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Abstract— It is proposed to use an improved ant colony 

algorithm to determine the flight paths of unmanned aerial 

vehicles groups to the objects of intrest. A study was 

conducted on the application of the MAX-MIN Ant System to 

simultaneously determine the flight paths of several groups of 

unmanned aerial vehicles from different airfields to different 

objects of interest. Obstacles in the path of the unmanned 

aerial vehicles flight are also taken into account. As an 

example, the problem of a unmanned aerial vehicles 

breakthrough of an air defense system is considered.  The 

number of unmanned aerial vehicles required to destroy the 

object of impact with a given probability is taken into account. 

The efficiency of the algorithm in the conditions of non - 

stationary environment is also investigated. 

Keywords— unmanned aerial vehicle, group, ant colony 

algorithm, route, flight, optimization 

I. INTRODUCTION 

One of the most important areas in modern aviation is 

related to the development of unmanned aerial vehicles 

(UAVs). UAVs are used in various fields, such as 

agriculture [1], oil and gas industry [2–3], forestry [4], 

military industry (Armenia Azerbaijan conflict [5], Civil 

War in Syria [6–7]), security systems [8], medicine [9] and 

so on. Modern UAVs are a high-tech system with elements 

of artificial intelligence, integrated into the general system 

of information gathering and decision-making. 

The most important issue in the use of UAVs is the 

choice of the flight route. When choosing a flight route, the 

UAV must solve its problem with the required quality and 

efficiency. On the other hand, the quality and efficiency of 

the problem being solved by the UAV largely depends on 

the correct choice of the UAV flight route. 

 

 

At the same time, the process of selecting the optimal 

flight routes is particularly difficult. The choice of the 

optimal flight route depends on many factors. First of all, 

on the chosen criterion of the route optimality.  

The definition of UAV flight routes is traditionally 

reduced to various kinds of optimization problems.  

In the paper, for example, we will consider the problem 

of a UAV flight to an object of interest for the purpose of 

reconnaissance or destruction. Objects of interest will be 

understood as objects of impact. Let us pose the problem of 

determining the optimal flight route of the UAV to the 

target of impact. Such tasks were typical when using UAVs 

in the recent Karabakh conflict [5], [10]. 

II.   LITERATURE REVIEW AND PROBLEM STATEMENT 

Papers [11–12] propose the UAV’s routes with 

maximum of the information in a region of interest in a 

fixed time. The main disadvantage of [11–12] is that the 

information decreases over time. 

Paper [13] propose the UAV's route for the search of 

radio frequency source. Paper [14] propose the method [13] 

to cover the maximum area. Papers [15–16] overcome 

uncertainties in the environment for method [13]. The main 

disadvantages of [13–16] are the disregard of the impact on 

the UAV and the absence of forbidden zones. 

In the papers [17–18] navigation algorithm is proposed 

to improve the all-terrain capabilities. The results [17–18] 

are used for unmanned ground vehicle only. 

Papers [19–20] propose the method of linear 

programming for determent the collision-free route. The 

planning is realized by continuously adjusting the points 

defined between the start and goal points. The main 

disadvantage of [19–20] is the absence of forbidden zones. 

 

https://www.scopus.com/inward/authorDetails.uri?authorID=57208329027&partnerID=5ESL7QZV&md5=ab2027fcf8e779b811771f747e03e43d
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Paper [21] proposes the genetic algorithms for route of 

UAV. Genetic algorithms [21], as noted in [22], are very 

cumbersome and require a significant computational 

resource. 

Paper [23] propose the method of determent the path of 

UAV. The main constraint of 56 is "every target should be 

visited only once". The method [23] cannot be used to 

determine the route of the UAV in this case. 

Paper [24] proposes the trajectory design for UAV 

without collision. The second-order agents are used in [24]. 

In the paper [25] results [24] are generalized for the UAV 

group. The main disadvantage [24–25] is the information 

values of the time-varying. 

