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SUMMARY

A digital land cadastral index map is a compositmndigitized various analogue land
cadastral maps and measurement data sets withediffpositional accuracy, depending on
the scale of the map and on the methodology (g)adit data acquisition. In Slovenia the
problem of heterogeneity of graphical land cadaskata is the issue of importance when the
guality of data and use of those data in the fraamkwf GIS is in question. In the article, the
application of membrane method is presented asobtige approaches for the improvement
of land cadastral index map’s geometrical qualitiie application is based on additional
surveying measurements, where the basic principfiegeodetic profession are to be firmly
respected (methods of the coordinate geometryJdggpadjustments, error propagation law
etc.). The case study was implemented in the rama near the capital Ljubljana where
geometrical quality of few cadastral index maps wested and improved based on field
measurements of cadastral (identical) points, fiettbk data and additional conditions
(rectangularity of buildings, straight lines anchets). The membrane method has been
applied to analyze how heterogeneous parts of tatlasdex map get fitted to the “real”
positions by use of positions of identical pointslative measurements and geometrical
constraints. Results show the possibility of inceatal improvements of homogeneity of the
cadastral index maps in Slovenia with additionalasugements introduced into the
adjustment process.
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1. INTRODUCTION

In Slovenia, as well as in the comparable tradéiaadastral societies, a digital land cadastral
index map is a composition of digitized various lagae land cadastral maps and
measurement data sets with different positionalii@ay, depending on the scale of the map
and on the methodology (quality) of data acquisitidhe first bigger and encompassing
cadastral survey of the Slovenian part of the HatgsiMonarchy was carried out under
Joseph Il, starting in 1785. The so callledephine cadastre was completed in four years, but
the cadastre never came into the force. The oluféistal cadastral maps based on cadastral
surveying in the territory of today's Slovenia anaps of the=ranciscan cadastre from the
first half of the 18 century (1818-1828). The main scales used weB8@;For mountainous
area 1:5760 and for cities 1:1440 or 1:720. For $h@venian territory, the majority of
cadastral maps from that period were produced imKnear Ljubljana) or Schéckelberg
(near Graz) coordinate system (in Vienna fathomdater in meters) as the origins of
cadastral measurements, or better mapping. Duhiegwo centuries, this maps have been
revised (the complex revision for the whole Sloaenterritory was implemented only once
during the period 1869-1882), and maintained usdiffgrent methods in different periods. In
1924, the Gauss-Krueger cartographic projectiormefidian zones based on the Bessel
ellipsoid was introduced, but in Slovenia only soaneas have been newly surveyed. In the
last decade of the ZGcentury all cadastral maps were digitized (Kosmé&tias et al., 2012).
These digital maps, covering the whole Sloveni&, @alled cadastral index map, which
practically became only conditional applicable foe professional use due to measurement
techniques, mathematical foundations of old cadhsturveying, poor maintenance of
analogue maps through the centuries and consegubrtheterogeneity of the those maps.
Therefore, reasonable attention has been focusethetomprovement of positional and
geometrical accuracy of digitized content of caddshaps.

The aim of this paper is to present methodologythe homogenization of cadastral index
maps. The method, suggested here, follows homaagmizapplying adjustment techniques,
which use simulated and real measurements. Theoohdtas been applied to analyze how
heterogeneous parts of cadastral index maps ¢t fib the real positions by the use of the
“real” positions of identical points, relative measments and geometrical constraints. The
study area is the cadastral municipality of Zazhictv is a typical rural community with the
prevailing old cadastral maps based on the grablsicevey of parcel borders from the
beginning of the 19 century. One of the purposes of our research (geet al., 2011b;
Svab, 2012) has been to evaluate the use of ditfédentical (tie) points, to determine their
optimal arrangement for the purpose of improving tklative positional accuracy of land
cadastral index maps.
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2. DATA SOURCES AND METHODOLOGY
2.1 The problem domain

The problem of measurement based spatial dataasgiderable problem in the field of GIS
and spatial data infrastructure, also for the neweasurements and data sets of high quality
(see Nauvratil et al., 2004). GIS is in general gesd to consider geometrical parameters
(coordinates) as deterministic values. This leadshe misunderstanding of the nature of
spatial data in GIS. Coordinates are namely alveaysulated from the observations, which
are redundant aleatory values. Consequently, comtes are also aleatory values as well as
correlated ones. The accuracy of relative geomistrizigher than the absolute accuracy.
Coordinates and relative measures are thereforeeqoivalent (Gieldsorf et al., 2004).
Without any consideration of neighborhood relatiops to other points at all, the relative
geometry between updated and unchanged pointsSw@uld be highly violated.

