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Abstract: This study proposes a wearable master device that can measure the joint stiffness and the angular
displacement of a human operator to enhance the adapting capability of a slave system. A lightweight inertial
sensor and the exoskeleton mechanism of the master device can make an operator feel comfortable, and
artificial pneumatic muscles having a working principle similar to that of human muscles improve the
performance of the slave device on emulating what a human operator does. Experimental results revealed that
the proposed master/slave system based on the muscle stiffness sensor yielded uniform tracking performance
compared with a conventional position-feedback controller when the payload applied to the slave system
changed.
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Table 1 Parameters of experimental set-up
Moment of No load 11 kgem’
inertia 100g payload 23 kg-cm2
equilibrium De 3 bar
pressure
PID control ky 0.2 V/deg.
Ty 0.025 s
T; 0.1 s
PID-plus- ko 0.34 V/deg.
stiffness Ta 0.025 s
T; 0.1 s
ky 0.5

P Egl e g 9424 1525

Table 2 Trajectory tracking error (RMS)

no load 100g payload
(deg.) (deg.)
PID 1.40 1.54
PID-plus-stiffness 1.11 1.14
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Fig. 7 Trajectory Tracking with PID controller and
no payload (dotted: master, solid: slave)
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Fig. 8 Trajectory Tracking with PID-plus-stiffness
and no payload (dotted: master, solid:
slave)

10

angle (deg.)

-15

time (s)

Fig. 9 Trajectory Tracking with PID controller and
100g payload (dotted: master, solid: slave)
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and 100g payload (dotted: master, solid:
slave)
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