corridors for the construction of 
new LIBs of a certain type and purpose, and the holders of real and other rights on 
the corridors and lines should be entered into this public register. The publicity 
function of registration should be based on the principles of the protection of trust 
and truthfulness of the utility cadastre. Its basic precondition is the geodetic survey 
of corridors and route LIBs. 

Keywords: corridors of line infrastructure building, utility lines cadastre. 

1. Introduction 

The Law on State Survey and Real Estate Cadastre stipulates the registration in 
the utility cadastre of electric power, electronic communications, water supply, 
sewage (drainage), hot water, gas and oil pipelines, and of the names and addresses 
of their managers. In accordance with the afore-mentioned Act, the utility cadastre 
has the status of a record. Thus, utility cadastre doesn't have the characteristics of a 
public register of lines being infrastructure buildings (LIB) that would have the of 
legal protection of such buildings and the rights of their owners, managers of power 
lines and of the third parties (e.g. operators users, tenants, mortgage creditors and 
others.). The existing legal regulation of this cadastre as the records of lines kept 
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exclusively at the level of local government does not allow for the fulfilment of the 
requirements for the Republic of Croatia arising from the Digital Agenda for Europe 
and the Directive 2014/61/EU on measures to reduce the cost of deploying high-
speed electronic communication networks [URL 1]. This Directive requires the 
system of access to the information about the physical infrastructure through a 
single information point to be established not later than January 1, 2017. In the 
Directive 2014/61/EU, "physical infrastructure" are related to the line structures of 
power, electronic communications, gas, oil, water management, drainage (sewage) 
and heating infrastructure, and the Croatian law on utility cadastre refers to them 
as the "lines". 

In order to set up the unique information point system in the period specified 
in the Directive 2014/61/EU, Croatia must urgently establish a utility cadastre at 
the national level and enter the information in digital form about LIBs (physical 
infrastructure, power lines) owned by owners, or administrators of lines and utility 
cadastres based on the local government level. Since a large number of data for 
hundreds of thousands of kilometres of various types of lines are maintained by a 
larger number of subjects in digital and / or analogue form, it is necessary to pass 
the law urgently that would provide quick and effective entry of these data in a 
single line register at the state level establishing thus a system of access to 
information about infrastructure through unified information infrastructure point. 
However, given the importance of LIB and a set of features that characterize them 
in relation to other types of structures, as well as the deviations from the general 
real property law regulations, we believe that it is not enough just to enter the data 
about the state of LIB in some area into the utility cadastre at the national level, but 
it is necessary to establish an integrated information system for the corridors, the 
routes and LIBs, and the owners or LIB managers, and the rights of third parties. In 
this respect, it should be taken into account that the registration of LIBs in public 
property registers is not in its entirety legally regulated (land registry, cadastre of 
real estate). The current system of land registry and cadastre of real estates does 
not allow the entry of LIBs as a whole in these types of registers, because these 
public registers are based on the data about cadastral parcels and do not recognize 
the concept of corridors and route infrastructure [Josipović 2000]. Therefore, LIBs 
cannot be entered into these registers as specific types of buildings whose 
construction should be planned in spatial planning at all levels in the corridors of 
infrastructure in accordance with the Law on Spatial Planning. Referring to the 
above mentioned, the area of infrastructure cadastre, corridors and LIBs should be 
regulated systematically and comprehensively by a separate law. 

2. Current state of utility cadastre in Croatia 

At the territory of the Republic of Croatia, the legal regulation of utility cadastre 
has existed for more than 45 years. The recording of lines by means of geodetic 
methods and the management of the lines register was regulated in 1969 by the 
Ordinance on the methods and manner of work in the survey of underground 
installations and facilities (Fig. SFRY 48/1969). Ever since the Law on utility 
cadastre was put into effect (NN 44/1973 SRH), the data about lines have been kept 
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in the utility cadastre as public records, and in the records of the users (managers) 
of the lines. The establishment of the records of utility cadastre is the responsibility 
of cadastral offices at the municipal level. The Law on State Survey and Real Estate 
from 1999, and afterwards Law from 2007 (LSSRPC) currently applicable stipulate 
that local government units (LGU) are responsible for establishing and updating of 
this cadastre as the register of lines. Cadastre management includes the inspection 
and validation of the line surveys, the entering of data from such surveys into the 
utility cadastre, and their storage and use. The existing legal framework of the 
Republic of Croatia determines the establishment and cadastre management at the 
level of local government units, as well as the surveying jobs in local government. 
However, the law has provided the establishment and management of cadastre to 
be entrusted to: (a) the competent administrative body of the other local 
government unit or (b) the SGA on the basis of an agreement on mutual rights and 
obligations, or (c) a legal entity registered for the performance of state and cadastral 
surveying having obtained the approval from SGA to create the infrastructure of 
utility cadastre and take over the technical guidance of this cadastre. The 
management of the cadastre should provide the funds in its budget for any of the 
types of LGU. Accofrding to our opinion, such legal regulation of the organization of 
this cadastre exclusively at the local level does not allow the establishment of a 
system that would meet the requirements of Directive 2014/61/EU for the 
establishment of a single information point. Although LSSRPC from 1999 regulates 
the establishment of the utility cadastres at the level of local government units, a 
large number of the utility cadastres have not been put into use, i.e., even after 
fifteen years since this LSSRPC came into force, the utility cadastres have not been 
established in most local government units. Only a few cities and municipalities in 
the Republic of Croatia have established and maintain a utility cadastre, and most of 
the local government units have reduced their legal obligations related to the 
establishment and maintenance of the utility cadastre only to the collection of the 
reports on power lines submitted by line managers. For example, the utility cadastre 
of the City of Zagreb has been operating since 1971. The City Bureau for Surveying 
and Cadastral Affairs for the City of Zagreb (responsible for the area of 50 cadastral 
districts), as the authority for utility cadastre management, uses "VodGIS – cadastral 
data management system of the City of Zagreb" for establishing a unified digital 
database of the lines in the area of Zagreb [URL 2]. Thus, the reports on the lines are 
kept in the cadastral offices, but the data contained in them have not been recorded 
in a special utility cadastre. We assume, that the smaller LGUs do not have sufficient 
financial resources and skilled work force for this purpose at the local level. 
However, we believe that this state is largely caused by the fact that in LSSRPC no 
penalty for is foreseen for LGUs if they fail to put utility cadastres into function, as 
well as no sanctions for lines managers if they do not deliver accurate data about 
utility lines to the utility cadastre on time. 

Even in those local government units that have founded and managed utility 
cadastre, the data about the lines are erratic, incomplete and outdated for a number 
of reasons, for example, the old cadastral (surveying) documents related to a lot of 
lines that were previously constructed do not correspond to the new cadastral 
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surveys and the data from the real estate cadastre and land registry. LSSRPC 
stipulates that the utility cadastre should keep the data about the lines manager, but 
no information about the owners of power lines, and thus, no information about the 
ownership of the lines as a whole cannot be seen either in the utility cadastre, or in 
any other public register. 

A special problem is related to the fact that a large number of lines has no local, 
but rather national significance, and they are located in a larger area ,i.e. one 
building on the territory of several local governments or even of more counties. 
According to the regulations of the utility cadastre, such lines as a whole cannot be 
recorded in only one utility cadastre, but individual parts of the building have to be 
entered according to their position in the area of several local governments in the 
cadastral records of all these local government units. Hence, it is required from each 
utility cadastre in LGU where the line is located to make a special report on that line. 
Furthermore, each utility cadastre should verify only the report that refers to that 
part of the line located at the territory within its jurisdiction. In this case, the report 
is not related to the whole line as a functional unit, but only to the part of the line 
which is physically located on the territory within the jurisdiction of the cadastre of 
a certain LGU.  

Although the utility cadastre should operate in electronic form in the Republic 
of Croatia according to the provisions of LSSRPC about utility cadastre, in 556 utility 
cadastres, i.e. in as many local government units, less than 10 LGUs conduct the 
utility cadastre in electronic form. However, even in these utility cadastres 
conducted in electronic form, it is not possible to access the data about the lines by 
electronic means. Therefore, the interested contracting entities (e.g. in the 
procedures of issuing building permits), as well as other legal and natural persons 
who have the legal interest in obtaining information from the utility cadastre, such 
as investors, owners and managers of lines, must submit a written request for the 
information in analogue form to the utility cadastre conducted in electronic form. 

This situation related to the utility cadastres in Croatia does not allow the 
realization of the fundamental requirements specified by the Directive 2014/61/EU 
on measures to reduce the cost of deploying electronic high-speed communication 
networks. The availability and transparency of data about the lines (physical 
infrastructure in terms of the said Directive) via a single information point are the 
basic requirements set by the Directive to the member states. Failure to meet these 
requirements is becoming one of the major obstacles to the achievement of the 
objectives of the Digital Agenda for Europe. It is therefore necessary to change the 
legal regulation related to this cadastre urgently, so that the establishment of offices 
and cadastre management in electronic form can be organized as a unified state 
utility register for the entire Republic of Croatia, and not as a register kept only by 
few LGUs as it is the case now. Utility Cadastre should have the function of a single 
information point providing the access to basic information about the lines, i.e. 
electricity, electronic communications, gas lines, oil pipelines, hot water system, 
water supply and drainage infrastructure, meeting thus the requirements set by the 
Directive 2014/61/EU. 
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3. Geodetic report on the built status of the lines in the area  

The lines can be recorded in the utility cadastre on the basis of the geodetic 
report on the built status of the lines in the area made by an authorized surveyor 
and confirmed by an authorized person in the cadastral office. During the 
construction and installation of a certain line in the area of the infrastructure 
corridor, it is necessary to record the geodetic position of this line (line section) and 
to make a report on the line. The administrator of the line is required to submit the 
report on the line to the utility cadastre established at the level of local government 
units and to verify the study and the recording of the line in the utility cadastre. Only 
a qualified technician, i.e. an authorized surveyor, is allowed to perform the geodetic 
surveying of the line and to prepare the reports on the line. Geodetic surveying of 
underground lines needs to be made at the time when the trench in which the pipes 
or cables are laid is still open. As a rule, the underground infrastructure is surveyed 
before the trench is buried. However, it happens very often in practice that the 
geodetic survey of a line is made later or the line is not surveyed at all. If the position 
of pipes or cables is not surveyed by determining the coordinates x, y, z, i.e. the 
length, width and depth of the laid pipes or cables when the trench is still open, but 
after backfilling the trench, then significant errors can occur in positioning of the 
lines. The longer the elapsed time after the backfilling of the trench, the greater the 
likelihood of incorrect positioning of the line route. Although there are certain 
geodetic techniques available for searching for the underground lines, none of these 
techniques provide results as accurate as geodetic survey of pipes and cables in the 
open trench. Therefore, in cases of subsequent recording of underground cables, 
surveyors, as a rule, assess the probability of route deviations from the actual line. 
These estimates are often from 10 centimetres to a few dozen meters. Especially 
demanding are the geodetic surveys of underwater and submarine pipelines and 
cables, as generally the use of specialized ships and equipment for this kind of 
surveying is required. According to the rules of professional conduct, the geodetic 
survey of underwater and submarine pipelines and cables should be done at the 
same time when they are laid, but very often, the geodetic surveys are performed 
later, sometimes even after several years. The surveying of underwater and 
submarine cables is extremely important for the preparation of charts and for 
sailing safety, and therefore, the Croatian Hydrographic Institute is included in these 
surveys and without its approval, the reports on submarine pipelines and cables 
cannot be officially verified. Geodetic survey of overhead lines is less demanding 
because the lines are visible and can easily be subsequently recorded with great 
accuracy. 

The authorized surveyor who has surveyed the route of the line by means of 
spatial coordinates and prepared a report on the line is responsible for the accuracy 
of the recorded position of the line in the area and for other data about the line. As 
mentioned above, later surveying of the position of the line in the area can result in 
significant errors. In order to be exempted from the liability for damages, the 
surveyors make reports about the evaluated deviations from the actual situation 
presenting the information about the position of the line. Even in the process of 
surveying on the open trench, the surveyors are faced with the problem of 
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inaccurate cadastral documents. According to the regulations, licensed surveyor 
must position the recorded line according to the official cadastral documents 
(cadastral maps), which has been proved to have produced very large deviations 
from the real situation. The cadastral maps do not correspond to the actual situation 
of cadastral parcels because the boundaries have been moved several meters or 
even tens of meters. Consequently, the line that is located for example at the edge of 
the unclassified road, may be located on a private estate according to the cadastral 
maps, i.e. the cadastral parcels bordering the road cadastral parcels. Thus, even 
when a surveyor has precisely recorded the line route in the area with spatial 
coordinates, inaccurate information about the built status of the line route may 
appear in the geodetic report due to the incorrect official cadastral data deviating 
from the real situation. Since the licensed surveyor who records the line section 
cannot be held responsible for the accuracy of official cadastral maps, he can 
therefore not be held responsible for incorrect data in the report on the line. The 
authorized surveyor is responsible to the lines manager and to the utility cadastre 
for the accuracy of data about the built status of the line route in the area. Although 
the provisions of LSSRPC and the Ordinance on the utility cadastre require from the 
lines administrator to submit the report on the line to the cadastre, a licensed 
surveyor who has prepared the report on the pipes can do it in his name and for his 
account. 

The authorized official of utility cadastre who must be a licensed surveyor 
according to LSSRPC, reviews the report on the line and if he finds that the report 
was made in accordance with the regulations, he will verify the report and submit it 
to the manager of lines and will then record the surveying data about the line in the 
utility cadastre. Unfortunately, a review of reports on the line, its verification and 
the entry of data in the utility cadastre in Croatia will only be implemented in several 
local government units that have established and manage utility cadastre. In some 
LGUs, the regional cadastral offices will receive report about the lines, however, in 
general, they will not review them or enter the data in the register. Due to the lack 
of utility cadastres in most local government units, the reports on lines are only 
archived and have no significance.  

4. The effects of recording the lines in utility cadastre 

Since utility cadastres as registers of lines are not in operation in most LGUs, the 
effects of recording the lines can be analyzed only on a small sample. The most 
significant effect of the recording of lines in cadastre is the positioning of certain 
lines in the area and their spatial relationship to other lines and buildings, which 
significantly reduces the possibility of damages to the lines. By providing the access 
to data in this cadastre, the administrative and other public bodies and legal entities, 
as well as individuals can directly affect the reduction of damage to the existing lines 
located in the area where a new line or some other structure is built, as well as the 
interruptions in the delivery of services through these lines and the reduction of all 
forms of damage. Anyone who intends to build a second line in the corridor of the 
existing lines, or who intends to build another building, or reconstruct, upgrade or 
repair the existing building should be able to check in cadastral records whether the 



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

392   
 

lines are recorded in the area where the construction works are planned. For 
example, in Slovenia, the lines are recorded in the cadastre of public infrastructure 
that allows access to data, their downloading, and the protection of infrastructure 
from damage with the service "Call before digging" [Šarlah 2010]. Thus, the 
availability of such information before starting to prepare the project 
documentation for a new line or other structure, significantly reduces the costs and 
the time of producing the documentation. Furthermore, the data about the lines 
registered in cadastre are the fundamental data about the lines in the development 
of spatial plans, and the people involved in drafting and adoption of the plan must 
take these data into consideration in order to adequately protect the lines the 
construction of which is of public interest. 

In the light of the Directive 2014/61/EU, a particularly important effect of 
recording the lines is that anyone who has legal interest in using the existing lines 
of various types (physical infrastructure in terms of terminology of the said 
Directive) can obtain the access to data about the lines suitable for setting up 
electronic communication cables for high-speed networks. It provides efficient 
shared use of the existing infrastructure specified in the Directive, in order to reduce 
costs of setting up a network of high speed.  

Furthermore, the data regulated in the utility cadastre would increase the 
possibility of getting the grants from EU funds for the construction or development 
of lines (LIB) that can be up to 85% of the value of the project. 

5. The necessity of transformation of utility cadastre from records to a single public 
register 

The current situation related to the utility cadastre in Croatia is considered 
unsustainable, and it is necessary to establish an integrated geoinformation system 
of utility cadastres that would be connected with the official databases and spatial 
database of the state survey and real estate cadastre. It would be a public register 
on spatial occupancy of corridors of infrastructure and routes of LIBs (lines and 
associated facilities), available to interested legal entities and individuals, as well as 
to administration and other bodies. The basic premise of systematic record-keeping 
on LIBs is the transformation of this cadastre into a single public register of 
corridors of LIB that must be established in the spatial planning documents; LIB 
built in the routes; free space in the corridor for construction of new LIBs of a certain 
type and purpose; and the holders of real and other rights to the LIBs. For the 
registration of the entire infrastructure, it is necessary to establish the utility 
cadastre as a single public register of all types of LIBs (electronic communications 
infrastructure, electricity infrastructure, water supply, heating pipes, sewage, gas 
pipelines, oil pipelines) on the entire territory of Croatia where the data are kept in 
electronic form according to the same principles as in the land registry (ledger, 
collection of documents and diary entries), where a corridor, not land plots, has the 
role of the underlying legal entity that is registered in cadastre in the sheet A. The 
sheet A should contain the information about the corridor and construction 
(geopositioning of corridor; width, length, depth / height and purpose of the 
corridor; the number and position of the route of the LIBs built in the corridor; the 
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free space in the corridor for the construction of new or expansion of the existing 
LIBs; the type and purpose of LIBs; building permits and the use of the building with 
the execution state project). The user information about corridor investor / owner 
of LIBs should be entered in the sheet B, and in sheet C, the data related to the rights 
of the third parties to LIB (joint usage of the parts of LIB - hire / rental), a concession 
to LIB and pledge to LIB [Bajt 2013]. Consequently, utility cadastre, as a unique 
public register, should have publicity function for corridors and LIB and for real and 
other rights to them, as it is the case with the real estates in the land registry. 
Publicity functions should result in irrebuttable legal presumption that the person 
registered as the holder of rights to the corridor and LIB indeed is the actual holder 
of those rights. Direct legal consequences of such a presumption should be that the 
person who is registered as the holder of the right should not in other way have to 
prove that he/she is the holder of that right, except for the fact that he/she is 
recorded as the holder of such right in the utility cadastre. Those who would claim 
the opposite should be obliged to submit a contrary proof, and the responsibility of 
proof should lay with them. Furthermore, the person who is the holder of the rights 
registered in cadastre should be allowed to dispose of this right. The legal status of 
LIBs in legal transactions should be governed solely and exclusively by what is 
written in the utility cadastre. Therefore, the publicity function of entry should be 
based on the protection of the third party who has acted with confidence referring 
to the completeness and accuracy of the utility cadastre. The situation in the utility 
cadastre should be considered complete if we can assume that the utility cadastre 
has listed all the rights related to a particular corridor and LIB, in other words, that 
there are no rights over them that are not registered. The situation in the utility 
cadastre should be considered true by considering the right of administration in 
favour of the person who is registered in the utility cadastre as the owner. The 
presumption of accuracy and completeness should be rebuttable, which means that 
it should be possible to prove the opposite of what was entered into the utility 
cadastre. However, in relation to the fair acquirer of LIB, the rights in the corridor 
should be irrebuttable due to legal effects of publicity functions, which is the 
principle of the protection of confidences in the completeness of the utility cadastre.  

The utility cadastre in Serbia started functioning cccording to this principles,. It 
is regulated as a public register of lines and property rights to them, as well as other 
rights (mortgage, lease). The registration of these data and display of the legal status 
of lines, rights and restrictions, and other data about utility lines are located 
exclusively at one place and in the utility cadastre. The main goal of the surveying 
performed for underground and overhead power lines is the registration and 
acquisition of property rights to them. Underground lines are recorded when they 
are being set up – constructed (prior to their burial). On the basis of surveying, the 
report is made for the recording of lines into the cadastre. Without the verification 
of the utility cadastre, technical acceptance cannot be enforced or occupancy 
permits for lines issued. Geodetic survey of underground lines is a legal obligation, 
but also the right and the need of investors because they can register the ownership 
of constructed lines after mapping the underground and overhead installations in 
cadastre, as well as provide the compensation in the event when the cable is 
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damaged due to careles underground digging. Therefore, only the lines that are 
registered in cadastre and the cadastral maps, may have the ownership or other 
right registered. The line is legalised by registering in the utility cadastre. We believe 
this model is also applicable in Croatia. 

6. Conclusion 

Although the RH law stipulates the establishment of the cadastre management 
at the local government level, so far only a dozen of utility cadastres have been 
established. In order to establish a system of fast access to information about 
"physical infrastructure" (LIBs, lines) through a single information point which is 
one of the basic requirements of Directive 2014/61 / EU on measures to reduce the 
cost of installing high speed electronic communication networks, the existing Law 
on State Survey and Real estate cadastre should immediately be changed in the part 
referring to the utility cadastre so that a single information point can be structured 
at the national level within the framework of the State Geodetic Administration 
(SGA). Utility cadastre at the national level needs to have the status of a public 
register of LIBs, not records, as per current regulations. It is also necessary to specify 
the manner and the terms of downloading the data about the lines from the utility 
cadastre that operate at the level of local government units and from the operating 
cadastres of lines manager. The law and the bylaws passed pursuant to that law 
should regulate all issues related to the utility cadastre that are recognized in 
practice as an obstacle in establishing a new system, especially the adjustment of 
surveying documents for the report about the lines with the official documents of 
the SGA, as well as the link with the real estate cadastre and land registry. 

Furthermore, a law should be passed that would systematically and 
comprehensively regulate the utility cadastre and LIBs (lines) of public interest 
entered in the utility cadastre, their spatial planning, construction, operation and 
maintenance, which would separate the legal regulation of lines from current large 
number of laws and regulations. In fact, there is no specific regulation in Croatia that 
would regulate uniquely and systematically the spatial planning, construction, 
operation and maintenance of LIBs, the entry of such objects as a whole in the public 
registers, as well as property relations between landowners and LIB investors, i.e. 
the owners of LIBs. The problems arising from current legal framework related to 
the Planning of LIBs are obstacles in the development of LIBs, but also of local and 
regional (regional) governments and the country as a whole. Very complicated 
procedures and a large number of different documents that LIB investor has to 
obtain in the process of spatial planning and construction of LIBs significantly affect 
the investment in the development of the existing and new LIBs reducing thus the 
possibility of withdrawing the funds from the EU funds. Therefore, we believe that 
a special law is needed to systematically regulate planning, construction, use, 
maintenance, development and registration of LIBs in public registers, as a special 
type of structure. Due to a series of characteristics unique to LIBs as infrastructure 
facilities of public interest, as well as deviations from the general property law 
regulation, a special law is necessary to define the concept of LIB and establish basic 
common features of all types of LIBs and the specific characteristics of certain types 
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of LIBs. Furthermore, this law should regulate in a unique and systematic way the 
spatial planning, construction, development, use, maintenance and registration in 
the public registry (utility cadastre) of all types of LIBs that are of public interest: 
electricity, electronic communications, water supply, sewage (drainage), hot water, 
gas, oil structures. The adoption of such legislation requires a systematic approach 
to the previous determination of the key deficiencies in the existing legal regulation 
of LIBs and also the recognition and acceptance of those solutions in practice that 
have so far proved successful. With this kind of a model, we consider that there is a 
need of keeping a large number of databases in the local government units (utility 
cadastre in the local government unit) and operating cadastres for the owner or 
manager of lines. This would prevent unnecessary wasting of funds for principally 
inaccurate and incomplete databases. These funds could be directed to the geodetic 
survey of the area of all kinds of LIB increasing the data accuracy and introducing 
these accurate data into utility cadastre as unique and comprehensive database, 
where geodetic profession should give a special contribution. 
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Uloga geodezije u preobrazbi katastra vodova iz 
evidencije u javni upisnik 

Sažetak. U radu se prikazuje stanje u Republici Hrvatskoj (RH) podataka o 
koridorima i trasama vodova, kao linijskim infrastrukturnim građevinama (LIG) te 
uloga geodezije u preobrazbi katastra vodova iz evidencije u jedinstveni javni 
upisnik. Iako je u RH zakonom propisano osnivanje i vođenje katastra vodova na 
razini jedinica lokalne samouprave, do sada je osnovano tek desetak katastara 
vodova kao evidencija o: elektroenergetskim, elektroničkim komunikacijskim, 
vodovodnim, kanalizacijskim (odvodnim), toplovodnim, plinovodnim i 
naftovodnim vodovima te imenima i adresama njihovih upravitelja. Takvo stanje 
nepovoljno djeluje na ulaganja u gradnju novih i razvoj postojećih LIG-a, 
sprječavanje nastanka štete na njima, na pravna raspolaganja te povlačenje 
sredstava iz EU fondova. Stoga je nužno jednim zakonom sustavno i cjelovito urediti 
prostorno planiranje i gradnju vodova (LIG-a) te uspostavu integralnog 
geoinformacijskog sustava katastra vodova, kao jedinstvenog upisnika za područje 
cijele države. Radi registracije cjelokupne infrastrukture i prostora u kojem se ona 
nalazi, trebalo bi u tom javnom upisniku upisivati podatke o koridorima i svim 
vrstama LIG-a koje se u njima nalaze, slobodnom prostoru u koridorima za gradnju 
novih LIG-a određene vrste i namjene te o nositeljima stvarnih i drugih prava na 
koridorima i vodovima. Publicitetna funkcija upisa trebala bi se temeljiti na 
načelima zaštite povjerenja i istinitosti stanja u katastru vodova. Temeljni preduvjet 
za navedeno je geodetsko snimanje prostora koridora i trasa LIG-a. 

Ključne riječi: katastar vodova, koridori linijskih infrastrukturnih građevina. 

*professional paper 
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Abstract. In assessing the impact of the Wind Farm (WF) Mesihovina on the 
environment and society, georeferenced maps have been prepared, different data 
formats have been converted, and the analysis of environmental and socio-economic 
impacts prepared using specialized computer programs. The paper deals with the 
basic characteristics of the Mesihovina Wind Farm Project, the completed wind 
potential analyses, optimization and calculation of energy production of WF 
Mesihovina. The analysis of potential visual impact of the wind farm, shading, 
shadow flickering and noise aspects of WF Mesihovina on the environment and 
society was carried out. It shows the socio-economic impacts, and made maps of the 
analyzed parameters in the wider area of the Wind Farm Mesihovina. The results of 
space-time modeling the impact of the Wind Farm Mesihovina on the environment 
and society are presented in OpenStreetMap, and 3D geovisualization of the Wind 
Farm Mesihovina has been performed. 

Keywords: 3D geovisualization, socio-economic parameters, space-time modeling, 
Wind Farm Mesihovina, wind potential. 

1. Introduction 

PU „Elektroprivreda of the Croatian Community of Herzeg-Bosnia“ d.d. Mostar 
(EPHZHB) has been working on the preparation of renewable energy projects for 
more than a decade (especially wind energy and water resources), fossil fuels as 
well as the possible gasification of the area in which EPHZHB operates [Marinčić 
2014]. All the relevant documents providing laws for using resources and land for 
energetic infrastructure at all government levels in the Federation of Bosnia and 
Herzegovina defining the energetic strategy of the Federation of Bosnia and 
Herzegovina treat WF Mesihovina as a top priority project of public interest. 

The wind farm (WF) Mesihovina is located in the central part of Tomislavgrad 
municipality, on the hills of Midena plateau. WF Mesihovina will consist of 22 wind 
turbines SWT-2.3-108 type, installed unit capacity of 2.3 MW, which is 50.6 MW of 
maximum installed capacity. The expected annual generation will be about 165,170 
MWh. 

It is expected that WF Mesihovina will be put into operation at the end of 2017.  



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

398   
 

2. Wind potential analysis and the assessment of annual generation of WF 
Mesihovina  

Wind potential analyses are an essential precondition of WF Mesihovina 
impact on environment and society modeling. The full analyses of wind potential 
data have been prepared on WF Mesihovina location. For the purpose of preparing 
this paper, the wind potential indicators from July 14, 2004 to December 31, 2014 
are shown in figure 2.1. 

               Wind speed rose         Wind frequency rose  Distribution of wind energy flow 

       
Figure 2.1 Wind speed rose, wind frequency rose and distribution of the specific wind 

energy flow per sectors (from the left to right) at the height of 50 m 

For the purpose of program analyses, the following referent wind turbine, class 
IIb was considered: Siemens SWT-2.3-108, installed unit capacity of 2.3 MW, hub 
height of 80m and rotor diameter of 108 m. According to the results of the analyses 
using wind turbine type SWT 108-2.3 MW, the expected annual generation with all 
the losses could be 165,170.00 MWh, the capacitance of 37.3% which equals to 3264 
operation hours with the losses of 19.8%. 

3. The preparation of maps of wider WF Mesihovina project area  

The basis for modeling are the precise input parameters necessary for the 
modeling, and before the map preparation and space-time modeling of that wind 
turbine type, it was necessary to prepare corresponding files using WAsP 10.0 and 
GH WindFarmer 3.6.2 programs. 

For the purpose of this paper, the maps have been prepared using the 
programs GH WindFarmer 3.6.2 and WAsP 10.0: The map of elevation [Figure 3.1]; 
The map of terrain slope [Figure 3.2]; The map of terrain hills (The ruggedness index 
map – RIX) [Figure 3.3]; The map of orographic terrain performance (dRIX – The 
map of delta-RIX performance indicator) [Figure 3.4]; The map of Weibull 
distribution – parameter A; The map of Weibull distribution – parameter k; The map 
of visual impact of WF Mesihovina (%); The map of visual impact of WF Mesihovina 
(the number of visible wind turbine blade tips); The map of visual impact of WF 
Mesihovina (the number of visible wind turbine hubs); The map of wind speed 
[Figure 3.5]; The map of energetic sensitivity [Figure 3.6]; The map of noise and the 
map of shadow and shadow flickering. Due to the limited page number, the paper 
does not contain all the maps mentioned above. 
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The elevation of the wider area of WF Mesihovina project is in the range of 
720.0 m (6429680, 4838260) to 1220.0 m (6439180, 4827640), the average 
elevation is 934.5 m. The terrain slopes are in the range of 9 degrees and only the 
minor part of Midena (Southwest) is above 12 degrees. The terrain slopes index 
(RIX) is from 0.0% (6441400, 4840100) to 7.5% (6436380, 4829160) with the 
average index value (RIX) of 2.3%. These values show very good terrain 
characteristics and the possibility of wind turbine positioning. The orographic 
performance indicator (dRIX) is in the range of –4.5% (6441400, 4840100) to 3.0% 
(6436380, 4829160) with the average orographic performance value (dRIX) of –
2.2%. The met mast of 50 m was installed at 1083 m, which is 0.005% lower than 
the average elevation of all the wind turbines. This information shows the extreme 
compatibility concerning this criterion in wind turbine positioning as well as the 
orographic performance indicator (dRIX) which is almost an ideal value of 
orographic performance value (dRIX) of 0%. If dRIX factor is higher than zero, the 
wind speed is exaggerated and in that case we have unrealistically high energy 
production. If dRIX factor is lower than zero, the wind speed is excessively reduced 
in the model and we have unrealistically low energy production [Matak 2013].  

The map of one hundred percent visual impact has been prepared for the wider 
area of WF Mesihovina, as well as the map of visual impact concerning the number 
of visible wind turbine blades, and the map of visual impact concerning the number 
of visible wind turbine hubs. WF Mesihovina is mostly visible from the surrounding 
areas. 

The results of wind potential measurement and calculated wind speeds 
generated from Weibull distribution were used to calculate the discrepancy of 0.5%, 
which shows the extraordinary compatibility of the measured and calculated values 
and can be used as the basis for the preparation of wind speeds of wider area of WF 
Mesihovina. The map of wind speeds of wider area of WF Mesihovina has also been 
prepared [Figure 3.5]. Inside the wider area of WF Mesihovina, the average wind 
speed in the range of 4.63 m/s (6429860, 4838220) to 9.98 m/s (6436400, 
4829160) was also calculated with the average value of mean wind speed being 6.8 
m/s. For the narrow area of WF Mesihovina, the mean wind speed is in range of 6.74 
m/s to 8.10 m/s, with the average wind speed value of 7.49 m/s which is very similar 
to the mean wind speed value on met mast (7.86 m/s on the hub height of wind 
turbine rotor). This shows a good selection of the reference location for 
measurement program and very good terrain characteristics, the possibility of wind 
turbine positioning, and finally, correct wind turbine positioning.  

The map of energetic sensitivity of wider area of WF Mesihovina [Figure 3.6] 
shows that the value of energetic sensitivity is in the range of 156 W/m2 (6429860, 
4838220) to 1411 W/m2 (6436400, 4829160) with the average value of the mean 
values of energetic sensitivity being 569 W/m2. For the narrow area of WF 
Mesihovina, the mean value of energetic sensitivity is in the range of 408 W/m2 to 
736 W/m2 with the average value of mean values of energetic sensitivity being 570 
W/m2. On the met mast location, the energetic sensitivity is 653 W/m2. The noise 
map shows that WF Mesihovina has a minimum impact on the surrounding areas. 
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Figure 3.1 The map of elevation of the 

wider area of WF Mesihovina 

 
Figure 3.2 The map of the terrain slope of 

the wider area of WF Mesihovina 

 
Figure 3.3 The map of hilly terrain index 

(RIX) of the wider area of WF Mesihovina 

 
Figure 3.4 The map of orographic 

performance indicator (dRIX) of the wider 
area of WF Mesihovina 
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Figure 3.5 The map of wind speeds of the 

wider area of WF Mesihovina 

 
Figure 3.6 The map of energetic sensitivity 

of the wider area of WF Mesihovina 

4. The modeling of WF Mesihovina impact on environment and society 

All methods of energy generation affect the environment and society, however, 
wind energy impact is negligible in comparison with traditional technology. 
Potential impacts that may be the result of wind farms construction are visual 
impact, shadowing, shadow flickering and noise [HEIS 2015]. These potential 
impacts on the surrounding areas and important spots of wider area are calculated 
by means of program modeling. 

WF Mesihovina and its 22 wind turbines shall be partly visible from the 
surrounding settlements (Omerovići, Cebara, Gornji Brišnik, Donji Brišnik, Mrkodol, 
Bukovica, Raško polje) and the local roads (M6.1 Posušje – Tomislavgrad), and 
partly from the wider area (Borčani, Crvenice etc.). The WF Mesihovina impact 
modeling is calculated considering the radius of 20 km from the wind farm.  

In addition to these seven (7) settlements (Omerovići, Cebara, Gornji Brišnik, 
Donji Brišnik, Mrkodol, Bukovica, Raško polje), some of the important spots in the 
wider area of WF Mesihovina have also been analyzed: The farm „Topčić“ and the 
hunting lodge.  

The visual impression of wind farms causes a rather subjective reaction of the 
observer. Visual acceptance of wind farms depends mostly on “visual habituation” 
of the observer (just like the visual habituation of transmission line), but it also 
depends on the attitude towards the wind technology in general, in the sense that 
knowing the ecological advantages related to wind energy encourages the positive 
attitude towards the visual appearance of wind farm [HEIS 2015]. 

Figure 4.1 shows that WF Mesihovina is mostly visible from Gornji Brišnik, in 
percentage of 89%. Rotor blades are visible from all 22 wind turbines and the rotor 
hubs from 20 wind turbines. The smallest visual impact is noticeable on Omerovići, 
no turbine is visible from there. Figure 4.1 shows that the narrow area of WF 
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Mesihovina is in the visibility zone of higher than 70% and that visibility varies 
depending on the terrain topography and the settlement distance from WF 
Mesihovina. According to the calculations in GH Wind Farmer 3.6.2. program, the 
largest part of wind turbines is visible in the range of 1–50 hours/year. 

 
Figure 4.1 The visibility of the wider area of 

WF Mesihovina in % 

 
Figure 4.2 Shadowing and shadow flickering 
for the analyzed settlements and important 
spots of the wider area of WF Mesihovina 

Wind turbines are tall constructions of small volume, but can nevertheless cast 
shadow in the area. While in operation, they can produce unpleasant shadow 
flickering visible in the distance of 10 rotor diameters. The shadow falls at the 
distance of approximately 7–10 rotor blades diameters, and its duration is the 
longest in the period of sunrise and sunset [HEIS 2015]. 

