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Modeling and control of cable-driven supernumerary robotic
limbs motion considering drive coupling
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(1. School of Mechanical Engineering and Rail Transit, Changzhou University, Changzhou 213000, China;
2. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract ; A kinematic modeling and control method for the cable-driven supernumerary robotic limbs is proposed to address the problems
of complex motion modeling and low control accuracy caused by its wiring form and drive coupling. The kinematic model of the rigid-
flexible supernumerary robotic limbs is formulated, which is based on the ( denavit-hartenberg, D-H) method and the Euler transform
principle. The active decoupling model between adjacent joints is derived based on the joint coupling mechanism, and a supernumerary
robotic limbs control strategy based on the drive decoupling kinematics model is proposed. Finally, an experimental prototype of a
supernumerary robotic limbs is established, and its motion model and control method are evaluated. The results show that the maximum
multi-point positioning error of the robot end is 7. 45 mm, the maximum moving path error is 7.24 mm, and the average value of the
overall error is 6. 08 mm, which verify the correctness of the decoupling kinematics model and control strategy of the proposed rigid and
flexible supernumerary robotic limbs with good control accuracy and motion quality.

Keywords : supernumerary robotic limbs; motion modelling; joint coupling; active decoupling
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Fig. 1 Overall view of the supernumerary robotic limbs
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Fig. 2 Structure of the rigid-flexible coupling robot arm
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Fig.3 Cable layout of mechanical arm
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Fig. 5 Coordinate system for rigid structures
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1 0, -150 0 90 —225~45
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Fig.7 Cable-driven coupling phenomenon for rigid structures
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Fig. 12 Cable-driven coupling phenomena in rigid structures
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Fig.24 Diagram of the overall control system of supernumerary robotic limbs
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Table 2 Average error of robot multi-point positioning

Ao X/mm Y/mm Z/mm 3#2/mm || R R2E/mm
A =500 0 0 5.58 A—B 5.6l

B -500 250 100 5.31 B—C 542

C  -355 450 220 5.95 C—D  7.24

D -255 450 220 7.45 - -
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