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Abstract—Unmanned aerial vehicles are increasingly used 

to perform complex transport processes and operations, such 

as monitoring transport processes, photogrammetry of 

transport infrastructure, inspection of geoobjects and tracking 

of mobile agents. The construction of rational routes in solving 

the problems of management of the functioning of the 

transport infrastructure, taking into account various criteria, 

is a complex procedure that requires reducing the time, 

improving the trajectory. The use of heuristic algorithms, for 

example, the ant colony algorithm, which has high accuracy 

and speed of solving problems, is relevant. To perform complex 

technological processes and operations, unmanned aerial 

vehicles (UAVs) are increasingly used that can replace a 

human operator in dangerous living conditions. To implement 

these processes, it is necessary to control the flight. As a result, 

it is revealed that the advantage of the ant algorithm method is 

the possibility of finding a rational route, which is achieved by 

repeated repetition of the procedure of passing agents along 
the route. 

Keywords—unnamed aerial vehicle, route, intelligent 

transport geoinformation system, route, UAV 

I. INTRODUCTION  

To perform complex technological processes and 
operations, unmanned aerial vehicles (UAVs) are 
increasingly used that can replace a human operator in 
dangerous living conditions. To implement these processes, 
it is necessary to control the flight. In connection with the 
global trend of increasing the level of UAV autonomy in 
solving the set objectives, the role of using intelligent 
autopilots, implemented, for example, on the basis of 
intelligent transport systems, is increasing. 

Determining the rational route of the UAV when 
performing tasks in different operating conditions is a 
complex and lengthy procedure associated with a variety of 
options for choosing from possible solutions. 

II. THE PROBLEM OF ROUTING UAVS 

The complexity of the problem is to determine a set of 
points in space that would meet the trajectory of the UAV 
and displayed on the map. The choice of route is influenced 
by factors: 

 limited flight time;  

 flight safety; 

 multiple simultaneous routes. 

Limiting flight time involves determining the route that 
would allow the UAV to have a sufficient battery level to 
perform the task and return to the charging station. For 
practical reasons, the UAV route should consist of straight 
sections and curvature sections connecting straight sections. 

Flight safety is determined by a set of relevant 
restrictions: compliance with a given level and flight 
corridor, overflight of obstacles on the way, the distance to 
the emergency landing platform, the distance from the no-fly 
zones, changes in weather conditions. In the case of taking 
into account the first and second factors, there is a joint 
problem, both reducing the route time and reducing the 
length of the trajectory.  

The last factor indicates the ambiguity of the way in 
which UAVs can follow. The solution of this problem 
requires the nomination of a criterion by which to choose the 
most suitable route [1, 2, 3]. 

III. A MATHEMATICAL MODEL OF THE TRANSPORT NETWORK  

The described problem of making rational UAV routes 
with their visualization on an interactive electronic map is 
mathematically formulated as follows. 

The transport network of the city including the street and 
road network (UDS) which model is displayed on the 
electronic map in the environment of intellectual transport 
geoinformation system "ITSGIS" is set. ITSGIS allows you 
to use different types of visual geomodels: points, lines, 
polygons. We introduce the following notations. 

If 
X

j  ( ) – a transport network of any 

configuration that contains the following subsets, as shown 
in Fig. 1:  

Z  – many areas are points of departure; 

D  – many of the areas destinations; 
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Fig 1. Transport network zones on the electronic map 

А  – a lot of zones, charging stations; 

F  – many areas – prohibited areas; 

H  – many zones – railway crossings; 

P  – many areas – pedestrian crossings; 

S  – many areas – crossroads; 

L  – many areas – hauls; 

U  – multiple zone – tunnels; 

O  – many areas of the overpasses.

Zone «A point of departure» 
Z Z

i , 1, 2, ...,i n  it is 

a section of the transport network that determines the place 
(point on the map) of departure and loading of the UAV. 

Zone «Charging station» 
A A

i , 1, 2, ...,i n  it is 

a section of the transport network on which the UAV is 
recharged. 

Zone «Forbidden territory» F F

i
, 1, 2, ...,i n  it 

is a section of the transport network over which UAV flights 
are prohibited due to the peculiarities of the security mode of 
the object. 

 

 

Zone «Railway crossing» H H

i
, 1, 2, ...,i n  – 

the section of the road network that crosses the railway, 
which is on the same level with it.  