The results show that the strongest shadowing and shadow flickering of WF 
Mesihovina is in Gornji Brišnik with the total amount up to 105 hours/year, which 
is 0.011% of the time during a year. In other settlements, the impact is negligible. 
The highest impact of shadowing and shadow flickering of WF Mesihovina is 
noticeable on the hunting lodge [Figure 4.2]. That impact amounts to 138 
hours/year, which is 0.016% of the time during a year. The shadow flickering, due 
to the distance and terrain configuration shall not have significant impact on the 
traffic on the road M15 Posušje – Tomislavgrad. However, it can be concluded that 
WF Mesihovina has minimum impact or no impact at all resulting from shadowing 
and shadow flickering on settlements or temporary habitats (farms, hunting lodge) 
in the wider area of WF Mesihovina and shall not affect the life quality in the 
permanent and temporary settlement in the wider and narrow area of WF 
Mesihovina. 

Concerning the noise aspect while in operation, the wind turbines make noises 
resulting from the air flowing around blades and tower (aerodynamic noise) and 
gear movement noises [HEIS 2015]. The results of analyses shown in Figure 4.3 
indicate that the loudest noise of WF Mesihovina is in Gornji Brišnik and it amounts 
to 51.10 dB(A) at the distance of 328 m from WT 2. The least amount of noise 33.79 
dB(A) is in Raško polje at the distance of 2717 m form WT 15. The noise level in 
these settlements and at important spots in the wider area of WF Mesihovina is 
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significantly below the limit of allowed noise level in the Federation of Bosnia and 
Herzegovina of 70 dB (A) during day and night, and below the recommended upper 
noise level of 70 dB (A) according to the World Health Organization (WHO). Taking 
into consideration the above mentioned, it can be concluded that the noise level 
caused by WF Mesihovina operation does not have the negative impact on 
environment and society. 

 
Figure 4.3 The detailed noise analysis for the settlements and important spots of the wider 

area of WF Mesihovina 

The completion of the WF Mesihovina project will create precondition for the 
development of the entrepreneurship and industry as this facility could feed the 
local area from the ecologically acceptable sources and reduce emission of CO2 by 
about 112,888 tCO2/year, and it would be possible to extend 110 kV grid, which 
would contribute to the stability and safety of electric power infrastructure. The 
construction of the new substation 20/110 kV Gornji Brišnik with the 110 kV 
transmission line system with the entrance/exit for WF Mesihovina, would 
significantly contribute to the stability and improvement of electric power 
infrastructure of the wider area [GF SVEMO 2009].  

The implementation of WF Mesihovina project will provide the construction of 
22 km of new access roads improving thus the traffic connection with the local 
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settlements. The new roads will contribute to forest-hunting activities in these 
currently hardly accessible areas. The benefit of the local community and wider 
community for the right to use the area is 311,758.38 € per year with the additional 
obligation of paying one-time fee for the wind turbine in the amount of 33,000.00 €.  

There shall be jobs provided for 14 employees in the operation phase, as well 
as direct and indirect engagement of 300 people during the construction phase. 
Undoubtedly, one can say that WF Mesihovina will have significantly positive effect 
on the local community budget. It is expected that the social impact resulting from 
the change of land use is not that significant and is linked only to the permanent loss 
of land occupied by the wind farm. The real land use is limited only to the space 
occupied by the wind farm, and the purpose of the rest of the land remains 
practically unchanged. 

The expected wind turbine lifetime is 20 years and can be extended if regularly 
maintained. After that, the wind turbines are simply dismantled and removed, and 
the previous state of the location can easily be restored. Only the foundations remain 
permanently on the location, but they can be covered with soil. After the wind farm 
stops its operation, the noise can appear only during the dismantling and 
rehabilitation of the location [Exergia Energy and Environment Consultant 2010]. 

For the purpose of the project implementation, all measures of environment 
protection are taken according to the valid regulations. In order to develop certain 
environmental and social actions, it is necessary to minimize the impact of WF 
Mesihovina, therefore, the Plan of waste management, the Plan of WF Mesihovina 
social impact management, and the Action plan for environment and society impact 
of WF Mesihovina have been prepared.  

5. The data loading of software modeling of WF Mesihovina impact on environment 
and society in OpenStreetMap 

The program Kartomatika 3 has been used to prepare the coordinate 
transformation between Gauss-Krüger projection (ellipsoid Bessel 1841) and UTM 
projection (WGS84 ellipsoid). The coordinates of wind turbines, (WT 1 – WT 22), 
the coordinates of the specially analyzed settlements and important spots (9 spots) 
have been transformed. For the preparation and the arrangement of the 
OpenStreetMap data, JOSM (Java OpenStreetMap Editor) program has been used. 
The wind turbines, the settlements and important spots of the temporary residence 
are shown by knots and are supplemented by the corresponding attributes. In the 
attribute fields, all results of software modeling are entered from the previous 
chapter, as well as the basic information about the location (municipality, county, 
state) and the project (WF Mesihovina).  



TS 4 – Environmental Geoengineering 

  405 
 

 
Figure 5.1 The review of the attributes for WT 1 in OSM 

After completing the editing, the data are sent to the server, and after that, it is 
possible to check the data on OSM and edit them if necessary. The example of data 
checking for the wind turbine WT 1 is shown in figure 5.1. The data can be 
supplemented and updated in OSM and in JOSM, and after the editing is finished, the 
final version is sent back to the server. 

6. 3D geovisualization of WF Mesihovina 

For the purpose of preparing this paper, 3D geovisualization of WF Mesihovina 
has been prepared using Google SketchUp and Google Earth programs. Also, 3D 
model of wind turbine has been made using Google SketchUp [Figure 6.1]. 

 
Figure 6.1 3D wind turbine model in Google 

SketchUp program 

 
Figure 6.2 3D geovisualization of WF 

Mesihovina 
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After loading the orthophoto map M 1:5000 and positioning the wind turbines 
of WF Mesihovina, the 3D geovisualization has been prepared using Google Earth 
being the animation of georeferential objects in the period similar to ''real time'' 
[Figure 6.2]. 3D geovisualization of WF Mesihovina lasts for 63 seconds.  

7. Conclusion 

Described application and connection between OpenStreetMap/JOSM, Google 
SketchUp and Google Earth programs, 3D geovisualization and space-time 
modelling the impact of the Wind Farm (WF) Mesihovina on the environment and 
society, confirms numerous benefits. The most benefits are simplicity, efficiency, 
faster performance and support for different devices and platforms, providing the 
real expirence of space and presenting in real time complete overview of the the 
results of space-time modeling the impact of the Wind Farm Mesihovina on the 
environment and society, saving time and thus financial resources in everyday 
business processes and decision-making.  

Based on the analyses performed, it could be stated that the visual impact of 
WF Mesihovina is environmentally acceptable, the shadowing, noise and shadow 
flickering do not affect the surrounding areas and temporary habits, which means 
that WF Mesihovina does not have negative impact on people and environment.  

The WF Mesihovina project implementation, except for the construction of 
new facilities in generation system of EPHZHB, will improve the conditions for the 
development of entrepreneurship and industry, it will open new job opportunities 
and the business opportunities for many companies related to the performance of 
their activities, supply and installation of equipment. The traffic infrastructure will 
be improved and the society, especially the local community benefit in many ways 
from this project.  
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Prostorno-vremensko modeliranje utjecaja 
vjetroelektrane Mesihovina na okoliš i društvo 

Sažetak. Za potrebe procjene utjecaja vjetroelektrane (VE) Mesihovina na okoliš i 
društvo izrađene su georeferencirane podloge, provedena je konverzija različitih 
formata podataka te analiza okolišnih i socio-ekonomskih utjecaja primjenom 
specijaliziranih računalnih programa. U radu su dane osnovne značajke projekta 
vjetroelektrane Mesihovina, obavljene su detaljne analize vjetopotencijala, 
optimizacija i izračun proizvodnje električne energije vjetroelektrane Mesihovina. 
Obavljene su analize potencijalnih vizualnih utjecaja vjetroelektrane Mesihovina, 
zasjenjivanja i treperenja sjene te aspekti buke VE Mesihovina na okoliš i društvo. 
Prikazani su socio-ekonomski utjecaji te izrađene karte analiziranih parametara na 
širem području obuhvata vjetroelektrane Mesihovina. Rezultati prostorno-
vremenskog modeliranja utjecaja VE Mesihovina na okoliš i društvo prikazani su u 
OpenStreetMapu te je izrađena 3D geovizualizacija vjetroelektrane Mesihovina. 

Ključne riječi: 3D geovizualizacija, prostorno-vremensko modeliranje, socio-
ekonomski parametri, vjetroelektrana Mesihovina, vjetropotencijal. 

*scientific paper 
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Dynamic Noise Map of the City of Zagreb  

Vesna Poslončec-Petrić1, Lovro Šlabek1, Stanislav Frangeš1 

1 Faculty of Geodesy, University of Zagreb, Kačićeva 26, Zagreb, Croatia, 
vesna.posloncec@geof.hr, lslabek@geof.hr, sfranges@geof.hr  

Abstract. The most distinctive examples of non-physical pollution that affects the 
quality of life in the cities are light and noise pollution. The noise pollution results 
largely from road and rail traffic in cities affecting directly the health of the citizens. 
Traffic management, dispersion and diversion, as well as the construction of noise 
barriers are the measures taken by institutions with the aim to reduce the quantity 
or impact of noise. According to the applicable laws, all larger cities are obliged to 
make the noise maps. These are mostly strategic noise maps made tightly focused 
on a certain source of noise and updated every five years in accordance with the 
regulations. The question is, however, how to register and present the total emission 
of noise in a certain area? It can be done with the noise map the production of which 
is presented in this paper. The map presents the total noise emission in a part of 
Zagreb, and it has been made by including the community into the collection of data 
and by means of a free application used for measuring the noise.  

Keywords: crowdsourcing, noise map, Noise tube. 

1. Introduction  

The noise pollution is a large problem in many cities. The noise pollution is 
mostly the result of road and rail traffic in the cities and it makes a direct impact on 
the health of the citizens. Traffic management, dispersion and diversion, as well as 
the construction of noise barriers are the measures taken by the institutions in cities 
with the aim to reduce the quantity or the impact of noise. In order to make these 
measures more efficient, the people who make decisions in this respect need the 
information about the level of noise in single parts and streets of the city. In this 
respect, the cities prepare the noise maps today [Poslončec-Petrić et al. 2016]. 

Crowdsourcing is by definition the process of selecting the tasks that have 
traditionally been performed by employees and of outsourcing them to a group of 
people in the form of an open call [Howe 2006]. In other words, instead of using 
their own resources, the companies announce the problem online inviting the 
internet users to help in solving the problem [Roth 2013]. The development and 
distribution of mobile telephony has attributed a new significance to 
crowdsourcing. The majority of people have got a mobile phone, mostly a smart 
phone available today at affordable prices and equipped with many installed 
sensors (camera, GPS receiver, microphone, proximity sensor, compass, 

mailto:vesna.posloncec@geof.hr
mailto:lslabek@geof.hr
mailto:sfranges@geof.hr
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accelerometer, gyroscope, etc.). The mentioned sensors make it possible to obtain 
various spatial information quickly and simply.  

The obligation to produce official noise maps is regulated by law. The paper 
presents the production of a noise map on the basis of the data collected by citizens.  

2. Noise maps  

The system of environmental noise management is established by means of 
strategic noise maps, action plans and conflict noise maps.  

Strategic noise maps are the maps that encompass only one source of noise, i.e. 
road, rail and air traffic, and industry, including also maritime and river traffic along 
with the accompanying infrastructure, as well as the sport and recreation facilities, 
etc. Strategic map noise is made for the time of ‘day’, ‘night’ and ‘evening-night’ [NN 
75/09]. 

The action plans are made on the basis of the existing strategic noise maps 
basically for the purpose of providing a reliable professional presumption for the 
reduction of noise impact on the people in the areas indicated in the strategic maps 
as problematic.  

Conflict noise map is a distinctive map made on the basis of the produced 
strategic noise map indicating the difference between the existing and/or foreseen 
status of noise emission and allowed levels of noise. The conflict noise map is made 
by means of computer methods in which the allowed levels of noise are subtracted 
from the level of the existing and/or foreseen status of noise emission.  

The documents pertaining to the production of noise maps in the Republic of 
Croatia are the Law on Noise Protection [NN 30/09] and the Ordinance on the Map 
Production Methods and the Noise Map Contents, and on Action Plans, as well as on 
the Methods of Calculating the Allowed Noise Indicators [NN 75/09]. According to 
the mentioned Ordinance, the computer methods for calculating and the assessment 
of the environmental noise are the methods taken over from the guidelines of the 
European Union about the methods for the calculation of noise in industrial areas, 
on the main roads, the main railways and airports. The Ordinance also regulates the 
production and the contents of the strategic noise maps, action plans and conflict 
noise maps.  

By accepting the European legal regulations, the obligation to make the noise 
maps has also been taken over for cities having more than 100 000 citizens, more 
important traffic routes and industrial plants producing big noise. Strategic noise 
maps and action plans are permanently coordinated with the changes in space and 
implicitly updated every five years. Both documents must be completely available 
to public in accordance with special regulations pertaining to informing and 
participation of public in the issues related to the protection of environment.  

2.1. The existing noise maps in the Republic of Croatia  

The Law on Noise Protection [NN 20/03] specifies the obligation for the 
counties, the City of Zagreb, the towns and municipalities to produce the noise maps, 
and according to the Law, these maps should be an integral part of the information 
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system of the environmental protection in the Republic of Croatia and present a 
professional foundation for the production of spatial plans. However, according to 
URL 1, there was no systematic monitoring of noise in the environment and the 
evaluation of the impact of noise on the health of people in the Republic of Croatia 
until 2008.  

2.1.1. GIS Viewer of Strategic Noise Maps 

In accordance with the Law on Noise Protection [NN 30/09, 55/13 and 
153/13], the noise maps are the „integral part of the Information System of the 
Environmental Protection in the Republic of Croatia and present the professional 
foundation for the production of spatial plans. The Croatian Environment Agency 
[URL 1] is responsible for the development and management of the Information 
System of Environmental Protection, and it made the research in 2008 about the 
status of produced and available noise maps in the Republic of Croatia. The 
questionnaire of the Environment Agency was sent to all counties, to the City of 
Zagreb, the towns and municipalities that are obliged to make the Noise map in 
order to examine the existing situation related to the produced Noise maps [URL 2]. 

 
Figure 2.1 GIS Viewer of Strategic Noise Maps (The Strategic Noise Map of Varaždin) [URL 

3] 

The towns and municipalities that had produced the Noise map in accordance 
with the Law on Noise Protection [NN 20/03] until do 2008 and delivered the data 
to the Environment Agency are the following: Varaždin, Sisak, Mali Lošinj, Bjelovar, 
Pula, Osijek, Kutina, Delnice, Velika Gorica, and the municipalities Viškovo and 
Popovača. The delivered maps were included into GIS Viewer of Strategic Noise 
Maps [Figure 2.1] [URL 3]. 

GIS viewer was made in 2008, and there are also the noise maps of the counties 
and the City of Zagreb, the towns and municipalities included into the base 
presenting the level of noise in inhabited areas produced by traffic (road, rail, air 
and maritime traffic) and industry.  
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2.1.2. Strategic noise map of the City of Zagreb  

In March 2014, the first strategic noise map of the City of Zagreb [Figure 2.2] 
was completed. By producing this map, the City of Zagreb has fulfilled the obligation 
specified by the Law on Noise Protection and by the European Directive on Noise 
Protection [2002/49/EC], which has laid the foundation for the establishment of 
noise management system.  

 
Figure 2.2 Strategic map of the road traffic of the City of Zagreb (URL 4) 

The map was made for road, tram and railway traffic, and for the industrial 
plants. The strategic noise map is available on internet pages of Zagreb Geoportal 
[URL 4]. 

3. Dynamic noise map  

Dynamic noise map is the map that visualises the level of noise in real time. 
The production of noise map is possible by including the citizens into the process 
who act as sensors and measure the level of noise in their surroundings using the 
application on their mobile phone or some other smart-device [Vuković et al. 
2015a]. 

The production of the noise map of the city of Zagreb was initially triggered by 
the participation in the project „i-SCOPE“ (interoperable Smart City services 
through an Open Platform for urban Ecosystem) [URL 5]. 

3.1. The project i-SCOPE  

Within the frame of the programme of the European Commission ICT-PSP (The 
Information and Communication Technologies Policy Support Programme), the 
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project i-SCOPE was initiated in 2012. The project lasted 36 months and was 
financed with 4.040.000,00 Euro.  

The main goal of the project i-SCOPE was to develop and test the technologies 
used for the services in smart cities by means of specially developed platform based 
on the open 3D Urban Information Model (UIM). 3D UIM is created by means of 
geospatial information and can be used for the development of “Smart Internet 
Services” based on geometric, semantic, morphological and structural data at the 
city level. The cities can use UIM in better decision making related to urban planning, 
city management, environmental protection and energy consumption on the basis 
of samples and morphology, as well as for the promotion of involving various groups 
of users (e.g. older citizens, or the citizens with various capabilities) through the 
services that are connected with the obstacles in cities, and of including the citizens 
in the process of gathering various georeference data related to a certain type of 
service.  

The following three types of services have been developed within the frame of 
iSCOPE project: 

1. the improvement of the mobility of older citizens and the citizens with 
reduced ability to walk by means of the service of personal directing of 
movement,  

2. the optimizing of energy consumption by means of the service related to 
accurate assessment of solar potential and energy loss in buildings, and  

3. the monitoring of noise by mapping in real time using the application on 
mobile phone. 

Through its City Office for Environmental Protection and Sustainable 
Development, the City of Zagreb was included into the second and third component 
of the project, and the students of the Faculty of Geodesy participated actively in the 
collection of data about the noise using the application on mobile phone.  

3.1.1. Noise tube – noise measurement application  

Noise tube is a research project that started in 2008 at the Sony Computer 
Science Lab in Paris and currently maintained by the Software Languages Lab at the 
Vrije Universiteit Brussel. The NoiseTube project proposes a participative approach 
to monitoring the noise pollution by involving general public. The NoiseTube mobile 
app extends the current usage of mobile phones by turning them into noise sensors 
enabling citizens to measure the sound exposure in their everyday environment 
[Figure 3.1].  
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Figure 3.1 Phone as noise sensor: Measuring interface and measurements summary view on 

Noise tube [URL 6] 

Furthermore, each user can participate in creating a collective map of noise 
pollution by sharing geolocalized measurement data with the NoiseTube 
community [URL 6]. 

3.2. Noise measurement and data processing  

The students of the Master study programme of geodesy and geoinformatics at 
the Faculty of Geodesy, University in Zagreb were actively included within the frame 
of the course Thematic Cartography (ac. year 2014/2015) [Vuković 2015, Vuković 
et al. 2015b], and the course Geovisualisation (ac. year 2015/2016) into the process 
of mass collection of data for the purpose of monitoring the noise in real time. The 
measurements processed and presented further in this paper were made by about 
60 students with their mobile phones within the frame of the exercises in 
Geovisualisation.  

Every student measured the noise in one of the selected areas at various times 
of a day [Figure 3.2], and there were 4-5 students performing the measurements for 
each area.  

The measurements were made in October and November 2015 when the 
weather was nice and sonny, avoiding thus the additional noise produced by rain. 
The obtained measurements were united and processed. There were 192892 data 
obtained in 352 measurements for the presented area. The highest level of noise was 
measured in the area B4 in the morning hours and it amounts to 129.73 dB. The 
lowest level of noise of 20,025 dB was measured in the evening hours in the area C1 
[Table 3.1].  
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Figure 3.2 The area of survey (sources: Geoportal DGU) 

Table 3.1 Noise measurement data  

Time of day: 
Number of 

measured levels of 
noise  

Max. value (dB) / 
area  

Min. value (dB) / area  

7-12 sati 71594 129.73 / B4 20.039 / C2 
13-17 sati  79011 129.53 /C4 20.094 / C2 

18-22 o'clock 42287 87.23 / C1 20.025 / C1 

 
The NoiseTube application proved to be very simple for the collection of data 

about the noise. Still, the user should take care that the satellite receipt is switched 
on during the measurement, which is needed for positioning and for the access to 
Internet, otherwise it is not possible to store the data. The mobile devices should 
also be held horizontally in front of a person, and not in a pocket, on the bicycle or 
similar. All above mentioned affects the level of registered noise. The students were 
instructed about these rules before going to the field.  

3.3. Noise map made on the basis of voluntarily collected data  

The data collected by means of Noise Tube application were downloaded from 
the web page noisetube.net in *.kml or *.json format, and data processing and the 
production of the noise maps themselves was made in the programme QGIS. 

The analysis of the collected data shows that they are in the range of 20 to 130 
dB, and they should be classified into several classes for the purpose of better 
understanding and faster making of conclusions. In accordance with the Ordinance 
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on the Highest Allowed Levels of Noise in the Areas where people live and work [NN 
145/04], the acceptable level of noise in open areas in the city is 40-55 dB.  The 
measurements were classified accordingly. One class encompasses the level of noise 
of 50 decibels, and the other classes were determined with the interval of 10 
decibels with a certain colour attributed to each class. The class borders and colour 
scale are presented in the figure 3.3.  

 
Figure 3.3 Class borders and applied colour scale  

Since there was a large quantity of collected data, we wanted to present the 
change of the level of noise in the selected area of Zagreb in various periods of a day. 
The data were thus divided into three periods of a day, i.e.:  

• morning and forenoon (from 7 to 12 o’clock) [Figure 3.4],  
• afternoon (from 13 to 17 o’clock) [Figure 3.5], and  
• evening (from 18 to 22 o’clock) [Figure 3.6]. 

The visualisation of the measured level of noise provides at first sight the 
general conclusions about the area, as e.g. whether the area is burdened with traffic 
infrastructure and exposed to permanent noise, or it is the area of some peaceful 
part of the town away from traffic routes and other sources of noise.  

There are the produced noise maps presented below related to specific part of 
the City of Zagreb according to the mentioned classification. Figure 3.4 presents the 
noise map of one part of Zagreb for the period from 8 to 12 o’clock, figure 3.5 
presents the noise map of one part of Zagreb for the period from 13-17 o’clock, and 
figure 3.6 the noise map of one part of the City of Zagreb for the period from 18 to 
22 o’clock.  
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Figure 3.4 Noise map of a part of Zagreb for the period from 8 to 12 o’clock 

 
Figure 3.5 Noise map of a part of Zagreb for the period from 13 to 17 o’clock 
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Figure 3.6 Noise map of a part of Zagreb for the period from 18 to 22 sati 

It is evident from the figures 3.4, 3.5 and 3.6 that the largest noise in the part 
of the City of Zagreb for which the noise map was made is caused by road traffic. 
According to the measurement data, the presentation along the busiest city roads 
(so called green wave) indicates high levels of noise in the forenoon hours [Figure 
3.4]. However, comparing the figures 3.4 and 3.5, we can see that there are 
individual deviations from the expected values. In the town centre itself, a significant 
reduction of the level of noise can be noticed in the afternoon hours (13–17 o’clock) 
compared to the morning and forenoon hours.  

In the evening hours (18-22 o’clock) [Figure 3.6], the level of noise in the 
observed area is acceptable and meets the recommendations according to the 
Ordinance [NN 145/04]. 

4. Conclusion  

The noise map described in this paper was made by means of a free application 
for the noise measurement, a free programme for data processing, and of the device 
owned today by the majority of citizens, and by engaging the students who collected 
the data walking around the town.  

The greatest advantage of the described model is related to the fact that the 
obtained presentation offers a real and comprehensive illustration of the noise 
pollution in the area (with the reference to all noise sources). Official noise maps are 
made for individual noise sources, and the total quantity of noise that the citizens 
are exposed to is not presented.  



TS 4 – Environmental Geoengineering 

  419 
 

The other advantage is related to the fact that the map can be made by engaging 
the community, when necessary. The strategic noise maps are made every 5 years, 
and during that period, many significant changes can occur in the area that can affect 
the increase of noise pollution.  

Although the noise map made in this way cannot replace the official noise 
maps, it can certainly point out the problems related to the noise in certain areas 
neglected by the strategic noise map because they are not related to the targeted 
source of noise, and it can highlight some newly created noise pollutions in the 
environment.  
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Masovnim prostornim podacima do dinamičke karte 
buke grada Zagreba 

Sažetak. Najizraženiji primjeri nefizičkog zagađenja koje utječe na kvalitetu života 
građana u gradovima su svjetlosno i zvučno zagađenje. Zvučno zagađenje rezultat je 
u najvećoj mjeri cestovnog i tračničkog prometa u gradovima i direktno utječe na 
zdravlje građana. Upravljanje prometom, disperzija i preusmjeravanje prometa i 
izrada zaštitnih pregrada mjere su kojima institucije gradova djeluju na smanjenje 
količine ili utjecaja buke. Sukladno važećim zakonima, za sve veće gradove postoji 
obveza izrada karata buke. Najčešće se radi o strateškim kartama buke koje se 
izrađuju ciljano prema određenom izvoru buke i sukladno zakonima, obnavljaju 
svakih pet godina. Međutim, postavlja se pitanje, kako registrirati i prezentirati 
ukupnu imisiju buke u određenom prostoru? To je moguće kartom buke čija je 
izrada prikazana u ovom radu. Karta prikazuje ukupnu buku na dijelu grada 
Zagreba, a izrađena je na temelju uključivanja zajednice u prikupljanje podataka i 
slobodne aplikacije za mjerenje buke. 

Ključne riječi: karta buke, masovno prikupljanje podataka, Noise tube. 

*scientific paper 
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Pseudolites as UAV Navigation Support 
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Abstract. The augmentations of the Global Navigation Satellite Systems (GNSS) are 
widely used. Pseudolites make it possible for users to augment navigation systems 
considering specific local needs of users. Urban canyons, rough terrain, radio signal 
disturbances are only some of the problems that can make GNSS satellite signal 
unavailable or disturbed. The navigation of Unmanned Aerial Vehicles (UAV) has 
specific requirements on GNSS navigation that can be solved by a network of 
pseudolites. Pseudolites augmentations were analyzed in the UAV test flight area. 
Dilutions of Precision (GDOP, PDOP, HDOP, VDOP and TDOP) were used to analyze 
the quality of pseudolites and GNSS radio-navigation network geometry. The 
scenarios considering the UAV navigation using ground-based pseudolites and 
satellite based GPS, GLONASS and Galileo are analyzed. 

Keywords: augmentation, DOP, GNSS, pseudolites, radio-navigation network, UAV. 

1. Introduction 

The availability, accuracy and reliability of GNSS positioning systems are not 
guaranteed all the time and at every point on or near the Earth’s surface. In some 
cases, the number of visible satellites may not be sufficient to determine the user's 
position reliably. Urban canyons, valleys, deep open-cut mines, near-shore 
applications, rough terrain and radio signal disturbances are only some of the 
problems that can make satellite signal unavailable or disturbed to the extent that 
accuracy and reliability become highly questionable [Morley 1997] [Saka et al. 
2004]. To solve these problems, the augmentations of GNSS are used. The purpose 
of the GNSS augmentation system is to reduce or eliminate influences that 
deteriorate the quality of position, navigation and timing services [Gorski & Gerten 
2007]. Pseudolite augmentation can be used to improve availability and accuracy of 
GNSS based positioning or they can be implemented as an independent radio-
navigation network [Wang 2002]. Some of the benefits are: greater positioning 
accuracy, improved reliability, availability, signal continuity, integrity monitoring 
and a reduction of integer ambiguity resolution time [Wang 2005]. Optimizing 
pseudolites, satellites and UAV receiver geometry is a core problem in building a 
pseudolite positioning network [McKay & Pachter 1997].  

UAV mission planning involves knowledge from many fields as: navigation and 
positioning, geodesy, flight, regulations, safety measures and other [Santamaria et 
al. 2008]. UAV navigation has specific navigation requirements in which pseudolite 

mailto:zeljko.hecimovic@gradst.hr


SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

426   
 

augmentation of the existing GNSSes can improve UAV navigation or can be used as 
an independent radio-navigation network.  

2. Pseudolites  

Pseudolites (PLs) are pseudo-transmitters that can be used to build radio- 
navigation networks to perform real-time dynamic positioning. Pseudolites provide 
signals to GNSS users so that they can improve radio-navigation network geometry 
and positioning accuracy [Stewart 1997]. PLs typically transmit pseudo range and 
carrier phase signals at GNSS frequency bands. Normally, standard GNSS receivers 
with minor firmware modifications can track PL signals. Pseudolites are mainly used 
in the places where real-time positioning at centimetre-level is required. Locata is a 
ground based system of transmitters that can be operationally used to design a 
network for local needs and determine a position with centimetre accuracy in real 
time [Novaković et al. 2010]. In an indoor space where the GNSS signals are not 
available, a set of pseudolites can be used to replace the whole GNSS constellation. 
Optimally located pseudolite and reference receiver can significantly improve the 
geometric strength of positioning solutions and reduce the effects of nonlinearity 
and pseudolite errors [Parkinson & Fitzgibbon 1986]. 

Basically, three kinds of pseudolite navigation systems can be developed [Dai 
et al. 2001]: 

• GNSS augmentation with pseudolites, 
• independent pseudolite network, 
• inverted pseudolite-based positioning system; e. g. mobile pseudolite 

monitored by GNSS. 
PLs have specific error sources. Some of the challenging issues are pseudolites 

geometry design, multipath, tropospheric delay, clock synchronisation, location-
dependent errors, pseudolite biases and near-far problem. The near-far problem is 
caused by the variation in the received signal power of the pseudolites when the 
distance between the receiver and the transmitters changes. A pseudolite in the 
vicinity of a receiver may overwhelm the signals from other pseudolites/satellites 
and jam the receiver. However, on the other hand, if some of the pseudolites reside 
too far, their signal level may be too weak to allow the receiver to detect them. 

PLs geometry design is important for pseudolite augmented positioning 
systems [Yongqi & Xiufeng 2006]. Although various functions are suggested in the 
literature, the most often used is the GDOP that is used as a precision indicator in 
GNSS applications. In this work, Dilutions of Precision (GDOP, PDOP, HDOP, VDOP 
and TDOP) are used as quality indicators of radio-navigation network geometry. 
DOP is estimated from the network design matrix.  

3. Quality of radio-navigation network geometry and positioning accuracy 

In analogy with GPS, PL carrier phase observable can be given as 
 𝜑𝑟

𝑃𝐿 = 𝜌𝑟
𝑃𝐿 + 𝑁𝑟

𝑃𝐿𝜏 + 𝑐𝛿𝑡𝑃𝐿 − 𝑐𝛿𝑡𝑟 + 𝛿𝑝𝑜𝑠 + 𝛿𝑡𝑟𝑜𝑝
𝑃𝐿 + 𝛿𝑚𝑝

𝑃𝐿 + 𝛿𝑛
𝑃𝐿,  (1) 

where 𝜌𝑟
𝑃𝐿 is the geometric distance between a pseudolite PL and receiver r, 𝛿𝑡𝑃𝐿 PL 

clock error, 𝛿𝑡𝑟 receiver clock error, 𝛿𝑝𝑜𝑠 PL location error, 𝛿𝑡𝑟𝑜𝑝
𝑃𝐿  tropospheric delay, 
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𝛿𝑚𝑝
𝑃𝐿  PL signal multipath, 𝛿𝑛

𝑃𝐿 observation noise, τ signal wavelength, 𝑁𝑟
𝑃𝐿 integer 

ambiguity, and c is the speed of light. Related positioning accuracy considering the 
radio-navigation network (PLs and GNSS satellites) can be expressed with the 
equation  

   ∆�⃗� = (𝐺𝑇𝐺)−1𝐺𝑇 ∙ ∆�⃗�𝑐 . (2) 
Here ∆�⃗� is the positioning error vector, G is the geometry matrix and �⃗�𝑐 is the 

vector of corrected pseudo range errors. In the expression (2), (𝐺𝑇𝐺)−1 is the 
Dilution of Precision (DOP) matrix and 𝐺𝑇 ∙ ∆�⃗�𝑐 is the user range error.  

(𝐺𝑇𝐺)−1 = [

𝑞𝑋𝑋 𝑞𝑋𝑌

𝑞𝑋𝑌 𝑞𝑌𝑌
  
𝑞𝑋𝑍 𝑞𝑋𝑡

𝑞𝑌𝑍 𝑞𝑌𝑡
𝑞𝑋𝑍 𝑞𝑌𝑍

𝑞𝑋𝑡 𝑞𝑌𝑡
  
𝑞𝑍𝑍 𝑞𝑍𝑡

𝑞𝑍𝑡 𝑞𝑡𝑡

] .  (3) 

Diagonal elements of matrix (3) are used to calculate Geometric DOP (GDOP), 
Position DOP (PDOP), Horizontal DOP (HDOP), Vertical DOP (VDOP) and Time DOP 
(TDOP) as follows: 

𝐺𝐷𝑂𝑃 = √𝑞𝑋𝑋 + 𝑞𝑌𝑌 + 𝑞𝑍𝑍 + 𝑞𝑡𝑡, 

𝑃𝐷𝑂𝑃 = √𝑞𝑋𝑋 + 𝑞𝑌𝑌 + 𝑞𝑍𝑍, 

       𝐻𝐷𝑂𝑃 = √𝑞𝑋𝑋 + 𝑞𝑌𝑌, (4) 

𝑉𝐷𝑂𝑃 = √𝑞𝑍𝑍, 

𝑇𝐷𝑂𝑃 = √𝑞𝑡𝑡. 

DOP is a measure of the quality of network geometry. DOP can be interpreted 
as the reciprocal volume of a tetrahedron (in the case of four satellites) which is 
defined by the peak that represents the receiver antenna and receiver sites that are 
actually the connections between receiver and transmitter [Matišić 2014]. If the 
value of DOP is a small scalar value, the volume of the body is bigger and geometry 
is good. If the value of DOP is a large scalar value, the volume of the body is smaller 
and thus geometry is bad. 

Positioning accuracy measures the uncertainty of a positioning solution based 
on one-way range measurements from GNSS satellites and/or PLs. If four or more 
of transmitters are in view of a UAV receiver, a navigation solution consisting of the 
position of the receiver and the offset between the receiver clock and the GNSS clock 
can be computed.  

4. Influence of PLs and UAV receiver range uncertainties on positioning accuracy 

PLs of different qualities can be found in the market. Numerical tests were 
made to judge how PL noise can influence positioning accuracy. Computations were 
done for a test area around Sv. Nikola church near the town Nin [Figure 4.1]. The 
test area is mostly a flat terrain and covers an area of 113 km2. A flight path of the 
UAV was simulated at an altitude of 300 m above MSL. Then, a grid of resolution, 
Lat/Long 0.002 deg was created. The number of computational grid points was 
1458. The simulation started on 17th Mar. 2016 at 11:00:00.000 UTC and it took as 
long as the UAV’s flight time. 

To make simultaneous satellite and ground-based PLs measurements, two 
antennas are needed on the UAV because of different directions of the satellite and 
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PLs transmitting signals. Phase correction of antennas offset should be calculated. 
In order to calculate the correction, the antennas offset vector in the UAV’s body 
frame needs to be determined. Because of changing the position of UAV, the line of 
sight vector between UAV and PL should also be considered in the calculation [Lee 
et al. 2002]. The accuracy of the correction is primarily affected by the antenna offset 
measurement and attitude error. 

The positioning accuracy was calculated for the grid points using different PL 
range uncertainties. The first calculation involved a range uncertainty of 1 mm for 
all seven PLs, and the second used 2 mm, respectively. The differences of average 
values of the positioning accuracy for the whole test area was 1.2 cm and the biggest 
differences of positioning accuracy in the test area was 2.7 cm. This simulation is 
showing that one millimeter change of PL range uncertainty caused more than a ten 
times bigger difference in positioning accuracy. That indicates that PL noise and 
quality can significantly reduce UAV positioning accuracy. 

