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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.

Obijective. 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

Ax and Ay is a difference between the coordinates X,
and X|, Y, and Y, respectively;

b is a buffer width (buffer distance);

|E| is a number of edges (positive);

[V| is a number of vertices (positive);

X1, Y is an initial vertex of polylines;

X5, Y, is a finite vertex of polylines;

(X1, y1) and (Xp, ¥») 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.
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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 km?, 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.
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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 1. 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
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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 /" 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):

21+0, 3+4+0, 52+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, 1-53=4, 1-54=10, 1—5=2, 1—>6=10.
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Figure 3 — The result of calculating the weight
to the vertices:
a, b — the result of calculating the weight up to 5 vertices;
¢, 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.;
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— 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
(X, Y1) and a finite vertex (X,, ;). Using these coordi-
nates, calculate the coordinate differences Ax and Ay 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:
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( Ay Using the specified output data, taking into account
X=X b* cos{arctg(—jD , assumptions and limitations, user interface settings have
Ax been made.
The software development toolkit can be a program-
V= Y{b * sin{arctg(—jD ,

Ay ming language built into the ArcGIS — VBA or Python

software platform. In this paper, the algorithm of Dijks-

A tra’s and Floyd-Warshall‘s implemented using the Python

X=X, [b * cos[arctg(—y)D , language, and a geoinformation guide for the SFRU man-
ager — VBA [25].

. Ay ‘ pey "r‘é- Yacmi
=Y,| b*sin| arctg — || |. : M A143
y2 2{ { g(AxJ}] & S g ‘:

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 __ __ a
that it must do on the way to the fire: No 1 — car departing = & sttt e 1 —

1 Start at Graphic Pick 1 Map
‘ s o RS :

from the SFRU-1, Ne 2 — the closest FH (this stop may I e T T T G s
not be foreseen if the tank fire car is filled with water), Ne d i e s
3 _ the source Of the ﬁre (place Of fire). AI'CGIS Network & ) (oullnul'-:nu!llwt'-:.l |f||.’iﬁJ¢}n-ifM?fml7-H ) 327 m Map
. e . . . . i [+] Make sharp left on 302904997900468 228,/ m Map
Analyst provides the ability to view the Directions dialog g [+ Tumight 2izam b
. g +] Turn right on 362904997900467 3737 m Map

Fig. 4b ) Tt
12. . 10:  [+]  Tumlelt 113,5m Ma
( g ) . . . 11 Finish al Grapiue Pick 3, on the left m:

It should be noted that with the help of this module it fotal time: < 1 min

Total distance: 14013 m

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: Figure 4 — Network Analyst Result:
— green (fast) — 85%—100%; a — view of the initial transport route;
— yellow (average) — 65%—85%; b — appearance of the Directions dialog;
— orange (slow) — 45%—65%; ¢ — a new alternative transport route

—red (slow, frequent stops) — 0%—45%.
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FigureIS - Trahsport 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;
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—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-
build spaero 500 Bufférl and the FH layer.

After completing the intersection function, a new layer
khabuild spaero 500 Buffer!l intersect 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 «Geoinformational assistant» 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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Geographic information guide for the support of the SFRU in the city of Kharkiv
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j number of SFRU SFRU-5 (057) 738-02-98
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SFRU-3, turn on the left 138,8 m on Sportyvna Street, furn on the right 664,6 m on
Adyghe Steet, turn on the right 98,2 m Saltivske highway, turn on the Left 131,3 m.
Brest Street - FH (513), 16 m Brest Street, turn on the left 82,4 m Varna street,
turn on the right 216,1 m Brest lane, Khalturina Street, 19

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).

© Tvoroshenko I. S., Kramarenko O. O., 2019
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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 Number of processed Time of data
of test case parameters 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 12 291

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

137



e-ISSN 1607-3274 PagnioenekrpoHika, inpopmaTuka, ynpasminas. 2019. Ne 3
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 3

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.
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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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IMPOI'PAMHE 3ABE3INNEYEHHS BUBHAYEHHSA OIITUMAJIBHOT'O MAPIIPYTY
3ACOBAMU I'EOTH®OPMAIIMHAX TEXHOJIOI' T

TBopomenko I. C. — kaux. TexH. HayK, JOIEHT Kadenpy iHpopMaTnky XapKiBCHKOr0 HALliOHAJIBHOTO YHIBEPCUTETY pajlioenek-
TpoHikH, XapkiB, Ykpaina.

Kpamapenko O. O. — marictp 3a CreLiaibHICTIO reoae3is Ta 3eMJIeyCTpii, iHKeHep-3eMICBIOPSAHIK TOBAPHCTBA 3 0OMEKEHOIO
BIINOBIZANBHICTIO «I €01e3NYHO-BUIIIYKYBaIbHUI EHTPY», XapKiB, YKpaiHa.

