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SUMMARY

On 25.04.2000the Cadastre and the Property Register Act (CPRA) was promulgated in the
State Gazette. This provided for the commencement of the workmanship of cadastre maps and
cadastre regiers (CMCR) of the gpulated areas in Bulgaria. Subsequently this Act was
amended and supplemented exactly 20 times and the most essential amendment was adopted
in 2014.

Topographic and cadastre plans were elaborated up ta2988rwhich the entire @phic
information about the populated area was collected lnildings, fencings, infrastructure,
overground elements of the underground infrastructure, relief and so on. l.e. as a result, we
had full graphic information about the populated area.

The matter with thec adastre r egi st eegisry shegts wdaisf feppplnite d
regard to the cadastre plans, which in the general event solely names of owners were filled up
in, and in most events the legal grounds for the possesion of thetpnapee not reflected.

In fact the existing cadastre plans were divided into two kinds of different maps with the entry
of the Cadastre and the Property Register Act.

- cadastre maps and cadastre registers showing the ownership over the realopstetegpr

- specialized maps and registers showing various specialized information

The methods for the creation of a cadastre map are various and the most appnogriate a
secure method is through direct geodetic measurements. Can photogrammetric mépphods he
in the elaboration of a cadastre djhis is the question which this presentation shall seek an
answer to.
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Use of Photogrammetric Methods at the Creation of a Cadastre Map.
Three-Dimensional Model of the Cadastre Map

Eng. Zlatan ZLATANOV, Eng. Georgi ZLATANOV, Bulgaria

1. CREATION OF A CADASTRE MAP AND CADASTRE REGISTERS

In this presentation we shalbnsider the technical part at the creation of the cadastre maps
without going into depth with regard to the manners and the methods of creation of cadastre
registers.

The activities for the creation of cadastre mapsragdters are implemented by persons who
acquired qualifications under the virtue of the Cadastre and the Property Register Act or who
acquired qualifications in accordance with the procedure of a mestdierof the European
Union.

Real estate propertysubjectmatter of the cadastre is

1. Land property

2. A land property inclusive of such built up in rough construction as well as a facility of the
technical infrastructure which there is an independent site in

3. An independent site in a building or fiacility of the technical infrastructure.

The land property is the main unit of the cadastre. The land property is a part of the land
surface, inclusive of the one which is permanently covered with water, defined with limits in
conformity with the righof ownership

These definitions indicate that the creation of the cadastre map does not consist solely of
survey of the fencings and buildings existing on the splis is a significant stage of the

work but there is subsequent treatment which requiresvletdge of all the laws and
subordinate legislation related to the ownership of real estate properties.

We will consider herein the procedure for the creation of a cadastre map in brief.

Initial data needed for the creation of a cadastre map and dreadagster (CMCR) are:
Effective and preceding cadastre, regulation and other plans for the territory

Registry sheets to them

Correspondences from the municipdiministratiorfor changes in the cadastre and regulation
plans

All the graphicmaterials should be scanned, geterred and digitalized at the judgment of
the Contractar

After the laying and the calculation of a Working Geodetic Base (WGB) overall survey of the
existing buildings and fencings will be made. This stage is of ewvogptsignificance due to

the fact that these are the real limits within which the land properties are possessed.

On the basis of the fencings surveyed on the spot, the digitalized plans and what is of the
greatest significanciethe documents for owndrip, the real property limitare generated

The experience of the qualified person is of essential signifcance at the generation of the
property limits. He should judge the degree to which the existing fencingidmsnwith the
property limit
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Inquiry of the owners will be made in parallel with these technical activities so that the
information about the ownership obtained from the registry sheets and the correspondences
from the municipal administration should be filled up apdated.

Creation of acadastre map with the help of photogrammetric methods.

It is not by chance that we said fAwith the h
part of the presentation. We are of the opinion that the photogrammetric methods may help a

lot for the needs of the cadastre mhpt they may not be usedthout surveying the territory

in conformity with the standard geodetic methd®da lawn photo with total stations and/or
GPSmeasurementdhe matter related to the creation of 3d cadastre and spedilaaps for

structural planning is differemndwe will consider this matter herein below.

We made an attempt at creating a cadastre map in conformity with a photogrammetric method
for a small tenitory of the District of Poduyane. For the purpose we used air surveying made
at the order of Company GIiSSofia EOOD (LTD) in2011.The survey was made by camera
UltraCamXP at the height 02200m, with pixel 0.10m, focus distanc&00.5mm.