 
Figure 4.1 PLs and UAV in the test area 

To judge the influence of a UAV GNSS receiver’s quality on the positioning 
accuracy, it was calculated for the grid test area grid with different UAV receiver 
range uncertainties. In the first solution, the UAV receiver range uncertainty was 1 
mm and in the second solution, it was 2 mm. The differences between average 
position accuracies is 9 mm, but the differences can reach up to 20 mm. This 
simulation is showing that one millimetre change of the UAV receiver range 
uncertainty caused a little bit less than ten times the difference in positioning 
accuracy. That indicates that a poor UAV receiver can cause significant lower 
positioning accuracy.  

The results of all previous calculations are indicating that the influence of UAV 
receiver quality on the positioning accuracy is a little bit lower than the influence of 
the transmitters (PLs) quality. 

5. UAV positioning network quality considering PLs and other GNSS systems 

The quality of UAV navigation depends on radio-navigation network geometry 
(PLs and GNSS). Dilution of Precision (DOP) matrix (2) contains derivations of 
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observables and combined PLs and GNSS networks were treated using the same 
equations [Rzepecka et al. 2005] [Cobb 1997]. To judge the influence of PLs, GPS, 
GLONASS and Galileo on UAV positioning, different radio-navigation networks were 
simulated. Calculation and analysis for the following radio-navigation networks 
were made: PLs, GPS, GPS+PLs, GLONASS, GLONASS+PLs, Galileo+PLs and 
PLs+GPS+GLOANS+Galileo. DOP values were computed for the test area using 
expressions from (4) in AGI STK 11. GNSS satellite positions were predicted for the 
simulation time. To visually display position accuracy of the UAV, a range of colours 
from red to green is displayed on the grid. Red indicates the best DOP values, and 
green the poorer results. 

5.1. Quality of PLs radio-navigation network 

Radio-navigation network geometry was calculated using seven PLs [Figure 
5.1]. They are ground distributed to cover the UAV flight area and were placed 
considering the terrain constraints.  

 
Figure 5.1 PLs radio-navigation network 

In table 5.1, DOP values of the PLs radio-navigation network geometry are given. 

Table 5.1 DOPs of PLs radio-navigation network 
 Min Max Average 

GDOP 1.68   32.22   14.41 
HDOP 0.79    4.13     1.37 
PDOP 1.59 32.09 14.33 
TDOP 0.55    4.23   1.41 
VDOP 1.28 31.98 14.23 
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5.2. Quality of PLs and GPS radio-navigation network 

In this analysis there is a GPS network augmented by 7 PLs given. During the 
simulation time, 12 GPS satellites were visible from the test site [Figure 5.2]. The 
DOPs of the joined PLs and GPS network are given in the table 5.2. 

  
Figure 5.2 PLs and GPS radio-navigation network 

Table 5.2 DOPs of PLs and GPS radio-navigation network  
 Min Max Average 

GDOP 0.84   1.13   0.98 
HDOP 0.54   0.65   0.58 
PDOP 0.79   1.05   0.92 
TDOP 0.28   0.42   0.34 
VDOP 0.56   0.83   0.71 

In the table 5.3 there are the differences between GPS only solution and joined 
PLs and GPS solution given. All DOP values are indicating better results in the joined 
PLs and GPS solution. It means that higher positioning quality was achieved by using 
PLs augmentation. 

Table 5.3 Differences between joining PLs and GPS solution and GPS only 
 Min Max Average 

GDOP -0.68 -0.38 -0.54 
HDOP -0.27 -0.16 -0.23 
PDOP -0.58 -0.32 -0.45 
TDOP -0.37 -0.22 -0.30 
VDOP -0.54 -0.28 -0.39 

5.3. Quality of PLs and Galileo radio-navigation network  

Galileo system has six operational satellites. However, only three were 
available in the test area during the simulation time. The results are given in table 
5.4. 

Table 5.4 DOPs of PLs and Galileo radio-navigation network  
 Min Max Average 

GDOP 1.33   7.04   3.57 
HDOP 0.71   1.97   0.97 
PDOP 1.26   6.79   3.50 
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TDOP 0.38   1.51   0.61 
VDOP 0.95   6.28   3.26 

5.4. Quality of PLs and GLONASS radio-navigation network  

Eight GLONASS satellites were visible during the time of UAV flight simulating 
over the test area [Figure 5.3]. In table 5.5 DOPs of the PLs and GLONASS radio-
navigation network are given. 

  
Figure 5.3 PLs and GLONASS radio-navigation network  

Table 5.5 DOPs of PLs and GLONASS radio-navigation network  
 Min Max Average 

GDOP 0.88   1.28   1.06 
HDOP 0.56   0.72   0.61 
PDOP 0.83   1.18   1.00 
TDOP 0.28   0.49   0.36 
VDOP 0.59   0.93   0.78 

 
In table 5.6, the differences between only GLONASS solution and joined PLs 

and GLONASS radio-navigation networks are given. All differences indicate that the 
joined solution is better than the only GLOSNASS solution. PLs augmentation is 
improving GLONASS positioning. 

Table 5.6 Differences between PLs and GLONASS solution and only GLONASS solution 
 Min Max Average 

GDOP -0.93 -0.54 -0.75 
HDOP -0.37 -0.21 -0.31 
PDOP -0.80 -0.46 -0.64 
TDOP -0.49 -0.28 -0.41 
VDOP -0.74 -0.41 -0.55 

5.5. Quality of PL, GPS, GLONASS and Galileo radio-navigation network  

The simulation of combined PLs, GPS, GLONASS and Galileo network is made 
for the test area [Figure 5.4]. The results are given in table 5.7. 
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Figure 5.4 PLs, GPS, GLONASS and Galileo radio-navigation network 

Table 5.7 DOPs of PLs, GPS, GLONASS and Galileo radio-navigation network 
 Min Max Average 

GDOP 0.68   0.83   0.76 
HDOP 0.43   0.47   0.44 
PDOP 0.64   0.77   0.71 
TDOP 0.24   0.32   0.28 
VDOP 0.47   0.60   0.55 

 
Combined PLs, GPS, GLONASS and Galileo network is giving the best results.  

6. Conclusion 

PLs can be used as GNSS augmentation or as independent radio-navigation 
network to support UAV navigation. UAV flight has specific requests on radio-
navigation networks, and optimizing its geometry is one of the primary problems.  

The simulation calculations in the test area are indicating that PLs and UAV 
receiver range uncertainties are significantly lowering the positioning accuracy. 
Using lower quality PLs and UAV GNSS receivers will result in significantly lower 
positioning accuracy. 

DOPs as indicators of geometry quality of radio-navigation network are 
analyzed in the UAV flight test area. UAV flight simulations were made using PLs, 
GPS, GLONASS and Galileo radio-navigation networks in several combinations. PLs 
as the augmentation of GPS and GLONASS are improving the quality of network 
geometry and positioning accuracy. Galileo system has six satellites, but only three 
were visible in the test area during the simulation time. Without PLs augmentation, 
the only Galileo navigation would not be possible. In all simulations, geometry 
quality of radio-navigation networks was improved with PL augmentation.  

Pseudolites have a big potential in solving local positioning and navigation 
problems and in improving the existing positioning and navigation systems. 
However, pseudolites also have limitations and specific error sources that should be 
reduced to make pseudolites widely used. 
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Podrška navigacije bespilotnih zrakoplova pseudolitima  

Sažetak. Proširenja globalnih navigacijskih satelitskih sustava (GNSS) se obimno 
koriste u praksi. Pseudoliti daju korisnicima mogućnost da prilagode navigacijski 
sustav s obzirom na svoje specifične potrebe. Urbani kanjoni, razveden neravni 
teren te poremećaji radio signala, samo su neki od problema koji mogu učiniti GNSS 
satelitski signal ne dostupnim ili poremećenim. Navigacija bespilotnih letjelica 
(Unmanned Aerial Vehicle, UAV) ima specifične zahtjeve na GNSS navigaciju, a koji 
mogu biti zadovoljeni ili njihov utjecaj ublažen mrežom pseudolita. Pseudoliti se 
mogu koristiti za proširenje postojećih GNSS sustava ili se mogu koristiti za izradu 
neovisnih radio-navigacijskih mreža. Kvaliteta geometrije mreže pseudolita ima 
važnu ulogu u točnosti pozicioniranja. Kao indikatori kvalitete radio-navigacijske 
mreže u ovom radu su korišteni Dilutions of Precision (GDOP, HDOP, PDOP, VDOP i 
TDOP). Za testno područje leta UAV-a je analizirana kvaliteta geometrije radio-
navigacijskih mreža i njihovo proširenje pseudolitima. Geometrija samostalne 
radio-navigacijske mreže je također analizirana. 

Ključne riječi: DOP, GNSS, GNSS proširenja, pseudoliti, radio-navigacijska mreža, 
UAV. 

*scientific paper 
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Abstract. The paper deals with indoor navigation using inertial sensors 
(accelerometers, gyroscopes, etc.) built in a smartphone. The main disadvantage of 
the use of inertial sensors is the accuracy, which rapidly decreases with the 
increasing time of the measurement. The reason of the deteriorating accuracy is the 
presence of errors in inertial measurements that are accumulated in the integration 
process. The paper describes the determination of a pedestrian trajectory using a 
step detection method which that is improved with utilization of the adaptive step 
length estimation algorithm. This algorithm reflects the change of the step length 
with different types of movement. The proposal of the data processing uses 
information from floor map, which allows the verification of the pedestrian position 
and detects the collision of the trajectory with the floor map. The proposed 
algorithm significantly increases the accuracy of the resulting trajectory. The 
experimental measurement was realized with a smartphone Samsung Galaxy S4.  

Keywords: adaptive step length estimation, inertial sensor, map matching, 
smartphone, step detection, systematic error. 

1. Introduction 

Today, navigation used in a mobile phone or in a tablet has become a normal 
part of our life. For man there is nothing unusual when it comes to the unknown 
territory. Each of us has at least once been in an unknown environment where it was 
necessary to find a certain destination. This problem is nowadays easily solvable by 
smart phones. Outdoors, in the open space we can use global navigation satellite 
systems, (GNSS) but the problem occurs in situations when the user is located in the 
indoor areas where the used device has no connection to the satellites. This fact 
motivates the developers to search for suitable alternatives to overcome this 
barrier. Navigation in indoor space finds its utilization in shopping centres, 
underground car parks, hospitals, school buildings and other structures with the 
access to satellite connection. To find an optimal design for the indoor navigation 
system, it is necessary to examine various options [Jain 2013]. 

The development of the MEMS technology allows the production of easy, 
energy-efficient and affordable inertial measurement systems (IMS) that have 
become a part of modern smart phones. This has brought the possibility ofthe IMS 

mailto:alojz.kopacik@stuba.sk
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utilization for the navigation of pedestrians. IMS allows using the inertial sensors 
(gyroscopes and acceleration sensors) for monitoring the spatial position without 
depending on external information. Their disadvantage is the accuracy that rapidly 
decreases with the increasing time of measurement. The reason of the deteriorating 
accuracy is the presence of errors in inertial measurements that are accumulated in 
the integration process with the increasing time of measurement. The accentuation 
of this effect occurs particularly by double integration of the measured acceleration 
[Ryu 2013]. In order to suppress the influence of systematic errors in determination 
of the trajectory of the pedestrian movement, a stepwise method is often used. This 
method uses the fact that the pedestrian movement consists of the steps that can be 
detected by measuring the acceleration (or from other inertial measurements – an 
angular velocity). 

The paper deals with the determination of the pedestrian trajectory using the 
step detection method which is not limited by the sensor position on the object as it 
is in the case of smart phones (in pedestrian hands). To increase the accuracy of the 
determination of position, this suggested project combines the adaptive step 
detection method with a map matching algorithm. The first method represents the 
utilization of the adaptive step length estimation, as it is known that the length of a 
pedestrian step is changing according to the type of the environment (stairs, passage 
of the door and the obstacle). This fact reflects the adaptive estimation of steps 
where the step length is functionally depended on the frequency of steps and the 
average acceleration amplitude at a given step [Shin 2011]. The second method uses 
information from the maps and is often referred to as "map matching" [Lan 2014]. 
The aim of this method is the utilization of a map not only for the visualization of the 
user's location, but the information obtained from the map allows the verification of 
a pedestrian position; resp. detects a collision of a trajectory with the map. On a basis 
of the building of geometrical shape obtained from maps, it is possible to design the 
ideal route of pedestrians which is used in algorithm for the correction of the 
position. 

2. Step Detection and Adaptive Step Length Estimation 

The movement of a person is a specific type of a periodic mechanical 
movement which can be divided into individual steps. The step detection is most 
often realized by measuring the acceleration. There are several methods for the 
detection of the steps: detection of the peaks, zero-crossings and flat zone detection, 
as described in [Shin 2011], [Wang 2013], [Ryu 2013], [Attia 2013], [Kopáčik 2015]. 
In the paper presented, the step detection method based on the zero-crossing of the 
acceleration standard is used. These zero-crossings are later used in the method of 
adaptive step length estimation The acceleration norm (1) represents the resultant 
vector of the sensor acceleration. By defining the thresholds for the acceleration 
norm, (2) areas of movement where the step detection can be used, are identified. 
The low-pass filter (moving average) is applied on the acceleration norm to 
suppress the noise and reduce the probability of the detection of false steps. Each 
step has three zero-crossings [Figure 2.1], [Figure 2.2]. This fact is taken into 
account by estimating the adaptive step length: 
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 �̅� = √𝑎𝑥
2 + 𝑎𝑦

2 + 𝑎𝑧
2,  (1) 

 �̅� < 𝑡ℎ_𝑎, (2) 
where 
�̅� – acceleration norm, 
𝑎𝑥, 𝑎𝑦, 𝑎𝑧 – acceleration in axis X, Y, Z, 

𝑡ℎ_𝑎 – threshold for the acceleration norm. 
Step detection method based on the zero-crossing is resistant to changes in the 

speed of a pedestrian which becomes evident in changes in local maxima in the 
acceleration norm. 

 
Figure 2.1 Step detection method – zero cross in the acceleration norm 

The result of the step detection method is the division of time series of 
measurements into individual steps. Each current step with the length can be 
expressed as a linear combination of the step frequency, average amplitude of the 
acceleration norm v and optimal parameters 𝛼, 𝛽, 𝛾 [Shin 2011]: 
 𝑙 = 𝛼. 𝑓 + 𝛽. 𝑣 + 𝛾.  (3) 
The optimal parameters express dependence of the step length on the walking 
frequency and average amplitude of the acceleration norm [Figure 2.2]: 

 
Figure 2.2 Each step defined by step 

frequency and average variation of the 
acceleration norm 

• walking frequency: 

f =
1

tk−tk−1
,                    (4) 

• average amplitude of an 
acceleration norm: 

v =
1

n−1
∑ (ak − a̅)2n

k=1                 (5) 

tk, tk−1 –  time of detected steps, 

ak  –  norm of an acceleration in k time, 

a̅   –  average of an acceleration norm in a 
step.  

The step length depends on a pedestrian profile (weight, height, age, sex, style 
of walk) and therefore optimal coefficients have to be defined for each user 
separately [Li 2012]. The values of these coefficients are estimated from the 
calibration measurements. The pedestrian walked along a straight trajectory of a 
known length during calibration. Optimal coefficients are estimated by regression 
analysis from a known travelled distance and measured accelerations. 
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Step length varies during the walk according to the environment (stairs, 
obstacles, doors, surface of the floor). The change of the step length will be reflected 
in the measured acceleration as the change of the walking frequency (speed of 
movement) and changes in the amplitude of the norm of accelerations. These 
variables are directly used in the formula for the calculation of a step length 
(formula 3), ensuring its adaptive estimate. 

2.1. Calculation of the Pedestrian Orientation (Heading) 

The pedestrian orientation is described with help of Euler angles that define 
the relative orientation of the smart phone own coordinate system to the reference 
frame used for determination of the pedestrian position in space. The Euler angles 
could be calculated from the angle velocity measured by gyros mounted in the smart 
phone [Groves 2008]: 

 𝜑 = ∫ 𝜔𝑥(𝑡)𝑑𝑡
𝑡𝑛

𝑡𝑛+1
,     𝜃 = ∫ 𝜔𝑦(𝑡)𝑑𝑡

𝑡𝑛

𝑡𝑛+1
 ,     Ψ = ∫ 𝜔𝑧(𝑡)𝑑𝑡

𝑡𝑛

𝑡𝑛+1
,  (6) 

where: 
𝜑, 𝜃, Ψ – Euler angles roll, pitch a yaw, 
𝜔𝑥, 𝜔𝑦, 𝜔𝑧 – angular velocity in direction of X, Y, Z. 

The gyroscopes are not able to determine the absolute orientation in space, 
thus the absolute initial orientation of the smart phone is needed. This problem is 
possible to solve with the help of magnetometers which generate the azimuth value 
calculated from magnetic induction and measured in direction of X, Y 

 𝐴𝑚𝑎𝑔 = 𝑎𝑟𝑐𝑡𝑔 (
𝑏𝑦

𝑏𝑥
), (7) 

where: 
𝑏𝑥, 𝑏𝑦 –  magnetic induction  measured in X,Y direction of the smart phone frame. 

The absolute orientation of the pedestrian during the whole measurement 
could be determinated by using magnetometers [Figure 2.3] [Tian 2014]. The 
disadvantage of these sensors is the high sensitivity to the magnetic field variations 
due to the steel structures and electrical equipment situated in the sensors 
neighbourhood. Therefore, the magnetometers will be used only for approximate 
correction of the absolute orientation of a pedestrian. 

 
Figure. 2.3 Magnetic azimuth calculated from magnetic induction 
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2.2. Verification and Correction of Pedestrian Position Based on the Floor Map 

The pedestrian trajectory is calculated by using the recursive algorithm that is 
well known as a pedestrian dead reckoning algorithm. The current location of the 
pedestrian is calculated from a previously known location, travelled distance and 
the orientation of a movement in the actual time epoch: 

 
𝑋𝑡 = 𝑋𝑡−1 + 𝑠𝑡𝑒𝑝𝑡 . cos(𝑎𝑧𝑖𝑚𝑢𝑡ℎ𝑡)

𝑌𝑡 = 𝑌𝑡−1 + 𝑠𝑡𝑒𝑝𝑡. sin(𝑎𝑧𝑖𝑚𝑢𝑡ℎ𝑡)
   (8) 

where: 

𝑋, 𝑌                   – position, 

𝑠𝑡𝑒𝑝                   – step length, 

𝑎𝑧𝑖𝑚𝑢𝑡ℎ     - azimuth of the steps. 

First the initial position of pedestrian 𝑋0, 𝑌0 is defined, which is because of the 
relative determination of the position with inertial sensors. The initial position is 
defined by using other navigation methods (QR code, RFID, UWB, computer vision) 
that enable to determine the absolute position of the user [Karimi 2015]. 

After calculation of the current position of a pedestrian, the algorithm finds a 
collision trajectory with the floor map (e.g. a passage of the user through the wall). 
If the algorithm evaluates the position as an incorrect position then it finds another 
most suitable point to the ideal path [Figure 2.4], [Figure 2.5]. 

There are many map matching algorithms that have different approach to use 
the map information. Most of the applications use the map matching algorithm as a 
search problem, meaning where to find the nearest point of the ideal path to the 
position calculated by IMS [White 2000]. In our work the map matching algorithm 
is used only for the situation, where the trajectory is in collision with the floor map. 
Three conditions are used to find the correct position (current orientation of 
pedestrian, range of stationing of the corrected position and minimum length of the 
offset), which limited the set of probable solutions to only one (see below). 

 
Figure 2.4 Detection of  collision (between pedestrian trajectory and floor map) and their 

correction 

The ideal path is defined by the longitudinal axes of the corridors, and its 
traverse points are represented by the intersection of corridor axes and stairway 
axes. 

When the position 𝑋𝑡 , 𝑌𝑡 of a pedestrian is corrected, the direction of pedestrian 
movement has to be taken into the account. It is used for a selection of the ideal part 
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of the path. This condition prevents an incorrect adjustment of the point. It could 
happen in the case when the adjustment process is limited only to searching of the 
nearest point [Figure 2.4]. 

 
Figure 2.5 Map matching algorithm using floor map and ideal path 

Corrected position of a pedestrian has to satisfy the following conditions [Figure 
2.5]: 

• The current orientation of pedestrian belongs to a range defined by selected 

part of an ideal path, 

• The stationing of the corrected position 𝑠𝑡𝑖 belongs to a range of 
〈0, 𝑑𝑁𝑖_𝑁𝑖+1

〉, 

• The minimum length of the offset 𝑘𝑖 . 

3. Analyses of Results 

The experimental measurement was realized to test the proposed model of the 
processing. For the purpose of this experiment Samsung Galaxy S4 smart phone was 
used. It is a type of a smart phone with built-in inertial sensors (three-axial 
acceleration sensor, three-axial gyroscope), three-axial magnetometer, and 
atmospheric pressure sensor. The smart phone was held in a horizontal position by 
a pedestrian, so Z-axis of coordinate system of the smart phone represented the 
direction of gravity (this condition was important for the correct interpretation of a 
pedestrian orientation). 
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A pedestrian walked along a predefined trajectory three times during the 
experiment. The trajectory was defined by 11 traverse points whose position was 
signalized by the labels stuck on the floor. The traverse points were used for the 
analysis and verification of results.  

The pedestrian trajectory was calculated by 3 methods: 
1. using a constant step length, 

2. using an adaptive step length, 

3. using an adaptive step length and the map matching algorithm. 

 
Figure 3.1 Trajectory of a pedestrian with an adaptive step length and a correction of a 

position 

The coordinates of measured points as the result from each method were used for 
comparison of these methods. The table [Table 3.1] shows the coordinate 
differences between the reference positions of the measured points defined at the 
beginning of the measurement and the position calculated by method 1 - 3. 

Table 3.1 Comparison of the coordinate difference on measured points (during the last 
repetition trajectory) 

Point number 

Constant 
step 

Adaptive step 
length 

Adaptive step length and 
position correction 

Δp [m] Δp [m] Δp [m] 

1 2.9 0.2 1.1 

2 3.3 2.2 0.4 

3 3.2 2.4 0.9 

4 3.2 2.3 0.9 

5 3.6 1.8 0.5 

6 3.6 2.1 0.3 

7 3.6 2.2 0.1 
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8 2.5 1.3 0.1 

9 2.5 1.1 0.2 

10 2.4 0.7 0.5 

11 3.0 0.6 0.7 

Average (1st travelled trajectory) 1.4 1.2 0.8 

Average (2nd travelled trajectory) 2.5 1.8 0.9 

Average (3rd travelled trajectory) 3.1 1.6 0.5 

Total average 2.3 1.5 0.7 

 
The results of the experiment [Table 3.1] show that the largest coordinate 

differences were achieved in the first method of processing where the constant step 
length was used. The maximum position difference between the reference position 
of a measured point and calculated position was 3.6 m (maximum of the whole 
experiment). Position errors resulting from the constant length step are transmitted 
through the whole calculating process and cause their accumulation because of the 
increasing time of measurement. 

The coordinate differences between the reference position of measured points 
and the position of measured points calculated by the second method (using an 
adaptive step length estimation algorithm) are smaller than in the first method 
(using a constant length step). The maximum position differences between the 
reference position of a measured point and the calculated position was 2.5 m 
(maximum of the whole experiment). Position errors are probably caused by an 
error in the orientation of the pedestrian (due to the approximation of the 
orientation to the main direction) and by an incorrect step detection (unidentified 
or incorrect identified step). 

The best results (the lowest coordinate differences of measured points) were 
achieved with the third method of calculation (using an adaptive step length 
estimation algorithm and Map Matching). The maximum position difference of the 
measured point was 1.6 m (from the whole experiment). The increased accuracy 
based on the information from the floor map is closely related to the geometry of 
the building (orientation and width of corridors). In the case of narrow corridors, 
the motion of a pedestrian is significantly limited that directly affects the 
effectiveness of corrections. On the other hand, the wide corridors with an atypical 
geometry can cause worse results. 

Adaptive step length estimation improved the accuracy of travelled distance. 
This fact is possible to see in the results in the table [Table 3.2]. The error of total 
travelled distance calculated with a constant step length was 2.7 m (1.3% of total 
travelled distance) but with an adaptive step length estimation error decreased to 
1.2 m (0.2% of total travelled distance). This difference in the accuracy of the 
individual methods is influenced by the variation of a step length which depends on 
the speed of pedestrians and it is also influenced by the environment (entering the 
room, avoiding the obstacles). Calculations with the help of Map Matching are not a 
part of the comparison [Table 3.2] because this does not influence the accuracy of 
travelled distance.  The position of a pedestrian is directly corrected. 
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Table 3.2 Comparison of travelled distance between a constant step length and an adaptive 
step length 

 Travelled distance 

Part of predefined 
trajectory 

Reference          
[m] 

Constant step 
length [m] 

Difference 
[m] 

Adaptive step 
length [m] 

Difference 
[m] 

1st travelled 
trajectory 

205.3 208.0 -2.7 204.1 1.2 

2nd travelled 
trajectory 

205.3 208.0 -2.7 207.3 -2.0 

3rd travelled 
trajectory 

205.3 208.0 -2.7 205.9 -0.6 

Total 615.9 624.0 -8.1 617.3 -1.4 

 

 
Figure 3.2 Comparison of the position error on measured points during experimental 

measurement 

4. Conclusion 

From the origin point of view errors in the determination of a pedestrian 
position could be divided into two basic components – errors in the determination 
of a trajectory length and errors in the orientation of a pedestrian movement. The 
chapter 1.1 deals with the first component of errors. In the indoor environment the 
pedestrian step length is often influenced by entering the doors, direction changes, 
and the like. To minimize these influences, the adaptive step detection was used. 
This method defines the step length according to the frequency and the average 
amplitude of the acceleration norm of a pedestrian movement. The importance of 
the utilization of adaptive step detection underlines the results in table [Table 3.1] 
where the difference in the length between the given and measured trajectory is 
1.3% in the case of constant step detection and 0.2% in the case of an adaptive step 
detection method.  

Chapter 1.2 presents the possible elimination of errors in the pedestrian 
orientation. The procedure for azimuth calculation includes a drift elimination part 
that corrects the pedestrian azimuth according to the building geometry. This is 
based on limitations of the pedestrian trajectory that are strictly given by the 
building geometry – doors, corridors, stairs, etc. The inspection of the pedestrian 
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orientation was realized on the base of a magnetic azimuth from measurements with 
magnetometers which express the absolute pedestrian orientation.   

“Map Matching” method was included to increase the accuracy of 
determination of position (trajectory). The calculated pedestrian position is verified 
with the actual map (drawing, 3D model) and corrected to the nearest point of the 
ideal trajectory in the case of collision. The effectiveness of the “Map Matching” 
application is limited by the building geometry. Better results could be achieved in 
the building with a regular geometry in comparison to the building of an irregular 
shape (historical buildings, underground spaces, caves, etc.) or pedestrian 
navigation in large halls (galleries, sport halls, etc.). 

According to the results it can be confirmed that by using a constant step length 
algorithm the average deviation in position was 2.3 m (maximal deviation in single 
position was 3.6 m). Using the adaptive step length algorithm, the average deviation 
in position was 1.5 m (maximal deviation was 2.5 m). The best result was achieved 
with the combination of the adaptive step length algorithm and “Map Matching” 
where the average deviation in position was 0.7 m and the maximal deviation was 
1.7 m.  
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Pozicioniranje i praćenje pješaka u zatvorenim 
prostorima pomoću senzora pametnih telefona, 
detekcije koraka i map matching algoritma 

Sažetak. Rad se bavi s navigacijom u zatvorenim prostorima pomoću inercijalnih 
senzora (akcelerometra, žiroskopa, itd.) ugrađenih u pametni telefon. Osnovni 
nedostatak inercijalnih senzora je njihova točnost, koja se naglo smanjuje s 
vremenom mjerenja. Razlog smanjenja točnosti je prisustvo pogrešaka koje se 
akumuliraju u procesu integracije. U radu je opisano određivanje putanje pješaka 
pomoću metode detekcije koraka koja je poboljšana primjenom algoritma 
prilagodljive procjene duljine koraka. Ovaj algoritam uzima u obzir promjenu 
duljine koraka pri različitim načinima kretanja pješaka. Prilikom obrade podataka 
koristi se plan zgrade koji omogućuje provjeru pozicije pješaka i detektira 
neslaganje kretanja pješaka s planom zgrade. Predloženi algoritam značajno 
povećava točnost određene putanje pješaka. Testna mjerenja provedena su pomoću 
pametnog telefona Samsung Galaxy S4. 

Ključne riječi: detekcija koraka, inercijalni senzori, map matching, pametni telefon, 
prilagodljiva procjena duljine koraka, sustavne pogreške. 
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Abstract. It is well known that the Global Navigation Satellite Systems (GNSS) in a 
specific environment has its limitations, or cannot be applied. To overcome these 
difficulty many researches were conducted to complement GNSS with other 
positioning technologies. One of the solutions is the application of pseudolites, 
ground-based GPS-like signal transmitters, but this technology has also its 
limitations. In 2003 Locata Corporation (Australia) began with the development of 
a new, completely independent technology called Locata, which was designed to 
overcome the limitations of GNSS and other pseudolite-based positioning systems. 
Locata technology relies on the network of synchronized ground-based transceivers 
(LocataLites) that transmit positioning signals that can be tracked by user receivers 
(Locata). LocataLites form a network (LocataNet) that functions as “local ground-
based replica” of GNSS-style positioning. The key innovation of the Locata 
technology is the time synchronization procedure called TimeLoc. Therefore, there 
is no need for base station and the connection for data transfer from the base to the 
mobile receiver. Locata is not a substitute for GNSS. It can be easily combined with 
GNSS, or can be used as an independent measuring system, where the GNSS is 
unavailable or unreliable. Within the project “Wearable outdoor augmented reality 
system for enrichment of touristic content” (funded by European Union and co-
founded by Polytechnic of Međimurje in Čakovec, company Infigo IS ltd. and 
Republic of Croatia), for the first time Locata equipment was acquired and 
implemented in Croatia. This paper describes a brief overview of the core 
components of Locata technology, and its first field testing at the Polytechnic of 
Međimurje in Čakovec backyard. Locata is the key part of the project because 
augmented reality system requires real time 3D positioning with cm-level precision. 
To meet those conditions, simulation of different configurations was conducted 
before establishing LocataNet. After first successful running of LocataNet, precision 
of static positioning was tested. 

Keywords: Locata technology, LocataNet simulation, LocateNet testing. 

1. Introduction 

Although the Global Navigation Satellite System (GNSS) is widely used in many 
areas of positioning and navigation, it is well known that this technology, in 

mailto:igrgac@geof.hr
mailto:gorana.novakovic@geof.hr
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unfavourable observing environments, has its limitations or cannot be applied 
(indoors or underground). To overcome these limitations many researches were 
conducted to complement GNSS with other, mainly terrestrial technologies. One of 
the solutions was the application of pseudolites (pseudo-satellites), ground-based 
generators and transmitters of GPS-like signals, for use in the local area [e.g. Wang 
2002, Novaković et al. 2009, Novaković et al. 2010]. However, the technology based 
on pseudolites has also its limitations. Extensive research and testing has concluded 
that pseudolites have fundamental technical problems that are very difficult to 
overcame in the real world: e. g. controlling transmission power levels, near/far 
problems, configuring special antennas, designing the “field of operations” such that 
GNSS and pseudolites can work together [Rizos et al. 2011, Rizos 2013] and the basic 
problem - time synchronization. The pseudolites operate independently in so-called 
“unsynchronised mode”, so that base station and radio modem data link are 
required and double differencing must be used to eliminate the pseudolites’ and 
receivers’ clock biases. In 2003 Locata Corporation (Canberra, Australia) began with 
the development of a new terrestrial radio frequency (RF)-based distance 
measurement technology, known as Locata, which was designed to overcome the 
limitations of GNSS and other pseudolite-based positioning systems. That system, 
allowing single point positioning, without reference station or radio link, indoor and 
outdoor, at the moment, with centimetre precision, which has always been the 
ultimate request for the positioning technology in real time, is now a reality [URL 1]. 

This paper presents a brief description of the main characteristics of the Locata 
technology and its first application in Croatia as the part of the project “Wearable 
outdoor augmented reality system for enrichment of touristic content” [URL 2]. 

2. Locata positioning technology 

In 2003 Locata Corporation began with the development of the concept of new 
positioning technology that solves many of the serious problems which space-based 
positioning cannot overcome. It has invented time-synchronized transceivers called 
LocataLite. A network of LocataLites forms a LocataNet, which transmits signals that 
allow carrier-phase point positioning, with cm-level precision, for a mobile Locata 
receiver. The biggest technical achievement of Locata system is completely new, 
patented, wireless technology of time synchronization between LocataLites, called 
TimeLoc. Therefore, there is no need for base station, the connection for data 
transfer from the base to the mobile receiver, and no requirement for measurement 
double differencing. Unlike pseudolites, which mostly transmit signals at the GPS 
frequency bands which causes many difficulties [Rizos et al. 2011], Locata 
incorporates proprietary signal transmission structure that operates on the 2.4 GHz 
Industrial Scientific Medical (ISM) licence free frequency band [Rizos 2013]. This 
allows high power of transmitted signals so that Locata can work both indoor and 
outdoor environments. 

2.1. Core components of Locata technology 

Locata technology consists of two core components [Barnes et al. 2005]: 
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1. LocataLite – transceiver, 
2. Locata – receiver (rover). 

 
The LocataLite hardware design is modular with separate boards for 

transmitter, receiver and RF board. The LocataLite transmitter generates a carrier-
phase signal modulated with a proprietary ranging code in the 2.4 GHz (ISM) band. 
A LocataLite currently transmits four PRN-style signals on two frequencies and from 
two spatially separated antennas, producing four usable ranging signals. The 
receiver and the transmitter share the same clock which is a cheap temperature-
compensated crystal oscillator (TCXO). 

Locata receiver utilizes signals broadcast by LocataLites to position itself, 
using either code or carrier-based techniques. Figure 2.1 (left) shows Locata's new 
G4 LocataLite transceiver and LRx8 Locata receiver (or rover). A Locata rover is 
identical to the right-hand side of a LocataLite transceiver [URL 1]. 

 
Figure 2.1 Locata’s new G4 LocataLite transceiver and LRx8 Locata rover (left)  

[URL 1], LocataLite antennas (right) [Bonenberg et al. 2011] 

Each of the LocataLites sites consists of three main components: a pole with 
three antennas attached; two transmitting (Tx1 and Tx2) and one receiving antenna 
(Rx) [Figure 2.1 right], a LocataLite and power source. Spatial separation of 
transmitters is intended as multipath mitigation. Because of that the rover should 
be able to recognise direct and indirect signals [Bonenberg et al. 2011, Roberts et al. 
2009]. 

2.2. Synchronization of positioning signals – TimeLoc 

The synchronization of transmitters that are broadcasting a positioning signal 
is the fundamental requirement for radio-positioning systems. The required level of 
synchronisation is extremely high, considering a one nanosecond error in time 
equates to an error of approximately thirty centimetres [Barnes et al. 2003b]. A 
patented wireless time synchronisation procedure of one or more LocataLite 
devices is a key innovation of the Locata technology and is known as TimeLoc.  

 LocataLite                             Locata (rover) 
(26 cm x 13 cm x 2,5 cm)   (14,5 cm x 13 cm x 2,5 cm) 
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The TimeLoc procedure to synchronise one LocataLite (B) to another 
LocataLite (A) can be described in the following steps [Barnes et al. 2003a]: 

• LocataLite A transmits a C/A code and carrier signal on a particular PRN 
code. 

• The receiver section of LocataLite B acquires, tracks and measures the 
signal (C/A code and carrier-phase measurements) generated by 
LocataLite A. 

• LocataLite B generates its own C/A code and carrier signal on a different 
PRN code to A. 

• LocataLite B calculates the difference between the code and carrier of the 
signal received from LocataLite A and its own locally generated signal. 
Ignoring propagation errors, the differences between the two signals are 
due to the difference in the clocks between the two devices, and the 
geometric separation between them.  

