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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 adjustmenthe real estate cadastre, which
means to collect new dataligitize the current and integrate them into a single reference
system. Currently is in progress the establishment of real estate cadasttkebyew
cadastral surveyfor 5% of theCroatian territory For the remaining areas establishment of

the real estate cadastre iglannedby individual parcetranslation. Start othe translation is
determined by individual accomplishmenof the preconditions The most important and
difficult precondition iscadastral plan geometric accuracy improvemémbmogenization)
Pursuant to Law article 71 and Article 12 of the Rules of the cadastral survey and technical
reambulation, geometric accuracy improvemerng dae by comparing orthophotavith
cadastralplanthru identical points

This paper analyzes the number and selection of identical points, as well as esthpze
different computer programs which can perform local transformatibimese programs are
Autodesk - AutoCad Map 3D, Safe softwaré&ME and GeoinformatikaGisLand Manager.
Three cadastral municipalities which are different in thgeometric characteristicsare
20aSNIUSRY . NR6AOSI . Btreatedmhthred seidbf @éntegl@ntsOK 2 F
with differentdensity.

Quality ofgeometric accuracy improvemewas observe thru several analysis: divergence on
control points, differences in areas of cadastral paarel offset of allbreakpointson digital
cadastral plan after the processll Analyses are presented through statistics reports and
graphic overview.
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1. INTRODUCTION

The first cadastral surveyia Croatia began in 1818. year. The survey was performed by
graphical method and till year 1928/asfounded more than 50 000 pages of the original
cadastral plan, of which about 75% still officialbmg(Figurel.).

Figurel. Surveys methods in Croatia

Most graphicalcadastral planare transformed into digital form by vectorizatiaonethod
and next tasks improving their geometric accuracy so they can be usedhier¢al estate

cadastre(Figure2).

Figure2. Desirable results after improving geometric accuracy



Due to the complexity of the format in which digital cadastral plans are stored assitiéa
transformation process itself, it is agreed to test final solutions which are appropriate for
such purposes.

Input data forprocess ofyjeometric accuracy improvementas digital orthophoto maps and
data from new cadastral surveyn order to creategood final product it is necessary to
ensure the reliability of medium and high positioning accurddy.ee available software
tools were used: Autotl Map, FME and GLM.

Local transformation is used to decrease the influence of systematic errors ofrdipéig
measuring which had quite restricted perfoances in view of the accuradgentical points
(IP) serve as a basis foperforming local transformation. Transformations with three
different densities of identical points were made for each softwaresefof control points
(CPJs 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 thedhtiechnical solutions that
were used.

2. TESTING METHODS

Three cadastral municipalities which are different in thgeometric characteristics are
20 aASNISRY . NP & WrsoEL) Eagh of themRs treaded With three sets of
identical points with different density.

Tablel. Input data used in process

Year Scale
Name Survey method Of Survey Scale DOE
. NB 6 A graphical 1902 1:2880 1:2000
Bol graphical 1900 1:2880 1:2000
t SG NI graphical 1878 1:2880 1:5000

2.1. Selection of identical points

Selection of identical points is the most complex and the most impogtarit of the process

and presents the selection of points which can be considered identical on theapléum the

field. In order to select identical points, digital cadadtplan done by vectorizationis
compared to orthophoto plan which was available in the sdaR900(DOF2)5 . NP Boh OS =
and 1:500QDOF5)t S NJ 6 |

Since the cadastt plan on which homogenization is conducted was developed niosa
hundred years agothere are nomany identical points for selection. Thereforeesides
orthophoto plan data from new cadasdl survey weralsoused

Selection of identical and control points is made in AutoCAD. Hagtpattern (l) represent

the highest density, wile the pattern(lll)is onewith the lowest number of identical points



Additional square grid with dimensienl50x150 meters is designed for proper selection of
identical and control points. Regularschelule for three different densities of identical
points and for control point was taken into account during the selectibne number of
control pointswas consant, while the number of identical points changed depending on the
density(Table2.).

