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Fig.1 Block diagram of feedback inclination centrol system with two-degree-of-freedom

for trunk stabilization
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Fig.2 Fluctuation of coronal inclination angie of paraplegic subject during quiet standing using trunk contro!
system hetween parallel bars. (a) without low pass filter, (b) with low pass filter. (Kp=02, Kd=0.2)

o

]0’PF01'WBIﬂ

gle {degree)
=]
T

]
—
(=]

o
=

o=
=
gree) Sagittal inclination angle (degree)
o
- =
L 4

—_
=
LI

Frontal inclination angle (degree) Sagittal inclination an
=)

k)
Ly
f1
10 g |
0 g0
Time (s) g |
% L
£}
-10 E-10}
(b) E *
=

10
Frontal
inclination
angle (degree)

©

HIE SR DL FEEREE (a), FBEAARAE (b)) DERTL L (c ) 35 & VI EBHHRE D& R
(d)~(1)
Fig.3 Postural fluctuation (2}, (b}, (d), (e) and representation in X - ¥ figure (e, ) caused by 10 N backward
step disturbance applied at 5 seconds after the recording onset in a Th8 spinal cord injured paraplegic
subject, without (2} (<} and with (d)-{f) feedback control. (Kp=0.2, Kd=0.5)



(346) BEHETEERTY $SUEE4S (199 F12AH)

1R XENALEMAL L ZORBOELE
Table 1 Postural change caused by various step distur-
bance (&N =5, *p<0.05}

Conditions Postural change {degree}
Backward Leftward

Disturb Feedb
isturbance Feedback (+ : Forward) (+ I Right)
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Yes 0.63=0.23 0.18+0.26
10N No —2.271.19* —5.75+1.24
Yes —0.57=1.26* —5.16xt1.61
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Stabilization of FES-induced Upright Posture in Paraplegics
by Trunk Feedback Control*

Kinya Funta,** Nozomu HOSHIMIYA,*** Yasunobu Hanpat Masayoshi Ichigtt

A feedback sway contral system of trunk inclination angles was designed to improve the postural stability of
paraplegic standing by functional electrical stimulation (FES). The system was constructed of two proportional-and-
derivative (PD) controllers and four co-activation stimulation maps. The performance in postural stahility was
clinically evaluated by applying a step disturbance whiie a paraplegic subject with spinal cord injury in thoracic 8th
level is quietly standing between parallel bars using knee-ankle-foot-orthosis, The decrease of the backward sway
magnitude by using the proposed system was statistically significant, when the 10 N backward disturbance was applied.
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