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Elkhan SABZIEV1 

 

 

 

A CONTROL ALGORITHM FOR JOINT FLIGHT OF  

A GROUP OF DRONES 
 

Summary. Using drones in groups in the military field is not a novel idea. 

A massive attack by a large amount of equipment is known to be very difficult to 

prevent. Therefore, it is a good tactic to sacrifice some of the relatively cheap drones 

to destroy special enemy targets in a massive attack. This raises the issue of joint 

control of the behaviour of a group of drones. This paper proposes a System of 

Systems ideology-based decision-making system that allows to individually control 

each drone in a group flight. An algorithm is developed that allows controlling 

drones by controlling their speed. 

Keywords: group flight, drone, algorithm, system of systems 

 

 

1. INTRODUCTION 

 

The idea of using drones in groups in the military field involves interlinked drones working 

together to increase the success probability of a military operation. Speaking of "interlinked" 

drones, it is assumed that when performing a task, each drone acts as a separate technical device 

making an independent decision based on information obtained as a result of data exchange 

with other members (drones) of its group. In addition, it is assumed that all drones can 

participate in the data exchange. In this regard, there is a need for group control of those drones. 
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Performing any task by drones requires, first, their group flight to the operation site, which 

creates the problem of organising a joint flight of a group of drones. The essence of this problem 

is that each drone in a group flight should not be controlled by an operator individually, but 

rather all drones in a group should work effectively, guided by the instructions received from 

the operator at the beginning of the flight. The paper by Baxter et al. [1] published in 2007 can 

be considered as one of the first published works in the field of joint flight control of a group 

of drones. The paper discusses the issue of organising joint control of 4 unmanned aerial 

vehicles by an operator from one computer. Essentially, in this instance, the operator creates a 

radio link with each drone and controls it directly. Naturally, a control system organised in this 

manner does not allow increasing the number of drones. 

Scientific and technical literature uses such concepts as multi-agent systems [2, 3] and 

System of Systems [4] to describe and control group behaviour of objects of the same type. 

Both concepts refer to the form of organising joint operation of several systems to accomplish 

one task. The main difference between these concepts is that while the elements of multi-agent 

systems are programs, the elements of a System of Systems are objects of various nature. In a 

particular case when the elements of System of Systems are programs, it becomes a multi-agent 

system. Recently published studies that regard drones as elements of a multi-agent system 

include [5-6]. An extensive review of research on the organisation of joint flight of drones using 

multi-agent ideology is given in [7]. 

This study is guided by the System of Systems ideology. The principles of a single decision-

making system for drones performing joint flight are developed, and an algorithm for 

controlling the speed of the drone based on the information received from its neighbours flying 

nearby is given. 

 

 

2. THE ESSENCE OF THE PROBLEM OF CONTROL IN JOINT FLIGHT 

 

The use of a centralised control system during the flight of drones to a remote military 

operation zone imposes strict conditions on the radio communication and data exchange 

system: it requires, on the one hand, transferring large amounts of data to cover all drones, and 

on the other hand, increased power of radio communications as well as a larger battery capacity 

to power the drones’ systems. 

As a rule, the flight route of a group of drones is set by the operator as a broken line against 

the background of the map. The movement of each drone in the group involves its flight along 

a trajectory so that this trajectory is as close as possible to the route line, enabling the drones to 

reach the end of the route without colliding with each other. 

With this in mind, we proposed creating joint control of drone flight based on the System of 

Systems ideology. This means that to achieve a common goal, each drone in a group flight 

needs to have an independent decision-making system based on information about other drones 

in its immediate vicinity. For simplicity, this paper does not consider the topography of the 

flight zone and stationary obstacles. 

During a real flight, drones exchange data at discrete instants in time. After each data 

exchange, the data would be processed and a decision is made on how to change the control 

parameters of the drone. The decision-making algorithm should be universal and not cause 

internal conflict when applied to different drones in flight. 

Furthermore, it should be noted that numerous works have been devoted to the study of the 

hardware and software aspects of data exchange, hence, we consider this issue to be resolved. 
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3. KEY HYPOTHESES AND PRINCIPLES 

 

As mentioned earlier, the decision-making algorithm should be universal, the results should 

be unambiguous regardless of the amount of input data, and the results of processing performed 

on different drones should not contradict each other. To this end, the following assumptions 

and principles have been formulated. 

 All drones have the same flight characteristics – their maximum speed, cruise speed, 

permissible acceleration (acceleration capacity) are assumed to be identical. 

 The system clocks of all drones are synchronised and the time difference between different 

drones due to technical issues is negligible. 

 Data received (transmitted) by drones have a single structure: "drone number", "moment of 

data transmission (reception)", "flight speed", "current coordinates ". In the process of data 

exchange, each drone receives a full set of information about nearby drones in a single 

format. 