• LocataLite B adjusts its local oscillator (using Direct Digital Synthesis (DDS) 
technology) to bring the code and carrier differences between its own 
signal and LocataLite A to zero. The signal differences between LocataLite 
A and B are continually monitored and adjusted so that they remain zero. 
In other words, the local oscillator of B follows precisely that of A. 

• The final stage is to correct for the geometrical offset (range) between 
LocataLite A and B, using the known coordinates of the LocataLites, and 
after this TimeLoc is achieved. 

In theory, there is no limit to the number of LocataLites that can be 
synchronised together using TimeLoc. 

2.3. The LocataNet positioning network 

When four or more LocataLites are deployed, they form a positioning network 
called a LocataNet. This positioning network is time-synchronous, so that Locata 
receiver can compute its position without any correctional data. When forming a 
LocataNet there are two basic considerations for the position of the LocataLites. 
First, the LocataLites must be able to receive the signal from at least one other 
LocataLite. The other basic consideration is that the geometry of the network (DOP) 
is suitable for the positioning precision requirements. A LocataNet is a typical 
Master-Slave structure. A Master is first selected among the LocataLites and then all 
the others (Slaves) are synchronized with the Master clock during a TimeLoc 
process [Roberts et al. 2007]. The establishment of a LocataNet can be best 
explained through the following steps [Barnes et al. 2003b]. A LocataLite self-
surveys using the GNSS constellation and begins transmission of its own unique 
ranging signal. A second LocataLite, placed within range of the first LocataLite self-
surveys from the GNSS constellation and the first LocataLite. It time-synchronises 
to the first LocataLite signal, and then begins transmission of its own unique ranging 
signal. To allow three-dimensional positioning from a LocataNet alone, two 
additional LocataLites are deployed. This process is repeated for each additional 
LocataLite using all the available signals from the LocataLites and GNSS. Each 
LocataLite knows its precise position, and the four transmitted ranging signals are 
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all time-synchronised. The established LocataNet can operate independently of 
GNSS. 

Once the LocataNet is established, additional LocataLites can be added, even 
indoors. A fifth LocataLite placed inside a building can self-survey using only the 
LocataNet and then begin transmission of its own unique ranging signal. Figure 2.2 
(left) shows an example of a Locata receiver outside using both GNSS and LocataLite 
signals for positioning. Figure 2.2 (right) shows a Locata receiver inside a building 
using only LocataLite signals for positioning, since GNSS signals are blocked. 

  

Figure 2.2 Positioning outside using LocataNet and GNSS (left), positioning indoors using 
LocataNet alone (right) [Barnes et al. 2003b] 

Locata’s terrestrial networks provide both local control and regional coverage. 
Locata’s technology encompasses both the transmit and receive sides of a 
positioning network, allowing the system to be configured to meet specific, localized 
demand for availability, precision and reliability. This flexibility ensures that signal 
integrity can be guaranteed in even the most demanding environments – especially 
indoors [URL 1]. 

A more detailed overview on this new positioning technology can be found on 
Locata website [URL 1]. As regards the Croatian literature, this content is addressed 
in the articles [Novaković et al. 2009, Novaković et al. 2015]. 

3. Locata in Croatia 

Within the project “Wearable outdoor augmented reality system for 
enrichment of touristic content”, code-name “Project Wonderland” [URL 2], funded 
by European Union - European Regional Development Fund, and co-founded by 
Polytechnic of Međimurje in Čakovec, company Infigo IS Ltd. and Republic of Croatia, 
in December 2015. Locata equipment was acquired and applied for the first time in 
Croatia. The equipment consists of six LocataLite (LL) transceivers, eighteen 
antennas Aero Antenna Patch AT 2400 – three for each LL, two Locata receivers and 
two 2.4 GHz/900 MHz 3dBi Dual Band Omni Antennas with magnetic mount. Six LL 
transceivers with eighteen antennas enables that LocataNet configuration consists 
of up to six stations, while having two Locata receivers with two antennas enables 
having two rover setups [Figure 3.1]. 
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Figure 3.1 Locata receiver and LocataLite tranceiver (top left), three Aero Antenna Patch AT 
2400 on mast (top center), LocataLite transceiver with power transformer inside enclosure 

(bottom left), 2.4 GHz/900 MHz 3dBi Dual Band Omni Antenna (bottom center), Locata 
rover setup and LocataLite tranceiver in enclosure (right) (pictures taken by Rinaldo Paar, 

2015) 

Company Poljoopskrba Ltd, which is the first company with headquarter in 
Europe that poses certificate for “Locata Technology Integrator” [URL 3], with the 
help of Locata Ltd. experts, accomplished implementation and knowledge transfer 
of Locata positioning system to local experts (experts from Project Wonderland 
team, and researchers from Chair of Engineering Geodesy at Faculty of Geodesy in 
Zagreb). 

4. Establishing LocataNet 

Augmented reality (AR) systems enable users to see real world around them 
with embedded virtual object. Developed AR system consists of two high-resolution 
cameras (simulating user eyes) mounted on Oculus rift which emits cameras images 
to user eyes. To embed virtual object to emitted images it is necessary to define 
spatial relationship between real word coordinate system and coordinate system of 
virtual objects. This spatial relationship is defined with determining real world 
spatial coordinates (North, East, Down) and orientation parameters (roll, pitch and 
yaw) of cameras. To enable that, while users are moving, AR system needs to know 
its exact real time position at every moment within cm-level accuracy. Simultaneous 
multiple users of the AR system require multiple target tracking positioning system. 

Locata positioning system, which fulfils those conditions, is chosen for 
positioning tasks inside AR system. To meet required accuracy of positioning with 
Locata positioning system, different LocataNet configurations were simulated. 
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4.1. LocataNet configuration simulation 

The first field testing and applying of Locata technology was conducted at the 
Polytechnic of Međimurje in Čakovec backyard. The first task was, using simulation 
process, to establish the optimal LocataNet configuration in order to achieve the 
required accuracy. 

In the same way that satellite geometry affects positioning accuracy using 
GNSS system, LocataNet configuration (geometry) affects Locata positioning 
accuracy. Therefore, before establishing LLs in the field, it is crucial to choose 
appropriate LocataNet configuration. To express influence of LocataNet geometry 
to positioning accuracy, different dilution of precision (DOP) values for test field 
were calculated. Due to setting up LocataNet in flatland, the biggest task was to 
overwhelm geometry influence on vertical accuracy – vertical DOP (VDOP). It has 
been shown that optimal six LocataLites configuration for specified task is 
rectangular configuration with dimensions 100 x 50 m with two taller masts in the 
middle of longer edges of rectangle. Lower masts (4 masts on the corners) LL1, LL2, 
LL4 and LL5 were set up on height of 4.5 meters above the ground, while higher 
masts (2 masts in the middle of longer edges) LL3 and LL6 were set up on height of 
13 meters above the ground. VDOP values were calculated for rover antenna located 
1.8 meters above the ground [Figure 4.1]. 

 
Figure 4.1 Simulation of vertical dilution of precision (VDOP) for optimal rectangular 

configuration (left) and for in the field establishedLocataNet configuration (right) 

Due to existing five lighting poles at favourable locations in the field, optimal 
rectangular configuration was slightly skewed, which have minor influence on, both 
horizontal and vertical, dilution of precision [Figure 4.1]. This LocataNet 
configuration gives approximately 60 x 40 m area with VDOP value below 3, which 
was predefined as upper threshold of VDOP value. 
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4.2. Setting up LocataNet 

Existing lightning poles were used for mounting LL1, LL2, LL4 and LL5 
antennas, while for LL3 antennas existing lightning pole was extended and for LL6 
new pole was constructed. LL1 was chosen for master LL and all other LLs were time 
synchronized with it. For that purpose, RX antenna of master LL was directed 
toward centre of the field (so it can receive signals from all other LLs), while RX 
antennas of all other LLs (LL2 – LL6) were directed toward LL1. Both TX antennas 
of each LLs were directed toward centre of the field. 

Coordinates of each LL antennas were determined using total station 
measurements from the single station setting at the centre of the field. Coordinates 
were determined in HTRS96/TM coordinate system and then converted into ECEF 
coordinates. Together with LL antennas, coordinates of nine ground control points 
(GCP) were determined, and considered as the true values, for further precision and 
accuracy testing. 

Determined ECEF coordinates of antennas where configured into each LL via 
Ethernet protocol and used for further LocataNet operation and testing. 

5. LocataNet testing 

Due to non-standard Locata antenna mount, antenna was mounted on survey 
pole and secured with tape. Receiver was connected to laptop via Ethernet cable for 
real time data extraction while logging raw data to receiver internal memory was 
turned on. Real time data extraction was needed for checking integer ambiguity 
resolution status and to compare measured position while occupying known point. 
Data was collected with maximum measurement frequency of 10 Hz. After each 
measurement session, raw data were downloaded from receiver in LBMP (Locata 
Binary Message Protocol) and parsed into Matlab wherefrom all further analysis 
was carried out. 

In each measurement session integer ambiguity was resolved using On-The-
Fly (OTF) technique. OTF integer ambiguity resolution requires change of geometry 
between transmitting antennas and receiver antenna, which is achieved by moving 
receiver antenna around the field. After ambiguities were resolved, GCP control 
points where occupied. 

Test measurement were conducted during Saturday, 12th and Sunday, 13th of 
December 2015. During two-day test measurements, GCP0, which was located at the 
centre of the LocataNet, was occupied seven times with different occupation 
duration [Table 5.1]. 

 

Table 5.1 GCP0 occupation durations 
No. of 

occupation 
1 2 3 4 5 6 7 

Occupation 
duration 

14 min 
32.5 sec 

3 min 
10 sec 

2 min  
0 sec 

2 min  
0 sec 

1 min 
15 sec 

2 min  
0 sec 

2 min  
0 sec 

 



TS 5 – GNSS and Indoor Navigation 

  457 
 

Horizontal coordinates of GCP0 from all seven occupations are shown in figure 
5.1 and statistical data for each occupation is shown in table 5.2. 

 

Figure 5.1 Horizontal coordinates from all seven occupations and True value of GCP0 

Table 5.2 Averages and standard deviations (in mm) in East and North direction for GCP0 
occupations 

No. of 
occupation 

1 2 3 4 5 6 7 
E N E N E N E N E N E N E N 

AVG. -3 8 -6 -4 -24 10 -6 20 -9 0 -38 -24 -23 -4 
ST. DEV. 3 4 2 3 2 3 2 3 4 3 2 3 3 3 

 
On figure 5.1 it can be seen that most measurements from each occupation are 

grouped together within less than centimetre, while measurements of the same 
point in different occupation differ in range of few centimetres. The same can be 
seen on table 5.2 where average positions differ from each other for few 
centimetres, while standard deviations are always within 0.4 cm for each 
occupation. On the base of these results it can be concluded that the horizontal 
precision of less than a centimetre is achieved. From the same data it can be seen 
that average positions differs from truth value for up to 4 cm. These differences can 
partly be due to the error of mounting antenna on surveying pole and due to the 
weather conditions influences on masts where LL antennas are mounted 
(particularly on two taller masts). 

On figure 5.2 differences between measured heights and true value of GCP0 
during all seven occupations are shown. 
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Figure 5.2 Vertical differencecs of measurements and true value of GCP0 from all seven 
occupations 

It can be seen that measured heights from each occupation are within 2 cm (±1 
cm from average value), while average heights differs from true value from -2 cm to 
4 cm. These differences from the true value, in both horizontal and vertical direction, 
will be investigated in future researches. 

6. Conclusion 

To overcome the limitation of GNSS and pseudolites ground-based terrestrial 
positioning technology, Locata Corporation has invented a new, completely 
autonomous positioning technology, called Locata that creates terrestrial networks 
that function as a “local ground-based replica” of GPS-style positioning. Instead of 
orbiting satellites, Locata utilizes a network of small, synchronized ground-based 
transmitters (LocataLites) that blanket a chosen area with strong radio-positioning 
signals, allowing carrier-phase point positioning, with cm-level precision for a 
mobile Locata receiver, without base station and data transfer link. Four or more 
LocataLites form a network (LocataNet) that can operate in combination with GNSS, 
or entirely independent of GNSS to support positioning, navigation and timing 
[URL1, Rizos 2013]. This permits considerable flexibility in system design due to 
there being complete control over both the signal transmitters and the user 
receivers. The most important characteristic of the LocataNet is that it is time-
synchronous using completely new TimeLoc procedure. Because it is terrestrially 
based and provides strong signals, Locata can operate in both indoor and outdoor 
environments. 

Locata is not designed to replace GNSS. This technology replicates a GNSS 
constellation but locally on the ground. There is nothing “global” about Locata, it is 
entirely for the “local” applications and requirements. Therefore, this technology is 
particularly suitable for solving many tasks in the field of engineering geodesy. 

For the first time in Croatia, Locata is applied as necessary equipment for the 
project “Wearable outdoor augmented reality system for enrichment of touristic 
content”. 
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First testing shows centimeter level positioning precision, in both horizontal 
and vertical direction, of established Locata network. Although centimeter level 
precision was archived, presented results shows differences from true value for up 
to 4cm, in both horizontal and vertical direction, which will be investigated in future 
researches. 
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Prva primjena Locata tehnologije pozicioniranja u 
Hrvatskoj 

Sažetak. Poznato je da Globalni Navigacijski Satelitski Sustavi (GNSS) u specifičnom 
okruženju imaju svojih ograničenja ili se ne mogu primijeniti. Da bi se otklonila ta 
ograničenja kontinuirano su se provodila istraživanja kako bi se GNSS upotpunio 
drugim, uglavnom terestričkim tehnologijama. Jedno od rješenja je primjena 
pseudolita, terestričkih odašiljača signala sličnih GPS-u, ali i ta tehnologija ima svojih 
nedostataka. U 2003. godini Locata Corporation (Australia) započela je s razvojem 
nove, potpuno neovisne tehnologije pod nazivom Locata, koja je osmišljena da bi 
prevladala ograničenja GNSS-a i ostalih sustava za pozicioniranje. Locata tehnologija 
se oslanja na mrežu vremenski sinkroniziranih terestričkih primopredajnika 
(LocataLites) koji odašilju signale i omogućuju pozicioniranje prijemnika (Locata). 
LocataLite primopredajnici formiraju mrežu (LocataNet) koja služi kao terestrička 
replika GNSS-a. Ključna inovacija Locata tehnologije je postupak vremenske 
sinkronizacije primopredajnika nazvan TimeLoc. Zbog toga nije potrebna bazna 
stanica i veza za prijenos podataka od baze do pokretnog prijemnika. Locata nije 
zamjena za GNSS. Ona se može jednostavno kombinirati s GNSS-om ili koristiti kao 
neovisan mjerni sustav ondje gdje je GNSS nedostupan ili nepouzdan. U sklopu 
projekta „Nosivi sustav proširene stvarnosti u vanjskom prostoru za obogaćivanje 
turističkih sadržaja“ (financiranog od Europske unije te Međimurskog veleučilišta u 
Čakovcu, tvrtke Infigo d.o.o. i Republike Hrvatske), po prvi puta u Hrvatskoj je 
nabavljen i primijenjen Locata sustav pozicioniranja. U radu su ukratko opisane 
osnovne komponente Locata tehnologije, te prvo testiranje sustava na 
Međimurskom veleučilištu u Čakovcu. Locata tehnologija je ključan dio projekta jer 
sustav proširene stvarnosti zahtjeva 3D pozicioniranje u realnom vremenu s cm 
preciznošću. Da bi se zadovoljili navedeni uvjeti, prije same uspostave LocataNet 
mreže, izrađene su simulacije različitih konfiguracija mreže. Nakon uspješne 
uspostave LocataNet mreže ispitana je preciznost statičkog pozicioniranja 
navedenom tehnologijom. 

Ključne riječi: Locata tehnologija, LocateNet simulacija, LocataNet testiranje. 

*scientific paper 
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Comparison of Different Methods of Underground 
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Abstract. The main goal of this paper is to investigate application possibilities of 
different instruments and surveying methods on underground objects. The 
Grapčeva cave on the island of Hvar in Croatia was selected as a test area. The cave 
was surveyed by polar and digital photogrammetric method. Total station, DistoX2 
(Paperless Cave Surveying System) and digital still camera were the instruments 
used to conduct the survey. The obtained results of the data processing were 
analyzed, and the conclusions related to the possibilities of application, as well as 
the advantages and disadvantages of each method are presented.  

Keywords: DistoX2, photogrammetry, total station, underground surveying. 

1. Introduction  

Very intensive development of technology provides surveyors a great variety 
of different instruments and methods for data collecting and processing. The survey 
of open space is greatly facilitated with GNSS. The surveyors are now facing the 
challenge to survey the areas where the use of GNSS is not applicable. The options 
for surveying of such areas are the subject of this paper. So far, there has been 
several papers published on this subject [Redovniković et al. 2014] and [Ballesteros 
et al. 2013], but there are still many questions to be answered. In order to achieve 
this goal, the additional research related to cave survey was conducted, and for this 
purpose, the Grapčeva cave on the island of Hvar was surveyed.  

The Grapčeva cave is located on the southern slopes of the island of Hvar, near 
the hamlet of Humac. It is well known for its archaeological findings from the Late 
Neolithic (Hvar culture), Eneolithic period (ceramics of Nakovana and Ljubljansa 
culture, Adriatic type) to the Bronze Age (Illyrian pottery) [URL 1]. The cave is 25 m 
long and 32 m wide and located at the altitude of 223 m on hardly accessible terrain. 
In 1964, the cave was proclaimed a protected natural monument being ever since 
taken care of by the association "Humac". Various surveying methods were used for 
the cave survey on 15th and 16th of June 2015. 

2. Field survey  

Three points of geodetic basis (G1, G2, and G3) were stabilized in the front of 
the cave entrance [Figure 3.1]. Their coordinates were determined by means of 
GNSS (Trimble R10) and CROPOS in the state HTRS96/TM coordinate system. Thus, 
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the whole area of survey was positioned in space in absolute coordinates. Total 
station (Topcon Cygnus KS-102) was used for precise survey of the cave. It has 
declared angular measurement precision of 2” and distance measurement precision 
of ±(2 mm + 2 ppm) if measured with prism or ±(3 mm + 2 ppm) if measured 
without prism [URL 2]. 

The cave was also surveyed with DistoX2 system. It consists of hand laser 
distance meter (Leica X310) [URL 3]. It has declared distance measurement 
precision of ±2 mm. An electronic chip that enables the reading of azimuth angle 
and elevation angle with the precision of 0.5° [URL 4] has been installed in it. It has 
the possibility to store up to 1000 measured values. It can also send measured 
values by means of Bluetooth connection. The system can function as a stand-alone 
device, but its full functionality is the best when it connects via Bluetooth to an 
external (mobile) device (smartphone or tablet). There are a few free applications 
that can be used to receive and map measured data from DistoX2 in real time. For 
Windows OS, the most commonly used is the PocketTopo application [URL 5], while 
the application called TopoDroid is most often used for Android OS. In this research, 
the TopoDroid application was used. It was installed on a mobile device Samsung 
Galaxy Note 4, which enabled precise and simple mapping of the cave details in the 
real time.  

The survey conducted with DistoX2 system resulted with 14 control points and 
134 detail points. There were also 14 control points surveyed both with total station 
and with DistoX2 system. Out of these 14 control points, 8 of them were used as 
orientation points for photogrammetric survey [Figure 2.1]. 

 
Figure 2.1 Orientational points on a part of the Grapčeva cave 

A part of the cave was surveyed by means of photogrammetric survey method 
using the digital still camera Canon PowerShot SX220 [URL 7]. 

The survey conducted with the total station resulted with 7 traverse points and 
114 detail points. 
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The problem of insufficient lighting was encountered during photogrammetric 
survey. In order to eliminate the problem, two powerful caving lamps (Scurion) 
were used. There was also a problem with stabilization of orientation points. At the 
entrance area, it was possible to glue up the orientation points to the cave wall. 
However, it was an impossible mission in all other areas of the cave because of 
moister and dust on the walls. It was well known from earlier experience that the 
marks for orientation points must be plasticized after being printed in order to avoid 
their bending due to the impact of moisture. 

3. Data processing and analysis of the results 

The data collected by means of total station were processed by means of the 
software GeoMIR4 [URL 8], while the data collected with DistoX2 system were 
processed by means of the two most widely used caving software Therion [URL 9] 
and Compass [URL 10]. 

It is evident from [Figure 3.1] that the DistoX2 surveying system made it 
possible to survey some parts of the cave that could not be surveyed with total 
station. 

 
Figure 3.1 Cave ground plan surveyed with DistoX2 system and mapped with Therion 

software (blue) and the ground plan of the cave obtained with total station (red) 

There is a very low north-western part of the cave where it was not possible to 
set up a total station. From the traverse point P7, through the small holes, two points 
were observed. From their position, the wall in the western part of the cave was 
visible that could not be completely surveyed from the traverse point P7. Since it 



SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

466   
 

was not possible to set up the instrument in that part of the cave, it was surveyed 
only with DistoX2 system. 

During the surveying and data processing, special attention was paid to the 
part of the cave where the orientation points for photogrammetric survey were 
placed. The floor plan arrangement of the orientation points that were determined 
with the total station and DistoX2 system is shown in the following figure [Figure 
3.2]. 

 
Figure 3.2 Variations of position for orientation points surveyed with total station and 

DistoX2 system  

The orientation points were observed from the traverse point P3. The 
coordinates obtained with DistoX2 system differed depending on the software that 
was used to process and depending on whether the alignment was carried out based 
on closing figures. Table 3.1 shows the values of the deviation between aligned 
coordinates supplied by DistoX2 system and the coordinates obtained with the total 
station. The average and standard deviations are also given. 

Based on the analysis, Therion software proved to be a better choice compared 
to Compass. Therion provided the possibility to choose the state coordinate system 
HTRS96/TM, which was not possible with Compass. In addition, Therion software 
can automatically generate .pdf files with top and profile view, while with Compass, 
we have to use some other tools for mapping. The disadvantage of Therion is that 
the computations are quite hidden from the user and they are not so intuitive. On 
the other hand, Compass has great a tool for searching blunders and a lot of 
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statistical information about the cave. Both software offers the option of 
adjustments when it comes to closing figure or if we define fixed coordinates. Both 
software have also the possibility to produce 3D model of caves. 

Table 3.1 The differences of the coordinates obtained using a total station and DistoX2 system 
(m) 

Total station – DistoX2 (Therion) Total station – DistoX2 (Compass) 
Pt. nr. dE dN dH dE dN dH Pt. nr. 

15 0.14 0.19 -0.01 0.16 0.24 -0.01 15 
30 0.10 0.17 0.00 0.12 0.21 -0.01 30 
28 0.09 0.16 -0.01 0.11 0.21 -0.01 28 
29 0.07 0.17 0.00 0.09 0.22 0.00 29 
27 0.13 0.19 0.03 0.15 0.24 0.02 27 
25 0.11 0.17 0.01 0.13 0.21 0.01 25 
26 0.08 0.17 0.02 0.10 0.21 0.01 26 
14 0.12 0.14 0.00 0.15 0.18 -0.01 14 

Average 0.11 0.17 0.01 0.12 0.21 0.01 Average 
St. dev. 0.02 0.02 0.02 0.03 0.02 0.02 St. dev 

 
The area that was measured with photogrammetric method was a vertical wall 

of the cave, which is about 4 meters long and about 1.5 meters high. This part of the 
cave was used as an average detail that is prevalent in the cave. 39 photos were 
taken with different points of view to provide the best possible photo overlap. The 
point cloud is generated from photos using the software 3DSurvey [URL 11]. The 
generated point cloud contained about 3.7 million points [Figure 3.3]. 

 
Figure 3.3 Point cloud generated based on the coordinates of orientation points obtained 

with total station 

The aim of the research was to compare the accuracy of the point cloud that 
would be generated by means of the coordinates of orientation points obtained with 
DistoX2 system. The same photos were used for the production of one point cloud 
with the coordinates of orientation points obtained with total station and of the 
other point with the coordinates of orientation points obtained with DistoX2 system 
in Therion software. The comparison of the obtained point cloud was made by 
means of the free software CloudCompare [URL 12]. 
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Two point clouds were overlapped on the basis of 900 000 common points. 
Statistical result of the deviations is given in the following table [Table 3.2]. 

Table 3.2 Statistical calculation of linear deviations between two point clouds given in (m) 
Min dist. 0 
Max dist. 0.233813 
Avg dist. 0.00772733 
Sigma 0.0179494 
Max error 0.0213441 

 
Graphical representation gives a clearer picture of where the deviations occur 

and in what amounts [Figure 3.4]. 

 
Figure 3.4 Linear deviations of the points clouds obtained with total station and with 

DistoX2 system given in (m) 

From the previous image [Figure 3.4] it is evident that the linear deviations 
between two point clouds are mostly less than 4 cm. For some small parts in the 
middle of the surveyed object, these deviations are between 5 and 10 cm, while the 
maximum deformation that amounts to approximately 20 cm can be found on the 
outskirts of the point cloud that are generally not the object of interest. 
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4. Conclusion 

Based on the collected data and conducted analysis, we can conclude that the 
accuracy of the coordinates obtained with DistoX2 systems are quite satisfactory for 
the cave surveying needs. Of course, if we want to measure certain parts of the cave 
more precisely, it would be necessary to use a total station or a 3D laser scanner. 
The problem is that such equipment is not suitable for measuring the unfavourable 
parts such as narrow meanders and low or vertical parts of the cave. In addition, 
such equipment is quite expensive. 

The advantages of DistoX2 system are that it is small, lightweight, portable and 
as such very suitable for measuring narrow, low and vertical space that is often 
found in caves. In addition to the advantage of mobility, it is also possible to map the 
details on the spot and in the real-time enabling higher quality mapping directly on 
the ground. It is possible to export data in a variety of specialized software tools that 
are generally free and offer various possibilities of finding blunders, adjustment, 
statistical calculations and many others. 

Based on the representations of the analysis results, it was concluded that the 
application of photogrammetric methods for the determination of the 3D point 
cloud in the cave is possible. Due to poor lighting, the photographing takes relatively 
long time. The processing with a large number of photos can also take time. For 
these reasons, photogrammetric methods in this form are not suitable for surveying 
large cave systems, but it is suitable for imaging and 3D display of certain smaller 
part of the cave. These parts of the cave might be interesting to other researchers, 
such as geologists, archaeologists, palaeontologists, biologists and others, because 
of their special features. The point cloud thus obtained provides a variety of spatial 
information that can help in making conclusions to those who do not have the 
necessary knowledge and skills to navigate in the caves. 

This research showed that the point cloud generated on the basis of the 
orientation points determined with DistoX2 system is very similar to the point cloud 
that is determined based on orientation points whose coordinates are obtained with 
total stations. Therefore, we can conclude that it is possible to use DistoX2 system 
to determine the coordinates of orientation points if we are satisfied with decimetre 
accuracy of a point cloud.  

One of the following studies will examine the possibilities of applying the 
method of simultaneous localization and mapping (SLAM) for surveying caves. 
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Sažetak. Cilj rada je istražiti mogućnost primjene različitih instrumenata i metoda 
mjerenja za izmjeru podzemnih objekata. Kao testno područje odabrana je Grapčeva 
špilja na otoku Hvaru. Špilja je izmjerena polarnom i digitalnom fotogrametrijskom 
metodom izmjere uz korištenje mjerne (totalne) stanice, DistoX2 (sustava za 
bespapirnu izmjeru špilja) i digitalnog fotoaparata. Nakon provedene izmjere i 
obrade podataka analizirani su dobiveni rezultati te doneseni zaključci u pogledu 
mogućnosti primjene, prednostima i nedostacima svake od metoda. 

Ključne riječi: DistoX2, fotogrametrija, mjerna stanica, podzemna izmjera. 
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Frame using GNSS in Case of Large Engineering Projects 
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Abstract. Defining reference system of an engineering project and its 
implementation can be done in several variants. There are a few main aspects that 
cause the type of implementation: territory size, accuracy, technology, time and 
money. This paper describes the variants that are analyzed and applied in the case 
study of the railroad reconstruction project, between Novi Sad and Hungarian 
border. This is the line type project with overall length of about 120 kilometers. 
Several important issues should be pointed out here: to build the frame with a little 
money, in a very short time, with centimeter level of accuracy, and finally to respect 
theoretical demands of such a big territory. Hence, it provides an opportunity to 
choose a timesaving variant, and frame implementation with GNSS technology 
seems to be very optimal. The works at the territory of such a size should take into 
account gravity aspect, for vertical frame. GNSS technology alone cannot solve this 
problem. Therefore, the reliance on the appropriate existing network with 
orthometric heights, allows indirectly the production of a height model. This paper 
analyzes main advantages and describes choice of optimal implementation type. All 
accomplished phases will be displayed in the paper along with the presentation of 
the achieved results. 

Keywords: coordinate system, GNSS, local geoid, orthometric height, 
photogrammetry, surface modelling. 

1. Introduction to spatial coordinate system concept 

The term and idea of space is nearly connected with dimensionality. We can 
say that the concept of dimensionality depends on specific research areas. In 
geospatial and engineering applications, space is defined usually with three 
dimensions, based on the Euclidean paradigm of rectangular coordinate system 
[French & Ebison 1986]. The coordinate system can be defined, according to its 
purpose, at the micro level, locally, or universal level, globally. Geospatial studies are 
usually focused on the phenomena and processes that threaten the Earth as a global 
object being a general geographic area. On the other hand, the construction and 
engineering projects usually relates to a small local area. Satellite technology 
provides the use of globally defined and established coordinate system within the 
local scope in terms of its operation characteristics. There are two key components 
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emphasized that characterize the coordinate system as an entity: the definition of 
the coordinate system and its realization or materialization. 

The definition of the coordinate system is based on the abstraction of an 
observed object and recognition of its form and behavior in space and time 
[Kovalevsky & Mueller 1981]. In the Universe, where the constant movement and 
general positional relativity are recognized, the role of the coordinate system is to 
provide a temporary illusion of absolute spatial positions that is limited in its 
domain [Nedeljković & Sekulić 2016]. According to such abstract idea, the definition 
of a coordinate system should ensure its long life, or long enough to serve the main 
purpose. In defining the system, the needs of all current and future tasks that would 
eventually be covered must also be taken into account. The coordinate system is 
usually defined as a rigid structure that does not change over time (relative to the 
target object), especially not geometrically. A simple way to clearly determine 
position under, above and on the Earth's surface is to use a model of three-
dimensional Cartesian coordinate system. The approximation of the Earth with 
flattened ellipsoid, gives the opportunity to represent previously defined coordinate 
system in an ellipsoidal, so called geographical model. The first model is Cartesian 
and it implies to the dimensionality of considered space. Second model is ellipsoidal 
and indicates to the shape of the Earth's figure and allows the choice between 
integrated or separated treatment of horizontal and vertical positions. Ellipsoidal 
model is used in the research of gravity field and, consequently, in defining the 
heights coordinate system. The aspect of cartographic applications is also still more 
easily implemented, using geographic coordinate system. Today is widely used term 
Mean Sea Level-MSL, which is viewed from the perspective of gravity, the closest to 
the geoid surface, consequently, to shape of the Earth. Normal line determines the 
height above ellipsoid and it has a mathematical importance for necessary 
calculations. The vertical line is used to determine the elevation, or in the case of 
geoid, the so-called orthometric height. Orthometric height has actually practical 
significance, because it reflects the natural phenomena of the site. 

The implementation of the coordinate system is the process of its 
materialization. An entity that is physically visible and touchable is called the 
reference coordinate frame. The spatial disposition of network points, actually 
monuments of geodetic network, is designed to cover the observed object in the best 
way. When the global geodetic frame has to be built, the answer to the next 
important questions shall be given: 

• To determine geometrical and geophysical relations between points of the 
network. 

• Positioning and temporal changes of the network itself, within the scope of 
a globally adopted reference system. 

In construction projects, only the first goal is often important. It is mostly not 
necessary to locate the observed object and its coordinate frame globally. 

The term “geodetic datum” usually includes both procedures: definition of the 
coordinate system and its implementation through a reference frame. In the 
glossary of the organization IERS, the term datum is described as follows [Petit & 
Luzum 2010]: 
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“Datum is a geodetic reference frame (plural datums). In surveying and 
geodesy, a datum is a set of reference points on the Earth's surface, and (often) an 
associated model of the shape of the Earth (reference ellipsoid) used to define a 
geographic coordinate system. Horizontal datums are used to describe the location 
of a point on the Earth's surface, in latitude and longitude or other appropriate 
coordinates. Vertical datums are used to describe site elevations or depths.” 

Hence, the term “geodetic datum” refers to the integrated concept of 
coordinate system, which is recognized through geodetic network, its physical and 
visible marks and reference ellipsoid. Parameters of geodetic datum include three 
linear translations along coordinate axes X, Y and Z, three angular rotations around 
each of the axes and one scale parameter. Such datum parameters allow 
transformation between systems according to Helmert rules. Datum ellipsoid is 
determined by its semi-major axis a , and its coefficient of inverse flattening f/1 . 

Thus, complete formulation of local geodetic datum, with its associated ellipsoid is 
specified by these nine values. From the historical point of view, in case of 
geographical model, it was important for the ellipsoid to be best suited to the local 
territory. Thus, there are many different ellipsoids used today, in different regions 
of the world. This is some kind of geodetic legacy and the existence of local ellipsoids 
and their enormous associated cartographic material, requires very extensive and 
complex tasks of transition. Not only their dimensions vary significantly, but also for 
obvious reason their spatial positions are also mutually different [Table 1.1]. This is 
especially important today when scientific research based on satellite technology 
and Geographic Information Systems (GIS) is rapidly developing. 

Table 1.1 Several examples of geocentric and local ellipsoids [NIMA 2000] 

Coordinate 
system name 

Local 
ellipsoid 

a  
Major semi 

axis [m] 

f/1
 

Inverse 
flattening  

Eccentricity values 

X  
[m] 

Y  
[m] 

Z  
[m] 

World WGS84 6378137.000 298.257223563 0.0 0.0 0.0 

Hermannskogel 
Former Yugoslavia 

Bessel 
1841 

6377397.155 299.152812800 682.0 -203.0 480.0 

Ordnance Survey  
Of Great  

Britain 1936 

Airy 
1830 

6377563.396 299.324964600 375.0 -111.0 431.0 

European Datum 
1950 

International 
1924 

6378388.000 297.000000000 -87.0 -96.0 -120.0 

 
The main problem and usual deadfall that can occur, is the irregular use of 

parameters from several geodetic datums, which are presents in different data sets. 
The disagreement between coordinate systems of spatial datasets can be recognized 
through two forms of appearance: 

• Spatial datasets have the coordinate system defined on the same way, but 
implemented differently with different data. 

• Datasets have two, or more differently defined and realized geodetic 
coordinate systems. 
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First case is often found in the exploitations of the geodetic survey systems 
from the past. It is reasonable to talk about geodetic networks that have never been 
implemented in the right way, or so-called “neglected” networks. Due to different 
reasons, important scientific facts have been often ignored and essential errors 
made throughout history, during the realization of the reference frame. The problem 
is even more significant because there is a huge amount of data systematically linked 
to the network [Blagojević 2009]. The second case is primarily of a logistic and 
organizational nature. Different coordinate systems can be transformed into a 
homogeneous unified datum in terms of their definition and realization. In order to 
solve this problem, it is necessary to adopt a target geodetic datum, and for these 
purposes, a global geocentric geodetic datum is often used. 

2. Methods of establishing the reference frame 

Construction projects are usually limited in areas, which depend on the project 
size, and are localized in the area of a few square kilometres. The road or railroad 
projects with line-type spatial structure and spreading in several hundred 
kilometres are an exception. Vertical component is a very important issue due to 
specific measuring technique and to the gravity effect. In a small project area, the 
coordinate system can be realized through simple geometrical aspect. The primary 
issue of reference frame, geometrical and geophysical relations between the points 
is always related to measurements. Network design and optimization, certainly 
should include accuracy, reliability and all appropriate metrological standards and 
rules. The secondary issue of the reference frame is the positioning of the network 
in globally adopted reference space and usually could be carried out with reliance 
to existing national networks. 

