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< Abstract >

The purpose of this study was to investigate the possibility of using surface electromyographic signals as a
measure of muscle fatigue during the wheelchair propulsion. Subjects performed wheelchair exercise tests on
a motor-driven treadmill with a constant-velocity of 1.25 m/sec. During each test, the raw EMG signals were
acquired from the surface electrodes attached on the belly of five muscle groups: biceps brachii, pectoralis
major, deltoid, triceps brachii, and trapezius. The median power frequency(MPF), and the root mean
square(RMS) amplitude were calculated for each cyclic contraction in order to quantify muscle fatigue.
During the wheelchair propulsion, the MPF decreased and the RMS increased in the trapezius and deltoid.
However, the decreasing MPF and the increasing RMS also fluctuated severly during dynamic muscle
contractions. Therefore, the MPF and RMS values should be estimated with well-designed methods and used

with caution to quantify muscle fatigue during wheelchair propulsion.
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2000).
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ol# g}, 1 AME Z8o| HRAAYE AR F
A F357 (Low Frequency) 389 24 ¥lxs} FolA],
ZAE Y 2HAEH (Power Spectrum)®] 54
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= (Conduction Velocity) ¢t #do] g}, &, 50| ¥
ZAH SRl FAle] FA o] 40l FE(pH)
7} Yol 24%e Aednrl =yAd] Ho 2Ax
Azo| Fulg E4o] WA €t upeld, F34oz
F&3hs 34 2843 (Static Contraction)®] S2%
2 Jvehlle H%(Fatigue Index)E F3+ H3}&o]
43, 53], SR A¢E fel2vYEY] HEF
B4 (Mean Frequency)2the FF34(Median
Frequency)7} ¢H32 J3& Jellie 2o Bag
o YHAARF 5, 1999: DeLuca, 1997: Kollmitzer
%, 1999).

EPA g9 #AH 289 g2 gl 289 F
A $2%(Dynamic Contraction)ol] &gk Zolch, 314
o BH £2A9 289 vae fHhd A7 FH
ol wig) JHer Hd(|@dE 5, 1999 Cifrek
%. 2000: Potvin™ Bent, 1997: Larsson &, 1999).
olgd ol frz, 289 B 5L THE A5 v
3 (Nonstationarity) & sl SAx 4159 B4
£ o}gA 7] d&Eolt(Karlsson# Gerdle, 2001:
Kasprisin® Grabiner, 1998: Knaflitz®} Bonato,
1999).
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Voluntary Contraction)& #3tgitt. b, EH=
99} 0|4 £E5 152 F3ol 1.25 m/sectA] F7H
A1, o] £xo =23 1802 B2t 1.25 m/sec] A
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912 WoluA] ¥EE =YL AR, ol 2
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F2d o8 sl 2AE A5 S YFIH.
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o] A3 A" 2§ F, Aol FZ(biceps
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25 2(triceps brachii), $ % (trapezius)®l 5
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4. ZHE AEEY (Frequency Spectrum)& 7§ ¥, ol FE3d 7¢

g3lo] 224 3H€E 57 289 2A= Aze (2
4 39 22 HP & e, d=dS FH3e F71
otz Zpzte] Z{o] WHEH o2 F&db=d, SHud
F5o] Algsle AT M Fo] vhaA JepdE &
Ak, & Ao, FRAFY Ao e AT A
Zo] WzlE Y] Yk, 19 A et} 12
BE A&sHe SHE ABE 19 @92 A4,
%, 28] & W £5% o B THE AEepct
Egd ez Zt4y 4% A1z, AW E(RMS
Amplitude), 53534 (MPF: Median Power
Frequency) & T3t}

2% gy 3FAE(RMS Amplitude) (1
40 Jehd upe} o] gt F, 129 1,000704
B Zzte] A Zgkol sty RMS(Root-Mean-
Square) #&& T3k, o] #59 5070 FH50msec)

o] =1 7 (Moving Average) & & ¥, 119 ZF3)
el 7y WA S FIln, o8 TFFH AHAIT

R LS.