Focusing on the land cadastre in Slovenia it havdopointed out, that land cadastral
positional data are predominantly based on obsensafor in the field mapping techniques
and the original measurements data are most oftempreserved. In Slovenia, as a part of
former Habsburg monarchy, surveys of cadastralséttastarted around 200 years ago. The
quality of measurement equipment as well as thénogedogy (based on tachometry, global
navigation satellite systems GNSS, remote sensmyleas improved dramatically since then.
Adding new measurements to the old datasets, bingtpoint coordinates only, does not
improve the quality of datasets. Here, the probtdnmtegrating new measurements in the
existing datasets appeatseh et al., 2011a).

2.2 Methodology

Our starting point is that the integration of nemgre accurate cadastral data into the existing
data sets (cadastral maps) should result in moceraie point coordinates and should
improve and homogenize relative geometrical acqui@cneighboring cadastral (spatial)
data. The geometrical quality of the cadastral xna@p can be improved by integration of
precise geodetic measurements, existing field boe&surements as well as other sources of
data (photogrammetric measurements etc.). Widersai@ot only the measured land parcel)
should benefit from this accuracy improvement withdoosing its internal geometrical
quality. By positional accuracy improvement locatizpockets of higher accuracy data
(contemporary measurements of higher positionaluracy) are used to improve the
positional accuracy of surrounding (neighborhoay level positional accuracy datasets, in
our case the land cadastral vector index map. Tét#adology determines the best fit of
positioning solutions using positional informatiom several dataset. The method is based
on the surveying adjustment theory and is also tbl@eserve geometric properties such as
straight or parallel lines. The same methodology been already applied in some federal
German state (see Gielsdorf et al., 2004; Gruenelirad,, 2007; Hope and Kealy, 2008).

The proximity fitting methods are applied to keegyghmborhood relationships. They substitute
usually applied single system transformation. Tésult of ordinary transformation can be
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seen as the first step of proximity fitting. Sphtiaterogeneity implies that each location has
intrinsic uniqueness, but conditions vary from plao place. The lengths of the edges in
network may be equal, but they have different netainterpretations within the clusters and

are based on their absolute distances. It is thedirelative proximity is more important than

absolute proximity in geo-referenced settings 4 geospatial clustering (Ickjai, 2005).

3. APPLICATION - MEMBRANE HOMOGENIZATION FOR SLOVENIAN
CADASTRAL INDEX MAPS

The method was applied for cadastral data in tliastsal municipality of Zazar. This rural
community is covered by digitized cadastral mapthwhe origin from the 19 century,
which is a typical situation also for more thanethiguarters of the Slovenian territory. The
research project was organized in four phases:

— field inspection to identify identical (tie) points

— filed measurements,

— office computation of measurements and adjustmémixisting data (calculation of

approximate values, adjustment and homogenization),
— analyses and interpretation of results.

3.1 Identification of identical (tie) points

The main reason for the selection of the cadastraticipality of ZaZar for the study case was
the fact that in this area had relatively few depetents and consequently only some changes
in the cadastral maps have been applied. The seeasdn was that rough relief is not very
appropriate for modern (machine supported) lantivation, which preserved a lot of historic
parcel boundary monuments in the field. Ad hoc ety of cadastral index map of the study
area is 2-5 m (assessed by the Geodetic Instifu®lowenia). The field inspection and
identification of identical (tie) points was penfioed by support of field computer displaying
relief in the background, cadastral map bounddabsled with the azimuth and horizontal
distances between the boundary points (source:statlaindex map). The boundary
monuments were recorded in the field computer andped by age, type of monument and
type of boundary:

— Cadastral municipality boundary monuments, craftedarger stones usually located
at the natural relief break-lines outside of theaaof intensive agricultural cultivation
(Fig.1). At the time of initial cadastral measurertsethey served as the frame
(skeleton) points. For identification of these siwe used historic written description
(from the 18'century) of the boundary polygon.

— Boundary marks of initial cadastral survey (frore 8" century), marked in the field
with natural stones, but no marks have been endraam@d no written description is
available.

— Boundary marks of cadastral points (from th& 2@ntury) marked by concrete blocks
10x10 cm with engraved cross which might be algarcmatural rock or built object.
These points are described in the field books aif iime.

— Topographic features of old roads and paths, prablynpersistent from the age of
initial survey as well as selected relief brealkesitimiting the land use patterns.
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3.2 Field measurements

After field inspection and identification of ideadl points (Fig.2) the geodetic survey was
performed, following the plan of measurements (GN&&surements combined by classical
measurements using total stations). With the reésfme¢he surveying rules for cadastral
measurements in Slovenia we have performed theureraents with the horizontal accuracy
of 4 cm (major axis of the standard error ellipdéast static GNSS method (10 min +
1 min/km) was used for determination of surveyimgnfework points with the achieved
accuracy of 1,4 cm. Survey of detail points wadquared partially by RTK GNSS method
(horizontal accuracy 1-3 cm). Tachometric surveyg wsed for cadastral survey of boundary
points where conditions were not appropriate foy &NSS method (forest sites, inside the
village etc.).

