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ABSTRACT 

Context. The urgency of this work is to develop software for a multifunctional geoinformation guide supporting the state fire and 
rescue part by means of modern geoinformation technologies. The object of research is the infrastructure of the city of Kharkiv. 

Objective. The aim of the study is to develop software for a multifunctional geoinformation guide for the automatic determina-
tion of the optimal transport route using modern geoinformation technologies to improve the fire-fighting efficiency in the city of 
Kharkiv. 

Method. During the research, the general scientific methods were used: cartographic, system analysis and synthesis for definition 
and generalization of theoretical and methodological foundations of state building norms, modeling, higher mathematics, combina-
tory, as well as special methods of mathematical and geoinformation analysis. ArcGIS software platform for creating, managing, 
integrating, analyzing and distributing spatial data is used in the work. Methods used: programming in VBA and Python, geodesy, 
topography, geoinformatics, definition of computational time. 

Results. The results obtained in the course of this research, namely: methodological, algorithmic and software of the multifunc-
tional geographic information directory, are of practical significance, are real and are used by the Kotelevsky district sector of the 
Main Department of the State Service of Ukraine for Emergencies in the Poltava region, and may also be applied by the Main Direc-
torate of the State Service of Ukraine for Emergencies in the Kharkiv region for the automatic determination of the optimal route in 
the operational arrival of the fire brigade with the help of geoinformation technologies, tools of mathematical and geoinformation 
analysis. 

Conclusions. The spatial model of the city of Kharkiv has been further developed due to the use of geoinformation and mathe-
matical analysis methods during software development, which allowed taking into account a set of important criteria. The spatial 
model of geoinformation support of state fire and rescue units of Kharkiv city has been improved due to the consideration and appli-
cation of the road distribution criteria according to the categories, which made it possible to develop an effective software platform 
for rapid response. Prospects for further research include the development of an application for Android and IOS platforms with the 
possibility of compact use of the geographic information directory, as well as the inclusion of an interactive ArcGIS Online map, 
which reflects the real state of traffic load and the possibility of using relevant data when designing the recommended route. 

KEYWORDS: graph theory, spatial data analysis, optimal transport route, geographic information system, buffer zone, compu-
tational time, modern geoinformation technologies, algorithm, city infrastructure. 
 

ABBREVIATIONS 
ESRI is an Environmental Systems Research Institute; 
FH is a fire hydrant; 
GIS is a geographic information system designed for 

collecting, storing, processing, accessing, displaying and 
distributing spatial-temporal data, the basis of integration 
of which is geographic information; 

IDLE is a Python software environment; 
SBN is a State Building Norm; 
SES is a State Emergency Service; 
SFRU is a State Fire and Rescue Unit; 
VBA is a Visual Basic for Application; 
VFG is a Voluntary Fire Guard. 

 
NOMENCLATURE 

Δx and Δy is a difference between the coordinates X2 
and X1, Y2 and Y1 respectively; 

b is a buffer width (buffer distance); 
|E| is a number of edges (positive); 
|V| is a number of vertices (positive); 
X1, Y1 is an initial vertex of polylines; 
X2, Y2 is a finite vertex of polylines; 
(x1, y1) and (x2, y2) is a coordinates of endpoints for 

parallel buffer lines of each segment of a line on both 
sides of a segment on a perpendicular of length b. 

INTRODUCTION 
GIS is a new time and space orientation system, it in-

corporates modern information processing techniques 
and, at the same time, is accessible to most people. It 
should be noted that geographic information is the key to 
improving the decision-making process in a wide range of 
tasks, and its application allows providing at the new level 
of information base almost all services and on this basis 
providing the opportunity to solve technical, economic 
and other tasks [1].  

One of the executive bodies, which most need mod-
ernization and automation of the work process, is the SES 
of Ukraine. During the study, a detailed analysis of this 
issue was conducted in the Kharkiv region. It is estab-
lished that in the territory of the chosen area, by the year 
2018, there are 3580 potentially dangerous objects, of 
which 388 increased danger, 67 chemical-dangerous, 
4 arsenals of ammunition storage and composition of 
rocket fuel components, which still contain explosive fire-
extinguishing elements of spent rocket fuel. Conse-
quently, due to the presence on the territory of the inves-
tigated area of a significant number of technogenically 
hazardous  objects,  it  is  necessary  to  provide a  modern  
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level of technical equipment of the SES of the Kharkiv 
Region [2, 3]. 

Over the past three years, there has been a tendency to 
increase the number of fires in the city of Kharkiv. 

However, the 2018 statistical indicator shows positive 
changes compared to 2015 [4]. Thus, the problem remains 
critical and needs urgent solution. It should be noted that 
with the increase in the number of fires the requirements 
for rapid response and the arrival of a fire truck to the 
place of origin of the fire are increasing. That is, one of 
the urgent problems is the optimization of transport 
routes. 