o2 o] 18] 2459 HAAEE Py,

(1% 5)°l Lehd e} o], Z4z}e] S4Zo| tisled
ZF0=(MPR)E Tl 199 243 7)o 1
Z Axolng 27 1,000714 Y5 2AE A5M
A4 1,024719] A3 gE FHale] wE Feloug
(FFT: Fast Fourier Transform)2.& F34 A EH
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FAAL Ao g Wre I d9tke g 3
AFEAFE FoUTh. Ao 2554 g ol 22
AR wrEgte a2, 3 A 33 FAREH AR
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1.0m/sec, 1.25m/sec®] 371A] FR&52 242} 3837
FA5A F Az, dFEe] ddREe] 1.25m/secd]
£52 3E o) & 2 F YR SEHE B
ok, B A7) EFo| 2 HE2rt 2HE A F) ojmit
FHFE FeAE Y] A Rl 1.25m/sec]
FR4&22 AYE dole F Y2 19e] 3 dolE
& A3 AR s A o) didae ¢8
23 Azt2e] 2AE 41371 o] F34A) 7MY FE
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o 2dEYo 2N FF FUFuE (2¥ 6)9
BAEi. "o} FR18l4e] mfe} R FAF0
47} 110HzolM 75Hz7AR] & Fo2 ¥slaqlrt. 3R]
ok, A& £ Alolo® AFege] Fuky Halz) U
el A FQl Fujgr Wil A E Uep)]y] 2381
Fh3ulre] Wl FAE E43)7] Sk, 971 Aol
g e FFE0y & ol F%H & (Moving
Average) o2 Azt B30l F7d] njE 5
23} A2 gzte) FAFnaE ol eHEEeE e
N (2 77 2} oYM, Ao 24 wa} &1
29 FF945(MPF)+ 100HzolA 80HzE 20Hz
Az ZaEYa, 4429 350 (MPF)E 80Hz
oA 70HzEZ 10Hz A= #2d(r}. &, 5229 F
Th Zhavt Az 2] v)s) F=a)A Jehs
SR Foe i FAE AHEH, 2 £50]
4039 o|g w7Ale APHoa gasgert, of F
B Fu571 2719 AAE el wigshe A%
& Bt o|s} AN AL AT BAEHA
ot Azt2el FF4E 603)0] olF dizA] A
PHRog Aslm, o] FHE= F7to] WHEH ] AA

=

.5,

8] Ztaske 248 Reth o2® Fo ME AYL
2 vzol whe Yalo) UM Wash 243 -t
Brge] s 2 2 249 tiAHMetabolic) Wsksh B
o] Sle Ao A2} olg] FHE AN ¥
o @77+ gast,

2. 855 2 50 g YZHUEZ(RMS
Amplitude) 2| 15}

Fzlo] A Al AZo] A Jehd £22 EMGE
Ao g PF#AE(RMS Amplitude)o] W82 243
o] mha} o] R A Wskex] BAY, @ W] e
ol Wgshe SAE AZE gEuE o] 73t
Ztzbe] HHEAZ(RMS Amplitude) S (28 8)ol] EA|
Q. $2329 EMG 352 #3o] 33 24
d& 0.32 mvded, it 0.43 mVE < 0.11
mV A% Z7Fih. 28, ol2d 1 Ee] Fvke F
XA (linear) Z717} ol:, 4433 & Zo] F3+ WHF
(fluctuation)& &4kt Z44 (nonlinear) ¥ €] 2 e}
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AMS ZE (mV)

27 8. o] FXlof| g S22 EMG

3. sFaeet ¥ ik S ] e

o] F7A) 28 NHEA FZo] g Fugst
AE Wz J=E FFser] 93t EEAF
(Normalized Index)Z ol 83ith. o] EEAFE
A% Agcigate] Al Fo8 24E5MVC) Al &
FE 0390 FEAES 7| EA 2 Ut

HAd #94 ZF2MVC) Ale] sR29M 334
A% A59 F7H594(MPF)E 101Hz 3, B3
HZ(RMS)& 1mV ¥t} o] MVC w9] goll g &
W4 2718 Jehlle B3A 52 28E 070
BFAZ Wzt Axe (2 9ol UehA vhe} et
% $22 EMGY #3334 (MPF) € 84 #1%
z}o] wiEEd] wle}l, MVC 9] 100% FTolA 80%
F702 20%A= 4R, FEIEL MVC 19
32% FZNN 42% FE2E 10% B= F7I8IAT.

ajeg, $EA 2 £5d4 ut dehbe 05
o Wglgo] W&o WslEET} 2 A& & & Utk

vHEA 2§ 2o e} FiFdee Aasta A%
& Zrreigleng, Fuidpet A ZAte]dl uhnle) @7}
Agstexg AvEgn. (2l 10L FAFAFE
x-Z, PAANEG y-Zo2 3t xy-HHAA F ¥
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% Alolo] AHBAE vebd Aol 1 Ao 4F B
A2l Uehd vle} o], Fuiel A E Alelo] Fa
AZ AHez Jehrlole F2l7t Aok dEA, &
tEvhesl PR E Alolole HE A wiv| A7 A
#3tix Br) o]y

