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The Enhanced Whale Manta Ray Fusion Algorithm for
Robotic Arm Trajectory Optimization Method

GAO Yong-xin, LIU Jun-yi’, WANG Yang, JTA Dong
(School of Mechanical Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract: To overcome the issues of path length, high time consumption, and the tendency to get trapped in local op-
tima in the traditional beluga whale optimization algorithm (BWO) for 3-5-3 polynomial interpolation robotic arm trajectory
optimization, this paper proposes an enhanced whale-manta ray fusion optimization algorithm (EBWO). The algorithm aims
to optimize the robotic arm’s motion time, constructing a constrained optimization model, which is then converted into an
unconstrained form using the augmented Lagrangian multiplier method. Firstly, an improved logarithmic nonlinear Halton
chaotic sequence is used to optimize population initialization, enhancing search diversity and quality. Secondly, a multi-
directional cosine whale position update mechanism is designed to strengthen the search ability in the exploitation phase. In
the mid-iteration stage, an improved manta ray whirlwind chain hunting strategy is introduced, combined with a Levy flight
mechanism to build a new hunting factor, enhancing both local exploitation and global jumping abilities. Lastly, an adaptive
whale fall strategy based on a resource-competition coupling mechanism is proposed, incorporating quantum tunneling
effects to improve the algorithm’s ability to escape local optima and convergence speed. Experimental results show that
EBWO improves time optimization by 8.69% over traditional BWO in 3-5-3 trajectory optimization and reduces time by
42.13% compared to the non-optimized trajectory, demonstrating its effectiveness and practicality in complex optimization
tasks.

Key words: beluga whale optimization algorithm (BWO); Halton chaotic sequence; multi-directional sine-cosine
competitive beluga; cyclone chain foraging; quantum tunneling; robotic arm trajectory
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