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Abstract. Today, taking into account the development of modern geodetic
and cartographic technologies, it is impossible to solve the tasks of
territorial planning without using modern geographic information systems.
The main tasks of GIS are the search for solutions in the field of rational
use of natural resources, territorial sectoral planning, and management of
the location of industry, transport, agriculture, energy, and finance. In
addition, GIS systems provide control of living conditions of the
population, as well as regulate the issues of mapping. The article discusses
the application of modern GIS as methods of creating topographic plans.
For work on creation of digital terrain models space images are used,
which should be accompanied by data of territory interpretation. This
allows to make sure the accuracy of information contained in cartographic
open databases and to compare it with the current situation on the projected
territory. To build a GIS it is necessary to use special integrated programs
that allow to create, analyse, edit and present spatial data. The paper
examines the process of creating a GIS using ArcGIS programme. The
purpose of this paper is to study the process of creating a digital map and
database with all the information of common attributes. The developed
digital map is the basis for the formation of the master plan of the city. The
master plan consists of an explanatory note and a set of drawings. The
drawings should be made on a certain scale (1:200 - 1:2000). It is
necessary to take into account natural conditions, wind rose, and other
data. All objects on the drawings shall be designated with the help of
conventional signs established by the relevant regulatory documents. The
general plan of the city shall comply with the territorial planning
documentation.

1 Introduction

This article considers the process of development and creation of a topographic plan of the
city using modern geographic information systems, as well as the formation of the general
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plan of the city taking into account the data of spatial planning and characteristics of the
objects of the topographic plan [1-13].

The general plan is a document that not only determines the spatial organisation, but
also regulates the use of land in a certain settlement. The efficiency of the use of these lands
determines the development prospect of a given locality [6, 14-16].

The general plan contains information on the location of territories of local importance,
functional zones, boundaries and territorial planning of a settlement [14]. It is territorial
planning that determines the development of urban environment territories and establishes
functional zones and zones of capital construction objects’ location taking into account
social, economic and environmental factors. According to the above factors, various types
of urban development of the territory are carried out, including its development and
reconstruction of buildings [4, 7].

In addition to the main drawing, the master plan of the city includes maps of the
settlement boundaries, placement of linear objects of transport infrastructure of local
significance, placement of electric transport of local significance, placement of social
infrastructure objects of local, regional and federal significance, as well as a map of the
natural and recreational complex of the urban district [1]. The main part of the general plan
consists of a scale image obtained by creating topographic plans as a result of graphic
superimposition of drawings of separate parts of the territory of the settlement. Maps of the
substantiating part of the general plan project within the boundaries of a settlement, urban
district can be made on a scale of 1:50000; 1:25000, 1:10000, 1:5000, and within the
boundaries of settlements - on a scale of 1:10000; 1:5000; 1:2000 depending on the
population and the size of the territory of settlements, urban districts, taking into account
the visibility of graphic materials in accordance with the design assignment (urban planning
assignment) or by agreement with the customer in the design process. Various engineering
and geodetic works are performed for their creation. Topographic survey is carried out on
the territories of settlements (survey scale varies from 1:500 to 1:5000), as well as field
interpretation of images obtained as a result of this survey. As a result of field
interpretation, all necessary objects are identified and their characteristics are determined.
Then digitisation and creation of topographic maps is carried out [2].

All engineering and geodetic works are carried out using geographic information
systems. GIS allows to search, study, analyse and edit not only digital maps, but also
additional information about the characteristics of various objects [8, 12].

2 Materials and methods of research

2.1 Analysing cartographic sources

For drawing up the master plan of the city it is necessary to use different cartographic
sources. When analysing the information, it was found that cartographic data from different
services differ. Therefore, one or two sources were not sufficient for the work. In this study
open systems of maps and satellite images, such as Google Maps, Yandex Maps, 2GIS city
map directory, as well as the open service Public Cadastral Map were used.

Each source has its own peculiarities and disadvantages. Let us consider the Google
Maps service (Fig. 1). It was used to determine the boundaries of the city. This cartographic
system has satellite images in its database, which allow to determine the location of this or
that object. The location of roads, pavements and forest belts was determined using the
"panorama" function, which allows viewing streets in real time. This method is the most
efficient as every intersection and all objects located on roads, pavements and behind trees
are visible.
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Fig. 1. Image of the city of Sochi on Google Maps.

However, when using this service, some shortcomings were identified. One of them is
incomplete viewing of streets due to the lack of panorama on minor streets. Figure 2 shows
an area where the majority of the area is not available for viewing. This creates difficulties
for further work as information about houses, vegetation and streets in this area is private.