For today, the modern tool for solving the above-
mentioned tasks is specialized software geoinformation 
support. Thus, the main prospect of this work was the 
decision of the transport issue on the organization of the 
operational arrival of a fire vehicle to the place of origin 
of the hearth. Therefore, the necessary information for the 
study of this issue is the state of road coverage of the ter-
ritory of the city of Kharkiv. As well as establishing the 
relationship between the category of roads and the time of 
arrival of the car, for example, the implementation of the 
geographic information directory for the support of the 
SFRU on the territory of the city. 

Consequently, the relevance of this work is to develop 
software for a multifunctional geographic information 
directory for support of the SFRU on the territory of the 
city of Kharkiv by determining the route of the operative 
arrival of the fire brigade by the controller of the SFRU 
by means of modern geoinformation technologies in order 
to increase the effectiveness of firefighting. 

The object of study is the infrastructure of the city of 
Kharkiv. The spatial model of the city of Kharkiv is fore-
seen with geoinformation and mathematical analysis 
methods, which will increase the fire protection in the 
city, taking into account a set of certain criteria. 

The subject of study is an instrument of geoinforma-
tion and mathematical analysis. 

The purpose of the work is to develop software for a 
multifunctional geoinformation guide for the automatic 
determination of the optimal transport route using modern 
geoinformation technologies to improve the firefighting 
efficiency in the city of Kharkiv. 
 

1 PROBLEM STATEMENT 
This work is carried out in the context of improving 

the issues of operational fire protection in the city of 
Kharkiv, taking into account the need to manage in time a 
large database of spatial data by means of GIS [5]. 

It should be noted that all in the city there are 19 
SFRU and 3 additional subdivisions of local fire brigade. 
The area of the city of Kharkiv is about 350 km2, which is 
large enough for such a number of SFRU. Each fire unit 
must take into account the distributed service radius and 
respond instantly to calls using GIS precisely when de-
termining the optimal traffic route, taking into account 
stops (FH), as well as providing alternative routes for the 
arrival of a fire truck in the event of road repairs, acci-
dents or congestion. 

The source data are: 
– a map of the city of Kharkiv (cloud infrastructure of 

ArcGIS Online); 
– personally-vectored micro districts with houses, 

SFRU and FH, central axes of the city roads; 
– classification of road cover according to SBN 360–

92** «Urban planning. Planning and development of ur-
ban and rural settlements»; 

– personally victories classification of the transport 
network of the city roads; 

– classification of fire trucks by characteristics: ton-
nage and volume of tanks. 

In the course of the work, the assumption was made 
that the categories of roads I–a and I–b do not have a sig-
nificant difference from the qualitative indicators, there-
fore they were grouped into the general category I. In 
addition, it was assumed that all SFRU are equipped with 
medium-volume fire trucks, set the maximum possible 
speed on different categories of roads. 

According to expert data, the average value of the 
speed of a fire vehicle, taking into account the condition 
of the road surface, traffic congestion, and weather condi-
tions is 25–30 km/h. 

It should be noted that as a limitation to mathematical 
analysis there is no obstacle in the form of congestion, 
repair of road coverings, accidents, etc. 

Thus, using the above source data, it is necessary to 
create a spatial model of geographic information support 
of the SFRU in the city of Kharkiv and to develop a 
geoinformation guide on its basis. 
 

2 REVIEW OF THE LITERATURE  
The analysis of recent publications on this subject  

[5–8] showed that the issues mentioned in this study are 
not described in detail, are general and theoretical, and the 
main scientific results are not always in the practical im-
plementation. 

Many years of experience of domestic and foreign re-
searchers [9–11] prove that it is necessary to develop such 
a spatial model of the selected territory for further pro-
gramming of individual tasks of management, monitoring 
and analysis of geographic data, so that it corresponds 
with the maximum accuracy to real mapping. 

It was revealed that the problem of modernization of 
fire and rescue services with the use of GIS technologies 
is theoretically described in more detail in comparison 
with the summary and superficial analysis of practical use 
[12, 13]. 

It should be noted that the geoinformation system has 
been successfully implemented – this is an implementa-
tion of information technologies. These technologies al-
low even non-specialists in a particular area to work pro-
ductively and make decisions at all stages of the system’s 
life cycle [14]. 

In addition, existing approaches and technologies for 
creating information and control systems are not always 
effective for these specific systems and in some cases 
require additional research [15, 16]. 
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Speaking about the spatial interpretation of the graph 
theory models and the variety of algorithms of various 
scientists based on the classical task of finding the short-
est path [17, 18], it has been established that part of the 
available work is the basis for finding the optimal route. 

