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Bipedal gait experiment for functional electrical stimulation

Wang Ying, Zhang Ding-guo

Abstract

BACKGROUND: Functional electrical stimulation (FES) uses electrical pulse of low level to stimulate the peripheral
nerve of muscles in order to restore the motor functions, and it has already achieved clinical success in area of paraplegic
walking. However, the patterns of FES are inflexible, unstable and hard to operate for the end-users at present.

OBJECTIVE: To study the synergistic action of the muscles involved in walking movements for simplifying the design of
FES control patterns based on gait analysis and to make the subjects perform expected involuntary walking movements
using FES.

METHODS: According to the characteristics of bipedal walking, a method of gait research was proposed based on
measurement and analysis of joint angle and electromyography signal. It served for FES system design, which generated
the desired stimulation patterns for muscle groups of lower limbs, and realized the corresponding collaborative activation
of the muscle groups.

RESULTS AND CONCLUSION: Satisfactory involuntary walking of a healthy subject without self-control was realized
using the FES method proposed. The results from the experiment had verified the feasibility of FES in lower limb
rehabilitation. It sheds light on more complex FES control methods, and provides experimental support for clinical study
on paralyzed patients in future.
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a: Experimental
platform

Figure 1 The experimental platform and system

1 SRR H RS

2 WELEHR

21 FEAAVABRAF SRR BATRAIEE B
Bahm @A, Ban A, RS
SRR, b R AR R A5 L A AR ) O
AAR, X FIE RRE 1 B 5 S RARS K12 3 )7 K
i ATAEIEFR AR, S — 2 L B S B O R D i
SR IAE A TR B M R AN SRS MR 4
A B 1 B PR 25 ST PR SR A S 4 80 T I B
HErh ST B AT DL R 3AN 4y, BRI U S
BB B S I BRI A T U S P B o A I
FTAEIE R AR, AN OIS HE Y B AR o A2 25 A 30
(K110%, 12ENH B K HE40%, T T (1409 M) B ik
SCHEMY B AR AT ORI, i Sr S S B
AR T o ) LU S A A R R o S AT e,
St ST Y BT o O LA RIIE, UB S PR BT
(LR 8 E TRk B B R, B A
T EEL TR 0 S AR USSR B T T %t T U B
(I 2 B B (AR E A S0 % R i L )Y,

R PerryM O 44T, — AN AEIR LA B4 b8
ARy, AN AT FR (K RS F AR LA — 4L ) )
JH LI B BRI SRR B R Z0F o X8/ 540 i Be B
IR 58 i3A BT S, 4 IR TE 3%, WP,
FIAE AT . 7558 A Sy 2 R R vy, o ol il % 1)
7 B BRSO I AN B 7R R AT
Sk (R SPR,  I TERAJELJEG flh  4F K ) ek B 28

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



LR, RS T L aE PR R A I

@' 27:2 wwncrrrorg

THH . FRRSCETTO T 5 SR MR RS I AG i, 4
T BRI it o TR WU BRI T ERT B, e
JR g TR . PIASBRIEIAE DL L3
5 BUE OB AT A, D2,

0
Gl
e | - e | mehn | mank
PR Il i I e B e Al et
%
i
s e
i :
EhisT ‘ PREE AR
(ot TSR]

Figure 2 Eight gait Ehases and three functional tasks during a
gait cycle !
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1. Mono-articular hip flexors;
2. Mono-articular hip extensors;
[ 4, on 3. Hamstrings;
| o 4. Biceps femoris;
5. Rectus femoris;
$a 6. Vasti;
7. Gastrocnemius;
8. Mono-articular ankle
plantarflexors;
9. Ankle dorsalextensors

Figure 3 Three segmental model of one leg with nine mono-
and biarticular muscle groups
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Figure 4 The angle variation curves of the hip, knee and ankle
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Figure 5 Gait analysis based on the joint angle
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Figure 6 Electromyography signal map from fore and back
sides of the thigh
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Figure 8 Output waveforms from the Compex Motion
Stimulator
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Figure 7 Analysis of lower limb movements based on joint
angle variation trends
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Figure 9 The results from the stimulation experiment
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