Fig. 2. Panorama of the city of Sochi.

Another disadvantage is the inaccurate location of buildings and structures on the map.
A large number of houses have a size and shape that are different from reality. Some houses
are missing on the Google digital map (Fig. 3).

Fig. 3. Location scheme of houses on the satellite image and on the map.

Taking into account all the above-mentioned disadvantages of the Google Maps service,
in order to obtain additional spatial information, the Yandex Maps resource was used.
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Unlike the previous service, Yandex Maps has better quality of satellite images (Fig. 4).
Each object is clearly visible, even at a great distance. Almost all buildings and structures
are located on the map, which have the correct shape and size. It is also possible to view
objects in 3D mode.

The problem of this service was inaccuracy in the location of objects. The addresses in
the database differ from the real ones, which makes it difficult to compile attributes of
buildings.
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Fig. 4. Sochi city image on Yandex Maps.

To further analyse the available GIS with cartographic information about the territories,
the 2GIS electronic gazetteer was investigated, which allowed to accurately describe each
building and structure. The database contains information on storeys, wall material,
building purpose, as well as information on the dates of commissioning of facilities (Fig. 5).
This made it possible to accurately describe each object on the territory of the city. A clear
disadvantage of 2GIS is the lack of panorama and satellite images.
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Fig. 5. Description of the object in the 2GIS map directory.

2.2 Working with material in the programme ArcGIS

After studying all software products and sources of cartographic information, raster images
and already ready database with necessary layers were loaded into ArcGIS programme
(Fig. 6).
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Fig. 6. Layers in ArcGIS for territory digitisation.

At the next stage of work with territory digitisation in ArcGIS software contours of area
objects were created (Fig. 7). An important condition for the quality of the final result of
the work was the closedness of all contours.

Fig. 7. Created contours of area objects.

Using ArcGIS software function, the drawn contours were filled in one area layer and
then distributed to other area layers according to the purpose of objects. Each layer has its
own attribute table, which is populated based on information from open-source
cartographic sources. The data are presented in Figures 8-10.
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Fig. 10. Attribute database of the selected landscaping area.

3 The results of the study and their discussion

As a result of the work done, a digital map of the territory was produced, as well as an
attribute table. The database includes a network of federal and local roads with different
pavement types. Buildings and structures are also classified according to different attributes
and purposes. Vegetation was described by vegetation type, height and width of tree trunks,
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and distance between them. Among other things, objects of social importance such as
kindergartens, schools and hospitals were described. The created database is the basis for
further compilation of the city master plan. Figure 11 shows a part of the Sochi city master
plan:
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Fig. 11. Final version of digitisation of the Sochi city territory.

The creation of the database was carried out using satellite imagery as well as field
interpretation. In the process of territory digitisation some problems were identified. The
main problems were as follows: the satellite images were taken from different sources and
in different time range. Due to this, the boundaries of the images did not converge, which
created difficulties in digitisation of the territory. This can be clearly seen in Figure 12.

Fig. 12. Plot of two space images with mismatched boundary.

However, this problem can be solved by replacing space images with cartographic
information based on laser scanning data. Laser scanning is a survey system that allows to
quickly create a digital image in the form of a cloud of points, which in turn has spatial
coordinates [10, 15]. It is this type of scanning that is better suited for GIS creation because
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it is compiled from a large array of points rather than discrete measurements, which allows
for a more accurate reconstruction of the cartographic model of the terrain [3, 9, 17].

4 Conclusions

Thus, in order to create a master plan of the city, it is necessary to take into account
information from territorial planning documentation and cartographic open databases.

As a result of the work done, the open cartographic sources were studied, and the
disadvantages of each of them were identified. The study showed that it is impossible to
find complete information about objects based on only one service. Each source
complements the other, which makes it possible to collect all the data about this or that
object.

After studying all the cartographic information, a special integrated ArcGIS programme
was used to digitise the city territory and create a digital map of the city. The ArcGIS
programme allowed not only to digitise the territory, but also to create an attributive
database for each object on the territory of the settlement [5, 11].

In the course of the work, the contours were drawn and area objects were created in the
programme. With the help of information about the objects taken from the provided
services, buildings, structures, as well as local and federal roads were described. This made
it possible to create an attributive table of the database and fill in the attributes for each
object on the territory of the locality.

Problems were also identified in that the boundaries of the satellite images, which were
taken from different sources, did not converge. This made it difficult to work with the
territory, but this problem can be solved by replacing the satellite images with map
information based on laser scanning data.
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