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ABSTRACT 

Feature extraction method based on frequency domain such as median frequency 

(MDF) and mean frequency (MNF) is useful method for assessing muscle fatigue. However, 

performance of frequency domain features in muscle force detection is a drawback, especially in 

dynamic muscle contraction. Thus, the purpose of this thesis is to improve frequency features for 

determining muscle fatigue, muscle force and joint angle or muscle length from biceps brachii 

(BB) muscle and detecting three types of EMG signals including rest state, low level and high 

level of maximum voluntary contraction (MVC). There are three issues of research are 

investigated in this thesis. Firstly, this thesis used a sliding window analysis for extracting the 

MDF and MNF features, which are called time dependent MDF and MNF (TD-MDF and TD

MNF) for determining muscle force during dynamic muscle contraction. The results showed that 

the inversely proportional relationship between features and muscle force was found in the middle 

of movement duration. The proportional relationship between features and muscle force was 

found in the beginning and end durations of movement. Secondly, this thesis nonnalizes EMG 

amplitude within the interval 1 to -1 before calculating MNF and compares with the MNF feature 

calculated from raw EMG data. Correlation analysis was applied to detect the linear relationship 

between MNF and joint angle. The results showed that MNF increases as joint angle increases in 

most subjects both raw data and normalized data. The average correlation coefficient (r) is 0.81 

and 0.92 for raw data and normalized data respectively. Therefore, normalization of EMG 

amplitude increases the linear relationship between MNF and joint angle. Finally, the probability 

density function (pdf) of EMG signal and the measurement of the non-Gaussianity of EMG signal 

are used for detecting EMG signal at rest state, low level and high level of MVC. The results 

showed that pdf of signal depends on level of MVC. The density shape of EMG signal at rest 
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state is highly Gaussian. As the result, kurtosis and negentropy values are close to zero. On the 

other hand, the density shape of EMG signal is gradually changed laplacian or super-Gaussian at 

low level of MVC and tends toward Gaussian as force level increases. Therefore, kurtosis and 

negentropy values decrease as the MVCs increase. 

Keywords: EMG feature extraction method, muscle fatigue, muscle force, joint angle 
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0 Q.l q Q, Q.J 

I 

"" 1J'YI'YI 1 

1.1 fi1Ultflfltymi~'Yittl'll~.:~m~1'il~ 
,; 

"' IILI~I 9) "' "' {1'tyty1tl! nn''l1flCillJ!'WeJ (Electromyography (EMG) signal 'M'Jel Myoelectric 
' ,; ' 

signal) !~mrtyty1tl! vhnl'l'il1flfll'J'I11'1!lrt~'fHI1CJI'l1'UeJ'Ifl~1ll!i'l mm.1 9'f'Jmlll'J tl'JI'I 1~ 'il1fl 

"' ~ li "' II] 9) 9) li "' ~ "''1 0 

B!rlfl !'Yl'JI'I'lfWI'I'I"''W~h (Surface electrode) {1'tyty1tl! !vlVl1flCillJ!'WeJll1h~ !CJ'lf'W !'Wfll'J'W1lll 

1h~ CJfl~l i'! 'W '11'W ~1'W m'Ji' mn n'lff1'1{1'\91{~ 'W vlur~~m'JflTUflll mJm wmv'W e1m ~eJ'Jf&m'M~eJ 
Q 'tl q Q 

3/,...11 ,ei ~.o:::::t. 9 3J 0 .d..o:::::t. lrJ 9) J Q.l I I ~ Q.l Q.l tf I 

H1J1CJ'\1 'J eJ H'l"'fll'J ! '11 {YllJ1Hli'I1'J 'J'lf'J\'1 !1'1 {1'~1'1 'Jfl'U'W \'1 'del CJ1'1!'lf'W fll'J fl'fl'l:llfl11lJ{YlJ'\"''W 1i 'J~'\1 11'1 
" " 

I 

elel'W!!H 

' ' ' ~ lrJ ~ .<::::). Q.l .C:i .d. ~ 

!flrlel'W !'111'11'JeJ!fll'lfll'J'\11'1\911!!'lJ'lJ!flrleJ'W'Yl (Dynamic contraction 'M'JeJ Isotonic contraction) 
,; ' 

fl~1ll!i'leJ'il~'l11'11'11l!rl~flCI1CJ\911{1'~'1Jfl'W ii'ICJVi!!H (Force) !!rl~~lJ (Joint angle) '11~elfl11lJCJ11'UeJ'I 
,; ' ,; 

9i "' "' • I"' • I "' ~ • I flCillJ!'WeJ (Muscle length) llfll'Jl1JriCJ'Wl!1Jrl'l 'J'JlJ'Yl'Jfll'Jelelfl!l'lJ'lJ !llll'lri'J~'lJ'lJ1J'J~{1'1'Yl'UeJ'I 

9) li 0"' 9) "" "'"'"' flCillJ!'W el!!rt~m~~fl (Neuromusculoskeletal system, NMS) 'il 1!U'W \91 el'I'Yl'J 1'1Jtl'lfl11lJ{YlJ'\"''W 1i 

'j ~'\1l1'1~'ill'ill1tl! 1 vl~hfl~1lJ! d elfl'IJ!! 'j 'J!!rl~lJlJ fll'j~flEJ 1'111fl11:1J ~llvf'W £ 'j~'\1l1'J~'ill'ill1tl! 1 vl~h 
u u q u u 

3) ~ Q.l ~ 'j} ~ d1 d 0 Q.l ~d.o:::::t. 9319 & 

flCillJ!'W elfl'IJ I! H'M'J elflJ1lJ CJ11'Uel'J flCillJ!'W el!!rl~lJlJ 'il'JlJflJ1lJ {1'1fl'ill 11i'Yl'W CJ:IJ ! 'lf ! 'Wfll'Jfl'fl£11'111 
q u 

m1ll~llvf'Wn'J~'I111'~~tyty1w 1vl~hn~1:1JtdeJnutt'J 'IAel m'J'fll'lt~eJn~nEJw~t~'W ~1'~ 'l 'Uel'~ 
,; ' ' 

~qjqj1tl! 1 vl~hfl~1ll!i'leJ l 'W il'l!ll'W!JC\1 t'lf'W ~1'J1flVi{YeJ'J'UeJ'I~1l'Q~CJfl1~'J{YeJ'J (Root mean square, 
,; ,; 

RMS) ~1B'WVitm\9l'UeJ'I~tyqj1t!!lvlVhfl~1ll!i'leJ (Integral of EMG, IEMG) !!rt~~1'W1'Wfli''I'Uel'l 

fll'JI'li'IN1'Wi:f'W£J (Zero Crossing, ZC) !~'Wvi''W !~m11~1~flEltl!~!~'W~l~lJ1'111flJ1lJ~:IJvf'WTifl'lJ!!'j'J 

u~m'J 1 i'n'fll'lt~eJn~nEJw~t~'W 1 'W 11'1tll'Wnm 1JJiJvm11m 1 i'! 'W m'Jitm1~rifl&1ll~1'UeJ'~ 



' : 

-

2 

I I I I 

fl11:1J~ t'lf'W fl11:1J~~1mn~ (Median frequency, MDF) H'fl~f111:1J~ll!~CJ (Mean frequency, MNF) 
~ ~ Q.l ~ Q.l I Q.l \1] 'j} '3) ~ d 9/G) ~ tf 
91~11ifl1':i'fl~l'f!Dfl'flfl'l:JW~l~'W'UD~blqjqj1W ~ ~fl1fl'fl1:1Jl'W D 1 'W 1~t:IJ'Wf111:1Jt11 'If~ 'Wfl1':i1l'fl':i1~ti 

Q.l Q.l r/ Q.J 11} 'j) 1 ~ ~ r/ Q.l Q.l t/ I Q.l li) 211 9) ,l 
m1:U'fl'lll"l'W1ifl'IJ!!':i~ ~~mn ~mul"l1~t:umtm1~tim1:Ubllll"l'W1i':i~ti11~bltutu1W ~~Y'11fl'fl1W'WD 

u u 

I I 9J I I 3} 

'UW~lli1fll':i l'fl~D'W L ti'dti~ Dfl~1:1J!'W Dti~ 1'11H'lJ'lJ lfl~D'W lltl'IJU ':i ~ ':i 'dllll~fll':i~ ~ 1':i W 1fl11:1J~1'UD~ 
'J) di 0 li] 'J) 1 "" o'"' li] 'J) 'J) di d "' d 

fl'flllll'WD 'Vl1 ~~tl1flfld1fll':i1l'fl':i1~tiblqjqj1W ~~Vl1fl'flllll'WD'Vlti~muuum'Vl (Static Contraction 
I 3J I I 

"' "' "' liJ"'IJ!I 'JI "' "'"' "' ll] "' ti':iD Isometric contraction) l'k!rWil1flblqjqj1W ~Y'IY'I1fl'flllll'WD'UW~'Vlllfll':ilfl'f!D'W m1:1Jfll':i 

nJ~CJ'k!UiJ'f!~ 1 iJI911:Unm 

\9f~tY'W~~ijH'W1~~ 1 'Wfll':i 1~nfll':irlm~DfHlfl'l:JW~l~'W'UD~bYqjqj1W l ~VJ1 
'J) di "1 1 dd "1 'J) 'J) 'J) di li] 'J) 1 'J) 0 

fl'flllll'WD ~'W m:U'Wfl11:1Jti'Vlbll:IJ1':itl ~'lf'lJDflfl11:1J'fll'UD~fl'fll:IJl'WD ~~DCJH'fl'd [1-4] :IJl'Vllfll':i 
"' 

I 'j) I I 'j} 

l.J~ul.J':i ~ l~Dtill"l1':i 1lJl\91D{'U D~ bYtutu1W L ~Vl1fl~1:1Jl uvili1m1:UbYmf'W £nuu ':i ~lltlflU1tilJ fl U'fl~ 
• u u 

' ' 'J) 
~ G)9JlJ13J~ QJ t!l_ Q.l I..:::! \q9JQ.I 9) 

li"'D ~ti ~~11ifll':ifl~l'f!Dfl'flfl'l:JW~l~'W'Vlbll:IJl':itl'lJDfl !~'Vl~'fl11:1J'fll 

':i um'k! ~ 1flflltJ'W vntJ~iJ'W v ~~1CJ ~~'1'11111' rl'ww 1w 1 'W vh14'ni1'U'W 1~u Dlll"l~ ~~ 1 fl~t~CJ~nu 
~ u u ~ 

"' ll] 'JI 'JI df d 'JI 'JI J'<!l "' "" "1 o "' ll] n.IJ!I 
blqjqj1W ~'VJfl1fl'fll:IJl'WD'UW~'VlDDflll ':i ~'W Btl"] ~'dtlltii'J'W ~~:IJU'W 'dfl~ ~ 'Wfll':i ~1l!'Wflbltu'ill1W !Y'IY'I1 

'J) 'J) 

1 'W':iiJH'lJ'lJ 3 ':iiJU'lJ'lJ~D bY'ill'ill1W L~Vl1fl~1:1Jl'WD'UW~1'ffl bY'ill'ill1W t'VJVl1fl~1:1JlUD'UW~DDfll!':i ~ 
qJ qJ u u u tJ 

'J) ' 

'JI "' l1J".IJ!I 'JI "' "' 'WDCJ "] U'fl~blqjqj1W ~Y'Il'~1fl'fll:IJl'WD'UW~'VlDDfll!':i~:IJlfl "] 

I Q.l Q.l r/ I I I 

~1flfll':i'Vl'lJ'Vl1'W1':i':iWfl':i':i:IJI"l'lJ11fl11:1Jbl:IJI"l'W1i':i~ti11~fll MDF U'fl~fll MNF 
'J) 

"' liJn.IJ!I 'JI "' "' "' "' "' 'UD~bl'illtu1W ~Y'IY'11fl'fll:IJl'WDfl'lJ!!':i~:IJ 3 fl':iW 'fltl 
u u 

-mw~ 1 tlii1m1:UbYll1'f'W,j'':i~ti11~~1 MDF U'fl~~1 MNF 'UD~bYqjqj1WL~Vl1 

0 1 <V li] n•l 'J) 'J) di .d J d! 
- fl':iWll 2 ~1 MDF U'fl~fl1 MNF 'UD~bltu'ill1W !Y'IfJ1fl'fllW'Wtlll"l:IJ'U'Wl:IJD!!':i~ 

d J 
ll"l:IJ'U'W 

u u 



3 

• 

eid I 1 "-' liJ .. IP-1 'J) ~ dt 
- mW'¥1 3 fl1 MDF U'fl~fll MNF 'IJV\l'fl'tyqJ1W nrn1fl'flllH'WV'fl\Pl'fl\lUJVUH 

d .% 
!'V'IlJ'IJ'W 

l \PI tl~ ':i 11!! 1J 1J fl1 ':i '¥1\01 'fl V \l!! 'fl ~ f>l'fl 'il1fl fll':i '¥1 \PI 'fl V \l ~! ~tlltl 1J fl1 ':i ftflEI 1fl11ll ffll ~ 'W £ ':i ~1111 \l ~ 1 MDF 
"' 

1 
"-' liJ"JP.I 'J) ~ "-' 

1 
"""" "iliJ'JJ"-' 

U'fl~fll MNF 'IJV\l'fl'qJqJ1W !l''fY'11fl'flllJ!'WVfl1JUH'IJV\lUI'l'fl~1J'Vlfl11lJ1'iltl'fl'11J !\Pl\Pl\l\911':i1\l 1-1 

Q.l Q.l t/ I I I Q.l 

fl11lJ'f!'lJ'V'I'W1i':i~'l111\lfll MDF U'fl~fll MNF fllJUH 

Year Ref. N Age Muscle lED Force RT Filtering Case 

Rectus femoris 

1978 [5] 7 - Vastus lateralis - - - - 1 

V astus medialis 

1980 [6] 8 22-52 Flexor carpi radialis 40 5-100% MVC 3 - 1 

10, 20, 40, 60, 

1980 [7] 10 23.2±2.3 Brachioradialis 40 80, 100% 3 - 1 

MVC 

Biceps brachii 5, 10, 15, 20, 
0.2-2000 1' 

1982 [8] 4 21-24 Brachial is 20 25, 30, 40, 50, 3-5 
Hz 2 

Brachioradialis 80%MVC 

0.25, 0.5, 1' 2, 
1982 [9] 5 32.5±8.2 Biceps brachii - 10 - 2 

3 kg 

30-350 
1984 [10] 26 26.6±6.4 First dorsal interossrous 10 20,80% MVC 3-5 1 

Hz 

20,40,60,80 
Frontalis 3-520 

1984 [ 11] 19 18-32 15 %maximum 3 2 
Corrugator supercilii Hz 

amplitude 



4 

1-1 
0 e:::S QJ Q.l (/ I I I QJ 

'Vllfll'Hl'flfllfl11llb1'll'VfW'!i';i~'l111\lfll MDF Url~fll MNF fl'JJU';i\1 

Year Ref. N Age Muscle lED Force RT Filtering Case 

1985 [12] 6 20-40 Biceps brachii - 1-10 Nm 8.2 - 2 

1987 [13] 12 26.3±2.5 Biceps brachii 6 0-80% MVC 5 <520Hz 2 

1989 [14] 14 36±8 Trapezius 30 0-100% MVC 10-15 5-500Hz 2 

20, 40, 60, 80, 
1990 [3] 9 30-40 Biceps brachii - 1-2 - 2 

100%MVC 

Triceps 10, 20, 40, 60, 16-800 
1991 [15] 14 30.2±7.8 6 3 1 

Anconeus 80%MVC Hz 

10, 30, 50, 10-450 
1999 [16] 10 30.2±6.1 Biceps brachii 10 30 3 

70%MVC Hz 

20, 30, 40, 50, 0.1-3000 
2001 [ 17] 12 31.1±10 Biceps brachii 40 5 1 

60%MVC Hz 

i Biceps brachii 10, 20, 30, 40, 
20-450 

. 2008 [18] 12 24.75±2.8 Triceps 10 50, 60,70% 8 2 
Hz 

Brachioradialis MVC 

10, 30, 50, 70, 20-500 
2009 [19] 94 5-69 Biceps brachii 10 5 3 

100%MVC Hz 

' d.QJ&QJ Q d. 

RT: ';i~C.l~l1ri1'Vl'JJ'W'Vlflb1'illillltu (1'Wl'Vl) 
" " 

Case: fl11llam~'W1h~'l111'1fi1 MDF ur~~fi1 MNF tl'lJm\I~~~'WlU\9llllmru 1-3 ~\1~ 

-
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'i)1fw.mm'J'Vl~n'la-:J'Ua'lu~~~1J'Vlm1:u1'ilvfl'·mffl'l'l 1 ul'nn'l~ 1-1 m1:uff':u'Wun 

1 1 I "' liLJ~I 9J df "' liJ 9J ~ d d 

'J~li11'lfll MDF U~~fll MNF 'Utl'lfftyty1W !1"11"11flm:U!'Utlfl1JU'J'l'V'11J !l'l'Vl'l 3 mw :Ulimtlffl!lii'J 

~'I'll 1M Vl~fll'J'Vll'l~tl'llJ'i'l11:1JU\9lfl~1'lfl'U ~'l1h~fltl1J~1CI fl11:1JU\91 fl~1'lfl'U'U tl'l'JJJU1J1Jfll'J'Vll'l~tl'l 
'" 

' 0 Q.J t::i I Q.l I Q.l Q.J 

'iJ1'U1'Utllff1ff:IJ'i'l'J'VlU\9lfl\911'lfl'U fl11:1J!!\9lfl\911'l'Utl'l!'V'Ift'Utl'ltllfflff:IJ'i'l'J 'J~I'l1J!!H (Force level) 
' ' ' d. .<:::1 Q.l & Q.l .:::! QJ' & 

u~~lJ:U (Joint angle) 'Vl'Vll'l~tl'l 'J~EJ~nm'V11J'U'Vlflfftyty1W (Recording time) lilfl!1m'V11J'U'Vlfl'U1'U 

OG)~~ ~lr]3J I I .t:::).d1 O I 

'iJ~'V11 !li!fll'lfl11:Um !1'1 'J~CI~lil'l'J~li11'ltl!~fl !'Vl'JI'l (Inter-electrode distance) 1911!!li'U'l'Utl'l 

.<:::ll d 1 d 3) ~ 9) .J. dq ~ I Q.l .::¥::! 

tl!~fl !'Vl'JI'l'V111'l1J'Uflm:IJ!'Utl (Electrode location) flm:U!'Utl'Vl !'b' !'Ufll'J'Vll'l~tl'l\911-:Jfl'U u~~Tiifll'J 

~ a' ~-·=::u:dG) '31 
1!'i'l'J1~li'V11'lfftl\9l'Vl !'b' (Statistical analysis) [17, 19] 

" " ~ <'I .., <'I ~ <'I 
fHI Ul! U f> fl 'lJ 'lJ 'lJ 't'i '1 f> fl11 llfJ 11 'IHl 'l mn 'lJ! U f> 

Q 

Q.l lr]9J 3) ~Q.I ~ 9) .J.d. .<:::!~ 
'UtJ'lfftyty1W !vlVl1nm:u!'UtJfl1JlJ:Uli'JtJm1:um1'UtJ'lflmmua:u 2 mw 'i'ltJ 

-mw~ 1 !JJiJm1:Uff:U'W'WTI'J~1111'l~1 MDF !!~~~1 MNF 'Utl'lfftyty1Wlfl~h 
9J Jf., 9J df 

nm:u 1 u a fl1J 'i'l11:U EJ11'U a 'l n ~ 1:u 1 u a 

' " ' - mwli 2 ~1 MDF u~~~1 MNF 'Utl'lffUJUJ1W !vJ~hfl~1:1J!Utl~l'l~'l!jjtJm1:UCI11 
" " 

31 df .,;~ 
'UtJ'lflm:U!'U tl!'V'I:U'U'U 

11'1EJ~flU'Vll'l~tl'lU~~Vl~'iJ1flfll'J'Vll'l~tl'l~!~CI1fl1Jfll'Jftfl£J1'i'l11:1Jff:U'W'WTI'J~li11'l~1 MDF u~~~1 
" 

MNF 'Utl'lffUJUJ1W l vJ~hfl~1:1J! i'J tlfl1J:IJ:IJ'U tl'l!!~~~1J'Vlfl11:Ul'iftlff1:1Jl'Jtlff'JJJ l~fl'l\911'J 1-:J 1-2 u u q q 

Q.l Q.l r:/ I I I Q..l 'j} J1 
fl11:1Jff:IJ'V'I'Uii'J~li11'lfll MDF U~~'i'l1 MNF fl1Jfl11:1JCI11'Utl'lflm:U!'Utl 

Joint 
Year Ref. N Age Muscle lED RT Filtering ~ase 

angle 

0,15, 
1993 [20] 10 - Tibialis anterior - - - 2 

30,45 ° 

1997 [4] 15 24.0± 3. Biceps brachii 30 0-140 ° 7 kg 15-450 2 
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\91TH~ 1-2 (~tl) f:l'ju·;nJmJ'Uf11l'Vli'H'ltl,;JUrl~vH'l'Ulflf11'j'Vl\PH'ltl,;J'Ulfl'U'Vlfllllll.0tJnm.J'11Ul~ . "' 
0 & Q.l Q.l rf I I I Q.J '3) ~ 

'Vllf11'jf1'fl'l:Jlfl11llbllJ'VfU 'fi'j~'Vi'Jl,;J'fll MDF !!rl~'fll MNF fl'Ufl11lltll1'1Jtl,;J fl[lllJ! 'U tl 

Joint 
Year Ref. N Age Muscle lED RT Filtering Case 

angle 

50, 70, 20, 30 40, 0.1-

2001 [17] 12 31.1±10 Biceps brachii 40 90, 110, 50,60% 3000 2 

130 ° MVC Hz 

Biceps brachii 45, 60, 10, 20, 30, 
20-450 

2008 [ 18] 12 24.75±2.8 Triceps 10 75, 90, 40, 50, 60, 2 
Hz 

Brachioradialis 105,120 ° 70%MVC 

..::::! Q.l & Q,l ...:::::. .::::! 

RT: 'j~tJ~nm'Vl'U'U'Vlflbltytyltw (1'Ul'Vl) 

Q.l Q.l c/ I I I Q.l '3) .l.d~ lJ] 
Case: fl11llf:lll'Vj'U'fil~'I111,;J'fll MDF ur~~m MNF fl'Uflllllt111'\Jtl,;Jflmll!'Utl'Vl!U'U !U 

mru ~bl1!'11191~'V\'l'l~Nrlf11'j'Vl\Plrltl,;J~flllll!!\9lfl~l,;Jrl'U~tl 'j~l'f'UUH 'j~tJ~til,;J'j~WJl,;J~!~fl i'Vl'j\PJ • 
ur~~l'llU'ViU,;J'\JtJ,;J~!~fl i'Vl'j\PJ~'Jl,;J'U'Ufl~lwda [17] 

" "" IIL.I~I Y "' function, pdf) 'Utl~il'tytjptu mnlfll:'ll'J.J!'l-Hl 

'Ulflf11'j'Vl'lJ'Vl1'U1'j'jt\!fll'jlJ!~t11rl'UJUU'U'Uf11'jfll~'UltJi1'Utl,;J pdf '\JtJ,;J 

Q.l ~~~ '3) '3) .l ~Q.I I Q.l 11] '3) '3) .l Ci 

r:ltytyltw 1vlvhnmll!'Wt~ ,;Jl'W1'Ut1 [22] 'Vj'lJ'Jl pdf'\Jt~,;Jf:ltytyltw !vl.Yhnmll!'Wt~llJUU'UJJm'jm~'UltJ 

l'f1U'U'U!f11~!ClW'U (Gaussian distribution) 'l'W'UW~~,;Jl'Ul.Oti [23] 'Vj'lJ':h pdf '\JtJ,;J'i:YtytyltwlvlYh 
'J) ,l '3) eJ Q.l d.::::s Q.l d.::::s I Q.l 

fl rill!! 'U tl'\J w ~ fl rill!! 'U a '11 \PI 1911!! 'U 'Ufl ,;J 'Vlll 'j u!! 'U 'U fll 'j fl 'j ~ 'U 1 tJ\911'VllJ tJtl\Pl!! '11 rill fl11fll 'j m ~ 'U ltJ\911 
"' 

U'U'U!f11~!Gl1tJ'U bl1'U,;Jl'Ul.0tJ [24] 'Vj'lJ':h pdf '\Jtl,;J'i:Ytytyltw !vll(hfl~llJ!dtl~JUU'U'Uf11'jfl'j~'i)ltJI'11 
U'U'U!f11~!GJ1tJ'U!!rl~U'U'UmUm9f (Laplaciac distribution) !W~'l'U,;Jl'Ul.Oti [25] yj'lJll pdf '\Jtl,;J 

OJ II] 'J) 'J) ~ d d 'J) ~ II] d o' "'>II] 
bltytyltw !vlVhflmll!'Utl'Vl!fl'U'Ulflflmll!'Utl !'U!GJfUbl !'lJ'jfl !tl (Biceps brachii) '\JW~tltlflUH 20 40 

-



-
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"' -1 "' <I 60 !!CI~ 80% Maximum voluntary contraction (MVC) :UJu!!UUfll':iflj~'iJlfH'l''J!!UlJ'Wtl'W!fll'ff 

.c:i .:::~ ... 1 cv3JG)31 <".:::::! d 
!GJfi'J'W (Non-Gaussian distribution) !!CI~:UJu!!UUf11':i m ~ 'iJ li'J\WJ!'IJ 1 ! flCI!! UU!f11'ff!GJfi'J'W 'IJW~'Vltltlfl 

!!H:JJlfl ") (High level) 

"' ~ <01 "' <01 - I "' "' 11LIJ!I 9) ~ 
1'1-:l'W'W 'il-:l:JJf11':ifl'flEllJU!!UUf11':iflj~'iJli'J\'l''J'UtJ-:l pdf 'Utl-:l'ff't1J't1J1W ! YfY'IlflCll:JJ!'Wtl 