The paper [26] propose the route planning method. The 

aging of observation data is taken into account in [26] . The 

method [26] is successful in cases, where there are moving 

objects of interest. The method of route planning has been 

converted to a problem by creating an fitness function. The 

routes for online planning are on Fig. 1 [26]. 

 

Fig.1. The routes for online planning are on Fig. 1 [26]. 

The semialgebraic models are used to define forbidden 

zones and desired region [27–28]. Also the algebraic 

primitives are used (1)–(2) [27–28]: 

    2, | , 0 , 1,...,  i iF x y f x y  i M ,    (1) 

where Fi – forbidden zones (the blue regions on Fig. 1); 

M – quantity of the forbidden zones; 

     
2 2 2,     i i i if x y x x y y r ,      (2) 

ri – the radius of the i-th forbidden zone;  ,i ix y  – the 

center of coordinates of the i-th forbidden zone. 

The forbidden region is defined as (3): 

2
1 2 ... ,    MFR F F F  FR .  (3) 

The desired zones is defined as (4): 

    2, | g , 0 , 1,...,K  i jD x y x y  i ,    (4) 

where Di – desired zones (the red regions on Fig. 1); K – 

quantity of the desired zones; 

     
2 2 2,     j j j jg x y x x y y r ,     (5) 

rj – the radius of the j-th desired zone;  ,j jx y  – the 

center of coordinates of the j-th desired zone. 

The desired region is defined as (6): 

2
1 2 ... ,    KDR D D D  DR .       (6) 

The main disadvantages [26] are its application only for 

theoretical calculations, idealization and simplicity of the 

construction of forbidden zones, applicability only for the 

two-dimensional case. 

In [27] the creation of a method for determining the 

optimal flight route of the UAV, taking into account the 

presence of "no-fly zone" on the route. However, the 

possibility of changing the size of the "danger zones" is not 

taken into account, the route for the UAV group is not 

taken into account, and the route of the UAV group is 

determined taking into account the importance of the object 

of interest. 

In [30–32] the swarm methods are used for images 

segmentation. Paper [30] proposes the artificial bee colony 

algorithm and ant colony optimization algorithm. Paper 

[31] proposes the methods for determining the contours of 

objects. Paper [32] propose the methods for determining 

the contours of objects on tonal aerospace images. The ant 

algorithms are used in [30–31]. The main advantages of 

swarm methods in total and ant colony algorithm are [30–

32]: 

 the tendency to loop in local optimums; 

– the multi-agency implementation; 
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– the search for a better solution is based on the 

decisions of all agents; 

– the ability to adapt to changes in the environment; 

– the ability to use to solve both discrete and continuous 

optimization problems. 

The positive results obtained in previous studies [30– 

32] have prompted further research on the application of 

the ant algorithm to develop a number of methods for 

determining UAV flight options. 

In the basic Ant System (AS), the probability of 

transition of the k -th agent to i -th turning point of the 

route (TPR), taking into account the availability of the 

route iL and the concentration of pheromones in this 

section iF  at time t  is defined as (7) [31]: 

1

( )
( ) ,

( )

k i i
i J

j j
j

F t L
P t

F t L

 

 








               (7) 

where 0   – weight of the pheromone and 0   – 

heuristic coefficients (accessibility of the site). 

Parameter iL  is determined taking into account "no-fly 

zone" (air defense systems, suppression zones of electronic 

warfare systems and other dangerous areas) (8) [32]. 

1/ ,

.

i

i

D  if the i-th route passes outside 

L the "no-fly zone"

0                             in other cases




 



         (8) 

The basic AS solves large-scale optimization problems 

with accuracy at the level of other heuristic methods, such 

as genetic algorithm or waste simulation. But the basic AS 

is inefficient due to [33–34]: 

 when applying the probabilistic rule of route 

selection, there is a probability of losing the best 

solution found; 

 the low ascent near the optimum, due to 

approximately equal contribution of both better and 

worse solutions in the renewal of pheromones; 

 preservation of obviously doomed options, which for 

large-scale tasks increases the number of calculations. 

