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L. GENERAL CHARACTERISTICS OF THE
DISSERTATION

1. Relevance of the topic

The relevance of the study is determined by the everyday problems faced
by modern geodetic production. Normative acts, map materials,
measurement methods, application software and different personal
approaches to solving different tasks are the subject of regular discussion in
the geodetic community.

The present work examines the maps and plans created for the needs of
modern geodetic production, and especially in the field of cadastre,
investment design and urban planning. Over the years, many of those
described above have been created, which very often led, in addition to
updating information, to its loss. The problems that affect civilian production
and consumption in the described areas are discussed. An attempt has been
made to offer solutions to these problems by developing an integrated
cartographic model that will be supported and accessible to all users in the
above-described areas.

2. Object, subject, purpose and tasks of the research

The motive for the selection, formulation and development of the topic
are the everyday problems in modern civil geodetic production, which must
be researched, analyzed and presented with appropriate normative and
technological solutions.

The purpose of the dissertation is: To revise the geodetic and
cartographic methods and materials for creating and maintaining plans
and maps serving the cadastre, territorial planning and investment
planning, as well as to propose a methodology for unified content and a
unified approach for creating and maintaining an integrated
cartographic model serving these spheres.

The tasks to achieve the set goal are:

1. Study of the current regulations and the relationship between the
cadastre, territorial organization and design;

2. Analyzing the methods and ways of creating and updating the
integrated cartographic model;

3. Carrying out real experimental studies in order to create a
methodology for developing and maintaining an integrated cartographic
model;

4. Analysis and evaluation of the results of the application of the



methodology;,

The subject of research is the content, principles, methods and
technologies for creating and maintaining an integrated cartographic model
for the urbanized territory based on the example of an integrated map of a
part of the residential district "V1. Varnenchik" II microdistrict, Varna,
municipality. Varna, region Varna..

The object of research is part of the district "Apricot Garden", project
points 844 - 839 - 837 - 836 - 806 - 788 - 789 - 790 - 791 - 795 - 796 - 797 -
798 - 800 - 847 - 848 - 846 according to the approved planning plan of
residential district "VI. Varnenchik" II microdistrict, city of Varna,
commune. Varna, region Varna, for which a methodology for creating an
integrated cartographic model will be applied.

Degree of scientific development: Until now, there is no general
information system or integrated map covering the entire territory of the
country. In some cities (Sofia, Ruse, Shumen, etc.) there is a built GIS
database, the content of which to some extent borrows the model created in
the present work.

The main working hypothesis of the research is: The existing ones
problems related to modern geodetic and cartographic production in the field
of cadastre, territorial planning and investment planning. The creation of an
integrated cartographic model and its implementation in GIS based on the
example of the developed methodology can solve a large part of the problems
described in the present work.

The scope of the research is: theoretical; time-based - from 2021 to 2024
with a special focus on experimental research to confirm the developed
methodology and to evaluate and analyze the results achieved.

The research methodology is based on publications on problem studies,
comparison, statistical analysis of empirical data and experimental studies.
Based on the research, reports were prepared and presented at scientific
conferences with international participation in the country.

The scientific novelty of the research is expressed in:
e A methodology for creating and maintaining an integrated

cartographic model is proposed to be used as a basis for building
a future unified GIS for the needs of modern geodetic



production.

Expected result: Based on the developed methodology for creating and
maintaining an integrated cartographic model, a unified national GIS will be
created as a new or upgrade of an already existing information system.

II. VOLUME AND STRUCTURE OF THE DISSERTATION

The dissertation has a volume of 128 pages and consists of an
introduction, three chapters, a conclusion, a reference to contributions, a list
of publications on the subject of the dissertation, a list of used literature, a
list of used abbreviations and appendices.

The structure of the dissertation includes:

INTRODUCTION
Chapter one ANALYSIS OF THE REGULATORY REGULATION AND
THE ORGANIZATION OF THE ACTIVITIES IN GEODESY,
CARTOGRAPHY AND CADASTER

1.1. Regulations until 2000.

1.1.1. The regulatory framework in the period 1879-1944.

1.1.2. The regulatory framework in the period 1944-1990.

1.1.3. The regulatory framework in the period 1990-2000.

1.2. Organization of geodetic, cartographic and cadastral activities before
2000.

1.2.1. Topographic Department of the General Staff of the Bulgarian
Army

army 1891 - 1919

1.2.2. State Geographical Institute (SGI) 1919 — 1951

1.2.3. Main Department of Geodesy and Cartography (GUGK) 1951 -
2000

1.3. Regulations after 2000

1.3.1. Overview

1.3.2. Law on the Cadastre and Property Register (ZKIR)

1.3.3. Spatial Planning Law (SPLA)

1.3.4. Law on Geodesy and Cartography (LAW)

1.3.5. Review and analysis of the regulatory framework concerning
geographic information systems and specialized maps 30

1.3.5.1. Normative acts for the creation of geoinformation systems

1.3.5.2. Normative acts for the creation of specialized maps

1.4. Organization of geodetic, cartographic and cadastral activities after
2000.

1.4.1. Assignment and control of activities in the field of geodesy,

cartography and cadastre



1.4.2. Military - geographical service

1.4.3. Agency for Geodesy, Cartography and Cadastre

Conclusions and summaries to chapter one

Chapter Two OVERVIEW AND ANALYSIS OF SURVEYING
METHODS AND CARTOGRAPHIC MATERIALS CREATED

2.1. Conventional methods

2.1.1. Bracket surveying

2.1.2. Orthogonal surveying

2.1.3. Tachymeter surveying

2.1.4. Analog and analytical photogrammetry

2.2. Modern methods

2.2.1. Surveying using GNSS

2.2.2. Geodetic surveying using a total station

2.2.3. Digital (digital) photogrammetry

2.3. Cartographic materials on paper

2.3.1. Topographic maps

2.3.2. Cadastral plans

2.3.3. Layout plans

2.3.4. Plans of underground pipes and facilities

2.4. Digital (digital) cartographic materials

2.4.1. Map of the restored property

2.4.2. Cadastral map and cadastral registers

2.5. Mathematical basis of cartographic materials

2.5.1. Coordinate systems in Bulgaria

2.5.2. Altitude systems in Bulgaria

2.6. Combining data from different sources

2.6.1. Scanning, digitizing and vectorizing

2.6.2. Transformations

Conclusions and summaries to chapter two

Chapter Three PRACTICE - APPLIED ASPECTS IN MODERN
GEODESIC AND CARTOGRAPHIC PRODUCTION

3.1. Review and analysis of existing integrated information systems

3.1.1. Information system of the cadastre and property register (IISKIR)

3.1.2. Local integrated information systems

3.2. Conducting geodetic measurements for the purpose of collecting

geospatial information

3.2.1. Geodetic surveying using GNSS

3.2.2. Geodetic surveying by total station

3.2.3. Control measurements by ground-penetrating radar (GPR)

3.3. Methodology for creating and maintaining an integrated cartographic
model as a result of the combined data from various sources and the conducted



geodetic measurements

3.3.1. Selection of basic data and content of the unified digital model

3.3.2. Definition of projection and coordinate system

3.3.3. Selection of materials

3.3.4. Selection of data exchange format

3.3.5. Cartographic generalization and presentation of results

3.3.6. Analysis and evaluation of the results of the application of the
methodology for developing and maintaining an integrated cartographic
model

Conclusions and summaries to chapter three

CONCLUSION

REFERENCE ON CONTRIBUTIONS

LIST OF PUBLICATIONS ON THE TOPIC

REFERENCES

LIST OF ABBREVIATIONS

APPENDICES

111 BRIEF DESCRIPTION OF THE DISSERTATION

The introduction substantiates the relevance of the research, defines the
purpose, the research tasks and the object of the dissertation, the adopted
approach and the methods used.

The dissertation has a total volume of 128 pages. It is structured in an
introduction, three chapters and a conclusion. The list of used literature
contains 89 titles, of which 21 scientific works, 60 normative documents and
8 Internet sites. The dissertation contains 4 tables, 30 figures and 7
appendices.



Chapter one ANALYSIS OF THE REGULATORY REGULATION
AND THE ORGANIZATION OF THE ACTIVITIES IN GEODESY,
CARTOGRAPHY AND CADASTER

1.1. Regulations until 2000

The beginning of the legislative framework dealing with and related to the
activities of geodesy, cartography and cadastre is set with the adoption of two
normative acts: the Eastern Rumelia Cadastre Act of 1880 [62], which is
mainly guidelines for the introduction of land registers and Regulations for
the construction of private buildings in the cities of Bulgaria from 1881 [63],
which regulates the improvement and construction.

The next normative act concerning the activity of the geodetic community
is the Law on Urban Municipalities (1886) [64]. According to this law, each
city municipality maintains the necessary listeners in the technical part for the
regulation of streets and urban improvement. The interesting thing is that
among the "listeners" there are the municipal doctor and the priest, who take
care that the living environment is healthy - they take an attitude in limiting
diseases through appropriate distances between buildings, places for garbage
and hygiene needs, etc.

After the adoption of the Law on the Armed Forces of the Principality of
Bulgaria in 1891 [65], the first topographic department was created at the
General Staff (GST) of the Ministry of War. All topographic-geodetic and
map materials created for the territory of Bulgaria by the corps of Russian
military topographers during the Russo-Turkish War of Independence 1877-
1878 were handed over to this department free of charge. The task of this
department is to reprint these maps and, accordingly, to renews them. This
really marks the beginning of Bulgarian cartography.

In the period up to 1944, a number of normative acts were adopted dealing
with the implementation and control of geodetic and cartographic activities
until the entry into force of the so-called "Law on the repeal of all laws issued
before 09/09/1944", after which a new era of the regulatory framework in
Bulgaria begins.