1 '1 9J-=><=~ "' ~I "' "' "' 11LI2!1 !I'II'J !'lf11if11':i11'1!u'W'Wtl'W!f11{1'!GJfi'J'W (Measurement of non-Gaussianity) 'Utl-:l'ff't1J't1J1W !l''fY'Il 

9) ~ I "' "' II] 9)"' ~I <I "' 1 "' <I I "'_,I 1 -::'I 
flCil:JJ!'Wtl !'lf'W -:ll'W1'ili'J [26] !1'111'1!u'W'Wtl'W!f11{1'!GJfi'J'W !I'II'J1!'fl':i1~'11fll!'Wf11'Vll"'ltl'W !'Vl':iu'Utl-:l 

tltlfl!!':i-:l 10 25 50 !!CI~ 75% MVC ~-:l'IAlUl1JiJ!!UUf11':im~'illtJI'11'1Jtl-:l pdf 'IJtl-:lff't1J't1JlW1vJ{(h 

fl~l:JJ!dtl~'Wtl~flU':i~~Um-:l (Level of MVC) li'II'J'IJW~~mn!ai'J ") (Low level) ~~lflll 30% 

MVC ':iiJ!! UUf11':iflj~'iJ 11'JI'11!~'W!! UU'W tl'W!f11-&'!Glfi'J'W '11~ tl!! UUCiliJCilGJf !!CI~ 'il~! sUll fl~!!UU!f11-&' 
'" 

d ~ ,% ') <=> "' II] 9) "' ~~ <I d 1 <=> <I I 1 I 

!GJfi'J'W!:JJtltltlfl!!H:JJlfl'IJ'W !!CI~ !'W-:ll'W1'ili'J [27] !IPI'JIPI!u'W'Wtl'W!f11{1'!GJfi'J'W !I'II'J1!'fl':i1~'11fllfnl:JJ !1'1-:l 

" . . 'J) t:!:l. Q.l .c:i .cS 

digitorum superficialis) 'IJW~flCil:JJ!'Wtl'I11'1\911!!UUfl-:l'Vl!!CI~tltlfl!!H 20 50 !!CI~ 80% MVC GJf-:l 

' 1 i 1 ~ d ~ .::S ' <v l.r] 'J) 9) ~ d ... I 
VlU11fllfnl:JJ !l'l-:lCIIPICI-:l!:JJtl!!':i -:l!Vl:JJ'IJ'W GJf-:l'I11Jli'Jfnl:JJ11 pdf 'Utl-:l'ff't1J't1J1W !WfJlflCll:JJ!'Wtl:UJu!!UU 

Q.l 9lGJ 3) o'd ~ d ~ & 3) Q.l .O:::::.Q.I 3) 9J 
f11':im~ 'iJ li'.J\91 1! 'Ill ! flCI!! UU!f11{1'!GJfi'J'W!:IJ tl tltlfl!! ':i -:l !Vl:IJ'IJ'W GJf -:l'fftll'lfl Cltl-:lflm l'W 1'ili'J [26] 'Ul-:l\Pl'W 

1.3.1 ~~a iJ ~ u iJ 1 -:llTI fll 1 rll'l! ~a fl ~ fl'hl w ~ ~~ 'W 1 'W ll'l !:JJ 'W fl 11:u ~ 'IJ a -:l ff'tu tu 1w 1 vJ {(l 1 . " " 

tl~l:JJtda 1 M'ff11Jl':it1Ut:Jtlfl11:JJffm~'Wnnum -:l~I'JnJ1mJn1~ 
1.3.2 1 ~aiJ ~u iJ H 1'% n n rll'l ~~an~ tl'hl w~ ~~ 'W 1 'W ti'I!:JJ 'W fl11:JJ~ 'IJ t:J-:l ff'ruru 1w 1 vJ{(j 1 . " " 

" " ' 9) ~ ~ <I 
1.4.1 'Yllfll':i ~u ff'ruru1w 1 vJ{(j ltl~l:JJ!U t:J'illfltl~l:JJ!Ut:J~-:liJ':i~ n au~1tJ tlC!l:JJ! 'W a 1 U!GJfiJ'ff 

" " 

!U':ifl1t:J (Biceps brachii) 
91 ~ d ~~ Q.l 

tlCil:JJ!'W tl!WC!fl!GJftl':i VltJCIGJf'ff Cltl-:ltl'ff (Flexor pollicis longus) 

9) ~ nol <f <III] d <=> 9) ~ <f <f <III] d 

tlCil:IJ!'Wtl!l'~Cifl!GJftl':i fll':i !Vl !':i!IPII'JCI'ff (Flexor carpi radialis) tlCil:JJ!'Wtl!tltlGJf!'Vl'W!GJftl':i fll':i !Vl !':i!IPII'J 

..::::. Q.l 'J) ~ r:l t:l .O::::..c::::t. 

C!'ff Cltl-:ltl'ff (Extensor carpi radialis longus) tlCil:JJ!'Wtl!tltlGJf!'Vl'W!GJftl':i IPI'il'Yltlg:JJ (Extensor 

9) ~ "'"' 9) ~ <I 
digitorum) flCll:JJ!'WtltiJ':i!'Wl\Pltl':i !11'1 !'Vl!':i'ff (Pronator radii teres) tlCil:JJ!'Wtl!IPICI'Vltii'JIPI (Deltiod) 



8 

~ ~ 

Url~f1~1:JJtuaeyfitt-HI91'eJ'! ri5,;Jfl'ff (Supinator longus) l'WO'ilnJ'J:JJ 2 ~1.JmJ1J ~5f11'Jtimhrn!na~ 
I I 'j/ I I I 

nun Vi:JJ:JJl'W'lf'J,;J 0 -150 ° Url~f11'Jtlf1l.JTr1'\.Jf1!'fl~5'WVi Vi:JJ:JJl'W'Jf'J,;J 0 -150 o 119lti'Yl\Plr!5,;Jll1J 
q q 

~ ' ~ 

bY'wwlw1vJ~hn~l:wttlanDmm'fflT'fll"Vili'ff'llm'V'I~ 'l'l,;Jt'V'Ifl''lflmw~liru,;J t'W'l51,;Jmt1 18-30 1l u u q u q 

1.4.2 l'llfll'J 'Y!l'fl'Jl:JJ bY'mf'W £ 'J ~w:lNrl'md w~ ~~ 'W 1 'W 1 \Plt:JJ'W 'fl 'Jl:JJ~'U B,;J blt1Jt1J 1w 1 vJ~h 
~ ~ ~ 

n~l:wttlan1Ju 1m! n 1191 t~'Yl\Pl'ffa1Jn1Jn~l:wttla 1 1Jtclil.J n t1J'Jfi 1 m~'W 'Y1 rl' n 

1.4.3 l'llfll'J'Y!l'fl'Jl:JJbY:JJ'VT'W"lj'J ~'Y!lNrl'mJW~l~'W l 'W 11Plt:JJ'W'fl11:JJ~'lJ5,;JbYUJUJ1W 1 vJ~h 
" " 

~.clo ~ ~QJ 

1.5 1fiVI1!'W'Wtn'f"J'\U.l 

1.5.1 ftmn'Ylq'hl~~~~ti'J'lfa,;J t'lf'W 'Ylt]'hl~~~tl1n1JbY't1Jt1J1W 1 vJ~1n~1:wnia 'J~1J1Jf11'Jtn1J 
~ ~ ~ ~ ~ ~ 
'Ua:wr~'ffwwlw ~vJvhnm:wt'Wa ., "" 

~ d 
55f1U 'J ,;J'W 5t1Uri~'UW~'Yl55f1U'J ,;J:JJ1f1 

~ ' l '1 ~ O ~ ~ ~ ~ ool.?!l ~ "'! d ~ ~ 
11Pltii'Yl'fl11:JJ'ffl'flUJfl1J'ffUJUJ1W ll"'l'~lf1rll:JJl'W5'Yli\Pl'illf1U'U'W 

" " " 

! ~ 'W 'Y1 rl' fl 

'!J/ I '3/ I I 
~ o Q.l IQ.Id o Q.l ~ d. 

'fl5 f11'J tlfl'W l'Y!'W f15tlf11J'Yl Url~f11'J tlfl'W l'Y! 'W f1!'flr15'W 'Yl ., 

' ~ ~ 

~~51 ~'ffl:JJl'J tl1J5f1'fl 'Jl:JJ bl':w'VT'W .fi 'J ~'Y!ll,;)'V'Il'J llJl\915{ 'U5,;J blt1Jt1J lW 1 vJ~lf1~ l:JJ! UB'U W~tlf1U l'Y! u f1 
' ' ~ .C! d. Q,l 0 Q.l 

u 1J 1Jl'fl [15 'W 'Yl f11J 'W 1 'Y1 'W f1 
' ~ 

1.5.6 iJ~ 1J1.Jg ,;JlTif11'Jfl\Plt~anrl'fl'hlW~t~'W 1 'W 11Plt:JJ'W'fl11:JJ~'U 5,;Jblt1jt1J1W 1 vJ~lf1~1:JJtU5 

I Q.l .::::! Q.l 

!! 1J 1J 5 tlfl1J'Yl f11J :JJ :JJ ., q 

o ~ '1 • I • I "'~ ~ ~ •• 1.?!1 ~ ~ ~ 
1.5.7 'Yllf11'JlWf1'ffUJUJ1W I'W'JUU1J1J 3 'JuU1J1J 'fl5 'ffUJUJlW ll"'l"'lf1rll:JJ!'W5'UW~'V'If1 

u u qJ <U u u 
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" . 1fl 3Ja..c! Q.l ~ Q.l ' Q.l ltJ .... 1 ~I 9J ~ d 

1.6 .2 1 ~ 1 1i n1 ':i fl ~ 11:1 a fll:l n 'l:l w:::: 1 ~ u 'tl a ~ 1:1' ill ill 1 w 1 1"11"11 fl1:11lJ 1 u a 'Vll:l' 1lJ 1 ':i t1 u an 
... ... 

" 1.6.3 1:1'1lJl':itiWJfl'ffillill1WlW~h1unJuuu 3 ':iDU'U'U na 'ffillill1Wl'VJ~hml)1lJ!Ua'tiW:::: 
u u qJ cu u u 

" " . .., 11LL~~I 9J "' 9J .., liJ n.L?!I 9J "' "' 
lfn l:l'tyqpw !l"'TI1flmwua'tlw::::aanm~uaCJ'l (Low level) Ul:l::::l:l'tyty1W !TITI1fl1:lllJ!'Wa'tiW::::'Vl 

aaflUHlJlfl'l (High level) !\Pi' 

1.6.4 1:1'1lJ 1':i t~1 '*1% fl1':i 1'1 ~~~an~ fl'l:l w:::: ~~ u 1 Vl v~ 10ht~ CJ1lJ1 '1'11n1 ':i 1tfl ':i 1:::: 11'1 ~au an 

fld1lJ -fflJ'I'f 'U 1ll:::: 'Ydnw 1 ':i 1JJ l\91 a{ 'tl a~ 'ffillill 1W l 'VJ~hm11lJ! tl a nuJ 1'11 U fl!! 1:1:::: lJlJ 1\Pi'u 1:1:::: eJ~ 1:1'1lJl ':i tl 
... ... q 

9) 9) J' lif9J .., <!! .., I .., 

'Uaflfld1lJ1:ll'tla~fl1:lllJl'U a !~ U'Vl'U fll':ifi~W afll:lfl'l:JW::::l~'U '111:111J\911 



" 
il "' !.I 1~tltlfUlUJA'I.Af.l (Muscular system) 

I ..,. 
1J'YI'YI 2 

91 11 ?1 d_ I ,J 91 11 .J 91 11 c:l 91 91 '1 d.ot 
':i ~ 'U'U n r~1:JJ 1 u m u u ':i~'U'U'Vlu ':i ~ n t~'U'lJ u ~1m u t~wt~nr~l :JJ! u m tlu nt~ u1 'ff'W !t~'Vlt~~ 

'J} 11 
':i~'U'Uf1rll:JJ!'Wtl ' ;'t H;;J~'J ~~ !ri'W':i~'U'U'I1~-:l'lJtl-:l~1-:lf11fJ~Ufl11:JJ{llfltu~tlf11':il911':i -:l;i\91 

" 
'J} 'J} 11 0 d1 0 'J} 11 lq'J}c:l "" 

:_; ~ fl D'Uf11f.lf1rll:JJ!'W tl'ill'W 'J'W :JJlf19l'-:l'ffl:JJl':ifl'il1!! 'Wf1f1rll:JJ! 'W tltltlf1 ~~!U'W '11rllfJGJf'W~ 
'J} 11 

f1rll:JJ!'Wtl 

" f1~1:JJ!U tlfllf.li 'W ~ Nf11fJ'ffl:JJl':ifl!! U-:l 

" 
il "' "' 2.1.1 fl~UUU0!1f.ltl (Smooth muscle) 

'J} 11 "' llf I"' ?I 'J} 11 "' '1 I "' 

f1rll:JJ!'Wtl!':ifJ'U !:JJ:JJrllfJ\9!1:JJ'lJ11-:l!lJ'Wf1rll:JJ!'Wtl'lJt1-:lt11fJ1~fllfJ !'W !<Jf'W 1'-l'W-:l 

--: ~ :rll; 01111 ':i ~ 1lff 1rlu l'i'u !ff'WlJ':i~'ffl'Vl~:JJl!~f.l-:lf1~1:JJ!d t1~ tJ'U:JJl'illm~'U'UlJ':i~'ffl'VlD\911 uilll 
" " Q.l Q.l 0 'j) ~ ..:::::! .c!i I ~ 

!..._:onornic nervous system) ~-:l'W 'Wf11':i'Vl1-:ll'W 'lJt1-:lf1rll:JJ!'Wtl!':i fJ'U 'il-:l tlfJ'W tlf1!'11'W tlf11':ifl'J'Ufl:JJ'lJt1-:l 
~ . 

i;; ',, 'Involuntary muscle) 

" 
il "" ""1 2.1.2 fl~UJ!U0't'i1 'i1 (Cardiac muscle) 

10 
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j.l Jl 
2.1.3 fHlU.H'l-HHIUJ (Skeletal muscle) 

fl~llHdmmJ~'IJ'WWl1mu~ff~ 1'W~Vlmv~mhh~:mw 40 t1lo1t~'WI'l'IJD·nhrnJn u q ~ 

'J} 'J} 'J} I 

~1~mv fl~l:J.Jti'l tl'lfU~ u ~mV\911:1-J'IJ 11~t~'W fl~l:J.Jt i'1 oViv~~~n1Jm~~n1 flH ~1~ (Skeleton) 'Uti~ 
~ 

I d d 0 9} d,cg 9) ~ G) 9)0. Q.l Q.l 'j) ~ 0 G) 9) 0. 

·n~mv 1~m-Hti'W (tendon) 'Vll'Y!'WTVW~flm:J.Jt'Wtl 1 11\9l~fl1Jm~~fl fll':i11~\9l1'1Jtl~flm:J.Jt'Wti'V11 1'11!fl~ 
~ 

fll':i tfl~ti'W t111'1J o~m ~~ nur~~tn~m':i tfl~ti'W t111'1Jtl~~ l~fllV\911:1-J:lJl fl~l:J.Jtd omv~ 'il~tm~~'W ~ 
~ q 

d I d I ~ I dQ..I cj cl 
t ':i Vfl11 Origin Uri~ 'il~tm~llmm ':i Vfl11 Insertion 'il~tfll~'Vl~ fftl~ff1'W :lJlfl'il~lJrlflEJ W~ttl'Wtt~'W 

q q 

'j) ~ cl 9} J' d I 'j) a. I '}) ~ 
flm:J.Jt'Wtlmmtl'Wflm:J.Jt'Wti'Vltl~mv11'lfll':ifl11JfJlJ'Utl~'ill'l1 'il (Voluntary muscle) t'lf'W nm:J.Jt'Wtl 

fl~llJtdti~Hfl'W ri1'W 1 muH'nn'W~ ~~tl~'illfH~'W fl~llJtdo~ni'W 11Pi'i~'illflfll(J'Wtlfl Url~ffl:lJl':itl 
~ u~ 

1J1111':ifl~l:J.Jtdad 1 M'~~1l~1~~~tl~fll':i 11Pi'~lv 1~Vfll':i vnJ111t1'n 

'J/ Ji • .1 <1 "" "" "' ?I 'J/ Ji 
- flmlJ!'Wtli'Y'IrlfHCJftl':i 'VItlriG!fff rltl~flff (Flexor pollicis longus) tu'Wflm:J.Jt'Wtl 

'J) I 'J} I 3/ I 
I a. ~ d 'j) I I 0. .::!{ I 9) ld ~ d 

fl~mti'W 1:1-Jti'Vl'Utl\9ltl':i~1111~m~~fl'W 1:1-Jtlff1'W l'l'W (Proximal interphalangeal joints) ti~'Vl'VI'W 'V1 

" ' ' 3.1 CJJ ...'I .::!t a. d o 9J t:::~. 9J ~ .::!t 

~l'W'Y!'Wl'Utl~~l'Wfl'J~~flHllJtl'lf'W'Vl 2 (2nd Metacarpal) 'V1111'Wlmti'UtllJtiUrl~fll~lJtl 
'.J) ~ rl o' rl d a. Q.l 

- flm:J.Jt'Wtl!tlflCJft'Vl'W!CJftl':i fll':il'VI m~Vrlff rltl~flff (Extensor carpi radialis 

~ 'J/ li d"' 'J/ 'J/ 'J/ 11] d .'I "'! 'J/ "' 0 

longus) ttl'Wnmm'Wti'Vl:J.JV~tfll~l'l'W 'illflm~~fll'l'W U'IJ'WUm 1 1ltfll~'Vlm~~flH1:1-Jti'V11~~1'W11rl~ 'I'll 

3) d d 'J) .::!t 

11 'W l'Vl m~ur~~m vv~'Uti:J.J t1 

'J/ li "' "' """" - nm:J.Jt'Wt~ttlflCJft'Vl'W!CJftl':i ~'il'Vlt11:J.J 
cl 9.1 ~ d.:::t 

(Extensor digitorum) ttl'Wflm:J.Jt'Wti'Vl:J.JV~ 
'J/ 'J/ "'·I ?1 ~ "' 

tfll~l'l'W'illflm~~fll'l'WU'IJ'W Uri~:J.Jummu'WW'W 4 ti'W 
'j) 'j) 'j} ' 

11ltm~cr~m~~nil1tlm1~ 4 il1 'Vl111U1Vi 
~ 
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'J) ,Ji """ <:l 'J) ,J.,;, 
fHll:IJ!'lHJ 1h!'W!\9ltl':i !'J~ !'YI!':i~ (Pronator radii teres) !th..!m'll:IJ!'Wtl'YI~'J'W 

'l'YiuimhJ~nwi.JmCJ!!'ll'W (Forearm) 'lltJ,r:ivJmCJ:JJ'W£HJ 'l'lmU1~fr;hi.Jmm!'ll'W-i1:JJtl'Uf1al:JJ!dtJ 
u <u • 

-'J) ,J " <:l 'J) .J.d.d 'J)... ~ li) 
mn:JJ!'Wtll~(l'Yifltl~ (Deltoid) !U'Wf1m:JJ!'Wtl'YI!f1CJ1'lltl~f1'Uf11':i!fl(ltJ'W !'YI1'lltl~ 

.d~ 3) I l/) I ~~ ~ 3) eN lf'.c::! d 'j) ~ J 

!! 'll'W'YI:IJ'lltl\9ltl ! 'YI (l!u'W 'il~'YI:IJ'W !'Wtl~ 'illf1f1(ll:IJ!'W tl!~(l'Yitlf.J~:IJ'il~!f11~'Yif111~!!(l~fl':itl'Ufl(l:IJ\9l~!!\9l 
q q q q 

'J) 9) ~'j) Q.l lrJ' 'j) ~ tid. 3/d. Q.ld. Q.l de l.r) 
~l'W 'YI'Wl 'il'Wtl~~l'W 'YI (l~'lJtl~ !'YI(l f1(ll:IJ!'WtJ!~(l'YitJCJ~ :IJ'YI 'W 1'YI'Y!(lf1!f1f.J1f1'Uf11':i !fl(ltl'W !'YI'J'lltl~!!'II'W 

':itl'U,_rtl~tl 1 11cii 'Wii.J!!'U'U~l~ "l 

Brachia lis 

Extensor carpi (radialis longus) 

Extensor digitorum 
Extensor carpi (radialis brevis) 

Adductor pollicis 

Ten don extensor polhcis 

• 
"I 'J) ,J "" "" fll'Wu':i~f1tl'U 2-1 f1(ll:IJ!'Wtl'U':i!1tu!!'II'W!!(l~:IJtl [28] 
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.. 
..., IJL.I¥.1 ll <!I 

2.2 ~illilllW n'H11flill'JJ!'lUl 
u u 

a'~ dd~ 'j) 91 ,J ~ d d Q.l ~ d 

!CJH'l~ff,:UJ'lf1\91\)fH'Hl:IJ'HJ1J\011(J!'IHH!'HJ'Vl!lh.JN'W'I1J1'1 <7j (Membrane) CJI'I'il~:IJfll':i 

u~m11~vu 1h ~ ~ (Ions) nu tJ~\9l~t~\Olnm 1 'W'IJW~vfnff'nv1 'VJvh'llt~'I!CJI~rl'n~l:IJ!d tJ 'i!dJ~ltJ~ 
':i~ldl'l 70-90 il~~11~1'1' (mV) t\OltJflltJ'Wt~mCJ~~rl''ildJ~l!~'Wu1mrlmlivunumv1u m':i 

.d ~ t/ 'j) I 'j) f/ Q.J rl 'j) G) 'j} ~ ){ 

111 ~ vu u 11 ~'I 'IJ 1'\JtJ'I 1 CJI~ ~ 'il ~ t1 nm ~\91 u Nl'W 'I'll 'I! 'ff'W 1 CJI~ ~ 11 ':i ~ 'ffl'Vl :IJ 1 tJ'I! CJI~ ~ 'IJ t~'l 1 'ff'W ~vn ~ l:IJ 1 u t~CJI 'I 
.. q 

iit~~~~u 'i11u 1umn Y111li'tn\Olfl11:1J~l'~ff'n~m'l 1 'VJvh~'ffl:IJl';i t~i'\01~1 1\Pi' 'il~ii~1mnM~m! t~v~u tl~ .. .. 
num':i m ~~'W 1li'Y1Nl'W 'Uti 'I ':i~uu11 ':i ~'ffl'Vl 1Pi'1m11 \9ld u n1'Vlmfl'l'ff\91 {11Pi'Y11m':i l\Ol~lfftl~'Vll'l 

q q 

\1} 'j) \1} 'J)'j) ~ ~ d ~ d ~ d ~ ~ ~ ~ 
t'VJvh !\Ol\011tlfll':i\91\0ltl!~tlt'Vl':i\Ol CJI'Itll'il!D'W'lf'W\01!'\J:IJ (Needle electrode) '11':itl'lf'W\Ol'V'l'WN1 (Surface 

electrode) 11'~u~nwn~1:1Jtdm~mJ'uYin~w1'1ncin !1vnm':il\01~1fffltJ1'VJ~hd-:h ff'tytylw1'VJ~h 
'J} )J I "'o' 11] 'J} ,;.,_ 'J} )J oj ,;., ~ 

nm:IJ!'W tJ (Electromyography) fl11:1J\911'1fl'tltJ'Vl1'1 1 'VJvh'Vl 1\01'\Jtl'ltlm:IJ!'W t!!D'W v-~m 1:1J'Vl!fl\Ol'IJ'W 'illfl 

I o' 'J) )J"' 11] 'J) 'J) )J oj "' 'J) )J dC> 
11mv <7j M'W 1tJ'IJtJ'I!CJI~~nmm u t~ 'fftytylw 1 'VJvhnml.lt'W t~mmllu 'fftytylw 'IJtJ'Iflm:IJt u t~'Vllfl\01 'illfl 

d, I 'J} -' d 'J) )J '] 'J} o' ']'J/ 
fll':i 'ff 'l'll'W 'IJtl'l'ff:IJtl'l Nl'W :IJl'Vl N!'ff'W u':i~'ffl'Vl'VlflJUfl:IJflm:IJ!'W tJ ! 'W \Oll'W fll':i !!'V'l'VltJ'ffl:IJl':itl ~'If 

q 

ff'ruunw 1 vJvh 'illflfl~l:IJ!d tl~l\01 1\Pi' 'illfl~ 1r-r1hv'1hv 1 u m':i 1u 'il ~ vmm':i ~\0111n~~~n\Ol~'W 
"" .. 

I 

!'lf'W 

1 d "" 'J) - I d, "' 11] I "' 11] 'J) ~I 'J) 
tllfll':i'IJ tl'l ~ ':ifl'Vl!fl\01 'illfl! 'ff'W U':i~'ffl'Vl'ff 'lfll':i 1J1\0l! 'il1J !:IJ'ffl:IJ n tlfl11JfJ:IJtl1tJ1~ !\PI !U'W \9l'W 

' "' ' 
t\OltJ'I-11 1 11ff'rurulw 1'VJVll'illflfl~l:IJ!Ut~'IJt~'lfl'WUfl~'il~ii'V'l~'l'll'W'IJt!'lffUJUJ1Wt~~1 'W~l'Wfl11:1J~ o -u el u u q,J 

100 

80 . 