Zone «Pedestrian crossing» P P

i
, 1, 2, ...,i n  – 

the section of the road network on which there is a land 
pedestrian crossing limited by road signs and/or borders of 
the intersection; has the form of a polygon (quadrangle). The 
width of a pedestrian crossing is determined by the distance 
between road signs or the width of the road markings. 

Zone «Crossroads» S S

i
, 1, 2, ...,i n  – the 

section of the road network, located at the intersection of two 
or more roads, has its own unique geometric shape, 
completely repeating the shape of the real intersection. 

Zone «Distillation» L
i

L , 1, 2, ...,i n  – the linear 

section of the street and road network, which is not a section 
of the type "intersection", "pedestrian crossing", "railway 
crossing"; located between sections of other types, including 
other crossings, has the form of a polygon (often a 
quadrangle). 

Zone «Tunnel» 
U U

i , 1, 2, ...,i n  – the linear 

section of the street-road network, located between the 
sections of the "stage" type, has the shape of a polygon (often 
a quadrangle); it has limitations in size in height and width. 

Zone «Overpass» O O

i
, 1, 2, ...,i n  – the linear 

section of the street and road network, located between the 
sections of the "stage" type, has the shape of a quadrangle; it 
has restrictions on the height and width of the dimensions, as 
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Fig. 2. Nodes and arcs of the road network on the interactive map 

well as specific flight conditions of the UAV, complicating 
movement, for example, the presence of a large number of 
power lines wires or supporting supports. 

For a full description of the transport network, including 
the street and road network and the zone of dispatch, 
delivery, charging, taking into account the direction of 
movement of the UAV between them, objects are 
additionally introduced: the node and the arc, which are 
elements of the oriented graph [13,14]. 

Geometric oriented graph G in space n  we will 

consider the set of a non-empty set ivV ~~
 objects of some 

nature in n , called vertices (nodes) of a graph, a set of 

ieE ~~
 continuous self-intersecting curves in n , called 

edges (arcs) of the graph, incidentor 1
~
P  assigns to each arc 

Eei
~~  top Vvi

~~ , called the beginning of an arc, an 

incidentor 2
~
P , matching the arc Eei

~~  top Vwi
~~ , called 

the end of an arc satisfying the following conditions: 

 each open curve in E  contains exactly two points of the 

set V
~

, which are its boundary points; 

 curves in E
~

 do not have common points, except for 

points from the set V
~

. 

