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Summary: In Republic of Croatia the Law on State Survey and Real Estate Cadastre regulates 
the maintenance of cadastre and his gradually adjustment to the real estate cadastre, which 
means to collect new data, digitize the current and integrate them into a single reference 
system. Currently is in progress the establishment of real estate cadastre by the new 
cadastral surveys for 5% of the Croatian territory. For the remaining areas establishment of 
the real estate cadastre is planned by individual parcel translation. Start of the translation is 
determined by individual accomplishment of the preconditions. The most important and 
difficult precondition is cadastral plan geometric accuracy improvement (homogenization). 
Pursuant to Law article 71 and Article 12 of the Rules of the cadastral survey and technical 
reambulation, geometric accuracy improvement is done by comparing orthophoto with 
cadastral plan thru identical points. 
This paper analyzes the number and selection of identical points, as well as compares three 
different computer programs which can perform local transformation. These programs are 
Autodesk - AutoCad Map 3D, Safe software - FME and Geoinformatika - GisLand Manager. 
Three cadastral municipalities which are different in their geometric characteristics are 
ƻōǎŜǊǾŜŘΥ .ǊƻőƛŎŜΣ .ƻƭ ŀƴŘ tŜǘǊŀőŀΦ 9ŀŎƘ ƻŦ ǘƘŜƳ is treated with three sets of identical points 
with different density. 
Quality of geometric accuracy improvement was observe thru several analysis: divergence on 
control points, differences in areas of cadastral parcel and offset of all breakpoints on digital 
cadastral plan after the process. All analyses are presented through statistics reports and 
graphic overview. 
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1. INTRODUCTION 
 

The first cadastral surveys in Croatia began in 1818. year. The survey was performed by 
graphical method and till year 1928. Was founded more than 50 000 pages of the original 
cadastral plan, of which about 75% still officially using (Figure 1.).  
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Surveys methods in Croatia 

 

Most graphical cadastral plans are transformed into digital form by vectorization method 
and next task is improving their geometric accuracy so they can be used for the real estate 
cadastre (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Desirable results after improving geometric accuracy 
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Due to the complexity of the format in which digital cadastral plans are stored as well as the 
transformation process itself, it is agreed to test final solutions which are appropriate for 
such purposes.  
 
Input data for process of geometric accuracy improvement was digital orthophoto maps and 
data from new cadastral survey. In order to create good final product it is necessary to 
ensure the reliability of medium and high positioning accuracy. Three available software 
tools were used: AutoCad Map, FME and GLM. 
 
Local transformation is used to decrease the influence of systematic errors of the graphic 
measuring which had quite restricted performances in view of the accuracy. Identical points 
(IP) serve as a basis for performing local transformation. Transformations with three 
different densities of identical points were made for each software. A set of control points 
(CP) is also selected with the purpose to evaluate the integration quality. 
 

Finally, conclusion on the influence of the density of identical points on the quality of local 
transformation was made, as well as the comparison of the three technical solutions that 
were used.  

2. TESTING METHODS 
 

Three cadastral municipalities which are different in their geometric characteristics are 
ƻōǎŜǊǾŜŘΥ .ǊƻőƛŎŜΣ .ƻƭ ŀƴŘ tŜǘǊŀőŀ όTable 1) Each of them is treated with three sets of 
identical points with different density. 

Table 1. Input data used in process 

Name Survey method 
Year 

Of Survey 
Scale 

Scale 
DOF 

.ǊƻőƛŎŜ graphical 1902 1:2880 1:2000 

Bol graphical 1900 1:2880 1:2000 

tŜǘǊŀőŀ graphical 1878 1:2880 1:5000 

 

2.1. Selection of identical points 
 

Selection of identical points is the most complex and the most important part of the process 
and presents the selection of points which can be considered identical on the plan and in the 
field. In order to select identical points, digital cadastral plan done by vectorization is 
compared to orthophoto plan which was available in the scale 1:2000 (DOF2) ό.ǊƻőƛŎŜΣ Bol) 
and 1:5000 (DOF5) (tŜǘǊŀőŀ). 
Since the cadastral plan on which homogenization is conducted was developed more than 
hundred years ago, there are no many identical points for selection. Therefore, besides 
orthophoto plan, data from new cadastral survey were also used.  
Selection of identical and control points is made in AutoCAD Map. First pattern (I) represent 
the highest density, while the pattern (III) is one with the lowest number of identical points.  
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Additional square grid with dimensions 150x150 meters is designed for proper selection of 
identical and control points.  Regular schedule for three different densities of identical 
points and for control point was taken into account during the selection. The number of 
control points was constant, while the number of identical points changed depending on the 
density (Table 2.). 