 Drone’s flight direction is a set of primary and randomly oriented "auxiliary" directions 

along a set trajectory. The auxiliary direction is formed by differences in the thrust forces of 

the engines, delays in the decision-making system, as well as in the transmission of 

commands to the drone’s actuating units, the impact of wind and other similar random 

factors. The drone’s movement is controlled by changing the value and direction of its 

current velocity. 

 

 

4. NOTATION 

 

For clarity, a formal number is assigned to each drone participating in a group flight. Suppose 

that there is 1N  drones involved in a group flight, and they are numbered as Ni ...,,2,1,0 . 

Their movement will be calculated starting from the given moment 0t . We denote the 

coordinates of the i -th drone at the starting moment 0t  by 000000 ,, iii zyx . 

Suppose that the nodal points of the planned route of the group are given by the operator in 

the form of the sequence   0...,,2,1,,, mmzyxM mmmm  . Here,  1111 ,, zyxM  is the first 

nodal point on the route, 0m   is the number of the last nodal point. The trajectory of the group’s 

movement is set by the broken line  0...,,2,1, mmLm   passing through 1m  nodal points 

mM , here  0000 ,, zyxM  is the "central" point of the group of drones at the starting moment 

0t , its coordinates can be calculated as the arithmetic mean of the numbers 000000 ,, iii zyx . 

Let us denote the i -th drone's maximum speed by 0v  and its cruise speed (cruise speed is 

the optimal speed of an aircraft or ship with low fuel consumption) by v . Its coordinates at the 

instant of time t  and the components of the velocity vector will be denoted by )(),(),( tztytx iii  

and )(),(),( tvtvtv ziyixi , respectively. Further, we will also use vector notation of velocity 

 ziyixii vvvt ,,)( V . Following the main hypotheses and assumptions about the technical 

capabilities of drones, there is such 0v  that satisfies the constraint 0)( vti V . 

It is assumed that the drone regularly receives complete information about the surrounding 

drones once each discrete instant in time t  during the group flight. These are the drones 

around the i -th drone that are less than the set distance 0  apart. 
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5. SAFE JOINT FLIGHT CONDITIONS 

 

Thus, it is assumed that the i -th drone must fly along the line  
0

...,,, 21 mLLL , starting from 

the point  000000 ,, iii zyx , trying to get as close to this line as possible. The following 

conditions will need to be fulfilled to ensure the drones do not collide. 

 Regular data exchange between drones occurs at discrete instants in time tkttk  0
, 

...,2,1,0k .  

 Since the size of the drone is very small relative to its flight boundaries, it can be described 

as a material point. At each instant of movement kt , the location of the i -th drone in space 

is determined with a certain accuracy by navigation devices as a material point.  

 Each drone has an individual safety zone around it. This zone is a 3D sphere at the location 

point of the centre drone. In Fig. 1, the individual zone of the i -th drone located at the instant 

kt  at the point  ki tA , is shown as a sphere with a radius of  kii trr  . 

 

 
 

Fig. 1. Individual zone of the i -th drone that it creates for other drones as the zone of risk 

 

 As the drone flies along the route, its individual zone expands and forms a three-dimensional 

figure. This figure is a risk zone for other drones. Depending on the current location and 

speed of the i -th drone at the instant kt , the boundaries of the risk zone it creates for other 

drones can be estimated. This zone is the geometric locus of the spheres of the individual 

zone moving in the direction of the vector )( ki tV , starting from the point  ki tA , and with 

a radius that increases proportionally to the distance travelled. 

 Fig. 1 shows the risk zone created for other drones by the movement of the i -th drone in the 

period tktttk  0 . The drone must fly in such a way as to progress "along" the broken 

line  0...,,2,1, mmLm  , without entering the risk zone. 

 The velocity vector of the i -th drone consists of two components: nilii VVV  , where liV  

is the velocity vector parallel to the vector mmm MM 1l , and niV  is a vector perpendicular 

to ml . For liV  and  niV , the conditions lli vV , nni vV  are satisfied, where lv  and nv  

are predetermined numbers, 2
0

22 vvv nl  . 

 Flying along the segment mL , the drone must, upon reaching its final point – the "transition 

plane", turn around and continue flying in the direction 1mL , and the risk zone created by 

the drones must be "turned" (Fig. 2). By "transition plane", we understand a plane passing 

through the point mM  and perpendicular to the vector ml . It is assumed that when the drone 

reaches this plane, it changes direction, turning towards the vector 1ml . 



A control algorithm for joint flight of…  161. 

 

 
 

Fig. 2. Parallel turning of the risk zone to the segments mL  and 1mL  

 

To implement these principles, different approaches can be proposed; described below is 

one of the possible options for a universal algorithm for determining the control parameters for 

a joint flight of a group of drones. 