 VVE
~~~

. 

In the mathematical model considered in the work, a 
specialized graph is used, the vertices of which at the 
intersection correspond to stop lines at the approaches to 
intersections, at a pedestrian crossing and a railway crossing 
are the boundaries of the site, at the stretch correspond to the 
boundaries of the site and the points of possible branching of 
flows, and the arcs are all possible paths of the UAV 
movement along the next to the current section of the UDS. 

When designing a transport network based on object-
oriented programming, the triad of objects <section>, 
<node>, <arc> (Fig. 2) is the basis of the conceptual model 
of ITSGIS, all other objects will be, one way or another, tied 
to this basis. 

<Plot> – polygonal section of the transport network – 
different zones, represented by a set of coordinate pairs, 
described by a single set of physical parameters. In the 
ITSGIS environment, a parcel is encoded by a polygon 
defined by the coordinates of its vertices. 

<Host> is the location of the flow separation of the 
vehicles. The node is the top of the oriented graph, 
channeling traffic flows, always lies at the junction of two 
sections and shows the possibility of movement from one 
section to another in the direction determined by the 
corresponding arc. Two adjacent plots are matched by two 
nodes. In the environment ITSGIS node is encoded by the 
point [4]. 

<Arc> is an element of a directed graph that specifies the 
direction of traffic flows (or with the detail of vehicles) on 
the site and contains the relevant characteristics (arc length, 
traffic intensity in this direction, flow density, etc.). One arc 
defining the direction of movement of vehicles or two arcs 
defining the place of a turn (change of the direction of 
movement) is put in correspondence to two nodes. Multiple 
arcs (streams) can pass through a single parcel, but the arc 
can only be within a single parcel. In the environment 
ITSGIS arc is a linear object [15,16]. 

On the transport network, the movement of UAV groups 

is carried out by the total number of Q  from the point of 

departure (charging station) Z ( А ) to the destination D , 
in order to perform some tasks (UDS survey, photo or video 
recording, delivery of small cargo). 

If 
X

iD d  D  – many unmanned aerial vehicles, 

which contains the characteristics of different types of Х 
UAVs:  

, , ,
i i i id d d d

D D w l h p  – many characteristics of the 

UAV qv ,...,2,1 , where 
id

w  – the width of the UAV X

id , 

id
l  – the length of the UAV X

id , 
id

h  – the altitude of the 

UAV X

id , 
id

p  – the capacity of a UAV X

id ;  

iq
 – demand in the goods associated with each customer; 

PQ  – the amount of cargo required to pick up from the 

customer [5]. 

IV. ROUTE CONSTRUCTION METHOD  

The tasks of constructing rational UAV routes are key in 
the field of logistics and are NP-complex tasks of 
combinatorial optimization. In this regard, the most relevant 
is the development and application of heuristic algorithms. 
There are precise methods for determining optimal routes, 
but they require exponential computation time. Therefore, 
much attention is paid to the development of so-called 
metaheuristic algorithms, for example, the use of a multi-
agent approach with high accuracy and speed of solving 
problems [6]. Multi-agent systems, borrowed from public 
Biosystems, which include the anthill, are attractive on some 
grounds, such as autonomy of individual agents, 
decentralization of control through the implementation of 
collective intelligence in the system and trainability of agents 
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Fig. 3 Construction of the UAV route on the interactive map in the ITSGIS environment 

[7]. The ant colony algorithms were first proposed by the 
authors Dorigo, Maniezzo, Solorni as a method for solving 
difficult combinatorial optimization problems such as the 
traveling salesman problem and the quadratic assignment 
problem [8]. When using this algorithm, the best route is 
determined by repeatedly exploring the search space in 
different directions. A feature of the proposed movement is 
the presence of pheromone released by agents on the way in 
the process of its movement. The best route is the one with 
the highest pheromone content. The ant colony algorithm is 
one of the meta-heuristics algorithms used to solve the 
traveling salesman problem [9, 10].  

The ant colony algorithm has several modifications. One 
of the algorithms used in the construction of solutions from 
iteration to iteration only the best solutions obtained in 
previous iterations is the algorithm Ant Colony Optimization 
Based on Population (P-ACO) [5]. 

The initial step of the algorithm is to initialize the 
pheromone level. Then, at each iteration, the further direction 
of movement is selected from the current location with 
probability according to the formula: 

| ,

0,

j j

k i ki k j jj
s c if c L s cc L s c

otherwise

c

where ,  – the parameters of the algorithm, showing the 

influence of the level of pheromone  and heuristic 

information  for each decision of the agents, respectively; 

kL s c  – directions that the agent A  not yet added to 

the partially built solution 
ks c  with the last component 

nc . In the next iteration, the solutions obtained in the 

previous iteration are used to override the pheromone values 
according to the rule defined by the formula: 

11 1
s s

i i j ij ij ij

A A

 

where 

,    

0,

js

ij

used in th o
k

if c s
l s

otherwis

s

e

e oluti n
 

l s  – the length of the path of the agent ; 

 – coefficient, 1  represents the evaporation of 

pheromone, 10 ; 

k  – constant close to 1.  

As can be seen from the formula, the pheromone value in 
decision-making increases on the components of the best 
decisions and, accordingly, decreases on the components of 
the worst decisions. The criterion for closing the algorithm 
cycle can be a given number of iterations or the number of 
iterations that do not bring an improvement in the expected 
solution [11, 12]. 

UAV route 
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V. BUILDING ROUTES ON AN INTERACTIVE MAP 

The described algorithm is used to solve the problem of 
constructing the trajectory of the territory flight in the 
environment of intelligent transport geographic information 
system "ITSGIS", reflecting on the interactive electronic 
map of the territory of the trajectory (charging stations, 
landing platforms, etc.), as well as the graph of the transport 
network. An example of the route is shown in Fig. 3. 

The analysis of the algorithm was carried out according 
to the estimated time of passage of the UAV constructed 
route at different sizes of the graph of the transport network 
and different flight conditions. Each cycle automatically 
generates a graph of the transport network with the specified 
characteristics [4]. 

VI. CONCLUSION 

As a result, it is revealed that the advantage of the ant 
algorithm method is the possibility of finding a rational 
route, which is achieved by repeated repetition of the 
procedure of passing agents along the route.  

This approach is useful when choosing the shortest route 
with the use of UAVs in the presence of a significant number 
of obstacles on the route, perceived as additional reference 
points. 
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