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Abstract

This study was designed to develop a new algorithm to extract the voluntary EMG and the evoked EMG from a mixed EMG generated when
the muscle is stimulated both voluntarily and by electrical stimulation in the FES system.

The proposed parallel filter algorithm consists of three phases: (1) Fourier transform of the mixed EMG, (2) multiplication of the transformed
signal to two frequency functions, and (3) inverse Fourier transform. Four incomplete spinal cord injured patients participated in the
experiments to evaluate the algorithm by measuring the knee extensor torque and the EMG signals from the quadriceps. Two functions of the
algorithms were evaluated: (1) extraction of the evoked EMG and (2) the voluntary EMG from the mixed EMG. The results showed that the
algorithm enabled us to separate the two EMG components in real time from the mixed EMG. The algorithm can and will be used for
estimating the voluntary torque and the evoked torque independently through an artificial neural network based on the two EMG
components, and also for generating a trigger signal to control the on/off time of the FES system.

Key words : FES, EMG separation, voluntary EMG, evoked EMG
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Fig. 1. Placement of the electrodes and the loadcell (a) Voluntary EMG (b) Evoked EMG

504 | J. Biomed. Eng. Res.



)

g2 vigy 2ede] 8 Al ax 7|7 Azt s
AEst= %‘TT(LabVIEW, National Instruments Co., Austin,
Texas, USA) 2ZE g ojoll A R334 10HzS) A9 %32
El(low-pass filter)2 &-&0] Al AHE o] AR Sibs]z, T8
HAe] FA A 2279 AR S Fotod B2 Jeholg
th B3 S A2 S BB AN AT 9
Wk olujel AR A7} HFE RUEE Felod agTe B 49l
TE A FsiAo

YRS A7) FLTHEE A7) Y8l € 279 A7|A
= B9 & B ANF(quadriceps femoris’)*g‘ A= s A Ab=

o ol FEHE FELAES PN FLEAS BAY &
FeAch ETE £ AdpaoM AR B3 24 Alaglon &
adon, A4 A5 7 e dEHANEEY £5% (motor
point)el] F-2kat1, th& o}LH:— &7 F(patella)ol A 9] (prox-
imal)¥}8:0 2 Sem ol o] BABATHLY 1 (b) H2). 2

T. Song, S. H. Hwang, and G. Khang

=3 --7>;3@} uj o} rﬂra‘:} 23 41591 E4& EAs] st A
““—W Azsl FAEAEE S YE ot Fds BT R

ANE G FAATIEA ST &, 85 BER &%
A 2elo] or8] 11 9 AFAER PEAFEE W) A=Ee
Fot A7t 242 EANETS 7317 HA BUE & Bl
AN EAE A FA=E ek

C.¥¥yd ¢ E 4544
SutaA ol A7\ Mats B Ao E2A

o
—
_]'—_VEIZOE OBT-:L;ch E,a‘"l-:r_

il
o M

A28
of 2% 9%

NP BRI EE

@E%@&@%S@ﬂiﬂadt MEARR2Y B0 D= gomm PEUH ¢ el e
& A rectus femoris) <] Wl (belly) ¢l F-2ts13 0., A7) S Azsidn). 29 2 (@)% Zo] Bl MVC e tgA

= A E(stimulus artifact)} 9 A WA 271 B[] 2og $5A71R5 s} YR A7) 9 AR e
AT A g b gl FU AS H EE 4 AT 2 g AN ANAEe] BEE WA fEEdwe] 2%
oA et @ F A skl Agele BHTAEE ST o sk iR, 27 2 (b} 2

B 719 AdTHEES Q7] Ae] tE BEA 2 o gigabeael skeke ARG HES DA SR8 9%
Fofo] 22 WSO Y E22 95 S = @AM B4 222 1)

SAEE gueEs

= = - 7 =) -
A FABES G AR APLTHEG ALEAS Al 23 gapras oo g 3152 dlo] AaA Ty ¥slels B
Intensity
T f v o o o e o - - - - -
08 I \ Voluntary
Contraction
(a
) W\ EHectrical
Stimulation
o i i
4 8
1.0 - - ~y
/7 A\ 7\ ’
0.8 T T T
(b) 1\ i \ I \ ] \
Eiectricq( l' \\ l’ “ ll ‘\ Voluntary
Stimulation 1 ) \ : \ Contraction
[ v/ 1 7 1
G
Time (s)
T 2. SHEE YIRISE BB FIe 25 $RUE vl
(a) STFZMTOM FUDHES| 22|12 ABY| st 259 M7 RS T Aol 2052 AW st MI|IRSUZE 0:0.871K F7[H
oz sl

{b) B2 = XL

A e 0D
FEES F4t

Bole AEE] Qs 280 £EZT AN AIAELR PEE PEAIT s EoUARD el 2 Xdx el 2

Fig, 2, Variation of the muscle activation intensity for testing the parallel filter algorithm

{a) Extraction of the evoked EMG from the mixed EMG; the voluntary muscle activation was kept constant and the stimulation intensity was changed
between 0 and 0.8.

{b) Extraction of the voluntary EMG from the mixed EMG; the stimulation intensity was kept constant and the voluntary muscle activation was changed
arbitrarily.
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Fig. 5. Real-time extraction of the voluntary component and the evoked component from the mixed EMG employing the parallel filter algorithm when the muscle
was contracted by constant voluntary activation and periodic electrical stimulation
(a) Knee extensor torque, (b) Raw mixed EMG with stimulus artifact, (c) Raw mixed EMG without stimulus artifact, (d) Extracted evoked EMG,

(e) Extracted voluntary EMG
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