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Time-optimal Trajectory Planning of Robotic Arms
Based on MIPSO Algorithm

WANG Guirong NI Zhigiang ZHOU Kun WANG Binrui”

College of Mechanical and Electrical Engineering,China Jiliang University, Hangzhou,310018

Abstract: For the tasks of industrial robots finishing their work in the quickest possible time
while meeting kinematics limitations, a time-optimal trajectory planning scheme was designed. First-
ly, the robotic arms were modeled and analyzed, the kinematics equations were established. A 3-5-3
polynomial function was introduced as the research foundation of trajectory planning, and a time-opti-
mal objective function was constructed under kinematics restrictions. Then, based on the improve-
ment and optimization of the standard particle swarm optimization algorithm, a MIPSO algorithm was
proposed by using tent chaotic mapping to initialize the population. Additionally, dynamically varying
learning factors, nonlinearly decreasing modified inertia weights, and mutation operations in genetic
algorithms were introduced. Finally, various algorithms were employed to optimize the robotic arm’s
operating time, and the comparative results reveal that the MIPSO algorithm achieves a greater level
of solution accuracy. The optimal time obtained from the solution is applied to the physical robotic
arms, and the joint motion curves obtained are continuous without abrupt changes, which verifies the
feasibility of the proposed scheme.

Key words: industrial robot; 3-5-3 polynomial function; time-optimal; multi-strategy improved
particle swarm optimization(MIPSO) algorithm
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Fig.1 Robotic arm of SR4C
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Fig.2 Link coordinate system of SR4C
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Tab.1 D-H Parameters of robotic arm
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Fig.3 Interpolation diagram of 3-5-3 polynomial
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Tab.4 Position of path points
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Tab.5 Joint position rad
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Tab.6 Kinematic constraints on the joints of

the robotic arm
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Tab.3 Results of ablation study
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S 1.31 1.22 1.07
I 1.01 1.00 1.04
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fo 1.00 1.00 1.01
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S5 1.03 1.00 1.01
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Fig.7 Angular displacement curves for each joint

(simulation verification)
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(simulation verification)
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Fig.9 Angular acceleration curves for each joint

(simulation verification)
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Tab.9 Planning motion time for each joint trajectory
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speed constraints
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Fig.12 Joint angular displacement curves under

different velocity constraints
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Fig.17 Angular displacement curves for each joint

(physical verification)
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Fig.18 Angular velocity curves for each joint

(physical verification)
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Fig.19 Angular acceleration curves for each joint

(physical verification)
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