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THE RELIEF OF THE SHUMEN’S PLATEAU IN GIS ENVIRONMENT

Dimitar VLADEV1, Andrei ANDREEV2

Abstract. This report deals with the digital modelling 
of the relief on Shumen’s Plateau. There are many 
methods for the digital modelling of the relief and the 
best are those that work in GIS environment. TIN and 
GRID spatial data models are mostly used. These 
models can be used to perform spatial analysis and to 
produce hardcopy and digital maps. A geographic data 
model represents the real world.   
Key words. GIS, DEM, WGS-84, UTM, TIN, GRID, 
DXF, Shumensko plateau, relief

Rezumat. Relieful Platoului Shumen în GIS. Acest 
articol tratează modelarea digitală a reliefului din 
Platoul Shumen. Există numeroase metode de modelare 
digitală a reliefului şi cele mai bune sunt acelea care 
lucrează în mediul GIS. Modelele spatiale de date TIN 
şi GRID sunt cele mai folosite. Aceste modele pot fi 
folosite pentru efectuarea analizei spaţiale şi pentru 
producerea de copii şi hărţi digitale.Un model geografic 
de date este o reprezentare a lumii reale.
Cuvinte cheie. GIS, DEM, WGS-84, UTM, TIN, 
GRID, DXF, Platoul Shumensko, relief

Over the last decades, computer technologies 
became a powerful and unique means for solving 
different kinds of problems in numerous fields of 
human labour and knowledge. Computer 
technologies allow reliable and short time 
exchange and versatile processing of a huge 
amount of information. An important achievement 
of the contemporary management technologies are 
the Geographic Information Systems (GIS). In fact, 
GIS is a technology that allows the creation of an 
abstract model of the real world (or parts of it) via 
people, hardware, and software (Fig. 1). GIS is a 
dynamic structure, where people constantly collect, 
enter, process and update various information. The 
database (Fig. 2) contains information about 
objects from the real world, the description of the 
relations between objects, as well as between 
objects and subjects, the description of conditions 
etc. [1, 2].

F
Fig. 1. Integration of the main components of GIS

The information that is being collected, saved 
and processed concerns real geographic objects, 
situated on and around the Earth surface. They are 
combined due to their common characteristic 
features. For example, the lakes and the reservoirs 
are combined in water territories, the roads, the 
streets, the highways, the ports - in transport 
territories etc. The database created for each group 
of geographic objects forms an information layer 
in GIS [4, 6, 8, and 10]. In each layer, the 
information is graphical and attributive. The 
graphical information is related to the defining of 
the coordinates, which are common to the 
geographic objects from all layers (Fig. 3) [3, 5, 
14, and 20]. 

GIS products represent information that 
updates the database of the system and they 
comprise graphics, maps, schemes, lists, references 
etc. [7, 9, and 13]. GIS results can present the 
current state or the progress in time (prognoses).

GIS objects are presented in three major groups 
of models, called space data models: vector, raster 
(Fig. 4, 5), and TIN models. The vector data model 
is made up of coordinate pairs or of a list of 
coordinate pairs, which describe points, lines and 
ranges. Raster data are made up of ranged and 
coloured (or in different shades of grey) points 
(pixels) [12, 18, 19].

The separating lines are called orographic lines 
or structural lines. Due to the close relation 
between relief and hydrography, these lines are 
also called water sheds.
The horizontal segmentation characterizes the
complexity and the variety of the relief and depends
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Fig. 2. The database and its storage

Fig. 3. Geographical sites and the storage of information related to them in separate layers

on the amount of orographic lines in the region.It is 
defined as an average distance between two 
extreme points that are adjacent and of opposite 
sign. It can be estimated by the following 
indicators: average area of the separate slopes, 
average length of the orographic lines, average
density of the orographic lines etc. [12, 13]. The
vertical segmentation characterizes the relief in 

altitude. The most important indicator is the 
average altitude. Other indicators used are: the 
average exceeding between two extreme points 
that are adjacent and of opposite sign, the average
exceeding between two extreme points that are
adjacent and of the same sign. With computer 
raster models, points are rather cells organised in a 
net of rows and columns. 
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Fig. 4.  Raster data models

Fig. 5. Raster image data

The convenience of using pictures comes from 
the fact that not only static objects are presented, 
but also the dynamics and the intensity of events.
The TIN model (Triangulated Irregular Network)
is a vector data model with established topology. 
Suggested in the early 70s of the last century, it 
serves to present the Earth surface by using 
irregular network of triangles (surfaces), whose 
angles are spatially defined (Fig. 6). 

.
Fig. 6. Structure of the TIN model

The GIS environment provides several 
functions for entering information in implicational 
formats. Generally, these functions are classified 
according to the following features: digitalizing of 
existing graphic materials; the digitalizing system
is used with a distinct purpose; converting data 
from other graphic systems; one of the ways to 

insert a drawing in the GIS layers is by using the 
DFX format; an input of information from ASCII 
files; an input of raster information [10, 11, 12].