In addition, it is the first stage in the construction of a 
network of roads, the so-called graph, however, and this 
issue requires revisions, additions and practical use. 

One example of a similar topic is the sources of for-
eign experience [19, 20], describing the reform of the 
system of civil defense forces. The proposed approach 
proves that the most rational means of fire protection is 
the organization of the VFG, which is based on the prin-
ciples of certain incentives for benefits, hourly wages and 
other incentives for fulfilling the tasks. However, this 
approach does not take into account such criteria as the 
economic state of the country, the level of organization of 
fire protection at the legislative and executive levels. 
Thus, it is impossible to use it to solve the above-
mentioned tasks. 

Consequently, the subject of the study requires addi-
tional study, which confirms the relevance and impor-
tance of both theoretical and practical results of work. 
 

3 MATERIALS AND METHODS 
In the theory of graphs, the problem of the shortest 

path is to find a path between two vertices (or nodes) of 
the graph that the weight of the edges from which it is 
composed is minimal. An example can be finding the 
shortest path between the two points on the road map, 
where vertices are points, and ribs – roads with weights 
equal to the time needed to overcome this segment [21]. 

Known algorithms for solving the problem are: 
– Dijkstra’s algorithm solving problems with one pair, 

one input and one output; 
– Bellman-Ford’s algorithm solves tasks with one in-

put (the weight of the ribs may be negative); 
– Floyd-Warshall‘s algorithm solves the problem for 

all pairs; 
– Johnson’s algorithm solves the problem for all pairs 

and is faster than the Floyd-Warshall‘s algorithm on 
sparse graphs; 

– the perturbation theory finds (in the worst case) lo-
cally the shortest path [22]. 

In this work, the Dijkstra’s algorithm is programmed 
to construct the shortest path in a graph with an integral 
weight. Let the size of the graph (Fig. 1) be |E| = 7, and 
the number of vertices |V| = 6. 
 

 
Figure 1 – Weighted graph 

 

This is a weighted graph. Each of its ribs is brought 
into conformity with some numerical value, so the num-
ber of edges lying between a pair of vertices does not 
necessarily determine the value of the route. 

From all the vertices included in the set V we choose 
one that requires the shortest paths to the other available 
vertices. Let such be the vertex 1. The length of the path 
to all vertices, except for the first, is initially equal to in-
finity, and to it – 0. The graph has no loops [23]. 

At the top 1, exactly 3 neighbors (vertices 2, 3, 5), to 
calculate the length of the path to them, weigh the arcs 
lying between vertices 1 and 2, 1, and 3, 1 and 5 with the 
value of the first vertex (with zero): 
 

2←1+0, 3←4+0, 5←2+0. 
 

As already noted, the resulting values assigned to the 
vertices only if they are «better» (less) than those speci-
fied now are. Since each of the three numbers is less than 
infinity, they become new values that determine the 
length of the path from vertex 1 to vertices 2, 3, and 5. 

The vertex 1 is designated as visited, so the status of 
the «active» goes to one of its neighbors, namely to the 
vertex 2, since it is closest to the previously active vertex 
(Fig. 2) [23].  
 

 
Figure 2 – The result of determining the active vertex 2 

 
In vertex 2, only one is not considered a neighbor 

(vertex 1 is designated as visited), the distance to which is 
9. It is necessary to calculate the length of the path from 
the original vertex, for which it is necessary to make the 
value of the weight of the vertex 2 with the weight of the 
arc of the vertex 4: 4 ← 1 + 9. 

The condition of «brevity» (10 < ∞) is executed, 
therefore, vertex 4 receives a new value of the length of 
the path. 

The vertex 2 ceases to be active, as well as the vertex 
1 is removed from the list of not visited. In the same way, 
all other non-visited vertices and their neighbors are in-
vestigated (Fig. 3). 

When all the vertices of the graph, or those that are 
available, will be labeled as visited, then the work of the 
Dijkstra’s algorithm will end and all the paths found will 
be the shortest. For example, the list of optimal distances 
between vertex 1 and all others looks like: 
 

1→1=0, 1→2=1, 1→3=4, 1→4=10, 1→5=2, 1→6=10. 
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        a           b 

 
        c           d 

 
        e           f 
 

Figure 3 – The result of calculating the weight 
to the vertices: 

a, b – the result of calculating the weight up to 5 vertices; 
c, d – the result of calculating the weight up to 3 vertices; 
e – the result of calculating the weight up to 4 vertices; 

f – the result of the completion of the operation of the Dijkstra’s 
algorithm 

 
Thus, we can conclude that when determining the 

shortest distance between given vertices using the Dijks-
tra’s algorithm, the main criterion for calculating is the 
distance from the active vertex to the neighboring verti-
ces. 

