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Design of Dexterous Manipulator for MIS

Ho-Seok Song, Jong-Ha Chung and Jung-Ju Lee
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Abstract

Minimally Invasive Surgery (MIS) is surgery of the chest, abdomen, spine and pelvis, done with the
aid of a viewing scope, and specially designed instruments. Benefits of minimally invasive surgery are
less pain, less need for post-surgical pain medication, less scarring and less likelihood for incisional
complications. Since the late 1980's, minimally invasive surgery has gained widespread acceptance
because of the such advantages. However there are significant disadvantages which have, to date,
limited the applications for these promising techniques. The reasons are limited degree-of-freedom,
reduced dexterity and the lack of tactile feeling. To overcome such disadvantages many researchers
have endeavored to develop robotic systems. Even though some robot aided systems achieved success
and commercialized, there still remain many thing to be improved. In this paper, the robotic system
which can mimic whole motions of a human arm by adding additional DOF is presented. The

suggested design is expected to provide surgeons with improved dexterity during minimally invasive
surgery.
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Fig. 1 Design Concept
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Fig. 3 Differential drive with
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Fig. 4 Differential drive
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Yawing &
gripping

pitching

Fig. 5 Wrist unit
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Table 1 Summary of moving way

M2 <-> M3 Capstan A about axis A

M1 <-> M4 Capstan B about axis A

M2&M3 <-> M1&M4 | Pitching about axis B
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Fig. 7 Shape of manipulator for MIS
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Table 2 Dexterity Measures

without Elbow Design Suggested Design

max min | mean | max min | mean
manipul
. 0.5 6.5 1.9 1.0 7.6 39
ability
Min.
Sin. 008 | 061 | 036 | 0.14 | 0.72 | 0.44
Value
Cond.

0.026 | 0.10 | 0.076 | 0.034 | 0.10 | 0.079
Num.

= 7
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