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Fig.1 Wearable Handheld Forceps
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Fig.3 Control method to assist walking with assist device driven by
pneumatic rubber muscles
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Fig.5 Master-slave system with an isometric interface on

Master side
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Secure Device Research Center (Guest Chair)

(Kenji Kawashima Group)

(Research Field)

Development of innovative pneumatic servo system with new control and measurement methods.
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Fig.2 Forceps manipulator with 4DOFs at the tip
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Fig.4 Walking assist device
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Fig.6 Force scaling using EMG signals

(Current Topics)
1) Development of Forceps Manipulator for Invasive Surgery

Laparoscopic surgery is required advanced technique to
surgeons. Thus, assist robot for laparoscopic surgery have been
promoted all over the world already. These robots are mainly
handheld type or master-slave type. Both types have advantages
and disadvantages.

Proposing new type of handheld forceps is a wearable compact
handheld forceps with fine control of the forceps tip by motion
sensor. To achieve compact by a pneumatic drive forceps
manipulator and using a motion sensor to the master device,
aimed at controlling highly responsive and intuitive without
contact. In addition, for a problem that’s simple force feedback
may not be sufficient in intuitive laparoscopic surgery, proposing
the reaction force estimation function using the high back
drivability pneumatic drive and a small force display method
using visual information.

2) Assist Device using Pneumatic Artificial Rubber Muscle
(PARM)

Walking assist device using PARM has been developed. The
PARM is used both as a sensor to detect the walking motion and
actuators to assist waling. The back drivability of PARM is
effectively used to detect the walking motion from the pressure in
the PARM. Antagonistic drives of PARMs are applied to assist
knee and hip joints. No force sensor or biological sensor is needed
to detect the walking motion. Therefore, the device enhances the
environmental resistance. The effectiveness of the device is
confirmed experimentally.

3) Bilateral Control of Master-Slave Robot System

In this study, bilateral control methods of master-slave systems
are proposed with effective haptic perception to the operator. A
method to change the force scaling parameter is proposed. In the
proposed method, electromyographic (EMG) signal of the
operator’s hand is measured and force scale is increased when the
operator is straining so that the operator feels the same force
under both relaxed and strained condition.

Experiments are conducted and it is shown that the force of the
slave arm significantly increases when straining without force
scaling, but the force can be reduced to the appropriate strength
by the proposed force scaling strategy.
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