GFRABEBHEBFERTE
Vol.42, No.12, 1353/1359 (2006)

ATTVTRIEICH D ARDFELA P E—F 2 A5FEOER

Mok R E M W R OBR OE B
— -t

B oE — &

E

ol HOBE OB
A

Analysis of Human Hand Impedance Properties during the Steering Operation

Yoshiyuki TANAKA*, Ryoma KANDA*, Yusaku TAKEDA**, Naoki YAMADA™*,
Hitoshi FukuBa**, Ichiro MASAMORI** and Toshio TsuJr*

The present paper investigates human mechanical impedance during the operation of a virtual steering system
according to dual-arm configurations. The developed steering system using an impedance-controlled robot can
accurately estimate mechanical impedance properties around the rotational axis. Experimental results demon-
strate that a human changes his/her impedance properties in both the grip position on a steering wheel and the
magnitude of steering torque. Overall stability of a human-steering system is then discussed by means of the

measured human impedance parameters.
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Fig.3 Experimental conditions using a known spring-mass
system
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Fig.4 An example of the measured signals for estimating
mechanical impedance

Table 1 Accuracy of the estimated impedance for the known
spring-mass system
(a) Stiffness accuracy .

Desired stiffacss, K, [N/m]
110 238 404 607 879

o
n

113.76 £ 7.216/239.27 £17.988|410.64 £26.151|606.64 +14.015|874.93 +28.560
1.0 |104.63 + 9.178)233.37+22.677|396.95 +23.794(609.47 +15.436(875.22 £15.685
1.5 |107.81 £13.381|238.99 +12.634|402.80 +14.351(610.15 +14.468(879.03 +18.067
2.0 |105.89 +£14.871(235.36 +16.882|397.69 +20.557(609.98 + 4.879|879.22 +18.392
2.5|116.73 + 8.731|245.27+ 6.908|412.70+12.612(610.11 £10.092|879.97 + 7.942

Desired inertia, M, (kg]

3.0 |115.90£12.033(244.06 +14.198|415.81 +28.753(614.32 £10.538/896.67 + 3.728

(b) Inertia accuracy

Desired stiffness, K, [N/m]
110 238 404 607 879

0.5| 0.53 = 0.009 | 0.53 = 0.009 | 0.53 = 0.011 | 0.51 £ 0.007 | 0.52 = 0.012
1.0| 1.03 = 0.005 | 1.03 + 0.008 >1.03 +0.013 | 1.03 £ 0.010 | 1.02 = 0.008
1.5] 1.51 £ 0.010 | 1.50 = 0.011 | 1.50 £ 0.005 | 1.51 + 0.015 | 1.51 + 0.010
2.0| 2.05 = 0.016 | 2.03 = 0.011 | 2.02 = 0.012 | 2.02 £ 0.009 | 2.03 + 0.011
25| 2.50 = 0.016 | 2.49 = 0.003 | 2.49 = 0.008 | 2.49 + 0.009 | 2.48 + 0.010