AHOTAIIA

AKTyaJIbHiCTh. AKTYaJIbHICTE JaHOI POOOTH IOJISIrae y po3poOLi MPOrpaMHOro 3a0e3nedeHHs 6araTo(QyHKIIOHATBHOTO T'€0iH-
(bopManiifHOro TOBiTHUKA MIATPHUMKH JEPKaBHOI MOXKEKHO-PATYBAILHOT YACTUHHU 3aC00aMH Cy4acCHUX TeoiH(opMarIiiHUX TEXHOJIO-
riit. O6’ekToM JOCIiKCHHS € iH}pacTpyKTypa MicTa XapKoBa.

Meta. MeToro JoCiiKeHHS € po3po0Ka MPOrpaMHOro 3abe3neueHHs 6araToQpyHKIiOHAIBHOrO reoinpopManiifHOro 1OBiAHHKA
ABTOMAaTHYHOIO BH3HAYCHHS ONTHMAJbHOTO TPAHCIIOPTHOTO MapLIPyTy 3ac0o0aMH Cy4acHHX TeoiH(OpMALiHHMX TEXHOJOTIH Uit
MiABUIICHHS e()eKTUBHOCTI MT0XKEKOTACIHHS B MICTi XapKOBi.

Meron. Ilix yac mociimkeHHST BUKOPUCTAHO 3aralbHOHAYKOBI METOIM: KapTorpadidHUi, CHCTEMHOTO aHai3y Ta CHHTE3Y IUIA
BU3HAUYCHHS T4 y3arajlbHCHHS TCOPETHKO-METOAMYHHUX 3acajl JACp)KaBHHUX OyMiBEIbHUX HOPM, MOJCIIOBAHHS, BHILOI MaTEMaTHKH,
KOMOIHATOPHKH, a TAKOXK CIIENiaJIbHI METOJM MAaTeMaTHYHOIo Ta reoiHdopMamiifHOro aHamizy. Y poOOTi 3aCTOCOBaHO HPOTpaMHY
iatdopmy ArcGIS juis cTBOpeHHs, ynpaBiiHHs, iHTerpauii, aHaji3y Ta IOIMPEHHs HPOCTOPOBHX JaHUX. BHkopHucTaHO MeTOonu:
nporpaMmyBaHHs Ha MoBax VBA Ta Python, reozesii, Tonorpadii, reoinpopmMaTiku, BU3HAYEHHST 00YHCITIOBAJIBHOTO Yacy.

Pe3yabraTh. PesynpraTy, 110 OTpHMaHi y poleci BAKOHAHHS IaHOTO AOCITIDKSHHsI, a caMe: METO/IMYHE, aJITOPUTMIYHE Ta Mpo-
rpaMHe 3abe3neueHHs] 6araToQyHKIIOHAIBHOTO reoiH(GOPMALiITHOrO AOBiIHMKA, MAIOTh MPAaKTHYHY 3HAYMMICTh, € PEABHUMH Ta
BHUKOPHUCTOBYIOThcs KoTeneBcbkuM paiioHHHM cekTopoM ["omoBHOTO ympaBmiHHAM JlepxkaBHOI cmyxOu YKpaiHu 3 HaJ3BHYaWHUX
cutyaniid y [ToaraBcekiil 001acTi, a TakoK MOXKYTh OyTH 3aCTOCOBaHMMH [ 0TOBHMM ympaBiiHHAM [lepikaBHOI ciyxOu Ykpainu 3
HaJ3BUYAHUX CUTyaliil y XapKiBchKiil 001acTi 1y1si aBTOMaTHYHOTO BH3HAYCHHS ONTHMAJIFHOTO MapIIPYTy ONEPaTHBHOTO IIPUOYT-
TSl TIOKEXKHOI OpHTaan 3a JOIIOMOTOI0 I'e0iH(pOPMAIIfHUX TEXHOJIOTIH, IHCTpyMEHTapil0 MaTeMaTHYHOrO Ta reoiH(popManiifHOro
aHai3sy.

