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333 dolEd HE

3331 &% ol W

+ + +
<HAz>
|
'GUJ E g >
= b
£ ?rT
o,
=] I\ ; 8 >
< 3 I
Frequency T Vv
< Foel e Time
<STFT wg>
=y
[#]
=
LE
=]
o
b
i
LT_' Ili
Time
<dloj2e HE
% 34 lolng Mare] 54

f
2
b
i
o
A

=4 Frglel] W3ke] WS Heksto] s A -F I F 1t
S YEtH & Aol fojB gl wgtolth (19 34).

dolmzd WL dojBdl  wIF Y (t)EFEH 4575 (contraction
coefficient) ‘a’®} o] A4 (transition coefficient) B’'E TAE 49 F3HA o]
H, okl 2 (35)¢k #Zol AoHEH. dFAlge delrde AViE WEAT=

[e=]
S

ot

tH, o Aol sidets Az Aes FEstaL do] Ags dolE

ol

KN
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el

9 WEA slolnd FFE A

~(3.5)

a = al’ a2 ceeteeenes
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jdt
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dolr g W3l 18 353 o] BAG A = AT f(H)E GE=ASF ‘@
of wel Z7)7F Wstete dlo] Bl o] 8ate] AlTolA glejB e Ao &
Fotes AES Egdte] A-Fu" F3bel FAIRT gSAS avh 1RY
a9 delrd A7l AAA FFEARE e, HdE 1R 2o g o]

Be] 27 el AN AFENE eI

3.3.32 do|Bd WA AT B4

golnel WMee A% golnd W FA Y AL o]FE A A 9
OBy o] & o2t ol WMke] gtk AF Aw dolngle vy 2
o] H¢ A},

V= 2j/21/1(2jt—k),JE T,k © Z e (37)

dooz wAH oz A

defel G A, A e A AAA S vE 2ok

k=+

¢];/c(t) = 92i+1/2 Emh(k)¢(2j+ y ) e (3.8)

k=— oo
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21 BN A AlF h(k) 49l @Al o9l ddowm FHE Tt A o=
2 LAl = (scaling  coefficient) H= ¥ A 5= (dilation coefficient)gk3l  ghr}, 2

B89 F4 (D9t WAL e 2o FolH)

k=+ o

< ¢i(t), f = N h(k) < (U= k), (1) > e (3.9)

k=— o

2 (390 ALt e] WAHS A S (approximation coefficient) 2} 3}

3 olglsl 2ol Aejwry,

Cj,k:< f(t), ¢]k> — Zh +1k ............................................................ (3.10)

4 3100l dmstE Ae A9 GgelA el FAARE AF Anel o5 3
9 e FAASe Hgol = AL v

g AA vstel T 2ol AolnUe Feolstu

N
olr
_O|L
"

¢(j’])( ) — 2//2¢ (2]t_ )7 Gk € Z e s (3.11)
k=+ oo )

wj,k( )= i+ 1/2 Z g(k (21+ [ F) e (3.12)
k=— oo

71 A glk)= dlol Bl A4 (wavelet coefficient)e]t}. &4 f(t)¢F 2 (3.12)9]
Wae o5 2}

n =+ oo

< @[ijk(t) E g(k) < ¢ 2]+1t F), f(£) > oo (3.13)

n=— co
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FatA Ho AFE AY9y DYFeR yE u DYIGL nFagdd Az
A A AFagde Ase sigsts ARE 7FA L AvH28]

3.3.3.3 Aol 22 HA

ol B & I (wavelet packet)S AWkl 9ol B 2l t}h
T3 oA nFu e BFE st UyoR nFad oo w4
o A7 a7 E ok fF&3% dagFelr. B =
S AR AR delBd AR S ARGt dRtA o R gojr
1 Aa SJolB s AFRSE o A AT 5 AvH29]. o 71A
H gn)¥ dolBl HE h(n)e A7IE 2N&E 3tdth Ao &3k W,
Wy, o1 & Th3t 2ol A9 a3ith

2

>4
e
o,
i)

2N—1

Wy, (z \/2 Z h(k T S (3.15)
_2N—1

Wo o1 (7)) = /2 Z GUEY W, (20— k) woeereeeesssssssssssssssnsisssi (3.16)
k=0

A7 Wy(z) = ¢(z), Wi(z)=1v(z)°lL ¢(z)h)(2)
oo} slomal ol

a9 372 dlolrgl sFle] WMEst= Aol Bl FE(root)d]
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Vip ’—l Via T
[ V‘;.o’l [ Vo [ V‘;z [ V2,31
Vaol [Vaal |Vsa| [Vaal Vaal [Vas) |[Vasl |Vaz