Therefore, for the improvement of the results they use 

the improved ant algorithms (ASE – basic Ant System with 

elite ants, ASR – rank Ant System, ACS – Ant Colony 

System, MMAS – MAX-MIN Ant System). It is more 

expedient to apply the MMAS, which in comparison with 

other varieties of AS finds the best solutions in the shortest 

time and has the best index of the average relative accuracy 

[32–33]. Its characteristic features are that [35–37]. There 

are: 

 at each iteration, pheromones are added only to the 

TPR edges of the best route according to rule (9); 

max

min
( 1) [(1 ) ( ) ] ,

Fbest
i i i F

F t F t F       (9) 

where minF and maxF  – maximum and minimum 

pheromone levels; 

and best
iF  is defined as (10): 

1

,best
besti

,if the i-th route - the best in iteration
LF

0                                           in other cases




  



  (10) 

bestL   

 the way of the best agent. This is the best route found 

in the current iteration, ibL , or the best solution found 

since the algorithm started, bsL ; 

 the number of pheromones on the route between 

turning points is limited in the range  min max,F F ; 

 at the beginning of the algorithm, the amount of 

pheromone on each edge of the graph is taken equal 

to maxF . 

Example of UAV flight route presentation is in Fig. 2. 
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Fig. 2. Example of UAV flight route presentation

III. MATERIALS AND RESEARCH METHODS 

When conducting the study, the following restrictions 

and assumptions were made. 

1. The air defense system is overcome by all UAVs 

simultaneously (one UAV operates on one object) on the 

flight section 2 (distance from TPR1 to TPR 2). This 

means that the turning points of the route TPR 1 and 

TPR 2 for the whole group of UAVs are the same. 

2. One UAV or a group of UAVs are assigned to one the 

objects of impact (OI). 

3. There may be a limit on the number of UAVs based on 

one aerodrome; in the absence of such a restriction, 

obviously, the optimal take-off of all UAVs from the 

nearest to the entrance to the breakthrough zone of the 

air defense (AD) of the base aerodrome. 

4. The criterion of optimality is the achievement of a 

minimum of the total range from the airfields of the 

UAV base to the respective OI, provided that the ―no-fly 

zone‖ encountered on the routes are bypassed. The 

availability of the route segment was calculated by (8). 

The initial data of the control example given in [34] 

were taken as a basis. The number of TPR1 and TPR 2 is 

increased to 60, the number of finished points of the route 

(FPR) is 5, the number of starting points of the route (SPR) 

(UAV bases) is 3. "No-fly zone" are marked in Fig. 3 

circles. There are no restrictions on the number of UAVs 

based on one aerodrome. The location of SPR, FPR, 

TPR 1, TPR 2, "no-fly zone" is shown in Fig. 3. 

 

 

 

Fig. 2 shows the results of calculating the flight routes of 

the UAV to the OI and the breakthrough of the AD for the 

three implementations of the MMAS (to make it more 

clear, the routes obtained in the three implementations are 

superimposed on one figure). 

 

Fig. 3. The results of the application of MMAS to determine air 

defense breakthrough area 
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It can be seen that in all three implementations the final 

sections of the route (sections of the exit to the OI) 

coincide. The first and second sections of the route in the 

two implementations are insignificantly different from the 

third, during which the optimal set of the routes was found 

by the selected criterion (shown in dotted lines).  

 

It is also important to note that in all implementations for 

all routes, the algorithm, naturally, has chosen SPR as the 

nearest UAV base aerodrome, because there are no 

restrictions on the number of UAVs based at each 

aerodrome. 

Fig. 4 shows the operation of the MMAS with increased 

to 15 the number of "no-fly zone". The algorithm again has 

quickly found the optimal solution. 

 
a)                                                                                                     b) 

Fig. 4. Consequence of MMAS work to determine the area of breakthrough of the air defense system, in the presence of fifteen ―no-fly zone‖                         

(а – after 30; b – after 200 iterations) 

The following experiment investigates the operation of 

the MMAS with changes in the location of "no-fly zone" 

(Fig. 5). Performance in a non-stationary environment is 

one of the advantages of ant algorithms [31–32], which 

contributes to the use of these algorithms in the study of 

processes occurring during hostilities. 