Figure 2: Cadastral index map (red lines) on ortdplwith the identical points: boundary marks ofl@stral
survey for the 19 century (green points), boundary marks of survethe 28' and 21 century (blue points),
and geodetic points (violet points).
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3.3 Adjustment and homogenization

In the transformation phase an artificial coordendifferences between identical (tie) points,
the connection points and the new points are inted into the adjustment. These pseudo
observations are weighted depending on the distarideere are no direct neighborhood
relationships between the interpolated points. Aoldally, the result depends on the number
of identical points which create residuals. The hudtis not suitable to model direct
neighborhood relationships. The resulting displaeeis of new points are dependent on the
density and distribution of identical points. Inetlsecond step the mapping approach is
extended by the introduction of relative geometripimation. Advanced methods use the
Delaunay triangulation to model the neighborhoddti@nships directly. Here, topological
neighborhood information is applied by the Delaunagngulation process over all GIS
points (identical points and other points) of thigioal system (Fig.3). The triangle sides are
used as carriers of neighborhood information. Albimg triangle sides, artificial coordinate
difference of observations are generated whichsabsequently introduced in the adjustment
calculation according to the least squares metfibd. observation values are derived from
the coordinates in the original system. The tridagunet is acting like a homogeneous
membrane. Its elasticity is given by the weightsdaaon the accuracy of cadastral points (see
Gielsdorf et al., 2004:eh et al., 2011a).

Figure 3: All vertexes of cadastral index map (ithg identical points, red dots) are included ielddnay
triangulation (dashed lines). The geometrical aamsts (rectangularity, straight lines) are alsasidered.

The resulting displacements are independent ofiémsity and distribution of identity points.
The so called membrane method uses as function@¢lned coordinate differences along the
triangle sites, and leads to linear residual equatwith a very stable convergence behavior.
The stochastic model is derived from the finitere@t methods, and it simulates the behavior
of a rubber membrane. The proximity fitting is ras an adjustment calculation method (see
Gielsdorf et al., 2004; Gielsdorf, 2010).
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The point accuracy improvement can be noticed layititegration of already existing GIS
coordinates, additional field measurements, fielobkb measurements and geometrical
constraints. Fig.4 shows the integration of measerdgs from the field book.

Figure 4: Integration of field book data (polar m@aements).

The next example shows a cadastral index map tnanafion with the integration of field
measurements of identical points, measurements tinenfield books and additional relative
constraints (rectangularity and straight lines)ngsthe proximity fitting approach. Wider
areas (not only the measured land parcel) prodinfithis accuracy improvement without
loosing its internal geometrical quality. By relegti positional accuracy improvement local
pockets of more accurate data (contemporary measmts of higher positional accuracy) are
used to improve the positional accuracy of surrcum@neighborhood) low level positional
accuracy datasets, in our case the land cadagicedrvindex map. Methodology determines
the best fit positioning solutions using positioimgbrmation of several dataset.
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Figure 5: Improvement of geometrical and positioaeturacy of land cadastral index map in the caalast
community of ZaZar — red points are identical pgint
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4. CONCLUSIONS

Problems concerning effective land administratiarpp®rting the suitable use of land
resources, improved land management and, in gerardlsuitable spatial decision making
are becoming more and more important all over tleldy With the greater need for
environmental controls and market impact on theestments policy for real estates and
pressure on land rights, these issues need coaBldemttention. The modern land
administration systems are filled with large volwé digital data on land and real property,
and are organized in the framework of multipurpgsegraphical (land) information systems.

The problem of geometrical improvement of graphleald cadastral index map is common
for the traditional cadastral societies - not ofdy Slovenia, but also for Austria, Germany
etc. Coordinates of land parcel border vertexes ra@nly derived from positional
heterogeneous analogue maps that were digitizedgaodeferenced. The analogue maps,
which in Slovenia originate from the beginning bet1%" century, had been maintained
throughout the centuries with manual technique mafplgical adjustment. Improvement of
geometrical accuracy of land cadastre index magpeasme a challenging issue in Slovenia.

This pilot study of positional and geometrical imypement of land cadastral index map in the
cadastral municipality of ZaZar shows that preskrapproach (already applied in certain
German federal states) would be reasonable in Biaweo, in particular for the prevailing
areas with old cadastral datasets from th® déntury. The methodology is able to preserve
geometric properties such as straight or paralels|in addition to the improvement of the
land cadastral index maps’ positional accuracy twismf great importance.
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