.. 60 

~ 
::>.. 40 

20 

lOO 200 300 400 SOO 

Frequency (Hz) 

"' m'V'l11':i~flt~U 2-2 ~fl£JW~ 1 'W t\Ol!:IJ'Wnmu~~mun\91~:1J'Ut!'lfftyty1W 1'VJVll'illflfl~l:IJ!Ut~mv [29] 
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" ~ v v ~ 

2.3 '11UVI'IJ8~fll'a't'iVIYI1'1J8~fli:IUUlHl (Types of muscular contraction) [ 4, 30] 

" Q.J 'J) ~ .c! ~ ..:9, 

fl1 J '11 \91 \91'1 'IJ '[) \l fl fl1 JJ! 'U '[) :JJ 2 '.lf'U \91 fl '[) 

2.3.1 fll':i't'iVI~1UU'lJ,8 1cu1ni!fl (Isotonic contraction) 

• "'"' 9) .I ~ 9) ~ - Concentnc contraction fl11'11\91\911Ylflm:JJ!'Ufl'l1\9lb'I''U!'IJ1H~~'I1'U1'1J'U 

• 0 Q.l .d 'j) ~ ~ 
- Eccentnc contraction fl11'11\91\911Ylflfll:JJ!'Ufli'J\91()11e:Je:Jfl 

'l ll)ii " .d91 .I .d 0 dl 
'Ufl11'1119li1H'U'U w cu wwmhrnTn (Load) Ylflm:JJ!'Ue:JI'Jfl'il~fl\IY1\91~e:J\9lfl11Yl1\l1'U !!J\l\91\l 

~I Q.l ~ d 
!u'Ufl11'11\91\911H'U'U!fl~fl'UY1 (Dynamic contraction) 

9) 9) .I "' ~ i li <V <!I "''l 9) 1 

fl11:JJI'Jl1\9l'U (Initial length) '\Je:J\lflfllJJ!'Ue:J'il\91'\J'U \9li'J'U1'11'Ufl (Load) '111V!!H (Force) Yl '11Hfl 

" ' " -=!f 0 Q.J d 91 Q,l 9) ~ 

fl11'J'U '[) fl'l1 J '[)'\.,! 1 '11 'U fl Yl \911'\.,! fl1 J '11 \91 \911'\J e:J\1 fl~ 1 :JJ! 'U '[) 

(Static 

" contraction) fl1J'tlN1'U'IJ fl\lfl~1JJ! U eJ 'il~flflfl:JJl 'l 'U 1'lll9i'1'U fl'UH 1 \lflli'J'U e:Jfl 
"' 

" "' <!I 'U '[) fl 'il1fl'U fl1 J ()'[) 

J111t1'n!1'mi'J "l ~mrri'Jnl'ml9li1'1Je:J\lfl~1:JJ!dmru'Ule:J iCJf!:JJ\9l~fl 

" 'JJ 'JJ "' • 
2.4 fll'ai:11'1J8~fli:IUUU8 (Fatigue of muscle) [30] 

-ffmi' mY11 1Yli'J1'1Je:J\lfl11 e:Je:Jmh~~--\lflli'J fl'1i1 "~1" :JnM:JJli'J~\lm1:JJ hjb'I'1:JJ11fl 

" ' " 0 "' 'l 9) 9) <!I 'l .::::2 I 1.1] .... I.e! l.r] 'J) Q.l Q.l 0 I 3) & ' (j},dl 
\911!'U'Ufl11 '.lf\l1'Uflfll:JJ!'Ue:J!!'U'U \91H1J'U'I1'U\l\9le:J !Uelfl !\91 \91\l'U'Ufl111 "m" 'il\lH\9lfl\911\l'il1flfl11:JJJb'l'fl 

"' 
~'.::::! ~ d a. ~~· 'J)'j) ~~ ' 

m u e:J I'J e:J e:J 'U! 'Vl ~ I'J 111 e:J 11 :JJ \91 u 1 \l Yl m 'il !fl\91 \911 :JJ m11 1 mn\91 n e:J u m1 'l '.lfflfll :JJ! u e:J'U u !!~ ~ !!\91 fl\911\l 'il1fl 

'1 9) 9) ,% "',!,. 91"1 9) '19/o 1 liJ.J 9) 

fl11'111'J\91 '.lf\l1'U flfll:JJ!'U e:Je:J'U! 'U e:J\1 'il1flfl11 I'Jfl:JJH'Vl'l1 'Je:Jfl11'1J1\91H Hfl1~\9l'U '11Yll\l1'U\91 eJ ! u fll'Jfll'il~ 
q q 

!~'Ufl11:JJlUb'I'1:JJ11fl'il1 \l "l ~'il~'l'l1\l1'U~e:J l 'lliPi'11'JHHn\ley\91 (Peak intensity) 11'1e:J lUb'I'1:JJ11fl'l'lN1'U 
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2.4.1 Central fatigue 

!tlum'Jt11~'i~'U'UU'i~bl'l'VI{hu mn~ 1~bl'lm'it~ri ~m ~u bYu'J~bYl'VI 1 uv~!GJf~rl' 
<l'dtq9.1q9.1 9.1 .rll]9.1dl "'1']9.1 11]9.1& d9.1 II] 

U'i~bl'l'VI:J.Jtlli9HJ'il'VHJ !'Vi !'lf~l'Wnm:JJ!'Wtl !~tl~bl'~bl'~'Vi'Jtl !'lf~l'W !~ml'll:JJ!!H'VII'ltl~m'i n~ !f1tll'J '" . 
!fl~ central fatigue V'~1~'VI'Jl'U!!U'lf~ 

2.4.2 Transmission fatigue 
c:l 9.1 d a. ~ dt 9.1 <I'd .J 9.1 .r 9.1 :'1 

! U 'W f) 1 'j ~ 1 'VI !f) ~'IJ 'W! 'W tl ~ 'il 1f1! bl''W U 'j ~ bl'l'VI:I.Jtl!\91 tl 'J'VI !~ tl~ f)~ l:IJ! 'W tltl f) f) 'J ~l'l'W! U'W '" . 
nmu1u 'il'W!!t~~'Vl~ 1 fl~'W (Acetylcholine) ~~!tlu bl'l'i ~t!U'i~bl'l'VIffm1mf ~~l'W m~!!bl'U'J~bl'l'VI 

" 'illmff'uu'J~bl'l'VI 1 uv~nt11:1Jrw t~ 110i''VI:JJ~~~~~~~bl'~1~ 1 'Vi~1~'1'1u n~~ 1li'nwri ~m~u bYu'J~bYl'VI 'illn 

9.1 .I IIJ.I"' 9.1 .r "' ~ "' 9.1 .r 
!bl''Wu'J~bl'l'VI !utl~f1~1:1J!'Wtl (Neuromuscular transmission) 'Vi~~~~ ~~'W'Wtll'J'Vi~\911'1Jtl~f1m:IJ!'Wtl 

lrlmff'uu'J~bl'l'VI:J.Jtlll'lt~f~m!~tJ~~nm~~'W'Wl'W "l 'il~~t~tJ "l ~~~~~1t~v "l 'il'W 1~'VI~I'11!~tJ 

2.4.3 Muscle fatigue 

:'1 9.1 d "' 9.1 .r dt 9.1 .r IIJ 9.1 "' :'1 
!u'W m'im'VII'l1f1m:JJ!'W t~w~ 1 u t~~ 'illnnm:J.Jl'W t1 !~'Vi~\911lll!u'Wnmu l'W 

'il'Wm~i~'lll~Vfif~~l'W t1~~1 'W;'W 11'l'J~tlbl'!~\9l (Adenosine Triphosphate, ATP) fl1W~'W~tlbl'!~\9l 

(Creatine phosphate) 1n~ lfl!'il'W (glycogen) !!~~JJ'IJ'tl~!crtl!oM'W m~!!~f1~f1 (Lactic acid) bl'~bl':IJ'tl~ 
0']9.1 9.1 .r "'1/]9.19.1 dlll]l .., 

'I'll mnm:J.J!'Wt~'Vi~\911 !~'Wt~tJ'il'Wtl~ !:IJ'Vi~\911!~tJ 

bl':JJ~~1li' x" ~'B ~1!!HI'lu1~~h~flt~:JJVh!l'lt~f'Vllm'icy:J.Jl~llllflf~~ n i~Ju 
fft)jtyltu~cy:J.Jl~llllflltJ1'Wi1~!'1m'Vi~~~l'W1'W N ~1 'il~bl'llll'Jti!!'VI'WIOi'1tJ'l!'~l!Hi'W1~~h [x~' x2, 

0 " 

... , xN] 91~bl'llll'Jtlfll'W1tu~mttu~~l~"l'lltl~fft)Jtyltu 110i'i~il 

(1) Root mean square (RMS) !il'Wf11'J'Vi1~1'Jlf1~bl'ti~'IJ'tl~~lm~ti'Utl~tll~~bl'tl~ 

(2.1) 
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(2.2) 

~UJ:w~1~ +¥it~ f111:W~I'11~ 1· P ¥it~ !'Vl1!Jtl{fi'!Uf1\9l~:WI'l1~ 1· u~~ M ¥it~ 'il1'WTU 'il'Pl 
Q lj } q 

~ . ~ 

'U t!IJ!'Vl1! 1 tJ { fl'! U f1 \91 ~ :ll'l'liJ'I1:W 'PI ~IJ fi'1:W l'Hl fl1'W 'JW ~ f1'l:J W~ ~ 1-:J"'] 'U t!IJ 'ffty t)! 1 W 1 ~ IPf-:J U 

(1) Mean frequency (MNF) !~'Wm'i1~f1l'JUU~IJ~W{mJ1J!~1 (Fast Fourier 

transformation) !~tl 1 ~1~fi1t'Vl1nt~{mun\9l~ :WU~1'11Wilm ~ V'llti-:Jm1:w~ 

M /M 
MNF= f;i;~ ?;~ (2.3) 

!:'1 '1 'J} • I .. F.: "' ~ • (2) Median frequency (MDF) !1J'Wf11'J !'lff11'JUlJ~IJl'.;j'iW'JU1J1H'i'J (Fast Founer 

transformation) !~tl 1 ~1~fi 1!'Vl1!Jtl{ fi'!Uf1\9l~:W U~1'111fi1f111:W~~ ~m 'J:W'llt!IJ!'Vl1!Jtl{fi'!Uf1\9l~:Wii 
fi1!~'W fl~ IJ'I1~ IJ'UtJIJfl1~1JvfiJ'I1:W'Pl 

MDF M } M 

I~= I Pj=-I~ 
J=l j=MDF 2 j=l 

(2.4) 

v Q.l ' ' 2.6 fl1~1~~~~1'J.f'HUll~ (Anthropometry) [32-33] 

QJ Q.l I I t/ Q.l 

f11 'i 'J'Pl fi''Pl fi''J'W 'i 1-:J f11V'U t!IJ :W 'W 'l:J V\9l1:W '11 ~ f1 • 
l'YIV1ff1fl'l'l11'Plv-ff'Pl~1'W~1-:J "l tJ'WU'i~f1ti1J~1V ~'J'Wfi'-:J Jmt.Tn f111:W'I1'W11'lllT'W1~t-i1'11'11-:J t-ff''W 

'" ~ 

'jtJlJ'JIJ'UtJIJ~Nmv m1:wnf1-:Ju~~fl11:wv1'J'Uti-:Jm~'Pln m'i1''Pl-ff'Pl~'J'W~1-:Jmvii 2 u'J~!.f1'Yl1Pi-:Ju 
'" . 

QJ ' ' Q..l Gt 'Q..l .d, 2.6.1 ~~~1U~Hfl1~1~ !U'UW~t~gfl'U'YI (Static dimensions) 

t~'W inm'i l'PIU~'ll'W1'Pl~1-:Jf11V:W'W'l:l v~t~~1 'W vh~ -:J 1:Jiim'i !fl~ti'W 1111 t'PIVf11'il'Pl . '" 
'J/ 1 I I 

'll'W 1'P1rl11'11 ff'j'l:J~ u 'll'W 'll1 t 'Wvl1'Yl1-:Jml'l'i \11'Wini1~'W u ~~vi1'11-:JViiinnn1'11'W 'Pl'il'Pl'l1'1t~IP11u'l1thVi 
~ . 
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" " nn-J~~~riTtdl~tllfJ'l'Wt~WJ~i~ 36 ~1!!'11U~ ij\O}~u • 
1. fl11:JJ\J'~'Utu~V'W (Standing height) 

2. fl11:JJ\J'~1~10i'U~lfJI'Il'Utu~V'W (Eye height) 

3. fl11:JJ\J'~1~10i'U1Mci'Utu~V'W (Shoulder height) 

4. fl11:JJ\J'~1~i'U,Yelftelfl'Utu~V'W (Elbow height) 

5. fl11:JJ\J'~1~i'U,Ye~l'l~ 1V~n'lltu~v'W (Hip height) 

QJ3}~ ..:!{ • 

6. fl11:JJ\J'~1~~'U'Uel:JJel'Utu~fJ'W (Knuckle height) 

Q.l .£ <!!I .c!l 0 • • 

7. fl11:JJ\J'~1~~'U'W1:JJel'Utu~fJ'W (Fmgertlp height) 
' 

8. fl11:JJ\J'~'Utu~U~ (Sitting height) 

9. fl11:JJ\J'~1~10i'U~lfJI'Il'Utu~J~ (Sitting eye height) 

10. fl11:JJ\J' n~\Ol'U1 Mci'Uru~J~ (Sitting shoulder height) 

11. fl11:JJ\J'~1~10i'Uftelfl'Utu~J~ (Sitting elbow height) 

12. fl11:JJ'I1'Wl'Ue!~l'i'W'Ill'Utu~J~ (Thigh thickness) 
~ & Q.l I 

13. 1~fJ~tllflfl'Wm'I11!'1Jl (Buttock-knee length) 

3J e:9 9) Q.l I • 

14. 'j~fJ~tllflfl'Wfi~'Uel'W'U!'Ul (Buttock-pophteallength) 

' 
15. fl11:JJ\J'~!oUl'Utu~'l!~ (Knee height) 

3) Q.l I d_, 

16. fl11:JJ\J'~'Uel'W'U!'Ul'Utu~'W~ (Popliteal height) 

91 91 .A'll] 09l 91 .A'll] I 

17. fl11:JJfl1Ntllflfli:ll:JJ!'Wel !'11't'ICJflfJ-fli:ll:JJ!'Wel ! '11'tl'IJ11 (Shoulder breadth) 

18. fl11:JJfl'fl~tllfl 1 Mci~lfJ-1Mci'IJ11 (Shoulder breadth biacromial) 

19. fl11:JJfl1'1~~~ 1'Wfl (Hip breadth) 

91 
20. fl11:JJ'I1'W1'11'Wlelfl (Chest bust depth) 

' 91 
21. fl11:JJ'I1'Wl'lfel~'Ylfl~ (Abdominal depth) 

"' lJ] ·~ 91 
22. 'j~fJ~tllfl'111 !'11'tlfi~'Uelftelfl (Shoulder-elbow length) 

91 ~-1 ,!"' . 
23. 1~fJ~tllfl'UelfteJflmumfJ'W1:JJel (Elbow-fingertip length) 

\.1] 1& .£ 
24. 1~fJ~tllfl !'11'tlfi~UmfJ'W1 (Upper limb length) 

11] 1& tl ~ 0 .c!l • 

25. 'j~fJ~tllfl !'11'tlfl'l~~~'WfJfli:ll~:JJel'Utu~tll:JJel (Shoulder-gnp length) 

26. fl11:JJfJ11llh'l:J~ (Head length) 

91 "" 27. fl11:JJfl11~ft'j'l:J~ (Head breadth) 

"' 28. fl11:JJfJ11:JJel (Hand length) 

91 "' 29. fl11:JJfl1N:JJfl (Hand breadth) 
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'J) 

30. fi11:1Jti11~'Vll (Foot length) 
'J) 'J) 

31. fi11:1Jfl1N~'Vll (Foot breadth) 

32. ':i~tl:::flN!!'U'W (Span) 

33. 1:::t1~fll~ft'tlfl (Elbow span) 

~ ,% "' . . . 
34. fl1l:IJ~~'Utl~1:::ti:::Wti:IJ!l'U'W'U'W1J'W'UW~ti'W (Vertical gnp reach standmg) 

~ ,% .:, 
35. fl1l:IJ~~'Utln:::ti~Wtl:IJ!!'U'W'U'W1J'W'UW~'W~ (Vertical grip reach sitting) 

~ 'J) 'J) • 

36. 1:::ti~Wtl:IJ\91l'W'Vi'Wl (Forward gnp reach) 

13 
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2.6.2 NVJti·;ruh~fllffYVI11-A'lJW:i:Aflgell!~ (Dynamic dimension) 

fll'j'J\il fflilri1'W ~ VlflleJ:JJ'UIJ eJ'IJW:i:~~1\lflleJlJfll'J ~'fl ~tl'W 1 Vi 1\911:JJ1l11:JJ'lf1~ . 

;1t!V1\1~~1flUJ'IJB\I.fi't~:uCI'IJ'Wllilfflilri1'W~1\IflleJ'IJW:i:~'fl~t!'W 1 Vi1 ;ie~ ~ffeJ'IJB\Ifl11~'fl~t!'W 1 Vi1.fi't~~tl 
" Q) 

~1\1 'l 1 u h:Jmv m11'mh :::m'Vld ~ e~u .fi'1\l ~\leJ1flci'ucE'e~uuC~:::'V\' 11~ eJ1fl ~'1"111:::~1:lu nn1'1ilff'lilri1u 
' ~ 

~1\lflleJ'IJW:i:BV1 'W 'Vll~'fl~ t!'W 1 Vi 1 ~'lfu fl11'11'U 'j t1 fl11'f111J'fl :JJfl'W 'lJ\IflU mnh :i:flt!U~'W ri1u 1 u 'Vll\1 
Q) • 

uum~\111-hilu ~iJv:u ~'~"~'j 1:::i11f 'il~mm1 ncE'e~umn u~i1.fi'e~~C1~ 1~111nm11'1ilu1 :::m'Vld 11::: 1~ 
~1~ 1 nft'~~eJ\1 nu'f111:JJ~l:lu 'il~ \1 

2.7 ~'lfihnilflU.J (Body mass index, BMI) [35] 

i'lfu :u 1Cimml:lu ~11Pl'lfi1 ~f11u 1w 'il1mJ 1M tY nuC~::: ri1u ey '~ .,j 'J!I'_f.! "' 
~'\"'t! ~'lf~1J)(J1J~'Vl(J1J 

'f111:JJ{Y:IJ\OjCil:i:ViiNJmtYn;1~Bm1:JJtr\I'IJti\I:JJ~IJeJ ~\l~lilfi''W tlileJ Adolphe Quetelet 'lf11~1JC!lVeJ:JJ 

~1\Pl'lfu :JJ1CI mvm 1~ lileJ'I11J 1Ml1' n (m.hml:lu f11 Clfl f :u) m1 ~ 1vn1~\l {Yt~\l'llt~\lri1u ey '~ cmJ1v 

~l:lu~:JJ\911) 

BMI =weight 
height2 

2.8 fll":i'lh:::mWfl11ll't'i'l-!1HU'l-! (Density estimation) [36-37] 

'11 \1 niu 'f111 :JJ Vi 'W 1 u u 'W ~ 1:1 'W lfu ~ 1'W ~ ~1flUJ'IJ tl\1 fl1 'j 1~'f111::: ti 'Vl1 \1 {1'~ ~ ., " 

(2.5) 

,..,~ r/ Q.J I 0 Gj 3) Q.l '3) 

'Vl111Jl"l\lfl'lf'W'f111:JJ't'i'W1U'W'W'il:i:'Vl1 ~'t'i'Vl'j11Jfll'jfl'j:i:'iJ1eJ\911 (Distribution) 'f111:JJ~U (Skewness) UCI:i: 

'; I !J/ o '] !J/ I ~~ "'> I I II) !J/ 
'flJl:JJ ~\il\1 (Kurtosis) '\Jtl\1'\Jtl~CI 'Vl1 !'t'i't'il'f111:JJ'Wl'il~~1J'W'\Jtl\lfl11lfllil'fll\911\l'l ~lil 

2.8.1 fll":i'lh~mWfl11ll't'i'l-!1HU'l-!1VIf.l~hr1VIHfl":ill (Histogram) 

QQ./Q d 0 d I '3) ~ 

'il1fl [(x0 +mh), (x0+(m+ l)h)] {Yl't'i11J'il1'W1'W~VI:JJ1J1f1UCI~'ill'W1'W~VI:JJCI1J m 'lf1\l'f111:1Jf111\l\)fl!Cltlfl 

'1 !J/ ~I I ::'I !J/ I ::'I "''1 !J/ ~I "' I I .d 
!'t'i~1J'U'lf1\11Jiil'Vll\ICJf1(JUCI:i:'lf1\1~1Jiil'Vl1\I'IJ11 {Y:JJJ,J\91 !Vi XI, X~, x:l' ... , X,, ~1J'U\911tJ(Jl\lcy:JJ'Vl:JJl'il1fl 

U1~'lf1fl'j'IJ'Ullil n ~\llJVf\ln'ITuml:JJ't'i'W1UU'U f UCI~tll't'i'Wiil1M J ~l:lu;1U1~:JJ1W'f111:JJ 
' ~ 

't'i'WlUU u ~\I ~{1' tVIum:uiJm:u 1~\91\lu 
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(2.6) 

d I <V 

!t 'il~J.Jfi11J.J !t\91 fl\911 ~ fl'W 

_I I <I 
2.8.2 fll~u~~mWfl11li'I1'Um'UlW'IJ'l.Hfl0'mHI (Kernel density estimation) 

" mnJ':i~J.Jlll!fi11J.J'tl'W1!tU'WU'lJ'U!flt11l'W~ (Kernel density function) UtnJ.Ji~-w 

(2.7) 

' o:l o:l 
!1jtl K !ll'W Kernel function!!~::; h !ll'W window width 

rh h tunmnh::;mwm1J.J'tl'W1!!tlum.J'U!flt~1lu~ 'i)::;~vn-.11 window width 

.11:!!:1 ~ .d. I ~ ... 1 I tf d 3/ d 

'tl':itl bandwidth 'tl':itl!':it.Jfl11 smoothing parameter 11iu':i::;J.Jlll!fi11J.J'tl'W1!!'W'W!!'U'U!fltl':i!'W~J.J'Utl\91 

.cS ... ~ rl IV d"' I d Q.l ' ~ & ~I ~ d ~ GJ 9) Q.l I d lr( 31d 9) 
fltl l"l~fl'lf'W 'Ylu':i::;mw 'il::;J.J~fl'l:IW::;\9ltl!'Wt1~ 'il~!u'W11i'Yl'Wt.JJ.J ! 'lffl'W!!'V'I':i'tl mvmfl'Yl'Q'\911!~::; !\91J.J~ 

ffflmflw 'ffJ.J'U1l'Ut~~n1.h::;mw fi11J.J'tl'W 111 tlu 11'1~u ~1u 1umn m'V'Iu':i::;nt~'U 2-4 u 'ffl9l~i1mh~ • 

"' 0 

0 
0 
0 

r--

~ 

~l ~--

I 

I I 
-5 0 10 

"' 0 

8 
0 u 

c; 0 
2 
c ·;;; 
c 

" "' 0 0 
0 

0 
0 
0 

-5 5 10 
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..., .:'1 <i .:I 
2.9 fll'a1VIfl11'll&u'k\'k\B'kl&flltnCJI'£J'kl (Measurement of non-Gaussian) [26-27] 

' 'l ' 2.9.1 fllfl11'll &VI~ (Kurtosis) 

Q,l Q.l ~ -=::!! -=:::t..c:::::t.Q.I Q.l dd 
tl'W~lJ~~'IJ'W (Higher Order Statistics, HOS) fitJIYfl\91ti'W~lJ'V111' (Fourth order cumulant) 

fi1m1:w i~~~Y1lll'ifl'l11 !IPi'i~~Y:wm'i 

kurtosis(x) = E[ x4 J-3 (2.8) 

a .... c:r riQ.I Q.l 

E fit! -n~fl'lf'Wfll~li'N (Expectation function) 'Uti~ x 

fi1m1:w i~~mm1mtlu !1Pi'i~fi1u1m!~~fi1~u 
'jJ d QJ rl .cS. 9) i I d ' :'I ' 
'Utl\!~llfll'ifl'i~111V\911!! lJlJ!fllffln:lfV'W (Gaussian distribution) fllfld1ll ~~:Wfll!IJ'Wll1fll!l1'~~11 

"-' !J/ od i I I QJ t/ e:! 

fll'im~ 111V\911'1J ti~'Utl\!~llfi11:W ~~lllflf111f11'i m~ 111V\911!!1JlJ!!lJlJ !fllff!n:lfV'W (Super Gaussian) 
' a d. Q.l ct 91 G) 9J Q.l ..... 1 

'11'iti:Wf11'im~111V\911'Vl!'IJ1 !fl~f11'ifl'i~111V\911!!1JllmiJmn:lf (Laplacian distribution) !!~~'111f1 fi11:W 

i ~ ~ ij fi 11 tl u ~ u u ff~ ~11m 'in 1 ~ 111 vi 1'11 v~ ~ v:w ~ij fi11:W i ~~11 vvn-J1m1 n 1 ~ 111 vi 1!! u u !f11~! cuvu ., 

(Sub Gaussian) 

2.9.2 fll'a'lh~'ll1W~l!'klflln<W&B'kl1'mtl (Approximations of negentropy) 

.,; O od ool i ":':'1 O 11] !J/ d/ !J/ 'l !J/ 
0 

I O 

!'Wtl~111flf11'i'l11fll!'Wf11'V1Y~!tl'W 'Vl'JIJ'V11 !~V1f1 [26] 11~\9ltl~ !'lffll'ilJ'i~lllU!fll!'Wfll 

~~mu i'Vl'iU!!'Vl'W ~~fi11l1~mw!um~~wu i'V11Um!IPi'i~ff:wm'J 

1 [ 3 ]2 1 2 J(x) ~ -E x· +-kurt(x) 
12 48 

(2.9) 

.c!t ... ':1' rl Q.l Q.l 

E fit! -n~fl'lf'Wfl1~'111~ (expectation function) 'Uti~ x 

kurt(x) ~tl fi1fi11:W i~~'Utl~fftytJ,jlW 

m'itl'i~mwfi1!'Wf11~~W'W i'Vl'JUi'Wff:Wfll'i (2.9) ij~ml'1n~ tu!it~~'llt~~m1:whi 

" tJ'J~lllW fi1!'W fll~~!tl'W i 'Vl'i UIPi'1VIY:Wf11'i i~U 



p 2 

J (X) ~ I ki [ E [ Gi (X)] - E [ G, ( v)]] 
1=1 

~ Q.l dd Q.l If' d d.<::! I d ' I Q./ c/ d I 

v flU 'fftutulW 'V11Jf11';i m:;; ~1fJ\91''JH'U'U!f11{HCJl'fJ'W 'VllJfll!Q rlfJ!'Vllfl'Ufi''WfJ!!r!:;;1Jfllf1111J u u ., 

uunh-:J'W!~'W'I-1~-!1 

G; ~U Vf-!ltlGJf'W~ !til 'lfrl'1Jf11'itl1~-!lrl'tJ-!1 (non-quadratic function) 

l'WmW~!~unYl-!!ni'W G !~fJ-!!Yl-!!ni'W!~fJ1 nnu'i:;;mwfill'Wmli'liw'W i 'Vl11l~:;; 1~\Pl~r!'llm'i 

