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Figure 100 Overview of the developed system.
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Figure 20 Master manipulators.
A: Overview of the operation site.

B: Master manipulators, foot switches and a display.
C: Translational motion part of the master manipulator. cC|D
D: Rotational motion and grasp part of the master manipulator.
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Figure 30 Slave manipulators.
A: Left and right arms hold forceps.
B: Middle arm holds the endoscope.

Figure 40 Link-driven multi d.o.f. (degrees
~ of freedom) forceps.

A: Bending part of the forceps.

B: Actutation part of the forceps.
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Figure 50 Tip structure of bending forceps.
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Figure 80 Response of grasping force.
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Figure 90 Block diagram for the augmented force feedback.
Xm: master position, Fm: master force, Gp: gain of P control, Ga: parameter of Dm, Xs: slave position,
Fs: slave force, Dm: damper element, tm: display torque
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Figure 120 The effect of the augmented force feedback method.
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M edical Robotics

Mamoru Mitsuishi

Department of Engineering Synthesis, Faculty of Engineering, The University of Tokyo, Tokyo, Japan

Key words: computer-integrated surgical system, surgical robot, minimally invasive surgery,
augmented force feedback, telesurgery

The manuscript describes the current state of the art of research and development in surgical robots. It aso intro-
duces a minimally invasive surgical robotic system for internal organs developed by the author’s group. The system
features a link-driven, multi-degree of freedom forceps with augmented force feedback to the operator. The control
method employed reduces the applied force to the target by an average of 30% below that achieved with a conventional
control method. Using the devel oped system, a cholecystectomy was successfully performed on a pig from a remote

operation site.
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