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Graph topology and improved artificial potential field method
for multi-robot formation obstacle avoidance algorithm

QU Junsuo, LIANG Ke, LIU Wei, CAI Xing
(School of Artificial Intelligence, School of Automation, Xi’an University of Posts and Telecommunications.,

Xi’an 710121, China)

Abstract: A multi-robot formation and obstacle avoidance algorithm, which combines graph to-
pology and an improved artificial potential field (APF) method, is proposed based on a two-
wheeled differential-drive mobile robot model. By integrating pure tracking algorithms, the pro-
posed method achieves both formation obstacle avoidance and path tracking for multiple robots.
Meanwhile, the repulsive field function in the traditional APF method is improved, effectively ad-
dressing the issues of local optima and unreachable targets. Simulation results show that the line-
ar velocities of the robots converge rapidly to steady-state values within 3to 5 seconds, with the
steady-state tracking error approaching zero and the maximum transient overshoot not exceeding
0.02 m+ s '. The proposed formation control method exhibits excellent path tracking perform-
ance in both obstacle-free and obstructed environments. Compared to traditional formation con-
trol algorithms, it exhibits superior environmental adaptability and higher formation stability. It
effectively resolves the obstacle avoidance challenge in multi-robot formations, significantly en-
hancing collaborative performance in complex environments, and provides a reliable solution for

the formation and obstacle avoidance tasks of multi-robot systems in practical applications.
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