Table2. Density of CP and IP per hectare
No.of IP/ | No.of IP/ | No.of IP/ No. of
Name gl:ﬁs?:y/cr:mzl density/ha | density/ha | density/ha | cadastre Eroe:ljpoints ,(’-;]r:)a
pattern (I) | pattern (1) | pattern (1) | parcel
. NB 6 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
t S G NJ 17/0,15 42/0,36 14/0,12 5/0,04 1337 5562| 115,59

The result of selection are vectors with the startipgint on the vectorizd digital cadastal
plan and targetpoint on digital cadasal plan based on he new surveyOverview of the
distortion schemeis made (Figure3), in order torevealgrosserrors which appeared during
the selection and to detect the areavith above averagdistortions Largedistortion around
the identicalpoint mayindicateinhomogeneityof the old cadastral plan, but can also mean
we male bad selectionof identical point. Special attention should be paid to such ar@as
order to prevent negative influence othe results
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Figure3. Deformation of all identical point before process




After selecting alpoints, whether it is a point that will serve as a control paimtpointsthat
will be used forlocal transformation, we have come to the moment when it was possible to

make astatistical analysisf geometric accuracgf the cadastral plan created by the graphic
method of surveyingable3

Table3. Statistic for all selected point

km.. N2 6AOST km.t SGNI 6T k.m. Bol; N=170
dyfm] | dx{m] | d[m]| dy[m]| dx[m]| d[m]| dyim]| dxm]| d[m]
Min. -11,2 -8,6 02| -12,5 -4,9 0,5 75| -11,0 0,3
Max. 14,2 62| 143| 145| 109| 174 8,8 96| 125
Range 254| 148| 140| 270| 158| 168| 16,3| 206| 12,2
Average 0,0 0,0 2,7 0,0 0,0 43 0,0 0,0 41
Stdev. 2,9 2,4 2,5 43 3,2 3,2 3,8 3,4 2,9
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2.2. Software packagesisedin this project

FME Workbenchtool serves for input spaial data stored in various formats, their
manipulation and storing intalesirableoutput format. FME Workbencleurrently supports
more than225different CAD, GIS, rast@srmats and formats used by numerous data bases,
as well as other formats in which 4 data are stored.

Local transformation in the testing area is done by the us®uabberSheetetransformer
which tries b adjust the existing geometrweighted with distortionsto its most probable
position using a set dflentical point This procedure applies geometricovementof each
object depending on its distance froientical pointand it is normallyuse to improve
drawings withdistortions(cadasral plan of graphic measuring).

It is possible to manipulate with the following parameters:
- distance exponent (for example 2, it means that the difficulty nodvement is
inversely proportional to square distance from t@n identical point),
- maximal distance of identical points which will be applied for transformesdiwoah
- maximalnumber of the nearest identical points.

Regarding local transformationale 2was used as distance exponentbut 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 structue remained the same. For additional analysis after the



homogenization process, it is necessary to use other tools or prepare adequate procedures
in FME.

GisLandManager (GLM3 produced by the Catian firm Geoinformatika Ltdrém Split and
provides gatering, processing and maintaining sphdata.

Data are divided into two groups: vectors and rasters. Data exchange is possihl@xby
format. The software has integrated mochgl for vectorization, topological processing and
cadastral plan maintenarec However, the most interesting capability for this paper is
module 'homogenizatiot for geometric accuracy improvemeat digital cadastral plan.

Local transformatiomprocessstartswith affine transformationin two steps

1) global transformation is catucted 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 lomogenizationthe software can create reportsg report on points anda report
on areas). These reports can be easily exporteddavor *.txt files so that analyses can be
done afterwards. As for the reports on areamftware can giveareas before andafter
homogenization, crited of allowed deviation for graphic determination of area<riteria
regulated by the law20%)and difference of area in percentagéfter the homogenization,
the project is exported to*.dxf formatwith all the layers in acedance with specifications
(State Geodetic Administratia2007)

The alvantage of GLM is itproject orientation which provides simple management of
homogenization process, as well as making analyses and reports.

AutoCad Map, pgramme packagenade byAutodesk, Inc., is a CAD tool aimed at creation,
visualization and analysis of d@ddata. This is the reason why it is considered to be one of
programmable solution®r thistask

Unlike two othersoftware (FME, GLM ...), AutoCadaplis not capableof conducting global
transformation. Instead, Rubber sheetool start local transformationby transforming
starting positions ofidentical pointsinto targeting positionsand movement of all other
objects of digital cadastral plan (vectors, blocks, tegts.)according to AutoCad algorithm

Disadvantage ofAutoCad Maps primarily its incapability to conduct globahnsformaions
(affine) and that data analysig¢difference in areas, movements of control points, etayst
be conducted out oAutoCada (Excel, Access).