In the period from 1944 to 1989, a normative legal framework was built,
formed by several basic laws such as:

- Law on the Planned Construction of Settlements (1950) [73];

- Territorial and Settlement Law (1973) [77];

- Law on the unified cadastre of the People's Republic of Bulgaria

(1979) [80]



To date, there are many approved and currently active card materials
according to the above-mentioned legal acts.

After the end of the socialist regime, in the years after 1990, the so-called
a period of restitution indicating a new direction in the development and
adoption of the country's regulatory framework. The first adopted law, which
marks the beginning of the transition from nationalization to restitution, is the
Law on the Ownership and Use of Agricultural Lands , which regulates public
relations related to the restitution of agricultural lands, as well as their use, in
view of their purpose. On the basis of this law, plans, maps and registers were
created, used and maintained digitally through specialized software. These
are the first digital plans in Bulgaria, created on the basis of old cadastral
plans, compaction plans, orthophoto plans, topographic maps, land division
plans, etc. On the basis of these digital plans, a unified graphic product called
the Restored Ownership Map has been created, uniting the plans made under
the Law on the Ownership and Use of Agricultural Lands and the Law on
Restoring Ownership of Forests and Lands from the Forest Fund.

1.2. Organization of geodetic, cartographic and cadastral activities
before 2000.

The beginning of the rule of the "civil part of Bulgaria" was confirmed by
the Russian emperor Alexander II. The Office for Civil Administration of the
Liberated Lands Beyond the Danube was established at the Main Command
of the Russian Army, headed by Prince Vladimir Cherkassky. The main task
of the Office is building local bodies of power and management.

At the end of 1891, after the adoption of the Law on the Organization of
the Armed Forces of the Bulgarian Principality, with Decree No. 176 of Prince
Ferdinand I, the first topographic department was created at the General Staff
(GST) of the Ministry of War. All topographic-geodesic and map materials,
which were created for the territory of Bulgaria by the corps of Russian
military topographers during the Russian-Turkish War of Liberation 1877-
1878, were handed over to this department free of charge. The main task of
the topographical department is to reprint Russian maps and update them. To
begin with, five specialists and the required number of workers have been
appointed. The topographic department is located in the building of the old
military school on “Tsar Osvoboditel” Street.

In the years leading up to 1919, various offices and departments were
established to serve the aims and tasks of the various ministries. Thus, in 1903,
a land surveying service was created at the Ministry of Finance, which aims
to establish and secure state property in the country, subsequently it was
transferred to the Ministry of Agriculture and State Properties, operating until



1919. In 1904, the "Water Department" was established under the Ministry of
Agriculture and State Properties, with headquarters in the city of Plovdiv,
which was later moved to the city of Sofia. The task of this department is to
study and design water management measures. In this regard, geodetic
surveing are carried out to develop terrain-situational plans based on the well-
placed triangulation.

In the period after 1919, in connection with the end of our country's
participation in the First World War, the Treaty of Neuilly was signed between
Bulgaria and the countries of the Entente. With the signing of this treaty,
certain restrictions are imposed on Bulgaria, which leads to the renaming of
the Military Cartographic Institute to the Geographical Institute (GI) under
the Ministry of War. The Geographical Institute creates a "technical
committee" under the chairmanship of the director of the institute (Col. Ivan
Valkov). The technical committee dictates and decides the most urgent tasks
of geodesy and cartography in our country.

Shortly after the establishment of the Geographical Institute, BIAD
(Bulgarian Engineering and Architectural Society) separated and formed the
Group of Surveying Engineers in Bulgaria, which after several renamings:
Society of Surveying Engineers (1937), Department of Geodesy (1949),
Section in Geodesy (1957), Scientific and Technical Union of Bulgarian
Surveyors and Land Planners (1965), and in 1990 it received its current name
Union of Surveyors and Land Planners in Bulgaria (SGZB).

In 1930, the Geographical Institute (GI) was renamed the State
Geographical Institute. Along with this, the implementation of terrestrial
photogrammetric and aerial photogrammetric methods also began. The
photogrammetric method occupies a rather large share in the performance of
one of the main tasks of the GI, namely - creation of a new topographic map
on a scale of 1:25,000, with the captured area of the country corresponding to
20% with a mansula photograph, 37% - contour-combined, 17% - terrestrial
photogrammetric and 26% - stereophotogrammetric.

A new unit was added to the State Geographical Institute in 1933 - the
Central Board of Measurements subordinate to the Ministry of War. The
established council must regulate and coordinate the technical and material
efforts of the various measuring services in individual ministries and other
state and public institutions with a view to the best adaptation and possible
maximum use of the measuring work for the economic needs of the country
and for the needs of national defense. The Central Board of Measurements
must control and coordinate topographic-geodetic works and resolve
important scientific and theoretical issues related to geodetic measurements
in the country and the creation of the topographic map. The council is led by
the chairman, the director of the State Geographical Institute and members -
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representatives from the other measuring services, the ministries and the
university. Other tasks of the Central Statistical Office are to establish norms,
issue regulations on the methods, means, accuracy, etc., with which the
various types of measurement activities are carried out, so that they are also
applicable for the purposes of the cadastre and the overall economic
development of the country.

The activity of the State Geographical Institute ended in May 1950, when
the Military Topographic Service was established by order of the then
Minister of National Defense. The new service to the General Staff (GST) of
the Bulgarian Army has subordinate structures - the Central Military
Cartographic Base in the city of Troyan, the Central Warehouse for
Topographical Maps in the city of Lovech, the Expendable Warehouse for
Topographical Maps in the city of Sofia, the Astronomical Department in the
city of Sofia and structures for topogodesic assurance of the types of armed
forces.

In July 1951, the Politburo of the Central Committee of the Bulgarian
Communist Party made a decision to establish the Main Department of
Geodesy and Cartography. The Organization of Geodetic Measurements
under the Ministry of Communal Economy and Public Works are
subordinated to the Main Department of Geodesy and Cartography; Main
Directorate for Geological and Mining Surveys at the Ministry of Industry,
Design Organization "Zemustroy" at the Ministry of Agriculture and all
technical organizations and services in charge of geodetic measurements and
geological surveys at all other ministries and agencies, except the Ministry of
National Defense. The management works in a composition of 75 people with
the main purpose of forming and implementing the state policy in the field of
geodesy, photogrammetry and cartography, outside of their application for
military needs. The main tasks and duties of the Main Department of Geodesy
and Cartography, according to the decree, are:

- organizes, directs and performs all types of geodetic and leveling works
for the needs of civil administrations in the country;

- coordinates and plans the geodetic and cartographic works between the
individual ministries in view of the needs of the departments;

- prepares instructions, regulations and norms for carrying out geodetic
works;

- keeps a card file, to collect and systematize and keep the materials and
originals of the carried out geodetic and cartographic works (which also marks
the beginning of the Geokartfond archive);

- to carry out technical control of geodetic production.

In 1957, the Main Department of Geodesy and Cartography was renamed
the Department of Geodesy and Cartography and became part of the structure
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of the Ministry of Communal Economy, Public Works and Roads. One of the
first and important tasks of the Department of Geodesy and Cartography is to
popularize geodetic marks and geodesy among the people - triangulation
points, level markers, etc., and to understand their importance for the country.
For this purpose, Ordinance No. 1779 and Instructions for the protection,
inspection and maintenance of geodetic signs, mandatory for all departments
and organizations, are issued. Posters are also issued, which are printed at the
Map and Geo-Instrument Factory.

Renamed several times, the Department of Geodesy and Cartography led
and supervised the activities of geodesy, cartography and cadastre until the
establishment in 2000 of the Cadastre Agency.

1.3. Regulations after 2000

The beginning of the 21st century was marked by a number of new laws
in the field of geodesy, cartography and cadastre. Separate laws have been
created for the treatment of cadastre activities and activities in the
organization of the territory with mutual connection and references to each
other. Until the adoption of the Law on the Unified Cadastre of the People's
Republic of Bulgaria (1980), the creation of a cadastre in Bulgaria was
considered a secondary task and the activities were regulated in the Law on
Planned Construction of Settlements (1949) and the Law on Territorial and
Settlement Planning ( 1973). It is obvious that in parallel with the Law on the
Unified Cadastre of the People's Republic of Bulgaria, the Law on Territorial
and Settlement Planning also operated, therefore the cadastral plans, as well
as the completion of the cadastral basis, were adopted and approved primarily
on the basis of the Law on Territorial and Settlement Planning . Proceeding
from this, until the adoption of the Law on the Cadastre and Land Registry,
the creation of a cadastre for the territory of the country was considered a
secondary task.

The normative framework after 2000 obviously gives priority mainly to
two things - cadastre and urban planning. Laws and by-laws, instructions and
guidelines in these areas have been changed several times over the last twenty
years.

For the rest of the activities in geodesy, cartography, geoinformatics,
according to Article 4, paragraph 1 of the Organizational Rules of the Agency
for Geodesy, Cartography and Cadastre, the Executive Director of the Agency
for Geodesy, Cartography and Cadastre organizes the development of
projects of normative acts in the field of cadastre, geodesy, cartography and
geoinformatics and methodological guidelines for their application, as well as
makes proposals to the Minister of Regional Development and Public Works
to bring national legislation into line with the guidelines for the development
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of these areas in the European Union" and "organizes the development of
concepts and guidelines for the development of cadastre, geodesy,
cartography and geoinformatics". As can be seen from the currently effective
normative acts and instructions, for many of the activities in the field of
geodesy and cartography, the normative documents were issued by the
General Directorate of Geodesy and Cartography from the last century. If in
the past years, normative documents and instructions were created in
accordance with the emerging novelties, this trend has been lost for years.
Moreover, information from years ago, which was collected in various map
materials, is not described and is not subject to the requirements of the new
regulations.