In classical approach, horizontal frame can be determined by means of angle 
and distance measurements. It is appropriate to adjust such measurements in the 
network freely, without constraint. It is some kind of warranty that the mutual 
relations in the network are not artificially deformed. Horizontal coordinate system 
can be selected as a plane of cartographic projection, usually Gauss-Krüger. The 
reliance on the existing triangulation network and its datum parameters is of course 
a common practice. The selection of the local horizon plane as a coordinate system 
definition can be an alternative. There is one small, but essential benefit related to 
spatial distances. Namely, distances used in such defined coordinate system are 
closer to theirs measured values, compared with distances in cartographic 
projection plane. Bad aspect of local horizon mode is limitations of its area size. Both 
modes of defining the horizontal system can rely therefore on a global frame, or 
global enough, in the sense of countrywide network. That task can be done by 
transformation and is not always obligatory. The first reason for transformation is 
the usage of different pre-existing datasets and cartographic maps during 
construction process. The second reason is the relation with cadastral and urban 
planning procedures. The transformation should preserve geometrical relations 
between the points. Therefore is used transformation model where scale parameter 
is not evaluated. 
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Vertical reference frame is classically realized for construction projects based 
on the selected leveling method and adopted vertical origin. Vertical frame can be 
established with different optical instruments, such a spirit levelling instruments, or 
total stations with precise vertical angles measurements. In such case, the vertical 
origin can usually be defined arbitrarily and locally, according to the specific needs 
of construction project elements. On the other hand, the reliance on the existing 
vertical frame can always be an option. It is always the question of application 
features and further benefit of a frame. The same adjustment and transformation 
approach as taken in horizontal component is welcomed here. The measurements 
in network need to be adjusted freely, and data can be transformed without scale 
parameter evaluation. 

Nowadays, the GNSS technology easily provides all three spatial coordinates in 
every specific point. Horizontal component has to be easily obtained. The 
conversion from Cartesian to ellipsoidal coordinate model, and cartographic 
projection to appropriate map plane can be performed unambiguously. 
Unfortunately, such determined height value does not reflect geophysical nature in 
the site. It is just a geometrically determined distance from surface of the datum 
ellipsoid to the point. As mentioned before, orthometric height is physically 
dependant on the gravity force. The usage of GNSS for vertical aspect can be possible 
only in modelling the height surface. Precise geoid model and orthometric heights 
are therefore the second part of 3D concept in GNSS technology. The measurements 
with GNSS can be performed statically or kinematically, depending from available 
infrastructure and accuracy demands. Static survey method is more accurate, but 
time-consuming variant. Kinematical method is faster, with smaller accuracy. 
However, the issue of accuracy in spatial applications is very relative category. 
Sometimes, the accuracy of 1-2 cm is unacceptable. It is however very useful for 
specific works. The scientific debate about difference between redundant 
measurements for network, and solely one measurement for just one field point, is 
old and might never ends. It is possible to overcome this misunderstanding today. 
The network of permanent GNSS stations is one of those steps forward. Such 
networks, can cover the whole national territory, and make a homogenous and 
accurate reference frame. The point position is obtained from at least three 
permanent stations using sophisticated checking and averaging procedures. Thus, it 
can be an option for more serious treatment of kinematical measurements in terms 
of reliability. Namely, several properly performed series of RTK epochs, in such 
infrastructure environment, can be treated as an adjusted value. 

The second part of the 3D reference frame puzzle is complex in itself. The geoid 
issue has their own complexity, and ways of its determination can be very different. 
One of simple approaches is to obtain discrete geoid undulation values, with 
appropriate density, in the area of interest. Satisfactory results can be obtained by 
relying on the existing precise levelling network. The density of national height 
network provides the possibility to make quite good surface model. Precise GNSS 
positions of specified marks with orthometric elevation need to be determined. 
More precisely, a provisional point close to the chosen elevation mark can be 
measured due to the functioning characteristics of GNSS. Orthometric height of such 
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provisional point needs to be measured in spirit levelling manner. The model of such 
geoid undulation values, further is the matter of surface interpolation procedure. 
The surface can be modelled according to several surface approximation types 
[Cvijetinović 2005]: 

• Polynomial regression (planar or quadratic) 
• Local polynomial (1st, 2nd or 3rd order) 
• Radial basis function, (Multiquadratic) 
• Kriging (linear Variogram model). 

3. Case study: Reconstruction railroad project Novi Sad-Subotica 

In this article is considered case study of railroad reconstruction project, 
located between city of Novi Sad and Hungarian border [Figure 3.1]. This is the line-
type structure with overall length of about 120 kilometers. The reference frame is 
the basis for a draft project of railroad reconstruction. The data acquisition for the 
project is planned to be done mainly by means of photogrammetric method 
combined with additional terrestrial measurements. According to the scale of 
mapping of about 1:500 and 1:1000, the accuracy level of the measured points is 
expected to be within the range of 2-5 centimeters. The decision about the 
measurement methods used in the process of establishing the reference frame was 
made after all relevant criteria had been considered. 

Main criterion aspects are: consuming time (it makes direct influence to the 
budget), project budget (include people and equipment engagement, with their 
daily costs), project size (indicates the gravity effect in the case of big size projects), 
optimal accuracy (it was considered accuracy in range from 0.1 cm to 3.0 cm) and 
dimensionality of the reference frame (in the meaning of a frame type: 1D, 2D and 
3D). There are distinguished several implementation methods: classical 
triangulation with operational polygon, classical spirit levelling, GNSS static method, 
GNSS static method combined with height surface modelling, GNSS kinematical 
method (RTK series, obtained from permanent station network) and finally the 
same GNSS kinematical method combined with height surface modelling. The 
method with the highest score has been selected using a comparative table. 
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Figure 3.1 Disposition of trigonometric points (triangles) and levelling marks (circles) 

Score assignment for specific method, according to its criterion fulfillment, is 
given from 1 to 3 where bigger is better [Table 3.1]. 
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Table 3.1 Observation methods and suitability criterions (* denotes inappropriate method for 
specific project criterion) 

 
METHODS 

CRITERIONS 

 
Score 

T
im

e 

B
u

d
ge

t 

Si
ze

 

A
cc

u
ra

cy
 

1
D

 (
H

) 

2
D

 (
Y

,X
) 

3
D

 (
Y

,X
,H

) 

Triangulation 1 1 2 3 * 3 * 10* 
Leveling 1 1 2 3 3 * * 10* 
GNSS static 2 2 3 3 * 3 3 16* 
GNSS kinematic 3 3 3 2 * 3 3 17* 
GNSS static+surface 2 2 3 2 3 3 3 18 
GNSS kinematic+surface 3 3 3 2 3 3 3 20 

 
The GNSS measurements based on permanent stations network and levelling 

procedures was performed in 4 days. There were two one-man teams included, each 
having a car, GNSS rover receiver and level instrument [Figure 3.2]. 

During the campaign 20 trigonometric points and 41 precise levelling marks 
were observed [Figure 3.1]. The measurements on each mark were performed in 10 
series, with 20 epochs per series and at least 10 paused epochs in between. It took 
practically almost 5 minutes per one possessed point. Such point's solutions are 
more reliable, with smaller correlation between epochs. The series were averaged, 
and each of them with the difference in coordinates of more than 1.5 cm from the 
mean value was discarded. 

Horizontal component was solved using datum transformation from WGS84 to 
the National reference frame defined with Hermannskogel and Bessel ellipsoid 
parameters. Transformation parameters were evaluated with Helmert’s model of 6 
unknown values: three translations and three rotations, using least square solution 
[Table 3.2]. Scale parameter was fixed. This approach gives larger residuals of 
frames disagreement, but relative distances are preserved from deviation, and 
complies with real values [Table 3.3]. 

 
Figure 3.2 Measurement procedure on the site 
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The project area was treated as one integral space because of primary 
purposes of the construction project. Just to remind, the frame has the role to 
provide coordinate system implementation in the whole observed area. Hence, the 
division of the project area to smaller parts only for the purpose of satisfying the 
limit of residuals is not an option. 

Table 3.2 Datum transformation values 

Evaluated 6 parameters (mo=0.390 m) Evaluated 7 parameters (mo=0.092 m) 

Translations:   tx= -570.23310 m Translations:   tx= -487.66777 m 

ty= -175.92576 m    ty= -146.38843 m 

tz= -464.95933 m tz= -375.70169 m 

Rotations:   ex= 6.63523" Rotations:   ex= 6.63523" 

ey= 1.53492" ey= 1.53492" 

ez= -11.16593" ez= -11.16593" 

Scale:   s= 0.0000 ppm Scale:   s= -19.65128 ppm 

 
Vertical component is implemented combining precise levelling 

measurements, with ellipsoid heights determined by means of GNSS [Figure 3.2]. 
Such point collection, with discrete values of local geoid undulations, is used for 
height reference surface modelling [Figure 3.5]. Quality measure of surface 
approximation type is residual value of each point. The gravity field has 
homogenous effect locally, and local trends can be recognized quite clearly. The 
modeled surface should have therefore very smooth shape, without sharp jumps or 
falls [Figure 3.6]. 

Bearing this in mind, it should be decided which model type to adopt. Model 
approximation types, with their residuals are compared in [Table 3.4]. 

Table 3.3 Datum transformation residuals 

Points 
Evaluated 6 parameters Evaluated 7 parameters 

VY [m] VX [m] VH [m] VY [m] VX [m] VH [m] 

T856_N17 0.093 -0.345 -0.108 -0.002 0.163 -0.110 

T80_N17 0.287 -1.223 0.007 0.011 -0.194 0.000 

T796_N17 -0.063 -0.295 0.128 -0.012 0.203 0.126 

T784_N17 0.062 -0.671 -0.067 0.088 0.062 -0.070 

T70_B33 -0.165 0.143 0.064 -0.122 -0.059 0.062 

T665_N17 0.111 -0.806 0.004 0.092 0.012 0.000 

T537S_B33 0.006 0.035 0.028 0.075 -0.026 0.027 

T495_B33 0.027 -0.193 0.027 0.050 -0.124 0.026 

T472_B33 -0.007 -0.119 -0.093 -0.012 0.060 -0.094 

T395_B33 0.013 0.291 0.003 0.011 0.192 0.001 

T379_S28 -0.040 0.530 0.003 0.041 0.005 0.000 

T318Z_S28 -0.162 0.410 0.065 -0.114 0.102 0.063 

T29_S28 0.045 0.697 0.005 0.020 -0.220 0.000 

T255_S28 -0.020 0.734 0.003 -0.078 0.062 0.000 

T236_S28 -0.098 0.886 0.036 0.031 0.070 0.031 

T207_S28 0.029 0.890 -0.053 -0.005 0.050 -0.057 

T182_N17 0.165 -1.219 0.076 -0.137 -0.172 0.070 

T128_S28 -0.168 0.595 -0.022 -0.042 -0.092 -0.026 
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Points 
Evaluated 6 parameters Evaluated 7 parameters 

VY [m] VX [m] VH [m] VY [m] VX [m] VH [m] 

T11_485_K41 -0.084 -0.193 -0.094 0.032 0.023 -0.096 

T1_B33 -0.035 -0.149 0.050 0.072 -0.116 0.048 

Table 3.4 Surface model residuals 
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[cm] [cm] [cm] [cm] [cm] [cm] [cm] 

4_4 -9.2 -7.2 -4.0 -1.0 0.4 -1.1 -0.2 

MCCCXCII -4.1 -1.7 1.2 2.6 2.8 2.2 0.4 

MDXIX -8.6 -5.8 -2.9 -2.0 -0.4 -1.0 -0.2 

MDLXIV -4.7 -2.9 -0.7 -0.5 0.1 -0.2 0.0 

MCDXCV -4.2 -1.7 1.3 2.7 3.4 3.4 1.7 

MCCLXXVI -4.1 -3.1 -0.3 1.5 0.4 0.8 0.2 

MCCI -6.1 -5.7 -2.6 -0.3 -0.6 -1.3 -0.3 

DCCIX -5.4 -8.6 -1.9 0.4 0.5 -0.3 0.0 

DCLXXIX -5.9 -9.5 -4.1 -0.9 -0.3 -1.1 -0.2 

DCXXXXIX -3.4 -7.4 -6.0 -1.8 -1.2 -3.0 -0.6 

16129 6.2 8.1 6.5 4.7 4.8 2.6 0.7 

18822 -3.1 -2.3 -5.1 -5.4 -5.6 -4.0 -0.8 

20521 5.2 4.4 3.0 1.8 1.5 1.1 0.3 

20931 2.7 0.4 -0.9 -1.8 -1.5 -1.1 -0.1 

20098 7.5 2.1 1.1 0.2 0.8 1.0 0.2 

20272 6.3 1.6 1.4 1.3 0.0 0.6 0.1 

22042 0.7 -0.9 -0.7 0.3 0.0 0.1 0.1 

18868 -2.7 -2.9 -2.8 -1.5 -1.1 -1.0 -0.3 

18808 -5.7 -2.8 -3.5 -1.9 -1.0 -1.0 -0.1 

22038 2.3 1.8 0.6 1.2 0.9 1.0 0.2 

20660 -2.4 -3.4 -1.9 -1.0 -0.9 -0.8 -0.1 

20085 -3.0 -0.1 1.0 2.2 2.2 1.5 0.3 

20507 -7.8 -2.5 -2.0 -0.9 -0.8 -1.7 -0.4 

AP-552 1.2 -1.2 0.3 0.0 0.2 0.3 0.1 

CMXXX 1.5 -1.3 0.1 -0.2 -0.1 0.0 -0.1 

CMLVIIB -6.4 -4.5 -2.7 -2.5 -1.6 -2.1 -0.3 

DCCCVI -4.1 0.3 1.4 1.1 0.6 -0.5 0.0 

DCCCXCIV 7.9 1.9 2.8 1.9 0.9 1.8 0.2 

DCCCXVI 6.7 -2.1 -1.0 -1.1 -0.4 -0.1 0.0 

R9-lokalni 4.7 7.9 1.6 -0.4 0.0 -0.1 0.0 

63-lokalni 4.9 7.6 1.8 0.2 -0.1 -0.4 -0.4 

831-lokalni 7.0 9.6 4.0 2.5 2.3 1.9 1.1 

18833 4.9 9.5 1.9 0.5 0.6 0.7 0.0 

20913 8.3 8.5 5.8 4.3 3.0 2.7 0.5 

22120B -14.9 -12.5 -9.7 -8.4 -8.0 -7.4 -3.1 
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[cm] [cm] [cm] [cm] [cm] [cm] [cm] 

20325 -6.8 -1.4 -0.9 0.7 0.4 0.4 0.0 

20502 -3.0 2.8 -0.2 0.1 -0.1 0.7 0.1 

20221 -2.4 2.2 -1.2 -0.4 0.1 -0.1 0.0 

22_5MJ 9.6 7.8 -0.6 -0.3 -0.2 1.2 0.1 

424-lokalni 14.4 6.1 0.0 -2.2 -1.6 0.4 -0.1 

422-lokalni 15.8 9.0 4.0 3.8 3.3 3.4 0.6 

 

 
Figure 3.5 Surface model contours produced with Surfer-8 software [URL 1] 

 
Figure 3.6 Different surface models 
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4. Conclusion 

It is very clear that all basic requirements of the project have been met. The 
coordinate system with optimal accuracy has been accomplished in a short time, 
with a rather small budget. The mission was actually completed in five days, 
including additional computing and paper work procedures. The picture of accuracy 
is in fact a picture of the existing levelling frame. The analysis of surface model 
residuals can be done more in empirical way than by using the exact facts about the 
nature of the observed phenomena. There is no clear legitimacy for the selection of 
one or the other surfacing model. The model with the smallest residuals may be 
pretty fake and over-fitted. It cannot be so objective solution, having in mind poor 
condition of the existing levelling frame and GNSS accuracy limitations. The surface 
with large residuals that are the easiest to handle, is not representative for the 
project of such size. Thus, “the truth is somewhere in the middle”. The surface model 
with moderate residual values can be right solution. The layer of uncertainty of 
levelling network can be adopted as an objective zone of confidence, for the surface 
model. Final evaluation can be made in the inspection procedure when some check 
measurements need to be performed in the field. It is the final proof of the correct 
selection of a model. Furthermore, additional product of such height surface model 
is the elevation solution for small towns in the project zone. For example, the 
complete urban zone of the cities: Subotica, Bačka Toplola, Vrbas or even a large city 
of Novi Sad, can now have the possibilities for GNSS levelling. It is technically better 
solution because the model area is quite smaller, residuals are more realistic and 
without big strain. 
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Brzo-uspostavljeni horizontalni i vertikalni referentni 
okviri pomoću GNSS-a za inženjerske projekte velikih 
razmjera 

Sažetak. Postoji više načina uspostave referentnoga koordinatnog sustava za 
potrebe inženjerskih projekata. Glavni čimbenici koji utječu na način uspostave su: 
veličina područja, točnost, tehnologija, vrijeme i novac. U radu su opisani i 
analizirani različiti načini uspostave te su primijenjeni na slučaju rekonstrukcije 
željeznice između Novog Sada i mađarske granice. Pruga predstavlja linijski objekt 
ukupne duljine oko 120 kilometara. Bitne činjenice o kojima treba voditi računa 
prilikom uspostave koordinatnog sustavu su: uspostaviti koordinatni sustav sa što 
manjim financijskim sredstvima, u što kraćem roku, sa centimetarskom točnošću te 
udovoljiti teorijskim zahtjevima tako velikog područja. Stoga se optimalnim 
pokazuje uspostava okvira pomoću GNSS tehnologije. Veliko područje radova 
zahtjeva da se za uspostavu vertikalnog okvira uzme u obzir i utjecaj gravitacije, što 
se ne može postići samo pomoću GNSS-a. Stoga oslanjanje na primjerenu postojeću 
mrežu s određenim ortometrijskim visinama indirektno omogućuje određivanje 
visinskog modela. U radu su analizirane glavne prednosti i opisan izbor optimalne 
uspostave referentnog okvira. U radu su prikazane sve dovršene faze i prezentirani 
postignuti rezultati. 

Ključne riječi: fotogrametija, GNSS, lokalni geoid, koordinatni sustav, modeliranje 
ploha, ortometrijske visine. 

*professional paper 
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Continuous GNSS Movement Monitoring in the Zone of 
Influence of Tuzla Salt Deposit Exploitation 
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Abstract. The moving of the rock massifs and the ground surface in the area of 
mining activities creates a risk of damaging consequences and sometimes creates 
catastrophic consequences. Because of the possible negative consequences, 
monitoring is conducted for these processes, and the main segment is the geodetic 
monitoring. The urban part of the Tuzla city area is a dramatic example of the impact 
of underground exploitation. In order to monitor the impact of mining exploitation 
on the ground surface and the objects, periodic geodetic measurement have been 
conducted, starting in 1956. In addition to periodical measurements, GNSS 
measurements have been carried out since 2010 as well, at two locations (the 
location above the Tušanj pit, and since 2013 at the location Pannonica). Continuous 
monitoring in the zone of influence of mining works could provide a new quality in 
the prevention of the consequences of mining activities. Since, so far, this method 
has not been used for monitoring the movement of the terrain in the zone of 
influence of exploitation of Tuzla's salt deposits, the results of the analysis of the 
data collected in the process of continuous monitoring is summarized. Basic 
information on the movements of registered periodic geodetic measurements 
during the exploitation of deposits are given, in order to assess the impact of the 
Tuzla salt deposits exploitation. The aim of this paper is to display the 
possibilities/benefits of this technology concerning its implementation in 
monitoring the consequences of the mining activities through the analysis of the 
data collected so far on the continuous monitoring of the ground surface in the zone 
of influence of exploitation of Tuzla's salt deposits. 

Keywords: exploitation, GNSS, monitoring, movement, reference station. 

1. Introduction 

Mining exploitation of mineral resources is one of the important factors related 
to disturbance of the natural environment. Underground mining of mineral raw 
materials means creating empty spaces within the mineral deposits, or 
deterioration of the natural balance in the rock massif, which has resulted in the 
development of massif movement processes that manifest themselves on the field 
surface. The development of these processes in a particular area is a limiting factor 
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in spatial planning. Monitoring and studying these processes, defining their spatial-
temporal framework is necessary in order to protect the environment. 

The problem of the negative impact of underground exploitation is 
characteristic for the city of Tuzla (Bosnia and Herzegovina). The deposit of salt in 
Tuzla is located under the urban area and spreads over the area of over 2 km2. The 
horizontal projection of the deposit has the shape of an ellipse, with the length of 
about 2500 m and width of about 900 m [Soklić 1964]. Extensive exploitation of 
deposits began in 1886, in the eastern part of river deposits Trnovac-Hukalo, by 
pumping salt water through deep wells (salt wells) and using the uncontrolled 
leaching method. The exploitation of rock salt through pits begian in 1967. In the 
period from 1983 to 1991, the so-called controlled leaching of the existing parts of 
the mine "Tušanj'' was carried out. 

Intensive production of salt water by means of the uncontrolled leaching 
method caused intense movements and deformations of the terrain in the urban 
area of Tuzla, causing damage and/or destruction of over 2,000 objects [Imamovic 
et al. 2015]. Due to the consequences of exploitation, a decision to stop the 
exploitation of Tuzla's salt deposits was reached. In the period from 2002 to 2004, 
the sinking of the pit was conducted. In the period from March 2006 to May 2007, a 
gradual suspension of salt wells exploitation was carried out. The official date of 
termination of the exploitation of Tuzla's salt deposits is 29/05/2007. 

Given the duration and method of the exploitation, the period of the massif 
consolidation is uncertain. In order to reduce the risk of the leaching impact zone of 
Tuzla salt deposits, the monitoring of rock mass and the surface, even after the 
suspension of exploitation, is scheduled. In addition to the periodic measurements 
needed to determine the movement of stabilized points, continuous monitoring of 
the critical area is planned as well. The areas above the submerged pits Tušanj and 
the area of the salt lakes Pannonica have been defined as the critical points. A GNSS 
receiver/ monitoring station that continuously collect data have been set up at these 
sites. Based on the data collected so far, the convenience of this method for this 
purpose may be evaluated. The basic features of the terrain shifts in Tuzla 
determined on the basis of previous periodic geodetic measurements in the period 
from 1956 to 2012 have been specified in order to consider the complexity of the 
problems. 

2. Monitoring the ground surface movements in Tuzla 

Systematic geodetic measurements in the area of influence of Tuzla's salt 
deposits exploitation began in 1956. A network of fixed points was set up in 1955, 
in order to monitor and study the process of surface movement and to determine 
the boundaries of the exploitation influence [Zuber & Efendić 1975]. Since 1956 
until 1991, geodetic measurement was conducted annually in order to determine 
the displacement of the stabilized points. A number of points changed over time. By 
1991, about 1200 points were stabilized. For the given period, there were about 330 
points with a known vertical displacement, and about 40 points with a known 
horizontal displacement [Čeliković et al. 2010]. After 1991, geodetic measurements 
were carried out on a reduced scale and in an unbalanced time shift. 
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 The geodetic measurement of the points in the network stabilized above the 
Tušanj pit was planned as a part of the project related to the soaking the pit "Tušanj". 
In the period since 2002-2004, five series of measurements with a time span of 5-8 
months were carried out. The number of points observed by the series is variable, 
so there is a different number of points with known displacement [Čeliković 2006]. 

During and after the planned shutdown of salt wells, geodetic measurement 
was conducted as well. Since March 2006 to November 2012, 10 series of geodetic 
measurements were conducted. Geodetic measurements covered about 200 points, 
but there was a different number of points perceived in some series [Čeliković et al. 
2014]. Geodetic measurements covered approximately 200 points, but there was a 
different number of points observed in certain series [Čeliković et al. 2014]. 

As a part of the Tuzla-Ravenna project, an expert team from the University of 
Bologna was involved in the realization of the first GPS measurements in the area of 
subsidence in the city of Tuzla in 2004. 

For the purposes of regional planning, Tuzla municipality launched in 2013 a 
new project of monitoring the ground surface in the impact zone of the Tuzla salt 
deposits exploitation. 

3. Continuous monitoring the movement position of monitoring stations  

GNSS equipment for continuous monitoring was purchased and placed into 
operation within the frame of the NATO project “Development of a Monitoring 
Project NATO EPS.EAP.SFP 983305): System to Counter manage the Risks of 
Subsidence Deformation on the Population of Tuzla (Bosnia)” ,among other things. 
Since 2010, in addition to periodic ones, continuous measurements have been 
conducted as well. The continuous monitoring system consists of three GNSS 
stations – the reference station Tuzla and the monitoring stations Tušanj and 
Pannonica. 

Equipment for continuous GNSS observations in Tuzla consists of: 
• GNSS reference station (receiver GRX1200 + GNSS, antenna AT504 GG) 
• Two GNSS monitoring stations (GMX902 GG receiver, antenna AX1203 + 

GNSS). 
These GNSS stations are connected to the system via internet. Software 

components of the system include Leica GNSS Spider and GNSS QC and Leica Geo 
Office [URL 1]. 

The reference station is set up at the site outside the zone of influence of 
leaching (Tuzla city administration building). Another GNSS monitoring station is 
set up at the site above the submerged pit Tušanj. Other monitoring stations are set 
up on the Pannonica site where intense shifts had been registered in the past. The 
antenna of the Tušanj station is fixed to the chimney of the boiler room of the mine 
Tušanj, with a height of 30 m. The antenna of the Pannonica station is fixed to the 
stainless steel continuation of the screw embedded in the concrete body being 5 m 
high above the ground attached to a concrete base (1.5x1.5 m) buried 1.5 m in 
ground. 

In September 2011, the coordinates of Tuzla and Tušanj stations were 
determined in relation to a network of reference GNSS stations in BiH, i.e. 
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positioning system FBiHPOS in ETRF2000 coordinate system. The coordinates of 
the Pannonica station were determined from measurements conducted on 
3/21/2014. The coordinates of these stations, as well as the standard deviation 
(STDev) under which they are determined, are given in the table [Table 3.1]. 

Table 3.1 GNSS stations coordinates 

 
Figure 3.1 Location of the reference and the monitoring GNSS stations in the Tuzla area 

The spatial position of these stations is presented in the figure [Figure 3.1]. The 
figure marks the boundaries of the salt deposit as well as the subsidence isolines of 
0.5 m and 5.0 m, generated on the basis of periodic measurements during 
exploitation. 

The reference and the monitoring stations continuously collect data from GPS 
and GLONASS satellites. The information is forwarded via Internet to the server 
where it is processed and stored. The measurements taken in RINEX format are 
stored in files for a period of 1 hour with data measurements of 1 second and a 
period of 24 hours with the data measurements of 30 s. The system is intended to 

Station Latitude (φ) Longitude (λ) h (m) 
StDev 

Lat (m) 

StDev 
long 
(m) 

StDev  
h (m) 

Tuzla 44° 31,9628712'  18° 41,2619012' 304.4280  0.0036 0.0034 0.0032 

Tušanj 44° 32,9493660' 18° 39,9947315' 304.6218  0.0036 0.0034 0.0031 

Pannonica  44° 32,4016881' 18 ° 40,9732913' 288.2771 0.0015  0.0012  0.0020 
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determine the coordinates of the monitoring station in real-time (RT), so RT 
measurement data are also stored on the server. 

3.1. Measurement data taken in real time 

The measurement and the determination of coordinates are carried out every 
second. As a part of the installed program, the collected data are automatically 
processed, and coordinates of the stations Tušanj and Pannonica are calculated in 
real time, while the coordinates of the reference station Tuzla are fixed. The 
collected data are stored in files for a time interval of 1 hour, so that each file should 
contain 3600 entries. Thus formed recorded data are time series whose analysis can 
determine whether there is a trend, periodicity or cyclicality in changing the values 
of coordinates, and for longer or shorter periods of time. 

Table 3.2 presents the structure of the file containing the RT measurements 
data. Column 1 shows the time in the form hh mm ss, column 2 contains the date. 
Columns 3 and 4 are the values of latitude and longitude in the form ddmm, 
mmmmmm (degrees minutes and a minute part to 7 decimals). Columns 5, 6 and 7 
contain a label for the type of solution, the number of satellites and estimated 
positioning errors (m). Column 8 presents the height (ellipsoidal) to three decimal 
places. Column 9 contains the value of GDOP (Geometric Dilution of Precision). 

Table 3.2 File structure containing RT measurements data 

Time Date 
Latituda (φ) 

(d.d. 
mm.mm..) 

Longituda (λ) 
(d.d. 

mm.mm..) 

Sol. 
type 

No. 
sat. 

qual. 
pos. 

Height 
h (m) 

GDOP 

14:01:54 16.11.2013 44 32,949366 18 39,994734 3 16 0.011 304.619 1.7 

14:01:55 16.11.2013 44 32,949367 18 39,994733 3 16 0.011 304.621 1.7 

 
In order to draw conclusions on the accuracy and reliability of the system, and 

positioning accuracy in real and near-real-time, the collected data were statistically 
analyzed. The data automatically formed from hourly RT files from different periods 
have been analyzed as statistical samples from the entire set.  In order to 
analyze the accuracy of the coordinates, the deviations of the individual coordinates 
of the mean value determined for each RT-hourly files have been considered. For 
latitude (φ) and longitude (λ), the deviations are converted into linear sizes (dx and 
dy) according to the expressions: 
 𝑑𝑥(𝑚) =  𝑅 ∙ 𝑑𝜑 = 6371000 ∙ 0.000290888 ∙ (𝜑𝑖 − 𝜑𝑠) (1) 
 𝑑𝑦(𝑚) =  𝑅 ∙ cos(𝜑) 𝑑 = 6371000 ∙ cos(𝜑) ∙ 0.000290888 ∙ (𝑖 − 𝑠) (2) 
wherein: 

• 0.000290888 – value 1' expressed in radians, 
• φi, φs, λi, λs – individual and secondary coordinates φ and λ (dd mm. 

mmmmmm), 
• dx (m) – the difference of the individual and mean values of the 

coordinates in the direction of the meridian, 
• dy (m) – the difference of the individual and mean values of the 

coordinates in the direction of the parallels, 
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• φ – latitude for Tuzla (φ ≈ 44.5° ), 
• R = 6371000 m, the radius of the Earth. 
The chart below provides the overview of the differences between the 

individual and the average values of the coordinates for the RT measurements 
during one hour in order to illustrate the accuracy of determining the coordinates 
using this system. A transformation of the movable mean value has been performed 
within the pace of 60, which corresponds to the time interval of one minute [Figure 
3.2]. 

 

 

 

 
Figure 3.2 Variation of the RT coordinates Tušanj and Pannonica over a period of one hour 

3.1.1. Data analysis for the Tušanj monitoring station 

A great number of one-hour RT files have been statistically processed within 
the analysis of Tušanj station data. Doing so, the mean, the standard deviation, and 
a range within the one-hour samples have been determined. The maximum standard 
deviation of coordinates is 0.005 m. The maximum standard deviation of height is 
0.009 m. Assuming a normal distribution of probabilities, the uncertainty of the 
coordinates amounts to 0.0096 m with a 95% level of confidence. 

The interval of scattering of the mean hourly coordinates for a full set of mean 
hourly coordinates is up to 0.007 m, thus the specified accuracy can be considered 
real. Figure 3.3 presents the variation of the 50 mean hourly RT coordinates of the 
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Tušanj station, determined for different hours/dates of the specified period. The 
differences of the mean values for the entire set and the mean hourly RT coordinates 
are: 2 mm for x, 5 mm for y and 9 mm for the height being within the scattering 
interval of the mean hourly coordinates at this station. Based on the results of the 
statistical data processing gathered at the Tušanj station, a conclusion may be 
reached about the precision of positioning in near-real time, or the time interval of 
one hour. 

Figure 3.3 Variation of the mean hourly RT coordinates at the Tušanj monitoring station for 
the period 2012-2016 

The conducted analysis of RT measurement data at the ''Tušanj'' station has 
shown that there is no expressed trend of change of the ''Tušanj'' station 
coordinates. 

3.1.2. Data analysis for the Pannonica monitoring station 

At the monitoring station 'Pannonica', the data have been collected since March 
2014. In May 2014, significant changes were observed in the value of the 
coordinates of the station 'Pannonica.' Significant changes of coordinates coincided 
with enormous amounts of rainfall in the Tuzla area [Table 3.3]. The mean hourly 
RT coordinates of the Pannonica station for several dates, as well as the differences 
of the neighbouring coordinates are given in table 3.3. 

Table 3.3 Results of statistical processing of the hourly RT files of the Pannonica monitoring 
station 

Pano Date 
Mean 

lat (dd 
mm.mm) 

dx 
mm 

Mean 
long (dd 

mm.mm). 

dy 
mm 

Mean 
h  

(m) 

dh 
mm 

dd 
mm 

Ni(0) 

3600 21.03.14 
44 

32.4016880 0.0 
18 

40.9732902 0.0 288.2768 0.0 - - 

3167 
14.05.14. 

44 
32.4016811 -12.8 

18 
40.9732876 -3.5 288.2755 -1.3 13.3 195 
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3600 
15.05.14 

44 
32.4016789 -4.0 

18 
40.9732865 -1.5 288.2748 -0.6 4.3 200 

3600 17.05.14 
44 

32.4016594 -36.1 
18 

40.9732549 -41.6 288.2851 10.2 55.1 229 

3600 
01.06.14. 

44 
32.4016605 2.1 

18 
40.9732587 5.0 288.2811 -3.9 5.4 67 

3600 21.01.16 
44 

32.4016259 -64.2 
18 

40.9732671 11.1 288.2219 -59.2 65.2 170 

 
The changes of the mean hourly RT coordinates of the Pannonica station in 

relation to the initial coordinates are visible from the graphic representation [Figure 
3.4]. Referring to the figure 3.4, it is evident that there is a trend of change of 
coordinates with a strong jump in May 2014. The rate of change of coordinates also 
has an expressed periodicity. According to the data from the table, the total 
horizontal shift of the Pannonica station until 21/01/2016 amounts to 119 mm, with 
the grid bearing ν = 190°. 

Figure 3.4 The change of coordinates of the Pannonica monitoring station for the period 
March 2014 – January 2016 

The vector of the Pannonica station position change for the period March 2014 
– January 2016 is shown in figure 3.5 (bold arrow). 

Figure 3.5 shows the movements of points determined by means of classical 
methods for the period 1956-1991. Vertical shifts/subsidence are presented with 
the hypsometric scale of colours. Horizontal movements are shown as vectors. 
Graphic scale for vectors refers to horizontal shifts in the period 1956 – 199, for 
which the max. horizontal displacement amounts to 6.7 m. The scale of the 
Pannonica station shift is 20 times larger than the extent of shift points from the 
period of exploitation. In addition to the points with known displacement, 
exploitation wells are presented as well. Wells symbol sizes are proportional to the 
total production of individual wells. Some streets/buildings, as well as artificial 
lakes built after 2006 are presented for the purpose of orientation. 
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Figure 3.5 Movement of the ground surface and Panonica monitoring station 

4. Conclusion 

The analysis of data for the continuous monitoring of the monitoring station 
Tušanj collected in the period from 2012 to 2016 indicates a satisfactory accuracy 
of the positioning of the Tušanj monitoring station, since the deviations from the 
mean value have the character of random sizes and do not exceed 5 mm. The 
differences between the initial and the last specified coordinates are within the 
specified interval, and it can be concluded that the Tušanj station is stable.  

A trend of changes for both the coordinates x, y and the height has been 
established for the Pannonica station. The intensity of the horizontal displacement 
changes periodically, while the direction is continuously changing from the 
southwest (220°) to the south (190°).  

