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Estimation of Human Hand Impedance During Maintenance of Posture

Toshio Tsuyr*, Kazuhiro Goto*, Koji ITo** and Mitsuo Nacamacur®

The present paper proposes a method to estimate hand impedance characteristics including inertia and
viscosity as well as stiffness in multi-joint human arm movement. While subjects maintain a given hand
position, small external disturbance to the hand is applied by a manipulandum. Time changes of the hand
displacements and forces caused by the disturbance are measured, and the hand impedance are estimated
using a second-order linear impedance model.

Firstly, accuracy of the estimated impedance is analyzed applying the method to the estimation of mass
of the objects and mechanical spring coefficients. Then, the hand impedances of human arm during
maintenance of posture are estimated, and the experimental results show the following : 1) the estimated
inertia matrices of human hand agree with computed values using a two-joint arm model, 2) the
orientations of stiffness fields are almost the same as the experimental results of Mussa-Ivaldi et. al
(1985), 3) the amplitude of the estimated stiffness is considerably lower than the one of the results of
Mussa-Ivaldi et. al (1985), 4) the orientation of viscosity ellipses almost agree with the one of the stiffness

ellipses.
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Mean values and standard deviations for 6 sets of estimated results are shown.

HHERMEESR R

Table 1 Results of estimated impedance parameters,

B3E F 3B

Subject | Hand- Stiffness [N/m] Viscosity [Ns/m] Inertia [kg]

position Kex Koy Bax By M Mz

ny Kyy B!fl’ BW MH-’-' M&'&'
A 1 105.72:+20.809 —104.11%14.757 7.17£0.723 —6.14+0.783 1.54+0.087 —0.57+0.061
—127.35431.670 234.78+13.913 | —6.19::0.455 12.08+1.262 | ~0.60+0.034 0.94+0.071
2 31.534 9.810 41.363+12.220 3.24+0.382 $.8140.434 0.79+:0.034 —0.49+0.028
13.83+13.685 380.55+61.946 1.18:41.401 22.98+1.541 | ~0.59%+0.071 1.56+£0.081
3 232.77+12.835  —145.13+20.125 20.86:+1.285 —10.69+1.299 1.58+0.086 —0.00+0.088
—147.64+ 8.169 173.38+19.217 | —12.32:+0.789 10.27+0.869 | —0.10+0.067 0.49+0.104
4 146.30+36.348 —63.431+19.104 13.17+1.353 —*5.33:*;1.780 2.244+0.071 ~0.51+0.063
—61.26+21.886 98.45+23.219| —5.39+0.755 6.93:+1.173 | ~0.54+0.134 0.714+6.081
B 1 81.21+ 9.477 —93.58+21.478 6.36:£0.874 —6.72+1.274 1.45+0.055 ~{(.63+0.109%
—104.59+30.103 208.00+38.658 | —7.11:0.979 11.96+1.707 | —0.69+0.125 1.13+0.112
2 22.31%+ 5.863 9.51+13.1%4 2.02::0.188 —1.70+0.635 0.84+0.062 ~0.44+0.053
-1.20+26.476 267.2564+26.019] —0.92+1.265 12.69+0.741 { ~0.53+£6.090 1.8340.084
3 151.51+14.438 ~—123.50+28.834 13.00:£2.043 —12.94%1.766 1.39£0.069 —0.2710.141
—-162.12+18.711 213.31+£24.622 1 —11.57+1.622 14.40+£1.795 1 —0.4220.071 0.733%0.125
4 108.95420.477 —25.78:+14.744 15.82:+1.402 —4.97+1.478 2.13+0.165 —0.20+0.111
—42.66+15.085 64.10+11.639| —5.31+0.522 4.88:+0.770 | —0.39+0.069 0.73+0.039
C 1 98.82+ 5.378 —88.20% 6.308 B.37+0.448 —6.9610.444 1.4840.051 ~—0.59+0.063
—116.36+15.422 268.02+£11.741 ] —7.2140.933 16.714£0.994 | —~0.66+0.079 1.11+0.095
2 49.63+ 7.955 12.00+ 9.801 4.1940.441 ~0.54+0.485 0.90+0.044 ~0.52+0.065
—7.42427.734 455.50+31.323 0.01:1.327 19.90+0.709 | ~0.70-+0.110 1.88+0.078
3 257.85:+20.088 —277.924:24.957 17.35+0.809 —16.36+1.311 1.824+0.105 —0.46+0.030
—291.50+21.530 448.18140.278 | —17.77:21.080 22.04+1.742 | —0.49%£0.070 0.75+£0.091
4 208.43+19.765 —51.02+18.911| 19.54%1.205 —4.28+0.558 | 2.4140.099 —0.17+0.132.
—55.08%+ 6.179  112.22% 9.514 | —4.61:0.364  5.53:0.368 | —0.19+0.034  0.68+0.038
D 1 96.75:+12.648 ~113.56+12.419 8.54:£1.0564 ~—7.43+1.090 1.484£0.108 —0.5110.063
—110.89:+22.398 239.86+51.288 ] —7.9641.217 15.41+2.497 | —0.50+0.129 0.7120.099
2 25.76:+ B8.087 29.53+10.030 3.15:+0.414 0.20+0.395 0.7540.044 —0.48%0.063
16.603-20.994 381.84:+24.906 1.31:£0.600 18.46+1.252 | —0.62+0.097 1.76+0.112
3 114.92+ 7.685 —85.67+22.312 14.90£0.479 —9.34+0.489 1.63+0.050 ~0.16%0.094
. —81.59+11.226 107.53+21.847 | —10.48+0.449 10.82+0.966 | ~0.20+0.035 0.46+0.072
4 137.41%13.065 —63.42+16.535 | 13.4940.479 —5.01+0.420| 2.28+0.059 —0.28+0.073
—77.42+10.742  121.64+13.949| —5.33+0.452  8.33+0.775 | —0.36:£0.056  0.51%0.028
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Fig. 10 Estimated stiffness ellipses in several static
posture for four subjects
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Table 2 = Link parameters of two-joint arm model