To date, the main legal acts to which geodesy, cartography and cadastre
activities are subject are:

- Law on the cadastre and property register [36]

- Territorial Planning Law [37]

- Law on Geodesy and Cartography [41]

1.3.5. Review and analysis of the regulatory framework concerning
information systems and specialized maps

The need to have up-to-date and specialized maps and registers for various
subject areas has grown significantly in recent years. Various laws have been
created that regulate the creation of specialized maps and registers, but the
order of creation and the relationship with other subject areas, when available,
have not been developed to the required extent. There remains the feeling of
working "piecemeal" without a regulated order to unite the created "pieces".
In addition to the necessary specifics and the regulation of specialized maps
and registers in the main normative acts, the corresponding secondary
normative acts are also needed, which are more than scarce [15].

The main normative act through which the construction of a
geoinformation system (GIS) is laid is the Law on Geodesy and Cartography.
According to this law, Chapter Three, Section VI, Art. 23, paragraph 1, the
geoinformation system consists of:

- a unified digital model of the territory of the Republic of Bulgaria,
corresponding in functionality and accuracy to the large-scale topographic
map on a scale of 1:5000, respectively 1:10,000

- geodetic and topographic databases;

- geographic name database;

- information about the geodetic and cartographic materials and data
stored in the Geocart Fund, and information from the register under Art. 7,
para. 4, item 5;

- software - technical means for creating, processing, servicing, managing,
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keeping up-to-date and reliably storing databases and spatial digital models,
as well as means of information exchange.

The creation and maintenance of the unified digital model is regulated by
Ordinance No. V-12-1720 of May 13, 2014 [53] for large-scale
topographical. According to Article 6 of this regulation, "The Agency for
Geodesy, Cartography and Cadastre organizes the creation, maintenance,
renewal and adoption of a unified digital model and large-scale topographic
map". The Ordinance specifies the content in detail and emphasizes the
unified digital model as a modern cartographic product to be used for various
purposes. An important aspect of the activities for the creation and
maintenance of the unified digital model is laid down in Article 3 of this
regulation, namely "The technological requirements for accuracy, conditions
and order for the creation and maintenance of the unified digital model and
the large-scale topographic map are determined by the Instruction for creation
and updating of a large-scale topographic map in scales 1:5000 and 1:10,000."
At the moment, after nearly 10 years, such an instruction has not yet been
created, accordingly, activities to create a unified digital model have not been
commissioned and accepted.

In 2020, two new by-laws were adopted to specify the access and data
exchange of the cadastre information system. Despite the relatively recently
adopted regulations on information systems, their main emphasis is cadastral
data and related entries. There is a lack of specifics regarding the creation of
an information system with specialized data.

The need to create specialized maps and registers appeared in the distant
past, along with the development of layout schemes and plans. In the years
before the adoption of the Law on the Cadastre and Land Registry, there were
several legal acts that regulated "more generally" the creation of the so-called
"specialized maps" such as Ordinance No. 7 of 10.10.1995 on the preparation
and maintenance of cadastral plans in scales 1:1000 and 1:500 [28] and
Instruction and conventional signs for the preparation and maintenance of
plans of underground lines and facilities [22]. As of now, they remain
uncancelled and in effect.

While paper-based cadastral plans are no longer created and Ordinance
No. 7 / 1995 remains in the shadows of the geodetic community, the 1984
Instruction on Plans of Underground Cables and Facilities continues to
operate and is used by colleagues. Conventional signs and lines specified in
the Instruction are more general (generalized) and are easily perceived by the
users of these cartographic materials.

To date, there are many laws that regulate the creation of such maps and
registers, but they do not constitute a sufficient basis for their creation. The
common thing between all legal acts, in which the creation of specialized
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maps and registers is decreed, is their reference to the Law on the Cadastre
and the Property Register. The only law that regulates the creation of a
specialized map and registers and does not refer to the Law on the Cadastre
and Land Registry is the Water Law. Of all the normative acts listed in the
present work, only four have created corresponding by-laws for the creation
of specialized maps and registers.

Normative acts concerning the conduct of geodetic measurements, which
is the main way to create specialized maps and registers, are also essential.
Currently, there are two normative acts that regulate and regulate the
performance of geodetic measurements, namely [58] and [39]. Although in
the relatively recent amendment and supplement to [39] (Amended and
supplemented - SG No. 72 of 2021, in force from 01.10.2021), the new
technologies remain unmentioned and unspecified, although they are
achieves the legally required accuracy. This creates difficulties in accepting
and controlling the data obtained by using modern means of gathering
geospatial information.

1.4. Organization of geodetic, cartographic and cadastral activities
after 2000

The tasks related to geodesy, cartography and cadastre are constantly
increasing. More and more industries, institutions and organizations require
the services of geodesy, cartography and cadastre engineers, which creates an
unlimited number of contractors of geodetic activities. The main reason for
this is the development of geographic information systems (GIS), which serve
to create, manipulate, store, analyze and visualize geographically bound
(spatial) data.

The tasks and control of geodesy, cartography and cadastre of national
importance are divided in the country by Resolution No. 1 of January 6, 2005
of the Council of Ministers. The tasks related to civil proceedings in the field
of geodesy are described in Art. 8 — Art. 10. In view of the texts thus written,
the control of geodetic activities in the civil sphere remains in the hands of the
Minister of Regional Development and Public Works in accordance with the
AGKK and of the Minister of Defense through the Military Geographical
Service.

The Military Geographical Service is a working body of the Ministry of
Defense for providing geographic information and carrying out specialized
activities under the Law on Geodesy and Cartography. As the Geographical
Service of a NATO member country, it provides both the Bulgarian and the
armed forces of NATO member countries with geographical information,
especially in the planning, training and execution of all types of operations.

The Agency for Geodesy, Cartography and Cadastre was established
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immediately after the adoption of the Civil Code on 21.4.2000. The activity,
structure, work organization and composition of the Agency for Geodesy,
Cartography and Cadastre and the services for geodesy, cartography and
cadastre are determined by a planning regulations adopted by the Council of
Ministers on the proposal of the Minister of Regional Development and Public
Works.

From its establishment to the present, more and more activities have been
added to the functions of the Agency for Geodesy, Cartography and Cadastre,
and this has led to an increase in its composition. According to the
organizational regulations of the Agency, at the moment the number of
employees in it is 417 full-time employees. The long-term program for the
activity on the creation of the cadastre and the property register 2001 - 2015,
in 2015 the Agency for Geodesy, Cartography and Cadastre should have 593
full-time employees for its normal functioning and service to citizens. Given
the volume of work and its continuous growth, these staff numbers are
insufficient to secure activities and applications in the field of cadastre only,
while activities in the field of applied geodesy, cartography and specialized
map activities have remained in the background. In 2019, a new practice was
implemented, through which, on the basis of Article 56 of the Law on
Cadastre and the Property Register, persons with legal capacity under
cadastre, who are traders or persons exercising a free profession, can assist
the geodesy, cartography and cadastre services in the administrative service
to the users of cadastral information about the territories with approved
cadastral map and cadastral registers, but even this cannot fully ensure the
need for an additional staff for the implementation of all activities of the
Agency for Geodesy, Cartography and Cadastre..

Conclusions and summaries to chapter one

1. A review and analysis of the main regulatory framework related to
geodesy, cartography and cadastre activities was carried out, and the strengths
and weaknesses of the legislation were assessed.

2. An overview and analysis of the organization of activities in geodesy,
cartography and cadastre was made, and the tasks set and the goals achieved
over the years were analyzed.

3. Reforms are needed in the legislative framework, creation of normative
acts concerning the development of modern technologies as well as creation
of guidelines and instructions in order to unify the different interpretations
and practices.

4. Changes are needed in the organizational structure, increasing the
number of employees responsible for the control and acceptance of geodesy,
cartography and cadastre activities.
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Chapter Two OVERVIEW AND ANALYSIS OF SURVEYING
METHODS AND CARTOGRAPHIC MATERIALS CREATED

2.1. Conventional methods

Conventional surveying methods in geodetic and cartographic practice
have been revised. A review and analysis of the various approaches has been
made. It has been found that some have already lost meaning in modern
surveying and mapping production, while others have evolved along with the
improvement of technology. Some advantages and disadvantages of the
application of these methods are discussed, as some of these features should
be implemented and others should be rejected in modern mapping. Such
properties are for example:

- control during the surveying - the orthogonal method and the bracket
method allow the control of the surveying process in real time - while working
in the field. This can also be implemented in some modern surveying and
mapping methods as a positive quality;

- need for a significant number of personnel — in the same example, the
orthogonal method requires a significant number of people for its
implementation. In this aspect, it can be categorized as a negative property,
given the capabilities of modern technology.

Some of the conventional methods have undergone their development and
have retained their meaning in modern geodetic and cartographic production.
Such methods are:

- Tachymetric surveying - with the evolution of technology, the traditional
theodolite has been replaced by a modern technique - a total station, which
makes it possible to apply the tachymetric method with a reduced number of
personnel, increased accuracy and speed, and the possibility of applying a
remote measurement method.

- Photogrammetry - the application of digital technologies lead to greater
automation of photogrammetry, referring to analog and analytical
photogrammetry as one of the traditional methods.

2.2. Modern methods

The present work examines the most widely used geodetic and
cartographic methods for collecting geospatial information. In summary list,
these are:

- - geodetic surveying using GNSS;

- - geodetic surveying using a total station;

- - digital photogrammetry.