J(x) oc [ E( G(x)]- E[ G(v) )]
2 

1 
G(x) =-log cosh( ax) 

a 

I I I j/ 

!{iu a ~ufilfl~li9f~ 1 ~a~ 2 ur~:;;lTn~:;;!.U~l a= 1 (l'W~l'Wi.Ovil!.U~l a= 1) 
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(2.10) 

(2.11) 

(2.12) 

(2.13) 



' -=1 

U'YI'YI 3 

. 
"! "-' I 

3.1.1.1 lfi'HJ~'UtllVbYUJUJlW j'I-J Mobi6-6b 
" " . . 

lfl'1t~~'Ut11Vffqjqj1Wj'W Mobi6-6b 'Uti~'U~'!J''Vl Twente Medical Systems 
. " 

International B.V. 1~mlvet::a'flv~'lltl~lfl'1t~~'IJV1VffUJUJ1Wiii~u 
"" 

Q./ d .d ' ' QJ ~ o' 
- bYqjqjlWj'lJflJ'W (Noise) <1.0 flVrms ('Vlfi11J.JfJf11jcy:IJ!'Vllf1'U 128 !eJj~CJf) 

- -eJ'~jl'IJVlV (Gain) 19.5 rvh 
I V "'> 1 <I 1 <I - NC!~l~'Utl~trtytylWti'W'Vj~ (Input common mode range) -2 1et~/+2 1Cl~ 

"" "" "' <I 12 ') <I 
- tl'W'Vj~t!JJ'VH!~'WCJf (Input impedance) >10 !tl'I1JJ 

-eJ'~jlf11jet~ffqjqjlW'lfU~flt!JJJ.Jti'W 1 '11JJ~ (Common-mode rejection ratio) 

100 !~Clf!'UC! 
I 0 "I <I c:l <I 

- fi11JJ!!JJ'WV1 (Accuracy) ±2 !utld!CJf'W~ 

- fi11JJC!~:a'flv~ (Resolution) 24 il~ 
.d. ' ..:::::). tl 

- fi11J.JfJf11jcyJJ (Sample frequency) 128 256 512 1024l!Cl~ 2048 !eJj~CJf 

- 'il'l'W1'W'J1t~~ffUJUJ1W 6 'J1t~~ffUJUJ1W u u u u 

23 
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fl\91'il'Utlltl 19.5 rvh 

~ Q.l d ~ ~ 
3.1.1.2 !fi'Je:J~'Utlltlbrt1Jt1J1W 'Ylrlrl\91'Ul-He:J~ 

!fli e:J~'Il tlltlb1'tytyltw mm1 m.H'1JtJ\9111'1l tlltll~ 'illf11'11~Tw 'Yll'W tl~lJ~ll ~ur~~ 1 off 

l'l1!!Ur!~b1'tyty1We:J'Wl~e:Jmrl'W~~\91e:Jrl (Analog to digital converter) NI USB 6009 'Ue:J~1J1EJ'Yl 

National Instruments ~lJfiJllJrl~!~tl\91 14 U\91 !~1Jb1'tutl.Jltwlvl~hf1~1lJ!de:J i\91tJ1offitlmnnJ 
" " 

... IIL.IJ!I :J) )f d II] :J)d I ~I 1 <I ... I <I ... 
LabVIEW !!rl~brtytyltw !Yfl"llf1rlllJ!'WeJ'Yl !\91lJ'I1'W1tl!lJ'W 1rl\91 (V) \911e:Jtll~'Ue:J~1Je:J'J\91'1Jt11tlbrt1Jt1J1W 

ubr\91~~~m'flltl'J~f)e:J1J 3-2 

OQ.I d9) Q.l lJl9J 9) ~9) ~ QJ .d~ 
b1'1'11 'i1Jf111 !f11J'IJ e:JlJrlbrtutultw 1 vJVI1f1rlllJ! 'W e:J\91 1tl!fl 1 e:J~'IJ tJltJbrtutultw 'Ylrlrl\91!e:J~ 

<u u u u u 

>I I 

i 'W ~ l'W 11ltJth11'11 'W \91fl\9111f11'i -ci:J.Jb1ruru1w 1 'W m'itl'i~:J.J1rl Hrl! rl'W 1000 !~'i\91CJf me:J~f111lJ~ 1mb~ 
q " " 
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"" 3.1.1.3 !fi'Hl~ BIOPAC 
" . 

1 'W~l'Wi~f.J'W 1~!fi~B~ BIOPAC rlTYif1J1~UH111f1fll~iJ1J!fi~B~1~u HthJjjB 

"' '1 • I "i o3 9J "' liJ .. IJ!I 9J ~ (Hand dynamometer) ~~!!b1'~~ !'WflTl'hJ~~f1B1J 3-3 ~~CJ!fl1J'UB1J~'ffqjqj1W !Y'fl"llmHJJ!'WB 

'IJW~~BBflU~~iJ1J!f11B~f~uHiJ1JjjB ~~~\Pl1Jm~~1~ '1 fil'IJB~U~~~1~ihn.hm1:Ju 

in~nf:JJ 

... 1 ~ j) ~ Q.l d ~ 
fll'Vlu~~flB1J 3-3 !fi~B~ BIOPAC (CJ11f.J) !!~~!fi~B~1~U~ ~1J1J:JJB ('U11) 

"'o3 "i 
3.1.1.4 B!~fl !'VI~~ 

'1 "' "' II] 9J 9J ~ 9J 91-"' o3 <; d1 ~I • 1 <>' d o 9J d 
! 'Wfl1~1~'ffqjqj1W !vlthflmll!'WB11~191B~ 1'lffl!~fl ! 'Vl~~ CJ1~!U'WfJumW'Vl'VllM'Wl'Vl 

!U~CJ'WU u~~fl11ll!~ll'1r'W'U B~ 1 BBB'W 'IJB~fl~lll! d m1:Ju fll~ !U~ CJ'W!!U~~'IJB~ftflCJ1 vl~h 1 'W ~l'Wi~CJ 
1~~~h~fll'Vl~~'lfU~~'WH1 Kendall I Tyco ARBO 'UB·m'11J'Vl TYCO HEALTHCARE !1:J'W1'ff\Oj 

U~~!fl'Vl~~nBfl~~nBffi~B 1 ~~ (Ag/AgCl) ~!~fll 'Vl~~'lfu~rlihffl'hlW~!1:J'WU~'Wfl~llij!'ff''W~l'W 
fl'm!nm~ 24 il~i'luJ\91~ \Pl~u'tr~~1um'Vlu~~flB1J 3-4 ~ \ 
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' a. a o v v v • • 
3.1.2 !fl':HI·UUHYl't'i'l'Utll'l1VI~VI~1'lfHUlltl 

it.J\IltJ1~f.J'I'llml"1V~ff~HY1tJ~Ntllf.J~TW'JtJ 11 ffV~~htJ th~fltJ'U¢11f.J 

"' (1) fi'Jl:U\J'\I'Iltu~f.J'W (Standing height) 

" (2) Ul'l-'llJfl (Body mass) 

'J) dl " 0 "' ' (3) l"~f.J~'illfl'Utlfl'tlfltl\II!!''Wf.Jflm\I'IJW~tll:JJ't:l (Elbow-hand gnp length) 

'J) II] d_l " 
(4) !bY'Wl"tl'lJ'J\1'\Jtl\1 t'lJ!GJfubY (Biceps circumference) 

'J) 'J) A' II] ' 'J) 'J) A' II] ' 
(5) fi'Jl:IJfl'Jl\l'illflflm:JJ!tJtl t 1-H'lGJflf.J-flm:JJ!tJ't:l !'11~'\J'Jl (Shoulder breadth) 

'J) "'~.I,£"' 
(6) l"~f.J~'illfl'Utlfl'tlfltl\lumf.JtJ'J:JJtl (Elbow-fingertip length) 

'J) ' ' (7) !bYtJl"tl'lJ'J\I'IJ't:l\IU'IJ'W'I'W'Wm\1 (Forearm circumference) 

( ) A' 'J) 'J) ( d ' ) 8 l"~f.J~!tltl:IJVI1tJ'I1tJ1 Forwar gnp reach 

'J) "' (9) fi11:1Jfl11\I:JJ't:l (Hand breadth) 

"' (10) fi'Jl:IJf.Jl'J:JJtl (Hand length) 

Q.l ll] t& 9) 

(11) l"~f.J~'illfl'l11 !'Yi~tl\1'\Jtlfl'tlfl (Shoulder-elbow length) 

dt "' "" "'.I .I o' '1 ' ?I dt "' d - !fll"tl\I:IJtl'JVIfll~lJ!lJtll"'IJ'WlVI !'Yiqj (Wide sliding torso caliper) !utJ!fll"tl\I:IJ't:JYl 

"' d "' 'J) dt 'J) II] 'J) '1 'J)"" 'J) 
:JJUfltJ!'I1~fltlflVI1tJ bYl:IJll"tl!~tltJ!'IJl-tltlfl !VI ! 'lf'JVIfi'Jl:IJ'I1tJ lU~~fi'Jl:IJfl'JN 

'IJ't:l\1~1\ltllf.J !'!fu m1:uni'N'Iltl\IL'11~ 

- !flitl\l]jtJ-fV~fll~U!UtJ{'IJ'WlVI!~fl (Small bone caliper) !~tJ!flitJ\I]jtl~'li'1V~ 
9} I I 9}~ 

fi'Jl:IJfl'Jl\I'IJtl\ll"l\ltll(J !'ll''W 'IJ't:l:IJ't:l 

- 191rl''lJ!:IJ\9ll" !~tJ!flitJ\I]jtl~~UfltJ flfl¢iltJ bYl:IJll"tl!~tltJ!.u'l-tltlfl L¢i'l i'-J'V~fi'Jl:IJ 
'j) I I :l ~ Q.l I d 'j) 

lJ11 u~~ml:Ufl11\l'lltl\ll"1\ltllf.J !'ll'tJ l"~f.J~!tltl:JJU'IJtJ !fll"tl\I'JV~bY'JtJbY\1 !UtJ\9ltJ 
" 
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(fl) ('U) 

(1'1) 

('il) ('i1) 

mvnh~nDu 3-5 lfliD~Jjm11'VIi'uml1~rff'~ci'-;n.rh~me.J 

(fl) ~le.Jf~ ('U) lfliD~JjDf~m~tJnJDf'U'Wl~l'VitUl~fl (1'1) \9l~'Ulll\9ll (~) lfliD~J~Jl'Viufl 
" 

" (~lle.J&'l~l~e.J~lnflll1~-ff~-ff1'W~l~fll(J'Yl~ 11 -ff~-ff1'Wl'Wfllflf--.I'W1fl fl) 
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" a v QJ IJLJY.I V "' 
3.2 fll':Hfl'U'IJB'llt'lil'WWlW mnlflt'll'll!Ue1 

'II u u 

'l 'W -:J1'W 1~l'Jcl '1'1 1fll':i !~u.u'mJ ~-aruumw 1 vJvhnti'1JJ!d tJ'lJW~nti'1JJ! dm1~1'11u uu 
"' u u 

~ d 'j} ~ Q.l IQ.Id~ 9) 9} ~ ..::::! d 
!'fl~tJ'W'Yl!!~~nmJJ!'WtJ'I'i~muuutJl'Jtl'IJ'Yl CJ1-:J'lh~ntJU~1l'J'lJtJJJ~m'l'iJJ~ 6 'lf~ ':i1l'J~~!tJl'J~fll':i!tl'IJ 

"' "' ' 
'j) Q.l 1ft 'j) 'j) ~ C!Q.IJI 
'lJtJJJ~ bl'tutu1W ~ vJ.YhnmJJ! 'W tJ!!~~-:i'llu uu fll':i'Yl~~tJ-:JJJ~-:J'W 

'U u u 'U 

Q.l ~ Q.l ~1 Q.l dt d~ 'l 
mb1'1bl'JJml'Jtl'W1'1'i'Wtl 4 6 u~~ 8 n ~~mJJ !'fl~tJ'W'Yl'lJ'W-~-:J'il1tlJJJJ 0-150 o ml'J 'W 

' 
nm 3 1'Wlli ~-:Jubl'~-:J'l'Wm'jl'j'lh~ntJu 3-6 1~l'J'lli'mmfflT'fl-:il'Jml1'1111'nu~~~J1mJn~'W-~-:J 
'il'Wm~i-:J 1JJmmnwnJ1'11Utl~'W l~Btl~tJ 111 ~-:J'I'i ~~tll':i'Yl~~tJ-:Jl'JnJ11111'mT'W "1 

(tl) ('lJ) 

fll'ji'j'll-:i~tltJ'U 3-6 ~'llmJ um':i 'Yl~ ~ tJ-:J l'JnJ 1'11 u nu 'U'U!'fl~tJ'W ~u~~l'hu mJ -:Jfll':i 11-:J~h~ n1 'Yl':i~ 
~ Q.l ~ d~ 

(tl) tll':il'Jtl'W1'11'WtlU'U'U!'fl~tl'W'Yl'lJ'W (I) !!~~~-:J (II) 'il1tlJJJJ 0-150 ° 
' 

('lJ) I911U'I'i'W-:Jfll':i11-:J~!~tl1'Yl-:i~'U'Wtlti1JJ!dtJ1'U!9}'ll~ !'U-:i~1tJ (~1l'J) .u'tJiJtJ ('1J11) 
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9) ~ tl tl o"l.i] d q (V 

pollicis longus, FPL) fHlllJ!'Wtlltlf1CJl'!'Vl'W!CJl'tl'J 'fill!~ !l!191eHH1' rltl'lf1f1' (Extensor carpi radialis 
9J ~ o" ~ 9) el ~ 

longus, ECRL) TlrlllJ!'Wtl llh!'Wl\9ltl'J !1191 !'Yl!lfr (Pronator radii teres, PRT) !!ri~TlrlllJ!'W~HJ'~!'W 

!\9ltJ{ rltl'lflfr (Supinator longus, SL) !!'U'W'U11 ~'l!W191'll'Wfll~lh~ntl'U 3-7 1.fftf!~tl'l'UCJ1CJ 

fftutulW ~'W Mobi6-6b 
" " . 

""' ';;'I 1 c:l ')) "' lrJ n.IJ!I ')) 1f ')) 1f lrJ 
!!rl~!~rl"MUI'l 12 fl'W tllCJ 20.8±1.19 u !19'1CJ!f1'U'UtllJrlfYUIUilW !l"'l"'lf1rlllJ!'Wtl'illf1f1rlllJ!'Wtl !'U 

u q qJ u u 

c:lnl<{ C.li] 9'))"" <V O 

!CJl'ufr !'Ulfl !tl !!'U'W'U11 !'lHflltl'l'UCJlCJfYUIUilWl'W Mobi6-6b 
" " . 
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d 3) Q.J 'j) Cl.l I ~I 

Hl'IJ'Ilt~:IJ~'illfltnJ;YlJ;Y:IJm'llt~lH'l'illfltnfflb'UJm 21 fll-H!m!u'W!'Wfl''lfltl 11 fl'W 
~ ~ 

"' "" "'ely"' II]Y Y Jf 
tnt! 21.2±0.87 tJ u~~!'Wfl''MUJ~ 10 fl'W tnt! 21.0±0.82 tJ hw!fl'IJ'Ilt~:IJ~J;YUJUJlW ~'VJVI1nm:IJ!'Wt~'illfl 

q u q qj uu 

Y Jf II] o:J o' C>llj '] Y dt <V I 

flm:IJ!'Wt! ~'IJ!CJfDJ;Y !'IJ1fl W'illfl!!'IJ'W'IJ11 ~'lf!fl':it!~'lltlltiJ;YUJUJ1W1'W Mobi6-6b 
" " . 

~ ' 
tnmmTmt~mhmJn 1 2 3 4 u~~ 5 n1~n-r:u Vi:u:u 30 60 90 120 ~~~~ 150 t~~m • 

(fl) ('U) ( fl) 

(~) ('il) 
~ ' 

m'WD1~nt~u 3-8 m1t~n'l11'11um!uut~~nuVi 
~ 

(fl) ~:IJ 30 ° ('U) ~:IJ 60 ° (fl) ~:IJ 90 ° (-:J) ~:IJ 120 ° ('il) ~:IJ 150 ° 
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- ~ D !!'IJ 'U fl1 ':i '\'1 ~H'l tl \1 

tllbllbllfmvm.hrnTn o.5 1 2 3 4 u~~ 5 rn~nf11 ~~11 90 tJ'Ifl"11~vvnrfl'lt1' 5 

""' "" 1'Wl'\'l 

Q.l d dt QJ .<::::! ~ dt 'j} a 
tllbllblllfl':i tltltlt! H'U'U !fl) tl\11~m \I'U'Ulltl'Utl\l!fl) tl\1 BIOPAC ~1CJ!!) \1~ 'lbJ'~!'VW 

'Yil~lmlllblllll':itl~ 'lbJ'~~tllbllblJJfl':itltltlU ':i '11 ~CJblJJfl ':i 1 'il (Maximum voluntary contraction, 

MVC) UH~l\P1'~lnl1mlJ'Wn1~nfll~\I!!H~l\P)'~~l!lJ'W 100% MVC !~m.Jllllfll'W1W'Yil~l!!H~ 

10 30 50 u~~ 70% MVC !!~111i'mbllbi'JJfl':itltlm!':i\IU'U!flitJ\11~u':i\IU'Ui1tJ\P1'1CJUH 10 30 50 u~~ 

70% MVC rfl'lli'!ll'Wnm 51ml1 

" <V :II :II <!I 
3.3 fll'j1~fl1Uml'UMfltllll!'J.Hl 

dt d 
U'U'U!fl~tl'W'\'1 

3.2.1 

~ .0::::::. (/Q.J 

T!ifll':i1!fl) 1~'11 blqjqjlW 

""' ,{_, \J] 91 91 ~ ')' ']91 ""' dt C. ')' <f ')' o I 

1!fl)l~'YiblqjqjlW L'VJVhtlmlJ!'Wtl L~Cl L'JH'\'lfl'Wflfll)!~tl'W1'W L~1 L~W'\'llfll':i!!'U\1 

ffqjqjlW '1 vJ~hn~llJ!dm!~~~flf \I~CJnJ111'11'nl 'Wfll'VjD':i~tltl'U 3-9 (a) tJtJmll'Wl'W 1~1~m~~~ 
'IJ'Wl~l'W 1~1 (window size, L) !'Vlltl'U 512 WlflJ!iJ~ !!~~'IJ'Wl~l'W 1~1~!~tl'WlD (window 

increment, I) !'Vlltl'U 50 !DtJ!!~'Wvl'\Jtl\1'\J'Wl~l'W 1~1 ~\l!!bl~\ll'WJ11'VjD':i~tltl'U 3-9 (b) !!~1vllfll':i 

mrh MNF 'Utl\IU~~~1'W 1~1~tJCJ~\IUbl~\llwll'VjD':i~tltl'U 3-9 (c) !rltlvllfll':i!~tl'Wl'W 1~1u~~m 
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I Q.l lf] 'J) 'J) ~ ~ lf]3/ I Q.l ~ 
m MNF 'tiB·Hltytyltu rvJvhmmH'WB'Vl·nnJ~'il~ ~~mTvhn MNF ~'lfll'Wth~nBu 3-9 (d) 'illfl'W'W 

t11~1 MNF m~l'Wfll'JmB'lfl1TIJ~~1~1'W!~B'l'li'mTVJ MNF ~vu~'W ~'l!!'ff~'l'lwn'Wth~nBu 3-

" " " 9 (e) !!~Tvllfll'J'Y11~1 MNF ff\l'ff~'tiB\lfll'Jt:JflU1'ViUfl!!~~~fl1''l l'Wfll'Wi.h~flBlJ 3-9 t:JflUl'ViUfl '" . 
J\l'Vi:l.l~ 21 flf\l ~'li~~l MNF ~'lbJ'~J\l'Vi:l.l~ 21 ~1 !!~1'Yllm'Ji!m1~11'mnl~TJBm;'l!~'W 
(Linear regression analysis) !~B~!!'W1lU:l.lmlmYmf'W1h~wj1\l~1 MNF !!~~~1'W1'Wflf\lfll'Jt:Jfl 
J1'Vil1'fl l'Wli.J'tiB\l'ff:l.lfll'J!~'W~'J\l ~\l!!'ff~\ll'Wfll'Wi.J'J~fltllJ 3-9 (D 

(b) 
I '\A'• 'o"o'l'g "v' '• •

1 

... •
40v'•'•.lo '• ~ 

1 
j 

~.'' ~ .. ' . . . . .,.: 
. ' "' ·I 

---r~-

--;·~ 
9 
10 11 12 

Windo\\ 

'j} I 'j} I 'j} 

ff'tytyltu 1 'vl~1f1~1mw ml'um 'lYivmJ l'ViU n 91'Ji.J'J~flBU~1Vfll'J'Vl~~ B\l~'lil 
.. .. 

"" <I QJ IJL.I ¥.1 :II "' :II "'~ llJ "_ I <I 
3.4.1 tll'a"J!fi'H~'YitftytyltlA !l'H1lfl~lli!'Wel1llflfl~UJ!'J.Ul !'U!CJf'Utf 

l!fl'al~~tr!tJfl~~ll~!tJ~£J'W!!tJ~\l~lll!1~1 (Time-dependent spectral analysis) 

11:J'W fll'Ji.J 1ui.J'J \l fll'J fl~!~Bflrl'fl1:1tu~!~'W l 'W l ~!:l.J'W fl11:l.J~'t1B\lffillillltu . " " 
CV Q.l r/ I Q.l I , ) d Q.l li) 'J) 'J) ~ 

ml:l.l'ff:l.l'W'W 'fi'j ~'Vi11'l~fl1:1tu~!~'W 'W ~ ~!:l.J'W ml:l.lt~'tiB\lcrrurultu 1 'vlvhnm:l.l!'W B 
"' d'l'J) 

fllJ!!H'Vl 'lWfl 
" " 

Jmun1~v'ltm"Ji!m1~11'mi.Jn~1':l.l~!i.J~v'Wui.J~'l~l:l.lnm 
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I "' ''LL~I ')) ~ "' ~ 
(1) 'Yilfll MDF !!~~ MNF 'UtJ'Iff'i1J'i1JlW ~l"'l"'lflmll!'WtJ'illflff'i1J11JlW'I'l'l'lj~ 

(2) m~mJw~!~'W'UtJ'Iff'i1J'i1JlW 1~1'l1i'nl'Jl!ml~M'm11nl'lfll~!U~I'l'W!!U~'II9llll 

nm 
I 0 

m~1!fl~l~~~ITUflVI~'J.Jf'hU~f.J'J.!!!U~~VIUJrJ~l (Time-dependent spectral analysis) 

l!fl'il~Mff'i1J'i1J1W 1vJ~hml'lll!dtJ 1~1'l1i'!'l'lfiUflfHH~tJ'Wl'W 1w) 1~1'l'l'llmmti'l 
ff'i1J'i1J1W 1vJ~,fl~lll!dtJtJtJfl!~'W1'W 1~1vt:JI'l~ii'U'Wl~1'W 1w3' (L) rvhnLJ s12 Wlfll!U~ 'U'Wl~ 
1'W 1~1~~~tJ'WhJ (I) rvhnLJ 6.25 12.s 2s so 75 ~~~~ 100 nJt:J{!~'W~'UtJ'I'Um~1'W 1~1 i'luff~'11'W 

... 1 91 o ' ' .-=:. 1 d'r ~ li]3J• 
flll"'u1~fltl1J 3-10 (b) !!~1'\'llflll'Y!lfll MDF !!~~ MNF 'Utl'I!!\91~~1'W ~11'JtJI'J Gb''l'il~ ~~fll Time-

dto Jt ~1" Dependent MDF (TD-MDF) !!~~ Time-Dependent MNF (TD-MNF) !lltl'l'llfl11!~tl'W1'W ~1!!~~ 
I <>' II) ')) ')) ~ II) '))<V 

mm TD-MNF 'UtJ'Iff'i1J'i1JlW ~vJTilflmll!'WtJ'il~ ~~~'l!!ff~'11'Wflll"'U1~fltl1J 3-10 (c) 
" . ' Q.l .,:9 I ...:::::! I d 

'illfl'W'W!~tlfl'lf1'1'1'1!'11lll~ffll'Utl'lfll TD-MDF !!~~ TD-MNF '1'1ffllJ11(11JtJfl 

fnlll ffll~'W'Ih~'l1-h:)fh~mJW~!~'W 'UtJ'Iff'i1J11JlW 1 vJ~lfl~lll!d tltl1JJ 1mT fl !yj m11tUfll'W1W 111 

~1'1'1Nff()~ !'!f'W ~l!'Q~I'J (Mean) ~lflm'l (Median) !m~~lfnlll!!U1U11'W (variance) !!~1'1'llfl11 
~ d' dt ' 
1!f1'J1~'11fl11ll!!U1U11'W (One-way analysis ofVariance, ANOVA) !l"'tl'l'l~fftl1Jfl11ll!!l'lfll'll'I'Utl'l 

~1m~mf'~ 4 Jmtrn u~1Vl'il11Wl'U'W1~1'W 1~1 ~~~~ 'U'W1~1'W 1~1~~~tJ'Wt11~mm~ffll~fflm1(1 

~200~---------r---------~------~--------,---------~---------
::, . 