Consider the mechanism for determining the network 
of transport routes with modern information tools, namely 
geoinformation technologies. 

It should be noted that the timely arrival of a fire vehi-
cle to the place of the fire depends on the choice of the 
route of the movement. 

The algorithm for finding the optimal transport route 
is as follows: 

– vectorization of the network (graph) of roads; 
– determining the length of each element of the graph 

of its category and width of the roadway; 
– taking into account the physic-geographical and me-

teorological conditions in the area of movement; 
– detection of the real situation on the roads: possible 

traffic congestion and variants of their detour, delays in 
front of traffic lights at crossroads, different speeds of 
traffic on separate sections of the city road network, etc.; 

– taking into account the protective properties of the 
area on each element; 

– conducting a convolution of indicators and assigning 
scales to the branches of the roads; 

– forming a network of routes; 
– the choice of the optimal route. 
In addition, it should be borne in mind that the routes 

found contain route points, which are selected both on the 
road surface and at a distance from it. The number of 
them depends on the speed of movement and the nature of 
the path. The more complex the route, the more there 
should be route points. The main condition for the correct 
choice of direction in motion is the continuity of orienta-
tion, which ensures that the path follows a given route. 
Loss of this orientation jeopardizes the performance of the 
task [24]. 

It has been established that ESRI’s specialized soft-
ware geoinformation software ArcGIS helps with the im-
plementation of the above tasks. This software package 
has an additional ArcGIS Network Analyst module, 
which allows companies and organizations to more effec-
tively work and make profitable strategic decisions. The 
result of the application of this platform is the reduction 
of transport costs, the optimal distribution of stops and the 
definition of the shortest paths between these stops, taking 
into account limiting factors such as: time intervals (win-
dows), capacity of cars, maximum period spent on the 
road [25]. 

To identify the best routes, it is necessary to vectorize 
the network spatial data, based on which geospatial analy-
sis is possible. It should be noted that before this vectori-
zation it is recommended to identify the axis of roads in a 
certain area. 

To calculate the proximity of spatial objects, ArcGIS 
uses a geometric distance, namely the Buffer Zone Gen-
eration method. Buffer (Buffer) is a zone of precisely 
defined point width, linear or polygonal spatial object. 
Because of the buffer generation, a new polygon object, a 
buffer zone, is created. The task of constructing buffer 
zones requires the definition of the geometric space of the 
points of the plane, separated from the set of objects no 
more than a given distance. A spatial buffer can be gener-
ated for proximity analysis. It is used to identify areas and 
objects that are inside or outside a specific buffer zone. 

The algorithm for buffering a linear spatial object is 
[26]: 

– for each segment of polyline, assign the appropriate 
width of the buffer b (fixed to all lines or weighted); 

– each segment of the polylines has an initial vertex 
(Х1, Y1) and a finite vertex (Х2, Y2). Using these coordi-
nates, calculate the coordinate differences ∆x and ∆y be-
tween these two endpoints; 

– define the coordinates of the endpoints for the paral-
lel buffer lines of each segment of the line on both sides 
of the segment on the perpendicular of length b by the 
formulas: 
 

134



e-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2019. № 3 
p-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2019. № 3 

 
 

© Tvoroshenko I. S., Kramarenko O. O., 2019 
DOI 10.15588/1607-3274-2019-3-15 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
Δ
Δ

∗=
x
ybXx arctgcos11 , 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
Δ
Δ

∗=
x
ybYy arctgsin11 , 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
Δ
Δ

∗=
x
ybXx arctgcos22 , 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
Δ
Δ

∗=
x
ybYy arctgsin22 . 

 
The process of buffering leads to the formation of a 

new layer in the system, consisting of polygonal data, 
which are buffer zones. 

The resultant polygon table will have identifiers for 
each polygon created during the buffering process, and 
additional attributes: buffer width and indication where 
the polygon is inside the buffer zone or outside the buffer 
zone. 

After constructing buffers, perform operations of se-
lecting objects located in buffer zones, analyzing their 
attributes. 

One of ArcGIS Network Analyst’s functions is to add 
stops to the network model of spatial data, as during a fire 
vehicle’s movement to a fire, the driver should take into 
account the stops near the location of the nearest FH. 

Fig. 4a shows the route of the fire truck and the stops 
that it must do on the way to the fire: № 1 – car departing 
from the SFRU–1, № 2 – the closest FH (this stop may 
not be foreseen if the tank fire car is filled with water), № 
3 – the source of the fire (place of fire). ArcGIS Network 
Analyst provides the ability to view the Directions dialog 
(Fig. 4b). 