Despite remarkable advances in technology, there is currently no
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universal method for capturing and mapping the Earth's surface and adjacent
details. This means that the choice of geodesic method must always be
tailored to the specific case. In turn, the correct choice of the geodetic method
directly depends on its knowledge and understanding. In summary, we can
list the following criteria when choosing a geodetic method:

- required accuracy;

- term of execution;

- need for real-time control;

- need for remote research;

- taregulatory restrictions;

- other factors such as: visibility, vegetation, development, availability

of range, etc.

2.3. Cartographic materials on paper

Some basic map materials are examined, which, even if they were
developed and approved decades ago, are still used in modern geodetic
practice.

A topographic map is a graphic representation of a part of the earth's
surface on a plane. The main role of the topographic map is to provide detailed
information about the physical geography of the area. At present, the
application of the large-scale topographic map in geodetic civil production
remains similar to that of the last century, namely for survey, design and
planning in the national economy, science, defense and security of the country
and serves as a basis for creating other cartographic products such as in in the
past, large-scale topographic maps were also used for the purposes of building
the so-called "unified cadastre".

The modern concept and development of topographic maps was
connected with the creation of a unified digital model. In essence, it should
be an integrated database that includes geodetic information, digital
topographical information about the locality, geographical names and other
data. It is planned that the creation of a unified digital model will be based on
data from existing large-scale topographic maps, materials from aerial
photography, data from topographic-geodetic survey of the territory, cadastral
map, specialized maps and other digital and map materials. Unfortunately,
this idea of a modern integrated database remains unfinished and unrealized,
and no instruction has been created according to Art. 3 of Ordinance No. V-
12-1720 dated May 13, 2014, to create a unified digital model and large-scale
topographic maps.

The cadastral plan is a reduced, detailed image of part of the earth's
surface. The main subject of the cadastral plan is the type, location, purpose
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and boundaries of real estate. In the past, the cadastral plan had different
contents, the data in it had different meanings and was created for different
territories.

The cadastral plan has a general geographical content: relief,
infrastructure, waters and watercourses, plant cover and others. In the period
1949 — 2001, the cadastral plan was essentially a large-scale topographical
plan. It depicts the situation and relief, water and technical infrastructure at
the stage of drawing up the plan.

The cadastral plan is a basic graphic document for the objects in the
urbanized territory. According to the Law on the Unified Cadastre of the
People's Republic of Bulgaria, cadastral plans are prepared with different
thematic content and cadastral units (plan of underground pipes and facilities,
general plans of industrial enterprises, forestry plans, etc.). These thematic
plans, after the entry into force of the Law on the Cadastre and Land Registry,
are called "specialized maps".

The laws on territorial planning and improvement of the territory use two
types of development plans as an "instrumentary" for the implementation of
development policy and for granting development status to landed properties
- a general development (town planning) plan and a detailed development
(town planning) plan.

From a legal point of view, the detailed development plan is an individual
administrative act. Establishing the development status of each individual
property within its scope, a detailed development plan determines the so-
called "development potential" of the new regulated land properties, or in
simpler words - what can be built on the properties. In land properties
regulated by a detailed development plan, the internal regulation lines become
property boundaries when the detailed development plan is applied in relation
to the regulation.

Plans of underground lines and facilities in settlements and other
settlement areas are drawn up in order to establish the spatial location of all
underground lines and facilities. These plans also reflect the main technical
characteristics of the underground lines and facilities. Depending on their
accuracy and content, they are divided into schematic and cadastral.

2.4. Digital cartographic materials

The maps produced under the Law on the Ownership and Use of
Agricultural Lands and the Law on Restoration of Ownership of Forests and
Lands from the Forest Fund are the first plans in the history of the country in
digital form. Subsequently, they created a single digital product called the
map of the recovered property.
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The overall assessment of the created map of the non-urbanized territory
remains negative. A large part of the problems are the fault of fellow
surveyors. Substandard work and unqualified personnel were allowed to
process the data for the restored property map. Another reason for the
unsatisfactory results is the "directives" of the government, carried out under
extreme conditions, in which insufficient control was allowed (lack of
geodetic measurements, evaluation of plans, etc.). As a result, unscrupulous
colleagues have handed over a significant portion of the substandard output
that we encounter on a daily basis, most often in the form of a "manifest
factual error" under the Cadastre and Land Registry Act. A large part of these
errors have been transferred to the current and maintained cadastral map and
cadastral registers.

A cadastral map and cadastral register is created and maintained in digital
form with the main purpose of documenting the location and boundaries of
real estate as well as the data on their ownership.

The creation and maintenance of the cadastral map and cadastral registers
is one of the most dynamic modern geodetic and cartographic processes.
There are constant changes in regulations, guidelines, software, work
organization, etc. Along with the achieved positive results and benefits in
accordance with the idea of developing electronic government and connection
between institutions, many fundamental mistakes were made in the process
of creating and maintaining the cadastral map and cadastral registers. The
number of lawsuits and objections filed in connection with the creation and
approval of the cadastral map and cadastral registers testify to the mistakes
made. Some of the major mistakes and omissions in the whole process are:

- loss of collected information — from the map of the restored property and
from the current cadastral plans, only the data for material rights (property
boundaries) are used. Specialized data such as terrain, built facilities,
underground and overhead wires, plantations, etc., available in the restored
property map and cadastral plans, are not implemented in the cadastral map
and cadastral registers;

- lack of field control when accepting and amending the cadastral map and
cadastral registers

- although there is an effective regulation, in practice there is often a lack
of employees in the geodesy, cartography and cadastre office (lack of
equipment and trained personnel) to control (perform actual control
measurements) the data in the cadastral map and cadastral registers. No
"specialized unit" has been created to carry out field control at all;

- ambiguity in the implementation of development plans - the lack of a
layer of regulation (mainly regulation of streets and municipal properties)
forces legal persons to handle it based on their personal experience and skills,
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which leads to ambiguity of results. Quite often, two adjacent properties have
"applied regulation" as we observe a divergence between their boundaries and
the formation of streets of non-constant widths. The regulation plan has a real
property nature and should be applied precisely and unambiguously to all
affected properties.

If we do a thorough analysis, we will find many and various gaps and
conceptual errors in the activity of creating and maintaining the cadastral map
and cadastral registers [8], but this is somewhat a natural process in any
undertaking and innovation.

2.5. Mathematical basis of cartographic materials

Several coordinate systems have been created and used in Bulgaria for the
needs of geodetic production. The beginning was made already in the 20s of
the last century, and at the moment there are still main active documents
(graphic materials) created in the first used coordinate system in Bulgaria. In
summary, we can say that cartographic materials are produced in the
following coordinate systems:

- Coordinate system: 1930;

- Coordinate system: 1950;

- Coordinate system: 1970;

- Bulgarian Geodetic System - 2005 (BGS2005).

The introduction of BGS2005 in the UTM projection creates new
discussions about the inconvenience of transforming coordinates from one
zone to another (zone N34 and N335, in which the Republic of Bulgaria falls)
and the impact of the projection on the differences in areas [12]. Therefore,
with the issued Instruction No. RD-02-20-12 of August 3, 2012 for the
conversion of the existing geodetic and cartographic materials and data into
the "Bulgarian Geodetic System 2005", in its Art. 8, item 4, the use of geodetic
projections, other than UTM projection, is allowed for the needs of cadastral
mapping, as well as for other applications related to scales larger than 1:5000
and their corresponding digital products. The specific text regarding the use
of Lambert's conical conformal projection, its parameters and the given name
of the coordinate system - "Cadastral Coordinate System 2005" for creating
cadastral and specialized maps, is placed in Article 4, Paragraph 2 of
Regulation No. RD-02- 20-5 of December 15, 2016.

Undoubtedly more suitable for the territory of Bulgaria is the Lambert
conical conformal projection, but it is a local projection and connections with
neighboring countries cannot be made through it. In Europe, there are only
three countries where Lambert projection is imposed, namely: Belgium,
Estonia and France. However, behind the motive of the UTM projection are
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important prerequisites such as:

- membership in NATO - the UTM projection and coordinates related to
the international ellipsoid GRS80 have been used there for a long time;

- membership in the European Union (EU) — implementation of various
directives such as Directive 2007/2/EC [43] of the European Parliament and
of the Council of March 14, 2007 on the creation of an infrastructure for
spatial information in the European Community (INSPIRE);

- unification of the geospatial information created and maintained for the
territory of the country by the various departments, municipalities and legal
entities, as well as filling in the geospatial information for the territory of the
countries of the European Union.

The introduction of a height system for Bulgaria was preceded by leveling
measurements already during the Russo-Turkish War of Liberation by the
Russian General Staff, and 39 leveling polygons were developed. The
polygons were aligned assuming the same mean levels of the Black, Marmara
and Aegean seas, determined for 10 tide gauges [17].

To date, three different height systems have been introduced in Bulgaria,
namely:

- Black Sea high system (1930 — 1958);

- Baltic High System (1958 —2010);

- European vertical reference system 2007 (from 2010).

In the definition of the Bulgarian Geodetic System 2005, the use of the
EVRS height system is stipulated. In 2018, the EUREF Symposium in
Amsterdam adopted Resolution No. 2, encouraging national mapping
authorities, universities and research institutes to publish their gravity and
height data, where this is not against the law. Therefore, a questionnaire was
distributed to the participating countries

regarding publication of their EVRF2019 national results. All countries
except Bosnia and Herzegovina, Belarus, Russia and Ukraine consent to the
publication on the Internet of the altitude results of their base points in
EVRF2019. Thus, the above-mentioned countries exchange information only
with countries that are part of the United European Leveling Network
(UELN) project [20].

