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Abstract—In this paper, the problem of multi-UAV formation
control with external interference is studied. The indicators of
each drone in the drone formation are independently selected
based on its local information, and each drone tries to minimize
its own performance indicators. Because the target of each UAV
in the formation is different, the formation control problem
in this paper is expressed as a differential game problem. In
the actual flight of UAV formation, there will be some physical
interference. This paper uses a commonly used UAV point mass
model and designs an effective interference observer to estimate
the negative effects of external interference. After eliminating
the external interference, it is helpful to achieve the expected
formation control goal better. Finally, a novel open-loop Nash
strategy design method is used to estimate the terminal state of
the UAV to achieve the complete distribution of the UAV.

Index Terms—multi-drone formation, differential game, inter-
ference observer

I. INTRODUCTION

UAV has many functions, and is very flexible and
lightweight, and has many applications in many fields. With
the rapid development of UAV technology, it is playing an
increasingly important role in many fields. However, the
load-bearing capacity, information processing capacity and
task capability of a single UAV are weak. But if multiple
drones can form a formation, it can overcome a series of
problems faced by a single drone. Many teams at home and
abroad have conducted a series of studies on the problem of
UAV formation. Multi-UAV formation control refers to the
coordination and control of UAVs in a multi-aircraft system
to form a predetermined formation structure. The research in
this field involves communication between UAVs, cooperative
motion planning and robustness in dynamic random environ-
ments. Multi-UAV formation is widely used, including military
warfare, logistics distribution, surveying and mapping fields.
However, the complex and changeable battlefield environment
also brings great challenges to UAV formation control. In
recent years, there have been a lot of excellent achievements
in the field of multi-UAV formation control. In [1], using
the graph theory method, an output feedback linearization
technique with consistency protocol is adopted to maintain
the specified position of multiple UAVs on time-varying
geometry. By introducing fault detection logic to transform
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the interconnection topology, the controller can realize the
stability of formation flight. In [2], the control rate of a fixed-
wing UAV is designed, the decision-making process of UAV
formation control is clarified, and the free conversion of flight
state is realized. In [3], a physically understandable guidance
rate for multi-UAV formation flight is designed using a virtual
structure approach. In [4], a multi-UAV formation control
strategy based on virtual double integral dynamics is proposed.

In the execution of time-limited tasks, UAVs will encounter
a variety of unexpected situations and practical problems,
such as wind speed, rainfall, fog weather, which will directly
affect the control of UAVs formation. These are inevitable
situations, many existing results have explored a lot of methods
to eliminate the adverse effects of interference, one of the key
problems in the current research is to design an interference
observer to estimate and compensate for such external inter-
ference.

In recent years, differential game theory and multi-UAV
formation control have attracted much attention in the field of
modern control systems. In [5], a game problem of formation
control is studied, which allows players in formation to keep
a certain formation while avoiding obstacles. In [6], non-
cooperative game is studied, and formation control is realized
through Nash equilibrium strategy to ensure the stability of
formation control. In [7], the differential game method is
adopted to solve the control problem of robot formation. In [8],
based on differential game, feedback controller is synthesized
by rolling optimization method, and mobile robot formation
control is carried out on the basis of graph theory. On the
basis of previous studies, this paper selects a general UAV
point mass model, establishes a multi-UAV formation, and
studies a distributed multi-unmanned formation control based
on differential game method.

II. PROBLEM FORMULATION
A. UAV Model

Now there are many kinds of UAV models on the market,
the common UAV models are quadrotor UAV model, fixed
wing UAV model.There are a variety of drone models on the
market today, so it is impossible to have a universal drone
modelm, the common UAV models include four-rotor UAV
model and fixed-wing UAV model. In this paper, we adopt



the UAV model used in literature [9], which is a fixed-wing
UAV model widely used in many literatures:

T; = V; cosy; cos x;
yZ = V; cos; sin x; (D)
h; = Vi siny;

where x;, y;, h; represents the positions of the X, y and z axes
in the inertial coordinate system, respectively, V; is the speed
of the drone, 7;, x; stands for heading Angle and track Angle
respectively.