We will not consider the details of the aitangulation in detail here. The photogrammetric
processing was made by a photogrammetric station with software pretH@TOMOD.

The block of photographs is distributed 10 stripes containingt1l stereo pairsThe find

results of the aerotraingulation are

N XmXg YmYg ZmZ g Exy (
RMS: 0.031 0.031 0.016 0.043
maximum: 0.099 0.079 0.048 0.105

We defined2 districtsi one of them by a complex regidial construction(Fig. 1) with an
area of aboull hectares and the other one with individual construdffag 2) with an area
of aboutl hectare
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After the receipt of the stereo model of the site we made mapping of the elements; subject
matter of the cadastre map, which may be mappledildings (in the basgand fencingsin

fact there was possibility to determine the coordinates of the tops of the buildings and the
fencings solely for about-50 % of all the buildings and fencings. We did not make use of the
possibility for mapping roof lines and measurement on the spbeafaves due to the reason
that for us this method for determination of coordinates of detailed points with precision
satisfying the requirements of Ordinar®es inapplicable Another reason not to use the field
decipherment as a method for supplenrenthe photogrammetric data for the purposes of
the cadastre map is that the work for the decipherment is not smaller than that at the
conventional geodetic methods. In this manner, the price of the end product will be
considerably increased, without resuj in the reduction of terms or a better result.

Fig. 3
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Fig. 4

In 2014 we also made full survey of the same territory with total stations and we used a
working geodetic base as its basis, with development of the needs of the cadastre map of the
District of Poduyan€Fig. 3 and4).

The survey was made by 2 field teams3ovorking days If we add to this term also the term

for laying and leveling a working geodetic base, the total time for full survey of this territory
does not exceedlworking days

It should be noted that further to the survey of the existing building fund and the building
fencings, other elements of the existing infrastructupeirbs, roads and so dénshould be
surveyed at the workmanship of the cadastre map as well. For allefleesents of the city
infrastructure, the photogrammetric methods allow for fast and of qualtsining the
needed information with the necessary precisidfe used a photogrammetric method

(Fig. 5).

Fig. 5

The mapping of these elements was made éystéreo model and not by an orthophaag
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It is important to note that dowas the error obtained at the use from an orthopiapdrom

the imprecision of the relief drops out at mapping by a stereo model and all the reported
points are with their altitdes above the sea level.

The mapping took abo@®0 minutes of one specialist which is incomparable with the time
needed for field survey. We performed survey in conformity with the standard geodetic
method for verification of the results obtained. After a comparison made of the results
obtained in accord@e with the two methods, the differences even in one case do not exceed
the admissible values pursuant to At8 of Ordinance3. In the long run we obtained a
complete digital model of the investigated territory with the needed precision

Up to here we a@nsidered the use of photogrammetry in the process of initial collection of
data from measurements for the creation of a cadaste map. After the completion of the field
survey, control is exercised over the work dofde photogrammetric methods are
irreplaceable here in this process as well. A precise assessment and an analysis of the ready
made cadastre map may be made on the grounds of a developed orthophotomap of the
territory. l.e. with the help of the photogrammetric methods it is possible to aceeleeat
process for the creation of a cadastre map, but this will be at the expense of considerable
increase of the expenditures. It is due to this reason that photogrammetric survey with
Unmanned Aerial Vehicles (UAV) may be considered for the acceleratitimee process in
regions where we have complex construction of a comparatively big area as the district
indicated in Fig. 1 is. For these regions the survey of the existing infrastructure with the help
of Unmanned Aerial Vehicles (UAV) will considergblaccelerate the process without
exerting essential impact over the price.

The following conclusions may be drawn in conclusion of thasecinations

i The photogrammetric methods find a comparatively limited application at the creation of
a cadastre map

i The use of standard plogrammetric surwesolely for the purposes of the cadastre map is
not expedient because of making the process considerably more expensive.

i The use of Unmanned Aerial Vehicles (UAV) for survey of the existing infrastructure and
cortrol over small terirtories with complex construction is very useful for the needs of the
cadastre map.

2. CREATION OF A THREE -DIMENSIONAL MODEL OF THE CADASTRE MAP

We would like to offer to your kind attention a realized method for the creation of a three
dimensional model of the cadastre map. The method offered by us does not create a precise
threedimenstional model with regard to the roofs of the buildings froencdastre map but

allows the creation of such a model for very brief time and provides an overall idea of the
territory.

i Initial materials

i Cadastre mgp

i Digital model of the terrain

When the matter is about big territories, the pgammetric methods the most appropriate
onefor thecreation of a digital model of the terrdifig. 7).
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Fig. 7

In fact the technology we made is very simplifiddis based on the photogrammetric
software Photomod, developed by Russian Company Rakuas well as on software
developed in Company Geoc@8EOOD

We initially use the contours of the buildings and of the properties from the data obtained
from the cadastre mgpig. 8).