Despite the implementation of EVRS in EVRF2019, in Bulgaria the
current legislation, the most current of which is Instruction No. RD-02-20-1
of January 15, 2021 for the creation and maintenance of the State Leveling
Network, defines the use of EVRS in EVRF2007 implementation . Currently,
there are no transformation parameters introduced in Bulgaria between
EVRF2007 and EVRF2019 in order to make the transition to the EVRS2019
system.
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2.6. Combining data from different sources

Combining data from different sources involves processes of digitization,
scanning and vectorization. Currently, the digitization process has been
replaced by scanning and vectorization. After the implementation of these
processes (and sometimes after the scan itself), it is quite often necessary to
carry out various types of transformations of the geodetic data and map
materials - especially for data in different geodetic systems.

When deriving the transformation parameters between two reference
systems, the method of identical points with known coordinates in both
coordinate systems is used [6]. It is necessary to determine the type used, the
scope of the territory for which the transformation relations are to be derived
and in different cases which identical points to use. At the moment,
normatively, these issues are treated by Instruction No. RD-02-20-12 of
August 3, 2012 for the conversion of the existing geodetic and cartographic
materials and data into the "Bulgarian Geodetic System 2005", according to
which the materials and data are classified as:

- data on the geodetic base;

- digital data;

- graphic products.

From the point of view of types of transformations traditionally used in
geodesy and cartography, we distinguish the following:

- Polynomial transformation;

- Polynomial transformation with conformity condition (power series);

- Helmert transformation;

- Bursa — Wolf transformation model;

- Transformation model of Veis;

- Affine transformation.

In the present work, an Affine transformation is used to combine different
map materials. By definition, an affine transformation is a polynomial
transformation of the first degree between two coordinate systems (x1,y1) and
(x2,y2) with the following formulas:

X, =a,,X, +a,y,+ay; (2.12)
Yy =byoX, + by ¥+ byys
The scales along the two axes of the rotation angles are found by the

following formulas:
(2.13)

23



b
tg Cx — ﬂ
10
o1
tg Cy = b_01

The geometric solution can be represented in the following matrix form:
(2.14)
Xy xJ CoS ¢, —sin ¢\ My, 0\ /xy
() =) (s )5 )G
Y2 3 sin ¢, cos ¢, 0 my,/\W
The following relationships exist between the coefficients used in both
methods:
a=x";a =m cosc;a =-m sinc; (2.15)
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b=y ; b =m sinc; b =m cosc;
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Conclusions and summaries to chapter two

1. An overview and analysis of the surveying methods used for geodesy,
cartography and cadastre activities was made.

2. The main advantages and disadvantages of different geodetic methods
and approaches for collecting spatial information are indicated.

3. Knowledge of the various modern methods for collecting spatial
information is of key importance for obtaining a quality final product with a
view to achieving the set accuracy and completeness while using optimal
resources and time.

4. The graphic and digital map materials used for geodesy, cartography
and cadastre activities were reviewed and analyzed.

5. The main advantages and disadvantages of the various cartographic
materials are indicated, as well as the trends for their future use.

6. Knowledge of the various modern methods of spatial information
processing and transformation is key to obtaining a quality map product with
appropriate parameters and generalization, with a view to its future use for
various applications.
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Chapter Three PRACTICE - APPLIED ASPECTS IN
MODERN GEODESIC AND CARTOGRAPHIC PRODUCTION

3.1. Review and analysis of existing integrated information systems

At the beginning of 2009, an integrated information system of the cadastre
and the property register was implemented and functioning in the AGCC.
Through this system, cadastral information is maintained and stored, services
are provided to citizens, companies, municipalities and departments. Since its
creation in 2008, the system has been upgraded and further developed,
moving from a decentralized to a centralized model. In 2014, the cadastral
administrative information system was implemented, through which the
administrative part of the integrated information system of the cadastre and
the property register is separated, upgraded and centralized.

The increase in the amount and types of data in the system requires the
integrated information system of the cadastre and property register to be
upgraded and developed in several directions to allow working with new
types of data for the system, provision of new administrative services,
provision of automated exchange with external systems etc. For this purpose,
we can specify the following minimum of activities that must be performed:

- analysis and optimization of the database architecture and work
processes, improving the speed of the system in view of the increased
consumption and volume of data;

- implementation of open source technologies and ensuring scalability and
flexibility of the system with the possibility of increasing jobs and hardware
infrastructure without the need for large investments to purchase licenses;

- reflecting changes imposed by amendments to the regulations and new
regulations;

- expanding the capabilities of the system for providing and automated
data exchange with external systems, by including it in the RegiX inter-
register exchange environment of electronic management and development
of web services for access to spatial data.

In recent years, the development of certain GIS by various commercial
companies has become increasingly relevant. The approach, content and
interface of the final products are the result of the task of the contracting
authority (most often the Municipality).

The mentioned GISs differ dramatically in terms of their content, purpose
and interface. Some are mainly oriented to urban planning and investment
design, others to urban improvement, others are informative (the emphasis is
on tourist sites, transport, health activities, etc.). What is common in the
content of all built similar systems is that they use data from the Integrated
Information System of the Cadastre and Land Registry to one degree or
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another.

The information collected in such an application saves a lot of time in
collecting it independently, enables better public control of all activities,
reduces the chance of significant gaps in the implementation of investment
and other processes. The main problem in all these GIS applications, with the
exception of the Metropolitan Municipality to some extent, is that the data
in them is for informational purposes only. There is no established
regulatory framework for the way of creating, maintaining and
providing services from these built GIS, which largely renders the work
already done for their construction meaningless.

3.2. Conducting geodetic measurements in order to collect geospatial
information

For the purposes of the dissertation, geodetic measurements were carried
out, which are primarily the main source of data. When duplicating data from
different sources, the data obtained from the Polish measurements were used.
Due to the nature of the geospatial information required, various methods
have been used to collect it, described below.

As one of the state-of-the-art methods that is constantly improving and
becoming more accessible to users, GNSS technologies are the main method
used to collect geospatial information in the current development. The reason
for this is the main advantages of this type of technology, namely:

- there is no need to develop a reference (surveying) polygon;

- rapid action;

- possibility of independent work;

- modern software for entering and deciphering codes and photos, which
eliminates the need to keep a manual sketch.

Using GNSS technology in an urban environment, even equipped with
state-of-the-art technology, presents a challenge for anyone who encounters
it on a daily basis. The reason for this is the dense and tall buildings, the large
traffic of cars (including their parking), the presence of tall vegetation in
narrow spaces, interference from various radio sources, etc. Nevertheless, the
GNSS method was used in the survey of 95% of the territory subject to the
present work. The main credit for the success of this is the presence of the so-
called "tilt sensor" whose parameters are specified above. Although not
regulated in the current legal acts concerning the use of GNSS technologies,
the method using a tilt sensor achieves a higher accuracy than the one
regulated in Appendix No. 8 to Art. 36, para. 2 of Ordinance No. RD-02-20-
50f 15.12.2016, of course in compliance with basic indicators and principles
such as:
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- availability of calibration;

- compliance with the PDOP value (the geometrical configuration of the
satellites with respect to the horizontal and vertical uncertainty of the
solution);

- correct input of stock height;

- time required to wait for an unambiguous decision at a given point
(observance of the momentary decision at a given detailed point);

- use of averaging record;

- introduction of permissible accuracies (in position and height) and alarm
when they are exceeded;

- review and analysis of data from kinematic measurements.

For the purposes of creating the current model, 2,829 detailed points were
captured using GNSS, 13 of which were coordinated for the needs of a
reference polygon for taking a tachymetric surveying, by means of which the
remaining 212 points were measured. detailed points.

In the present work, several control scans in linear mode have been carried
out using ground-penetrating radar. They were scanned in several places, part
of the main water pipes and part of the gas pipeline. When establishing a
pipeline on site, the locations are marked and captured using GNSS in RTK
mode. The aim is to check data sources and their reliability. When scanning
in linear mode, the objects are scanned in two different directions, crossing
them at right angles. In fig. 3.2 shows the road diagram at the crossings of the
main water supply.

Fig. 3.2. Radagram when crossing the main water pipeline -
approximate depth 1.20 m
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GPR measurements are not geodetic measurements, although the device
is equipped with a GNSS antenna that achieves centimeter accuracy.
Measurements are more of a control nature, from which it can confirm or reject
a result. Even if they do not meet the requirements for unambiguous
determination of the location of the objects and the requirements of item 1 of
Appendix No. 8 to Ordinance No. 2021, in force from 01.10.2021) Geodetic
measurements are carried out using technologies that provide data for
determining geodetic coordinates of border points, with an accuracy higher than
that specified in Art. 18, para. 4, item 1, respectively - Art. 18, para. 5,

item 1, reduced by three times.", GPR measurements give us the
opportunity to make a real assessment of the materials used and the actual
location of the underground facilities.

Based on the findings, it is appropriate to consider the regulatory

regulation of this technology in order to control the activities for filling
underground pipes and facilities.

3.3. Methodology for creating and maintaining an integrated
cartographic model as a result of the combined data from various sources
and the conducted geodetic measurements

Based on the findings so far and the geodetic and control measurements,
a methodology for creating and maintaining an integrated cartographic model
is proposed. The purpose of the present methodology is to present a
theoretical framework for content, principles, methods and technologies for
creating and maintaining an integrated cartographic model. The content of the
methodology covers the following main subdivisions, considered in the
present work:

- Selection of basic data and content of the unified digital model;

- Definition of projection and coordinate system;

- Selection of materials;

- Selection of data exchange format;

- Cartographic generalization.