(a)~ 
.... 
~ ·200 l.'-----------,1-:----------:-;\::---------:-:':::---------::L.:---------:-::':::---------:::! 
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' ' ' 
3.4.2 fll'jfffl'lllfl1nuih.~,tft~'U8~nl'j1!fl'jl~-Htn'l1nlll~""fi!'l1~t~lmutl~llll'll!1tllrw8'1J8n 

I 

tlN 

!~81HJf1fi1UJ ~:u~u 1h~111Nrl' mJW~!~u 'l u i~!:Uh!f111:U~'Ut~~~ruru1w 1 vJithn~1:u!fim1uu 1 ~ 
" " 

j} ' ' 3) 3) 
0 Q.l ~ do Q.J 9) ~ oC!o I I 'J) ~ 

'UW~tJnu 111 u m! UU!fl~ e~u '1'1 ff1'111Unm:u!u e~u1 nwu 'UU'I'lt~U m~ 4 nmmu e~ 
<;J d'l 3/GJ "" a'<!! <;J "' \1] <;J <;J li d <;J 

'Ut~lqj~'l'l ~'lf !Uf1111!fl11~'11flt~ 'Uel1ql~{Ytyty1W ~vJ.Yhnm:u!Uei'J1~'1'1 2 (m'V'11~'Ut~1J~ 
Q.l lt] 9) 'J) ~ cl ~-C), Q.l 9) ~ rl rl cs"ll] d. ~ 

1l1f1{1'UJUJ1W !vl.Yhnm:u!umvJ~mCb'm 'V'It~~Cb'{Y ~t~~f1{1' nm:u!ut~Wf1Cb'!'l'lh!!Cb'm m1 1'1"1 m~tJ~{Y 
tl u .. j 

Q.l 'J) ~i ,f...::::. 9) ~ ~ cl Ql ~ l1)9J I 

~e~~n{Y nm:u!ut~ 1h!U!\91m !HI !'1'1!1{1' u~~nm:u!UeJ{Y'V'I!U!I'Im ~e~~n{Y) 11if111'1'l~~e~~ ~~nm1 • 
1i'u~1lh!M1~t~ 3.2.2 

~ ~ o'Q.I 
11i f11 'j 1! f1 'j 1~ '11 {YUJUJ 1 tl! 

"" 
~ rlrv lt] 3} 'J) ,%. 1 d e:!t 

1!m1~'11{1'tyty1W ~vJ.Yhnmmue~ i~vum1tlu 2 uuu flt~ 
' "' liJ .. IP-1 'JJ lf ~ (1) '111fll MDF !!~~ MNF 'UeJ~{Ytyty1tl! !vrn1f1m:U!h!el'l'l'l'J1~ 

(2) mrl'mJw~~~u 'Ut~'l~t\Jt\J1W 1 vJithn~1:u1 if e~ i ~ vm1 i1r1 11~11' mlJnl'lr:u~ 
!l1~vuu11~'ll'l1:unm ~'l 1~nri11 1 l'u~1 'lu11'1~e1 3.4.1 i~v'l 'Jf''Uu1~iu i~1rvhnu 1024 768 512 

384 u~~ 256 uCb':u!1l~ u~~'Uu1~iu i~1~~~e~u111 rvhnu 6.25 12.s 25 so 75 u~~ 100 !l1t~f!~ul'l 
"" i .. 

'Uel'l'UU1~1h! ~1 

.Q, G v v c! 1 1 OJ 

3.4.3 fll'j1!fl'j1~'t'lfl11'lltf'll'Wl.!fi'j~'t'i1Nfl1 MDF !!tl~ MNF fl'IJH<j~ 

!~h!f111i!m1~Mf111:U~:U~Wh~'l1lN~1 MDF !!~~ MNF 'Ue!'l~UJUJ1tl! 1vJith 
" " 

Q.l 'j) 0 Q.J 

l!t'l~'l11'Ut~ 3.2.4 1911:um~u 

" " ' co ~t\Jty1w 1 vJvhn~1:u1i'1 e~'llw~ vm111111' m!uue~~nu'Vi 
j} I 'J) 3) 

vhm1 u u'l~e~:u~ ~ruru1w 1 vJithn~1m i'ie~C\f'liJm1:uv11 s im'Vi!u11111' n/:u:u!f1~ 'l 
CU U U II 

3) 'j) I j} 

'Ue!'l!!~~~'lf1'l 1l~1~'i'l'l'I1:U~ 10 ~1 1l1f1Uh!'I11~1!'Q~tJ'Ue!'l~1 MDF u~~ MNF ll'l 10 ~1 !!~1 
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l!fl':il~Mfl11:JJmJ;n_h1'W!~t!'Vlfl~Hl'Ufl11:JJ!!I9lf1~WUtl,:j~lm~tlrh MDF !!~~~1 MNF 'Ut~-nf,:j 5 
'jl I 'J) ' 'jl 

'111Mun1flt~'Vlflfft~utwmt~~~:w:wl1Yhm1t1n'111l1un ~,:jii'l'l,:jl1:JJ~ 5 :w:w fit~ 30 60 90 120 u~~ 150 • • 

j} 'J) I I 

(2) ff'tuunw I ~~hm1'1wi'1 tl'IJ w~ t~n'llmu mt'U'U!fl~ti'W l1 
" " 

I V lJ] 9) '3) ~ ~ .& ..:::! ~ ,::! 

mm MDF !!~~ MNF 'UtJ,:jfftutulW ~~vhnm:JJ!'WtJ'Vl,:j'lf~9f,:j:JJfl11:JJt111 3 1'Wl'Vl 
" " . 

" " !!~~ MNF 'UtJ,:jYl,:j 5 Ull1Uf1 

trlt~!~ml:JJff:JJ'Vf'Wn':i~l1ll,:j~1 MDF !!~~ MNF nuJmuf1'UW~tlf1Jll1Uf1!!'U'U 

tfl~t~u~u-J'J~,:j'Yllm':i!!D,:j~lff'~~hu11,:jf11tii,:j 12 ~l'UtJ,:jtJlfflfflTfl':it~u 3 n~:wi911:JJml:wff'mfun 
" ' ' 

'UtJ,:j~l MDF !!~~ MNF nu'l11l1Uf1 !~t!'Vl~fft!'Ufldl:JJ!!I91f1~1,:j'UtJ,:j~lm~t1~1ff~bbu11,:jf11tl l~tl 

'Vlflfftl'U!!tlf1!~'W~ ~1tlf11':il11'U'Wl~~'Vl~'VW (Effect size) !~tJ,:j'iJ1f1f11':i'Vl~~tJ,:jii.fi't~~ltl~'l'W!itJ,:j 

~l'W 1'W'U tJ,:jtJlfflfflJfl':i~ 'loffi u m':i'Vl~~tJ,:j ~,:j 'l i'm1 l11'U'W 1~~'Vl~'W~;,:j!~'W 1'11'Utlf1fl11:JJ!!\91f1~1,:j 

c'luru'Ut~,:j~lt~tl,:jtuum\911!1'~-~) ';i~l111,:j~lm~ti'Utl,:j1h~'lflm 2 n~:w !!'Vl'Wm11tfl':il~M'ml:w 

mhu11u !~tJ,:j'illf1f.l~~~~'illf1m':im'U'Wl~~'Vl~'W~ hJ~utJ~tl'U'U'Wl~'UtJ,:jf1~:wl'11t~~l,:j [38] lu 
~ . 

" ,:jl'Wl1l'til1m':im'U'Wl~~'Vl~'W~ 1~t~'li'lf1W~'UtJ,:j lfl!~'W (Cohen) 'lum':i'Vl~ffti'Ufl11:JJ!!\91f1~1,:j 

.,j 
l:lJtl 

s= 

d 

x, 

x2 

s, 

s2 

s 

~ fit~ ~1'W1'W1h~'lflmn~:w~ 1 

n2 fit~ ~1'W1'W1h~'lflmf1~:JJ~ 2 

(n1 -l)s/ +(n2 -l)s2
2 

n1 +n2 

(3.1) 

(3.2) 
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" flllfl'illlW 1'U'Wl~a'VlTI'I"'rl1~v1~!f1Wcn'Utl'l1flw'Wiii'lu 

d rvhn'll 0.2 iiw::mml'lf1~1'll~r·dwth~'lnm 2 n~JJ1'Wl~i'U~1 

d !vhn'U o.s iiw::m.J!!I'lf1~1n~rr:l1'11h~'ll'lm 2 nciJJ1'Wl~imJ1unm'l 
q 

1 VIU 1.if t11 1 1! fl 11 ~ 'l1ll! 1.J nVI:r ll~ !D~mm!Jtt 'I Vl1 ll! 1tt1 

! 1:lu n ll i! fill~ rim 1.J n \91 f JJ ~! !J~ vu u 1.J r~ \ll'llJJ! 1rll'U v '~ ir'tytylw 
,j 

!'l"'tl'Utlf) 

!'!fw~v1nulf1-fi'v 3.4.1 1~v1~'U'Wl~iu 1w5'rvhn'l1 1024 768 s12 384 ur~~ 256 uCJfJJ!ilr~ ur~~ 

'U'Wl~iu 1~l~!~vu11.Jrvhn'U 6.25 12.5 25 so 75 ur~~ 100 !Dv{!c]}u\9l''Uv'l'U'Wl~iu 1~1 
""" 3 Tliflll 

II]~ I II]~~~ 0> ~ 0> 0 

'Vl~rltl\1 ~~nm1 nur~1 ~'W'I11'UV 3.2.3 'illf1tllb1'1b1'J.Jm'ill'W1'W 20 fi'W 

" ..::£ v QJ d ' QJ ' cv \II ... .IY-1 ~ .c:!l Q.J 

3 .s m 1ft 01:11 fl11llllli'VfU 1i 1 ~'Yi 1 Htt n1:1 w~ !VI'h!'IJ tl'lllru ru 1 w ~ rrn 1 ntt1ll!'h! 8 n'U llll 
u u q 

1 u th.fi'v6!1:lu flllftf1fd 1m1JJiYJJ~'W 1h~11 il'lrl'mJ w~!~'W 1 u 1 ~!JJ'W m1JJ~'U V\1 
Q.l lrJ 'j) 'j) ~ Q.l ~ 'j) ~ i) ~ 

b1'11J11J1W ~ vlfhnmJJ! u Vf1'Ul,JJJ'Yiltlfl11JJ V11'Utl\lf1rl1JJ!'W v l1JJ'l'l'lmlD i''UD 1 \l~fl~!r~vnrl'mtw~ 

!~'W 1 'W 1~!JJ'W f111JJ~'UV\lif'tyty1W ffl'YI f'Ufllll'll 1'ill,jlJ 

.fi'vJJr~~1 i'1 u fllli!ml~rifiv .fi'vJJr~iYruru1w ivlvhn~1mdv'll'~~ 4 ~flll'Vl~r!V\1 
<u <u u u q 

II]~ I II]~~~ "'~ 
~~nm1 num ~'W'I11'UV 3.2.4 

-fi'Vlqjri~'Yllflll'Wtl{J.Jtlrl iri!CJf'lf'W~\liJ 3 !!'U'U i'l6 

" ' "' IIJ""IY.I ~ ~ ~ (1) bl'qjqjlW rrn"'lf1rl1lJ!'WtJ!!'U'U'Vl 

" 'U'Wl~!WJJ'I"'~'il~ii~l\91\lu~ -1 ~'~ 1 1~v1~b1'1'lli'lb1'J.Jflll 
'" '" 

. ( x-mm(x) J normalzzed data=2 -l 
max(x)- min(x) 

(3.3) 

' " ~ ~ "' liJ ""IY.I ~ ~ "" 
!l.Jtl X fltl bl'illilllW ~1"11"11f1rl1lJ!'Wtl~'U 

" " 
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Wl:JJ'Vl~'il\PIJJ~Wf.:Jul'i -1 ~.:J 1 t!~1'vl1f111fl'jfl.:Jbltutu1W'l'W'lfd-!lf!J1:JJ~ 20-500 l~f1191CJf 
~ u u 

(3) bltutu1W~hfl~1:JJ!dfl!!'lJU~ 3 fifl bltutu1W~'Vl1f111'WfJ!1J'~ lm91'J1u!M''U'W1\PI 
u u u u 

X 
normalized data = -----

max(abs(x)) 
(3.4) 

~ C), a' Q.l Q.l d ~ Q.l QJ Q.l rl ' 
MNF 'Ufl-!l'\'N 5 l.j:JJ t!~~1!fi11~'YI'ff'YI'ff:JJ'Vl'W1i (Correlation analysis) !'Vlfl1\Pifi11:JJ'ff:JJ'Vl'W1i1~WJ1-!l 

~1 MNF tlU:JJ:JJ';hijfi11:1Jff:JJ'I'f'Wntl'W 1 'W1iJUUU~!~'W!;.:J!-cr''W:JJlfl'YI~fllfflmfltN 'liPI !m1'l t~1 . ~ 

!~'W!;.:Jl -cr'u 'ff .:J !!l'i mni1~ 11'li'1 'l n~rruvu 'ffiPIYi1JJfl11:JJ bl'mfu n~!~'W!;.:J!-cr'u lf mm~fl !:J.iij 
~ ~ 

m1:JJbl'mrut~~~u~;.:J!-cr'w~v 

G) Q.l 9) J'cj & Q.l dQ./ ' 
1 u M 1'U fl wll u m 1 ft'fl'Id 11 iJ u uu m1 m ~ 'il 1 CJ\91 1'U fl.:J VI' .:J fl'lf'W fl 11:JJ'YI u 1 u u u m1:JJ 

~ 

tl1'il~!~'W'Ufl-!lbltutu1Wl~~1fl~1:JJ!dfl !~fl!Wflbltutu1Wl~~1flflfll~'W 3 1iJUUU fifl bltutu1W'UW~ uu uu qJ uu . " " <V <!/ ~ "! II] Od <V IIJo,l~l ~ "! ~ 
'Vlfl91.:Jflm:JJ!'Wfl !l.Jl.Jf111flflflll1-!l 'fftlJt)jlW !vrn1flm:JJ!'Wfl'UW~flflfll!H'Wfl(J 'l !!~~'UW~flflfl!!H 

mn 'l 1 \PI v m1 iJ 1 ~ m w fl 11 :JJ 'Yi u 111 tl 'WI!~~ m 1 l\Pifl 11w ~u u flu 1m-&'1 Cl1vu 'U fl.:J bl'ty ty 1w 

~ "" IIJ ~ ~ ~ ,;'1 ~'1 "" <I" I ~ ~ "" lf 'Ufl:JJ~'ffww1w ~~fhnm:JJl'Wfl'Vl 1'1f I'Wf1111lm1~'tilJ1~flflUIPI1CJ'Ufl:JJ~ 3 'lfiPIIPI.:J'W cu u u <u q 

" . 
(1) 'li'fl:JJ~bl'tutu1w ~~~1fl~1:JJ!Ufl'lf1P1Vi 4 nm1'Vl\PI~fl.:J !~nci11 1 iu~1 'l u'111'li'fl cu u u q . " . &G]::V 'J) 0 Q.ld Q.l 0 

3.2.4 91-!l l'lfl'Q'Vl1~'Ufl:JJ~'UW~CJfl'W1'YI'Wfl'Vl:JJ:JJ 90 fl-!lft'1'il1flfll'ffl'ff:JJm'il1'W1'W 8 fi'W 
~ . 
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ffTYYf1J~tllq![l'lj~~ 4 U[l~ 5 ~~!lJ'Wf111tltlflU1~fJflJl'Y!Ufl 1-5 n1[lflf:U vi't~~'l'll 

'Vl~[lt~~mrhJl'Y!umr~ff~~mmfflffl1mm1tleJflft1~11~:u:u 90 B~ft'l 'Wl'W!ll'Wnm 5 1'W1Yi1~ "" . . 
~~filJ1'11'11fl~1~'il~!lJ'WrhJ1'11'11fl~ 100% Maximum Voluntary Contraction (MVC) !~tl'lllfll~ 

1~1lfll'W1W% MVC 'Utl~f111fJflJl'Y!Ufl 1 2 3 4 !![]~ 5 n1[lflf:u 'UB~mmfflfmu~[l~fi'W 

dt ~Q.I \1]91 91 ~ 
!:Uti X fiB fft1Jt1J1W !l'JVhflm:U!'Wtl 

x-x 
normalized data = --

CJ 

- . " 
X fit~ fll!l!~fJ'Utl~fft1Jt1JlW1l'J~lfl~l:U!t'1tJ 

.I I <I 
lJ'j~:IJlW fi'Jl:U'Y!'W 1!! 'W 'WU1J1J !fltl1! 'W [l 

(3.5) 

I ~~ QJ 0 Q.l ~I d d Ql G) ' Q.l 

fi'Jl:U'W l'il~! lJ'W 'Utl~ffUIUilW U[l~'Vllf111 'J~fi'Jl:U!lJ'W 'W tl'W!f11ff!GJW'W 'Uti~ ffUIUilW ! 'W'Vll'V'lfl!![l~'UW~ u u u u 

" " fJfltJl'Y!Ufl 1 2 3 4 U[l~ 5 nhnf:u 1~eJf11'j'Y!lfll~~.w 

(1) fi1m1:u 1~~nm1fl'1'W 1ru ,~n~11 1 i'!!~'Jt 'Wri1'li't~ 2.9.1 

(2) fi11h~mtu!'WmYi'\'Jw'W 1'Vl1 iJnm1f11'W1w 1~n~11 11u~11mh~t~ 2.9.2 

. " " ~~iinf111fll'W1W 3 n ffl'Ylf1JL'W~l'W11Jvu1~fl'l'W1tull~ 3 n 1~Vrll'Y!'W~fil!'Wf11Yil'Jw'W 1'Vl1U 

- fll!'WmVil'lw'W i'Vl1U 1 fll'W1Wfll'illflff:Uf111 2.9 

- fll!'WmYil'l!t~'W 1 '\fl'jiJ 2 fl'1'W1rufil'illflff:um1 2.11 vr~ni'W c 'illflff:um1 2.12 

- rll!'WmYil'lw'W 1'Vl1U 2 fll'W1Wftl'illflff:Uf111 2.11 Vf~ni'W G 'illflff:Uf111 2.13 

!~t~111fi11:U rl':u'rl''W £1~'11 -;h~ ftlfi'Jl:U 1 ~~U[l~ftl!'W mYil'l!t~'W 1 'Vl1Ufl1J!! 1 ~m'l'l1m1 !ill eJ1J! Yiv1Jn1J 

CV CV <J' I I CV II) •• 1.~1 'J} .li CV 

fi'Jl:Uff:U'V'l'W1i1~'111l~fll MAV 'Utl~ffUIUilW !1"fV'llfl[ll:U!'Wtlfl1J!!1~ 
" " 



' "" 1J'YJ'YI 4 

~ ~ 

11Plfl11lJ ~l'lHJ~fl~llJ! u a fl11ftmJ lfl11lJbYmfu 1h~'w:il~ ~flf!W~ !~'W 'tJ a~ bY11J11JlW 1 ~~ lfl~ llJ 1 u D 
~ 

n nf'rnEJ 1r1 11lJ -&m·Tu -fi1 ~ 1111~~ nEJ w~ ~~u 'Ua~-&wunw 1 ~~1n~ llJ! u ml'ullll 11 ~ D u u • 

l 9!l1 "" ..\ ""1 "' !\Pl!'J !'l5!'l'lfl'Wflfl11![1D'W1'W Wl 

l1l f11'i l!m1~11'-&ww1w 1~nri11 11'u~1 1 'W'I'h'!Ya 3.3 u u 

~ ~ 

~flflW~l 'W l\Pl!lJ'W!dm'Utl~bY11J11JlW 1~~1fl~llJ!Ua 'UW~!'Jmhm!n 8 nhnjlJ 

m~m.J~~'W-[l~'DlfllJlJ o-1so o mCJ1unm 31u1Vi 11PlCJCJnJ1'1111'n~IPl\9lm1uvr~'l1lJIPl 21 flf~ tt£1'\Pl~ • 

~2000-

"' ~ o--11~11-
a. 
E-2000 -
<{ 0.0001 0.9217 1.8433 

I ' 
I 

2. 7649 3. 6865 4.6081 
Sample 

I 

.I 
5.5297 

~ ~ 

'I "' 9 l "' IILI~I !l) "' !l) "' 
fllYJ1J1~fltl'lJ 4-1 [lflfJW~ !'W !\Pl!lJ'W!d[ll'tJD~£1'11J11JlW !l'n"llfl[lllJ!'Wtl'Dlflfl[lllJ!'Wtl 

1u!~D~ !'lJ1~1a'UW~!'JflJ1'1111'fl 8 nhn~ll 

6.4512 

39 
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., "'"' IIJ !J) !J) ~ !J) ., d, ., 'i <I do 
'illfld!fl-:il~'VIffruru1w ! ~.YhmmJ! u eJ~1m'Ylfi'W flm-:i !rJeJ'W Tw !~ 1 'Ylm'VIu~'IJ'W 1~ 

"" 
1u 1~11vhnu 512 ucH:l.HUrJ urJ~'IJ'W1~1u 1~1~~~eJ'W hJrvhnu 256 uCifmurJ (so nJeJ1!~'W~'IleJ~ 

'IJ'Wl~l'W 1~{) U~1'VIlfi1 MNF '\Jfl~U~rl~l'W 1~1'il~t~fi1 MNF i~m'Vl1h~flfllJ 4-2 (a) 

m'Vl1h~flfllJ 4-3 (a) Ur!~m'Vl1h~flfllJ 4-4 (a) Url~fil MNF ~~1'Wtll':ifldfl~fl11lJ~~1~1'WUff~~ 

i~m'Vl1h~neJu 4-2 (b) m'Vl1h~neJu 4-3 (b) ur1~m'Vl1h~neJu 4-4 (b) u~1'Y11m1'Vilfi1~~~~ 

'illflfflJtll':i !bl''W\911 ~~ t~'il~!l1 u !~i1fi1m1mf'u 'IJ eJ~fflJtl11ijfil!ilu r!U!!ff~~i1fi1 

~INF ijuu 11 '!! lJr!~r!~!rleJ~ l'W 1'W fl f ~m1 r.JflJ l'VIt! ml4JJ~'W ~~ fl~ 'illmrl mlflJ l'VIt! n 1 tJu l'W "l !fl~ 
fl 11ft'~ ft'11'\Jfl~fld~Urlfl~fl'V\'1t li'!fl~f111lJ!rl fJV~l !!r!~'V\'1t li'fl11lJ!~ 1tl11'1ffl111Uflfl'lf'W 1 'Vl!'Yl 'U!;Vrl 

'1 !J) '1 !J) ~ di ~ "' 0 "' 'i 
!Action potential conduction velocity) !'U!ff'U WflrlllJ!'Uflrl~rl~ Clf~fl11lJ!11tll':i'lffl'Ul!!flfl'lf'U !'Vl 

d ~ !J} 'l !J) ~ d !J) <V d <V llj !J) !J) ~ <V 't I 

!'llW'lWn l'Wm'W WflrlllJ!'Wfl!flV1'\Jfl~fllJfl11lJt1'\Jfl~ffillillltl! !~VhflrlllJ!'Wfl ~~'W'W m MNF '\Jfl~ 

N 
::1: 

(a)~ 
z 
::iE 

"N 
::1: 

(b)~75:
z 
::iE 

" " 

Number of trials 
Q.l 'j) 'j) ~ ~ Q.l ~c:r Q.l 

m'VllJ':i~flfllJ 4-2 Hrltl111~fl11lJrll'IJfJ~flrlllJ!'UfJ'IJW~Vfl'Ul'VI'Ufl 8 fl !rlfldlJ 



'N :. 
(a)~ 

::;,: 

'N 
::1: 

(b)~ 
::;,: 
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40'--'-'····-'--'---'--~--'-·-~-~----'····~·-···' c .... c .... ~ •• c ...•.. L ........ L. c ..... ~ .. '·········'·-~---'-~---·'· '-~ 

(c{~tL_x_x_x__j::----x-)E_x_x-c:"x=--x-x_x_x~x=--x->•_x_:_=-=x='=•-·:_:_x:_s_:_x--=x"::c. _x_x_x_x-=x'=". _x_x_x_x~:=--x_x_c:_x-:'::'~~ 
5 10 15 20 25 30 35 40 

'N 
::1: 

(a)~ 
z 
::;,: 

'N 
::1: 

(b)~ 80 
z 
::;,: 

Number of trials 
Q.J 3) 'J) eX ~ Q.l ~ Q.l 

fll'Vl'll:i~mJ1J 4-3 ~Hlf11'J'J\Olfi111Hll'tltl~mn:JJ!'Wtl'tltu~tlfl'WTI1'Wfl 6 n1J;lm:JJ 

5QL-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ 1001---y----,---T ,------,------
1 X X y = .().019x+90 X 

(c)~ 90rX X X X XX X XX X XX XXXX XXxx )(XX XXXx 
Z X X XxX X X X 
::i: X X 

SOL----5~----=,'::-o----~1::-5----~2o=------2~5=----~3='=o::----~3='=5~-

Number oftrials 
40 

X X 
X 

45 

X 
X 

XXX 
X 

50 

Q.l 'J) 9) ~ ~ Q.l ~ Q.J 

fll'Vl'lh~flti1J 4-4 NJ;'!flTn\Olfi11:JJm'tlt~~flmll!'WtJ'tltu~tlfl'Wl'YI'Wfl 4 fl hm:JJ 

_] 

55 

I 
I 

x>9 
X I 

X II 
60 
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.. 
~ v Q.,l c! ' QJ ' Q.l \ll,...l~t 'iJ ~ QJ 

4.2 N~lfll 'a vHl'l:ll fl11 'lJ ~n.l'l''ft.! 1i 'a:i:'l11 N tl fl'l:l W:i: !YI'U 'IJ 6~ trtyty 1 W & l"frt 1 fltll'll !'U 6 fl'U!!'a ~ 

1 u 111'li'Bd Bnu1v~~ ~~fl1'j 1!fl'j 1:::li'fi11:1Jff:w'Wu n"J:::'H i1~rl'n£Jru:::!~'W 1 u 1 ~ !:IJ'W 
I ':J) I ':J) 

m1:1J~'l.Jfl~fftutu1tu nuu 'J ~'IJ ru:::vn1l11111' n CJ1~1h:::nBul'i' 1v~~mn1~ ~B~\Ol~ij 
" " 

"" <iv IIJV V Jl V JIIIJ «_l<i 
4.2.1 Ntlfll'a1!fl'a1:i:'l1trtyty1W !~fhflill'll!'U6'illflfltll'll!'Ufl !'lHCJI'lJtf 

l! fl 'a 1:::'11 tr!U flVI ~'ll~! U~f.I'U!! tl tl ~VIl'll! 1 ill 

fl1'J 1! fl 'J 1:::1-1 m J.Jn 1911' :w ~! J.J~ vu u J.J ~~ \911 :w! 1~ 1! vi BuB nfl 1 1:w ff':w'W u £ "J::: 11 i1~ rl' n£J ru::: !~ u 

IIJV • lf)V V ~ "'V 
&~flm1 nu~1 &'W'I11'1JB 3.4.1 

"' 1 "' lf)V V ~ V ~lf)~o' "' ~n£Jru:::lu ~!:wunm'IJB~ntyqpru rvJV.hnm:w!'WB'il1nnm:w!'WB A1J!95'lln !U'Jfl 

~1 ~ Q..l ~1 Q.l dt d~ Gl ~ .:::! 