It should be noted that with the help of this module it 
is possible to minimize the influence of external factors, 
such as accidents or traffic jams on laying the optimal 
transport route. Having pre-tagged them on the map, the 
new route will be calculated taking into account the rele-
vant barriers (Fig. 4c). 

During the design of the optimal route, geoinforma-
tion analysis tools enable the inclusion of dynamically 
changing spatial data regarding the traffic load of the mo-
tor transport along the city transport network with the 
online ArcGIS Online portal (Fig. 5). 

It should be noted that the traffic data is updated every 
five minutes, so it can be used when laying a route for a 
rescue unit. In addition, due to the dynamism of the data, 
it is possible to avoid overloading by road transport by 
reducing the time of arrival of the fire truck to the place of 
the call. 

After analyzing ArcGIS Online, it is established that 
the speed is reflected in percentages and depends on the 
speed of transport: 

– green (fast) – 85%–100%; 
– yellow (average) – 65%–85%; 
– orange (slow) – 45%–65%; 
– red (slow, frequent stops) – 0%–45%. 

Using the specified output data, taking into account 
assumptions and limitations, user interface settings have 
been made. 

The software development toolkit can be a program-
ming language built into the ArcGIS – VBA or Python 
software platform. In this paper, the algorithm of Dijks-
tra’s and Floyd-Warshall‘s implemented using the Python 
language, and a geoinformation guide for the SFRU man-
ager – VBA [25].  
 

 
а 

 
b 

 
c 

Figure 4 – Network Analyst Result:  
а – view of the initial transport route; 

b – appearance of the Directions dialog; 
c – a new alternative transport route 

135



e-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2019. № 3 
p-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2019. № 3 

 
 

© Tvoroshenko I. S., Kramarenko O. O., 2019 
DOI 10.15588/1607-3274-2019-3-15 

 
Figure 5 – Transport network load 

 
It should be noted that the main advantage of devel-

opment in the environment of the IDLE in the language 
Python mathematical algorithm Dijkstra’s is graphical 
visualization, but the search for the shortest path occurs 
without detail in the time form, as well as the traversed 
path between the input points. Unlike the previous, the 
Floyd-Warshall‘s algorithm allows you to get distances 
between vertices, calculating and determining the shortest 
path. However, these algorithms and their implementation 
do not visualize the direct location of the points. Thus, it 
was decided to develop a geoinformation guide using the 
ArcGIS platform and the VBA programming language. 
 

4 EXPERIMENTS 
The testing of the developed geoinformation directory 

is performed in a certain logical sequence of actions. At 
the first stage of work, entering the address of the place of 
the fire, the corresponding object automatically begins to 
be highlighted on the map. The next stage is the construc-
tion of buffer zones (taking into account all restrictions 
and assumptions, it is decided to build 500-meter buffer 
zones in order to identify the nearest FH). 

By constructing buffer zones, it is necessary to deter-
mine which FH have fallen into their zone of action. The 
Geoinformation Analysis tool is the Overlay feature. It 
should be noted that the key elements of the spatial object 
overlay are the input layer, the overlay layer, and the 
source layer. 

In addition, the Overlay function cuts spatial objects 
in the input layer where they overlap with spatial objects 
of the overlay layer [27]. 

New areas are created at the intersection of landfills. If 
the input layer contains lines, then they are broken in 
places where they are crossed by polygons. These new 
spatial objects are stored in the original layer. The input 
layer does not change. 

The attributes of spatial objects in the overlay layer 
are assigned to new spatial objects in the output layer, 
along with the source attributes of the input layer. 

Conceptually, the tools for imposing spatial objects 
are similar, they differ only [28]: 

– types of spatial objects; 
– the ability to simultaneously apply several layers; 

– input and overlay objects remaining in the original 
layer. 

Given the features of the input and output data, the In-
tersection function is applied. 

The basis for this function is the pre-built layer kha-
buíld_spaеro_500_Buffér1 and the FH layer. 

After completing the intersection function, a new layer 
khabuіld_spaеro_500_Buffеr1_іntеrsеct has been re-
ceived and attribute data for the hydrants in the buffer 
zones data area is filled. Unfortunately, not all hydrants 
entering the radius of a conventionally taken distance of 
500 m are repaired. It should be noted that using the clas-
sification method, visual and statistical data on non-
working hydrants are obtained. 

Consider the practical application of the developed 
geoinformation guide. Let the address of the fire – Khal-
turina Street, 19. Automatically built buffer zone detected 
FH that fell within a radius of 500 m. The total amount of 
FH was 48 pcs, of which 26 pcs – FH are in working con-
dition, and 22 pcs. FH is not working, i.e. 54% and 46%, 
respectively. The obtained data confirm that the lack of 
FH enhances the problem of rapid response to a danger-
ous event. To partially compensate for the identified 
drawback, a number of alternative routes and the optimal 
route to the specified object were found, minimizing the 
time costs for the arrival of the SFRU team to the place of 
the emergency. 