 

 

6. ALGORITHM OF THE DECISION-MAKING MECHANISM 

 

Let us give the rules for determining the flight path and control parameters depending on the 

current position of the drone. Suppose that the flight parameters of the i -th drone at the instant 

of time t , its coordinates 000 ,, iii zyx  relative to the earth, the components of the velocity vector 

000 ,, ziyixi vvv  and the number of the current direction of movement m  along the intended 

trajectory are known. This information can be obtained from the drone’s navigation system and 

RAM device. 

Suppose that the coordinates 000 ,, jjj zyx  and the components of the velocity vector 

000 ,, zjyjxj vvv  of ij  drones located at the instant t  in the immediate vicinity of the i -th drone 

are also known. This information is obtained during the data exchange between drones. 

The decision-making system can calculate the i -th drone by carrying out internal numbering 

ijj ...,,2,1 . 

It is assumed that the next data exchange will take place after a certain period of time t , so 

the drone must determine its control parameters for the period  ttt ,  based on the above 

information. 

For simplicity, we will assume that at the beginning of the calculation period  ttt , , 

that is, at the instant t , the radius of the individual zone for all drones is equal to 000  rrj . 

Let us perform a transformation of coordinates to simplify the calculation formulas. 

We rotate the coordinate axes around the point  000 ,, iii zyx  so that the direction of movement 

is superimposed on the Oz  axis, and the point iz  on 0iz . The transformation formula is 

written as follows: 
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where 
222

1 mmmm llll zyxza  , 
22222

2 mmmmm lllll zyxyxa  , 
22

1 mmm lll yxxb  , 

22
2 mmm lll yxyb  , the quantities 

mmm lll zyx ,,  are components of the vector ml . In formula 

(1) and in the formulas below, the prime symbol indicates the new coordinates of the points 

after transformation. The transition plane mL  in this transformation is represented as follows: 

mzz  . 

While moving along the trajectory, the drone can only move along one segment mL  until the 

next data exchange, in other words, it can fly between the transition planes or change direction 

from ml  to 1ml , that is, it can cross the transition plane mL . Both cases are discussed separately 

in the following paragraphs. 

After calculating the drone velocity, the results must be expressed in the original coordinate 

system by inverse transformation (1) and applying a parallel shift relative to the point 

 000 ,, iii zyx . However, we will not dwell on this transformation. 

 

6.1. Drone’s flight between transition planes 
 

Let us first consider the case when the drone flies for a certain time t  along the segment 

mL . Denote the set of drones flying around the i -th drone by 
mD ; the condition mj zz  00  

is satisfied for them. Let us write the equation of the cone representing the boundaries of the 

risk zone created by each mDj  drone. The axial section of the cone is shown in Fig. 3. 

 

 
 

Fig. 3. Intersection with the risk zone created by the j -th drone along the 0jzz   axis 

 

For each jzz  , the conic surface is the geometric locus of the circle at the centre point 

 jjj zyx ,, . Having calculated the radius r  of this circle, we get   00 )( jjlnj rzzvvr  . 

Then the equation of the risk zone created by the j -th drone is written as follows: 

 

      200
2

0
2

0 )( jjlnjj rzzvvyyxx  . (2) 
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This formula allows calculating the points at which the i -th drone flying parallel to the 

direction ml  will intersect with the boundaries of the risk zone of the j -th drone and finding 

among them the one closest to the point  000 ,, iii zyx  . The coordinates kz  of this point are 

calculated as follows:  
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It is clear that kz  is the risk zone created by some k -th drone: mDk  . Two different options 

are possible depending on the values of the quantities kz  and mz  . Let us consider each of these 

options separately. Suppose that, 

 

    mknl zztvv  ,min . (4) 

 

In this case, the velocity at the instant t  for the i -th drone can be calculated as 

 

 
 nl vv  ,0,0V , (5) 

 

and the drone will move at this velocity for the entire period until the next data exchange 

session. If inequality (3) is violated, other factors must be considered to calculate the velocity. 

Suppose that   mnlk ztvvz  . This means that if the i -th drone is flying parallel to the 

direction ml , it will cross the boundaries of the risk zone of the k -th drone at a point 

 kkk zyx  ,, . The i -th drone must change the direction of flight in order not to get into the risk 

zone. We will assume that the flight of the i -th drone can be planned along the generatrix 

(straight line) of the cone representing the risk zone of the k -th drone, passing through the point 

 kkk zyx  ,, , to the risk zone created by some other drone.  

 

 
 

Fig. 4. Trajectory calculation in case of crossing risk zones 
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In Fig. 4, this trajectory is indicated by a bold line. Within the framework of these 

possibilities, we will calculate the velocity vector suitable for continuing the flight of the i -th 

drone. 