B'Uru:::vnumun 2 4 6 u~::: 8 n ~m:w !fi~B'W'Vl'IJ'W-~~'il1fl1J:W o-150 B~fl'1mv A'Wnm 3 1'W1'Vl 

'IJB~mmmfmfi'W~ 1 un~~\Ol~m'V'IiJ"J:::nBu 4-5 

3073 6145 9217 12288 

" " -I "' ~ 1 "' If) _,IJ!I v "" v "" fll'V'I1J'J:i:tlfl1J 4-5 ~n£Jtu~ &'W ~!:IJW1m'IJB~ntyty1tu &Yrv~1nm:w!'WB'il1flflm:IJ!'WB 

tu!c'fiiJ~ !U'J~lfl '1Jtu~vnJ111Un 2 4 6 u~~ 8 rl1~n1:w ('il1fl~1VliJ'IJ11) 

~ ':.., i.J i..l flll:IJff:IJ'W'W nU\9lfl~1~fl'W 1 'Wfl1{1'1mJm 4 fi'W i1fl~1~!'lf'W 1 'Wfll'V'IiJ'J~tlfl1J 4-6 ('IJ) tlJiJ . 
;.. ;...r !/ I I Q.l ~ Q.l 0 Q.l Q.l d I ~ J dt ~ Q.l 

<-;- :J ~iJ 1TW 1i 'J~'I11Nfll MNF fl1J'W1'11'Wfln1'11'J1Jflln1{1':1Jfi'Jfi'W'Vl 1 m MNF !'V'I:IJ'IJ'W!:IJfl'W1'11'Wfl 

.:::. ~ : ,;,..r Q.l .d ' dt ~ Q.l ~ ~ 0 Q..l Q.l d 
'n~. •. 'W n11numn1n:wmfi'W'Vl 2 u~~m MNF ~~~~!:IJB'W1'11'Wm'V'I:w'IJ'Wnm"Jummn:wfi'Jfi'W'Vl 3 

,;:: o~ nlniTmf1uYi 4 
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4 6 
Mass(kg) 

Subject 1 Subject 2 

~ 71~~.................................. 'z~.:: ................................. .. 
~70 .......... ....... 

~ ....................... " ::Ess,. ...... .. 

692 4 Mass (kg) 6 8 4 . 6 
Mass (kg) 

Subject 3 SubJect 4 
76o, 

f~~ ···········~·-·········~-....... • :::~·-········-~ .......... ___________ ~ 
682 4 6 .... 1 60~ 4 6 

Mass (kg) Mass (kg) 

(fl) ('ll) 

-I I I "' 111_.1211 9) 11 9) 11 I1J 
fll'VhJ';i~flti'U 4-6 f11 MDF (fl) !!rt~fll MNF ('ll) 'llti·HH!Jtylill !l"l1"1lflrtlll!'Wtl'illflflrtl:IJ!'Wtl L'U 

~~11~ !'lJ';i~ltlfl'UJl't·n!fl 'lltl!~emJl't·n1'fl 2 4 6 !!rt~ 8 nhfli':IJ'lltl'ltllb'flrt'lJfl'j 4 fl'U 

" "' "' " I I "' I!J_.IJ!I 9) "'! 
WJl:IJrJ':IJ'I"j'U1i';i~l'lll'lfll TD-MDF m'l~ TD-MNF 'lltl'lrt'tytylill Ll"rnlflrtl:IJ!'Wtl 

nuJ1m1'fl !rlD'lJ'Ul\Pll'W i~r1'1vhtl'u 512 uGlf:w!tlrt urt~'ll'Ul\Pll'U i1P11~!gt~'U !11rvhtl'u 64 uGlf:w!tlrt 

H Ml'li'lfll'l"jlJ';i~flt!'U 4-7 !!rt~fll'l"jlJ';i~fltl'U 4-8 'il~!M'W !¢i'·;h~l MDF !!rt~~l MNF 'lltl'l 

ft'umnru ll 'Vlvhm~'l:w!dt~nm'j!l1~v'Wu11r~'lt111'll:wnm ~~D'l'illm~'W~rurulrnl 'Vlvhml'l:w!dt~'llrn~ 
u u u u 

5J I I I 
j) ~ Q.l t:!( .::::::1 .0:::::. I d I I 

mnw tHll'l\Pll'll!!'U'U!flrtti'W'Vl !!rt~b'fl:IJl';itJ'I"j'ill';itl!l'l1l'l'Vl!l'l:IJl~bY:IJ'lltl'lfll TD-MDF !!rt~fll TD-

~L'-JF ~1'11 fu U t!flflll:IJ ~mf'U n nuJ 111t1' fll¢1' ~mfu flritl'l ~!11 ~ t'J:W!ft''k!Viu 1 'Wfll'l"jlJ';i~fltl'U 4-7 

3/d I d· I A~ Q..l..d.~..Ji 
W'l~fll'l"jlJ';i~fltl'U 4-8 !!rt'\Pl'lll'l!l'l'W'l1l'l'Vlfll MDF !!rt~fll MNF rt\Plrt'l!:IJtl'Wll'l'Ufl!'l"j:IJ'lJ'WGlf'l'l"j'lJ 

l'W'lh'lflrtN'lltl'l~l TD-MDF !!rt~~l TD-MNF l'l~tl'lh'lflrtl'l'lltl'lfll';i!flgtl'Wl'til ffl'Wflritl'l 

~m~t'J:W!ff''WlJ';i~l'W.fll'l"jlJ'j~flt!'U 4-7 !!rt~fll'l"jlJ'j~fltl'U 4-8 !!Ml'lhY'!M'W'lh'l~~l MDF !!rt~~l 

I jl I ';j) 

'ti~ eJ'Ji·:mj:w\9)''W!!rt~~'WbY\Plfll';i !fl~tl'W l 'til i'ltJ'U ~'l!~Dfl'Ji'Nflrtl'l'lltl'l~l TD-MDF !!rt~~l TD-• 

~fNF ~llii'Ufll'jfll'Wlilllil~lm~v ~lflm'l ur~~~lml:wu11'j11'jl'W'llt~'l'lil'lJ'W "l urt~!~DlM!~'W 
' " -;~UUD\91 i'Wml~'l!~tlfl~l TD-MDF !!rt~~l TD-MNF 'lil'lll!l'!JJti'Wtl'Wl'Wtllrt'lrt'lJfl';i'i'l'l4 fl'W 

'illflfll'j'VJ\PlrttJ'l'l"j'lJilm'j1'*'llmiPl1'W i1Pl1n,htl'u 512 uGlf:w!tlr~ ur~~'ll'Ul\Pll'U i1Pl1~ 
~ 1 I Q.l .Q, G'J I .<:::::::\ i o'd r/ d rl .Q, i o' ~ 
,;-~1.! hJmlfl'U 64 !!Glf:IJ!Urt L'W'l1l'll'W l'll'Vl 19-22 (1h~mrn 10 !l1m!Glf'W\9l'lltl'll'W l'll'Vl'l'ti:WI'I) 

~ ~ ;,' ~ ~~'I~ 'ill';iilll'illfl~l p ~Utlt'Jrt'\Pl'illflfll';il!fl'jl~tlflll:IJ!!l1'j11'jl'U flll:IJ~:wl'f'Wt'j~liil'l 
' q 

"- ,':J ~tJ TD-.\1DF !!rt~ TD-MNF nuJllit1'fl!!rt'l'l'li'lfll'l"j1J';i~flti'U 4-9 !!rt~'l"j'lJilflll:IJ~:Wlf'Wn 
I I ';j) iJ 

! I d I d Q.l Q.l 0 Q.l Q.l Q.l 

';: 1illHll!lHW TD-MDF !!rt~fll!Qrtt'J TD-MNF 'lltl'lrt'tytylillfl'U'Wll'l'Wfl'lltl'ltllrt'lrt':IJm'Vl'l 4 fl'W 

r J U l! U U !~ clltl'W ~'lnml:IJ!!I'lfll>il'ltlf.h'lntJt'J~lflty'VlNbY~~ (p<0.05) !!rt~fll';i'til~l!'Q ~t'Jrt'l:IJl';itl 
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!Wfl~1~m·dW~!~'W'IltJ·nf,:j 4 thrnin t~fll1fl1TVi1~1mn~!!~~~lfr:mm1J:nJ':i1'W (p<0.01) lil~ 
!! ff\Pl ~ lt..! \9}1) 1~ 4-1 

N"70r 
I i 

Subject 1 

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 
window window 

Subject 3 Subject 4 

5 10 15 20 25 30 35 40 
window window 

3) '3) 9) 

fl1Ynh~fltJU 4-7 ~1 TD-MDF nmhvnfnlh1nnfn2 4 6 !!~~ 8 nhni':JJ'IltJ~flti'1:1J!UtJtU!~U-ff 

tm~ttJ !dt~'ll'W1\Pll'W 11Plll'vhnu 512 !!CJf:JJ!D~ !!~~'ll'W1\Pll'W 11Pll~!~tJ'WtU!'vhnu 64 !!CJf:JJ!D~ 

Subject 1 Subject 2 

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 
window window 

Subject 3 Subject 4 

~ =·-

15 20 25 30 35 40 5 10 15 20 25 30 35 40 
window window 

I QJ 'g Q..l d ~ Q.l .c::. CV <J) A' 1l] d ~ 
c- ~)·I!J'l': ilDU 4-8 m TD-MNF flU'W1'Vi'Wfl'Vlt..!l'Vi'Wfl 2 4 6 !!~~ 8 fl hm:JJ"lHJ~flm:IJ!'WtJ !U!CJfUff 

.<:::.' ~ a. r/ I QJ ..::::::.. .Q <f'd. dt l.r) I QJ -CI. 

t:__ 'ifllD tJJD'IJtnm'W11P11!'Vl1flU 512 !!CJf:lJ!U~ ~~~~'IJ'W11P11'W11P11'VlmtJ'W !U!'Vl1flU 64 !!CJf:JJ!Ufl 
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Mass 1kg) Mass(kg) Mass (kg) Mass(kg) 

(n) ('U) 

' ' " , I , "' , "' "' 11] "'L~I 'J} "' fll'VhJ1:;:;f)tJ'lJ 4-9 'flll'iHW TD-MDF (n) U[l:;:;'fllm[JCJ TD-MNF ('U) 'Utl-:!'ffqJqJlW nnnnm:U!'Wtl 

'illnn~l:u!dt~t'Ul~1lb'1t'lJ1~lt1n'lJJl'Mun 'Uw:;:;unJl'Mun 2 4 6!!['1:;:; 8 nhn~:u 

' 

""' ' 
' <=! ""' fll!'inlf.J p 'Utl~tllin~l-lfl'a 4 fl'U 

t'ln'MtlA:;:;!vm 
TD-MNF TD-MDF 

' d 
'fllm[JCJ 0.00305 0.01768 

' 
mnm-:~ 0.00340 0.02387 

~1m1:u!t1l11l11'W 0.09327 0.27870 

' ' 'Yltl'Ut'll~ 

' " 
iJ Dnm1:ubl':u'l'T'Wn1:;:;wi1-:~rl'nfdw:;:;t~'W 1 'W im:u'Wml:u~'Ut~-:~bl'qJqJlw 1 vJvhn~l:u!i'1t~n'lJm-:~ 'Uw:;:; 

j} ')) 'J) I 

unlll'M u n rl1'M~'Uf1~l:IJ!U tl'lJ~ nWU'U'Wvlti'W~l-:1 4 n~l:IJ!Utl <1!-:~ilim11tml:;:;tibl'qJqJ1W 1~n~r:J 

: 1:tr1'lhni1'1!'tl 3.4.2 

" " " "' 9 1 "' liJ"'IY.I 'J} "' 'J} "' 'J} "' [lf)fdW:;:; ~'\..! ~l'll:IJ'WIJ[ll'\Jtl-:l'ffqJqJlW nmlf1[ll:IJ!'Wtl'illf1f1[ll:IJ!'WtJLI'U'W 4 f)[ll:IJ!'Wtl 

j) 'j) ,J rJ' ~~ Q.J 3) ,J Q rJ' Q.J 9) ~ ~ 
'- :: ·r:J;;nu nm:IJ!'WtJ!vJ[lf1!GJ1tl1 ~tJ[JGJ1'ff [ltJ-:Jn'ff nm:ut'Wtl'ff~l'W!\91tl1 [ltJ-:Jf1'ff nm:IJ!'Wti!Df1GJ1 

q 

:" -:' cl ci Q Q.J 'j) ,J ) ,., I rJ' Q ~ Q.J 

.- '.~ :::"'l fll'l .r~ mi'ICJ[l'ff [ltJ-:Jf1'ff U[l:;:;nm:IJ!'Wtl ~u1l'Wl\91tl1 111'1 l'Vll1'ff 'UW:;:;CJn'Wl'M'Wf1 2 4 6 un:;:; 

-:::.~ ~ ~ d~ ~ d Q.J d 
'.- "'fl';iJ lfli'HJ'W'll'U'W-[1-:J'illn:u:u o-150 D-:1111 mu1'Wnm 3 1'\..!l'Vl 'UD-:~mm'ff:um'fl'W'Vl 1 ll'ffl'l~ 

q 
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~00 

ol 

Flexor pollicis longus 
' . . 
I I I 

· -----~~-.... ·---: .............. ~Wr""""''·~---i~t"li1M~~-----i--u~~,.,......._. 
I I I 

-200;--- ----. I I -~~-::-----·------cc 
3073 6145 9217 ':?~33 

Supinator longus 
- 2001 ; .. i . -: : 

~ -~0~~._~~---~·-•·~t~~~~~'H•••>"f·" ·;~-~,~~I ~~H• t;W.~~'l"~"''1~·-
-g - 1 3073 6145 9217 '::ee 
.1: 
Q. Extensor carpi radialis longus 
E wo 1 ; : 

<r: o! ----··------•_...,...,_..~---·-.._.It-'"+···;-~-~~---~-~~ .......... , _...,..._. 
I I I I 

-200~ 30
1
73 61

1

45 92
1

17 

Pronator radii teres 
200 ~----_ -. -----· r---~-----_-~~-----r·--.--------·-· 1, ,. ~~ ~--_ -.------.-

a ,., ..... ~.,ljl'l_.~,.+1'.._ ... -t~-f~~*·~~~:·~~~~,;~~+t-i~~j~~~M~·~t~~~··t·~+l!<._~.,~?t~·· 
·200-------- _!__ _________ --1 -------------- I ' ____ _ 

1 3073 6145 9217 12283 
sample 

" " fll'l"jiJ':i~ml'lJ 4-1 o rl'n11ru~ lw lfi!:JJW 1m'lla-nrruunru 1 vJ~hn~l:JJ!umnnn~l:JJ!UD!! 'U'W 4 u u 

" " fl~UJ!UD'Uru~CJmhtn!n 2 4 6 ur~~ 8 nlr~fl~:JJ (1llfl~lCJliJ'U11) 

9) ~ Q rl Q.J Q.l 91 ~ rl 
4-11 flr!l:JJ!'Welft'ji'j!lHI'lel':i r!D.:Jflb1'!!b1'f!.:Jfi.:Jfll'l"jiJ':i~f1D'lJ 4-12 flr!l:JJ!"WD!DflGJJ!'Vl'W 

q 

!':i!flCJ~b1' r!D.:Jflb1'!!b1'fi.:JI'f.:Jfll'l"jiJ':i~flD'lJ 4-13 !!r!~fl~l:JJ!dD liJ':i!lHI'ID{ !':i~ !'Vl!':ib1' 

:J} I 'jl 'jJ 

rl'wru1ru nm1TM11n1 u mmmfmu~r~~fluihiJu'lJ'lJVi!ll'lf1~1.:Jnu'll.:J 4 fl~l:JJ!UD 
u u "' 

Subject 1 SubJect 2 

-'' ~ _74 

N~- N~ I I 
~s ~~ . 
z z 
~ (J" ::;;:: 

137
2 4 6 8 

7 
2 4 6 8 

Mast=.(kgl Mass(kgl 

(f1) ('U) 

" " , , "' 1!1 "I ~I 9.1 "' 9.1 "' _:: "'" ~ -+-11 fl1 MDF (f1) !!n~fll \f\F ('U) 'Uel.:Jb1'qjqj1U! l'Yf'\inf1r!l:JJ!"WD1llflflr!l:JJ!'WD 

,, :"·Y1iDf 'l~D~91n r!D.:Jflb1'tl'!JDl1itJfl 'UW::CJflJ11i1ffl 2 4 6 tm:; 8 nhn~JJ 



