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ABSTRACT

The purpose of this study is to investigate the stationarity of the electromyographic signal in various flexion angles, loads,
and window sizes, which influence the result of the mean power frequency (MPF) and median frequency (MNF) analysis.
Six healthy subjects participated in the experiment. They were tested in the combination of 3-level flexion angles (O degree,
22.5 degree, 45 degree) and 3-level loads (ONm, 30Nm, 60Nm). Electromyographic data were collected for 20 seconds
during isometric contraction. The stationarity of collected data were analyzed with four different window sizes including
250, 500, 1000 and 2000ms. Two test methods for stationarity such as Reverse Arrangements Test and Modified Reverse
Arrangements Test were used. In order to show the effect of nonstationarity, the increasing/decreasing trend of MPF and
MNF trend were discussed. In results, the stationarity of the electromyographic signal decreased as flexion angle increased
and load decreased while window size decreased based on Reverse Arrangements Test. The highest stationarity was shown
at 500 ms window in Modified Reverse Arrangements Test. The inclination of MNF and MPF indicated 3.6-6.3%, 3.8-

5.1% discrepancy compared to the result from stationary data.
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184 AEN-UFE PNEIND N
AEE Tt (Petrofsky, 1979; Horita and Ishiko, B 1. AEEIIXIS QM HZXIE

1987; Perry et al., 2001; Beck et al., 2004; Coburn et al., o] (Al) 7] (cm) 23 (ka)
2005). oleleh Fejol WAL BAHE A5} g Holo] = e 10 05

of gtk 7H& 73 Qi A159] 873 (stationarity) wva) 19 35 55

& BAEE AS Yol B, 24k, T Wt vEr

WA gk AE oueith. Jeiv dhRe] AellaE A

H Ase] digk A5 gge A noks w22 A3

£ Al57F g Aolek= 7 stell A8 AL Qith(Blanco

et al,, 1995; Oppenheim and Schafer, 1999). Polikar SE 75 skl sge H *Fs AAs] Slst
(1999) = BAE= A7} v|ekgFo)w Eajo] wske A} o ¥ 17 2 isometric trunk exertion frame

Sk AskA] 7] vl =
o] eHgAE nAst ot gl

Inbar 2} Noujaim (1984)2 5343 Z31oA] $1ZF24=
2 olgste] 2o kA HAEE St AF Ay
50% MVCellX 122 9% A71= 5 g oA vt 2
29 95 A71E B kg o2 HrhE itk Bilodeau
etal. (1997)2 T2 oA 2Fad, s
o1 g516] 20%, 40%, 60%, 80% MVCollH A50] FgdS
HAE gty 1 Ad, A3 dide] 92%7} /Fg730] itk
1 $EE T} Kim et al. (2005) = autoregressive model
9] RIS nlwshs el dE & Al HdS
HAE 19t 183k, 15, 30, 45, 60, 75% MVCY &
g 270 A% 94.55%7F ¢ AE 2 H7hE ek
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TH QQlo® Zgepy] wiitel S FFsHA s o
29 4552 A$HeFAtH(McGill and Norman, 1986). 1]
7]+ NIOSH lifting guideline®ll A #|QFskar 1= RWL
9] load constant®! 23kg= 7|22 50%F3 100%
FEoE AMEEIITH Waters et al,, 1994). T &
A A5 HIRPEA BlE (= Bk 7] A% g A
A QLS M) S AHESIATE B3t 2159 Aol T3t
g A Ayl v JEE H7FE] 2@ MNF (median
frequency) trend, MPF (mean power frequency) trend

o] 71e7]st BEE ARSI

g A Al ofst ztekst M E Aeta, 3
g 2o FAEE F&s7] flste] #F3xEw A (skin
preparation) & 311, HFAELe] A=& 221 ¥, I[TEF
of ©hks] IAFAIZTE WA FHAA A 942 §E
3 E2e] 42 MVC (maximum voluntary contraction) &
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THE A5 P S8 flste] AR Als #
A ool A o] AFE-E 31 QlE reverse arrangements
test?} modified reverse arrangements testE AFE-3}S)
t}(Siegel and Castellan, 1988). Z} A13.2] B|¢HgAl & &
Al 250 AES el digk vl 77k R
AlRrskA T,

THE A5 PgAdo] Fulkr A Aol nx= YT
< vlwal7] $18k9d median frequency (MNF) trend, mean
power frequency (MPF) trend& #23}itt. 2} trendell
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3. A+ A1}
3.1 ZHE AMEo| oYy "It

53] 53 ZE(F: flexion angle), 32 7] (L: load),
AL I7)1(W: window size) ol whe} AR vy A 9]
H]&-S o] gslo] BAHEAS AASIGITE ® 2% reverse

arrangements test®} modified reverse arrangements

testg AAIste] 42 A5 H]RPYA H]Eol gt Ak
A Aag vERd Flojtt

Reverse arrangements testS ARE-3lo] AxtE Aol
Ae BE 209G 74, 3o 27], 4" 9= 2
7N nsZgoA FARCE Kok Apo|7t e
Modified reverse arrangements testS AR&-3lo] AAE
Ao = AEg 7] 29l thafAvt EAHCR #9
sk xto]7} yeRgth 22 HlolElE o] &3to] 2159 YA
ArE BFARE B2 ) Fel webA Alse vk
o] vl Eef digt kA At AE ohE2A] ek