Vo,o = Vl,o + Vs,4 +

a9 37 feolB

A

3.3.3.4 Daubechies Wavelet db4

VistVietVa,

A7 Fa Ee

A=}
RN

gt RE AL

1 2 3 4 5 6 7T

(d

2% 3.8 Daubechies Wavelet db4

(a) =2ALH
(c) low pass =3lZ€H (d
Daubechies fllelB. e ~ALY T ¢
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m

b(t) = \/§Zh(k)¢(2t— Fo) seeeeesseeenss
%
¢(t) — \/§Zg(k)¢(2t— k) ............................................................................... (3.18)
%
2 golreloR dbdE AME 3= dbde] ALY ASE te 2o
1+/3 3 -3 1—
hoz—\z’ h1:3+\z3,h2=3 \13’ = \13 .......................... (3.19)
44/2 4/2 44/2 44/2
db494 ‘?ﬂ O]E_E‘ﬂﬁ]—?vt—‘— g0:h3, gl - hQ, gQZhlg’]' 93 - hoi E?ﬂ_%rj{'
Daubechies D49 =AL=® 3+ ¢ (i) dolB I (i) 3 2ol
e At
¢(Z) — hOS%—F h182i+1 + h282i+2+ h382l-+3 ........................................................ (3.20)
¢(Z) — 9082i+ 9152i+1+ 92’52i+2+ S g T e (321)
#y Foe 2Ede] 488 482 A 4 AR NEE dony
3f 71 9] Daubechies Wavelet db4(52) €lle]B gl WMEE o] &3t HE ~A U
el AlZb-F34 JgeAe] WEE AHEgt. 2H2E EAS f8 549
SRR ASE 3209 FIg 99E e HAG25H) &R el sd F
S5 dgel od 4 £EF/E dolnd Nage Adsel IS A3
Aot =3 2 2y 2% 22499 02 Daubechies 4(52F)E A&3lo] HlolE &
FUW (A9 FREE Ve SAE ABE BG4S ol gt AT Fu
_ 28 _



Ao wat 7+ SFFVEE gojud RMS < FHste] dloj2d RMS =7]%
I} &5 35 dgk glolP el RMS#9 AAI=E AW gk

3.4 FAEA

AL RRE A& g9 4 g SPSS B A 11.05 Algsdow, 4

3 FHEA S FrolFE a < 0052 AP FadAe] Ari= ZRAs rol

A71el A g ek y' = 7z zo} yo Wagkelth VAT re 13 +1 Aol
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85 x  40kg

< 5H0kg

& 60ke

BO ¥ EULAX X XX — - -4 (60kg)
----Ad (50ks)

* —— A3 (40ka)

58

SR, ¥ = —0.49x + 616
NEe? * R2 = 0.78
50 Pty .

AN a o
& ﬂ\_ Tt @ 3

[Hz]

45

= -0.89x + 55.4 y = —0.73x + 56.6
0 Y RZ = ;.54 RZ = 0.86

35

30

0 5 10 15 20 25 30 35 40

SETIF 71E7]d A, TEFIFT
o8 o] (p<0.05)E HolA &3S uw NS(not significantly different than
zero)= Aolskth. 40, 50, 60kge] F-stell wiste]l TdFIo V12 v]= A2t
-0.41, -0.64, -087%, 317} F7bgtel wet 71717 ° ARES & 5 AU
40, 50, 60kg®] H-stell A ST Wt 1399 @1 T 22 85%,
85%, 92%7t Hadhs AFS BAT. 27 FIFISE 40ked TS MRS
o Wyt 61.2Hz o™ 50kg, 60kgel dtFS 7hIlS wWwt WA OoE 39Hz
26Hz =%THE 4.1).