47 

~:~ ~ ::. Su~ 
~~~ . ~ . 

2 .( Mass (kg) 6 a 5~ 4 Mass (kg) 6 8 

77 
Subject ~ 

7 4 
Subject 2 

b6~~7o ~ 
~7~ 4 Mass(kg) 6 8 ~~(kg) 6 . 8 

:~~=~ 
5~ 4 Mass (kg) ·a··· a '*\! ....... ..... 4 M~ss (kg) 8 . . 8 

Subjeet3 7~Subject4 . 74 .. 

~70~·~75 z z 
~ ~ 

'*\! 4 Mass (kg) 8 8 
7"2 4 Mass (kg) i; 8 

(f1) ('U) 

" " • I I I ... II) •• 1 J!l 31 <!! 31 <!! ""' 
fl1~1J'J::::f1fl11 4-12 f11 MDF (f1) mt::::m MNF ('U) 'Ufl~ffUJUJ1W ! Y'IY'11f1m:U!'Wfl\11f1f1(ll:IJ!'Wflff~!'W u u • 

!191fl{ J;tfl~nffnuJmun 'UW::::e.lf1J1'11Uf1 2 4 6 !!J;t:::: 8 niJ;tni':u'tlfl~fllff1fflJfl:i 4 l>l'W 

~~:=~ 
2··· .. 4 Mass (kg) 6 ..... 8 5~ 4 Mass (kg) i; 6 

86 
Subjec~ _1 . _ 80 _. --~~-bject 2 . 

f82~:73~ 
7~ 4 Mass (kg) 6 ~ 652 4 Mass (kg) i; 

.-.. 
76 

Subject3 . - 7~. . Subjcct4 . 

~7~~68· 
0 . 0 

"' "' 
'*\! 4 Mass (kg) 8 a 6lll 4 Mass (kg) S 8 

90 Subject3 ~SUbJect4 . . 

;::;~;::;: ~ . ~ 
;:as: ; ;:83· : 

~ . --·-··· .. - . - . - ~ 7~ . : 
4 Mass (kgJ 6 8 4 Mass (~) 6 8 

(f1) ('U) 

• I I I ... II) •• IJ!I 31 li 31 li "' 
fl1~1J'J::::f1fl1J 4-13 f11 MDF (f1) !!J;t::::fll MNF ('U) 'Ufl~fftyty1W mr~1f1(ll:IJ!'Wfl\11f1f1m:U!'Wfl!flf1CJf 

!'Vl'W!CJffl{ m11~ m~vilff J;tfl~nffnuJmtTn 'UW::::e.lf1J11111'n 2 4 6 UJ;t:::: 8 niJ;tnr:u 

'Ufl~fl1ff1fflJfl:i 4 fl'W 

Subject 1 Subject 2 
71!- ~-- --. 66~--·---· ·--. 

¥69~¥63: ~ 
~.7 __ ~59~-~~. ___ J I 

2 4 
Mass(kg) 

6 8 2 4 
Mass(kg) 6 8 

;:;?7~· Subject~<. ;:; 74~subject2 

~ 76,. . . '·~. ~ 73··. . . .. . . . ....... ·• 
Ll.. I '0 U.. 
z~ z 
"' ~n 

7"2 4 Mass (kg) 6. 8 2 4 Mass(kg) 6 8 1S=J .. -· ¥78 '¥,8~ 
~. ~ L_ 
" ' "' 74 75 ----~---·-'----~ 

2 4 Mass(kg) 6 8 2 4 Mass{kg) 6 8 

(f1) ('U) 

• I I I ... II) •• 1 P.l 31 li 31 li i· I 
fl1~1J'J::::f1fl1J 4-14 f11 MDF (f1) !!J;t::::fll MNF ('U) 'Ufl~ffUJUJ1W nm1f1(ll:IJ!'Wfl\11f1f1(ll:IJ!'Wfl 1J'J!'W u u 

" wnmr:u~'W£1::::'11')1~~1 TD-MDF !!J;t::::~1 TD-MNF 'Ufl~rl'tyty1W ivJ~hf1~1:U!'Wfl 

1l1nn~1:utdmvJJ;tmCJft~1 l"lt~ilG11ff J;lfl~nffnuJ11111'n trlt~'U'W11Pli'W iw!rvhnu 512 uCJf:uttiJ;l 1m:::: 

'U'W11Pli'W iw!~t~t~'Willrvhnu 128 !!CJf:U!UJ;t !!ff1Pl~i~m~111::::nt~u 4-15 !!J;t::::m~ll'J::::nt~u 4-16 \1:::: 

l~'W 1~11~1 MDF !!J;t::::~1 MNF 'Ufl~rl'tutu1W ivJ~1f1~1:1Jldfl~f11'J!1J~eJ'W!l1JJ;t~ i1JI911:U!Jm u u 
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U"~ff1lJ1jfiWtJ1jW16Jf1~litl1lJ1~fflJ'\Jel~~1 TD-MDF u"~~l TD-MNF ff111f1J 

1Jt!flfl11l.lffll'W'Wnnmhrn!ni~ bY111~1Jflrit~-::J~m~em!'ff'Wll1J 1umvn.h~nt~u 4-15 u~~ 

fll'Vl1h~flt11J 4-16 Uff~-::J1t1'l11'W'lh-::J~fi1 MDF U~~fi1 MNF ~~~'J!rlml111l1fllvilJ~'W ~YJ'WflrieJ-::J 
~m~e.Jl.ll-ffm.h~ 1 'Wfll'Vlth~nt~u 4-15 u~~fll'Vlth~nt~u 4-16 !!1:1'~-::J 1 t1'l11'W'lh-::J~fi1 MDF u~~fi1 

\Vindow 
Subject 3 

Ci . i .... ~* ~::::/ . .... 

Window 
Subject 4 

~:::~r:_.c,,g"'-_-B--···.·····~··'··k·····g··-~::~'~''e:~ · ; 

~ 8.7~~ /~ ~ c ~7( 
6'~ ~~~------~~--~--~~~~~ 

1 'l 7 ](I 13 1() 19 21 10 13 16 19 21 
\\'indow \Vindow 

I Q.l ~ Q.l d ~ Q.l ~1 Q.l 'j) ~ 
fll'Vltl:i~flti1J 4-15 fl1 TD-MDF fl1J'W1'11'Wfl'Vl'W1'11'Wfl2 4 6 U~~ 8 fl !~fl':ilJ'\Jti-::JflmlJ!'Wtl 

!.W~fl!CJfeJ{ 'Vltl~~ff ~ti'Jtlff !rlt~'\J'Wl~i'W lWJ!'VlltllJ 512 !!CJflJ!iJ~ U~~ 

'll'Wl~iu 1~1~~~t~uiurvhnu 128 llCJflJlil~ 

Subject 1 

10 13 16 19 21 4 f 10 13 
\Vindow \Vindow 

Subject 4 

7~~==========~==~---L 
4 7 10 13 16 19 21 ~1 I 0 13 16 19 21 

Window Window 
31 '31 31 

fll'VlUJ~flt!U 4-16 fi1 TD-MNF tl1HJ111l1flvh1111l1n2 4 6 u~~ 8 tll~fl~lJ'llt!-::Jfl~llJ!Ut! 

~.w~mCJfo{ 'VlB~~ff ~o-::Jnff 1rlo'lJ'Wl~iu 1~1'1vhnu 512 llCJflJ!iJ~ ~~~~ 

'lJ'Wl~i'W 1~1~l~(I'W1Ul'Vlltl1J 128 UCJflJ!iJ~ 
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~~tltli'~~h.!1~1JUB191lwlliJ~~~fttlflfil TD-MDF u~~ TD-MNF t'WGJf'J~~~EJ'Jrl'Wh.J 

tllb1'1b1'JJ'flnf~ 4 fi'W ~~'YlU11~1 TD-MNF ~mm~b1'l..l'Utl~f1~1l..ll'rlmv~~fl!CJ1tl{ 'Yltl~~bY ~tl~rlbY 
Q.J G'j dll] ld I d I 0 Q.l '3) ~ rl 

UbY\91~\91~\91111~ 4-2 ~'W'IJW~'Vl !l..ll..l'lfN'Vl!'Villl~bYl..l'Utl~fll TD-MDF b1'1'11'JUf1ml..l~'Wt!!.W~mCJ1tl1 'Yltl 

. " 
~~bY ~tl~rlbY ~~Ub1'\91~t'WJI1'Yl'lh~f1tl1J 4-15 U~~'YlU11tlliJGJf'J~ll!'Villl~bYl..lll~~1 TD MDF U~~ 

'il1f1f111'111~WQ~EJ ~1f1m~ U~~~1fl11l.JU'I.J'i'U11'W'Utl~~1 TD-MNF t'WGJf'J~~ 

~fttlf1 u~~vl1f111l~fl11~lffl11l.JUUnh1'W ~~~~~1 p ~~\91111~ 4-3 'YlU11lifl11l..lU\91f1~1~mh~iJ 

UEJ1:l1flty (p<0.2) 1~'w;h~~1!'Q~EJ TD-MNF nuJ1'!1Uf) u~~'YlU11'1J'W1\91l'W il911rvhnu 512 UCJ1l.J 

~11~ u~~'ll'W1191l'W il911~~~tJ'W !u~Yhnu 128 UCJ1l..l~tl~ 111'~~m1~wn~1~mJw~~~'W'Ilt~~J111Umf~ 4 

Jmun l~f111l'W il911'1l'W1\91g'W "1 ~~fl11l..l~mf'W1h~'I111~~WQ~EJ TD-MNF u~~J1'11Uf1'1Jtl~ 
tllb1'1bYJJ'mJ'~ 4 fi'WU bY\91~~~1U~ 4-17 'il1f1~~f111'Vl\91~tl~~~'WU bY\91~ tli'~~'W 11f111l~fl11~lf 

"' 
mun191i'l..l~~U~EJ'WUU~~\911l..ln~T~1'11i' Uf1~1l..l~ d tl 1 u~oiuff' ~u 1 flltl~~~ !19i'mh1mu~1 1 'Wi1'lf tl 

l] ;J) dc< I ;J} )f <> ;J) )f 
4.2.1 !IPl~~'Vl\91f111f1ml..l~'WtJU1ntuu'IJ'W 4 nml..l~'Wtl 

\91111~ 4-2 ~1 TD-MNF ~mm~bYl..l~l'W ii91{'1J'W1\91~1~ "1 ff1'11'fUf1~1l..l~dm.W~mCJ1tJ{ 'Yltl~~bY 
~tl~rlbY 

"" 'l li 
'U'Ul~TI.U~1/ 

0 ' 'lll'U1Ufll TD- 0 ' 
'lll'U1U'U0~fll 

I 

"" 'l li <:1 
'UU1~1'U!~1'fl 

(The suitable TD-MNF 

!g0u,u (Total TD-MNF range of (Number of (%whole TD-

features) TD-MNF) TD-MNF) MNF) 

512/128 21 11-14 4 19.05 

512/64 41 22-27 6 14.63 

384/288 10 6-7 2 20.00 

3841192 15 8-10 3 20.00 

384/48 57 36 1 1.75 

384/24 113 68-72 5 4.42 



• 

.. 'i' .! .. 'i' -~ 
'U'kllVI1'kl AVI1/'UU1V11U AVI1't1 

!~0u,tl 

512/128 

512/64 

384/288 

384/192 

384/48 

384/24 

I ~ 
fll!'iltlf.l 

0.111 

0.132 

0.184 

0.177 

0.181 

0.159 

I 

fllfltiH 

0.216 0.069 

0.228 0.062 

0.272 0.317 

0.334 0.178 

0.251 

0.245 0.353 

~ ~ 

'WeJ~~{Y ~eJ~n{YnmhrnJn 'IJW~vmhwwn 2 4 6 m1~ 8 rl!~ni'lJ 

t:!l, c! Q.l OJ t! ' ' Q.l 

4.2.3 Htlfl1~1!fl''n~'t'ifl11'iltl''il'fi'kl1i~~'t'i1Hfll MDF !At!~ MNF fl'l.H!~.:i 

.. ' 
.c:::r.. t! 0 Q.l 'Q.l .c::l 

4.2.3 .1 Htl fl1 ~ 1! fl ~ 1 ~'t'i fl1 ~ 't1 VIti Mf.l flU l't'i'kl fi!!'U'U 0f.l fi'U 't1 .. 

50 

"' '1 i "' II] "'1~1 'J) ,I ~ "' 
flfl'l:JW~ !'W !~!lJ'W!1fll'IJeJ~{YqJqJ1W !l"011flflllJ!'Wtl 'IJW~Vfl'Wll'i'Wfl 1 2 3 4 !!~~ 5 

n1flni'lJ!!lJ1JeJdnu~ ~ljlj 3o 6o 9o 120 ~~~~ 1so eJ~rn~lflfl~llJ!deJ1u!-itJb1 !lJ'j~,tl !!{1'~-:ii~ 
'U q 
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60degree x 1o• 
100

~~- ' 11 1 I'" I -~~~--- II ::--.,. I. ll--:;1j ... ~l·l~;.~~~~ll~;~.l~-u,..~;~~-~WMI!~;~~.-~~~~~~~-··t~ 
-1000t~~--- .. ________ ______!_______ _ _ ----~~-- _ _l ______ --~-- L --------~---- ______ '_l___::_ ____________ J > 0.0001 0.5121 1.0241 1.5361 2.0481 2.56 

"- 90 degree x 1 o' 

t:::~:~~ -- ·--=~-· __ !· __ 0 ~-·~~'-1''_·~~~·_!~_ .. _'"~'-t~~'~''_'_' -~ 11~-.~,!*_••"-~"---~~~~~-~-~~~,~-~ ~-"-"-'~~~ 
E 0.0001 0.5121 1.0241 15361 2.0481 2.56 

cs: 120 degree x 10' 

_; ::g[ f---~-------------!""•-., ... , ..... , .... __ , .... ..,,. .... ~-~,_M••~Iiltllil:lli'<'i"!l"'ii ___ ~_""'I""'''INII~I-""'1_'*''•"-~---~~~~'''""--~-~,.-----~~~~~-~.._.jlllf'~fll--~li!.llolllllflllflll _______ ~~til:ll~ ... _~ill!-__ ~~-·~~,.!il __ !M·--~~~~Miii!II •• _MI ___ IIi-~~~~~~~-~~-~--~ 
0.512 1.024 1.536 2.048 2.56 

150 degree x 1 o' 

_:::~l:··--~---- -·~--~1'~~~·~·~~:!_~~~-~~~~~~~~~r~~!!!' ··~~~~~~~--~~~!~~~-~~ 
0.0001 0.5121 1.0241 1.5361 2.0481 2.56 

sample x 10• 

" " fll'jl\j'lh~mJ'IJ 4-18 rl'flEJW~l'W1~H11'W!drll'IJtl\lff'qj'qj1WltJVhmi'1WUti'IJW~CifltJTr111fl 12 3 4 Ut'l~ 

5 n1t'lfl'f11 ('il1fl~1Cil1J'IJ11) ~1111 30 60 90 120 Ut'l~ 150 tl\lfl'l 'IJtl\ltllTl'lfl'~mfl'W~ 22 • 

" " f11111fflll~'W~'J~Yd1\lf'il MDF Ut'l~~1 MNF 'Utl\lffllltt.nwfhmi'111!Utltl'IJ1.JTVl'!.Jfl 
" " " ' 

'IJW~CimhrnJn 1 2 3 4 Ut'l~ 5 fl1t'lfl'f11 'Y\1111 30 60 90 120 Ut'l~ 150 tl\lfl'1 Uf!'l'l\1~\lfll'jl\j'lh~fltl'IJ • 
4-19 !!t'l~fll'jllj'lh~flti'IJ 4-20 ~\l!iJ'Wm1Yl error bar ~Uf!'l'l\1~1!'Q~CI!!t'l~~1fll'Jm~'il1CII'11'1Jtl\1~1 

lflt~\I!'IJ'W111\91'Jjl1'W'Uti\1~1!'Q~CI (Standard deviation of mean) '\Jtl\1~1 MDF Ut'l~ MNF 11'1CI~~1 

1 ri eJ\1 1 u 'W 11 wn 1l' 1 'W '11 t1 \1 ~1m~ v mm "J t1 f'l1 'W 1w! ~ 'il 1 n ~ 11 ri t~\1 1 u 'W 11 w1 "J 1l' 1 'W m "J ~ 1v 'i\' 1 'W 11.-.! 'lfl'l 
"' "' . 

" " ~t~11t'Jvl\I'YI111'1 (n) rl1'Yii'ui'Wm"J'Vll'lt'lt~\lu n ~~ll'vilnu 200 
"' 

(a) (b) (c) 
47.5 47.5 

+ 
52 

+ 47 + + 51.5 

t "N "N "N J: 46.5 + + 
~ J: 

u. + u. f ~505 t r c c 46 

f + r == 45.5 

+ 
:.: 

== 
44.5 

2 3 4 5 
45 

2 3 4 5 
49.5 

2 3 4 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
64 72 

' • • 
~62 

"N 68 N + • J: J: 

u. ' u. c 59 c 64 + :.: • :a: 

• + 
56 

2 3 4 
60 

2 3 4 5 
Mass (kg) Mass (kg) 

" " ' ' 
fll'YI'lh~flti'IJ 4-19 ~1 MDF n'IJ1.1'1'YitJfl'IJW~CJflU1'YitJfl!!'IJ'IJeJ~nu'Y\ 'il1fltl1Tl'lf!'~mfl'W'Y\ 21 

"' 
(a) 1111 30 tl\lfl'1 (b) 1111 60 tl\lfl'l (c) 1111 90 tl\lfl'l (d) 1111 120 tl\lfl'l (e) 1111 150 tl\lfl'1 

q q q q q 
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(a) (b) (c) 
68 

+ 
67 665 

67 66 • 'N 'N • 'N ; ' e. • :I: :I: 

~ 65 
+ ~ 64 

~ 65.5 t + • • z 

t == == • ::iE • • 63 
2 3 4 5 

62 
2 3 4 

64.5 
2 3 4 

Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 

72 • 73 + 
'N • 'N • e. 70 • e. 71 
u.. u.. z z + == 68 ::iE 69 

• • + • 
66 

2 3 4 5 
67 

2 3 4 
Mass (kg) Mass (kg) 

" " . . 
fll'W'll~i~tlOU 4-20 ~1 MNF flU'iJTrlt!tl'UW~Cifl'I.JTV!l!fl!!UUO£lflUVi 'il1fl01'ff1'fflJfl)fi'UVi 14 .. 

(a) 1-J~ 30 O.;Jft1 (b) 1-J~ 60 O.;Jftl (c) 1-J~ 90 O.;Jft1 (d) 1-J~ 120 tJ.;Jft1 (e) 1-J~ 150 O.;Jftl 

" . 0 Q.l I Q.l .<::::! d. a1 

'UW~Cifl'Ul'Vi'Ufl!!UUOCiflU'\'1 3 fllWflO .. 
- mw~ 1 hiiJw;nmr~i'fu1h~rd1.;J~1 MDF !!~~~1 MNF nuJTtn!n 'WU 

m1~ff'~'Vfu-finJuuud!u'l'ln~~ 
.. q q 

.::::td I I ..::! .J dt ~ Q.l .J. .J Q.l 

- fllW'\'1 2 fl1 MDF !!~~fll MNF !'W~'U'U!~O'UTM'Ufl!'W~'U'U (p<O.Ol) ~fl'il~'WU 

wn~ff'~'Vfu-finJuuud!u~~ 90 tJ.;JftTVi1o~~~~1fl':h 90 O.;Jft1 
.. q q 

dd I I ~ ~ Q.l .J. ~ Q.l 

- mW'\'1 3 fl1 MDF !!~~fll MNF ~~~.;J!~O'UTM'Ufl!'W~'U'U (p<O.Ol) ~fl'il~'WU 

WJ1~ff'~'Vfu-finJuuud!u~~ 90 O.;Jft1'111o~~~mnn11 90 O.;Jft1 
.. q q 

~.;Jbllm)t1'ff)DWn~ff'~'Vfu£)~'11l1.;J~1 MDF m1~~1 MNF nuJmun ~ 5 ~~ 'lJO.;JOlb1'1b1'lJfl) 
q q 
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tJ Q.l QJ 6 
~'ll (f.l~fll) 

~ ~~'U'Ufl1l'lltf'll'Vfl-.!1'i 
"' 30 60 90 120 150 

' "'"' fl'HW'Yl 1 7 fi'W 6 fi'W 9 fi'W 10 fi'W 10 fi'W 
.,,; 

fl'Hl!'Yl 2 12 fi'W 14 fi'W 7 fi'W 5 fi'W 1 fi'W 
.,,; 

fl'JW'Yl3 2 fi'W 1 fi'W 5 fi'W 6 fi'W 10 fi'W 

tJ Q.l Q..l t! 
~'ll (f.l~fll) 

J ~~'U'Ufl1l'lltfUYfl-.!1'i 

30 60 90 120 150 
' "'"' fl'JW'Yl 1 10 fi'W 7 fi'W 12 fi'W 9 fi'W 9 fi'W 

.,,; 
fl'JW'Yl2 10 fi'W 11 fi'W 4 fi'W 1 fi'W 0 fi'W 

' "'"' fl'JW'Yl3 1 fi'W 3 fi'W 5 fi'W 11 fi'W 12 fi'W 

'j) 'j) I I 

c1 n£Jw~ 1 u 1 ~P~l:uurnn'llt~\lfftl.Jtl.JlW! vlvhm1' l:Uli'l t1 'llW~t~mhrn! nmJ'lJlfl~t~u li 
~ '1 "' "' .d ~ "' "''l "' ')) 11 II] ~ " "'li] 
'll'W-ft\lflltJ !'Wnm 3 1'Wl'Yl 'Yl'Wl'Vi'Wfl 1 2 3 4 u-r1~ s n 1-rJm:u '\llflflm:Ul'Wtl !'lJlC}f'lhr l'lJjfl w 'llt:J\1 

m~TfflYmfi'W~ 22 u~~P~\1~\Imvnh~nt:J'lJ 4-21 

1500 

1000, 

~ 500 

Gl 
'0 

.~ 
c. 
~-500 

-1000· 

-
1500

1 1537 3073 4609 6145 7681 9217 10753 12289 13825 15360 
sample 

Q.l Q.l l.r] j) 9) ~ 9) ~ 
fll'Yi'lh~nt:J'lJ 4-21 ftfl'hlW~t'W t\Pll:IJ'Wnm'llt:J\I~tutulW ~vl~hnm:Ul'Wtl'\llflflm:Ul'Wtl 

... ... 

tl'lJl~'Ll~ l'lJjfl!t~ 'llw~J1m!n 1 2 3 4 Uft~ s nhn~:u ('illflcM1tJ!'iJ'lJ11) U'lJ'lJlfl~ti'W~ 
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QJQ.Jr/ I I I QJ~ QJQ.IeX 
~lflfll'j'Vl~HHN'VflJfi111Jb1'1J'W'W'fi';i~'l111~fll MDF !!rl~fll MNF flU'W1'11'Wfl~~'W 

- mw~ 1 l~lJm11lbl1l~'WTI';i~'l111~~1 MDF !!rl~~l MNFnuJ1m.Tn 'WU 

" fl111lff1l~'WnnJuuuu'l'Wmb1'1b1'lffl'j 14 fi'W .. 
e:1d I I .d. ~ dt ~ QJ d ~ 

- mtt!'Vl 2 fl1 MDF !!rl~fll MNF l'W1l'l.l'Wl1ltl'W1'11'Wfl!'W1l'l.l'W (p<O.Ol) 'WU 

" m11lff1l~'WTIJU!!uuu'l'WtnbYlbYlJfl'j s fi'W 

dd I I dt ~ Q.l d ~ 
- mtu'Vl 3 fll MDF !!rl~fll MNF rl~rl~l1ltl'W1'11'Wfl!'W1l'l.l'W (p<O.Ol) 'WU 

fn11lff1l~'WTI';iU!!UUd'l'Wtnb1'1bYlJm 3 fi'W i~!!bY~~l'Wm'WU';i~fltJU 4-22 ~~l~'Wnnvhrvi~ubY~~ .. 
I I I I I 

~ d. I d. I QJ I d I .:::! 

fl111lfl r11~1 fl r~ tJ'W 'Vl 11 bY~~ fill u r~ m1r~ ~fllfll 'j m ~ ~ 1 v~ 1'l.l tJ~flll u v~1 u 'W 11 1~ 'j ~ l'W 'l.l tJ~ fill u r~ v 

(a) (b) (c) 

N 63 r 
:=. 60 

f t t + 

61 

N' 
:=.58 

t + f 71.5 

g 70 
1.1. 
Q 

1.1. 
Q 

1.1. 
Q 

::i 57 ::i 55 + ::i 68.5 

54 '-----7---:2:---3:------;-4 --::5---' 

Mass (kg) 

(d) 

69 t 

52 '-----7-~-~~-_,___J 
2 3 4 5 

Mass (kg) 

(e) 
69.----..----------.-----, 

67'-----7-~-~~-~ 

2 3 4 5 
Mass (kg) 

(f) 

75.5 

N' 67 
:=. 

t f f + 
N' 67 
:=. 

N' 
:I: 74 + t 

1.1. 1.1. 

~ 65 ~ 64.5 f + 
1.1. 
z 
:E 72.5 

+ 
63 ~---:2--3:------;-4 --::5---' 

Mass (kg) 

62~---:--=---~-~ 
2 3 4 5 

Mass (kg) 

'J} 'J} I I 

fll'WU';i~fltJU 4-22 ~1 MDF !!rl~ MNF nm1mun 'l.ltu~f.JflU1'11Ufl!lUUlfl~tJ'Wli 
Q.l Q.l r/ I I Q.l ~ QJ QJ .d 

(a) !!rl~ (d) fl111lb1'1l'W'W'fi';i~'l111~fll MDF !!rl~ MNF flU'W1'11'Wfl'l.ltl~tllb1'1b1'1Jfl'jfi'W'Vl 14 

QJ Q.l r/ I I QJ ~ QJ Q.l d. 
(b) !!rl~ (e) fl111lb1'1l'W'W'fi';i~'l111~fll MDF !!rl:t MNF flU'W1'11'Wfl'l.ltl~tllb1'1b1'1Jfl'jfi'W'Vl 6 

QJ QJ rl I I QJ ~ Q.l Q.l d_ 
(c) !!rl~ (f) fn11Jb1'1J'W'W'fi';i~'I11Nfll MDF !!rl~ MNF flU'W1'11'Wfl'l.ltl~tllb1'1b1'1lmfi'W'Vl 22 
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a'IP1'ff1'W ~ Nflltl'Uf.Ne:llfl'lffJJ rl'HlTU 1'W 12 fi1 1 1'1 tlfll'l !Wflfila'l'lri1'W ~ Nflltl'IJ tl,HJlfl'lffJJfi'H~'W 3 

nri:UI'll:Uf111:Ua'lJ~'W1f'l~lr:h'lri1 MDF mt~ MNF tl1Jt.lTrnJn~iJnJmJ1Jf111:Ua':U~'WTI 3 mw . ... 

'Utl\le:llfflffJJfl'l!!ffl'l'll'l'll'll'll\l 4-6 u~~l'll'll\1 4-7 (l'lrila'IPlri1'W'IJtl\l~1\lflltJ'UtJ'lenmffJJ'm 22 fi'W ... 

1'Wfllfl~'W1fl fl) 

' ' I .,::! T a! I Q.J I I Q.J 

l'll'll\1 4-6 mm ~vu~~mt1JtJ\l!1J'W m\91 'l ~ l'W 'UtJ'lmffl'l ff1'W 'll\lflltJ'UtJ\1 enmff:um !'V'lff'l11tJ 

<'!d <'ld <'!d 
I OJ I I 

fl'jW't'J 1 ( 6 fl'W) fl1W't'l 2 (2 fi'W) fl1W't'l 3 (2 fl'W) 
flliJVIiJ'J'W<jNflUJ d d d I I I I I I 

fllhH'I[J fllSD flm:nm fllSD fllA'iHm fl1 SD 

" '111'11 t.T fl ( fl fl.) 60.7 0.8 61.0 7.6 54.0 0.1 

"' f111:U\J'l'UU!~tl'W (CJf:U.) 172.0 1.0 169.3 1.7 166.0 1.6 

91 1 '\J" !ff'W'ltl1J1\l'\Jf.J\j 1J!C)f {1' (CJf:U.) 27.4 0.5 27.8 2.9 25.7 0.1 

91 dl a' o"' 
'l ~ tl~ 'i) lfl 'IJ f.) fftlfl tl \j IJ''W tlfl~ 1 \j 'IJU!~ fll :u f.) ( C)f:IJ .) 35.8 0.5 37.1 1.7 36.6 1.5 

91 91 ,J1 191 
f111:Ufl11\l'iJ1flflnl:U!'Wtl 'YI~CJfltl-'IJ11 (CJf:U.) 40.5 1.6 43.3 2.5 44.5 2.4 

91 dl ,f "' 'l~tJ~'illfl'IJtlffe:Jfltl'IUmtJ'W 1:ua (CJf:U.) 48.2 0.7 49.7 1.8 48.0 1.4 

91 I I 

!ff'W 'l tl1J1\l'Utl\IU 'IJ'W 'Vl tl'W nl\1 ( CJf:U .) 25.1 0.4 25.4 1.8 23.5 0.6 

,J 91 91 
'l~tl~!tltl:U\Pll'W'YI'Wl (CJf:U.) 79.5 1.0 78.0 1.5 79.7 1.3 

91 "' f111:Ufl11\l:Utl (CJf:U.) 9.4 0.6 8.2 0.5 7.6 0.1 

"' f111:Utl11:Uel (CJf:U.) 18.5 0.4 18.1 0.5 17.1 0.1 

"' 1 ldl 91 
'l~tJ~'i)lfl'l11 'YI~tl\1'\Jf.Jfff.)fl (CJf:U.) 37.1 0.4 38.0 0.2 37.0 0.3 

"' d 
\Pl'l1'W:U1~flltl 20.5 0.4 21.2 2.2 19.6 0.4 

' 
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' ' I .<:::::! I .::::! I Q.l I I Q.J ~ 

l'll'H:J 4-7 flll 'iHltl!l~~fl1lUtl~lU'W :JJl\91') ~1'W 'Utl~fllb1'\Pib1''1'W ')1~f11tl'Utl~ tll'fflbllJfl 'H'VH'l''H ty~ . . <:td <:I <:I <:I <:I 

' <V ' ' 
fi'HU'tl 1 (8 flU) fl':i tlA 't1 2 ( 3 flu) fl'jtlA'fl 3 (1 flU) 

fll~YI~1UH~flltl . ..; . 
' <:1 ' ' ' ' <:1 ' fllAlHltl fllSD fllA'iHltl fllSD fllA'iHltl fllSD 

'JJ 

1l1m1'n (flfl.) 53.0 2.3 49.0 1.8 47.0 -

<!I 

fiJ1lJcy~'UW~tl'W (CJ1lJ.) 161.9 2.3 159.3 1.4 150.0 -

!J) 1 '\J <I lff'W')eJU'J~'Utl~ UlCJ1 b1' (CJ1lJ.) 24.7 0.5 23.0 1.8 24.4 -

!J) ~ <I 0 <!I 

') ~ tJ~ 1l 1 fl'IJ mmn t1 ~eyu tJfl ~ 1 ~'IJ w ~ fl1JJ a ( CJ1lJ .) 35.2 0.5 35.3 0.3 32.8 -

!J) !J) ,f 1 • !J) 

fiJ1lJflJN1J1flflnllJl'W eJ 'H ~ CJ11tl-'IJ'11(CJ1lJ .) 38.7 0.5 39.6 1.5 41.9 -
!J) ~ ,£ <!I 

')~tJ~ 'il1fl'UeJfl'eJflmiJmtJ'W '1lJeJ (CJ1lJ .) 45.8 0.8 47.0 0.3 43.3 -
!J) • • 

lbl'W ') eJU'J~'IJtl~U 'IJ'W 'I'W'W m~ (CJ1lJ .) 22.3 0.5 21.0 0.9 21.6 -
,f !J) !J) 

')~tJ~WtllJIPI1'W'H'W1 (CJ1lJ.) 72.3 1.8 67.8 2.7 65.1 -
!J) <!I 

fiJ1lJflJ1~lJtl (CJ1lJ.) 7.3 0.1 7.0 0.2 7.4 -

<!I 

fiJ1lJtl1'1lJtl (CJ1lJ.) 16.9 0.4 16.9 0.1 15.6 -

"'1 ·~ !J) ')~(J~1)1fl'H'1 'H~ti~'Utlfl'tlfl (CJ1lJ.) 35.2 0.5 35.8 0.2 34.9 -

"' "' \PI'lf'WlJ'1~f11tl 20.1 0.5 19.3 1.0 20.9 -

1J1flf11') 'Yl\PibleJUfiJ1lJU\91fll'h~')~'H i1~~ll'H ~tl'Utl~~ 1bl\PI~'1'W 'UeJ~11~f11tl i \PI tlf11') 

'Yl\Pib1'aul11u ~~ '1tlf11')'Hl'IJ'W1\PI~'Yln'l"l ~ iiPitJ~1 d ~ 1~mnl'l~f11')'1'1\PI~a~u bY \PI~ 1 M'l'l1u i1ii~1bl1P1{hu 
"' 

11~mtJ'HmtJ~1~lJfl'11lJUI'Ifl~1~nu1u')~~ucy~ ( d ~ 0.8) u~~1'W')~~uiJ1'Wflm~ ( d ~ 0.5) ~~ 

b1'1:JJl')tlbY')D1~i1lJI'l~~tlfl'11lJbllJ'I<~'W£')~'Hi1~~1 MDF u~~ MNF nuJ1'HUfl u~~lJ~1bliPiih'W • 
11~mt1u N~1~lJfl'11lJUI'Ifl~ 1~'\JeJ~~ WH ~ tJ 1 u 'Ylfl~~'Y11m')'Yl\Pib1'eJU D')~fleJU~'JtJ fl'11lJb1' ~'Uw~vu . "' "' 

j) ~ 0 Q.J Q.l ~ Q,l ~ <j) j) 0 Q.l Q.l 

u~~m1JJfl'11~lJeJ'ffl'H') u m 'fflbYJJm l'l"lfl''lf1tJ u 111 u nu ~~')~ tJ~WeJlJIPI1'W 'H'W 1b1'1'H ') umb1'1b1'llm 

l'l"lfl''HtY~ Ubl\PI~~~\911')1~ 4-8 U~~\911')1~ 4-9 Ul'l'Wfll'l"lflrieJ~ (Box plot) ~1J:Y'IPiiYJ'W11~f11tl'Utl~ 

tl1b1'1b1'JJfi')~UD~llJ'W 3 nriJJUbYIPI~~~fll'l"lD')~fleJU 4-23 • 
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' QJ ' ' .ol QJ .ol QJ .ol QJ 

flltfYI ~1'ki'HH'll f.J fl':iW 1 fl1J 2 mw 1 n11 3 fl':iW 2 fl1J 3 

" th11un (tltl.) 0.05 2.80 0.82 

"' fl1llJ'~fl'IJW:i:tJ'W (CJf:JJ.) 0.85 1.95 1.35 

!li ! '\J <I !'ff'W"HJ1J1~'\Jtl~ 1J!CJf 'ff (CJf:JJ.) 0.14 1.23 0.62 

!li dl <I 0 "' 
l":t(J:t 'illtl'Utlfl'tltlfi~~'W(Jflr! N'IJW:i:tll:JJtl ( CJf:JJ.) 0.63 0.47 0.20 

!J/ !J/ ~ ~ I !J/ 
ml:JJtldl~'illtlnmm'Wtl '11r!CJfltJ-'IJ11 (CJf:JJ.) 0.56 0.82 0.33 

'31 & ~ ~ 
1::: tJ:i:'illtl'IJtlfl'tltlfi~UmtJ'W 1:JJtl (CJf:JJ .) 0.64 0.08 0.72 

!J/ I I 

!'ff'W 1 tl1J1~'1Jtl~u 'IJ'W 'Vl tl'W m~ ( CJf:JJ .) 0.15 1.48 0.91 

~ !li !li 
l":i:(J:t!tltl:JJYil'W'H'Wl (CJf:JJ.) 0.48 0.05 0.82 

!li "' f111:JJtldl~:JJtl (CJf:JJ.) 0.74 1.09 1.04 

"' fl11:JJ(Jld:JJtl (CJf:JJ.) 0.36 1.16 1.58 

"' ! ldl !li l":i:(J:i:'illtl'111 'Hrlfi~'Utlfl'tltl (CJf:JJ.) 0.66 0.08 2.85 

"' "' Yl'lf'W:JJ1r!tll(J 0.32 0.86 0.63 

' QJ ' ' .ol QJ q QJ q QJ 

flltfYI~1'kl':il'lfllf.J fl':i w 1 f)'lJ 2 fl':iW 1 fl'U 3 fl':iW 2 fl1J 3 

" t1111un (nn.) 0.57 0.75 0.71 

"' f111:JJ~~'IJW:ttJ'W (CJf:JJ.) 0.36 1.47 4.32 

!li ! ~u .. !'ff'Wl"tl1J1~'1Jtl~ 1J!C]f 'ff (CJf:JJ.) 0.77 0.17 0.49 

!li dl <I 0 "' 

1::: tJ::: 'illtl'IJ tlfl'tltlfl~fl''WtJtlm~'llw::: tll:JJtl ( CJf:JJ .) 0.11 1.37 4.73 
"' 

" !J/ !J/ <!j ~ I !J/ 
ml:JJml~'illnnm:JJ!'Wtl '11r!CJfltJ-'IJ11 (CJf:JJ.) 0.42 1.75 0.94 

!li dl dj "' 
1 :::tJ::: 'illtl'Utlfl'tltlfi~U mtJ'W 1:JJtl (CJf:JJ .) 0.50 0.92 7.79 

!J/ I I 

!'ff'W 1 V1J1~'1lv~u 'U'W 'Vl tl'W m~ (CJf:JJ .) 0.75 0.38 0.47 

~ !li !li 
l":t(J:t!tlti:JJYil'W'H'Wl (CJf:JJ.) 0.76 1.16 0.63 

!li "' fi11:JJtldl~:JJtl (CJf:JJ.) 0.85 0.17 1.24 

"' f111:JJ(J11:JJtl (CJf:JJ.) 0.01 0.87 6.95 

"' ! ldl !li l":i:tJ:i:'illtl'111 'Hr~m'llvfl'vn (CJf:JJ.) 0.43 0.20 2.92 

"' "' Yl'lf'W:JJ1rlfll(J 0.44 0.41 1.00 
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.f11'W1J:i~fl'CJ1J 4-23 UN'W.f11'Wflcit:J-:j~1-af'lbY1'W~1-:jfll(J"lJ'CJ-:j'CJl'ffl'fflJ'fl')~!nJ-:jt~'W 3 fl~:JJ 
o!!! Q.l 31 .et Q.l 

(fl) fl11:1Jb1' -:j"lJtu~CJ'W"lJ'CJ-:j'CJl'ffl'ff:JJfl'H'Wfl''lflCJ ( "ll) fl11:1Jfl11-:j:JJ'CJ"lJ'CJ-:j 'Cllb1'1b1':1Jfl1l'Wfl''lf1CJ 
"-' 

~ Q.l Q.l ~ eK 'j) 'j) Q.l ~ 
(fl) 'W l'VI'W fl"lJ'CJ-:j 'Cll'ffl'ff:Ufl'H'Wfl''V!ty-:j ( -:j) 1~CJ~t'CJ'CJ:Uf'll'W 'VI'W l"lJ'CJ-:j'CJl'ffl'ff:JJ'fl') t'Wfl''VI ty-:j 
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" " 
4.2.4 ~t~ rn~~~hrn 1 ~-M mufl~ l't~'Ue~~N~~1 w, vJ.W 1 fltl1t~!'u t~il1 flfltl1t~!il e~, meiuil m~ f1 

, e1 1 ~m fl1 ~1! fl ~ 1 ~ -Mm tJ fl~ ?:it~~! u~~'t.mut~~ ~ 1t~! 1tl1 

lilB~1l1f1fll'J'Vi1~1 MDF u~~~1 MNF 'llt:mYUJUI1tw 1r-JvhmhJJrrlt~1~bn:JJ1Hl 
"" 

~ t u~ EJ'W t t u ~ ~\911:JJ t 1 ~ 1 t ~ ti'IJ tl f)fi11:JJ ~:wvr 'W .fi 'j ~ 11l1 ~ ~ 1~ mJ tw~ t~ 'W tl'IJJ 111 11' f) 

" 1l11111'n 1 3 u~~ s nhnf:w 'llt~~m£'1'1£'1'lTrn 20 fl'W 

<V <V o' I I " 

fl11:JJ£'1':JJ'VfW1i'J~1111~fl1 TD-MDF !!~~ TD-MNF 'Utl~~tyty1tw 1vJvhm1'1:wtiltl 

n'IJJmtrmrlt~'ll'W1~l'W 1~r1rvhn'IJ 512 uGll:wtil~ u~~'ll'W1~l'W 1wf~t~t~'W1urvhn'IJ 64 UGlllHil~ 
u£'1'~~~~fll'WU'J~f1ti'IJ 4-24 u~~ fll'WU'J~f1ti'IJ 4-25 1l~tH'W 11'i'11~1 MDF u~~~1 MNF 'Uti~ 

" . . 
~tyty1tw 1 vlvhm1'1:wt ilt~ijm 'j tu~EJ'Wu u~~ 1 u1911:wnm u~~mm'Jt~Vl1l1'Jtw 1'lh~'Vim m~£'1':w'Ut~~~1 

TD-MDF !!~~~1 TD-MNF bl111f'IJ'IJtlf11'111:JJ~:JJ'I'T'W Titl'IJJ 111'lJf1 bl111 f '1Jf1ritl~ ~!'Yl~V:!Jl"~'W Yi'IJ i 'W 

Q.l G) Q..l 'j) 

nm.mm'J'Yl~~tl~ 1 'W111'Utl 4.2.1 

'Wtlf11l1f1dcJ~'W'IJl1~1 MDF !!~~ MNF i'W'lh~~vnJ111Uf1~'W1l1f1:JJ:JJ 0-150 tl~fl'1 • 
I j/ j/ I j/ 

11~ tl'lh~'Vim1'1mw tl11 ~~'Wt 'li'1 (Concentric contraction) ij~1:JJ1f1f1l1 1 'W'lh~'Vi Vf1U111U f1~~ 1l1f1:JJ:JJ • 
I '3J I I '3J 

~ 1 ..:::::! 9) .e! ~ .t:!l ~ 9) t!l 

150-0 tl~fl'111'J ti'111~'Ylf1m:JJt 'W tiE!~ EJ11tltlf1 (Eccentric contraction) t 'W tl~1l1f1!:JJ tlfl11:JJV1Jf1m:JJt'W tl 

d.~ o'l!li d "'o "-') C\ '1 31'1 31 lf d o'1311 
t'W:JJ'U'W'Yl1 !11fl11:JJt'J1fll'J'11f1'W1Ul'lf1'11'W !'Wl'Yl'Wt'l1V~ !'Wt£'1''W !Vf1m:JJt'Wtl~~~~ :JJv-1~'1'11 !111'11 MDF 

!!~~~1 MNF 'Uti~~UIUJ1tw1vJvhm1'1:wtdtl~~~~ ~1 MDF um~rh MNF 'Uti~~UIUI1tw1vJvh u u u u 
'j} I 'j} I jl jl 

'3) t!l T d 'jl ~ t!l J::!& '3) T T d '3) .c:!{ Q.l 'j) 

f1m:JJt'W ti'111~'YlfW1:JJl 'W tiV~ V1Jtltlf1:JJ 11~ 'W t1Vf111'111~'Ylf1~ 1:JJt'W tl11 ~ £'1''Wt'U1 [39] 
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'j} I 9) )I 

fll'WU'J~fHJ1J 4-24 rh TD-MDF nmhrn!nvhhrn!n 1 3 !!rl~ 5 n1r~ni'll 'Utl~fl~llldlt~t1J!c]}1.J.ff 

!1J'J~ttJ !rltJ'U'W1~1u 1~1rvhtl'u 512 W1fll!Url ur~~'ll'U1~1u 1~1~l~tJ'UtU!Yhnu 64 !!9fll!Url 

N' 
::1: 
~71 
z 
:a: 

64 

57 1 

' ' 
(a) tl1£1'1£Y:!Tmfl'Ull 12 (b) mm£Y:!Tmfl'Ulll3 

(a) 

6 11 16 21 26 31 36 
window 

N' 
::.79 
u.. 
z 
:= 

74 

69 1 

(b) 

...... 1 kg -e- 3 kg -e- 5 kg 

6 11 16 21 26 -3,.--"30--i? 
window 

9) I 3/ 3) 

fll'WU'J~fltl1J 4-25 ~1 TD-MNF tl1JU1'1111nl1thrn!n 1 3 !![!~ 5 nhni'll 'Utl~fl~lll!Utlt1J!c]}1.J.ff 

!1J'J~ttJ !rltJ'U'W1~1u 1~1rvhtl'u 512 !!9fll!Url ur~~'ll'U1~1u 1~1~l~tJutu!Yhnu 64 !!9fll!Url 
' ' 

(a) tl1£1'1£Y:!Tfl'Jfl'Ull12 (b) tl1£1'1£Y:!Tmfl'Ull13 
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r~e~11-f!~'W'i~lJ1JtJ\91 i'Wml~\l!~tlflfh TD-MDF m'l~~1 TD-MNF GJf1\l~!l1ijti'Wtl'W 

1'Wm~1~JJ'mi\l 20 fi'W rl1Mfum'ifl'1'W1wm~1m~v'Ue~\l'l11\ltT'W "l !~mnue~nfl11lrff']..rw'W1fnu 
" '11m lT n 

i'ltT'W~\II'i't~\l!~tltl'IJ'W1\91l'W i\911 'IJ'W1\91l'W i\911~!~ti'W hJ !!~~GJf'J\1'\Jtl\ll'W i\911~mm~~llff1'Vifu 
t11~1~JJ'm !!l9i~~fi'W!! 'Yl 'W ~\I'\AIU':ilij'lf1\I'Utl\ll'W i \911~mm~~ll'Vi mv'lf1\11 'W ti1~1~JJfl'ilJ1\Ifi'Wi\l 

!!~\91\11'Wm'\AI'lh~t1tllJ 4-24 (a) ~\ll'i't~\I'Vi'1t11'i!~tlt1GJf1\l!l1lJl~~ll!Vlfl\l 1 GJf'J\1 imJ1'Wt11'i!~tltl'IJ'W1\91 

1'W i\911 'IJ'W1\91l'W i\911~!~ti'W I'll !!~~GJf'J\1'\Jtl\ll'W i\911~mm~~llfl'il1'iW1'il1t1~1 p ~t!e~v~~\91!~tl 
'jl I 'jl 'jl I 

!!~\91\111'lf1\ll1''W~11JUtl!Wtl~l!l~~eJ'Utl\l TD-MDF !!~~ TD-MNF 'Utl\lll\1 3 U1'Vil1't1l~Yi~\91 1'W • 

~I "' "' I d I "" ~ ,j 1: "' "" ~ "' fi'W!Wtl!u'W 2 !!lJlJfltl !~tltl'lf1\I'Ylfll TD-MDF !!~~ TD-MNF !'\Aill'IJ'W!llti'W1'Vi'Wtl!'\Aill'IJ'W !!~~mtltl 

GJf'J\1~~1 TD-MDF !!~~ TD-MNF ~\91~\l!rle~Jmlfm~ll~'W 'IJ'W1\91l'W i\911 'IJ'W1\91l'W i\911~!~ti'Wl'll 
!!~~GJf1\I'Utl\ll'W i\911~mm~~ll1'Wmm~JJ'm!!l9i~~fi'W 'i'Jll~\1~1 p 'il1t11'il!fl'i1~11'm11l 

. " 
!!'ll'i'll'i1'W'i~'Vi-Jl\l~l!l~~EJ'Utl\l TD-MDF !!~~ TD-MNF tllJU1'Vil1't1!!~\91\IIOf\11911'i1\l 4-10 \911'i1\l 4-

11 \911'i1\l 4-12 !!~~\911'i1\14-13 
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\9lll1~ 4-1 o 'IJ'W1\9li'W iwf 'IJ'W1\9li'W i\9l1~!~B'W I tJ u~~'lfd~'IJB~i'W i\9l1~nnn~~:w i 'W 

m~1~lfmu\Pi~~fi'W !!~~fi1 p 'illflfll'li!ml~MW;n:wutJ'ltlTJ'W i\9ltTVl'illl"U!li'W'lfl~~fi1 TD-MDF 

768 

2 384 

4 768 

5 256 

6 

8 1025 

9 512 

11 768 

12 512 

13 256 

14 1024 

16 384 

17 

18 1024 

19 

20 1024 

21 1024 

22 1024 

23 

24 

'Ut!lVI 

' 
"' " • «{ 1t!AVI1'YI 

!g6u,tl 

768 

96 

192 

256 

512 

512 

192 

512 

128 

128 

384 

64 

128 

512 

64 

0 ' <Ult!1t!fl1 TD-

" OJ 

MDF 'YI~'Yil!VI 

4 

29 

13 

12 

5 

6 

13 

6 

23 

17 

8 

33 

17 

5 

33 

' 
' «{ 

'lf1~'YI 
' fllp 

2 25 4.70E-02 

5-22 62.07 4.25E-12 

6-8 23.08 1.44E-04 

1-4 33.33 8.89E-05 

2 20 9.11E-02 

2 16.67 8.03E-01 

1-2 15.3846 7.20E-04 

4 16.67 2.03E-02 

7-11 21.74 4.39£-03 

4-12 52.94 3.23£-06 

4-5 25 1.87£-07 

8-14 21.21 3.13£-04 

2-17 94.12 4.95£-04 

2 20 8.93£-02 

16-31 48.48 9.21£-04 
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l'll'Jl'J 4-11 'U'WliPli'W 11Pl1 'U'WliPli'W 11Pll~!~tl'W 1 u !!~~oM1'J'UtJ'Ji'W 11Pll~!'l1lll~'ffll 1 'Wtll'ffl'fflJfl'J!!~ 

~~fi'W !!~~~1 p 'illflm'Ji!fi'Jl~,jfl111l!!U'JU'J1'W 11PltJ~'ill'Jtt!11'W'If1CJ~~1 TD-MNF ~\Pl~'JtrltJ 

2 

4 

5 

6 

8 

9 

11 

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

'UUll'l 

"" ~ <i 
1UAI'I1 

128 

256 

512 

256 

1024 

768 

384 

512 

128 

1024 

512 

1024 

1024 

768 

1024 

256 

768 

384 

768 

'UUll'l 

1u11'11~ 
~~~u1tl 