Desired inertia, M, (kg}

3.0| 298 + 0.011 | 2.98 £ 0.004 | 298 + 0.022 | 2.97 + 0.009 | 2.98 = 0.006
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Fig.5 Experimental conditions for measuring human hand
impedance in the steering operation
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Fig.6 Measured hand impedance properties by Subject A
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Table 2 Measured human hand impedance depending on the different hand positions.
Mean values and standard deviations for 5 sets of the estimated results are
shown for all subjects
Stiffness, Ke [N/m] Viscosity, Be [Ns/m] Inertia, Me [kg]
8, [rad) 7; =0 [Nm] 7; =3 [Nm] 7;=6 [Nm) 7;=0[Nm) 7,=3[Nm] 7 =6[Nm]| 7,=0[Nm] 7,=3[Nm] 7;=6[Nm]
-7T/6 740.76 * 20.967 | 1025.29 + 95.525 | 1308.70 +108.027 | 48.92 £ 0.800 | 52.95 + 0,673 | 56.70 £2.158 | 1.45 £0.013 | 1.39+0.046 | 1.34 £0.078
Sub.A 0 559.22 = 36.909 | 698.76 = 39.069 | 1051.91 = 79.721 | 53.14 £ 0.443 | 45.17 1,794 |38.05 £1.842 (2.75+0.016 | 2.74 £ 0.045 | 2.783 +0.090
6 681.48 = 35.034 | 1104.82 £100.104 | 1295.50 = 45.677 | 57.71 £0.479 [ 45.89 + 3,071 |35.35 £2.986 | 2.99 +0.024 | 3.17 +0.089 | 3.32 £0.077
z3 724.69+ 25.116 | 996.14+ 56.234 | 1395.92+139.352 | 48.37 + 1.062 | 44.76 + 2,326 [37.46 +£3.915 | 3.01 £0.025 | 3.02+0.052 | 3.09 £0.140
_zi6 | 82226+ 15108 | 1019.33 + 59.472 | 1295.55 +£199.542 | 57.76 = 1.384 | 56.49 £ 1,743 | 54.43 +3.430 | 1.81£0.019 | 1.80+0.049 | 1.92+0.118
Sub.B 0 565.62+ 51.312 [ 102).19+ 26.350 | 1287.73 + 76.360 | 42.67 £ 0.793 | 41.05 + 1,682 | 33.20 £2,806 | 3.25+0.036 | 3.12+0.026 | 3.04 £0.075
ub.
z/6 659.96 = 26.496 | 1159.06 £ 28.105 | 1301.70 +£145.350 | 41.07 = 1.161 | 33.10 + 2,004 | 28.85 +3.507 | 2.81 £0.016 | 2.99 =0.045 | 3.03 £ 0.123
z/3 48792+ 41555 | 967.54x 54.524 | 111845+ 85114 |35.05+1.176 [26.35+ 1,947 | 16.90 £5.418 | 2.700.02 | 3.04+0.023 | 3.00£0.163
-7Z(6 |1387.07+101.578 | 1745.16 = 88.767 | 1927.54 + 72,816 | 63.49 + 1.863 | 59.85 + 4,142 [67.65 +5.875| 1.47£0.033 | 1.66 +0.028 | 1.54 +0.048
Sub.C 0 88538 57.785 | 1258.82 +136.784 | 1601.04 £ 43.717 | 67.67 +2.586 | 60.05 + 2,799 | 54.64 £ 2,524 | 3.00 £0.065 | 3.10 £ 0.081 | 3.20 £0.050
76 940.94 = 97.691 | 1350.36 £113.701 | 1723.62 +260.913 | 62.37 £ 2.856 | 53.93 + 3,241 | 43.18 £ 6.452 | 3.77 £ 0.067 | 3.920.097 | 4.16 £0.199
3 976.78 = 78.327 | 1203.04 £ 79.658 | 1243.56 + 65.814 | 61.98 +0.433 | 54.53 + 2,185 | 47.60 + 1.865 | 3.71 £0.046 | 3.75 £ 0.059 | 3.59 +0.095
-6 | 757.45+100.799 | 962.32+114.493 | 1615.36 £116.161 | 57.75+3.112 | 55.19 2,473 | 48.61 +6.896 | 1.50 0.036 | 1.37 =0.056 | 1.63 £0.070
Sub.D Q 750.55+ 51.592 | 837.43+125.159 | 1371.04 % 52249 | 61.11 2490 | 56.03 £4,125 |42.55 £5.212(2.55+0.055 | 2.53 £0.069 | 2.89 £0.105
' /6 600.65 = 51.763 | 1053.10 = 77.707 | 1411.79 =289.610 | 72.26 = 1.650 | 57.67 = 2,137 | 45.10 =9.304 | 3.22x0.041 | 3.25=0.071 | 3.65=0.323
z/3 516,93+ 59.150 | 814.03 £158.245 | 1233.90 +266.021 | 62.21 = 1.106 | 53.00 + 6.308 | 39.76 +8.740 | 3.84 £0.071 | 3.77£0.121 | 3.87£0.209
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Fig. 7 A model of a human-steering system
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Fig. 8 Overall stability of a human-steering system
depending on the different grip positions
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