3. ANALYSIS OF THE RESULT

Finaly, itis necessary to analyze the output data in order to see qualitiie whole process

(Figured).
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Figure4. Process of geometric accuyaicnprovement

Quality of geometric accuracy improvement wasservedthru severalanalysesdivergence

on control points, differences in areas of cadastral paeral offset of all breakpoints on
digital cadastral plan after the process

3.1. Divergence on catrol points

Controlpoints were not used during thi#gansformation they were used for the evaluation
of the quality of the integration of digital cadastral plan aflecal transformation process.

Table4. Overview of deviatio statistics on control points before process

. NB 6 A0G&LT b t SO NIo&=L7T b Bol; No.=44

dy[m] | dxim] | d[m]| dy[m]| dxim]| d[m]]| dy[m] | dx[m]| d[m]
Min. -10,5 5,6 0,6 -7,0 4,1 0,9 79| -10,7 0,8
Max. 5,2 3,2 10,7 148 5,7 15,9 8,0 4,0 11,3
Range 15,6 8,9 101| 21,8 98| 150| 158| 14,7| 106
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




Most important valuesn Table4 is columnd which shows thealistancebetweenstarting and
targeing point of CP before process. That vali® observed after process olocal
transformation andshows basic statistic values of the distanme control points after
transformationf 2 NJ . NP6 A OS @

Table5. { G GA&AGAO 2y O2yGNRf LRAydla FT2N . NRSG

MAP || MAP II| MAPIII| FMEI| FMEII| FME Il GLM 1| GLM Il| GLM Il
Dens. IPha 0,22| 006| 002 0722 o006 002 022/ 006 002
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 71 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 B 6A OS I NB a2YSgéKI G f26SN (KLU

municipalities As compared to the input statisticiyst density (highest densityyepaired

statistic on control point unlikehe other two soit is clear that decreasing density causes

reduce accuracyTable5). In all three densities AutoCAD Map hasrse resultswhile FME

and GLM in their solutionare very similar. 2 0 K a2 FG 6 NB Q& dzaS GKS &l
transformation and slight differences appeared because GLM coadubte positioning of

the project into the centre of gravitgnd rotate itbefore local transformation.

Table6. Statistic on control pointsfar SG NI} 6 o0b2d Yt I mT O

MAP I| MAP II| MAPII] FMEI| FMEII| FME I GLMI| GLM II| GLM 1l
Dens IT/ha 0,36| 0,12| 0,04| 0,36| 02| 0,04]| 0736| 0112| 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 9,2 234 368 9,0 241| 37,2
Range[m] 10,1 18,6 33,3 9,2 232| 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 55 8,6 2,3 5,7 8,7

Again,first densityof identical points improves thstatistic on the contropoints (Table6.).
Here ismore pronounced decline in the quality of statistics with decreasing density of
identical points andonce mottedzii 2/ ! 5 al LJ KI & ¢2NBS NBadzZ Ga 2

Table7. Statistic on control points for Bol (Nd?#44)

MAP || MAP II| MAPIII FMEI| FMEIl| FME I} GLMI| GLM II| GLM 1l
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
Rangem] 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




At Bol all three densities of identical points improve the situation in relation to the input
statistics, except in the case of GLN(Table7). Average values increase their values with
decreasing density of identical points, but lesser than in the other two municipalities.

Regarding the use of certain sampleidéntical points statisticalvaluesfrom above tdles
suggestthat greater number of identical points definitely improves positional accuracy of
digital cadastral plan bunhcreases theostof homogenization process

3.2. Differences in areas

Based on theLaw on State Survey and Real Estate Caglaptirsuant to Article 74

difference between technical area of the cadaspalceland the area after homogenization

should not excee@0%of technical areaputit O | Yehigger than totabf 1000 nf.

According tothese criteriawe analyzeddifferencesbetweenthe areas of cadastrglarcels

and showed the results of deviation according to deviation leWgire5 showsdifferences

between the areasF 2 NJ . NRB 6 A OS 0 S ¥ 2 NiansforyfaRon kxprésSeddn BINE O S &
percentagefor highest densitydentical points.

GLM

AutoCad MAP

Legenda: (%)

Figureb. Statistics of the difference between areas for all three densifi€sc. N2 6 A OS



