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Control System Design for Stable Teleoperation of
Supermicrosurgical Robot
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Abstract: In this study, we developed control system for stable teleoperation of supermicrosurgical
robot platform. The supermicrosurgical robot platform is designed to perform precise anastomosis with
micro vessels ranging from 0.3 mm to 0.7 mm. The robotic assistance could help more precise mani-
pulation then manual surgery with the help of motion scaling and tremor filtering. However, since the
robotic system could cause several vulnerabilities, control system for stable teleoperation should be
preceded. Therefore, we first designed control system including inverse kinematics solver, clutch error
interpolator and finite state machine. The inverse kinematics solver was designed to minimized inertial
motion of the manipulator and tested by applying orientational motion. To make robot slowly con-
verges to the leader’s orientation when orientational error was occurred during clutch, the SLERP was
used to interpolate the error. Since synchronized behavior of two manipulators and independent behavior
of manipulator both exist, two layered finite state machines were designed. Finally, the control system
was evaluated by experiment and showed intended behavior, while maintaining low pose error.
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[Fig. 1] Supermicrosurgical robot platform and DH parameter
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[Fig. 2] Control system for teleoperation of supermicrosurgical robot
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[Fig. 3] (a) First joint moves to ensure joint range of end-effector
(b) Joint range ensured after some time
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[Fig. 4] Test for inverse kinematics solver. (a) One of the joint
values of leader device was generated by sine function and
others are fixed. (b) Generated robot joint values to follow
leader motion (upper: eqn (1), lower: eqn (3)). Dashed line
represents linear regression line of joint 1 and joint 7
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and clutch is utilized to move beyond the mapped workspace
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[Fig. 6] Finite state machine in two layers. High-level FSM
manages synchronized behavior of two manipulators and
low-level FSM manages operation of each manipulator. The
states are represented by the number next to ellipse
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[Fig. 7] Test setup for control system performance test. Mani-
pulate rubber ring on peg-in-hole setup without any rules
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[Fig. 8] Euler angles representing orientation of the robot and
leader device. When clutch was used and re-connected (dotted-
line), robot immediately followed the leader device. For the
states represented by each number, refer to [Fig. 6]
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[Table 1] Position and orientation error

Left Right
Axis Position Orientation Position Orientation
(rmse, mm) | (mean, rad) | (rmse, mm) | (mean, rad)
X 0.184 0.012 0.539 0.022
y 0.361 0.012 0.360 0.023
1.865 0.003 1.885 0.010
o x-axis . y-axis " z-axis
4 4 4
3
% 2 2 2
% 0 #—“"”\YTWH Orl] «‘ww‘»}ww 0 ‘H“Mﬂ
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[Fig. 10] Position error for left manipulator. High peak occurred
when large movement is ordered, since prismatic joint requires
some time to reach
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