The cartographic model that will be created must serve the interests and
tasks of its users. For modern geodetic production as well as for geodesy-
related organizations, institutions, professions, etc., geographic information
is necessary for the needs of design, improvement, construction and asset
management. At the moment, there is a lot of collected spatial information,
which is not unambiguously and uniformly united. The creation of a card
product for the needs of a certain purpose (for example, the preparation of a
combined sketch) is almost always done individually, using an individual
approach by its author. Practice shows that the approach of surveyors, the
software programs used and the results achieved are not unambiguous [7].
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Observing this and starting from already created similar GIS, the following
minimum layered content structure of the unified digital model in an
urbanized area is proposed:

Table 3.1. — Structure and content of an integrated cartographic model

Semant
Object Primitiv . ic
e informa
tion
Layer Geodetic networks
1. Point of the state GPS network Cond.ltlo Yes
nal sign
2. Geodetic grid point with Conditio Ves
local purpose nal sign
. . . Conditi
3. A point from a working geodetic base on .l N Yes
nal sign
4. Level benchmark Cond.ltlo Yes
nal sign
Layer Cadastre
1. Borders:
1.1. State border Line * No
1.2. District border Line * No
1.3. Municipal border Line * No
1.4. Border of a settlement (land), border of an .
L . L Line * No
administrative district
1.5. Boundary of a cadastral district Line * No
1.6. Boundary of a landed property Line * No
1.6.1. Boundaries between properties (intangible) Line * No
1.6.2. Boundaries between properties - parts of one
linear object Line * No
of the technical infrastructure
1.7. Buildings
1.7.1. Boundary of a building - above-ground part Line * No
1.7.2. Building boundary - underground part Line ** No
1.7.3. F.aul!ty boundary/outline of Line * No
the technical infrastructure
1.8. Independent object in a building and facilities of the technical
infrastructure
181 Boundary of a independent object in a Line * No
building
1.8.2. Boundary of an adjoining part to an independent Line * No
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object in a building

1.9. Borders of other type of
property rights

1.9.1. Boundary of an adjoining part to an independent

object in a building Line * No
1.9.2. Right of way Line * No
1.9.3. Parking spots Line * No
2. Type of territory:
2.1. Urbanized Hatch No
2.2. Transportation Hatch No
2.3. Agricultural Hatch No
2.4. Forest Hatch No
2.5. Violated Hatch No
2.6. Types Protected
2.6.1. Protected Hatch No
2.6.2. Agricultural territory - protected Hatch No
2.6.3. Forest territory - protected Hatch No
2.6.4. Urbanized territory - protected Hatch No
3. Inscriptions:
3.1. Labels with technical information
3.1.1. District number Text No
3.1.2. Land property number Text No
3.1.3. Building number Text No
3.1.4_. Number of an independent object in a building Text No
and adjacent parts
3.2. Explanatory inscriptions
3.2.1. Name of a street, boulevard, square Text No
3.2.2. Administrative number Text No
3.2.3. Water area Text No
3.2.4. Name of locality Text No
3.2.5. Inscription of the settlement (land) Text No
3.2.6. Explanatory inscription of a landed property Text No
3.2.7. Explanatory inscription of a building Text No
3.2.8. Explanatory inscription of an independent
Lo - . Text No
separate object in a building and adjacent parts
Layer Device of the territory
1. Requlation:
1.1. Axis points Cond_ltlo Yes
nal sign
1.2. Axis lines Line No
1.3. Street regulation lines Line ** No
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1.4. Yard regulation lines Line ** No
1.5. Border lines Line ** No
1.6. Inscriptions
1.6.1. District number Text No
1.6.2. Number of Regulated Land Property Text No
1.6.3. Purpose of regulated land property Text No
1.6.4. Order for the approval / admission of a Text No
development plan
1.6.5. Other explanatory Text No
2. Construction:
2.1. Construction lines
2.1.1. Mandatory construction lines Line No
2.1.2. Building boundary lines Line No
2.2. Buildings
2.2.1. With permanent organizational status Line No
2.2.2. Newly designed Line No
2.3. Inscriptions
2.2.1. Matrix to indicate mode of
construction Text No
2.2.2. Order for the approval / admission of a Text No
development plan
2.2.3. Approved / admitted working layout plan Text No
2.2.4. Other explanatory Text No
3. General development plan:
Layer Technical networks and facilities
1. Water supply network:
1.1. Water pipe for drinking purposes
1.1.1. With pipe up to 500 mm Line No
1.1.2. With pipe over 500 mm Line No
1.2. Water pipe for non-potable needs
1.2.1. With pipe up to 500 mm Line No
1.2.2. With pipe over 500 mm Line No
1.3. Building water diversions Line No
1.4. Stop valves Cond.ltlo No
nal sign
1.5. Fire hydrants Cond.ltlo No
nal sign
1.6. Facilities (may include and Conditio | There
further explained) nal sign could
or line be
1.7. Easements Line No
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1.8. Inscriptions Text No
2. Sewage network:
2.1. Household sewage
2.1.1. Round
2.1.1.1. With pipes up to 500 mm Line No
2.1.1.2. With pipes over 500 mm Line No
2.1.2. Egg-shaped, mouth-shaped, U-shaped, etc. kinds
2.1.2.1. With pipes up to 500 mm Line No
2.1.2.2. With pipes over 500 mm Line No
2.2. Rain drain sewage
2.2.1. Round
2.2.1.1. With pipes up to 500 mm Line No
2.2.1.2. With pipes over 500 mm Line No
2.2.2. Egg-shaped, mouth-shaped, U-shaped, etc. kinds
2.2.2.1. With pipes up to 500 mm Line No
2.2.2.2. With pipes over 500 mm Line No
2.3. Mixed sewage
2.3.1. Round
2.3.1.1. With pipes up to 500 mm Line No
2.3.1.2. With pipes over 500 mm Line No
2.3.2. Egg-shaped, mouth-shaped, U-shaped, etc. kinds
2.3.2.1. With pipes up to 500 mm Line No
2.3.2.2. With pipes over 500 mm Line No
2.4. Building sewer diversion Line No
2.5. Inspection shafts
Conditio
2.5.1. Round ) Yes
nal sign
2.5.2. Non-round Cond.ltlo Yes
nal sign
2.6. Gratings and drains Conditio
nal sign Yes
or line
2.7. Drainage Line No
2.8. Facilities (may include and Cond.ltlo There
further explained) nal §|gn could
or line be
2.9. Easements Line No
2.10. Inscriptions Text No
3. High current network:
3.1. Overhead power lines
3.1.1. Low voltage (up to 1 kV) Line No
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3.1.2. Medium voltage (from 1 kV —to 35 kV) Line No
3.1.3. High voltage (above 35 kV) Line No
3.2. Underground power lines
3.2.1. Alternating current
3.2.1.1. Low voltage (up to 1 kV) Line No
3.2.1.2. Medium voltage (from 1 kV —to 35 kV) Line No
3.2.1.3. High voltage (above 35 kV) Line No
3.2.2. Direct current
3.2.2.1. Low voltage (up to 1 kV) Line No
3.2.2.2. Medium voltage (from 1 kV — to 35 kV)) Line No
3.3. Facilities (may include and Cond_ltlo There
. nal sign could
further explained) .
or line be
3.3.1. Distribution cassettes Cond.ltlo Yes
nal sign
3.3.2. Control shafts Cond_ltlo Yes
nal sign
3.4. Easements Line No
3.5. Inscriptions Text No
4. Low current and communication network (including
optics):
4.1. Underground low current line Line No
4.2. Overhead low current line Line No
4.3. Inspection shafts
4.3.1. Round Cond.ltlo Yes
nal sign
4.3.2. Non-round Cond.ltlo Yes
nal sign
4.4, Facilities (may include and Cond_ltlo There
. nal sign could
further explained) .
or line be
4.5. Easements Line No
4.6. Inscriptions Text No
5. Gas pipeline network:
5.1. Gas pipeline Line No
5.2. Stopcock Cond_ltlo No
nal sign
5.3. Gas pipeline diversion Line No
5.4. Facilities (may include and Conditio | There
further explained) nal sign could
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or line be
5.5. Easements Line No
5.6. Inscriptions Text No
6. Heat pipe network:
6.1. Heat pipeline Line No
6.2. Stopcock Cond.ltlo No
nal sign
6.3. Heat pipeline diversion Line No
6.4. Facilities (may include and Conditio | There
further explained) nal sign could
or line be
6.5. Easements Line No
6.6. Inscriptions Text No

Layer urban improvement (incl. green areas and infrastructure)

1. Transport network:

1.1. Railroads

1.1.1. Underground Line No
1.1.2. Overground (train, tram) Line No
1.2. Tram and trolley lines Line No
1.3. Facilities (may include and Conditio | There
further explained) nal sign could
or line be
Conditio | There
1.3.1. Bridge nalsign | - could
or line be
1.3.2. Pedestrian overpass Line No
1.3.3. Pedestrian underpass Line No
2. Landscaping:
2.1. Separating concrete Line Yes
elements (curbs)
2.2. Pavement
2.2.1. Asphalt Hatch No
2.2.2. Concrete Hatch No
2.2.3. Macadam Hatch No
2.2.4. Concrete elements Hatch Yes
S Conditio
2.3. Lighting (street lamps) nal sign No
2.4. Fences
2.4.1. Light Line No
2.4.2. Semi-massive fence Line No
2.4.3. Massive fence Line Yes
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2.5. Others (Buildings, hallways, sheds, stops, There

outbuildings, steps, retaining walls, etc., which do not Line ** could
are subject to the cadastre) be
2.6. Signaling
2.6.1. Sidewalks Hatch No
2.6.2. Bike lanes Hatch No
2.6.3. Parking spaces and parking areas Hatch No
2.6.4. Advertising elements Cond.ltlo Yes
nal sign
2.7. Inscriptions Text No
3. Green System:
3.1. Trees
3.1.1. Deciduous Cond.ltlo Yes
nal sign
3.1.2. Coniferous Cond.ltlo Yes
nal sign
3.1.3. Centuries old Cond.ltlo Yes
nal sign
3.2. Lawn areas
3.2.1. Low vegetation Hatch Yes
3.2.2. Shrub vegetation Hatch Yes
Layer relief
1. Horizontals — main (major countour) Line No
2. Horizontals — secondary (minor contour) Line No
Conditio
3. Relief forms (can be further explained) nal s.|gn No
or Line
4. Inscriptions Text No

Note: Where the "Line" primitive has an appended sign (*), the line
necessarily participates in the composition of a contour, and where there is a
sign (**), the line can participate in a contou.