Thus, after carrying out the above-mentioned opera-
tions, which are pre-programmed, we will obtain the op-
erating numbers of FH that fall into the zone of operation 
of the built 500-meter buffer. Due to the associated data-
bases of the databases of the SFRU and the addresses of 
the locations of the fires (item B), the nearest SFRU (item 
A) is automatically determined. 

Consequently, with the filled fields of items A and B, 
using the additional Network Analyst module, alternate 
routes are displayed, which are displayed in the corre-
sponding fields of the «Gеoіnformatіonal_assіstant» form 
and provided with the recommended route (with minimal 
time expenditures). 

It should be noted that you could additionally see the 
result of calculating the optimal transport route by click-
ing on the button on the toolbar Network Analyst. 

A map-incision and the specified lengths of the corre-
sponding parts of the road accompany changing the direc-
tion of movement in this sheet. This allows the driver to 
directly find the direction of each maneuver. 

After analyzing the algorithm for finding the shortest 
path taking into account the category of the road, it has 
been established that the geoinformation guide developed 
helps to find the set of alternative routes. It also deter-
mines, depending on the quality of the road surface, the 
time of arrival of the car to object B and displays the rec-
ommended route with the minimum time on the screen. 

An example of using this software is shown in Fig. 6. 
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Figure 6 – The result of testing the geoinformation directory 

 
5 RESULTS 

Provision of operational firefighting is an aggregate 
task that includes a combination of a set of necessary cri-
teria, namely: type of highways, road surface quality, and 
functional fire trucks combined with the necessary tech-
nological support, objectively designed route list and op-
erational actions of firefighters. 

One of the most important criteria is a well-designed 
road route. To determine the optimal transport route, the 
means of both mathematical and geoinformation analysis 
are analyzed. It is established that the corresponding types 
of analysis are closely interrelated, since in the basis of 
any geoinformation analysis basic methods of mathemati-
cal analysis are laid. 

On the example of the theory of graphs, the shortest 
path between the nodes of the graph with the weight of 
each edge is programmed.  

Having analyzed the obtained data, it is concluded that 
today, unfortunately, there is no reliable data as to which 
algorithm is the basis of the Network Analyst software 
module, but one can make assumptions about its similar-
ity with the Dijkstra’s algorithm. 

An important aspect when solving the problems of this 
class in systems of large dimension is to evaluate their 
complexity according to the criteria of time and comput-
ing resources expenditure. To determine the complexity 
of process modeling, that is, the processing time of the 
input data prior to the output of the result on the screen, it 
is advisable to select several test cases of the system with 
a different amount of source information [29, 30]. 

Suppose B corresponds to the address of the fire – 
Khalturina Street, 19, the time of data processing to find 
the corresponding SFRU, the numbers and addresses of 
the FH, the number of alternative routes and the definition 
of the recommended route is 3.05 s (Table 1). 

Similarly, other experimental cases (test cases) for a 
mathematical and geoinformation algorithm were investi-
gated, the time of data processing was determined de-
pending on the variability of the input parameters. It is 
found that the analyzed types of analysis show similar 
results, but if one needs to be selected, and then the an-
swer is obvious, since the geographic information plat-
form provides the opportunity for visualization, modeling 
and synthesis of information. 
 

Table 1 – System test results 
Number 

of test case 
Number of processed 

parameters 
Time of data 
processing, s 

1 20 3.74 
2 18 3.54 
3 16 3.36 
4 17 3.44 
5 13 2.98 
6 15 3.15 
7 12 2.91 
8 14 3.05 
9 11 2.81 
10 9 2.68 
11 10 2.73 
12 7 2.54 

 
In the course of the research, it was discovered that 

there is no need to introduce additional requirements for 
software implementation and hardware, the program can 
work on personal computers, which is extremely impor-
tant in practical implementation. 

The work is done with the use of modern geoinforma-
tion technologies and is an effective means of making 
decisions, modeling and evaluating real processes. 

It makes it possible to increase the likelihood of deci-
sion-making at a reasonable time for assessing the states 
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of complex objects, to reduce the influence of the subjec-
tive factor on the result of the system. 

Thanks to the use of specialized ArcGIS software 
modules, the search for the optimal route has been made. 
There are also stops and alternative routes in case of road 
surface repairs, congestion or accidents. To improve the 
accuracy of the results, additional data from the ArcGIS 
Online cloud infrastructure has been applied to the traffic 
load on the territory of the city of Kharkiv. Consequently, 
the use of geoinformation analysis tools will be able to 
provide the SFRU with important, dynamically changing 
data, affecting the reduction of the arrival time of the op-
erational brigade to the place of the fire. 
 