H 2. Reverse arrangements test(RAT) 2} modified reverse
arrangements test(MRAT) S AFZ235IS o,
HIeHFdd H[E0] ciet =4kEA Z2

=

p—value

Source

RAT MRAT
Window size 0.001" 0.010°
Load 0.021 0.407
Flexion 0.016 0.130
Load X Flexion 0.001™ 0.646
Load X Widow size 0.005™ 0.562
Flexion X Window size 0.001™ 0.185
Load x Flexion X Window size 0.001™ 0.525

#p<0.05, *#p<0.01

3.1.1 Reverse arrangements test

Reverse arrangements test® ARg-3lo] £2] do]g]
T PAAE AR E W, AE 2elA se] FSel
e FaAoR 192 vekgd 73ks ddsiich 19
2@+ SAHSE Fos AE YERA T2l st
HRFY Hl&ol tfgt 8 A3E vehd TgzZolth

Y=$ 7]+ 250ms, 500ms, 1000ms, 2000ms 2.
2 %S 2717 ARl whet vy ] vl Eo] wkoprt
53] 250ms Y=g 7| AAM= o e 945 A7) vl
3te] nIPgAd e vlgo] wl%- =3kt 98] =7]= ONmell
Haf @3] 39 o] ¥ 30Nm, 60Nm F<=ol|A H]
QPgAo] skokth w3l 2wy 0%, 22.5%¢] Hdl] 4550
A1 BPg ol A vER T
3.1.2 Modified reverse arrangements test

Modified Reverse arrangements test® AF-3F 2 3}o]
AME Ao R oF 12%9] vIFYAo] ekt 17 2
()= Tl tigt 5 v e n&s vehd A

oltk,



186 AGA-2UFE KEABIES
B% | B% |- B |
]
T 6% | 6% | 6% |-
_0_|
il
4% | 4% S
)
g—,J % | I 2% Z AN
0% '_T_' 0% 0% ’_L‘
0 225 45 0 30 60 250 500 1000 2000
TE ZE (degree) 2L 27| (Nm) AER 37| (ms)
(a)
30% | 30% 30% |
i
g 0% | 0% | 0% L
|'1_
&j 1% | 10% 10% ’—]—‘ ’_]_‘
0% 0% 0%
0 225 45 0 30 £0 250 500 1000 2000
28 ZE (degree) 8 37| (Nm) =2 37| (ms)
(b)
J% 2. 28 2z, gol 37|, A= 3|0 WE AT MSO| HIQFEAMO| Hg
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. ”j] 8] 322 M Qx| Hlm
SHA YRt Wb, 2000ms 9159 7)ol w]eg g 2
Hlgo] w9 =7 vehgt) 99 27] F 500ms Y% 718 3(b)= MNF trend, MPF trendolld B]eHY 4215 9]
A7 7P vIkbg/3 4] vlEo] Wkt 39 A7+ F AR g Al%o] Adg vwste] exkE YERd Aot
ARew out gl Uehaa, #9 ZAms wergdel kg A%k okl A5 wmele] A% ekl S,
Hlgo] AR R FosA= AT 13 2%t A H|HY Als = ok 2159 nwstel MNF, MPF trend 2]
we} viekg/do] At AES YERITH Aol HaAo=r 1Hz nvke] exkE Yehfa ISich
B Y A5} vy 5o dd ghelle AHol7t
3.2 ol 2AM A ojxl= gt =5 ¢ T AUk
A5 9 A AFE o] gste] Y AT (M
F3bo] AAT AF) 9 weky A (1l9rg ko] T3 4. E 9
A3) 5 FZ339 22l tidk MNF trend, MPF trend
B BEsty, FARAS o83t 7t trend? 7€V A
AL Axsgict SHE ABE olgdtel Tk BHL ¥ ul BAHE
; AR A= HAwHe] oFsk QYA (weakly stationar
3.2.1 7187| 2 HlE gl et | Y Yy
or wide sense stationary) 2] A4 7FA a1 Qlojof st}

719 3(a)+= MNF trend, MPF trendol|A4] H]eHy A5 9]
71€719 oFd Al5ol 71875 vluste] eAE yERd
Zolt} vlerd As= by A5 e}l vlwste] MNFS] 7%
3.6~6.3%2] 227} VR, MPFO] 79, 3.8~5. 1%4
227} Yebgth MNFE= 500ms 5% =17]0)4, MPF+=
500ms, 2000ms A= Z7]ollA @27} AA Yepsit),

(Popivanov and Todorov, 1986; Shankar et al., 1989).
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