Table 2. Density of  CP and IP per hectare 

 

The result of selection are vectors with the starting point on the vectorized digital cadastral 
plan and target point on digital cadastral plan based on the new survey. Overview of the 
distortion scheme is made (Figure 3), in order to reveal gross errors which appeared during 
the selection and to detect the areas with above average distortions. Large distortion around 
the identical point may indicate inhomogeneity of the old cadastral plan, but can also mean 
we made bad selection of identical point. Special attention should be paid to such areas in 
order to prevent negative influence on the results. 
 
 
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 3. Deformation of all identical point before process 

Name 
No.  of  CP/ 
density/ha 

No. of IP/ 
density/ha 
pattern (I) 

No. of IP/ 
density/ha 
pattern (II) 

No. of IP/ 
density/ha 
pattern (III) 

No. of 
cadastre 
parcel 

No. of 
breakpoints 

Area 
(ha) 

.ǊƻőƛŎŜ 31/0,06 105/0,22 29/0,06 10/0,02 1494 6095 485,94 

Bol 44/0,12 126/0,34 40/0,11 14/0,04 4801 21054 372,81 

tŜǘǊŀőŀ 17/0,15 42/0,36 14/0,12 5/0,04 1337 5562 115,59 

  

 

Bol 

tŜǘǊŀőŀ 

.ǊƻőƛŎŜ Legend: (m) 
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After selecting all points, whether it is a point that will serve as a control point or points that 
will be used for local transformation, we have come to the moment when it was possible to 
make a statistical analysis of geometric accuracy of the cadastral plan created by the graphic 
method of surveying Table 3 
 

Table 3. Statistic for all selected point 

 k.m. .ǊƻőƛŎŜΤ bҐмор k.m. tŜǘǊŀőŀΤ bҐрс k.m. Bol; N=170 

 dy[m] dx[m] d[m] dy[m] dx[m] d[m] dy[m] dx[m] d[m] 

Min. -11,2 -8,6 0,2 -12,5 -4,9 0,5 -7,5 -11,0 0,3 

Max. 14,2 6,2 14,3 14,5 10,9 17,4 8,8 9,6 12,5 

Range 25,4 14,8 14,0 27,0 15,8 16,8 16,3 20,6 12,2 

Average 0,0 0,0 2,7 0,0 0,0 4,3 0,0 0,0 4,1 

St.dev. 2,9 2,4 2,5 4,3 3,2 3,2 3,8 3,4 2,9 

 

 

aƛƴƛƳǳƳ ǊŀƴƎŜ ǾŀƭǳŜǎ ƛƴ ŦƛǊǎǘ ŘŜƴǎƛǘȅ ŀǊŜ мсΣо ŦƻǊ .ƻƭΣ ŀƴŘ нтΣл ŦƻǊ tŜǘǊŀőŀΣ ǿƘƛƭŜ ǎǘŀƴŘŀǊŘ 
deviation have ƳƛƴƛƳǳƳ ǾŀƭǳŜǎ ŦƻǊ ŀƭƭ ŘŜƴǎƛǘȅΩǎ ƛƴ .ǊƻőƛŎŜΦ 
 

2.2. Software packages used in this project 
 

FME Workbench tool serves for input spatial data stored in various formats, their 
manipulation and storing into desirable output format. FME Workbench currently supports 
more than 225 different CAD, GIS, raster formats and formats used by numerous data bases, 
as well as other formats in which spatial data are stored.    
 

Local transformation in the testing area is done by the use of RubberSheeter transformer 
which tries to adjust the existing geometry weighted with distortions to its most probable 
position using a set of identical point. This procedure applies geometric movement of each 
object depending on its distance from identical point and it is normally use to improve 
drawings with distortions (cadastral plan of graphic measuring). 

 
It is possible to manipulate with the following parameters:  

- distance exponent (for example 2, it means that the difficulty of movement is 
inversely proportional to square distance from certain identical point),  

- maximal distance of identical points which will be applied for transformation and  
- maximal number of the nearest identical points.  

 

Regarding local transformation, value 2 was used as distance exponent, but no additional 
filter was used for the selection of identical points. This means that all available identical 
points were used for the transformation of all objects.  
 