BucnoBkn. OTprMaiia mogajabLIioro po3BUTKY IPOCTOPOBA MOJIENb MicTa XapKoBa 3a paxyHOK BHKOPHCTAHHS IiJl 4ac PO3pOOKH
MPOrpamMHOro 3abe3nevyeH s METO/IB reoiH(opMalifHOro Ta MaTEMaTHYHOTO aHali3y, IO A03BOJIMIIO BpaxyBaTH CYKYIHICTh BaX-
JIUBUX KPHUTEPiiB. YIOCKOHAJICHO MPOCTOPOBY MOAENH reoiH(pOpMaLiiiHOl MiATPUMKH JEpPIKaBHUX MOXKEKHO-PITYBAIBHUX YaCTHH
MicTa XapKoBa 32 paxyHOK BpaxyBaHHS Ta 3aCTOCYBAaHHS KPUTEPII0 PO3MOALTY AOPITr BiAMOBITHO 0 KAaTETOPii, IO JO3BOIMIO PO3-
poOHTH epeKTHBHY MPOrpaMHy IIaT¢opMy IJIs MIBUAKOTO pearyBaHHs. [lepCclieKTHBY MOJANBIINX JOCTIKEHb epea0avyalTh po3-
pobnenns 3acrocyHKy st mathopm Android ta IOS i3 MOXKIIMBICTIO KOMITAKTHOTO BUKOPHCTAHHS T'€0iH(QOpMaIiifHOrO TOBiIHUKA,
a TaKkoX 3aJydeHHs iHTepakTHBHOI KapTH ArcGIS Online, mo BimoOpaskae peaiabHUI CTaH 3aBaHTAXKCHOCTI TOPOTH 1 MOXKIIHMBOCTL
3aCTOCYBaHHS BIJIIIOBITHUX JAQHUX IIPH IPOSKTYBaHHI PEKOMEHI0BAHOTI'O MapLIPYTY.

KEYWORDS: Teopis rpadis, aHasi3 npocTOpOBHX JaHHUX, ONTHMAIbHUI TPAaHCIOPTHUI MaplpyT, reoindopMaliiiHa cuctema,
OydepHa 30Ha, OOUHCITIOBAIBHUI Yac, CydacHi reoindopMaiiiHi TEXHOJIOTIT, AIrOPUTM, iH(pacTpyKTypa MicTa.
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NPOIPAMMHOE OBECHHEYEHUE ONPEAEJIEHNA OITUMAJIBHOI'O MAPIIPYTA
CPEACTBAMU 'EOMHO®OPMAIIMOHHBIX TEXHOJIOTUU

TBopomenko U. C. — kanxa. TeXH. HayK, IOLEHT Kadeapsl NHGOPMATHKH XapbKOBCKOIO HALMOHAIFHOTO YHUBEPCUTETA PaJHO-
JJIEKTPOHUKH, XapbKOB, YKpauHa.

Kpamapenko A. A. — MarucTp o CrenuaibHOCTH Fe0Ie3Hs U 3eMIIEYCTPOICTBO, HH)KEHEP-3EMIICYCTPOHUTEND O0IIECTBa C Orpa-
HUYEHHOM OTBETCTBEHHOCTBIO «I €01€3N4eCKO-UCCIe10BATENbCKUI LIEHTP», XapbKOB, Y KpauHa.

AHHOTAIUSA
AKTyaJIbHOCTb. AKTYaJIbHOCTD JJAaHHOH pabOTHI 3aKIII0YAeTCsl B pa3paboTKe MpOrpaMMHOro obecnedeHss MHOTO(yHKI[HOHAb-
HOTO TeOMH(OPMAIIMOHHOTO CIPABOYHHKA HOAIEPIKKH FOCYAAPCTBEHHON MOXKapHO-CIIACaTeIbHOW YacTH CPEICTBAMH COBPEMEHHBIX
reorH(pOPMALOHHBIX TeXHOIOTHH. OOBEKTOM HCCIIEI0BaHHS SABISIETCS MHPPACTPYKTYpa Toposia XapbKoBa.
Lean. Llensto vccnenoBanus sBiseTcs pa3paboTKa MPOrpaMMHOTO 00ecTIedeHNsT MHOTO(YHKIIHOHAIFHOTO reonH()OPMaIlMOHHO-
IO CIPAaBOYHMKA aBTOMATHYECKOI'O OINpEIEICHUS ONTHMAIBLHOIO TPAHCIIOPTHOTO MapIIPyTa CPEACTBAMH COBPEMEHHBIX I'€OHH(Op-
MAlMOHHBIX TEXHOJIOTHH JUIs HOBBIIIECHUS 3()(GEKTHBHOCTH MOXKAPOTYLICHUS B XapbKOBE.
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Metoa. B xoze ucciieroBaHus UCIIONB30BaHbI O0IIEHAYYHBIE METOBI: KapTOrpaIecKuii, CHCTEMHOTO aHAIIN3a U CHHTE3a I
OIpeseNeHNsT U 000OIIEHNUs] TEOPETUKO-METOJUYECKIX OCHOB TOCYZApCTBEHHBIX CTPOHMTENIBHBIX HOPM, MOJEIMPOBAHUS, BBICHICH
MaTeMaTHK{, KOMOMHATOPHKH, a TAKXKE CHELHaIbHbIE METOIbl MATEMaTHYECKOTr0 ¥ reoMH(pOpPMaMOHHOT0 aHanu3a. B padore npu-
MEHEHO nporpaMMHyto miathopmy ArcGIS s cozganus, ynpaBieHHs, HHTETpallli, aHAIN3a U PACIPOCTPAaHEHUs IPOCTPAHCTBEH-
HBIX JIaHHBIX. VICMOMB30BaHBl METOMABI: MPOrpaMMUpoBaHus Ha si3bikax VBA u Python, reonesun, tonorpadun, reonHpopmMaTHKy,
OTIPEIEICHNE BEYHUCIUTEIFHOTO BPEMEHH.

