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An Adaptive Damping Null Space Method for Inverse Kinematics
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Abstract: To address the issues of insufficient solution accuracy in non-singular regions and joint
motion uncertainty in singular regions with traditional damped least squares methods, this study
proposes an inverse kinematics solving method for teleoperated robots based on adaptive damping
and null-space projection. By dynamically weighting manipulability and condition number, the
method monitors singular states in real time and adaptively adjusts the damping factor, achieving
high-precision trajectory tracking in non-singular regions and motion stability in singular regions.
Simultaneously, a joint configuration constraint term is introduced via null-space projection to
suppress the randomness of joint motions when traversing singular regions. Experiments are
conducted using the gForcePro myoelectric armband as the teleoperation device to control a

SIASUN GCR7-910 collaborative robot in performing a series of tasks. The results demonstrate
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that the proposed method achieves lower average trajectory tracking errors (9 m in translation and

8X10 7 rad in rotation) in non-singular regions compared to the damped least squares method

with various damping factors (0.1, 0.3, 0.5). Additionally, the average maximum joint velocity

across all tasks (49 (°)/s) is lower than that of the damped least squares method, indicating

improved teleoperation trajectory tracking accuracy while ensuring motion stability and joint

controllability.

Keywords: teleoperated robot; inverse kinematics; adaptive damping; null space projection
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Fig. 3 Three-dimensional sparse trajectory of the robotic arm during task execution
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Fig. 4 Performance comparison between the proposed method and the damped least squares method
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