First, we find the coordinates of the point  kkk zyxA  ,, . Obviously, the point  kkk zyxA  ,,  

is located on the surface of the corresponding cone representing the risk zone of the k -th drone 

and satisfies the equation of this cone: 

 

      200
2

0
2

0 )( jkklnkkkk rzzvvyyxx  . (6) 

 

Let us find the coordinates of the point of the apex  QQQ zyxQ  ,,  of cone (6), such that 

00 , kQkQ yyxx  . If we take this into account in equation (4), we get 00 jnlkQ rvvzz  . 

Then the equation of the straight line passing through the points A  and Q  will be: 
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Now let us find the coordinates of the point  PPP zyxP  ,, . The point  PPP zyxP  ,,  is on 

line (7), hence, and by expressing the unknowns x  and y  by z  and substituting these 

expressions into equation (2), we get:  
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It is clear from the essence of the problem that for each  kDj m \ , there is a unique 

solution within the framework of the condition kzz   of equation (8). Then the coordinates of 

the point  PPP zyxP  ,,  can be calculated as follows: 
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We can easily see that if the condition 

 

    mPnlkl zztvvztv  ,min  (10) 

 

is satisfied, the drone will continue flying between the transition planes. Under condition (10), 

the velocity of the drone in the period t  until the next data exchange can be determined as 

follows: 

 

    kPkPkPPPPnl zzyyxxzzyyxxvv  ,,)()()(,0,0 222
V  (11) 

 

However, cases of violation of inequality (10) for the quantities kz , Pz  , and mz   are possible: 

  knlml ztvvztv   or   tvvzztv nlkml  . 

Considering that the velocity nv  is several times less than the velocity lv , in this case the 

speed can be adjusted so that the drone continues to fly between the transition planes during t

. In this case, the velocity of the i -th drone should be calculated as follows: 

 

 
 tzm  ,0,0V  (12) 

 

6.2. Change of direction during flight 
 

Let us now consider the case when a drone flying along the segment mL  between two 

successive data exchanges reaches the transition plane and must change direction. This case 

involves the fulfilment of the inequality tvz lm 0 . 

The specific characteristic of this case is that the drone must change speed during the period 

t . Denote by 1V  and 2V  the velocities of the drone before and after the transition plane mL , 

respectively, and by 1V   and 2V   the vectors obtained after applying coordinate transformation 

(3) of velocities 1V  and 2V . In this case, the velocity 1V   can be calculated as 

 

 
 lv,0,01 V

, (13) 

 

this velocity must be applied during the period lm vzt  1 . It is expected that during this time 

the i -th drone will reach the boundary point mzz   of the transition plane mL . The 

coordinates of this point relative to the original coordinate system are as follows: 

 

 
    1000000 ,,~,~,~ tvzyxzyx mliiiiii  l

 (14) 

 

Let us determine the coordinates  jjj zyx  ,,  of the point, at which each mDj  drone 

passes through the transition plane mL , and the probable radius of the risk zone created by the 

moment of the transition. 

Based on the coordinates 000 ,, jjj zyx  and the velocity 000 ,, zjyjxj vvv  of the j -th drone at 

the moment of data exchange, we calculate the coordinates 000
~,~,~

jjj zyx  of the point it needs 

to reach in the time 1t  and the probable radius jr ~  of the risk zone at this time: 
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.~,~,~,~

100100010001000 tvrrtvzztvyytvxx ljjzjjjyjjjxjjj 
 (15) 

 

These points will be on the transition plane mL . Based on the flight plan, starting from this 

plane, the drones must change their direction of movement to the direction of the vector 
1ml . 

We can calculate the coordinates jjj zyx  ~,~,~  of 
mDj  drones relative to the zyxO   system. 

This requires a transform by applying the matrix  1mlA  to the vector 

 000000
~~,~~,~~

ijijij zzyyxx  . 

The movement of the i -th drone, starting from the transition plane i , can be considered as 

movement between the planes mL  and 1mL . Thus, the velocity 2V   of the drone for the time 

12 ttt   can be calculated as in Section 6.1. Besides, it should be remembered that the 

appropriate inverse transformations are applied to calculate the velocities 1V  and 2V . 

Finally, note that the values of the quantities 
00 ,,, rvv nl

 and t  are determined based on 

the drones’ technical indicators and the wind speed in the flight and operation zone. 

 

 

7. CONCLUSION 
 

The proposed decision-making algorithm shows that each drone participating in a joint flight 

can control the safety of its flight based on information received during data exchange sessions. 

This is possible since the computational algorithm is universal and allows calculating the risk 

zone that other drones around each drone can create with their movement. This design of the 

decision-making mechanism eliminates the need for information about the flight performance 

of remote drones. This, in turn, saves energy resources used in the data exchange between 

drones. 
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