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Distributed Multi-mobile Robot Anti-oscillation Safety Formation Control With

Nested Motion Saturation

ZHENG Zhi' JIANG Tao' YANG Yue* SU Xiao-Jie'

Abstract The motion is constrained by nested saturation of velocity and acceleration. Under the reactive avoid-
ance safety mechanism, distributed formation-connected mobile robots are more likely to trigger this nested satura-
tion, causing severe formation oscillations. Thus, it is necessary to study smooth and safe coordination and adapt-
ive oscillation suppression methods for multi-mobile robots under these conditions. Therefore, Mobile robots in a
distributed network are taken as the research subjects. Initially, a low-trigger potential function based on line-of-
sight and velocity is constructed, enabling collision avoidance while maintaining proximity under the repulsive ac-
tion of nearby formation robots; A safety acceleration envelope that allows robots to navigate around obstacles is in-
troduced, and it is combined with low-power, low-trigger potential for close-range repulsion, avoiding collisions with
non-cooperative obstacles. Secondly, a composite adaptive auxiliary dynamic system is embedded to smooth the tra-
jectory oscillations caused by nested motion saturation and safety acceleration constraint triggered during the
smoothing evasion process; A distributed formation controller under a composite nonlinear feedback framework is
designed, integrating composite evasion and oscillation suppression mechanisms to achieve safe formation of mul-
tiple robots in an obstacle environment. Finally, comparative simulations and experimental validations with exist-
ing safe formation methods are conducted, and the results demonstrate that this method can significantly enhance
the smoothness and safety performance of the formation under nested motion saturation constraints.

Key words Distributed mobile robot formation, nested motion saturation, dynamic safety geofencing, low-trigger
potential function, adaptive oscillation suppression
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The formation control results of proposed method
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