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Design and analysis of prostate brachytherapy robots
with gravity compensation devices

Liang Yi*, Xu Dezhang”, Wang Buyun” , Zhang Yongde ™ , Xu Yong™
( *School of Mechanical and Automotive Engineering, Anhui Polytechnic University, Wuhu 24100)
( ™ Intelligent Machine Institute, Harbin University of Science and Technology, Harbin 150080)
Abstract

A cantilever articulated robot for prostate brachytherapy is developed based on measurement workspace in the
perineum of prostate and quantitative analysis for the surgery procedure. The forward and inverse kinematics equa-
tions of this robot is established by the Denavit-Hartenberg Matrix and the differential method, and the correctness
of the positive and inverse solution model is verified by numeric calculation. Further, the geometrical conditions of
avoiding the robot’ s singularity configuration is obtained according to the velocity Jacobian matrix. Through the lim-
it boundary searching method to solve the workspace of the mechanisms under the posture (180°,0°,90°), the
workspace with xoy section is 65674mm’ under z =300mm, thus, the requirements of clinical surgery are satisfied.
By solving the torque equilibrium equation of the vertically crossed spring gravity compensation devices, the full
balance of cantilever torque conditions and the conditions independent of the angle variable are obtained. The static
drive torque simulation and the quantitative experiment are conducted, and the results verify that the vertically
crossed spring gravity compensation devices can realize the full balance of cantilever torque at an arbitrary position
so the fluctuation amplitude value of driving torque can be improved and the operation stationary of a prostate
brachytherapy robot system can be increased.

Key words: seed implantation, kinematics modeling, gravity compensation, workspace

— 142 —