_,_,
Mo
offt
rII.
Je
ol
i
=2
=
:Oni_‘,
0%
i
Y
X
N
=

o

73 27l T4FHF TETFIET 1€Y1 7127 B

(kg) (Hz) (Hz/cycle) + NS -
40 61.2+23 -0.41104 0% 15% 85%
50 57.3+19 -0.64+0.8 0% 15% 85%
60 58.6+20 -0.87£1.1 0% 8% 92%

NS: not significantly different than zero
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g delB JAage] 71 &7]E o8t SIEE £
7 43% Aol ARl diske] 40, 50, 60kge] skl sl =7
Aol gojr gl wMgtolv], AFt oA AL (0~188H2 7t SIS & F 3
o dtgel S7bEEE A WA 719 delndl vAage SIS 49 &
o, 7k F-sfel gk £
W fAREAl Tk o] mA20 M9 o] 63~125HzY W Z7] W= el 2

)8 e B A FW Fne 9YoR 258 gads A 5L 9

A

8
ry
N
H

do

JolB o] vazke 9 AlFo 3t

o, o] Ae dlolual Wkl AZ-Fus dow AW wEolth 7

of gk delu e FAge] 7] &7]= 0~188Hze| T35 oA 50kgd = 7}

e
ol
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N
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olN
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i
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rE
2
o
1o o
olN
~
QL
38
o
)
—_
0
7
A
o)
30
T
N
1o
o
18
=2
-
rir
o
[N
QL

°of NS E IAHA F 84% ool Frtstdom
375~468HzA ol o] o] Ao= 92% o) d(40kgQl A5 62%)°] HAaghs &4l

¥ % QATHE 42).
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=2}
=}

=
S

20

Amplitude [u¥]

Amplitude [Hz)

Amplitude [uV]

@, 719
q”#r?] 506

(c)
a9 4.3 7k Fale] gigk goj= g Mgk

(a) 40kg, (b) 50kg, (c) 60kg
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42 F35 G WE 7] dolBde Azt E Azt 71E7]
Tk FIge 99 27 # 7] 7] 71&7)
(kg) (Hz) (uv) (uV/eycle) + NS -
0 - 63 296+ 126 0.62 £0.62 92% 0% 8%
63 - 125 476 £ 184 0.80 + 0.86 85% 15% 0%
125 - 188 352 +118 0.28 +£0.44 85% 0% 15%
40 188 - 250 218+ 92 -0.01+0.11 31% 23% 46%
250 - 313 121+ 67 -0.02+0.09 23% 38% 39%
313 - 375 171+ 86 -0.03 +£0.13 15% 39% 46%
375 - 438 58+ 37 -0.05%0.08 7% 31% 62%
0-63 319 = 147 0.76 £ 0.66 92% 0% 8%
63 - 125 475+ 156 1.13 £0.99 85% 15% 0%
125 - 188 34.8 £ 11,0 0.42 £0.47 69%% 23% 8%
50 188 - 250 201+ 83 0.06 £ 0.25 4696 23% 31%
250 - 313 123+ 63 -0.02=x0.15 23% 23% 54%
313 - 375 169+ 78 -0.01 £0.17 8% 46% 46%
375 - 438 57+ 37 -0.07+0.07 8% 0% 92%
0-63 33.0 £ 13.1 0.88 £ 0.89 849 8% 8%
63 - 125 50.4 £ 18.6 1.25+1.31 84% 8% 8%
125 - 188 384 £ 155 0.31 £0.86 69%% 8% 23%
60 188 - 250 232+ 135 -0.06 £0.52 23% 31% 46%
250 - 313 143+ 11.3 -0.13 +£0.50 15% 39% 46%
313 - 375 196 + 1477 -0.11 £0.60 31% 31% 38%
375 - 438 69+ 64 -013+0.21 0% 8% 92%

NS: not significantly different than zero
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4.2.2 dol B9 RMS# &4
dolB o] RMSg2 dA7 Fub HAox Uy S4: AsE 7 &%
&

718y RMS#HS T3t A A RMSeF & 3k glo]l B8l RMS

o
4 o gk w3 Al st
o] @F&Fd dgte] EFER deolBg WiE RMSge dEbd ghelth
99 (0~188Hz)2 2l&7F F7kstal an

a9 (188~375Hz) 9] A&+ fidts ¢S #2T 5 Juh
i 438 FaEd g W x7] delBdle] RMS @ % 778 vEd A
ojtt. slojB o] RMSgL #412 dlejuele] w=aghe] BA FAsA Fih
Fol 63~125HzY wf @lolrale] Ay 71&77F 7bd A dEskt flol
Bl x7] MAge 8 atFol Sk wet 7+ g9l el Frtele A
S vetWor golrgle] RMS#e 71271 0~188Hze 9 dolA 50kge] &%
S FE W 71717 b =ZA dErgh &% WR3ls S48 0~
188Hz®] Fa F99] Ase 71&719 WaFe] Ay or Frhetal ot 188~
468Hz9] GelM = asts 2 AT 5 Ak 53] A= 70% o] o]