BAeo gjade] @ HAAddRE Y £EE
1.25m/secE FA1817] $i8te] 3% B<tel 140319 2
E23(stroke) & 7H3 A2 Uit &, HHFHL
2 1.285 Zrlt} 1HE 2§ F:350] dojyirt, ojst 2
& "o} 7 A9 HHEA 28 F&o] 2HE FUF
sre) AR Fo| Fe G (29 114 e
FAsIgt 2o Jehd vhel o], WiEH Z £5%
%59 27] @AM FUFHrY AL Yol F=
g2, v 2 3o] o]k 3l o] o] 2A HA
zalel AE gre] AF AWyl AR & & Aok 2
ol F1& Az A AP S B A Al
ZAE EAX g vadcd, 2 J2 33 net F
e fadtn gEREe Iita & ¢ 3
o}, 22, Aetdst 48 e AAH B8 velhd
#3o] 279 0 A€ ol AR B FA
gk, =, 23 3tae A Ee] FoE Ay
g Z7tA o] Hge] =ajuA| of7] WEUd, ole A
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%% 8% (fluctuation) @4l 711%ct, 28], o] qcln g, a2y, ola@ FUFusg A%
% MPF$} RMS9 85 @] 289 vz og A 25 2AE Az MFGA ] 71 AY =
olgld, Zuj4el AZo A%l AXe £U& L IR eomz HEF 4 FEL M Hxe] AF7t
o] AlF AFez B & UA "ok =2A, MPFS g gz},

RMSY] 85 BAE N2 2k AR it €

Nommalized Index wrt. MVC
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olA7A 28l B ZTAE AEo] e B2 A
7} Psla] AR, o] A4 QYoM a7
TEHE At ¥ F3AH 4 % (isometric
contraction) o] &g RAolct, wtebA], T +5% Al
9] ZAE 59 dlato Hio] A= UAE,
AN G} AT A¥x 2 FH F2A g, Yo 34
S vehle dHEA 2 £5 Al 2A® 4 s
Me 474 vix FHan, A9y 2 L/
wonl vud U A7 AT A9 gle AFelth

B AFdde 0] 34 Al w3 & 508
A% 2 2yt ZHE A3 FLHFAF(MPF) S
RMS 2% ojul g & v A& £33t &
A9} 22 o] FA F2d 2 2HRE SAd W
32 OF d7e A9 AN, By & 350 B
AT R EY 5, 2001)8) 52T € 4429 S0
B AF(18E 5, 1999)904, B 71A] Fa3% Alg
of tidld ¥ Axet FAEHA g Fold A7E 22
& 4= et

o]3E 5(1999)& A9 903 A
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92 3Ad ga $522e FFIA4(MPF)e
199.2Hz9l Al 179.6Hz2 Z 2y 1, 442
199.0Hze A 180.9HzZE 4otz s}, o A%
e, $229 275045+ (MPF)E 100HzM 80HzZ
20Hz A= Zxdgn 4429 FUFA-MPF)E
80HzoA 70HzZ 10Hz A% #23lgithes & 9+
Antehe F0Fe gk 1 HalgelA & Aozt 9l
t}, ol3HE B(1999)°] AR SX = S B A
FA AHEE Fu)o}h o2 o]2lFt Aol& B2l R
&, ZAZ A3 50Hz~150Hz tieo] FAEE o
23 gl Holl H|Fo] & of, 2HEE ZFF of 60Hz
& AAE 98 100Hz ©l’35 3 (High Pass) e &
LAY MPF Al 4H]o] EA417} Qe Aol ohdA]
JEAFT. 3, fAGE BAlde] AFE 5(1997) 9
AP A= A v

979 5(2001)& 554 84 FNFohe Wi
AS AL A3 2 ¥4 w} F3Ft
Zagdn dQqed, 602 ¢ Fi4 Wt
101.3HzAA 98.2HzZ 3.1Hzel £33l o5
512Hz2 MEPg F 0.5% 7319] 2567 tlo[E & o]
£l FFTE 98 Fu¢ A¥EZC2YE MPFE



T8t wetd, 59 £ 512HzE diolE + 2562
2 e 2HzF Fu Belsoldens, +2Hz9] o
a1 Wgle] &8l 3.1Hze W%E #adke AYge=
gl Adle Fe7t )l

¥ d7o] ZHE MPF9 RMS Z2#8 t& d74
29] #3z18 APHo vws) Brle ofHch st
o, ZAT 2 AHgH A3 FFH, 430 HF
(inter-electrode distance), ¥ 94} So| th2n], A
A2l H4d Gel(filter)? M EW &% (sampling
rate) = tt2 3, 239 (smoothing), 1 €% & (moving
average), 2% (integration), FFT & A3 ¥4 2 &
€ W] zjol7h @] wFolch. o[y AFAEwItt
M2 oe wyo] Aggeay, 2 dojee 43
v g @A 3, &F WY e Bt 282
2, 24% B8 479 1848 o7l HddMe B2
3tg o] ALg-Eolof & Rolct, HZde vFFH #
ol SAE BA 3 T2 A= FHEA &
3t Aol AEHT glon o= P=o A4S P
pii=