 

6 DISCUSSION 
In the above example, while finding the recommended 

optimal route for the arrival of the SFRU vehicle to a fire 
location, the geoinformation toolkit allows you to display 
a dynamic-variable platform for analysis (ArcGIS Online, 
which contains constantly updated data). Also, having 
pre-made an automated analysis of the search for working 
FH, which provides an opportunity to predict the stops. 

By combining different spatial and attribute informa-
tion, it is possible to search for an optimal transport route 
for up to five seconds. The user is only required to enter 
the location of the fire and the recommended route will 
automatically be displayed on the map (taking into ac-
count the category of roads), while the nearest working 
FH are highlighted on the map, the time of arrival to the 
place of the fire and a detailed route list. 

Thus, the methods and tools of geoinformation analy-
sis provide the opportunity to quickly determine the opti-
mal path in combination with the reflection of the results 
in a real environment – the map. 

It should be noted that the effectiveness of fire fight-
ing in the city of Kharkiv, according to expert estimates, 
increased by 25%. At the expense of the developed soft-
ware, by which, by entering the address of the origin of 
the hearth, it is possible to instantly identify the SFRU, 
which serves the corresponding address, in the radius of 
500 m from the fire to find the existing FH. Also, show 
the alternative routes of the arrival of the fire truck and 
highlight the recommended route with the appropriate 
detail, the so-called route sheet (Fig. 6). 

In addition, the developed spatial model of geographic 
information support of the SFRU of the city of Kharkiv 
was adapted for the urban type of Kotelva Poltava region. 
The received software of geographic information support 
of the SFRU of the settlement of the city type Kotelva 
was used by the Kotelva district sector of the Main Direc-
torate of the SES of Ukraine in the Poltava region. Ac-
cording to expert assessments of the management of this 
management, the development has improved the effec-
tiveness of firefighting by 20%, as evidenced by the act of 
using the results of work. 
 

 
 

CONCLUSIONS 
During the work, the use of interdisciplinary knowl-

edge is combined: methods of system analysis and syn-
thesis, modeling, programming in VBA and Python lan-
guages, higher mathematics, combinatory, geodesy, to-
pography, geoinformatics, and a method for determining 
computational time. 

The purpose of the work is achieved. The software of 
the multifunctional geographic information manual for the 
automatic determination of the optimal transport route 
using modern geoinformation technologies for increasing 
the firefighting efficiency in the city of Kharkiv has been 
developed. 

The scientific novelty of the obtained results is that 
the spatial model of the city of Kharkiv was further de-
veloped due to the use of geoinformation and mathemati-
cal analysis methods during the development of software, 
which allowed taking into account a set of important cri-
teria. In addition, the spatial model of geographic infor-
mation support of the SFRU in Kharkiv has been im-
proved by taking into account and applying the road dis-
tribution criteria according to the categories, which has 
enabled the development of an effective software plat-
form for rapid response. 

The practical significance of the results obtained is 
that they are real and are used by the Kotelva district sec-
tor of the Main Directorate of the SES of Ukraine in the 
Poltava region to increase the firefighting efficiency by 
determining the optimal route of the arrival of the fire 
brigade with the help of geoinformation technologies. 

Prospects for further research are: 
– expansion of the embedded geoinformation analysis 

of the mathematical basis, combining the algorithms of 
Dijkstra’s and Floyd-Warshall’s into an additional mod-
ule; 

– the inclusion of an interactive ArcGIS Online card, 
which reflects the actual condition of the traffic load, and 
the possibility of using the relevant data when designing 
the recommended route; 

– developing an application for Android and IOS plat-
forms with the possibility of compact use of the geo-
graphic information directory; 

– implementation of the results of the work of the 
Main Directorate of the SES of Ukraine in the Kharkiv 
region. 
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АНОТАЦІЯ 
Актуальність. Актуальність даної роботи полягає у розробці програмного забезпечення багатофункціонального геоін-

формаційного довідника підтримки державної пожежно-рятувальної частини засобами сучасних геоінформаційних техноло-
гій. Об’єктом дослідження є інфраструктура міста Харкова. 

Мета. Метою дослідження є розробка програмного забезпечення багатофункціонального геоінформаційного довідника 
автоматичного визначення оптимального транспортного маршруту засобами сучасних геоінформаційних технологій для 
підвищення ефективності пожежогасіння в місті Харкові. 

Метод. Під час дослідження використано загальнонаукові методи: картографічний, системного аналізу та синтезу для 
визначення та узагальнення теоретико-методичних засад державних будівельних норм, моделювання, вищої математики, 
комбінаторики, а також спеціальні методи математичного та геоінформаційного аналізу. У роботі застосовано програмну 
платформу ArcGIS для створення, управління, інтеграції, аналізу та поширення просторових даних. Використано методи: 
програмування на мовах VBA та Python, геодезії, топографії, геоінформатики, визначення обчислювального часу. 