subject link length (m) | mass (kg) | center of mass (m) | inertia x107? (kgm?®)
A upper-arm 0.21 1.68 0.09156 7.682
fore-arm-+hand 0.32 1.32 0.15360 29.605
B upper-arm 0.22 1.68 0.09592 8.431
fore-arm-+hand 0.32 1.32 0.15360 29.605
C upper-arm 0.23 1.82 0.10028 9.982
fore-arm-+hand 0.33 1.43 0.15840 34.108
D upper-arm 0.23 1.68 0.10028 9.215
fore-arm+ hand 0.29 1.32 0.13820 24.314
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Fig. 12 Estimated viscosity ellipses in several static
posture for four subjects
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Table 3 Geometrical parameters of estimated stiffness and viscosity ellipses.
Mean values and standard deviations for 6 sets of estimated resulfs are shown.

subject hand- Stiffness ellipses Viscosity ellipses
position | orientation (deg.) shape orientation (deg.) shape
A 1 120.04+3.22 8.89+2.82 124.2943.00 5.65+1.02
2 . 85.50+1.08 14.26+4.02 87.20+2.37 7.37+0.75
3 140.83+2.34 6.70+0.74 147.42+1.89 10.00+1.32
4 144.35%5.15 3.74+1.22 150.44:+2.76 4.28+0.55
B 1 118.66+2.23 13.33+7.80 123.96:+2.30 10.43+2.49
2 88.97+4.40 14.75+6.68 97.01+4.75 7.37+0.97
3 128.94+2.31 9.44+2.26 133.32+1.34 19.87+6.23
4 '151.03+5.70 3.65+2.75 158.57:2.69 6.54+1.11
C 1 115.194+0.88 6.31+06.71 119.73+1.68 4.85+0.38
2 - 89.64%2.06 $.504+1.30 90.99+2.54 4.85+0.50
3 125.77+0.83 12.74%2.07 131.12+0.56  15.24%+2.35
. 4 156.35+2.48 2.63+0.26 163.80+0.96 4.98+0.70
D 1 119.32+5.04 9.58+2.29 | 123.15+4.58 6.04+0.94
2 86.18+2.43 17.57+5.15 87.11+1.32 6.09+£0.99
3 136.47+4.62 8.16+2.72 140.82+1.85 8.60+1.18
4 . 138.65+3.45 3.74+1.30 148.2242.19 3.29+0.30
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