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Collaborative planning of task sequence and end-effector trajectory for planar
rebar tying robots
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Abstract To address the decoupling between task sequence optimization and local end-effector trajectory planning in multi-
point continuous operations of planar rebar tying robots, which makes it difficult for the planned results to accurately
represent the actual execution trajectory of the end effector, this study proposes a collaborative planning method for task
sequence optimization and end-effector trajectory planning in rebar tying tasks. First, a multi-objective task sequence
optimization model is established by comprehensively considering the transfer distance between tying points, end-effector
posture adjustment, and plane-switching cost. The model is solved using a hybrid discrete grey wolf optimization—simulated
annealing algorithm (HDGWO-SA). Second, for each individual tying point, a four-stage end-effector trajectory model
consisting of preparation, approach, execution, and withdrawal phases is constructed, thereby forming parameterized
trajectory templates for different operation scenarios. On this basis, the transfer process between adjacent tying points is
reformulated from the conventional point-to-point center distance to a key-pose-level transition cost between the withdrawal
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pose of the current point and the preparation pose of the next point. Accordingly, a collaborative planning model integrating
task sequence optimization with end-effector trajectory planning is developed. Simulation and real-robot experimental results
demonstrate that the proposed method can reduce redundant transfers in multi-point continuous operations, improve the
continuity of end-effector trajectories, and enable multi-point continuous execution on the JAKA Zu5 robotic arm platform,
thereby verifying its effectiveness and engineering feasibility.

Key words rebar tying robot; task sequence optimization; end-effector trajectory planning; HDGWO-SA; collaborative
planning
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Fig 13 Complete End-Effector TCP Trajectories Generated by Various Methods
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Fig 14 Multi-point Access Sequence Corresponding to Collaborative Planning Method
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Table 3 Statistical Results of Complete End-Effector Trajectories Generated by Three Methods
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Fig 15 Comparison of Planned Trajectory and Controller-feedback TCP Trajectory



RIS T T A A SR L AL & AR LY 5 oA S 032 [ 00 21

(a) TCPHiE

SEITCPEEAS Ay At iB) ik

fa/°

K

(b) TCPRPY &4

16 % FUELAR NV RR 4 8% S 15t TCP o7 2 i I [7) 42 14 i 2%
Fig 16 Curve of controller-feedback TCP pose versus time during multi-point continuous operation
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