Результати. Результати, що отримані у процесі виконання даного дослідження, а саме: методичне, алгоритмічне та про-
грамне забезпечення багатофункціонального геоінформаційного довідника, мають практичну значимість, є реальними та 
використовуються Котелевським районним сектором Головного управлінням Державної служби України з надзвичайних 
ситуацій у Полтавській області, а також можуть бути застосованими Головним управлінням Державної служби України з 
надзвичайних ситуацій у Харківській області для автоматичного визначення оптимального маршруту оперативного прибут-
тя пожежної бригади за допомогою геоінформаційних технологій, інструментарію математичного та геоінформаційного 
аналізу. 

Висновки. Отримала подальшого розвитку просторова модель міста Харкова за рахунок використання під час розробки 
програмного забезпечення методів геоінформаційного та математичного аналізу, що дозволило врахувати сукупність важ-
ливих критеріїв. Удосконалено просторову модель геоінформаційної підтримки державних пожежно-рятувальних частин 
міста Харкова за рахунок врахування та застосування критерію розподілу доріг відповідно до категорій, що дозволило роз-
робити ефективну програмну платформу для швидкого реагування. Перспективи подальших досліджень передбачають роз-
роблення застосунку для платформ Android та ІOS із можливістю компактного використання геоінформаційного довідника, 
а також залучення інтерактивної карти ArcGІS Onlіnе, що відображає реальний стан завантаженості дороги і можливості 
застосування відповідних даних при проектуванні рекомендованого маршруту. 

KEYWORDS: теорія графів, аналіз просторових даних, оптимальний транспортний маршрут, геоінформаційна система, 
буферна зона, обчислювальний час, сучасні геоінформаційні технології, алгоритм, інфраструктура міста. 
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AННОТАЦИЯ 
Актуальность. Актуальность данной работы заключается в разработке программного обеспечения многофункциональ-

ного геоинформационного справочника поддержки государственной пожарно-спасательной части средствами современных 
геоинформационных технологий. Объектом исследования является инфраструктура города Харькова. 

Цель. Целью исследования является разработка программного обеспечения многофункционального геоинформационно-
го справочника автоматического определения оптимального транспортного маршрута средствами современных геоинфор-
мационных технологий для повышения эффективности пожаротушения в Харькове. 
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Метод. В ходе исследования использованы общенаучные методы: картографический, системного анализа и синтеза для 
определения и обобщения теоретико-методических основ государственных строительных норм, моделирования, высшей 
математики, комбинаторики, а также специальные методы математического и геоинформационного анализа. В работе при-
менено программную платформу ArcGIS для создания, управления, интеграции, анализа и распространения пространствен-
ных данных. Использованы методы: программирования на языках VBA и Python, геодезии, топографии, геоинформатики, 
определение вычислительного времени. 

Результаты. Результаты, полученные в процессе выполнения данного исследования, а именно: методическое, алгорит-
мическое и программное обеспечение многофункционального геоинформационного справочника, имеют практическую 
значимость, являются реальными и используются Котелевским районным сектором Главного управления государственной 
службы Украины по чрезвычайным ситуациям в Полтавской области. Также могут быть примененными Главным управле-
нием Государственной службы Украины по чрезвычайным ситуациям в Харьковской области для автоматического опреде-
ления оптимального маршрута оперативного прибытия пожарной бригады с помощью геоинформационных технологий, 
инструментария математического и геоинформационного анализа. 

Выводы. Получила дальнейшее развитие пространственная модель города Харькова за счет использования при разра-
ботке программного обеспечения методов геоинформационного и математического анализа, что позволило учесть совокуп-
ность важных критериев. Усовершенствована пространственная модель геоинформационной поддержки государственных 
пожарно-спасательных частей города Харькова за счет учета и применения критерия распределения дорог в соответствии с 
категориями, что позволило разработать эффективную программную платформу для быстрого реагирования. Перспективы 
дальнейших исследований предусматривают разработку приложения для платформ Android и ІOS с возможностью ком-
пактного использования геоинформационного справочника, а также привлечение интерактивной карты ArcGIS Online, от-
ражающей реальное состояние загруженности дороги и возможности применения соответствующих данных при проектиро-
вании рекомендованного маршрута. 

КЛЮЧЕВЫЕ СЛОВА: теория графов, анализ пространственных данных, оптимальный транспортный маршрут, гео-
информационная система, буферная зона, вычислительное время, современные геоинформационные технологии, алгоритм, 
инфраструктура города. 
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