9] WFo] Frtskslen, 375~

NN
rir
jukss
Lo

N

468HzAtel 9] g el A= 92%0] 4ol 745t
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Cycle Number
(a)

469

“nzecae-T

IHz]

£l 10 15 20 25
Cycle Number

(b)

<azecae-T

[Hz]

94 ' m
0
] 10 15

Cycle Number

(c)
% 44 7 FEke gigk dlelHgle] RMS gk
(a) 40kg, (b) 50kg, (c) 60kg
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==

43 Fag G0 wE x7] delBde] RMS # % 71271

s T s 7147) 1E7
a9

(kg) (uV) (uV/cycle) + NS -
(Hz)

0-63 314+ 11.2 049 £057  T7% 15% 8%

63 - 125 476+ 174 073 £128 77% 15% 8%

125 - 188 34.8 £ 12.7 023 £058  54% 31% 15%

40 188 - 250 246+ 103 -0.07+017 0% 31% 69%
250 - 313 140+ 74 -002+012 23% 8% 69%

313 - 375 181+ 84 -006+014 8% 15% T1%
375 - 438 76+ 37 -011+£010 0% 0% 100%

0-63 347+ 119 0.89£0.85 92% 8% 0%

63 - 125 54.3 £ 17.7 1.35+1.79  100% 0% 0%

125 - 188 37.8 £ 14.3 050082  77% 23% 0%

S0 188 - 250 25.,7+109 -0.05+029 15% 23% 62%
250 - 313 147+ 72 0.00£0.20 31% 31% 38%

313 - 375 189+ 82 -002+£020 23% 15% 62%
375 — 438 82+ 39 -018+015 0% 8% 92%

0-63 36.0 £ 126 054 +£083 77% 0% 23%

63 - 125 54.6 £ 189 072 +£149  70% 0% 30%

125 - 188 37.0£ 129 023 +£1.08 62% 8% 31%

60 188 - 250 26,7+ 109 -014+048 31% 0% 69%
250 - 313 150+ 79 -010+029 23% 31% 46%

313 - 375 192+ 89 -005+£030 23% 23% 4%
375 — 438 9.8+ 57 -028+021 0% 0% 100%

NS: not significantly different than zero
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431 TLFI5e dolBd e A FHAAA Y

TYFIe dolmdl vAgke] ARuAE Fa7b 40, 50, 60kg Du 0~
188Hz Atel9] QoA v gzte] giffe] ()9 AAAAES BIYom 183~
375Hz Atole] @oellM = F(H)ok (o) & W AdadAE B 53] 40,
50kg & uwf 0~125HzAMelo] dedelA 139 2] I HAZF 85%0] el &(-)9] F#
HAE Bgon, AT delngl vAagtel sl frod FRBAE B
tHp<0.05). #3171 60kg © 0~63HzAtolol F oA AR F 85% o]do] &
()] ABAAE BAow, FdFH5e gl Fagtel dis] folg
AE BHATHP<0.05). oFell & 44904 ZF 3tFel sl 0~63, 63~125HzAFo] <] 2

= AAHA ARAFTE 2 499 Ao vE] A 0~125Hz9 AlSeA B

5
o 2 Aa#AE AL AdS5S & 7 AT Z sk Fhel A= 40kg, 50kgel

(N=13)
e
Hz
40kg 50kg 60kg
0 - 63 -0.64 + 0.11° -0.68 + 0.17 -0.40 = 048
63 - 125 -059 + 0.12 -0.56 + 0.13" -0.43 + 0.35"
125 - 188 -0.11 + 0.18 -0.12 + 0.29 0.01 = 0.31
188 - 250 -0.01 + 0.23 -0.06 + 0.22 0.17 £ 0.36
250 - 313 0.11 £ 0.25 0.01 £ 0.23 0.13 = 0.26
313 - 375 0.13 £ 0.22 0.01 £ 0.23 0.10 £ 0.28
375 - 438 0.14 + 0.30 0.17 £ 0.17 021 = 0.25
“p < 0.05