Hence, it can be concluded that this technology is suitable for monitoring the 
ground movement, and for monitoring the behaviour of objects in the zone of 
influence of mining operations. It is known that at the site of the underground coal 
mining, daily shift points can range up to several centimetres in the active phase of 
the process of moving. The speed of the mass movement of active slides can also be 
sub-decimetre, so the achieved accuracy of the continuous monitoring is acceptable. 
Based on the experiences gathered in the work on the project, it can be concluded 
that continuous monitoring can yield further information about the process of 
ground surface movement, as shown on the example of the Pannonica station. 
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Kontinuirano GNSS praćenje pomaka u zoni utjecaja 
eksploatacije tuzlanskoga solnog ležišta 

Sažetak. Pomaci stijenskog masiva i površine terena u zoni rudarskih radova stvara 
rizik od nastanka materijalnih šteta ponekad i s katastrofalnim posljedicama. Zbog 
mogućih negativnih posljedica, za ove procese se uspostavlja monitoring, a osnovni 
segment je geodetski monitoring. Drastičan primjer utjecaja podzemne 
eksploatacije je na području urbanog dijela Tuzle. U cilju praćenja utjecaja 
eksploatacije na površinu terena i objekte obavljena su, počevši od 1956. godine, 
periodična geodetska mjerenja. Pored periodičnih mjerenja, od 2010. godine izvodi 
se i kontinuirana GNSS mjerenja na dvije lokacije (lokaciji iznad jame Tušanj, a od 
2013. i na lokaciji Panonika). Kontinuirani monitoring u zoni utjecaja rudarskih 
radova mogao bi pružiti novu kvalitetu u sprečavanju posljedica rudarske 
aktivnosti. Budući da, do sada, ova metoda nije korištena za praćenje pomaka terena 
u zoni utjecaja eksploatacije tuzlanskog solnog ležišta, dan je kratak prikaz rezultata 
analize podataka prikupljenih u procesu kontinuiranog praćenja. Za sagledavanje 
problema utjecaja eksploatacije tuzlanskog solnog ležišta dane su osnovne 
informacije i o pomacima registriranim periodičnim geodetskim mjerenjima 
tijekom eksploatacije ležišta. Cilj rada je, kroz analizu do sada prikupljenih podataka 
kontinuiranog monitoringa površine terena u zoni utjecaja eksploatacije tuzlanskog 
solnog ležišta, prikazati mogućnosti/prednosti ove tehnologije vezano za primjenu 
u praćenju posljedica rudarske aktivnosti. 

Ključne riječi: eksploatacija, GNSS, monitoring, pomaci, referentna stanica. 

*professional paper 
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Copernicus Programme as Challenge for Geodesy and 
Geoinformatics 
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Abstract. European Commission is developing Copernicus program being one of the 
most ambitious Earth observation programs. It is going to deliver new satellite and 
in situ data and will present the basis for the development of new products and user 
oriented services. Copernicus program will provide new business opportunities to 
develop in many fields and branches like environment protection, management of 
urban areas, regional and local planning, farming, forestry, fishery, transport, 
climate changes, tourism and other. Significant influence on geoinformation market 
can be expected. In situ measurements (terrestrial, air, sea) are going to extend 
spatial and temporal resolution of satellite data. Principle of combination of satellite 
and in situ data is going to be strongly developed. Collection of in situ data is a 
possibility to extend geodetic and geoinformation measurement techniques. Local 
communities should also have benefits from Copernicus program, as its satellite 
data can be refined for local areas. New opportunities are open in the development 
of Local Spatial Data Infrastructures based on satellite and in situ data. 

Keywords: Copernicus program, geodesy and geoinformatics, geospatial products, 
in situ, Sentinel. 

1. Introduction 

European Commission (EC), European Space Agency (ESA) and European 
Environment Agency (EEA) are developing the Copernicus European Earth 
Observation Program, previously known as Global Monitoring for Environment and 
Security (GMES) [Aschbacher et al. 2010] [URL 1]. Copernicus is one of the 
fundamental development programs of EU. In the global context, Copernicus is an 
integral part of the Global Earth Observation System of Systems (GEOSS). One of the 
main goals for developing the Copernicus program is environmental monitoring and 
improvement of the overall security of the European Union. Copernicus program 
also want to get a long-term continuous services [URL 5]. Basically, it consists of 
Earth observation satellite system and in situ data.  

ESA is responsible for the satellite segment that primarily consists of six 
families of Sentinel satellite missions [URL 6], whereas EEA is responsible for 

file:///D:/%20%2005%20Clanci/Opatija%20102015/zeljko.hecimovic@gradst.hr


SIG 2016 – International Symposium on Engineering Geodesy, 20–22 May 2016, Varaždin, Croatia 

502   
 

coordination of in situ data considering environmental policies [URL 7]. Primary 
Copernicus services will provide necessary information to make decisions about the 
environment and decisions in case of emergencies such as natural disasters and 
humanitarian crises.  

Copernicus program will cover six thematic areas: land monitoring, marine 
monitoring, atmosphere monitoring, emergency management, climate changes and 
security. Copernicus data will have broad spectrum of usage including environment 
protection, management of urban areas, regional and local planning, farming, 
forestry, fishery, transport, climate changes, tourism and other. Sentinel satellite 
data are significantly going to influence the development of spatial data products 
and services and will have the impact on geoinformation market [Hećimović & 
Martinić 2015]. In situ measurements (terrestrial, air, sea) are extending spatial and 
temporal resolution of satellite data and they provide the possibility to develop user 
focused products and services.  

Copernicus will develop global services using satellite data, thus it will greatly 
contribute to the European sustainable development strategy. The economy and 
citizens will benefit through innovation and initiative to create new practical 
applications of products and services [Kovačić & Hećimović 2015a]. Copernicus is 
so far the most comprehensive program of the Earth observation, thus scientific and 
socio-economic influence should be significant [SpaceTec 2012] [SpaceTec 2013]. 
Economic studies of the Copernicus program indicate that by 2030, 2.6 billion of 
commercial income as well as 83,500 jobs directly and indirectly related to the 
Copernicus program, will have been achieved. In addition, Copernicus contributes 
to the European space and technologically highly developed industry and supports 
numerous scientific institutions, programs and studies [Hoersch & Amans 2015].  

Geodesy is facing new challenges. Satellite and in situ data is a concept of 
spatial products and services that combine small (satellite) and big (in situ) spatial 
and temporal resolution data.  

European Commission focused the financing of Copernicus related projects 
trough Horizon 2020 and through the structural funds. However, public-private 
partnership is providing quicker advance in development and more financing 
opportunities. New development concepts of in situ data present a challenge for 
geodesy the same as for other sciences.  

2. Copernicus satellite data  

Sentinel satellite data should follow long time continuity of satellite based 
products and services. For example, Sentinel-1 satellites will collect Synthetic 
Aperture Radar (SAR), C-Band data. The data are collected by European Remote 
Sensing (ERS) satellites, ERS-1 from 1991 to 2000 and ERS-2 from 1995 to 2011 
[URL 3]. ESA’s successor of ERS satellites was Envisat [URL 4]. It was the largest 
civilian Earth observation mission with 10 instruments aboard. It was active from 
2002 to 2012 when the contact with the satellite was lost. SAR data were also 
collected by other satellites, as Italian Cosmo-SkyMed (COnstellation of small 
Satellites for the Mediterranean basin Observation), Canadian Radarsat, German 
TerraSAR-X and TanDEM-X missions and other [Martinić 2015].  
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Satellite Earth observations are providing data in broad spectrum of sensors, 
resolutions, wavelengths and other characteristics. The main satellite data of 
Copernicus interest are [ESA 2015]:  

• Optical Medium Resolution (MR) and Low Resolution (LR) (SPOT (VGT), 
PROBA, Resourcesat),  

• Optical Very High Resolution (VHR) and High Resolution (HR) (DMC, 
Pleiades, Deimos-2, Ikonos-2, IRS-P5-CartoSat, RapidEye, SPOT (HRS), 
QuickBird-2, WorldView),  

• Atmospheric data (MetOp, Meteosat),  
• Synthetic Aperture Radar (SAR) (COSMO-Skymed, TerraSAR-X, Tandem-X, 

Radarsat), 
• Altimetry data (Cyrosat, Jason). 

Satellite data can provide new products and services. Land surface 
temperature from obtained from the satellite data is one of the products that can be 
developed. Figure 2.1 shows land surface temperatures of the city of Zagreb using 
Landsat 8 TIRS sensor on July 20 and July 29, 2013. 

 
Figure 2.1 Land surface temperatures of the city of Zagreb on July 20 (left) and July 29 

(right) 2013 [Kovačić 2015] 

Copernicus satellite segment consists of Sentinel and complementary satellites 
[Copernicus Space Component Mission Management Team 2015] [URL 2]. Sentinels 
satellites data should be complementary to other satellite data missions [Lukin 
2014]. Sentinel satellites will have six families: 
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• Sentinel-1 mission will provide SAR data for the terrestrial and marine 
services. Two satellites will provide global data in the temporal resolution 
of 6 days. The first Sentinel-1A satellite was launched in 2014. 

• Sentinel-2 mission is dedicated to land monitoring [Richter et al. 2011]. It 
will provide vegetation, soil and water data [URL 10]. 

• Sentinel-3 mission is devoted to marine monitoring. It will measure sea 
surface topography, sea surface temperature and ocean colour. The mission 
will provide support for forecasting weather in the oceans. 

• Sentinel-4 mission is dedicated to continuous monitoring of the 
atmosphere that will be part of the Meteosat third generation satellites in 
geostationary orbit [URL 11]. 

• Sentinel-5p (predecessor) is a satellite mission devoted to the atmosphere 
monitoring. It will be launched before regular Sentinel-5 satellites to fill the 
data gap of lost Envisat. 

• Sentinel-5 mission is dedicated to continuous atmosphere monitoring 
[Levelt et al. 2006]. 

• Sentinel-6 will carry an altimeter to measure global sea surface height, 
which will primarily be used for oceanography and climate research. 

On March 5, 2016 three Sentinel satellites were active: Sentinel-1A, Sentinel-
2A and Sentinel-3A. Figure 2.2 shows their positions. 

 
Figure 2.2 Active Sentinel satellites on March 5, 2016 at 10:11 CET 

3. In situ data 

Copernicus system relies on satellite and in situ data networks for continuous 
Earth monitoring [URL 8] [URL 9]. In situ resources include ground, air and marine 
data. Copernicus services primarily include the network of terrestrial weather 
stations, ocean buoys, the network for monitoring air quality, and many other.  
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Data from the Sentinel satellites will be complemented by in situ 
measurements in order to obtain detailed data for local areas. In the frame of 
Copernicus program, European Environmental Agency (EEA) is responsible for the 
development and coordination of in situ measurements at the national level of the 
EU countries [URL 1]. Using Copernicus service is an integral part of the EEA's 
strategy for more advanced information about the environment. Copernicus also 
plays an important role in the implementation of the Shared Environmental 
Information System (SEIS) and has the potential for efficient use of existing 
infrastructure in accordance with the INSPIRE Directive.  

Collection of in situ data is the opportunity for geodesy to use classical 
measurements methods and knowledge, moreover, to develop new measurements 
methods and techniques to produce user focused products and services [Barišić et 
al. 2011]. By the combination of satellites, air, sea and land measurements will 
become more and more developed [Figure 3.1]. 

 
Figure 3.1 Combination of satellite, plain, ship, land, helicopter measurements [Barišić & 

Crnković 2009] 

In situ measurements can include Unmanned Aerial Vehicle (UAV) 
measurements using visible spectrum, infrared or thermal sensors, LIDAR, radar, as 
well as other sensors. 

Mobile measurements systems can also be used in situ measurements. They 
can include different sensors on moving vehicle as GNSS receivers, optical camera, 
laser scanners, odometer, Inertial Measurement Unit, and alike. They can provide 
clouds of data to extend the satellite data on local, more detailed level. In situ data 
the collection can also be made of networks of sensors as thermal sensors, humidity 
sensors, water level sensors and many others. The collection of in situ data is very 
often based on crowdsourcing principles using mobile devices.  

Local communities (towns, municipalities) will also benefit from Copernicus 
program [Hećimović et al. 2014]. Development of Local Spatial Data Infrastructures 
(LSDI) based on satellite and in situ data, beside classical SDI data, is opening new 
possibilities [Marasović & Hećimović 2014] [Marasović et al. 2015]. Big cities 
already can benefit from Copernicus. Copernicus Land Monitoring Services [URL 12] 
for Local area can download data from Urban Atlas [URL 13] [Figure 3.2]. At this 
moment detailed land cover and land use information over major EU cities for 
periods of 2006 and 2012 are available. Copernicus program will significantly 
influence spatial information products and services as well as geoinformation 
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market, but also everyday life and society [Kovačić & Hećimović 2015b]. To which 
extent will geodesy and geoinformatics influence and be influenced by Copernicus 
development is a challenge for the era that has started. 

 
Figure 3.2 Urban Atlas 2012 [URL 13] 

4. Copernicus services 

Copernicus is intended to provide user oriented services for the protection of 
the environment, resource management as well as for security and safety. Currently, 
active Copernicus services base their activities on the recordings obtained by other 
satellite missions. Copernicus services will cover six major areas: land monitoring, 
marine monitoring, atmosphere monitoring, emergency management, security and 
climate change. 

Copernicus land monitoring service provides geographic information on land 
cover. It supports the application in various fields, such as spatial planning, forest 
management, water management, agriculture, food security, and other. The service 
has been operational since 2012. 

Copernicus marine monitoring service should give regular and systematic 
information on the state and dynamics of the oceans and seas for the purpose of 
their protection and efficient management of the marine environment and its 
resources. , Giving information on currents, winds and the sea ice to help enhance 
maritime routes, rescue operations contributing to the safety at sea [URL 1] are 
some examples of the above said The service also contributes to the protection and 
sustainable management of living marine resources, especially for fish farming, 
fisheries research or regional fisheries organizations. The obtained data (e.g. 
temperature, salinity, sea level, currents, wind, sea ice, etc.) have an important role 
in weather forecasting and climate changes. 



TS 6 – New Technologies in Engineering Geodesy and Multisensor Systems 

  507 
 

Copernicus atmosphere monitoring service allows the atmosphere 
monitoring, evaluating and predicting air quality at the continental, regional and 
local level. Long-term, high-quality observations of the atmosphere are necessary 
for the continuous monitoring of climate and defining the basis for the control of 
pollutants [Kaufman & Sendra 1988] [Schläpfer et al. 1998]. Atmosphere monitoring 
service provides data and information on the composition of the atmosphere. It 
supports numerous applications in various domains including: health, 
environmental monitoring, renewable sources of energy, meteorology, climatology 
and others.  

Copernicus emergency management service provides necessary information 
to all participants involved in the management of natural disasters, human-induced 
disasters and humanitarian crises. The service uses geospatial information obtained 
from satellites, combined with in situ data and other available data. The aim of the 
service is to strengthen the capacity of the EU to respond to the needs of 
emergencies that could be caused by extreme weather, earthquakes and human-
induced crises such as, oil spills, humanitarian crisis and alike. The service started 
in 2012.  

Copernicus security service tends to support related EU policies by the 
following list of priorities: border control, maritime surveillance and support for EU 
external actions. In the areas of border control, the main objectives are to reduce the 
number of illegal immigrants entering the EU and increase the internal security of 
the EU. In the field of maritime surveillance, the main objective of the European 
Union is to ensure the safe use of the sea and the safety of maritime borders. The 
goals of services are often related to the safety of navigation, marine pollution, law 
enforcement, and to the overall security. EU external actions have the responsibility 
of promoting stable conditions for human and economic development, human 
rights, democracy and fundamental freedoms. Copernicus service for security 
applications is still undergoing the process of development. 

Copernicus climate changes service responds to the challenges of 
environmental and society changes associated with climate changes. The service 
will allow monitoring several climate indicators such as temperature rise, sea level 
rise, melting glaciers, rising temperatures of the ocean and other [Kovačić 2014].  

5. Conclusion 

Copernicus program is so far the most comprehensive program of 
observations of the Earth. It is one of the major development programs of the EU. 
The main thematic areas (land, sea, atmosphere, climate change, management of 
emergency services and security) define the main directions of Copernicus public 
sector development. Besides, Copernicus data will have a much wider range of 
applications. Copernicus will consist of six Sentinel missions that will include one or 
more satellites. Satellite data will be complemented by in situ data (land, sea and 
air). The program will supply the whole range of geospatial products and services 
that will significantly affect the market of geospatial data. Copernicus program will 
have a significant impact on the development of science, economy and society as a 
whole. In surveying and geoinformatics Copernicus program will not only improve 
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the existing products and services, but will generate the development of entirely 
new products and services, as well. New measurements and data collection 
techniques will be developed. Geodesy and Geoinformatics are confronted with a 
challenge to participate in Copernicus development. Engineering geodesy can 
benefit from Copernicus program in collecting in situ data. Development of new 
engineering geodesy measurement techniques, as well products and services is 
challenge that in some cases only engineering geodesy can make. 
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Program Copernicus kao izazov za geodeziju i 
geoinformatiku 

Sažetak. Copernucus je europski program motrenja Zemlje koji će davati nove 
satelitske i lokalne podatke. Oni će biti osnova za razvoj novih geoinformacijskih 
proizvoda i usluga. Otvorit će nove mogućnosti za razvoj mnogih područja i grana 
kao što su zaštita okoliša, upravljanje urbanim područjima, regionalna i lokalna 
planiranja, poljoprivreda, šumarstvo, ribarstvo, promet, klimatske promjene, 
turizam i druge. Značajno će utjecati na geoinformacijsko tržište. Lokalna mjerenja 
(kopno, zrak, more) će povećati prostornu i vremensku rezoluciju satelitskih 
podataka na lokalnom području, a to otvara mogućnosti razvoja novih metoda i 
tehnika prikupljanja podataka. Kombiniranje satelitskih i lokalnih podataka će biti 
razvijane. Prikupljanje lokalnih podataka daje mogućnost proširenja geodetskih i 
geoinformacijskih mjernih tehnika. Lokalne zajednice će imati koristi od programa 
Copernicus. Globalni, ažurni, javno dostupni satelitski podaci će se moći po potrebi 
progustiti lokalnim podacima. Otvaraju se nove mogućnosti za razvoj lokalne 
infrastrukture prostornih podataka na temelju satelitskih i lokalnih podataka. 

Ključne riječi: geodezija i geoinformatika, geoprostorni proizvodi, program 
Copernicus, Sentinel. 

*scientific paper 
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Abstract. It is possible to use modern total stations for leveling applications. Using 
digital staffs for relative height transfer gets a higher precision than using automatic 
target recognition (ATR) for prism detection. The study at hand describes the 
implementation to automatically read and analyze the code pattern of a digital 
leveling staff using an Image Assisted Total Station (IATS). The acquired 2-
dimensional color image is converted into a binary signal and correlated with the a 
priori known reference signal. The result is used as initial value for a newly 
developed, alternative decoding method, in which the height differences of 
corresponding barcode edges are minimized. In different tests the precision and 
accuracy of our method is compared with the built-in ATR function of the total 
station as well as with a digital level. Standard deviations below 10 μm (1σ) prove 
comparable leveling capabilities of modern total stations – IATS. 

Keywords: automatic level, barcode staff, digital leveling, height transfer, image 
assisted total station (IATS), leveling, leveling staff, monitoring. 

1. Introduction 

Almost all manufactures of total stations have instruments with built-in 
cameras in their product portfolio. These devices are commonly termed as Image 
Assisted Total Stations (IATS). Today, the images from the instruments’ cameras are 
used to support the field work procedures and for documentation purposes. The 
onboard processor and the implemented software are able to overlay the images as 
well as the live video stream with measurement and planning data or sketches. This 
is possible as the captured images are directly geo-referenced and orientated if the 
system is properly calibrated. In addition to the manufacturers’ usage and 
applications, the high resolution images taken by an IATS enable the development 
of new measurement approaches. Examples of such new applications fields are geo-
monitoring [Reiterer et al. 2009, Wagner et al. 2014, Wagner 2016], Structural 
Health Monitoring [Wagner et al. 2013, Ehrhart & Lienhart 2015] or industrial 
metrology [Wasmeier 2009, Guillaume et al. 2012, Hauth et al. 2012]. We 
implemented the leveling capability into IATS as a further possible field of use, as 
described in the following. This is helpful e.g. for the high accurate transfer of the 
instrument height from a benchmark. It also extends the possibilities for monitoring 
[Wagner et al. 2016] and can be seen as the next step towards a geodetic universal 
instrument [Wunderlich et al. 2014]. 
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2. Digital Leveling 

Leveling is still the most widely used method for relative height transfer of 
ground points. The measuring equipment comprises of a graduated staff and a level 
(instrument), which is basically a telescope that enables a horizontal line of sight, 
e.g. by a mechanical tilt compensator. Digital levels consist of additional electronic 
image processing components to automatically read and analyze digital (bar coded) 
leveling staffs, where the graduation is replaced by a manufacturer dependent code 
pattern. For first-order leveling or other high accurate engineering survey projects 
precise levels in combination with precise leveling staffs are used, which are stated 

with a standard error of ≤ ±0.5
𝑚𝑚

𝑘𝑚
 double-run leveling. Here, the code 

(modulation) information of the staff is usually engraved at an invar strip which has 
a low thermal expansion coefficient (< 10−6 𝐾−1). To ensure high accurate results 
and/or as part of quality management system requirements, such as the ISO 9001, 
regularly inspections of the devices and the equipment are essential. National and 
international standards, e.g. DIN 18717 and ISO 12858-1, define parameters to be 
examined in periodical calibration. For invar leveling staffs these are, for example, 
the staff scale, the zero-point error, graduation corrections, and the thermal 
expansion coefficient. There are different calibration facilities, like the Geodetic 
Laboratory at the Technical University of Munich (TUM), which offer the parameter 
determination according to the mentioned standards [Wasmeier & Foppe 2006]. 

2.1. Staff code pattern 

Various different code patterns exist for digital leveling staffs, as every 
manufacturer has developed its own modulation and analyzing method. The main 
reasons for this are patent rights to the individual solutions [Ingensand 1999]. 
Common to all versions is that a barcode is longitudinally imprinted on the leveling 
staff; the bars run transversely to the upright direction. The code pattern is 
converted into a digital intensity- and position-information via a CCD line sensor. 
Every implementation uses high contrast transitions (black-white or black-yellow) 
at the edges of the code-bars. At the moment, we implemented the code pattern used 
by the company Leica Geosystems in our approach, which is described in the 
following only. Here, an aperiodic pseudo-stochastic (binary) code sequence is used 
for encoding digital leveling staffs, which seems to be randomly composed. 
However, the code elements are arranged in such way that already short code 
sections are unique in the code sequence. The overall code is composed of black or 
white/yellow integer multiples of a 2.025 𝑚𝑚 wide base element. The widest 
occurring code element has the width of 15 elements, i.e. 30.375 𝑚𝑚. The entire 
code sequence is unique over a length of 4050 𝑚𝑚, which also defines the maximum 
extent of this type of leveling staffs [Ingensand 1999]. 

2.2. Demodulation 

To decode the (Leica) code pattern into staff/height readings the pseudo-stochastic 
sequence must be known, resp. must be stored in the instrument. Two signals – the 



TS 6 – New Technologies in Engineering Geodesy and Multisensor Systems 

  515 
 

reference signal and the pre-processed image signal – are shifted stepwise against 
each other and each time the correlation coefficient is calculated. This value 
describes the statistical relationship between two random variables or two signals 
and has its maximum at perfect match. The overall correlation function 𝐶𝑃𝑄 of the 

measurement signal 𝑄(𝑦) and the reference signal 𝑃(𝑑, 𝑦 − ℎ) is [Ingensand 1990]: 

 𝐶𝑃𝑄(𝑑, ℎ) =
1

𝑁
∑ 𝑄𝑖(𝑦) ∙ 𝑃𝑖(𝑑, 𝑦 − ℎ)𝑁

𝑖=0  (1) 

From the maximum of this (two dimensional) function the desired distance 𝑑 
resp. scale (ratio pixel/mm) and height ℎ can be derived. The position of the focus 
lens – determined by a displacement transducer or rotary encoder applied to the 
focus drive – provides a rough distance information as initial value. To speed up this 
process, especially for the levels of the first generation, the processing is split into a 
two-stage correlation, a coarse and a fine correlation. 

3. Method 

In engineering survey projects, it is often necessary to accurately determine 
the total station’s transit axis height. If the height is transferred from a benchmark, 
preferably a manual reading of a leveling staff should be used, instead of the less 
accurate reflector pole. To increase the reliability and accuracy of such a procedure 
a fully automatic digital reading and analysis would be desirable. 

For this reason, we transferred the processing method of a digital level to a 
modern total station, resp. an IATS. The on-axis camera offers a comparable high 
magnification of the telescope and the on-board processor is meanwhile capable of 
simple image processing tasks. The main difference between both instrument types 
is that the telescope of the total station allows rotations in the vertical plane. In an 
automatic level, in contrast, a mechanical compensator ensures a horizontal sight 
for an approximately leveled instrument. The vertical angle of the total station is 
determined with respect to the plumb line, refined by an electronic inclinometer. 
This means, if the accuracy of the vertical angle reading is high enough, it is possible 
to level with a total station in the same way as with a leveling instrument. 

However, due to practical reasons such as greater weight or much higher price 
of total stations, it is unlikely that levels will be replaced. But in some special 
applications it may be useful, e.g. to transfer the station height from benchmarks, as 
mentioned before. Further, it is possible to do non-horizontal sightings to leveling 
staffs and thus also cover large height differences with one single observation (with 
high accuracy). As we also have access to the (image) processing chain, we are able 
to consider additional special calibration parameters of the leveling staffs. As 
mentioned before, international and national standards specify periodical 
calibrations which determine adjustment parameters but these are applied only 
occasionally. With our proposed decoding method, it is even possible to correct the 
graduation of each single code-bar without difficulties. 

In the following sections we will first describe the new approach when using a 
total station instead of a level. In the second part [Section 3.2] the alternative 
decoding method will be presented. 
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3.1. Program sequence 

The measuring procedure to read coded staffs by an IATS consists of several 
steps as shown in figure 3.1 and as described in the following. 

 
Figure 3.1 Program sequence to read and analyze a digital leveling staff using IATS 

For the data acquisition the leveled IATS must be manually aimed to the 
vertically aligned leveling staff (1). It is necessary that the vertical crosshair is 
centered on the leveling staff. During the further processing the image domain will 
be reduced to a small vertical stripe left and right of the crosshair. The vertical 
alignment is of minor relevance, as long as a few code-bars are visible in the image 
(that the code pattern is unambiguous). For the further processing the staff must be 
(2) focused either manually or by an integrated auto-focus of the total station. An 
additional reflectorless distance measurement (3) provides more accurate distance 
information as if it would be derived from the focus lens position (as done in digital 
levels). The horizontal and vertical angles are read out simultaneously with the 
image acquisition (4). In connection with the a priori determined camera calibration 
parameters the image is therefore fully orientated. 

If the image is taken under a non-horizontal alignment (𝑉 ≠ 100 𝑔𝑜𝑛 ∥ 𝑉 ≠
300 𝑔𝑜𝑛) it is subjected to a perspective-based distortion, which has to be corrected 
by an image rectification (5). The distortion effect is a function of the camera 
location as well as its orientation in respect to the observed staff. As both 
parameters are known, the image can be transformed as it would look like as in a 
horizontal view. The rectification (projective transformation) can be expressed by 
a planar homography, as the code pattern on the leveling staff is present in a plane. 
For the further processing, the image is reduced to a small vertical stripe which only 
contains the staff code pattern. The width of this region is automatically determined 
depending on the later measured distance to the staff. During the demodulation (6) 
the RGB information is transformed into an 8-bit grayscale, see figure 3.2. The pixels 
of each row are averaged, which effects a smoothing for noise reduction. The 1-
dimensional signal is normalized, i.e. the intensities are stretched to the full 8-bit 
range (0-255). 
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Figure 3.2 Image pre-processing steps for the demodulation of the digital staff code pattern. 

The 2-dimensional RGB image section is converted stepwise into a binary signal 

To achieve faster processing the actual data analysis is separated into a coarse 
and fine correlation. (7) The initial value for the staff reading is calculated using 1-
bit signals. Therefore, the normalized mean values are converted into binary values 
and state the measurement signal 𝑄(𝑦), c.f. equation (1). The correlation of 𝐶𝑃𝑄 is 

calculated by the XNOR-operator (exclusive NOT OR) of 𝑄(𝑦) and the shifted copies 
of the 1-bit reference signal 𝑃(𝑦 − ℎ) as a function of the height ℎ. In our case, the 
distance 𝑑 is fixed due to the high accurate determination by the electronic distance 
meter (EDM) of the total station, which gives 

 𝐶𝑃𝑄
𝑐 (ℎ) =

1

𝑁
∑ 𝑄𝑖(𝑦)⨁𝑃𝑖(𝑦 − ℎ)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅𝑁−1

𝑖=0  (2) 

In digital levels, in contrast, the correlation is extended to the second 
dimension, by taking the distance into account. In both cases, the result of the 
function has a clear visible peak in the correlation coefficients which specifies the 
offset of both signals and finally the corresponding staff reading. 

The fine optimization (8), implemented in digital levels, uses the previous 
results as starting values for a second correlation. This time the full 8-bit intensity 
information of the input signal is used. Likewise, the step width of the shift in 
distance 𝑑 and height ℎ is decreased to refine the results of the correlation 
procedure. In our case we replaced the fine correlation by a new processing 
approach, as described in the next section. 

When using a total station instead of a level a further final height 
determination step (9) is necessary. The staff reading, i.e. the result of the fine 
correlation or the alternative approach must be corrected by the influence of the 
non-horizontal alignment. This trigonometric height difference Δℎ can be calculated 
by the vertical angle 휁 and the measured horizontal distance 𝑑 or slope distance 𝑠 
using: 

 Δℎ = 𝑑 cot 휁 = 𝑠 cos 휁 (3) 
An additional correction for curvature and refraction may also be applied. 
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3.2. Alternative decoding method 

An alternative approach to the fine correlation of both signals is to minimize 
the height differences of corresponding barcode edges, related to the 
implementation used in the Zeiss DiNi level series. The image of a leveling staff is 
processed with a subpixel edge detection algorithm to extract linear features at each 
code element transition. We implemented an approach based on Burns et al. [1986] 
but modified to our needs, in which similar gradient directions are grouped into 
potential line regions. If certain thresholds – regarding size and shape of the regions 
– are met, a line is fitted through each group by least squares estimation, weighted 
by the gradient magnitudes. The result is a vector with measured barcode positions 
𝑬𝑀 in image coordinates. The visible code sequence of the reference gives a vector 
𝑬𝑅, in which each element represents the distance of a black and white transition 
(and vice versa) from the zero point of the staff. Both vectors are connected by a 
scale factor 𝑠 and a translation, resp. height difference ℎ: 

 𝑬𝑅 =  𝑠 ⋅ 𝑬𝑀 + ℎ (4) 
We solve this equitation system with the least squares method, by minimizing 

the distance of corresponding edges. The results of the coarse correlation are used 
as the initial values. The pairwise assignment is determined by a forward and 
backward search of nearest neighbors in both vectors. A distance filter and an 
outlier test remove (remaining) lines which may be caused by failed edge detection 
or partial occlusion of the observed code pattern. The adjustment is performed 
iteratively to ensure a correct assignment of corresponding edges. 

The classical fine optimization, which is implemented in digital levels (of the 
company Leica), is a two-dimensional correlation where the two parameters scale 
(distance) and height have to be solved iteratively. The correlation function, 
equation (1), has to be calculated in two processing loops step by step with slightly 
changed parameters to find the maximum correlation coefficient. In our approach 
the same parameters are solved in a linear equitation system directly which leads to 
a faster computation. Only a limited set of iterations is used for the correct edge 
assignment and outlier removal. The additional time for the necessary image 
processing is negligible. 

4. Experiments 

To investigate the performance of our approach we conducted several tests 
which are described below. All tests were performed indoor in a laboratory under 
controlled atmospheric conditions. The digital leveling staff used is a 2 𝑚 length 
invar staff from Leica, the IATS a Leica Nova MS60. The telescope camera has a 
resolution of 2560 × 1920 𝑝𝑖𝑥𝑒𝑙 with a respective size of 2.2 × 2.2 𝜇𝑚. The image is 
magnified 30-times by the telescope optics, which gives a field of view of 1.5° 
(1.67 𝑔𝑜𝑛). One pixel on the image sensor corresponds to an angular value of 
0.61 𝑚𝑔𝑜𝑛. The angular accuracy (horizontal and vertical) is specified with 
1’’ (0.3 𝑚𝑔𝑜𝑛), the accuracy of the reflectorless distance measurement is listed with 
2 𝑚𝑚 + 2 𝑝𝑝𝑚 [Leica Geosystems 2015]. 
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4.1. Precision 

In one experiment the repeatability of measurements with our approach is 
investigated. In a static setup both, the Leica MS60 and the barcode staff, are 
installed on pillars in the laboratory with unknown, but constant height offset. The 
horizontal distance between the instrument and the invar staff is ~15.5 𝑚. Over a 
time period of 3 hours we take 400 images and process them with the algorithm 
described in the previous sections. To compare and monitor the instrument’s 
behavior over time, we also take 400 measurements with the built-in automatic 
target recognition (ATR) of the instrument to a co-operative prism next to the 
leveling staff. For both time series the vertical angle is nearly 100 𝑔𝑜𝑛 (horizontal 
aiming). All measurements are reduced by the mean value of their time series. The 
height deviations calculated from the staff readings are shown in figure 4.1. A 
standard deviation of 0.008 𝑚𝑚 (1𝜎) is obtained for height observations derived 
from barcode staff readings with a maximal deviation from the mean value of 
0.029 𝑚𝑚. This is slightly better than the ATR measurements with a standard 
deviation of 0.012 𝑚𝑚 (1𝜎) and a maximum deviation from the mean value of 
0.039 𝑚𝑚. 

To ensure the repeatability of the height readings in different barcode sections 
we run additional tests. In a static setup of instrument and digital leveling staff we 
take 15 images under different vertical angles showing independent barcode 
segments that should result in the same height offset between the total station and 
the leveling staff. This test was repeated 6 times (90 independent measurements). 
Due to the changing vertical angles the results are influenced by the additional 
trigonometric height differences, i.e. by the uncertainty of the angle and distance 
measurements. The mean standard deviation within the 6 sets of the height readings 
is 0.015 𝑚𝑚 (1𝜎) with a maximum absolute deviation from the mean value of 
0.038 𝑚𝑚. 

 
Figure 4.1 Result of 400 IATS staff readings at a fixed height difference in a distance of 
~15.5 𝑚. Residuals to the mean value (left) and probability distribution function fitted 

through the histogram of the sample data (right) 
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4.2. Accuracy 

To obtain the accuracy of our method, we used a different setup. On the one 
side we compare the results with a commercial precise digital level, on the other 
side with a measuring system of higher order. The leveling staff is installed in the 
vertical comparator of the TUM Geodetic Laboratory, allowing a controlled stepwise 
vertical movement of the staff. We simulate small displacements of 0.05 mm, the 
same as it occurs e.g. in subsidence surveys. The single increments are measured by 
the IATS (Leica MS60) and a precise digital level (Leica DNA03), both instruments 
are built up in a distance of ~5.1 𝑚, and are referenced by a high accurate laser 
interferometer (Hewlett Packard 5518A, ~1 𝜇𝑚). 

 
Figure 4.2 Comparison of IATS (left) and digital level (right) height readings with the 

interferometer reference. The digital staff is displaced in 0.05 𝑚𝑚 steps (for better visibility 
only a part of the data is displayed) 

Figure 4.2 shows the heights values of the interferometer plotted against the 
IATS heights (left) and against the digital level (right). In total 100 increments are 
measured, for better visibility only a part of the data is displayed. Both data sets 
show similar behavior. The standard deviation of both residuals is 0.006 𝑚𝑚 (1𝜎), 
the maximum deviations to the interferometer value are 0.016 𝑚𝑚 (IATS) and 
0.019 𝑚𝑚 (level). 

5. Discussion 

The presented experiments are based on distances of 5 𝑚 and 15 𝑚 – limited 
by the dimensions of our laboratory. Even though, they can be seen as a proof of 
concept of the IATS leveling capabilities. The first test scenarios demonstrate that 
the developed algorithm allows to repeat height readings from a digital leveling staff 
with high precision. Compared to the ATR function of the total station even slightly 
better results can be reached. In case of non-horizontal views, the standard 
deviation increases marginal as the trigonometric part is additionally influenced by 
the uncertainties of the angle and distance measurement. In the second test 
scenario, we compared our method with measurements of a precise level and 
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references of a laser interferometer. The simulated height deviation can be detected 
with equivalent high accuracy. This means there is no significant difference in the 
results using either a precise level or an IATS for leveling. 