The development of automated methods for 
spatial information processing led to the 
emergence of a new kind of modelling – the digital 
modelling in GIS environment (Fig. 7). As 
compared to data models, the digital ones differ by 
the processing format. Nowadays, authors use 
different definitions for digital terrain models 
(DTM) and the difference is based mostly on the 
output models and on the problems that are to be 
solved. While solving some practical problems, an 
evaluation of the general characteristics of the 
relief in the respective region is needed. Some of 
the important characteristics are: the horizontal 
segmentation, the vertical segmentation, the 
average gradient, the average radius of visibility 
between objects etc. The digital information about 
the horizontally presented relief forms is used to 
create digital relief models. The relief itself represents 
a continuous phenomenon on the Earth surface, 
reflecting its undulation and segmentation. The major 
relief features are the absolute altitude and the 
structure-geomorphologic characteristics. The 
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complex relief surface could be divided into separate 
elementary segments, called slopes, between which a 

narrow structural connection exists [13, 15].
In order to obtain the DMR, different

Fig. 7. Digital model structure

information sources are used. The most precise of 
these is the aimed object itself – the real relief.
However, other already created relief models can
also be used. Such models are the measurement 
data, the air photos,the cartographic relief originals
etc. (Fig.8) [15].

As a main source for the creation of a GIS 
model of the Shumensko plateau relief, we used a 
cartographic relief original - a map, scale 1:
25,000, where the main contour lines are 
represented at intervals of 10 meters, called 
intersection height (Fig. 9). The latter is defined by 
the scale and the region type. To further enhance 
the precision (at intervals of 1/2 from the 
intersection), auxiliary (at intervals of 1/4 from the 
intersection) contour lines are also used. They are 
aimed to picture specific shapes and details of the 
relief. On the relief originals, there are also 
illustrated landforms that cannot be represented by 

the contour lines: rocks, pits, ravines etc. On the 
maps, there are data about the absolute altitude 
(elevation) of the specific points and the objects on 
the site: peaks, highest points of watersheds, 
passes, saddles, lowest points of valleys and 
ravines, landmark points (crossroads, borders of 
the vegetation cover, wills, separate trees, 
buildings etc.)

The model of the relief, represented via contour 
lines (horizontals), can be defined as permanent-
discrete. The information is permanent on both 
axes (X and Y) and discrete on the third one (H). 
The rest of the information on the relief original 
(rocks, hills, pits, ravines etc.) reflects the local 
discontinuances of the surface.

The contour lines, as a model of the real relief,
are permanent and provide the most important 
feature – the height, which reflects the 
measurability of the real object. The premise was 
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to begin only with the digital transformation of the 
information about the contour lines and, during a 
later stage, to add the information about the relief 
shapes, which is not represented via isolines. A 
digitizer was used through the semiautomated 
method of work, allowing the measuring of the 
coordinates of points in a rectangular coordinate 
system.

Fig. 8 Map of the Shoumen Plateau – M 1:40,000

The registering device is positioned in each point 
of the working area. Generally, the reading of the 
coordinates can be based on different principles: 
mechanical, electrostatic, inductive. Some of the 
important parameters of the digitizers are: the size 
(from A4 to A0) and the precision of the 
positioning (from 0.01 to 0.5 millimetres). The 
digital transformation of the cartographic 
information about the contour line, via the 
digitizer, was accomplished by tracking. After 
having the height of each given contour line, this 
was traced via the registering device. The 
coordinates of the points of the isometric line were 
registered automatically, at a certain time interval, 
or space, or both. The digitizer requirements are: 
the digitizer format is bigger than the original size 
and the accuracy of the positioning is better than 
that of the original. The time registering is 
preferable because it makes possible the regulation 
of the registered points. With more complex 
curves, the registering device moves slower and we 
have more points. With automatic time registering, 
there must exist the control of the repetition of one 
and the same point. The contour lines can be also 
tracked automatically, via the tracking digitizer. Its 
registering device is supplied with an optical head 
and engines for moving. The optical head defines 
the intensity of the light in the point above which 
the managing impulses providing the motion of the 
registering device are generated. The operator 
positions the device at the beginning of the contour 
line and it follows the automated tracking. 
Intervention is necessary only in conflict 
situations: contact of the contour lines, 

