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Effectiveness of walk support robot ""Walk-Mate" in kinematic analysis
Tetsuhei Kobayashi , Yoshihiro Miyake , Yoshiaki Wada , Masaaki Matsubara

Abstract: In walk rehabilitation, the walk is performed by interdependent Co-creation process between the therapist and
the patient. To make such a relationship between the human and the robots, we suggested and evaluated the walk support
robot “Walk-Mate”. In this research, to apply in clinical use, we developed the evaluation system in the
kinematics-analysis using a three-dimensional gait track, and advanced a validity evaluation of Walk-Mate.
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Fig.1 Wearing of accelerometer
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Fig.2 Calculation of lateral displacement
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Fig.3 Walk support robot "Walk-Mate"
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Fig.4 Gait trajectory and numeric converson
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Tablel Gait parameter of each subject

young people :derly people(malelderly people(femal: Patient(left) Patient(right)
Ave(SD) Ave(SD) Ave(SD) Ave(SD) Ave(SD)

Speed(cmy/s) | 118.40(13.46) 112.26(17.97) 123.89(18.93)  79.06(11.47) 70.05(20.42)
T(sec) 1.17(0.08) 1.06(0.08) 1.02(0.08) 1.19(0.09) 1.14(0.15)
XL(cm) 2.81(0.80) 2.57(0.85) 1.83(0.60) 3.62(2.45) 3.44(1.54)
XR(cm) 2.83(0.75) 2.37(0.88) 1.81(0.74) 3.71(3.02) 3.26(1.76)
YL(cm) 5.24(0.95) 4.46(0.87) 3.64(0.61) 2.47(0.84) 4.71(2.87)
YR(cm) 5.01(0.65) 4.91(1.00) 3.82(0.48) 4.18(1.76) 2.78(1.28)

ZIL(cm) 70.68(5.63) 58.96(8.58) 62.98(8.10) 39.86(9.11) 50.52(20.27)

ZR(cm) 70.01(5.38) 59.51(7.70) 62.24(8.56) 54.44(9.48) 32.89(10.18)
Ta 0.00(0.02) 0.02(0.02) 0.02(0.03) -0.16(0.18)  0.24(0.29)
Xa 0.00(0.17) 0.12(0.20) 0.08(0.39) 0.08(0.37) 0.17(0.49)
Ya 0.04(0.12) -0.09(0.06) -0.04(0.14) -0.28(0.39)  0.46(0.51)
Za 0.01(0.03) -0.01(0.02) 0.02(0.03) -0.23(0.21)  0.37(0.30)
XL 0.59(0.12) 0.66(0.15) 0.61(0.16) 0.73(0.19) 0.57(0.25)
X'R 0.60(0.14) 0.69(0.10) 0.63(0.22) 0.72(0.23) 0.57(0.25)
Y'L 0.49(0.04) 0.47(0.03) 0.49(0.03) 0.77(0.18) 0.29(0.14)
YR 0.50(0.03) 0.52(0.03) 0.51(0.03) 0.35(0.12) 0.75(0.13)
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Fig.5 Change of gait trajectory
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Table2 Change of gait parameter with time and use of Walk-Mate

preoperation  day 7th day 10th day 17th  day 17th(withWM)
Ave(SD) Ave(SD) Ave(SD) Ave(SD) Ave(SD)
Speed(cmv/s]  88.11 30.70 57.83 77.76 73.80
T(sec) | 1.25(0.10) 1.53(0.19) 1.55(0.09) 1.64(0.05) 1.56(0.07)
XL(cm) { 5.30(1.87) 26.89(3.64) 21.14(2.06) 16.82(2.14) 14.68(3.33)
XR(cm) | 5.07(0.99) 18.63(1.74) 15.60(2.09) 18.96(3.29) 14.58(2.61)
YL(cm) | 9.37(0.52) 5.79(1.05) 3.45(0.62) 4.26(0.61) 3.56(0.66)
YR(cm) | 2.99(0.73) 3.21(0.42) 3.84(0.35) 4.67(0.82) 3.67(0.50)
ZL(cm) | 80.67(7.31) 40.95(6.98) 66.35(9.46) 80.97(7.91) 78.09(13.74)
ZR(cm) |38.85(4.40) 15.32(2.37) 35.15(5.40) 59.46(8.85) 61.98(13.33)
Ta 0.33(0.07) 0.28(0.11) 0.22(0.07) 0.12(0.09) -0.03(0.10)
Xa 0.04(0.45) 0.31(0.19) 0.26(0.14) -0.11(0.10) 0.01(0.14)
Ya 0.68(0.32) 0.45(0.24) -0.10(0.19) -0.09(0.11) -0.03(0.14)
Za 0.52(0.11) 0.64(0.24) 0.48(0.16) 0.28(0.37) 0.21(0.18)
X'L 0.75(0.20) 0.39(0.05) 0.43(0.05) 0.49(0.09) 0.62(0.06)
XR | 0.79(0.10) 0.34(0.04) 0.41(0.08) 0.50(0.07) 0.62(0.06)
Y'L 0.62(0.04) 0.77(0.05) 0.90(0.06) 0.84(0.06) 0.67(0.07)
Y'R 0.15(0.11)  0.02(0.02) 0.16(0.05) 0.24(0.10) 0.39(0.08)
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Table3 Change of the gait parameter with Walk-Mate
free walk  with Walk-Mate

Ave(SD) Ave(SD)

Speed(cm/s) { 72.80(21.49) 74.40(21.85)
T(sec) 1.49(0.21) 1.40(0.13)
XL(cm) 7.97(3.41) 6.15(4.94)
XR(cm) 9.17(6.22) 6.79(4.85)
YL(cm) 2.71(1.12) 2.58(0.77)
YR(cm) 3.19(0.74) 3.05(0.67)

ZL(cm) 49.96(16.95) 57.75(15.50)

ZR(cm) 63.70(12.03) 60.53(14.83)
Ta 0.01(0.22) 0.04(0.12)
Xa -0.13(0.29)  -0.09(0.16)
Ya -0.15(0.18)  -0.15(0.12)
Za -0.22(0.22) 0.04(0.33)
X'L 0.50(0.19) 0.63(0.21)
X'R 0.46(0.20) 0.62(0.23)
YL 0.18(0.10) 0.35(0.12)
Y'R 0.75(0.15) 0.64(0.09)
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