Fig. 5 shows the progress of solving the problem, in 

which after the 60-th iteration of the algorithm changed two 

of the ―no-fly zones‖ the corresponding circles are painted 

in the figure). The algorithm begins to build a new solution: 

after 85 iterations, this solution is not yet optimal, because 

the result is affected by the high level of pheromones in the 

third sections of the routes (areas of access to the object of 

impact), obtained in the first 60 iterations. However, after 

150 iterations, the optimal solution appears, which begins 

to dominate after 290 iterations of the algorithm.  

On other, suboptimal routes, the pheromone level 

gradually decreases due to evaporation. 

The results of determining the range of the AD and UAV 

flight routes to the OI using MMAS do not take into 

account the impact of the importance of the objects of 

impact and the number of UAVs (outfits) required to 

destroy the object of impact with a given probability or 

degree of UAV damage. 

Let's change the order of calculating the availability of 

the section of route iL . In contrast to (2) in the following 

formula for calculating the cost of overcoming the section 

of the flight route to the k -th OI (FPR) takes into account 

not only the length of the section iD , but also the UAV 

outfit (required number of UAVs for destruction 

(suppression) OI) k -th OI .UAV kN  (11): 
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.

1
,i

i UAV k

L
D N




        (11) 

The increase in the level of pheromone best
iF  will be 

defined as: 

.

1
,

,
best UAV kbest

i

if the i-th route is the 
L N

F
best in iteration

0                                        in other cases


 

  



    (12) 

 

Fig. 6 shows the results of calculations for the control 

example given in [29], but the availability of sections of the 

route and the increase in pheromone levels were calculated 

by (11) and (12). 

 

 

 
                                                            a)                                  b) 
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                                                                 с)                                                                                   d) 

Fig. 5. The results of MMAS application in a non-stationary environment (а – after 30; b – after 85; c – after 150; d – after 290 iterations)  

 
a) at NUAV 1=20, NUAV 2=4, NUAV 3=4, NUAV 4=4, NUAV 5=4  b) at NUAV 1=4, NUAV 2=20, NUAV 3=4, NUAV 4=4, NUAV 5=4 
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c) at NUAV 1=4, NUAV 2=4, NUAV 3=20, NUAV 4=4, NUAV 5=4     d) at NUAV 1=4, NUAV 2=4, NUAV 3=4, NUAV 4=4, NUAV 5=20 

Fig. 6. The results of the MMAS, taking into account the impact of the UAV outfit 

In all cases, the algorithm determined the flight routes of 

the UAV in such a way as to ensure the shortest route 

length from SPR to those OI for which the largest UAV 

outfits are intended. 

The reliability of the obtained results has been checked 

by comparing them with the results obtained by the method 

of complete search. 

IV. CONCLUSIONS 

The paper presents the results of research on the use of 

MMAS to simultaneously determine the flight routes of 

several groups of UAVs from different airfields to different 

objects of impact and breakthrough of the air defense 

system, taking into account the impact of UAVs required to 

destroy an object with a given probability. Within the area 

of space in which the ―no-fly zone‖ are located, the routes 

of different UAVs coincided. Also, studies on the 

performance of the algorithm in a non-stationary 

environment. To do this, after several steps of the iterative 

process, when agents gradually increased the level of the 

pheromone on several suboptimal routes, the size and 

location of the "restricted areas" changed. The MMAS 

quickly adapted to the changes and built a new solution, 

optimal in the new conditions. 

 

In the future, the work will be aimed at the 

implementation of three-dimensional determination of 

UAV flight routes, taking into account the size of the 

turning points of the route. The study will also take into 

account the real contours of the ―no-fly zone‖ and the 

terrain. 
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