interruption, crossing of other objects etc. With the 
automatic method for digital transformation of the 
information about the relief, the original map with 
the contour lines is scanned. The scanning 
transforms the analogue picture of the original into 
a digital matrix. The transformation process is 
called discretisation and is made up of two parts: 
positioning and quantification. The first one 
represents the possibility of positioning an extreme 
multitude of points from the whole studied area. In 
this case, these are points at even distance on the 
scanning rows. The illustration characteristics 
(brightness, in this case) are registered in each 
point. The quantification represents the choice of 
discrete values in the area of brightness change. In 
the case of the positioning, it is measured by the 
minimal interval between the discrete points–from
0.5 to 0.01 mm. With quantification, it is 
measured by the number of levels of brightness 
which can be identified by the optical system. 
Usually, it is an exact power of 2: 2, 4, 8,  16,  256 
etc. and defines the amount of bits needed to 
save a point (pixel) of the picture. The major 
features are: the accuracy (of positioning a given 
discrete point and it is usually smaller than the 
resolution ability), the format (the maximal size 
of the area which is to be scanned), the type
(drum scanners, flatbed scanners, and handheld
scanners) and the speed of scanning (the 
scanning time). After the scanning, we get a 
raster picture (Fig. 11). With some technologies, 
the contour lines are marked with different 
colours and that requires the scanning to have 
more levels. Subsequently, the scanned picture is 
submitted to additional processing in order to 
transform the contour lines into vectors. There 
also exist methods for the automated 
appropriation of the heights. In this case, the
digital transformation of the information about 
the contour lines was accomplished by scanning.

Digital information about the contour lines. 
The contour line represents a line connecting 
points of equal height. The main characteristics of 
this line are its position and its height (Fig.  10). 
The position of the contour line can be given a 
digital description by representing it as a 
sequence of points on the line of the horizontal. 
The process is called digitizing. While connecting 
these points, we have a broken line which has to 
approximate the contour line precisely enough. 
We usually get the coordinates of the points on 
the coordinate system of the picture (raster). To 
make the transformation in another rectangular 
coordinate system possible, it is necessary to save 
the coordinates of the peaks of the map sheet. The 
horizontal height is a digital characteristic, 
expressed in a certain measurement unit (meters, 
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decimetres). This characteristic is added by the 
function “properties“ in Autocad [12, 14]. To 
facilitate the control and the further processing of 
the digital information, a code is saved for each 
horizontal. The height and the code contain 
semantic information about the horizontal, 
whereas the points describing its position contain 
measurement information. 

Fig. 9 Map of the Shoumen Plateau - М 1:25,000

Fig. 10 Digitized contour lines

Presentation and organisation of the 
information in GIS (Fig. 11-15). The coordinates 
of the points of the contour lines are saved in the 
coordinate system used for the digitizing. The 
only requirement is that all the coordinates are 
positive. 

Fig. 11 Colour representation of the altitudinal zones

The coordinates of each point register its position

with respect to the beginning of the coordinate 
system in measurement units. The digital 
information about the contour lines is organised in 
files and map sheets. The processing is 
accomplished in map sheets, scale 1:50,000.

Fig. 12 Advanced colour representation of the 
altitudinal zones

We used the relief original map or its copy as 
source. The final product has digitalized contour 
lines recorded as vectors with a certain format. The 
file with the information about the isometric lines 
is transformed in .SHP file. After the defining of 
the properties of the view (dimensions, projection 
etc.), the TIN model is implemented. 

Fig. 13 Elevation ranges

The modelling concerns the area that provides 
information about the contour lines. The height is 
the major criterion with modelling. After having 
created the TIN model, we can get information 
about the gradients of the relief, the slopes and 
views from different points.

Fig. 14 Presentation and digitized contour lines
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Fig. 15 Specific items of the altitudinal belts

The creation of scenes showing the3D model is 
quite possible.The digital model of the Shumensko

The creation of scenes showing the3D model is 
quite possible.The digital model of the Shumensko 
plateau relief, created in GIS environment, enables 
the access to information of different types.What 
follows is the evaluation of the effectiveness of the 
created model. Generally, the evaluation criteria 
are the precision and the reliability of the model.
Table 1 shows the scanning precisions at different 
technical parameters – scale, number of points in a 
pixel, size of objects etc.

Table 1
Digital representation of the major characteristics of the images

Scale of 
photo 
image

Resolution

dpi

Size of 
pixel

micron

Size of 
Earth 

element
m

Memory 
in the 
photo 
image

(23 x 23)  MB

Planning precision 
    in the    square degree  
    photo        average
      mm                   m

Height 
precision 

square degree 
average

m
2,400 10.5 0.05 478 0.007 0.035 0.06
1,200 21.5 0.1 119 0.015 0.07 0.12
600 42.3 0.21 30 0.03 0.14 0.24
400 63.5 0.32 13 0.044 0.22 0.37

1: 5,000

300 84.6 0.42 7 0.059 0.29 0.48
2,400 10.5 0.1 478 0.007 0.07 0.12
1,200 21.5 0.21 119 0.015 0.15 0.24
600 42.3 0.42 30 0.03 0.29 0.48
400 63.5 0.63 13 0.044 0.44 0.72

1:10,000

300 84.6 0.85 7 0.059 0.59 0.98
2,400 10.5 0.16 478 0.007 0.11 0.18
1,200 21.5 0.32 119 0.015 0.22 0.37
600 42.3 0.63 30 0.03 0.44 0.72
400 63.5 0.95 13 0.044 0.66 1.09

1:15,000

300 84.6 1.27 7 0.059 0.89 1.46
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