Pe3yabTarhl. Pe3ynsraTel, MoMydeHHbBIE B IIPOIECCE BRIMOIHEHUS JAHHOTO HCCIIEIOBAHMS, a IMEHHO: METOJUIECKOE, alrOpPHT-
MHYECKOE M IIPOrpaMMHOE OOecIed4eHHe MHOTO(YHKIMOHAJIBHOTO I'e€OMH(OPMAIIOHHOTO CIIPABOYHUKA, MMEIOT IMPAKTHYECKYIO
3HAYNMOCTb, SBJISIOTCS PEaTbHBIMU U HCIIONB3YIOTCsl KOTeneBCKUM paifoHHBIM CeKTOpOM [ J1aBHOTO yIpaBJICHHS TOCYIapCTBEHHOI
ciyObl YKpauHbI 0 Ype3BbIYaliHbIM cuTyarusM B [TonraBckoit obiactu. Taxike MOryT OBITh IPUMEHEHHBIMU [ JIaBHBIM yIpaBie-
HueM ['ocynapcTBeHHOM CiTyKObl YKpauHbI O Ype3BBIYAHBIM CHTYaIMsIM B XapbKOBCKOW 00JIACTH JUIsi aBTOMAaTHYECKOTO ONpese-
JEHHS ONTHUMAJIBHOTO MapIIPyTa ONEPaTHBHOIO NMPHOBITHSA MOXKApHOW OpHUrajbl ¢ MOMOLIBIO I'€OMH(POPMALMOHHBIX TEXHOJIOTHA,
HMHCTPYMEHTApHs MaTEMAaTHIECKOTO ¥ T€OMH(OPMALIMOHHOTO aHAIH3a.

BeiBoabl. [lonyunna nanpHeiiiee pa3BUTHE MPOCTPAHCTBEHHAs MOJIENb ropoja XapbKoBa 3a CYET MCIOJIb30BaHMA IIPU paspa-
00TKe IPOrPaMMHOTO 00ECTIeUeHNsI METOA0B T€OMH(OPMAIIIOHHOTO I MaTeMAaTHIECKOTO aHAIIN3a, YTO MO3BOJIMIIO YIECTh COBOKYII-
HOCTh B)XHBIX KPUTEPHEB. YCOBEPIIEHCTBOBaHA IPOCTPAHCTBEHHAs MOJENb IeOMH()OPMAIIMOHHON MONEPKKU TOCYJapCTBEHHBIX
MOXKapHO-CIIacaTeNbHBIX YacTel ropoja XapbKoBa 3a CUeT yueTa M NPUMEHEHUS] KPUTEPHsI pactpeeleH s JOPOT B COOTBETCTBHHU C
KaTEerOpUsIMH, YTO MO3BOJIMIIO pa3paboTaTh d(GEKTUBHYIO MPOrpaMMHYI0 miathopMy s GsicTporo pearnpoBanusi. [lepcnekTHBEI
JANbHEHIINX MCCIEeNOBAaHUH TpeayCMaTpHUBaiOT pa3paboTKy npwiioxeHus it mwiardpopM Android u I0S ¢ BO3MOXHOCTBIO KOM-
MaKTHOTO HCIIOJIb30BaHHs TeOMH()OPMAIIMOHHOrO CIIPAaBOYHHUKA, a TAKXKE IPHUBJICUCHHE MHTEepakTUBHOM KapThl ArcGIS Online, o1-
pakaroleil pealbHOE COCTOSIHHE 3arpy>KEHHOCTH JIOPOTH U BO3MOXKHOCTH TIPUMEHEHUS] COOTBETCTBYIOIIUX JAHHBIX MPH MPOEKTUPO-
BaHHMHU PEKOMEHJOBAaHHOTO MapIIpyTa.

KJIFOYEBBIE CJIOBA: teopus rpadoB, aHaIN3 MPOCTPAHCTBEHHBIX JAaHHBIX, ONTHMAIIBHBIN TPAHCHOPTHBIA MapIipyT, Teo-
nHpopMaronHas cucrema, OyepHast 30Ha, BEIYHCIUTEIFHOE BPEMs, COBpEMEHHBIE TeONH(POPMAIIMOHHbBIE TEXHOJIOTHH, aJTOPUTM,
nH}pPACTPyKTypa ropoa.
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