After the applied local transformation, drawing was stored in the same format as input 
(*.dwg) while data structure remained the same. For additional analysis after the 
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homogenization process, it is necessary to use other tools or prepare adequate procedures 
in FME.  
GisLandManager (GLM) is produced by the Croatian firm Geoinformatika Ltd. from Split and 
provides gathering, processing and maintaining spatial data.  
 

Data are divided into two groups: vectors and rasters. Data exchange is possible by * .dxf 
format. The software has integrated modules for vectorization, topological processing and 
cadastral plan maintenance. However, the most interesting capability for this paper is 
module "homogenization" for geometric accuracy improvement of digital cadastral plan.  
 
Local transformation process starts with affine transformation in two steps: 
 

1) global transformation is conducted in order to check the selection of identical points, 
i.e. standard deviation on identical points, 

2)  during the second step, local transformation is conducted by adaptive 
transformation with the possibility of entering distance exponent.  
 

After the homogenization, the software can create reports (a report on points and a report 
on areas). These reports can be easily exported in * .csv or * .txt files so that analyses can be 
done afterwards. As for the reports on areas, software can give areas before and after 
homogenization, criteria of allowed deviation for graphic determination of areas, criteria 
regulated by the law (20%) and difference of area in percentage. After the homogenization, 
the project is exported to * .dxf format with all the layers in accordance with specifications 
(State Geodetic Administration 2007). 
 
The advantage of GLM is its project orientation which provides simple management of 
homogenization process, as well as making analyses and reports.  
   

AutoCad Map, programme package made by Autodesk, Inc., is a CAD tool aimed at creation, 
visualization and analysis of spatial data. This is the reason why it is considered to be one of 
programmable solutions for this task.   
 

Unlike two other software (FME, GLM ...), AutoCad Map is not capable of conducting global 
transformation. Instead,  Rubber sheet tool start local transformation by transforming 
starting positions of identical points into targeting positions and movement of all other 
objects of digital cadastral plan (vectors, blocks, texts, etc.) according to AutoCad algorithm.  
 
Disadvantage of AutoCad Map is primarily its incapability to conduct global transformations 
(affine) and that data analysis (difference in areas, movements of control points, etc.) must 
be conducted out of AutoCad-a (Excel, Access ...).  
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3. ANALYSIS OF THE RESULT 
 

Finaly, it is necessary to analyze the output data in order to see quality of the whole process 
(Figure 4). 
 

 
 

Figure 4. Process of geometric accuracy improvement 

 

Quality of geometric accuracy improvement was observed thru several analyses: divergence 
on control points, differences in areas of cadastral parcel and offset of all breakpoints on 
digital cadastral plan after the process. 
 
3.1. Divergence on control points 

 
 
Control points were not used during the transformation, they were used for the evaluation 
of the quality of the integration of digital cadastral plan after local transformation process.  

 

Table 4. Overview of deviation statistics on control points before process 

 .ǊƻőƛŎŜΤ b.o.=31 tŜǘǊŀőŀΤ b.o.=17 Bol; N.o.=44 

 dy[m] dx[m] d[m] dy[m] dx[m] d[m] dy[m] dx[m] d[m] 

Min. -10,5 -5,6 0,6 -7,0 -4,1 0,9 -7,9 -10,7 0,8 

Max. 5,2 3,2 10,7 14,8 5,7 15,9 8,0 4,0 11,3 

Range 15,6 8,9 10,1 21,8 9,8 15,0 15,8 14,7 10,6 

Average 0,0 0,0 2,5 0,0 0,0 4,4 0,0 0,0 4,2 

St.dev. 2,6 2,0 2,1 5,0 2,8 3,6 3,7 3,5 2,8 
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Most important values in Table 4 is column d which shows the distance between starting and 
targeting point of CP before process. That value is observed after process of local 
transformation and shows basic statistic values of the distance on control points after 
transformation ŦƻǊ .ǊƻőƛŎŜΦ  
 

Table 5.  {ǘŀǘƛǎǘƛŎ ƻƴ ŎƻƴǘǊƻƭ Ǉƻƛƴǘǎ ŦƻǊ .ǊƻőƛŎŜ όbƻΦ ƻŦ  YtҐомύ 

 MAP I MAP II MAPIII FME I FME II FME III GLM I GLM II GLM III 

Dens. IP/ha 0,22 0,06 0,02 0,22 0,06 0,02 0,22 0,06 0,02 

Min. [m] 0,3 1,3 1,5 0,0 0,1 0,8 0,1 0,1 0,8 

Max. [m] 9,7 12,1 13,2 8,0 10,5 11,2 7,2 10,9 11,2 

Range [m] 9,4 10,8 11,8 8,0 10,4 10,4 7,1 10,7 10,3 

Average [m] 2,4 4,3 5,4 2,2 3,0 4,3 2,2 3,2 4,3 

St.dev. [m] 2,0 2,7 2,8 2,0 2,7 2,8 1,8 2,8 2,8 

 