EHATE o] 83 ZAE SH A thga)h 2 A
& wtEA] ARk Bt AA, HE FH ol AHEEHe
Zu49H (frequency filter) = A% 43 F 10Hz
ol 4] 350Hz Atole] RS AABIA| gholok it} F,
Hage B3 o] 10~350 Hzd HFEHBP:
Band Pass) 9E & AREstAW, 10Hz ol &9 o)
E3}H(HP: High Pass) ¥E19} 350Hz ol4 9] °l3t
Z3H(LP: Low Pass) BE & AMg-3loof 3t} o8 &
W, 20Hz-HP Y 300Hz-LP 5& AM-3}A] Tz, Al
o} 5Hz-HP v} 500Hz-LP & Ah&3loiof &tk &
A, AZ8 5% (sampling rate)= H-E-d HE7t 53
A7l HnFuse 2 u) oo g dool s,
700Hz °l&te] AEY&Ee AHE & goh &, 53
thge] 10Hz~500HzQ) e E=HBP) BHE AHE-
A4l #H4 1,000Hz o422 AEYsleiof ot
23 N57t e HaFuge] 2uld sldste 45T
Z94=Z Nyquist Rate °]g} k=l o]31& L& A%
o] 7189 H2ge] 70| S fFoln], AA L&
Aaixe 4ul WA 108]9] B FoGE ARG
Hol] Fr}, ofy]o)] AAIG F 71A] dH L ZHE FH
glo] Hage] 7|3 2ol o] G Y7 T AAAE
TAE #A 47 Bol #AH L Je LF/E AT
nya zqd £ 91& Aok, watA, Journal of
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Electromyography and Kinesiology #& A& 0|2
3 Q3o s = FUANTIA & o

Adle] Aol BENag @ 2FEA S 2E &
AE7} Bo] o]gHn YSAE BFdtn &3 A5
289l A27 A L A3A g gt ZH= A
F9] EAo| ti2A Uehd & e &3 ti olalvt
Z3 Hoth. &, 2AE FHA 5 T T84
A 7] (common mode rejection) & 18} AHEE= At
Z X (differential amplification)2 HP E& A&
& T2 Wl whdd|, 5 A3 Alel9] AT Az
29| 54 5& LP FE9 7S Uz Y&z fo
glof gt

A9 AFEC] THA F&ol FFAA 2 53
& o83 A ol Wiy AAY Vze I
BAo] grh. $HA F50] opd A FHMe T A
fo] Aol7l Watmz A AR A E deeid
Bat A Alole] AT ol T AR Holof
A Wglsjojo} gt AMA R FF F&d Uld o]
#8278 BEAF7)E od. A, F3d 24
T A59] ek A (stability) ol BAHA e, olel@
23 $2o TAHE AEF ALY g A3 WY
A (nonstationarity) & 4%l 52 A} ez F8
of & Zlolct, sukald, 7189 AR A3 F4d A
L5 g syo] Als9] A ke Fu
ol7] wgolct g B, B 479 FoF E44dx=
A14-9 v} 91 FFT(Fast Fourier Transform) 7%
v A AAA AZdE o] §-8l7] 2EUZE 71 e]7] wEoct,

ZAE AlFel vH A4 (nonstationarity) o] A7}
i ASdde dolBal M (wavelet transform)olyt
SAIzE FE] o d3(short-time Fourier transform)#

2 A|Z-Z3+4 7] (time—frequency methods)&
Hgahe Aol Eohm LAl gioh. & dF Ao Ug
¢ 221395 (MPF) & 3#AE(RMS)8 2534
(fluctuation)o] & 29 EAo] ¥t d o] ope}
ol Az HF A A& AY = e, °o] &
A& FH3] M e dxe 714 A7t gast
22 B Apda s AEE FHslth

Fa)o] FA3} go] 252] F3F FFo] NHEEHE 7
Lo el 2AE NFE A L3)d= sl Ao &
o Aol Fol glrt. AY dlitAle] mat ngd 2
S% 2 30 52 AAe uls GEiA, A7
02 ZAE BAXNE A4 gz} ol 2 Bt e
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Aoz veiyth Y3018 3T o $RIE ¥ol 2
€ 253 4 o] 2& 1§l AU, 7 &9
Ze ¥3) ez ge zlolst i wetM, dY
gz ARE dgez 2Ax A3 54AE B4
A srle] A, AQEE "o} Fxo BE ZHE
549 Wisks EMsted 3 & FUH

o, ok
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