Assuming that the thrust direction is consistent with the
vector direction, the dynamics model of the UAV point mass
model described in (1) can be described as:

. T —D. .
Vi= =5 —gsiny,

L; cos ¢p;—m; cos; (2)

Vi = m; Vi

Xi = iil‘zrégj’;i
To describe the position of drone i in the coordinate system,
we define p; = [z;, vy, 2] , and v; = [x'i,yi,éi]T . Define
Uy, , Uy, , Uz, as the actual control input, where & = uz,, 4 =
Uy,, 2 = U,,. Take p; and v; defined above as intermediate
variables, and v; = p; , while we can define a new control
input according to (5): From the above intermediate variables
and, we can redefine the dynamics model of the fixed wing
UAV used in this paper and add the effect of perturbation to
it:
Pi =i
i]i =u; +c¢ (3)

In this paper, the leader-following model composed of N
UAVs is used. Therefore, the leader and the following two
types of UAVs are to be introduced into the influence of
disturbance respectively.

B. Information graph

We can use graph theory to represent the exchange of
information between drones. We define G = (V,¢) as the
infographic between drones, as the node of drone i, and v; € V'
as the e;; € ¢ directional information transmission from drone
i to drone j. We first need to define each drone to be fully
reachable on the infographic, and ensure that each drone is
connected on the infographic.

C. Nash equilibrium

In [10], a distributed MPC framework is discussed to
achieve Nash equilibrium strategy in a formation. Each drone
in a formation is equipped with MPC, only exchanges in-
formation with neighboring drones, and then determines its
own behavior according to the exchanged information, so each
drone is independent from each other. Then, the requirements
of the leader UAV and the following UAV in the formation
can be expressed mathematically through the performance
indicators respectively.

The performance metrics in this article consist of four
parts:The formation required for step 0 — (N — 1) energy
consumption in the processThe terminal state penalty function
and the predetermined velocity penalty function of step IV .
The Nash equilibrium strategy of UAV is as follows: (refer to
[11])

Ji(ul,us, o uly) < Ji(uy,ub, g ug, e uly) 4

REFERENCES

[11 G. M. Lei .Control architecture and control Laws design for Multiple
UAVs formation flight[J].Applied Mechanics and Materials,2012,246-
247(246-247):853-857.

[2] Z. Wang ,T Wang and T. Li , et al.Distributed observer-based close
formation control for UAV swarm under outside disturbances and wake
interferences[J].Journal of the Franklin Institute,2024,361(5):106651-.

[31 S. Kang , H. Choi and Y. Kim .Formation flight and col-
lision avoidance for multiple UAVs using concept of elastic
weighting factor[J].International Journal of Aeronautical and Space
Sciences,2013,14(1):75-84.

[4] H. Rezaee , F. Abdollahi .Motion synchronization in unmanned aircrafts
formation control with communication delays[J].Communications in
Nonlinear Science and Numerical Simulation,2013,18(3):744-756.

[S5] M. E. Eren , I. Mario and P. Lorenzo .Obstacle avoidance for a
Game theoretically controlled formation of unmanned vehicles[J].IFAC
Proceedings Volumes,2011,44(1):6023-6028.

[6] Yibei.L, Xiaoming.H .A differential game approach to intrinsic forma-
tion control[J].Automatica,2022,136.

[7]1 F. S ,F. A and K.Y. N .Time varying formation control using differential
game approach[J].IFAC Proceedings Volumes,2011,44(1):1114-1119.

[8] Jun. S, Maojiao. Y and D. Lei , et al.Distributed least-distance formation
control for euler-lagrange systems: A game-based approach[J].Control
Engineering Practice,2024,142.

[9]1 G. M. Lei .Control architecture and control laws design for multiple

UAVs formation flight[J].Applied Mechanics and Materials,2012,246-

247(246-247):853-857.

Dynamic game theoretic electric vehicle decision making[J].SAE Inter-

national Journal of Electrified Vehicles,2024,13(1):5-22.

W. Lin .Distributed UAV formation control using differential game

approach[J].Aerospace Science and Technology,2014,3554-62.

(10]

(11]



