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Master-Slave System with Automatically Adjusted Impedance Model
Using Variable Viscosity Ellipsoid
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*Muroran Institute of Technology, Dept. of Production and Information Systems Engineering,
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A design method is proposed of a master-slave system executing a continuous contact task with
high maneuverability. We introduce a variable viscosity-ellipsoid that represents the viscosity
coefficients of the mechanical impedance model. This model determines the dynamic behavior of the
master-slave system. The viscosity parameters of the impedance model are changed according to the
characteristics of the ellipsoid. As a result, the damping to the direction of a stiff environment
increases and that to the maneuvering direction decreases. In addition, the shape and posture of the
ellipsoid are automatically adjusted to reflect the operator’s intention. With the experimental results
of trace work, we show the validity of the proposed method.
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Fig. 1 Image of viscosity ellipsoid
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Table 1 Parameters of mechanical system

Upperarm | Mylkgn’] Bi[Nms] D;[Nm]
Master Arm | 1.022 1.360 2.136
Slave Arm 1.001 2.351 1.838

Forearm Ms[kgm®]  Bs[Nms] D3[Nm]
Master Arm | 0.326 1.645 1.717
Slave Arm 0.554 1.399 2.165
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AT, (m) ETAY, (s)IFAL—T 2 ET.

Table 2 Parameters of ideal impedance models

mode Mc.lkg] Be[Ns/m] K[N/m)]
Variable model 1.5 1300 0.0 ¢
Fixed model 1.5 400, 900 0.0

Table 3 Gain of PID-controllers

ky ki kq Kp; Kiy

Shoulder(m) | 7.5 63.0 1.2 | fs 4.0 4.2
Elbow(m) || 7.5 40.0 20| f, | 20 28
Shoulder(s) 7.5 62.0 1.2
Elbow(s) 7.5 38.0 1.2
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Fig. 6 Trajectories of Master-arm and Slave-arm
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Fig. 8 Force responses of MSS with variable model
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Fig. 10 Magnitude of semiminor/semimajor axes
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Fig. 11 Images of Experimental Process
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Fig. 12 Trajectories of MSS(By=400)
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Fig. 13 Force responses of MSS (By=400)
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Fig. 14 Trajectories of MSS(B;=900)

Force{N] (x-exis)

Foros{N] (y-xis)

Fig. 15 Force responses of MSS(By=900)
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