432 TGF I dolBF 9 RMSHS FHAA LY

TGT e dlojB el RMS#e d#d#AE Fah7t 40, 50, 60kg dw 0~
125Hz®] g <ollA I 2ke] iitEe] &(-) AE BHom 125~375Hz]
FAol e Fdztel wel F(+) e () FHBAE 27 mAth 53] 40, 50,
60kg 2wl 0~125Hz2] G oA FAPAZF 70%0]4d0] ()9 FRAAS BIo
M (p<0.01), =455 dlolBale] RMSEol tal 93 AaaAS B
(p<0.01). of&l & 45004 aaA AFAFE ohE G99 Al vl& 0~63,
63~125Hz° 21357} Zb atsol disf ot& 499 s By 2A vehd A

1o
oz
s
i

17t Bee & & Atk 7 E7rel 44 ASE kg, S0kgol M8l 60kgd
w oo s vhe A7 | wre Ae o 5 At

(N=13)
e o
Hz
40kg 50kg 60kg

0 - 63 -0.72 £ 0.107 -0.73 + 0.13™ -0.57 + 0.38"
63 - 125 -0.71 £ 0.117 -0.69 = 0.20" -0.55 £ 0.36™
125 - 188 -0.06 + 0.33 -0.10 + 0.38 -0.08 + 0.40
188 - 250 012 + 0.26 0.02 £ 0.32 0.10 + 0.37
250 - 313 0.26 £ 0.29 011 = 0.32 0.06 £ 0.33
313 - 375 0.22 £ 0.34 0.10 £ 0.40 0.08 + 0.37
375 - 438 0.28 + 0.33 0.31 £ 033 018 + 041

“p < 0.05 T p <001



433 dolE A9 ¥ A dolBH 2 RMS#HS FHEH

dojrele]l F=gky glolB e RMS#He A#adAE R 5o 40, 50,
60kg wl 0~438HzAlol ol oA 139 e AR F 92%7F % (+)e] A7

TGT et dol2de] RMSgtel Wi voj Aol 40kg, 50kg,

60kgd Wl RE GG F3 ABAAZ 7FHHDP<0.05). oF F 46904 A
A

ek dolnele] Waghyt glolnale] RMSe] AewAE FdFash gon
gl #lzzk 2 dlolmele] RMSEe Andeks 2e A wee
ol A = gkeh,

% 46 Aolrngle] ¥ gkat flolnale] RMS@e] A

(N=13)
wa a3
Hz
40kg 50kg 60kg
0-63 0.82 + 0.117 0.81 + 0.09™ 0.80 + 0.10™
63 - 125 0.82 + 0.07" 0.82 + 0.07" 0.79 + 0.10™
125 - 188 0.67 £ 0117 0.74 £ 0.12" 067 £ 0.16™
188 - 250 0.67 £ 0.10” 067 £ 0.12" 064 £ 0.16"
250 - 313 0.69 £ 0.12" 061 £ 0117 069 £ 0.10"
313 - 375 0.65 = 0.18" 0.75 + 0.09™ 0.74 = 0.10"
375 - 438 0.65 + 0.12" 0.69 + 0.08" 0.68 + 0.12"

“p < 0.05 7 p <001
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ABSTRACT

Muscle Fatigue Analysis
by Median Frequency and Wavelet Transform

During Lumbar Extension Exercises

Jang Keun
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

An lumbar extension exercise system creating only lumbar motion was
developed in the present study. This system consists of mechanical devices, a
part of data acquisition and transmission, and data display and save.

Thirteen healthy volunteers performed lumbar extension exercises at 48°/s,
loaded by 40, 50, 60kg(about 44, 55, 66% of maximum voluntary contraction)
using the developed system. During the whole period of exercises,
electromyographic (EMG) signal was measured in the erector spinae muscle in
order to determine muscle fatigue. Using the wavelet transform, EMG signal
was separated by various frequency ranges in the time—frequency domain, and
muscle fatigue was analyzed, comparing with the results based on the median
frequency (MDF).

MDF shifted toward lower frequency ranges with muscle fatigue, showing a
single characteristic frequency. On the other hand, the wavelet transform of

EMG signals showed that power amplitudes increased in lower frequency
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ranges(0-125Hz), but decreased or remained constant in higher frequency
ranges(375-468Hz). This study reveals that muscle fatigue during dynamic

movements can be better explained by wavelet analysis.

Key words : lumbar extension exercise, electromyography, fatigue, median

frequency , wavelet transform
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