Density of identical points for BrƻőƛŎŜ ŀǊŜ ǎƻƳŜǿƘŀǘ ƭƻǿŜǊ ǘƘŀƴ ŦƻǊ ǘƘŜ ƻǘƘŜǊ ǘǿƻ 
municipalities. As compared to the input statistics, first density (highest density) repaired 
statistic on control point unlike the other two so it is clear that decreasing density causes 
reduce accuracy (Table 5). In all three densities AutoCAD Map has worse results while FME 
and GLM in their solutions are very similar. .ƻǘƘ ǎƻŦǘǿŀǊŜΩǎ ǳǎŜ ǘƘŜ ǎŀƳŜ ŀƭƎƻǊƛǘƘƳ ŦƻǊ ƭƻŎŀƭ 
transformation and slight differences appeared because GLM conducted the positioning of 
the project into the centre of gravity and rotate it before local transformation.  
 

Table 6. Statistic on control points for tŜǘǊŀőŀ όbƻΦ YtҐмтύ 

 MAP I MAP II MAPIII FME I FME II FME III GLM I GLM II GLM III 

Dens. IT/ha 0,36 0,12 0,04 0,36 0,12 0,04 0,36 0,12 0,04 

Min. [m] 0,0 1,3 2,6 0,0 0,2 0,6 0,0 0,4 0,9 

Max. [m] 10,1 20,0 35,9 9,2 23,4 36,8 9,0 24,1 37,2 

Range [m] 10,1 18,6 33,3 9,2 23,2 36,2 9,0 23,7 36,3 

Average [m] 4,2 5,8 9,7 3,2 4,6 6,0 3,2 4,6 6,1 

St.dev. [m] 3,1 5,3 8,2 2,3 5,5 8,6 2,3 5,7 8,7 

 

Again, first density of identical points improves the statistic on the control points (Table 6.). 
Here is more pronounced decline in the quality of statistics with decreasing density of 
identical points and once more !ǳǘƻ/!5 aŀǇ Ƙŀǎ ǿƻǊǎŜ ǊŜǎǳƭǘǎ ƻŦ ŀƭƭ ǘƘǊŜŜ ǎƻŦǘǿŀǊŜΩǎΦ 
 

Table 7. Statistic on control points for Bol (No. KP=44) 

 MAP I MAP II MAPIII FME I FME II FME III GLM I GLM II GLM III 

Dens. IT/ha 0,34 0,11 0,04 0,34 0,11 0,04 0,34 0,11 0,04 

Min. [m] 0,3 0,5 1,0 0,3 0,6 0,6 0,2 0,5 0,7 

Max. [m] 11,9 10,3 8,3 10,5 9,1 8,6 10,0 9,5 16,7 

Range [m] 11,6 9,8 7,4 10,1 8,5 8,0 9,8 9,0 16,1 

Average [m] 2,5 2,6 3,1 2,1 2,7 3,1 2,3 2,7 6,7 

St.dev. [m] 1,9 1,9 1,6 1,7 2,0 1,9 1,7 1,9 3,6 
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At Bol all three densities of identical points improve the situation in relation to the input 
statistics, except in the case of GLM III (Table 7).  Average values increase their values with 
decreasing density of identical points, but lesser than in the other two municipalities. 
 

Regarding the use of certain sample of identical points, statistical values from above tables 
suggest that greater number of identical points definitely improves positional accuracy of 
digital cadastral plan but increases the cost of homogenization process.      
 
3.2. Differences in areas 

 
 

 

Based on the Law on State Survey and Real Estate Cadastre, pursuant to Article. 74. 
difference between technical area of the cadastral parcel and the area after homogenization 
should not exceed 20% of technical area, but it ŎŀƴΩǘ be bigger than total of 1000 m2.  
According to these criteria we analyzed differences between the areas of cadastral parcels 
and showed the results of deviation according to deviation levels. Figure 5 shows differences 
between the areas ŦƻǊ .ǊƻőƛŎŜ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǇǊƻŎŜǎǎ ƻŦ transformation, expressed in a 
percentage for highest density identical points. 
 
  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Statistics of the difference between areas for all three densities of IT ς .ǊƻőƛŎŜ 
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