In first additional measurements in 20 𝑚, 30 𝑚 and 40 𝑚 distance we achieve 
results with no significant differences to those of a digital level (direct comparison 
of height readings IATS – digital level) [Lichtenberger 2015]. The detailed results 
will be published in future. 

6. Conclusion 

In many use cases it is important to precisely transfer the instrument height of 
a total station from a reference point. Up to now this has often been done by manual 
reading from a leveling staff on a benchmark. In this paper we show the capability 
of modern total stations (with built-in in telescope cameras) to solve this task with 
high accuracy by automatic readings. With the presented method for decoding 
digital barcode staffs – based on subpixel edge detection and least square 
adjustment – an efficient on-board application can be implemented. The results 
obtained by IATS are competitive with those of modern digital levels. 

The possibility of a non-horizontal aiming is the biggest advantage of leveling 
with an IATS. It allows to handle large height differences between the instrument 
and the staff. However, these measurements are influenced by uncertainties in the 
vertical angle reading and distance measurement. This is also possible using the 
built-in ATR function, but as shown, we get a slightly better object/code pattern 
detection. In combination with the more accurate leveling staff instead of a reflector 
pole, the final result will be improved. Further, by using a leveling code pattern it is 
impossible to do (manual) misalignments, as the vertical aiming of the crosshair to 
the barcode is not necessary. This is e.g. useful in monitoring applications where 
repetitive measurements to the same target(s) need to be done. In contrast to level 
instruments also multiple targets in different heights can be surveyed. 

The presented analysis method to read digital leveling staffs with total stations 
is highly versatile. Next to the already mentioned monitoring tasks, like bridge load 
tests or subsidence measurements, methodology applications, such as the 
examination of linearity or machine alignments, are also possible. 

In the future we will integrate additional code patterns. We are optimistic that 
such a basic leveling function will be implemented by the manufacturers in 
upcoming total station firmware. The hardware is ready now. 
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Očitanje i analiza digitalne nivelmanske letve pomoću 
mjerne stanice s ugrađenim CMOS senzorom 

Sažetak. Da li je moguće koristiti moderne mjerne stanice za niveliranje. Korištenje 
digitalnih nivelmanskih letvi za prijenos visina omogućuje preciznije mjerenje nego 
korištenje automatskog prepoznavanja signala (ATR) za detekciju prizme. Članak 
opisuje implementaciju automatskog očitanja i analize uzorka barkoda digitalne 
nivelmanske letve pomoću mjerne stanice s ugrađenim CMOS senzorom (IATS). 
Dobivena 2-dimenzionalna slika se pretvara u binarni signal i korelira s „a priori“ 
poznatim referentnim signalom. Rezultat se koristi kao inicijalna vrijednost za novo 
razvijenu, alternativnu metodu dekodiranja, u kojoj se visinske razlike pripadajućih 
rubova barkoda minimiziraju. U različitim ispitivanjima preciznost i točnost ove 
metode je uspoređena s ugrađenom ATR fukcijom mjerne stanice i digitalnim 
nivelirom. Standardna odstupanja ispod 10 μm (1σ) dokazuju mogućnost 
niveliranja pomoću modernih mjernih stanica – IATS-a. 

Ključne riječi: automatsko niveliranje, digitalno niveliranje, mjerna stanica s 
ugrađenim CMOS senzorom (IATS), monitoring, niveliranje, nivelmanska letva, 
nivelmanska letva s barkodom, prijenos visina. 

*scientific paper 
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Abstract. In the last several years, with mass appearance of the unmanned aircraft 
systems (UAS), we have been witnessing a new revolution in geodetic profession. 
The potential of UAS in different areas of geodesy is very big and probably the 
phrase “only sky is the limit” fits perfectly. However sometimes the UAS are misused 
for illegal purposes which puts a negative light to their usage. Many countries 
started to regulate the usage of UAS. Even on the EU level there is ongoing process 
regarding UAS regulation. The question is how much it limits their usage and where 
the appropriate balance is. In this paper we give an overview of the existing 
regulation and a possible answer to the posted question. 

Keywords: regulation, unmanned aircraft systems, usage. 

1. Introduction 

The transfer of various techniques from military to civilian use and rapid 
development of technology enabled the production of different types of unmanned 
aircrafts for various purposes throughout the world. An Unmanned aircraft is an 
aircraft made to perform flights without a human pilot on board. It is remotely 
controlled or programmed and autonomous [OG 49/2015]. The literature often 
refers to it by the name - the Unmanned Aerial Vehicle (UAV) [Kolarek 2010; 
Gašparović and Gajski 2015]. Unmanned Aircraft System (UAS) is a system for 
conducting flights by aircraft without a pilot. It consists of the unmanned aircraft 
and other components for managing or programming that are necessary to control 
an unmanned aircraft by one or more persons. Unmanned aircraft system operator 
is a natural or non-natural person performing flight operations using the unmanned 
aircraft system. 

Small unmanned aircrafts have experienced rapid development in the last ten 
years [Medić 2015]. The main driver for this comes from the improvement of the 
sensor technology, miniature computers and electric power source or battery. 
Commercialization of technology enabled the unmanned aircrafts to become 
smaller and at the same time much more accessible. The adjective “smaller” or 
“small” refers to all aircrafts that can be carried and successfully managed by only 
one person. 

mailto:vcetl@geof.hr
mailto:gjurakic@geof.hr
mailto:mmadjer@geof.hr
mailto:htomic@geof.hr
mailto:tkliment@geof.hr
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Small unmanned aircrafts are the flying platforms equipped with numerous 
sensors and a small computer used to autonomously control their flight. The flight 
can be completely independent or guided by the operator. Today they occur in a 
large variety of shapes and sizes. The main division of small unmanned aircrafts is 
into so-called Fixed wing aircrafts and Multirotors or popularly known as drones 
[Figure 1.1]. 

 
Figure 1.1 Example of Multirotor (left) and Fixed wing aircraft (right) 

Small unmanned aircrafts have found their application in many military and 
civilian tasks. Some of these include finding and rescuing injured people, controlling 
certain areas (e.g. the state border), accessing dangerous areas without endangering 
human lives (crew) and many other purposes. The application can also be found in 
many engineering fields including the engineering surveying and geoinformatics. 
They are used primarily for aerial photogrammetric survey in different spectral 
bands and more recently for laser scanning from the air (i.e. Light detecting and 
ranging – LIDAR). In the near future their use in physical geodesy is also expected. 
The final products of such collected data are numerous. They are mostly used for 
making orthophoto maps, 3D models of objects, digital elevation model, control and 
inspection of various structures and the development of multipurpose maps. The 
potential of unmanned aircraft in various fields of geodesy is huge and probably only 
the “sky is the limit”. 

Apart from all the positive and useful things and benefits, expanding the 
civilian use of unmanned aircrafts is unfortunately followed by many risks [Nikolić 
2015]. So far, the illegal use of unmanned aircrafts that have endangered human 
lives and that were not in compliance with certain regulations, such as the Law on 
Protection of Personal Data, is reported around the world. One of the bad examples 
of the illegal use which even turned to a political incident, was the one during the 
football match between Serbia and Albania in 2014. During the match an unmanned 
aircraft appeared carrying a flag of “Greater Albania”, which was the trigger for the 
riot among the players and fans. A very recent one happened when Austrian skier 
Marcel Hirscher was nearly hit by a falling drone camera in the World Cup slalom 
2015. There are many similar examples around the world. An additional fact that 
helps the illegal use is the purchase of unmanned aircrafts which has nowadays 
become much simpler and cheaper. In many countries these facts initiated 
development of legal regulations in the field of use of the UAS. The next chapter 
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provides an overview of the regulations on national, regional and international 
levels. 

2. Current UAS Regulations 

The unmanned aircraft system, as quite a new component of the civil aviation 
branch, is constituting a rapidly evolving sector. Due to the progressive 
development of the UAS and their integration into the civil airspace, there is an 
urgent need to regulate their use. UAS sector has huge potential for growth which 
could only be unleashed if an appropriate regulatory framework is established. The 
regulatory framework is being developed at three different levels –international, 
regional and national [Table 2.1]. 

Table 2.1 Civil aviation regulatory authorities 
 International  International Civil Aviation Organization 
 Regional (European Union)  European Aviation Safety Agency  
 National (Croatia)  Croatian Civil Aviation Agency 

2.1. UAS regulation at the international level 

The International Civil Aviation Organization (ICAO) as the civil aviation 
regulatory authority operates at the international level. It is a specialized agency of 
the United Nations, established in 1944 upon the signing of the Convention on 
International Civil Aviation. The ICAO’s main aims are to codify the principles and 
techniques of the international air navigation and foster the planning and 
development of the international air transport to ensure safe and orderly growth of 
the international civil aviation throughout the world [OG 69/2009]. 

All UAS, regardless of size, are subject to the provisions of Article 8 of the 
Convention, according to which an aircraft capable of being flown without a pilot 
will not be flown without a pilot over the territory of a contracting state and without 
having a special authorization by that state and in accordance with the terms of the 
authorization. Each contracting state is obligated to ensure that the flight of the 
aircraft without a pilot in regions open to civil aircrafts, is controlled in a manner to 
obviate a possible danger to civil aircrafts [ICAO 2011]. 

The ICAO has recognized the need to change the existing regulations and has 
started providing the fundamental international regulatory framework for UAS. In 
the period 2016-2018, the ICAO intends to introduce standards and recommended 
practices with supporting procedures for air navigation and the guidance material 
for UAS, covering aircraft, users, patenting, sense and avoid, communication and air 
traffic control regulations [URL 1]. 

2.2. UAS regulation at the regional level 

The European Aviation Safety Agency (EASA) is an agency of the European 
Union (EU) with regulatory and executive tasks in the field of civilian aviation safety 
and environmental protection. EASA develops common rules and basic standards at 
the European level and monitors their implementation [URL 2]. As an EU member 
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state, the Republic of Croatia has the obligation to complete harmonization of the 
national legislation in the air traffic field with the legislation systems on the 
European level. 

EU Regulation 216/2008 of the European Parliament and of the European 
Council provides that EASA is responsible for civil UAS with an operating mass over 
150 kg, leaving the use of UAS with an operating mass below 150 kg and model 
aircraft as the responsibility of the national aviation authorities of the EU members. 
However, as the use of drones has significantly grown in recent years, member 
states had to react quickly, potentially leading to a fragmented market. In order to 
enable the creation of the European single market for UAS, EASA has been tasked by 
the European Commission to develop a set of common European safety rules for 
operating UAS regardless of their weight [EC 2014]. 

In December 2015 EASA published Technical Opinion on the operation of UAS. 
This opinion lays down the foundation for all future work for the development of 
rules and the guidance material. It serves as a guidance for member states that have 
no rules or a plan for UAS to modify their existing ones to basically ensure the 
consistency with the intent of the future EU rules. 

 
Figure 2.1 UAS operation category according to the EASA Technical Opinion 

The opinion includes 27 concrete proposals for a regulatory framework for low 
risk operations of all UAS irrespective of their mass. It establishes 3 categories of 
operation [Figure 2.1]: ‘Open’, ‘Specific’ and ‘Certified’ with different safety 
requirements for each, proportionate to the risk [EASA 2015]. 

In 2016 and 2017 EASA intends to develop new rules or amend existing ones 
within the framework described in the Technical Opinion. 
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2.3. UAS regulation at the national level 

The Croatian Civil Aviation Agency (CCAA) is a competent Croatian authority 
in the field of civil aviation. It is responsible for operating UAS with mass up to and 
including 150 kg, as well as for model aircraft. 

UAS flight operations and model flying in the Republic of Croatia are regulated 
by UAS Ordinance [OG 49/2015]. In accordance with this Ordinance, UAS flight 
operations may be carried out by physical and legal persons who, depending on the 
risk intended operations posed to the area of operation, either declared regulatory 
compliance to CCAA or obtained CCAA authorisation to conduct such operations. 
Besides being registered, UAS operators are subject to the CCAA monitoring with 
the aim of determination of flight operations regulatory compliance [URL 3]. 

This Ordinance does not apply to UAS when they are used for state activity, 
when they cannot achieve kinetic energy greater than 79 Joules, or when they are 
used indoors. The concept of the Ordinance is shown in figure 2.2. 

 
Figure 2.2 The concept of the UAS Ordinance 

The Ordinance classifies unmanned aircrafts into three weight categories: 
class 5 (up to 5 kg), class 25 (from 5 up to 25 kg) and class 150 (from 25 up to and 
including 150 kg).  

In relation to the level of construction, population density and the presence of 
people, areas of performing UAS flight operations are divided into four classes: 

• Class I – the area without buildings and people 
• Class II – the area with outbuildings and no people 
• Class III – the area with buildings intended for residential, business or 

recreation purposes and no people 
• Class IV – the urban area. 

According to a risk-based approach, the UAS flight operations are categorized 
into four groups: A, B, C and D [Table 2.2]. 
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Table 2.2 Flight operations category 

UAS Class 
(Operating mass – 

OM) 

Areas of performing UAS flight operations 
I 

Unbuilt areas  
II 

Built unpopulated 
area  

III 
Populated area  

IV 
Densely 

populated area 

5 
OM < 5 kg A A B C 

25 
5 ≤ OM < 25 kg A B C D 

150 
25 ≤ OM ≤ 150 kg B C D D 

 
The UAS handler must ensure that the flight of unmanned aircraft is carried 

out in a way that does not present danger to life, health or property of people due to 
shock or loss of control of an unmanned aircraft and that it does not endanger or 
interfere with public order. While performing the flight operations, the UAS handler 
is expected to have the documents listed in the table 2.3 available for the inspection. 

Table 2.3 Documents required during UAS flight operations 
Flight operations category 

A B C D 
Flight manual or instructions for use  

Approval for UAS flight operations 
Insurance policy 

UAS operator declaration 
or medical certificate of good health 

Medical certificate of good health 
 

UAS operator declaration 
or pilot license or certificate of successfully 
passed theoretical exam  

Pilot license or certificate of successfully 
passed theoretical exam  

Proof of qualification for performing UAS flight operations  
 Operating manual  

 
To obtain the approval of the CCAA to perform UAS flight operations, the owner 

or the operator of the UAS must comply with the safety requirements set out by the 
CCAA. Obtaining other necessary approvals and permits are not subject to the 
Ordinance on UAS [CCAA 2015]. 

Aerial photography or recording in the Republic of Croatia is regulated by the 
Regulation on defense [OG 73/2013] and the Regulation on recording from the air 
[OG 130/2012]. 

The regulation on recording from the air lays down the conditions under which 
it is possible to take aerial photographs of land areas or territorial waters of the 
Republic of Croatia. It also regulates the conditions under which aerial photographs 
may be recorded, distributed and published to the public. 

Recording from the air is allowed only to physical and legal persons who are 
registered for aerial photography at the commercial court in the Republic of Croatia. 
The aircraft operator must have a valid certificate for the aerial work issued by the 
CCAA. 
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Furthermore, domestic physical and legal persons may record from the air 
only after obtaining approval for the processing of aerial photographs issued by the 
Croatian State Geodetic Administration (SGA) for each individual record, while 
those international must obtain the prior approval from the Ministry of defense.  

After recording and before the use, aerial photographs or recorded material 
need to be submitted for review to the SGA no later than eight days after the end of 
recording. In case the recording is cancelled, the client must inform the SGA 
accordingly. 

The SGA and the Ministry of defense will establish a Commission to examine 
the recorded material and determine whether the recordings may be used in 
accordance with the submitted request. Pursuant to the conclusion of the 
Commission, the SGA issues the approval to use the recordings. 

Reproduction, publication and taking recorded material out of the Republic of 
Croatia is allowed only after obtaining the approval of the SGA. 

3. Restrictions 

Based on previous experience in the application of regulations, operators of 
UAS have the most objections to the general conditions of flying the unmanned 
aircrafts as defined in Article 11 of the Ordinance on UAS. 

According to the Ordinance flights of the unmanned aircrafts should be carried 
out during the day, the unmanned aircraft must always be within the operator's line 
of sight at a distance of not more than 500 meters from the operator. During the 
flight, unmanned aircrafts should maintain a safe distance from people, animals, 
buildings, ground and other aerial vehicles, vessels, roads, railways, waterways or 
power lines. The distance must not be less than 30 meters, while the minimum 
distance from a group of people is 150 meters. It is particularly important that the 
flight of the unmanned aircrafts takes place outside of the controlled airspace and at 
a distance of at least 3 kilometres from the airport and its incoming or outgoing 
route. It should also be noted that during the flight of the unmanned aircrafts it is 
not allowed to drop any objects [OG 49/2015]. 

Safety of the air traffic is a top priority and therefore the justification for the 
above mentioned legal limits should not be brought into question. Nevertheless, it 
is possible to obtain the approval for almost all aforementioned restrictions. Thus, 
after submission of the proper request, the CCAA may issue the approval for flight 
operations at distances less than prescribed, at a distance greater than prescribed 
and out of the sight of the operator as well as approvals for the operations that 
include dropping the objects during the flight. Along with the application for such 
request, an acceptable assessment of risk for performing the flight operations by the 
unmanned aircraft systems needs to be submitted. 

Flight operations of unmanned aircrafts are also possible in the controlled 
airspace, but one must first obtain the written approval of the Croatian Air Traffic 
Control. Each activity which the written approval is given for, is additionally 
required to obtain the approval of the responsible air traffic control. In case of 
cancelling the planned activities for which the approval has been received, it is 
required that a notice of termination of the activities be sent. Currently, the Croatian 
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Air Traffic Control is in the process of finding solutions for flying the unmanned 
aircrafts within the controlled zones without having to ask for the approval for 
special use of the controlled airspace for each single flight. By the time this 
procedure will have been established, the requests will be granted only for 
commercial purpose flights [URL 4]. 

Perhaps less important, but certainly worth mentioning, is the limitation of the 
number of motors in unmanned aircrafts in the case of multicopters. According to 
technical requirements for flight operations, the number of motors directly 
determines the category of flight operations. At the same time, the standards and 
recommendations of ICAO as a global regulatory body, and EASA as a regional 
regulatory body, do not specify the number of motors as one of the conditions. 

Major problems that operators of UAS are facing with, is the slowness of the 
procedure for obtaining approvals for aerial surveying and slowness of the system 
of authorization of recorded material usage, both of which are regulated by the 
Regulation on recording from the air [OG 130/2012]. 

4. Conclusion 

Legal regulations following the UAS are undoubtedly necessary in order to 
guarantee security to the society and regulate the market regarding its production. 
In order to exploit the potential of unmanned aircrafts in surveying and other fields 
but equally to support their further development, it is necessary to modernize and 
simplify the existing regulations and harmonize them with the trends and needs of 
the market [Gašparović and Gajski 2015]. The trends are very clear and it is safe to 
say that the unmanned aircrafts will be more and more used in different areas. Some 
of the general benefits are their efficiency, cost-effectiveness, speed, easy access to 
the inaccessible areas without endangering people’s lives and others. Regulations 
should never be an obstacle or limitation but an incentive for the use of these 
modern technologies that greatly facilitate and speed up the surveying task and 
geoinformatics profession. Finding the right balance that will enable fast, safe and 
easy usage of unmanned aircrafts in surveying tasks is strongly needed. The usage 
for commercial purposes by professionals should be clearly distinguished from 
other kinds of usage (e.g. for fun). It is expected that the future European regulations 
will go in this direction. From the geodetic aspect, special focus should be put on the 
quality of the product due to the potential purposes for which it can be used: 
cadastre, spatial planning etc. 

At present in the Republic of Croatia, there are no obstacles for legal usage of 
unmanned aircraft systems for the purpose of surveying, though this is very often 
burdened by the administrative procedures with an uncertain outcome. The result 
is that the operators cannot deliver the requested product to parties within the 
agreed time. Thus in practice, surveyors very often fly and do the recordings without 
previously obtained approvals. This practice is certainly not good. It is therefore 
necessary to speed up and simplify the obtaining of all necessary permits and 
approvals for the flight operations as well as for the aerial surveying done by the 
UAS. 
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Sustavi bespilotnih zrakoplova – učinkovita uporaba 
ograničena zakonskom regulativom? 

Sažetak. U posljednjih nekoliko godina, s masovnom pojavom bespilotnih 
zrakoplova, svjedoci smo nove revolucije u geodetskoj struci. Potencijal sustava 
bespilotnih zrakoplova u različitim područjima geodezije je ogroman i vjerojatno je 
„samo nebo granica“. Ipak pojavljuju se slučajevi u kojima se sustavi bespilotnih 
zrakoplova koriste za ilegalne radnje, a što baca negativno svjetlo na njihovu 
uporabu. Većina zemalja pokrenula je zakonsku regulativu u području uporabe 
sustava bespilotnih zrakoplova. Trenutno je i na Europskoj razini u procesu 
donošenje direktive o sustavima bespilotnih zrakoplova. Pitanje koje se samo po 
sebi nameće je u kojoj mjeri zakonska regulativa ograničava uporabu sustava 
bespilotnih zrakoplova i koji je prihvatljivi balans? U ovom radu dan je pregled 
zakonske regulative kao i mogući odgovor na postavljeno pitanje. 

Ključne riječi: sustavi bespilotnih zrakoplova, uporaba, zakonska regulativa. 

*professional paper 
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Application of UAS for Spatial Data Acquisition 
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Abstract. In recent years, Unmanned Aircraft System (UAS) photogrammetry as 
spatial data collection method was developed. The method represents a 
combination of aerial and close-range terrestrial photogrammetry not as a 
substitution but as a supplement to the existing modern surveying data collection 
methods. Along with the development of microtechnology, IT systems as well as 
structure from motion (SFM) technique for photogrammetric data processing, 
economical, high resolution, spatial data acquisition in a short period of time were 
made possible. Thus, the field work, as well as the transferring of topographic survey 
and mapping to a virtual reality in the office have been significantly reduced. End 
products and documentation entail 3D models, point clouds, digital terrain models 
as well as high resolution digital orthophoto, which provides better and more equal 
position of surveying experts in the market. Their role in the analysis and 
interpretation of spatial data in GIS environment is also growing. This paper 
presents the usage of UASs with different platform constructions, and different 
types of digital cameras as sensors for data collection. The first example illustrates 
the use of a fixed wing UAS with RTK positioning system, autonomous navigation 
system and a digital, compact, non-professional camera in the project of lake coastal 
zone survey. The second case study is an example of how a rotary wing hexacopter 
with manual control and a professional high resolution digital SLR camera with 
interchangeable lenses can be applied as a platform for the purpose of field survey 
and digital recording of cultural heritage. The aim of the paper is to show the 
versatility of UAS photogrammetry for most of the tasks that have so far been 
reserved for traditional surveying methods. 

Keywords: 3D models, digital documentation, SFM, UAS photogrammetry. 

1. Introduction 

The development of computer technology, microchips and artificial 
intelligence has enabled the usage of UAS as a platform for Photogrammetry and 
Remote Sensing research. The integration of unmanned aircraft in the airspace 
represents a major step in the evolution of civil aviation entailing also greater 
responsibility and obligations. Today, this very popular topic has found its 
application in geodesy. Nowadays, we can find a large number of UASs as modern 
and relatively low-cost technology that makes the collecting of spatial data possible 
on a low budget. Progressive improvement of above mentioned system opens up 
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new markets, and thus sets geodetic experts in a new and better position in the 
market. The products generated from UAS photogrammetry, such as point clouds, 
high resolution digital surface models and orthophotos, photorealistic 3D models 
and 3D visualizations provide interdisciplinary cooperation for geodetic experts in 
the analysis and interpretation of spatial data as a part of the job. However, the 
surveyors are not the only users of these systems, but make only one part of the 
entire clientele. UASs are used today in surveying, archaeology, architecture, 
geology, mining, civil engineering. A large number of UASs is used for the purpose of 
making videos, search and rescue activities, tourism and marketing. All these users 
are subject to the same legislation. Although we cannot determine the exact number 
of UAS users, it can be assumed that there are several hundreds of them with only a 
very small number of registered users. According to the data of the Agency for Civil 
Aviation in the Republic of Croatia, we have today a total of 113 users registered 
[URL 1], and there were 37 applications for permits related to aerial photography 
submitted to the State Geodetic Administration ever since the regulations became 
applicable. It can thus be concluded that the majority of UASs is not registered, and 
assumed that most users do not submit a request for aerial photography. 

Unmanned aircraft is designed on the same technical principles as 
conventional aircraft taking into account the same laws of aerodynamics and 
mechanics of flight. The difference is that the control interface on the plane is 
replaced by an intelligent electronic system. UAV (Unmanned Aerial Vehicle) is a 
term that is often used in foreign professional publications meaning that the air 
vehicle is unmanned. This term is used as a part of a wider technological concept of 
unmanned vehicles, aircraft and submarine vessels [Bagaric 2006]. Referring to the 
shortcomings of previously used terminology, more and more professional and 
scientific publications have started to use the term UAS (Unmanned Aircraft 
System) lately that represents a set of technologies that complement each other and 
constitute a single system when performing tasks of collecting spatial data. UAS 
system consists of three basic components. The first component is the ground 
control station that receives feedback from the aircraft. The second component is 
the communication link that allows the operator to communicate with the aircraft 
and transmits commands. The third component is the aircraft as a platform 
containing other components such as autopilot and a sensor for recording images 
that are essential for the collection of spatial data. 

The classification of unmanned aircraft systems is very demanding. The 
classification system can be made based on various characteristics such as weight of 
the aircraft, drive type, the type of sensor, and capability of georeferencing. In the 
focus of this article, there are two unmanned aircraft systems that find their 
application in photogrammetry and remote sensing. Used unmanned aviation 
systems are classified in the category of micro system weighing less than 5 kg, fixed 
wing or multirotor, maximum range of 10 km, the altitude up to 300 m, equipped 
with an optical camera, and managed by the operator or the autopilot. Most 
commonly, it is the combination of all of the above mentioned, which gives greater 
flexibility in management options suitable in specific tasks [Colomina & Molina 
2014]. The aim of this paper is to demonstrate the possibility of using the said 
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system for the collection of spatial data for completely different purposes that have 
so far been reserved for traditional surveying methods. In this paper, we will take a 
look at two examples. The first example relates to a survey of one coastal area that 
was difficult to access due to terrain configuration and, therefore, very demanding 
for surveying by means of classical geodetic methods. Geospatial data of that coastal 
area could be collected by using classical aerial photogrammetry, however, the scale 
and position of the platform relative to the object makes it unsuitable for surveying. 
In addition to classical photogrammetry, such coastal areas can be surveyed using 
airborne laser scanning which is, considering its characteristics, more suitable for 
capturing coastal area data [Brock & Purkis 2009]. The main disadvantage of the 
mentioned methods is related to high costs of survey. On the other hand, 
photogrammetry using unmanned aircraft system imposes itself as a suitable 
method for measuring coastal areas where we can get an accurate spatial data of 
high resolution with relatively low-cost systems, especially when compared with 
traditionally aerial photogrammetry and airborne laser scanning. It is important to 
note that the method of UAS photogrammetry is not a replacement but a supplement 
to the existing photogrammetric methods. Although the survey is performed from 
the air, UAS photogrammetry is a combination of terrestrial and aerial 
photogrammetry. UAS photogrammetry enables survey from the basis that provides 
a 3D reconstruction of a series of sets of overlapping images without prior 
knowledge of camera’s external parameters, i.e. position and orientation, using SFM 
(Structure From Motion) method.  

2. UAS photogrammetry field survey 

2.1. Caste study 1: The Lake Jarun 

For a few years now, the students of the Faculty have been performing field 
surveys in the Sport and Recreation Centre (SRC) Jarun. The field exercises 
consisted of surveying the lake (bottom of lake) and its coastal area using different 
geodetic and hydrographic methods. Over the years, the changes in topography of 
the coastal area as well as the changes in configuration of the bottom of the lake in 
the coastal zone have been noticed. Because of the weather conditions over the 
years, with particular emphasis on extreme values that have occurred in recent 
years (melting of snow cover, frequent precipitations, floods), as well as poor 
maintenance of SRC Jarun, the areas of the coastal area suffered the erosion related 
degradation [Figure 2.1]. 

Field measurements of the coastal area by means of classic geodetic methods 
are very demanding because of difficult terrain conditions. Moreover, the lake 
covers the area of 150 ha, so direct measurement with classical surveying methods 
would last several days. On the other hand, UAS photogrammetry provides much 
shorter survey time, especially when using UAS with a RTK positioning option 
[Stempfhuber 2013]. It also reduces the time of field works as installation of ground 
control points on areas difficult to access, can now be avoided. However, it is 
advisable to set up points that serve as redundant measurements. The final result of 
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the processing of such measurements is a digital terrain model with complete 
coverage of the coastal area and the bottom of the lake. 

 
Figure 2.1 Flooding and erosion of the lake 

Prior to the beginning of the field survey, the permission from the Civil 
Aviation Agency was required, as well as the permission for shooting from the air in 
the area of SRC Jarun that had to be submitted by the State Geodetic Administration. 
Furthermore, since the survey is performed in a controlled air traffic area, it was 
necessary to report the flight to the Croatian Air Traffic Control. According to the 
Regulations for unmanned aerial systems, the flight has to be conducted within the 
flight operator field of vision not greater than 500 meters from the operator. For the 
approval of flights deviating from the conditions specified in the Regulations, i.e. 
greater distances and not constantly in operator’s field of vision, an additional 
request has to be made accompanied by the risk assessment documentation for the 
planned flight. 

After obtaining all the necessary documents, field operations can commence. 
Within the scope of the field exercises in "Marine Geodesy" that were held in 
September 2015, the students, collected hydrographic data about the lake using 
multibeam echo sounder, and topographic data of coastal areas using UAS 
photogrammetry. During the mission, 749 well distributed with 70% longitudinal 
and lateral overlap aerial images were collected that were used for generating a 
point cloud, digital orthophoto and digital surface model of the area [Figure 2.2]. 
From subsequent processing of point cloud data, consisting of data classification, a 
digital terrain model was generated. 
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Figure 2.2 a) point cloud b) DSM c) DOF 

The spatial data of the coastal area having a 4 cm resolution was obtained in 
under three days. Compared with the conventional surveying methods, UAV 
photogrammetry is significantly more time saving and costs reductive. 

2.2. Caste study 2: Sculpture on the bridge 

Cultural heritage is of great importance in preserving the culture and identity 
of the nation, and its preservation is emerging as a very important issue. Due to the 
historical importance of cultural heritage, its documentation is very important 
primarily because of the exposure to external influences and the resulting 
devastation. The development of UAS has enabled the application of relatively 
inexpensive methods to collect spatial data for the documentation needed in the 
protection of cultural heritage. 

 
Figure 3.3 Field work with hexacopter 

It should be noted that the field work carried out in March 2015 was done at 
the time when the rules on the use of unmanned aircraft systems were still not in 
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force, so there was no need to apply for recording permits. In addition, it is 
important to note that the currently applicable legislation does not allow recording 
with unmanned aircraft system that has a camera. Within the scope of their work on 
the Rector’s award paper, the students from the Faculty of Geodesy, tested the 
possibility of using UAS in cultural heritage documentation and apart from the 
bridge itself, they made a detailed survey of the four sculptures found on the bridge. 
In the field survey, a multirotor hexacopter was used. In special cases like these, two 
operators are needed during the survey with one of them operating the aircraft and 
the other controlling the camera making sure it is facing the object. During the 
survey, about 300 well distributed images with 90% overlap were collected for each 
sculpture based on which a 1 mm resolution point cloud and photorealistic 3D 
model were produced. 

 
Figure 2.4 3D model of sculpture 

This example shows the possibility of using UAV photogrammetry for 
surveying and documenting cultural heritage. Unlike the common method that 
requires the transport of the sculpture to be recorded, or stopping the traffic on the 
bridge when shooting on the location, the UAV photogrammetry allows the survey 
to be done in a relatively short period of time without affecting other users of the 
bridge. The resulting 3D model [Figure 2.4] is a digital documentation that can be 
used for various purposes such as restoration. Furthermore, it serves as the 
protection of cultural property in the event of devastation. 
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3. Comparison of the UAV characteristics and camera sensors  

The previous chapter described basic characteristics of field activities during 
UAS survey. This section will compare the data and show that UAS can be used for 
many different spatial data acquisition purposes in geomatics. SRC Jarun covers the 
area of about 150 ha including its coastal zone. Given the size of the area, an 
acceptable UAS survey option is to use a fixed wing system, although this mission 
could be done using a rotary wing system. The main advantage of a fixed wing 
system is its autonomy. Thus, the mentioned area was surveyed from two flights 
during an 80-minute mission, while a multirotor mission would take about 180 
minutes. With the increase in mission time, the risk of accident also increases Unlike 
Jarun, the sculptures occupy a much smaller area of about 0.2 ha. In addition, it is 
important to note that the orientation of camera during Jarun survey was in aerial 
or nadir view, while sculpture survey was in free flight mode with oblique 
orientation of the camera. Since the fixed wing aircraft is not equipped with a gimbal 
to rotate the camera in a free position, it is not suitable for capturing oblique images. 
The main features of the used unmanned aircrafts as platforms for UAS 
photogrammetry and the sensors they carried having the greatest influence on the 
quality of obtained data, can be seen in the table below. 

Table 3.1 Comparison of the main UAS and camera characteristics 
Type of construction Fixed wing Multirotor 

Manufacture Sensefly Mikrokopter 

Weight with camera 0.73 kg 3.6 kg 

Air speed 11-25 m/s 3-12 m/s 

Flying autonomy 40 min 15 min 

Number of engines 1 6 

Autopilot yes Yes 

Navigation Auto/manual Auto/manual 

Positioning RTK PPK 

Camera manufacturer Sony Nikon 

Camera model DSC-WX220 D800 

Camera design Ultracompact Mid-size 

Sensor type BSI-CMOS CMOS 

Dimensions of sensor  6.17 x 4.55 mm 35.9 x 24 mm 

Resolution of sensor 4896 x 3672 7360 x 4912 

 
It can be concluded from the table that the fixed wing has greater autonomy of 

flight and can survey greater areas. The biggest drawback is the limitation of data 
quality due to the quality of the camera used. On the other hand, a hexacopter can 
use any camera, but the main drawback is the autonomy of flight. 

4. Conclusion 

UAS photogrammetry is a relatively new method of collecting spatial data for 
surveying purposes. This paper shows that the UAS photogrammetry can be used 
for a lot of different surveying tasks. It does not mean that it can be used for all types 
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of surveying but it is applicable for the most of them. It is very important to know 
the advantages and disadvantages of each system and used sensor in order to 
optimize the planned mission. It is also important to respect the rules and laws. UAV 
photogrammetry is not a replacement but a supplement to the existing 
photogrammetric and geodetic methods. The end products of point clouds, digital 
terrain models and orthophoto images of high resolution put geodetic experts in a 
better and more equal position in the multidisciplinary approach of analysis and 
interpretation of spatial data. The main advantage of this method is better resolution 
of spatial information and at the same time the reduction of time and labour costs. 
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Primjena bespilotnih zrakoplova za prikupljanje 
prostornih podataka 

Sažetak. U posljednjih nekoliko godina razvijena je fotogrametrijska metoda 
prikupljanja prostornih podataka pomoću bespilotnog zrakoplova. Navedena 
metoda predstavlja kombinaciju zračne i terestričke fotogrametrije te ne 
predstavlja zamjenu postojećim već nadopunu suvremenim geodetskim metodama 
prikupljanja podataka. Razvojem mikrotehnologije, računalnih sustava kao i 
Structure from Motion (SFM) tehnike za obradu fotogrametrijskih snimaka 
omogućeno je ekonomično dobivanje prostornih podataka sa visokom razinom 
detalja u relativno kratkom vremenskom periodu. Time se skraćuje vrijeme i opseg 
terenskih aktivnosti, a topografska izmjera i mapiranje izvode se virtualno na 
računalu u uredu. Krajnje produkte i dokumentaciju obrađenih podataka 
sačinjavaju 3D modeli, oblaci točaka, digitalni modeli reljefa kao i digitalni ortofoto 
snimci visoke rezolucije, što sve stavlja geodetskog stručnjaka u bolji i ravnopravniji 
položaj na tržištu. Također, povećava im se uloga u analizi i interpretaciji prostornih 
podataka u GIS okruženju. U ovom radu prikazana je primjena bespilotnih 
zrakoplova sa različitim izvedbama platforme za snimanje te različitim digitalnim 
kamerama kao senzorima za prikupljanje snimaka. U prvom primjeru prikaza je 
primjena bespilotnog zrakoplova sa fiksnim krilima, RTK sustavom pozicioniranja, 
autonomnim sustavom navigacije i digitalnom, kompaktnom, amaterskom 
kamerom za potrebe snimanja obalnog pojasa jezera. U drugom primjeru prikazana 
je upotreba bespilotnog heksakoptera sa ručnim upravljanjem i profesionalnom 
digitalnom SLR kamerom visoke rezolucije sa izmjenjivim objektivom kao platforme 
za potrebe terenskog snimanja i digitalnog dokumentiranja kulturne baštine. 