Fig.8

After we impose this information onto the terrain, we may obsaihreedimensional model
of the property limits and of the foundations of the buildifigg. 9).
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A specialized format is created in Bulgarigd.CAD for exchange of data from a digital
cadastre map. We will not consider this format in detad, will only note down that it
preserves information about limits of properties, contours of buildings, as well as a number of
floors, structure of the buildings and so. dine files in formatCAD are text ongswhich

allows the very easy extraction ofanmation needed with developed applied software

We maycomparativelyeasily obtain the height of each building on the gdsuof the data
received from the cadastre map about the nurabéhne floors of the buildings and on the
grounds of the thredimensional model of the contours of the buildings. In this manner we
obtain two threadimensional contours one on the ground and the other one at the height of
the building above the grodriFig.10).

Fig. 10

Naturally the question how to determine the height of a building arises here. For the purposes
of the threedimensional model of the populated area, we consider that it is sufficient to set up
a medium height of the floor and inighmanner to obtain the heights of the buildings. Our
system allows us to change the heights of the floors for specific buildings.

The following step is to obtain a thrdenensional model of all the buildingé/e may do this

again with the help of thehptogrammetric softward®>hotomodwith the function3d-mod

(Fig. 11).
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Fig. 11

It is possible to export all thus obtained information in an arbitrary format and to use it with
other software packagésig.12).

Fig.12

In conformity with this technology, with available initial data we may create a-three
dimensional spatial model of a very big territory within the framework of half a day.

What were the problems we encountered. In fact the main problem is the information
contained in the.CAD format When a building is with various heights, the information
preserved about this building is only about the highest floor. A building is shown. ib3Fag
survey and after its reflection in the cadastre . map
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Fig. 13

As at his time the information system of the cadastre does not provide precise presentation of
a building in conformity with the changes of its height. This information may be obtained
only after the investigation of the schemes of independent sites in theguildny. In Fig.

14 we indicated how the same building would look at reporting the differences in height and
without rendering an account of these differences. It is seen that with the absence of the
differences in height, a completely erroneous idea of this building isneltaWith this
example we want to indicate the exceptional significance of the correct and precise cadastre
information. Perhaps it is appropriate that the competent institutions infatte of the
Geodesy, Cartography and Cadastre Agency should conk&leupplementing of the now
existing format for exchange of information although there is a cadastre map for almost all the
big towns of Bulgaria and we are of the opinion that the time for that has already passed.
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Fig. 14

Company Geocad 93 EOOD (LTRJso developed a variant for the creation of a three
dimensional model of the cadastre map in conformity with another technology which,
however, is much more laboonsuming but at the expense of this it provides complete and
precise results. We will alsmonsider this technology in brief.

The cadastre map, the digital model of the terrain and the digital model of the roofs of thee
buildings are the initial data about this technology.

Mapping of the roofs of the buildings as well as of the eaves isregun fact with this
technology we obtain information about the heights of the buildings not from the data from
the cadastre map but from the mapped roofs of the buildings

With this technology we again obtain a thdimensional model of the foundat®mf the
buildings in the manner already indicated heraie used the software Bentley MAP
Enterprise for the processing of the information thus obtained from the digital model of the
terrain, the threglimensional models of the foundations of the buddiand the three
dimensionally mapped roofs and eaves. Modeling of the fagades of the buildings is
performed, and each facade is obtained from the-tireensional foundation of the building

up to the level of the eaves.

As a result of thisve obtain a ral and precise thred@imensional model of the populated area.
This model may be supplemented with textures, and the textures of the roofs are obtained
from the orthophotomap and those of the fagcades from their photographic geiyé&g).

Thus we will obtain further to a completely correct, also a realistic model of the populated
area.
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Fig. 15
This model may be supplemented by information obtained from alternative methods of

surveying. The supplementing of the obtained tidiegensionalmodel with data from laser
scanning is indicated in Fig. 16

Fig. 16

In the long run in this manner we obtain a completely correct-tlireensional digital model
of the populated area, but at the price ebmparably more time and funds.

3. APPLICATION S OF THE THREE-DIMENSIONAL MODEL OF THE
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