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Evaluation of Walking Assistive Device
Using Back-Drivability of Pneumatic Artificial Muscles
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Kenji Kawashima, Tokyo Medical and Dental University

In this study, we developed a walking assistive device that does not depend on the length of the wearer's leg and
is easy to wear. In addition, we constructed a control law to perform a walking assist by detecting the intent of walking
using a back-drivability of a pneumatic artificial rubber muscle. We evaluated the performance of the device by EMG,
We found that muscle fatigue is significantly reduced as compared with the case of not wearing the device.
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Fig. 1 Walking assistive device
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Fig. 2 Schematic diagram of walking assistive device
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Fig. 4 Block diagram of pressure control
Table 1 PID parameters of pressure control

Parameter Value
Proportional gain K, [V/kPa] 2.7x10°°
Integral gain K; [V/kPa-s] 1.7x10
Differencial gain K4 [V -s/kPa] 1.0x10*
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Fig. 5 Problem caused by deflection of a chain
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Table 2 Experimental condition

100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200

Py [kPa]

fgait [Step/min] 0, 60, 70, 80

lstep [Mm] 0, 500, 600, 700

4+~ LKE (standing) -+ LKT (standing) —+ - LIIE (standing) - 4 LIT (standing)

—e—LKF (walking) -+ LKF (walking) —e - LHE (walking) - e~ LHF (walking)
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Base pressure Py, [kPa]
Fig. 8 Maximum pressure difference — Base pressure diagram
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Fig. 10 Time response of pressure difference and joint angle
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Table 3 Detectable action of walking assist

Detectable action of walking assist
Left leg Right leg
Knee joint | Hip joint | Knee joint | Hip joint
c c < <
(=] < o o o o o [
‘D R=] ‘D R=] k7] R=] k7] R=]
g3 |g|3|g|8|8g|3
O I I L I T B B R
LKE X X X X X X X X
LKF X X X X X X X X
LHE O|lO0OlO|O|O|O]O]|O
S LAF Olo| X |O|[x|O]|O]X
3 RKE x [ x| x [ x [ x [ x| x [ x
o
RKF X O]l O] OlO]|O]|O]|O
RHE OO |lOf[O | O] O|[O]| O
RHF X O[O X O | O X O
*O :Detectable, X: Not detectable
Left leg Left leg Right leg Right leg
Swing Swing — Stance Swing Swing — Stance
Threshold : 8.6 [kPa/s] //\
LEE (P) / \
Threshold :8.6 [kPa/s] /\
RHE (P) / \
300 [kPa]\/
LKE (Frp) 140 [iPa]
80 [kPa]
0 [kPa] 0 [kPa]
450 [kPa] 450 [kPa]
LKF (P 200 [kPa]
125 [kPa] 125 [kPa]
450 [kPa] 450 [kPa]
LHF (Ped) 180 [iPa]
0 [kPa] 0 [kPa]
300 [kPa]
RKE (F.9) 140 [iPa]
80 [kPa]
0 [kPa] 0 [kPa]
450 450 [kPa]
RKF (P 200 [kPa]
125 [kPa] 125 [kPa]
450 [kPa] 450 [kPa]
RHF (P..p) 180 [iPa]
0 [kPa] 0 [kPa]
Fig. 11 Sequence of walking assist
Without assist M With assist
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Fig. 12 Experimental result
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