Thus systematized and selected information gives us a maximally
generalized picture for the needs of design, improvement, construction and
asset management. Of course, a large amount of information is currently
collected for many of the objects, but if it is to be integrated and maintained
in GIS, a huge number of specialists and serious hardware and software
investments will be needed.

The other priority in the development of an integrated information system
is for it to be scalable, or in other words, to be able to add new layers / objects
and other elements, respectively with the related semantic information. To the
structure thus made in Table 3.1, we could add another type of thematic or
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specialized maps (some are even already developed to some extent, while
others lack normative acts) in their overall or more generalized form such as:

- Noise map;

- Cultural heritage map;

- Map of underground resources;

- Map of the Black Sea coast;

- Waters, water bodies and facilities (including isobaths);

- Sea space, inland waterways and ports, etc.

The content of the semantic information for the objects and primitives
described above is prepared. Systematized in this way, the specified data have
a claim to a minimum content of information about the relevant objects in
order to achieve optimal generalization. Of course, it is good to have the
possibility to add more information, but for this purpose a discussion needs
to be held with the relevant specialists related to the data in the cartographic
model. The data can be collected and entered independently or can be output
from the relevant specialized maps. The information about the "source" must
specify the origin of the data - from existing plans and maps, from project
documentation, from executive documentation, from direct geodetic
measurements, in which case the person who performed and is responsible
for the prepared geodetic measurements must be specified. The semantics of
Table 3.1 is presented in Table 3.2.

Table 3.2. — Semantic information content of feature primitives

Object Primitive Data content

Layer Geodetic Meshes (for all primitives)

1. Point of the state GPS network Point number
Class by position
Height class
2. Geodetic grid point with Determination

local purpose method

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

Conditional
sign

3. A point from a working

geodetic base H (EVRS)

Date of creation
4. Level benchmark Source
Layer Cadastre
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Layer Device of the territory

1. Requlation:

1.1. Axis points

Conditional
sign

Point number

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

Date of creation

Approval order

Source

Layer Technical networks and facilities

1. Water supply network:

1.6. Facilities (may be included and

further explained)

Conditional
sign or line

The content
should be
specified with the
relevant designers

2. Sewage network

2.5. Control shafts - round and non-round

Conditional
sign

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

H - cover (EVRS)

H - bottom (EVRS)

H - entrance
(EVRS)

H - exit (EVRS)

Diameter /
dimensions

Type of sewage

Material

Date of
construction

Source

2.6. Gratings and drains

Conditional
sign or line

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

H - cover (EVRS)

H - bottom (EVRS)

H - exit (EVRS)

37




Diameter /
dimensions

Type of sewage

Material

Source

2.8. Facilities (may be included and
further explained)

Conditional
sign or line

The content
should be
specified with the
relevant designers

3. High current network:

3.3. Facilities (may be included and
further explained)

Conditional
sign or line

The content
should be
specified with the
relevant designers

3.3.1. Electrical distribution cabinet

Conditional
sign

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

Type

Operator

Description

Source

3.3.2. Control shafts - round and non-

round

Conditional
sign

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

H - cover (EVRS)

H - bottom (EVRS)

Diameter /
dimensions

Type

Operator

Description

Source

4. Low current and communication network

including optics

N~

4.3. Control shafts - round and non-round

Conditional
sign

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

H - cover (EVRS)

H - bottom (EVRS)

Diameter /
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dimensions

Type
Operator
Description
Source
The content
4.4. Facilities (may be included and Conditional should be
further explained) signorline | specified with the
relevant designers
5. Gas pipeline network:
The content
5.4. Facilities (may be included and Conditional should be
further explained) signorline | specified with the
relevant designers
6. Heat pipe
network:
The content
6.4. Facilities (may be included and Conditional should be
further explained) signorline | specified with the

relevant designers

Layer urban improvement (incl. green areas and infrastructure)

1. Transport

network:
The content
1.3. Facilities (may be included and Conditional should be
further explained) sign or line | specified with the
relevant designers
The content
. Conditional should be
1.3.1. Bridge sign or line | specified with the
relevant designers
2. Improvement:
) . Type
2.1. Separating concrete elements (curbs) Line
Source
2.2. Pavement
2.2.4. Concrete elements Hatch Type
Source
2.4. Fences
Type
2.4.3. Massive fence Line Hheight
Building permit
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2.5. Others (Buildings, hallways, sheds,
stops, outbuildings, steps, retaining walls,
etc., which are not subject to the cadastre)

Line **

Source

The content
should be clarified
with the relevant
planners and
municipal
administration

2.6. Signaling

2.6.4. Advertising elements

Conditional
sign

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

Type

Placement
permission

Owner / User

Source

3. Green system:

3.1. Trees - deciduous, coniferous and
centuries-old

Conditional
sign

X (BGS2005 -
cadastral)

Y (BGS2005 -
cadastral)

Type

Diameter

Source

3.2. Lawn areas

3.2.1. Low vegetation

Hatch

Type

Source

3.2.2. Shrub vegetation

Hatch

Type

Source

Layer Relief

The first step in integrating geographic information from different sources
is defining a single coordinate system and a single projection (without
zoning). Data from different sources (measurements, map materials, etc.) are
often in different coordinate systems, or at least in different projections. Some
of the data and materials do not even have a defined coordinate system and
projection, so they must be processed and georeferenced to one. For the needs
of the cadastre, the projection must be equivalent (preserving the areas) or
very close to it, and for the needs of design and construction, especially of
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linear facilities, it is necessary that the linear deformations be small.

BGS 2005 coordinate system is based on fundamental geodetic
parameters according to the International Geodetic Reference System 1980
(GRS80), so practically the transformation between two projections (UTM
and Lambert’s) based on the same ellipsoid is carried out almost flawlessly.
This gives us the opportunity to build a universal GIS based on an integrated
cartographic model to be visualized in Lambert's conical conformal
projection (so-called BGS2005 - Cadastral), and at the same time, through
transformation to UTM, to build connections with other countries and we
guarantee the state border of the country.

When making maps, we rarely use data from only one source. Data from
various map and plan sources, records and registers, as well as geodetic and
control measurements are usually combined. When using any data sources,
they should be pre-screened and evaluated for their accuracy and suitability.
The data used to develop the model are described in detail in the dissertation.

For the needs of the integration of the cartographic model in GIS, it is
necessary to develop a new, modern and compatible with all (or at least with
most) information systems and software products that manipulate spatial data.
This will ensure a qualitatively new relationship between the providers of
cadastral data (the companies creating cadastral maps and cadastral registers
and especially the Agency for Geodesy, Cartography and Cadastre) and their
users, as well as make possible the integration of data from other official state
registers with such data, which is currently impossible.

The new format for spatial data exchange must be open source, which
supports and can integrate within itself the data from cadastral maps and
registers, support data and nomenclatures from the rest of the official spatial
data sets distributed in the country (most in CAD, ZEM and SHP formats). It
must be ensured that this format contains this data and ensures interoperability
between it and the individual information systems and software packages that
read and modify it. The format should reflect the current trends in the
development of spatial data sets that state institutions maintain. This implies
the publication of detailed and correct supporting documentation for its
architecture so that third parties can use it, as well as create spatial data in
such a form. It is also necessary to be able to seamlessly create software tools
and packages that use the new format for storing and transferring spatial data.

Since the current legislation refers to the format under Article 12, item 5
of the Law on the Cadastre and Land Registry, and it is unsuitable for
summarizing and visualizing the data in this work, a standardized digital
format DXF (Drawing Exchange Format ), which is free and open source,
allowing reading by almost all CAD software. It would be good if the new
format allows output to the DXF format, due to its worldwide popularity and
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the possibility for specialists from different fields to work together on the
same design or project.

The cartographic model consists of a set of information layers. Each layer
contains a different type of information, according to the subject it describes,
and all together make up a map. The distribution of information by layers
allows to quickly edit the objects and also to work with a query. Map layers
can be manipulated: swap their places, unlock visibility, block freeze,
separate, etc.

In the layout of the digital map, the layers must be arranged in a certain
sequence (hierarchy). In order not to obscure the image, the background
elements (hatches and area characters) from the layers need to be located
lower than the line elements and conditional characters. Layer offset sequence
conveys the correctness of overlaying stroke, line primitives, and map
callouts.

The amount of layers for each map can be different and depends on the
purpose of the map and the tasks that will be solved on the given map or
digital model. The main task is the correct composition of layers and the
distribution of objects by layers. It should be taken into account that the large
amount of layers with the relevant information in them (conditional characters
and primitives) can make it difficult to work with the digital model,
respectively the map.