Ključne riječi: 3D modeli, digitalna dokumentacija, SFM, UAV fotogrametrija 
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Abstract. Landslides are a worldwide phenomenon that can have a strong economic 
impact on the infrastructure objects and sometimes tragically result in fatalities. 
There are many factors that can make an area prone to a landslide, like drainage and 
removal of vegetation that can be controlled, as well as some other factors such as 
topography and slope material that is difficult to control. Accessing and mapping 
such locations can be dangerous and unapproachable. Unmanned Aerial Vehicle 
(UAV), commonly known as “drone” is a remotely piloted aircraft that can be used 
to collect series of high resolution images from which it is possible to create Digital 
Terrain Model (DTM) of a landslide. By using such models, it is possible to generate 
volumes, areas, cross sections and contour lines in a very short time. This paper 
gives an overview of a modern remote sensing method using Unmanned Aerial 
Vehicle DJI Phantom 2 Vison+ and Pix4Dmapper software on a landslide which 
occurred on the rail notch Doljan in km 80+830, railway track R201 Zaprešić – 
Čakovec between railway stations Novi Marof – Turčin. 

Keywords: Digital Terrain Model, andslide, Phantom 2 Vison+, Pix4Dmapper, 
Unmanned Aerial Vehicle. 

1. Introduction 

A landslide is defined as "the movement of a mass of rock, debris, or earth 
down a slope" [Cruden 1991]. Landslides are a type of "mass wasting" that denotes 
any down-slope movement of soil and rock under the direct influence of gravity. The 
term "landslide" encompasses five modes of slope movement: falls, topples, slides, 
spreads, and flows [Figure 1.1]. These are further subdivided by the type of geologic 
material (bedrock, debris, or earth). 

Almost every landslide has multiple causes. A slope movement occurs when 
forces acting down-slope (mainly due to gravity) exceed the strength of the earth 
materials that compose the slope. Causes include factors that increase the effects of 
down-slope forces and factors that contribute to low or reduced strength. 
Landslides can be initiated in slopes already on the verge of movement by rainfall, 
snowmelt, changes in water level, stream erosion, changes in ground water, 
earthquakes, volcanic activity, disturbance by human activities, or any combination 
of these factors. Earthquake shaking and other factors can also induce landslides 
underwater. These landslides are called submarine landslides and sometimes cause 
tsunamis that damage coastal areas.  
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Landslides can move slowly, (millimeters per year) or can move quickly and 
disastrously, as is the case with debris flows. Debris flows can travel down a hillside 
at speeds up to 320 kilometers per hour (more commonly, 50 – 80 kilometers per 
hour), depending on the slope angle, water content, volume of debris, and on type 
of earth and debris in the flow. These flows are initiated by heavy, usually sustained 
periods of rainfall, but sometimes can happen as a result of short bursts of 
concentrated rainfall or other factors in susceptible areas. Burned areas charred by 
wildfires are particularly susceptible to debris flows, given certain soil 
characteristics and slope conditions [URL 1]. 

 
Figure 1.1 Types of landslides: (1) fall, (2) topple,(3) a slide,(4) a spread, (5) a flow 

1.1. Landslides in Croatia 

General geological conditions in Croatia are complex. There are three main 
macro regions that can be distinguished from the aspect of engineering geological 
conditions and mass movements: (I) the Pannonian depression where mass 
movements occur in soils, (II) the Karst area where mass movements occur in rocks 
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(rock falls) and (III) Adriatic coast and islands where mass movements occur in soils 
and rocks. [Jurak et al. 1996]. Typical landslide models for each region are shown in 
[Figure 1.2]. According to the available data most of the landslides occur in soils and 
clayey materials of macro region I1–I3. The karst area of macro region II covers the 
mountainous area of Croatia where carbonate rocks are dominant with rock falls. 
Flysch is typical for macro region III1 and III2 in which badlands can be formed 
(especially in III2). 

 
Figure 1.2 Division of Croatia into macro regions by typical model of mass movement: (I) 

the Pannonian depression, (II) the Karst area and (III) the Adriatic coast and islands 

The Classified European Landslide Susceptibility map v1.0 (ELSUS1000, 1 × 1 
km resolution) covers 26 EU member states, Norway and Switzerland as well as the 
non-EU Balkan countries. The European landslide susceptibility map represents the 
spatial likelihood of landslide occurrence in five classes: very low, low, moderate, 
high and very high, as a 1 km raster data set. Croatian territory was also analyzed 
within ELSUS1000 and it was evaluated, reviewed, updated and improved with 
regional data sets. Since there is no uniform landslide inventory for the whole 
territory of Croatia, experience and knowledge of experts about characteristic 
landslide occurrences for each region were taken into consideration and as a result 
Landslide susceptibility map of Croatia (LSMC) was created. 

The comparison of existing ELSUS map with LSMC [Figure 1.3] displays slight 
overrating of the landslide susceptibility in Croatian territory by ELSUS. Besides 
that, the resulting LSMC map is considered to have more appropriate locations of 
highly susceptible areas that are not exclusively related to the steepest slopes and 
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areas with unfavorable climate. The LSMC map can be considered as a second-
approach landslide susceptibility map. 

With every further step (analysis) the existing landslide susceptibility map 
must be improved and must become more reliable, accurate and detailed in scale. 
Next step in this direction could be usage of regional models for landslides within 
Croatia in map development. The final goal for the future, is the development of 
landslide susceptibility maps that can be used with great confidence in civil 
engineering and urban planning. To achieve this, priority should be on the 
development of a landslide inventory for the whole territory of Croatia. These data 
could then be used to analyze landslide susceptibility, hazard and risk [Podolszki et 
al. 2015]. 

Figure 1.3 Landslide susceptibility map of Croatia: (a) according to ELSUS and (b) according 
to LSMC 

2. Pix4D 

Pix4D was founded in 2011 in Switzerland [URL 2]. The purpose of the newly 
formed company was to make software that would provide a professional tool for 
processing data obtained by using unmanned aircrafts. It started as a spin-off 
company and the EPFL (Ecole Polytechnique Federale de Lausanne) Computer 
Vision Laboratory in Switzerland [URL 3] which is one of the two Federal Institutes 
of Technology. Pix4D is a growing company in collaboration with partners from 
industry and science involved in many research projects supported by the Swiss 
government. The company headquarters is now located in Switzerland, and it also 
has offices in the United States and China. 

2.1. Pix4Dmapper 

Pix4Dmapper is the software that automatically processes the images that 
were taken from the air using unmanned aircraft, or from the ground with digital 
camera. It uses technology that works on the principle of recognizing the image 
content (pixels) in order to make a complete 3D model of the subject [Figure 2.1]. 
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The software is completely adaptable to all types of cameras and image processing 
results can be converted and used by any GIS or CAD applications. 

Pix4Dmapper can be used in many different branches of industry and science, 
such as mining, agriculture, geodesy, civil engineering, management of natural 
resources and emergency services, and allows the following: 

• line and polyline measurement (break lines), making longitudinal and cross 
sections, contour drawing, measuring areas and volumes directly in the 
model and their export to other different formats 

• generating 3D point cloud, true orthomosaic and orthophoto maps, 3D 
textured models, DSM (Digital Surface Model), NDVI Maps (normalized 
difference vegetation index) from vertical and oblique aerial or terrestrial 
photos 

• it uses a fully automated flow of data processing and calibration of each 
photo in order to achieve a satisfactory level of accuracy, but also the "Rapid 
Check mode" for checking the quality of recording directly on the field. 

Figure 2.1 Pix4Dmapper user interface 

3. DJI Phantom 2 Vision+ 

Company DJI [URL 4] is one of the global leaders in the development and 
production of simple to use and reliable small unmanned aircraft for commercial 
use and recreation. The company has more than 500 employees and is one among 
the largest in the market.  

Model Phantom 2 Vision+ is one of the top sellers, most simple and very easy 
to use. Unfortunately, its production has been terminated, but was replaced with 
newer versions like Phantom 3 and Phantom 4, while technology and other 
operating principles on new drones remains the same or slightly enhanced. 

This UAV (unmanned aerial vehicle) has four propellers (quadcopter) and is 
equipped with a camera attached to the bottom that can record high-resolution 
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images or high-definition video [Figure 3.1(a)]. It also comes with many other 
features for recording digital imagery. A user can control the device using a remote 
control connected to almost every smartphone, where live video from the drone’s 
camera can be streamed. By using images supplied to the smartphone, pilots can 
navigate the drone even when it is out of a direct line of sight. 

Phantom 2 Vision+ features a stabilized camera mount called a gimbal [Figure 
3.1(b)]. Motors on each of its three axes allow the camera to remain steady as the 
drone moves. For example, if the drone rolls clockwise, the gimbal automatically 
rotates the camera a corresponding amount counterclockwise to help produce a 
smooth photo or video. 

Figure 3.1 (a) & (b) Parts of DJI Phantom 2 Vison+ 

4. Mapping notch Doljan landslide with Phantom 2 Vision+ 

Notch Doljan is situated in km 80+830, railway track R201 Zaprešić – Čakovec 
between railway stations Novi Marof – Turčin. The instability in the form of the 
landslide occurred on the right side of the notch. The section of this railway track is 
situated for the most of its length in distinctly mountainous area and in different 
elevations, mainly in unfavourable characteristics of the soil (marl-clay) [Figure 
4.1]. The purpose of the project was to develop a remediation and reparation design 
in this location that would ensure permanent stability of the notch. 
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Figure 4.1 Picture of landslide taken from DJI Phantom 2 Vison+ 

Collection of 3D data by conventional surveying methods in special cases can 
be quite time-consuming, and even dangerous for the field operator. Steep locations 
like embankments and cuts, vertical notches and locations where potential 
landslides or mudslides are could be given as an example. In such locations, visual 
inspection of the terrain as geodetic data collection by classical methods, can result 
in incomplete and insufficiently detailed display of the terrain. 

The use of drones in these locations can greatly complement, enhance and even 
completely replace the classical methods of mapping, determining the volumes, 
cross-sections, contours and other parameters that are necessary for the 
remediation of such locations. 

Upon the arrival at the field it is not required to approach the hazardous 
location, but come to a safe proximity and send unmanned aircraft (with a pre-
programmed flight or manually guided) to collect the data needed for quality and 
correct visualization and interpretation. 

4.1. Field work 

The first step upon the arrival at the location is to prepare the autonomous 
flight of the aircraft, which is done by connecting a smartphone with the drone 
through wireless connection, and upload the map of the location to the smartphone. 
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Figure 4.2 Loaded map on a smartphone or tablet 

To prepare autonomous flight it is needed to set up dimensions of the mapping 
area, flight orientation and altitude as well as drone airspeed. With these certain 
parameters defined in application Pix4Dcapture for smartphones [URL 5], 
autonomous flight can start and the application is automatically generating the flight 
plan, and the positions at which the camera will take photos [Figure 4.2]. With this 
kind of set up a drone is ready to take flight which is done with a push of a button. 

When taking pictures from air is done, drone returns to the position from 
where it started (home point). Upon returning, downloading of geocoded photos 
and all necessary parameters needed for orientation of images as they were at the 
time of exposure on the smart phone or tablet computer, begins. 

4.2. Office work 

By uploading the geocoded images taken from air in Pix4Dmapper, flight path 
and the position of each photo that was taken [Figure 4.3] are displayed. 

Photo processing, generating point cloud and orthophoto map take place 
automatically by SFM algorithm (Structure From Motion) by Pix4Dmapper. 
Depending on the power of the processor and graphics performance of a computer, 
after some time the software generates orthophoto map and Digital Surface Model 
(DSM) [Figure 4.4], and 3D view of the terrain in the form of a point cloud [Figure 
4.5] 
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Figure 4.3 Flight plan and positions where images were taken 

 
Figure 4.4 Ortophoto map and Digital Surface Model (DSM) generated by Pix4Dmapper 

from photos taken from air 

 
Figure 4.5 Point cloud generated by Pix4Dmapper from photos taken from air 
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The result of this way generated point cloud and orthophoto maps is their full 
measurability. This allows us to produce longitudinal and cross sections [Figure 4.6], 
contour drawing, measuring areas and volumes directly in the point cloud model, 
[Figure 4.7] and their export to other different CAD format (Computer Added 
Design) that are used in most professions related for mapping and design. 

 
Figure 4.6 Cross section generated in Pix4Dmapper 

 
Figure 4.7 Volume generated in Pix4Dmapper 
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5. Conclusion 

In the above presented case of landslide mapping with DJI Phantom 2 Vision+ 
and data processing with Pix4D, it has been shown that low-cost UAVs can deliver 
high-resolution remote sensing data on landslides that are increasingly appearing 
in Croatia. Compared to conventional classical methods for mapping landslide 
locations, new technologies and software can save a lot of time and money especially 
when the area of interest is hazardous and dangerous. 

The application of unmanned aerial vehicles is in many scientific and research 
fields of study like remote sensing, civil engineering, archeology, transport, search 
and rescue etc. It can be easily adjusted to user needs and can be equipped with 
different types of sensors like Infrared camera or gas detector. 

However, regardless of all advantages for mapping, UAVs have some 
disadvantages. They can’t be used for measurement in all weather conditions 
(strong wind, rain), in case of the fall or damage they can cost a lot of money, in case 
of bad controlling UAV can crash which can endanger in casualties. 
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Primjena bespilotnoga zrakoplovnog sustava za 
kartiranje klizišta 

Sažetak. Klizišta su svjetski fenomen koji mogu imati snažan ekonomski utjecaj na 
infrastrukturne objekte, a ponekad i tragično rezultirati s ljudskim žrtvama. Postoji 
puno faktora koji utječu na klizanje terena, a neki od njih su sustav odvodnje ili 
uklanjanje vegetacije, koji se mogu kontrolirati, ali i drugi koji se ne mogu 
kontrolirati kao npr. lokacija, nagib terena i sastav tla. Nepristupačnost i kartiranje 
takvog terena često može biti vrlo opasan, skup i dugotrajan. Uporabom bespilotnih 
zrakoplovnih sustava (engl. UAV – Unmanned Aerial Vehicle) koji se koriste za 
prikupljanje fotografija visokih rezolucija mogu se fotogrametrijskim postupcima 
izraditi digitalni modeli terena (engl. DTM – Digital Terrain Model) klizišta. U vrlo 
kratkom vremenu na takvim modelima terena moguće je generirati volumen, 
površinu, slojnice, poprečne i uzdužne presjeke. U ovom radu dan je primjer 
suvremenog daljinskog kartiranja klizišta pomoću bespilotnog zrakoplovnog 
sustava DJI Phantom 2 Vision+, te Pix4Dmapper programskog paketa na 
željezničkoj pruzi R201 Zaprešić – Čakovec između kolodvora Novi Marof – Turčin 
na kilometru 80+300. 

Ključne riječi: bespilotni zrakoplovni sustav, digitalni model terena, klizište, 
Phantom 2 Vision+, Pix4Dmapper. 

*professional paper 
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Abstract. The development and price reduction of unmanned aerial systems enables 
their wider use. Using unmanned aerial systems the Earth' surface and objects on it 
can be documented from new perspectives, simpler, quicker and with better quality. 
Also, the development of computers and automatic correlation algorithms has 
enabled the automatic acquisition of large amounts of data per unit time. Drones are 
equipped with technology that has been used in geodesy for years, e.g. camera, GPS, 
INS and, of course, the RF device to transmit signals to Earth. Such aircrafts can be 
controlled from the ground by the operator or it can be completely autonomous and 
do the survey automatically after a predefined flight plan. This method is extremely 
useful for documenting large areas or longer linear objects like bridges, 
embankments, buildings etc. Choosing a predefined path allows photogrammetric 
survey in the constant scale, which guarantees constant measurement accuracy. It 
is necessary to modernize the existing regulations and to harmonize the legislation 
with the trends and the market needs, so that this new area of geodesy could develop 
accordingly. Also, it is important to clearly define the required accuracy and the 
quality of data for both, licensed engineers and end users alike. 

Keywords: engineering geodesy, legal frameworks, photogrammetry, unmanned 
aerial systems. 

1. Introduction 

Today we are witnessing the growing use of unmanned aerial 
photogrammetric aircrafts for the measuring purposes. These types of aircrafts 
represent an ideal platform for a variety of tasks. Unmanned aircrafts due to their 
construction solutions and flexibility solve capturing problems such as large area 
capturing or capturing of high buildings otherwise inaccessible for terrestrial 
survey. The flexibility of photogrammetric surveying methods along with choosing 
the adequate cameras and lenses, result in adapting of the measuring platform 
(unmanned aerial vehicle – UAV) to the needs of the tasks. Furthermore, if we add 
the possibility of an autonomous recording, aircrafts become independent devices 
for gathering a large number of high-quality data of the field or object with 
appropriate accuracy. They can capture the terrain at high speed by a predefined 
flight plan that has all the parameters adjusted to the required accuracy of the 
survey. 
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This paper will give an overview of the technological development of the 
unmanned aircrafts used for the purposes of photogrammetric measurements in the 
engineering geodesy. The main classification of unmanned aerial vehicles is listed 
and explained as well as the advantages and disadvantages of each category. One of 
the chapters in the paper refers to the legal regulations in the Republic of Croatia 
and to the most important rules for flying the unmanned aircrafts and capturing 
images with them. 

Unmanned Aerial Vehicles are composed of many devices and sensors 
necessary for the flight, navigation and recording. The paper shows and explains the 
sensors required and used for the operation of the unmanned aircraft, as well as the 
implementation of the aerial survey. For the needs of this paper, a model of 
integration of sensor data for the purposes of the photogrammetric survey was 
developed and is explained. 

2. The development of unmanned aerial vehicles 

The main initiator of the development of unmanned aircraft was the military. 
Unmanned aircrafts were mostly used as offensive or defensive weapons and for the 
reconnaissance and espionage purposes. For the first time, UAVs were used in the 
first half of the 19th century when the Austrians attacked the Italian city of Venice 
with unmanned balloons loaded with explosives. Balloons do not generally meet 
today's definition of a UAV, because the flight was not controllable. 

The first pilotless aircrafts were built during and shortly after World War I. 
Leading the way, using Archibald Montgomery Low's radio control techniques, was 
the Ruston Proctor Aerial Target of 1916 [Taylor & Munson 1977]. Soon after, on 
September 12, the Hewitt-Sperry Automatic Airplane, also known as the "flying 
bomb", made its first flight, demonstrating the concept of an unmanned aircraft. 
They were intended for use as "aerial torpedoes", an early version of today's cruise 
missiles. Control was achieved using gyroscopes developed by Elmer Sperry of the 
Sperry Gyroscope Company [Pearson 1969]. 

Since mid-1930s aircrafts were used as an important combat tool for training 
exercises in air defense. Examples of such aircrafts are British DH.82B Queen Bee 
and American Radioplanes. Queen Bee is the first return and reusable UAV, making 
it practical and more cost effective than previous [URL 1]. World War II further 
encouraged the development of UAVs. Although the main form of propulsion at the 
time was piston engines, certain manufacturers were also developing aircrafts 
powered by pulse jet engines. The most important representatives of this period 
were the V-1 (Germany) and the T2D2-1 (USA). During the Vietnam War UAVs had 
assumed the role of devices for espionage. Representatives from that period would 
be AQM-34 Firebee Ryan (USA) and D-21 (USA). 

Since the 1970s UAV systems have greatly enhanced in the field of aircraft 
propulsion with the aim to increase the autonomy of the flight. From the 1990s to 
nowadays the role of the observer of the environment on Earth has crystallized and 
the representatives are Firebird 2001 (Israel), the RQ-1 Predator (USA), Helios 
(USA). NASA's unmanned aircraft Helios is currently in the process of development 
and will have a system of fuel cells to store energy for power to fly overnight. In the 
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next 10 years the Helios aircraft is expected to be widespread as broadband 
communications platform providing a unique cost-effective complement to the 
satellite and the terrestrial communications systems [Pavlik et al. 2014]. 

3. Legal regulations 

According to the International Civil Aviation Organization (ICAO) unmanned 
aircrafts are divided into [ICAO 2015]: 

• Autonomous aircrafts, 
• Remotely piloted aircrafts (RPA). 

Autonomous aircrafts are based on advanced systems for dynamic guidance 
and are currently considered to be inappropriate for regulation because of legal 
issues and questions of liability. Remotely controlled aircrafts are subject to legal 
regulations by the International Civil Aviation Organization and the regulations and 
laws of the national civil aviation agencies. 

In Croatia there are two key documents concerning unmanned aircrafts and 
their use in photogrammetric purposes, and those are: 

• Ordinance on unmanned aircraft systems [NN 49/15] and  
• Regulation on aerial surveying [NN 130/12].  

Croatian Civil Aviation Agency (CCAA) with its Ordinance on unmanned 
aircraft systems regulates UAV flight based on the regulations of the International 
Civil Aviation Organization. State Geodetic Agency regulates aerial surveying and 
the use of taken images with its Regulation on aerial surveying. 

3.1. Ordinance on unmanned aircraft systems  

According to the Ordinance, unmanned aircraft is an aircraft designed for 
carrying out flights without a pilot on board, while an airline model is unmanned 
aircraft designed exclusively for the purposes of recreation and sport. 

This regulation does not cover unmanned aircrafts heavier than 150 
kilograms. Aircrafts that cannot achieve the kinetic energy of more than 79 J and all 
aircrafts indoors are permitted for using. 

Due to their operating mass, Ordinance classifies unmanned aircrafts into 
three categories: <5 kg, 5-25 kg and 25-150 kg., while the flight areas are divided 
into 4 categories: unbuilt, built uninhabited, populated and densely populated areas. 
Based on the classifications above, Ordinance defines the flight operation categories 
[Table 3.1] and the conditions for the aircraft and the operator, so that the 
operations in a particular category would be approved. 

Ordinance clearly defines that the flight operations of A and B categories can 
be performed by the operator that has submitted a corresponding statement to 
CCAA. C category can be performed by the operator that has made an operational 
manual and also submitted a previously mentioned statement while for the D 
category areas the operator must previously obtain an approval from the CCAA. 

Table 3.1 Categories of flight operations [NN 49/15] 

Class of the flight field 
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Class of 
unmanned 

aircraft system 

I 
Unbuilt area 

II  
Built 

uninhabited area 

III 
Populated  

area 

IV 
Densely 

populated area 

<5 kg A A B C 

5-25 kg A B C D 

25-150 kg B C D D 

3.2. Regulation on aerial surveying 

This Regulation defines that aerial surveying in the Republic of Croatia could 
be performed by physical and juridical persons who are registered for aerial 
photography, for the purpose of land surveying, research, physical planning and 
other economic and scientific needs. The aircraft operator must have a valid 
certificate and an indicated approval, for the aerial survey or other authorization 
issued by the CCAA, to perform the operations. 

More information on the topic of the legal framework related to unmanned 
aircrafts can be found in the research [Gašparović & Gajski 2015]. 

4. Technology of unmanned aerial vehicles 

Today, UAV's are increasingly used for the photogrammetric survey of small 
areas or high buildings. Those aircrafts according to Unmanned Aerial Vehicle 
Systems Association can be divided into several categories [Table 4.1] 

Table 4.1 Classification of UAV’s according to Unmanned Aerial Vehicle Systems Association 
[Bendea et al. 2008] 

UAV Categories Acronym 
Range 
(km) 

Climb rate 
(m) 

Endurance 
(hours) 

Mass 
(kg) 

Micro m (Micro) <10 250 1 <5 

Mini Mini <10 150-300 <2 150 

Close Range CR 10-30 3000 2-4 150 

Short Range SR 30-70 3000 3-6 200 

Medium Range MR 70-200 5000 6-10 1250 

Medium Range 
Endurance 

MRE >500 8000 10-18 1250 

Low Altitude Deep 
Penetration 

LADP >250 50-9000 0,5-1 350 

Low Altitude Long 
Endurance 

LALE >500 3000 >24 <30 

Medium Altitude 
Long Endurance 

MALE >500 14000 24-48 1500 

 
Ideal UAVs for applications in engineering geodesy are mini and micro 

category aircrafts. Such aircrafts are made up of a number of sensors that can be 
divided into three categories: 

• Sensors necessary for the functioning of the platform (power supply, 
motors, central unit, RF, etc.), 
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• Navigation sensors (GNSS - Global Navigation Satellite System, RTK - Real 
Time Kinematic, IMU - Inertial Measurement Unit, compass, barometer, 
etc.) and 

• Sensors for aerial photogrammetry (digital camera, multi and/or hyper 
spectral sensors, thermal cameras, laser scanner, etc.). 

Multi-rotor Octocopter UAV platform with the vibration isolated sensor frame, 
carrying the laser scanner, MEMS based IMU, GNSS receiver with antenna and video 
camera is shown below [Figure 4.1]. 

 
Figure 4.1 The multi-rotor Octocopter UAV platform with the vibration isolated sensor 

frame, carrying the laser scanner, MEMS based IMU, GPS receiver with antenna and video 
camera [Wallace et al. 2012] 

It is necessary to properly integrate all sensors with each other so that the 
results would be satisfactory. Possibilities of such systems are numerous. Firstly, the 
possibility of quality determination of the external orientation to initial elements of 
each image taken, and each point recorded with laser scanner, should be noted.  

An example of the sensor integration for the purpose of photogrammetric 
measurements with unmanned aircrafts was developed for the needs of this 
research and it is shown below [Figure 4.2]. The developed model of sensor 
integration is based on data obtained from multiple sensors: GNSS and/or GNSS RTK 
receiver, IMU and the images from a digital camera and the point clouds obtained by 
laser scanner. The need for the integration of data lies in the fact that GNSS device 
measures absolute location of the aircraft in space with frequency <1 Hz, while the 
IMU provides information often >100 Hz. Therefore, data integration of GNSS/RTK 
with IMU primarily determines the spatial location of the aircraft in each unit of a 
second (e.g. >100 Hz). Also, with mutual integration of these data we achieve higher, 
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spatial accuracy of the path. Such integration is usually based on the Kalman filter 
[Caron et al. 2006]: 
 𝑥(𝑘 + 1) = 𝐹𝑥(𝑘) + 𝑤(𝑘) (1) 
where 𝑥(𝑘) ∈ 𝑹𝑛 is the state vector, 𝑤(𝑘) ∈ 𝑹𝑛 is a sequence of zero mean white 
Gaussian noise of assumed known covariance matrix 𝑄(𝑘) = 𝐸[𝑤(𝑘)𝑤(𝑘)𝑇]. 𝐹(𝑘) ∈
𝑹𝑛𝑥𝑛 is the known state transition matrix. In the simplest case, measurements are 
expressed as a linear relation with respect to the state space variables and are 
corrupted by noise. The following relation (2) describes the measurements for a set 
of N sensors [Caron et al. 2006]: 
 𝑧(𝑘) = 𝐻𝑖𝑥(𝑘) + 𝑏𝑖(𝑘),     𝑖 = 1, … , 𝑁 (2) 
with 𝑧𝑖(𝑘) ∈ 𝑹𝑙 the measurement vector of the sensor i, 𝑏𝑖(𝑘) ∈ 𝑹𝑙 the white 
Gaussian observation noise for the sensor i with zero mean and with assumed 
known covariance matrix 𝑅𝑖(𝑘) = 𝐸[𝑏𝑖(𝑘)𝑏𝑖(𝑘)𝑇], 𝐻𝑖(𝑘) ∈ 𝑹𝑙𝑥𝑛 is the measurement 
matrix associated to the sensor i and N  is the number of sensors. More about the 
procedure can be found in the work [Caron et al. 2006] and [Benzerrouk et al. 2013]. 
Further in the process, the bundle block adjustment (BBA) with the initial 
parameters taken after GNSS/IMU integration follows. Finally, the transformation of 
the point cloud in the referent coordinate system in which external orientation 
elements of images calculated by BBA method are set, creates a precondition for the 
independent creation of digital surface models (DSM) with the photogrammetric 
method and laser scanning. 

 
Figure 4.2 The integration of sensor data on the aircraft for the purposes of 

photogrammetric survey 

5. Application in engineering geodesy 

The camera axis can be vertical, horizontal or slope, depending on the 
characteristics of the terrain and the size and characteristics of the object of interest 
for the photogrammetric surveying, consequently adapting the structure of the 
unmanned aircraft. There are several types of unmanned aerial vehicles: [McGlone 
2013] and [Luhmann et al. 2014]: 

• Rotary wing (multicopter, helicopter) [Figure 5.1a] 
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• Fixed wing (aircraft, glider) [Figure 5.1b]. 

  
a)     b) 

Figure 5.1 a) Norwegian University of Science and Technology’s X8 fixed wing UAV 
[Skulstad et al. 2015], b) Rotary wing UAV [Mancini et al. 2013] 

5.1. Fixed wing UAVs 

The main advantage of a fixed wing UAV is that it consists of a much simpler 
structure in comparison with a rotary wing. The simpler structure provides less 
complicated maintenance and repair process, thus allowing the user more 
operational time at a lower cost. More importantly, the simple structure ensures 
more efficient aerodynamics that provides the advantage of longer flight durations 
at higher speeds, thus enabling larger survey areas per given flight. 

Another advantage of fixed wing UAVs is their natural gliding capability. The 
possibility of stopping the engine at the time of recording contributes to the quality 
of the photogrammetric recording. 

Also worth considering is the fact that fixed-wing aircrafts are able to carry 
greater payloads for longer distances on less power, allowing you to carry some of 
the bigger (more expensive) sensors as well as twin sensor configurations. 

The only disadvantage of a fixed wing solution is the need for a runway or 
launcher for takeoff and landing. However, VTOL (vertical takeoff/landing) and 
STOL (short takeoff/landing) solutions are very popular to help eradicate this issue. 
Nevertheless, fixed wing aircrafts require air moving over their wings to generate 
lift and they must stay in a constant forward motion, which means they can’t stay 
stationary the same way a rotary wing UAVs can. This means fixed wing solutions 
are not best suited for stationary applications like inspection work. 

From the above explained characteristics of fixed wing aircrafts, it is evident a 
large possibility of their application in engineering geodesy. Those aircrafts are ideal 
for recording large areas for engineering tasks such as: 

• Making the geodetic basis for the planning of large objects for example 
roads, viaducts, etc. 

• Monitoring the movement of large objects on a wide area for the purpose of 
spatial temporal analysis. 

• Detecting the changes in the environment and land-use change on a large 
area [Figure 5.2a]. 
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a)     b) 

Figure 5.2 a) Flight plan example of surveying with fixed wing UAV [Xue et al. 2015],  
b) Example of bridge inspection with rotary wing UAV [Otero et al. 2015] 

5.2. Rotary wing UAVs 

The biggest advantage of rotary UAVs is the ability for taking off and landing 
vertically. This allows the user to operate within smaller vicinity with no substantial 
landing/takeoff area required. Their capacity to hover and perform agile 
maneuvering makes rotary wing UAVs well suited to applications like inspections 
where precision maneuvering and the ability to maintain a visual on a single target 
for extended periods of time is required. 

On the flip side rotary wing aircraft involve greater mechanical and electronic 
complexity which translates generally to more complicated maintenance and repair 
processes, implicating that the user’s operational time can be decreased, which can 
cause increases in operational costs. 

Finally, due to their lower speeds and shorter flight ranges the operator will 
require more additional flights to survey significant areas, meaning increase in time 
and operational costs. 

Definitely, one of the main advantages is the possibility of horizontal and 
slanted axis capturing, as with fixed wing aircraft this is not possible. Due to these 
characteristics rotary wing aircrafts are inevitable when capturing high objects such 
as bridges, skyscrapers, chimneys or vertical rocks and landslides. 

From the above explained characteristics of rotary wing aircrafts, it is evident 
a large possibility of their application in engineering geodesy. One of the biggest 
advantages of those aircrafts compared to fixed wing UAVs is the ability to capture 
the object with horizontal axis of the surveying as well as the ability to hover. Thus, 
those aircrafts are ideal for capturing small objects for engineering tasks such as: 

• Making the geodetic basis for the planning of smaller inaccessible and/or 
topographic developed areas. 

• Monitoring movement and inspection of objects from all perspectives, such 
as bridges, skyscrapers, towers, industrial chimneys, etc [Figure 5.2b]. 
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6. Conclusion 

The development of technology allows new areas of work, and it most certainly 
accelerates and simplifies carrying out current jobs in engineering geodesy. With 
the application of unmanned aerial vehicles from flying platforms, photogrammetric 
survey can be done very quickly and with a significantly reduced cost. This kind of 
unmanned platform for photogrammetric survey is adaptable to the needs of the 
task and the required accuracy of the survey. 

To conclude, the biggest advantages of each type of unmanned aerial aircrafts 
should be repeated. Fixed wing aircrafts compared to the rotary wing have greater 
autonomy and speed of the flight and are therefore suitable for capturing larger 
areas. On the other hand the biggest advantages of rotary wing aircrafts are the 
ability of hovering, vertical takeoff and capturing with horizontal axes. Therefore, 
rotary wing aircrafts are better suited to capture small objects and/or indented 
areas. 

To properly apply the new surveying technology in engineering geodesy it is 
necessary that the legislation follows its development. It has to be pointed out that 
the legislation consistency with the time and the current technology, or preferably 
independent of both, is of great importance. If the unmanned aircraft is used in 
engineering geodesy it is necessary to take into account the quality of the final data, 
and thus the quality of the sensor on which the collected data is based on.  
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Bespilotni fotogrametrijski sustavi u službi inženjerske 
geodezije 

Sažetak. Razvoj te smanjenje cijena bespilotnih sustava omogućilo je danas njihovu 
širu upotrebu. Korištenjem bespilotnih sustava Zemljina površina i objekti na njoj 
mogu se dokumentirati iz novih perspektiva, jednostavno, brzo te kvalitetno. 
Također, razvoj računala i algoritama za automatsku korelaciju omogućili su 
automatsko prikupljanje velike količine podataka u jedinici vremena. Bespilotne 
letjelice opremljene su tehnologijom koja se godinama koristi u geodeziji, kao npr. 
kamera, GPS, INS te naravno RF uređaj za prijenos signala na zemlju. Takvim 
letjelicama sa zemlje može upravljati operater ili pak mogu biti posve autonomne te 
zadatak snimanja zemlje obaviti automatski po unaprijed definiranom planu leta. 
Takav način izrazito je koristan za dokumentiranje većih područja ili dužih linijskih 
objekata poput mostova, nasipa zgrada i sl. Odabir unaprijed zadanih putanja 
omogućuje aerofotogrametrijsku izmjeru u konstantnom mjerilu snimanja, što 
garantira konstantnu točnost izmjere. Kako bi se ovo novo područje u geodeziji 
moglo pravilno razvijati potrebno je osuvremeniti postojeće propise te zakonsku 
regulativu uskladiti s trendovima i tržišnim potrebama. Kako za ovlaštene inženjere 
tako i za krajnje korisnike ovih podataka važno je jasno definirati traženu točnost i 
kvalitetu podataka. 

Ključne riječi: bespilotni sustavi, fotogrametrija, inženjerska geodezija, zakonski 
okviri. 
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