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Obstacle avoidance and formation control of multiple unmanned vehicles in complex

environments based on artificial potential field method

MEI Yilin, CUI Likun™, HU Xueyan, HU Guangqi, WANG Hao

School of Mechanical Engineering, Shaanxi University of Technology, Hanzhong 723001, China

DXACorresponding author, E-mail: cuilikun@snut.edu.cn

ABSTRACT Addressing the increasing complexity of tasks, single unmanned vehicles have become unable to meet actual operational
requirements, prompting a shift toward multivehicle formation systems. However, in complex environments, issues such as high
collision rates and unstable formations in multivehicle obstacle avoidance and formation control persist. A review of existing literature
reveals that most research focuses on static obstacle environments, which do not accurately reflect real-world conditions. To tackle the
issues of collision with obstacles and formation instability in dynamic and dense environments, a multivehicle obstacle avoidance and
formation control method based on the potential field method was proposed. The attraction potential field function was modified to
stabilize the attraction force at certain distances, addressing problems like vehicle—obstacle collisions and target point inaccessibility
owing to excessive gravity in the early stage. A smoother repulsive was implemented to optimize the repulsive potential field function,
preventing unmanned vehicles from lingering near obstacles caused by excessive repulsive force when too close to the obstacles. The A
stability force was defined to maintain stable formations during movement, allowing vehicles to break free from local minima under its
influence. The method also incorporated the velocity repulsive potential field for dynamic obstacles and an attraction potential field for

sparse obstacles, enhancing the success rate of obstacle avoidance and path planning in complex environments. Compared to traditional
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artificial potential field methods and the improved algorithms, the simulation results show that the proposed method effectively

maintains formation stability and exhibits high anti-interference capabilities in complex environments. Specifically, the success rate of

obstacle avoidance in dynamic environments increased by 35% compared to traditional algorithms and by 10% compared to improved

algorithms. In dense, dynamic obstacle environments, the success rate increased by 55% and 10%, respectively. The proposed method

provides a reference method for multivehicle formation and obstacle avoidance in complex environments.

KEY WORDS artificial potential field; formation control; obstacle avoidance; dynamic obstacle; dense obstacles
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Table 1 Pseudocode of the velocity repulsion algorithm

Algoithm1: Dynamic obstacle velocity repulsive algorithm

Input: Position of obstacles, Position of vehicle, Velocity obstacles,
Velocity vehicle

Output: Frg
1. Initialize Fyeq |, range

2. for i = 1: Number of obstacles

3. Dis_v=norm (Position of obstacles — Position of vehicle)
4. V_diff = norm(Velocity obstacles — Velocity_ vehicle)
5. Calculate angle _diff

6. Ifangle diff <pi/2&&dis_v <range

7. Calculate the velocity repulsive force based on eq. (12)
8. else

9. Freqv=0

10. end

11. end
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Fig.3 Schematic of sparse attraction
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Table 2 Pseudocode of the sparse attraction force algorithm

Algoithm?2 Sparse attraction force algorithm

Input: Window_size, Step_size, Map_size, Obstacles_pos
Output: F

1. Initialize F,,, Obstacle counts

2. Window_count = Map_size/Window_size

3. for x = 1:Window_count

4. fory=1: Window_count

S. for m = 1: number of obstacles

6. If the obstacle position is within the current window
7. Obstacle_counts(x, y) = Obstacle_counts(x, y) + 1;
8. end

9. end

10. end

11.end

12. min_count = min(Obstacle_counts)

13. ¢_x =min_count_center_x

14. ¢_y =min_count_center_y

15.xs =[c_x,c_y];

16. dis_xs = norm(xs — robot_pos)

17.if ¢_x <=robot_pos x || center_y <=robot_pos_y

18. F=0

19. else

20. Calculate the sparse attraction force based on Eq. (14)
21.end
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Table 3 Numerical values of the main simulation parameters

Symbol Value

w 100

k 50

B 20
Pij 3

7] 1

o 2

PO 3

20 fo Arrive 19 o
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16 o Average time 136.5
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APF Ref.26 Ours
Algorithm
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Fig.5 Simulation results of dynamic obstacles
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