The choice of conventional signs and primitives in the present work is in
accordance with the current regulations regarding the content of the
individual layers, namely:

- for the "Geodesic basis" layer and the "Cadastre" layer - Conditional
signs approved by Order No. RD-13-197/26.11.2021 of the Executive
Director of the Agency for Geodesy, Cartography and Cadastre and
Conditional signs for cadastral plans of populated areas places and
undeveloped terrains - scales 1:1000 and 1:500, issued by the Department of
Geodesy and Cartography - 1993;

- for the "Territory layout" layer - Ordinance No. 8 of June 14, 2001 on
the volume and content of development plans;

- for the layer "Technical lines and facilities" - Instruction and conditional
signs for the preparation and maintenance of plans of underground lines and
facilities - 1984 and Conditional signs for cadastral plans of settlements and
undeveloped land - scales 1:1000 and 1:500 , issued by the Department of
Geodesy and Cartography - 1993;

- for the "Urban improvement (including green areas and infrastructure)"
layer - partial use of Conditional signs for cadastral plans of settlements and
undeveloped land - scales 1:1000 and 1:500, issued by the Department of
Geodesy and Cartography - 1993 .and compilation of a legend at the
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discretion of the doctoral student;

- for the "Relief" layer - Conventional signs for cadastral plans of
settlements and undeveloped terrain - scales 1:1000 and 1:500, issued by the
Department of Geodesy and Cartography - 1993.

There is an intertwining of four separate legal acts, which have similar
objects with different meanings, as there are also other legal acts concerning
the visualization of certain objects. Most of these normative acts are old and
were not created at the time when GIS technologies were massively
introduced, accordingly there is no intention in them to reflect these objects
at the same time. It is necessary to analyze all normative acts concerning
planning and cartographic representation of objects in order to take a unified
approach to the creation of digital and graphic, map and planning materials.

The other important thing to pay attention to is the classification of map
marks. The traditional approach to them, divided into non-scale (point), linear
and areal, is not inherent in modern technologies. Instead, selecting and
classifying signs according to their location and according to the type of sign-
object relationship [2] is a better approach to composition. On the other hand,
the conventional signs described in Conventional signs for cadastral plans of
settlements and undeveloped land - scales 1:1000 and 1:500, issued by the
Department of Geodesy and Cartography - 1993, have been proven to be best
understood by the geodetic caste and other specialists as traditionally continue
to be used in various developments. In view of this, it is good to preserve the
traditionally used signs as much as possible (for example, the types of fences,
sign for trees, lamps, manholes, etc.) and add new ones while following the
above-described approach. When composing new or summarizing already
used signs, it is appropriate to approach using the method of double
articulation of the signs in order to save the language and improve user
receptivity [3]. Modern CAD software and GIS applications offer database
connectivity allowing the insertion of semantic information to characters and
primitives, with which better generalization can be achieved while retaining
(even adding more) the necessary background information.

Another good possibility of modern technologies is to apply automatic
generalization of vector objects according to the selected scale. This means
that from one compositing original (unified digital model) with automatic
settings, properly generalized images can be obtained according to the set
settings. And last but not least, the "annotativeness" property contributes to
automatic generalization, by which objects automatically change to their
design size when rescaling. This effectively eliminates the need for character
interchangeability when using different scales, which further confuses its
users.

The visualization and generalization of the single digital model in the
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current dissertation was made in compliance with the above suggestions and
opinions (Appendix No. 3). In order to present the functionality of the model,
visualizations were created with the individual layers, compared with the
main layer "Cadastre", which is the only normatively regulated and effective
at the time of preparation of this dissertation (Appendices No. 4 - 7).

The methodology developed in the present work provides basic principles
for unified content and a unified approach for creating and maintaining an
integrated cartographic model serving the spheres of modern geodetic
production, cadastre, territorial planning and investment planning. In turn, the
integrated cartographic model is a product of digital cartography methods that
can be implemented in modern GIS. For this purpose, an analysis has been
prepared (Table 3.3.) of the advantages and the expected positive effect on
society, as well as the possible difficulties, threats and weaknesses of the
methodology for the creation and maintenance of the integrated cartographic
mode.

Table 3.3. — Analysis and evaluation of the methodology and its impact

Methodology advantages

1. The selection of basic data and content ensures a minimum content
of information and a maximally generalized picture while preserving
the basic and essential information for the aforementioned needs.

2. The choice of projection, coordinate system and output format
provides us with a connection with the rest of the countries, while also
using geospatial information already collected in significant quantities.

3. The cartographic generalization is in accordance to the maximum
extent with the current regulations as well as to a large extent with the
long-standing practices and concepts of the geodetic society, which will
lead to its easy and quick implementation.

4. Ability to upgrade and integrate existing GIS containing the above-
mentioned geospatial information

1. Need to develop a new unified exchange format for maintaining
geospatial information

2. Need for the administration of geospatial information and the
relevant specialists in areas for which the cartographic model itself is
intended
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Evaluation of the application of the methodology and the creation of
an integrated cartographic model

In the field of cadastre:

- solving some problems related to the individualization of common
areas (parking spaces, ceilings, basements, etc.);

- creation of a unified approach in the implementation of development
plans.

In the field of urban planning:

- optimization of the structural planning process;

- better control when creating development plans due to the
integration of all plans on a single cartographic model and the
availability of data on public works, underground pipes, vegetation, etc.

In the field of investment planning:

- optimization of the investment design process;

- improvement of the control over the development and approval of
investment projects, due to the availability of data on structural
planning, technical lines and facilities, vegetation, relief, etc.;

- adequate view and control when developing expedient design
assignments due to the availability of data on technical wires,
landscaping, vegetation, relief, etc.

In other sectors and civil society:

- integrated information gives a better view and management and
optimization of various resources and processes (traffic organization,
green system management, hazard prediction, etc.);

- a positive effect on the real estate market and investments as a result
of the quick and objective view of circumstances (availability of
infrastructure, technical lines, terrain, etc.);

- better public control over the various processes and actions as a result
of the integrated information (control over the constructed technical
lines, control over the fencing of landed properties, the possibility of
more thorough notification of the interested parties, etc.)
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Conclusions and summaries to chapter three

1. A review and analysis of the regulations directly related to the creation
of the integrated cartographic model and the future implementation of GIS
systems was made.

2. Existing GIS applications and integrated systems analogous to the
model in the present paper were studied.

3. The standard geodetic methods for collecting geospatial information
have been revised, and modern methods for measurements and control, which
are not yet legally regulated, have been studied and used.

4. Based on the analysis, a methodology was proposed and evaluated for
developing and maintaining an integrated cartographic model to be used as a
basis for building a future unified GIS.

Iv. CONCLUSION

The dissertation analyzes the regulatory framework in the field of geodesy,
cartography and cadastre, as well as the relationship with the regulatory
framework in the field of territorial planning, investment planning and
specialized maps. Incompletenesses and deficiencies in the current legislation
concerning the activity in the present study have been identified.

The activities of geodesy, cartography and cadastre in the earlier stages
were examined in order to analyze the tasks set and the goals achieved. The
purpose of this review is to identify and avoid conceptual errors in the future
affecting the entire surveying guild.

The basic geodetic methods for gathering spatial information have been
revised. The goal is to select the right methods to achieve the set goals. In
addition, knowing the principles and the way of using the shooting methods
guarantees the speed and efficiency of the work done.

For the purposes of the dissertation, various digital and graphic
cartographic materials were examined and collected. A way of checking their
suitability and processing for their use is indicated. The trend for their future
creation and maintenance is considered.

The coordinate and height systems used in Bulgaria are reviewed.
Advantages, disadvantages and ways to transform between them are
considered. The currently operating coordinate and height systems have been
analyzed in order to evaluate their use in the present work.

Real experimental studies were carried out - geodetic surveying,
processing of the results, transformation and georeferencing, cartographic
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generalization and shaping of the results. New and modern technologies were
used, for which there is still no legal regulation of their application [11] in
order to study their suitability and obtain quality results.

As a final product, an integrated cartographic model was prepared, based
on the empirical research and findings. Based on the analyzes and empirical
studies, a methodology for creating a digital integrated cartographic model
was created. A system of criteria and content of the model is proposed, which
should be considered as open. This means that it can be supplemented with
new criteria and content, as well as exclude some existing ones, depending on
the specific objectives. However, the selection of the content and criteria was
made with the aim of maximum generalization and focus on the main and
most important tasks and needed in modern geodetic and cartographic
production. The results of the present work can be used to build and upgrade
a modern GIS and update the current regulations.

V. REFERENCE ON CONTRIBUTIONS

The main contributions of the research are related to the development of
theoretical and methodological foundations for the creation of an integrated
cartographic model for the needs of modern geodetic and cartographic
production.

The practical significance of the work is determined by the use of its
results by the interested institutions in the future creation of an integrated
information system based on GIS technologies and applications, as well as
specification and upgrading of already existing information systems.

SCIENTIFIC CONTRIBUTIONS

1. As a result of the comprehensive analysis and assessment of the state
of the regulatory framework and the organization of geodesy, cartography and
cadastre activities, conceptual errors and recommendations regarding their
future amendment and development have been described and systematized.

2. Anoverview and analysis of the graphic and digital map materials used
for geodesy, cartography and cadastre activities has been made, with the main
advantages and disadvantages of the various map materials as well as the
trends for their future use indicated. The need for the digitization of graphic
materials and their maintenance in digital form is summarized.

SCIENTIFIC AND APPLIED CONTRIBUTIONS

3. The main methods and technologies for different options for the
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collection of spatial information are analyzed. A technology for controlling
the data of underground wires and facilities is proposed.

4. Based on the analysis, a methodology is proposed for developing and
maintaining an integrated cartographic model to be used as a basis for building
a future unified GIS. Leading criteria in the creation of the model are:
maximum cartographic generalization, use of internationally accepted
standards and formats, visualization and semantic information with maximum
similarity to modern geodetic and cartographic production.
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