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Mechanical Design and Dexterity Optimization for Hybrid Active-Passive
Minimally Invasive Surgical Manipulator

MA Rugi, DONG Wei, DU Zhijiang, LI Gang
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Abstract: A robot system with double manipulators used for minimally invasive surgery (MIS) is developed, which can
perform operation precisely in the abdomen through cooperation with the instruments. By analyzing the operation envi-
ronment and characteristics of the MIS, the basic requirements for the mechanical design of manipulator to perform MIS
operations are presented. Based on those analysis and requirements, the paper mainly focuses on the mechanical design and
optimization of the manipulator. According to the actual requirements of MIS, the manipulator can execute preoperative inci-
sion positioning, intraoperative instruments operating and instruments dismounting and replacing. Moreover, the mechanical
design of the manipulator can also guarantee the instruments to stay unchangeably at the incision of the patient, which can
avoid the non-operative damage to the incision caused by the instrument’s operating movements. Furthermore, by using the
singular value of the robotics Jacobian matrix, a comprehensive dexterity evaluation index function based on conditional
number and operability of the manipulator is proposed, and the dimensional parameters of the manipulator are optimized
by adopting the sequential quadratic programming (SQP) algorithm. The optimization results indicate that the manipulator
features isotropy and operability, and meets the MIS requirements for commendable mechanical dexterity.
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Fig.1 MIS robotic system with double manipulators
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Fig.2 Incision positions of the cholecystectomy
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Fig.4 The mechanical structure of the proposed manipulator
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Fig.5 Incision positioning mechanism of the manipulator
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Fig.6 Instrument positioning mechanism of the manipulator
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Fig.7 Positioning mechanism of the linear joint
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Fig.8 Standard interface of the surgical instrument
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Fig.9 Transmission structure of the instrument interface
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Fig.10 D-H coordinates system of the manipulator
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Tab.1 D-H parameters of the manipulator
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Fig.11 Flowchart of the SQP algorithm

44 RUERSH

FHATUBIRE (40w R o ] 0, WLARORS A1 2 5k
Je RATAR B 1) o R e BN 1) R e, 2K
A SB35 H B2 AU 72 s H T
RN AR R 35 PE, B R 2D e L
PEAT 58 UG TEREAN FAR S B ORFFAL B AL, HA
SRR G R T AR SE B i FHARALA 25, AEHUE oGy
28 [0 A B 22 A 0% 1 AR S 20165 S SIS B L AT 14
SR, HAAR S AR B e B A AR A 45 R an sk
2 Fioi.

®2 ML

Tab.2 Optimization results of link parameters

joint angle pole parameters
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6 60 —60 —160 4329975 432.9975 931.9348
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Fig.12 Distribution of the dexterity evaluation index
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