128 

128 

256 

32 

512 

576 

24 

128 

128 

256 

384 

64 

64 

768 

128 

64 

48 

288 

768 

o I 

111U1Ufll 

I 

TD-MNF fllp 

24 10-13 16.67 4.22£-03 

23 1-17 73.91 2.22£-12 

11 6-7 18.19 1.60£-01 

89 14-27 15.73 2.79£-04 

5 2 20.00 3.75£-02 

5 2 20.00 8.91£-01 

113 9-35 23.89 4.33£-06 

21 10-14 23.81 9.16£-05 

24 8-11 16.67 2.70£-04 

9 3-5 55.56 6.48£-06 

7 3-5 42.86 1.34£-11 

33 17-25 27.27 1.05£-01 

33 9-13 15.15 1.40£-05 

4 2 25 7.82£-01 

17 1-17 100 1.82£-05 

45 13-19 15.56 3.08£-04 

49 12-45 69.39 2.11£-05 

10 7-8 20 6.87£-03 

4 2-3 50 4.66£-01 



1 384 

2 

4 384 

5 384 

6 1024 

8 512 

9 384 

11 512 

12 384 

13 256 

14 

16 512 

17 512 

18 768 

19 768 

20 

21 384 

22 

23 512 

24 768 

'\JUlY! 

1u1Y~1~ 

!~eJ'J.,!1tl 

48 

288 

192 

64 

512 

288 

128 

384 

192 

256 

384 

768 

768 

288 

128 

576 

0 ' 'ii1U1Ufll TD-

57 

10 

15 

33 

6 

10 

21 

8 

15 

11 

7 

4 

4 

10 

21 

5 

' ' ... 
'ln~n 

46-57 

9-10 

10-15 

10-33 

5 

5-10 

17-20 

1-2 

12-15 

2-3 

1-3 

4 

3-4 

7-10 

8-12 

1-2 

64 

' fllp 

21.05 1.03E-03 

20 2.87E-06 

40 1.72E-03 

72.73 1.44E-05 

16.67 1.51E-05 

60 6.65E-03 

19.05 2.43E-03 

25 6.39E-03 

26.67 4.13E-06 

18.19 1.97E-01 

42.86 5.67E-03 

25 9.95E-02 

50 1.02E-06 

40 1.18E-03 

23.81 2.18E-02 

40 8.60E-02 



"' 

., 

·. 
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~nn~ 4-13 'IJ'Wl~i'W 1wf 'IJ'Wl~i'W 1wf~t~eJ'W hJ ur~~'lf1'1'1JeJ'li'W 1wf~nnJl~tr:JJt'W 

DltrltrlJfl'm\9ir~~fi'W Url~f'il p 1:llflfll')itfl')l~Mfl1llJUU';nJn'W 1~!TW1Jl')UJlt'W'lf1'1~~1 TD-MNF 

128 

2 

4 512 

5 384 

6 1024 

8 1024 

9 1024 

11 384 

12 128 

13 256 

14 512 

16 128 

17 384 

18 512 

19 768 

20 

21 256 

22 

23 512 

24 384 

'IJUl~ 

1u1~1~ 
!gou,tl 

96 

128 

288 

64 

256 

128 

192 

128 

256 

512 

128 

288 

512 

768 

128 

512 

288 

0 ' 'i11U1Ufll 

' TD-MNF fllp 

31 26-30 16.13 4.28E-05 

21 18-21 19.05 3.81E-09 

10 7-10 40 1.76E-03 

33 23-33 33.33 4.96E-04 

9 8-9 22.22 6.23E-06 

17 13-15 17.6471 7.63E-02 

15 12-14 20 5.61E-03 

24 1-7 29.17 4.72E-03 

12 8-11 33.33 6.41E-05 

6 6 16.67 5.56E-01 

24 3-6 16.67 1.60E-03 

10 1-3 30 8.67E-03 

6 6 16.67 6.84E-01 

4 3-4 50 2.81E-05 

23 20-23 17.39 7.64E-04 

6 6 16.67 2.58E-01 

10 2-3 20 1.76E-01 
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'il1f11'111N 4-11 rl11-rhre:mn~nJ'mrrw~ 16 'lJ'W 11'll'W 1w! (L) ~mm~ff1-l~tl 512 

Wlf1-l!U" !!"~'lJ'W11'll'W 1wJ~!~tl'W !tl (I) ~!'Vi:JJ1~ff1-l~tl 384 !!Glf1-l!U" ~~~rlm11m11~tJ'Wl'W 1w! 'il~ 
!~ 7l'W 11911 !!"~'M1~1 MNF !~J~'111-ll'l 7 ~1 ~~!!ffl'l~i'Wfll'VjU1~f1tlU 4-26 (a) 'lf1~'1Jtl~l'W 11'11~ 

~ ~ 1 dd ~I d ~ d ~ 1 d ~ dt I d 
!'Vi1-l1~ff1-lfltl1'W !1911'1'1 3-5 (111~:JJ1W 42.86 !Utl1!Glf'WI'l'lJtl~1'W !1'11'1'1~'111-l\91) !1-ltl'Mlfll!Uml TD-

MNF 'lJtJ~1u 11'11~ 3-5 'lJtJ~~~~"~Jmum11i~!~m11-l'fimfun1~1111~~1m~v TD-MNF ~~ 
u ff\91~ 1 um'Vjtl')~ nt!u 4-26 (b) u"~ 'il1nm11!m 1:;;11' m11Ju tl1u11'W!yttl'l'll'lfft!u m11-l!!\91 n~1~ 

'1Jtl~~1m~v TD-MNF '1Jtl~!!~"~J1'11Uf1 !~~1 p !'Vhnu 1.34E-011 !!ffl'l~l1lJ'fl111-l!!l'lf1~1~tlV1~lJ 
uvrl1rlty'i'll~ffil~ (p<0.05) 'Wtlf1'iJ1f)dEJ~'Vj1Jl1tllfflfflJ1'11fi'W~ 6 !lli:i'lf1~'1Jtl~l'W 11'11il'l"l ~~1 
TD-MNF "l'l"~!rlt!J1'11Ufl!fi1-l~'WmV !~tl~'iJ1fli'WtllfflfflJ1'11~ 6 lJ!U'Vj1~'lf1~~~1 TD-MNF 

~ ~ dt ~ Ql .:.{ ~ ' ~ Ql GJ ~I ~ I 

!'1"11-l'lJ'W!1-ltl'W1'11'Wfl!'Vj1J'lJ'W!'i'll'W'W l'l~!!ff\91~ !'Wfll'l"'ll1~fltl1J 4-27 'Wtlf1'il1f1'Wf111'Mlfll MDF !!"~ 

Q.l ~ Q.l .d I I _d ~ 
MNF '1Jtl~fftyty1W'i'l~'-lfl'l (whole signal) '1Jtl~tllff1ff1JI'I1fi'W'i'l 6 'Vj1J11fll MDF !!"~ MNF !'1"11-l'lJ'W 

(a) 
75~--~--~~~~~~--~~~ 

+1kg 
-6-3 kg 
-&5 kg 

71 

"N 

"N 
:I: 

71 

(p<0.05) 

(b) 

=- 66 

LL. 
z 
4= 69 c LL. 

z 
:E 

1-
c 
1':1 
C> 

61 E 
67 

56~1~--2~--~3--~~--~--~--~ 65~----~----~------~----~ 
4 56 7 1 2 3 4 5 

window Mass (kg) 

fll'VjU1~f1tlU 4-26 ~1 TD-MNF !!"~~1!U~V TD-MNF nuJmun !rltl'lJ'W1\9ll'W 11'111'\'hnu 

512 !!Glfmtl" !!"~'lJ'W11'11u11'11~!~tJ'W!u!vhnu 384 !!GlfWU" 'lJt!~mfflJ'mfi'W~ 16 

" '" nul-hMunlh11Mun 1 3 u"~ 5 f1hn1'1-l 



57 1 6 11 16 21 
window 

fll'W'lh~fHJlJ 4-27 ~1 TD-MNF n1JJ111Utl trleJ'lJ'I.Jl~l'W 1WJ!'Ylln1J 1024 UClf:J.J!iJ(;'l 

!!(;'l~'lJ'Wl~1u 1wf~t~e:~u 11Jnrhn1J 64 l!CJf:I_J!iJ(;'l 'lJeJ-:jeJl{;'l'l(;'l'lJmf!u~ 6 

67 

~I "" 1 a'd d! liJ d "'~ "" dl d! o d! "" 1 a' 1iJ 9J 
!!9f:J.Hu(;'l !W~'lJ'W1WJ'W !~1'Vl!(;'leJ'W !lJ'Vlm:IJl~(;'l':J.JfleJ 128 !!9f:JJ!U(;'l 9f-:j!:J.JeJ'V11tll'J!(;'leJ'W1'W !~Til~~~ 

7 1u 1wf !!(;'1~111~1 MNF 1~J'-:j'Y!:JJ~ 24 ~1 i-:j!!(;'l'~-:jl'Wfll'W11l"~tleJ1J 4-28 (a) '111-:j'lJeJ-:jl'W 1~1~ 
!11:JJ1~(;'l':JJ~eJl'W 1~1~ 3-6 (!J'J~:IJlill 16.67 t!Je:~ft~'WI'f'lJeJ-:jl'W 1~1J'-:j'Y!:JJ~) trieJ111~1!U~EJ TD

MNF 'lJeJ-:jl'W 1~1~ 3-6 '1JeJ-:j!!~(;'l~J111tJtl'Vlll~t~m1:J.Ja':J.Jvf'Wnl"~WJ1-:j~1!U~EJ TD-MNF i-:j 

u (;'1'~-:j 1 um'W11l"~tleJ1J 4-28 (b) !!(;'I~ 'il1tltlll"l!m 1~tf m1w1 11l"l1l"1'W!~eJ'Vl~ (;'l'eJ1Jf111:JJ!!~tl~1-:j 

'1JeJ-:j~1!U~EJ TD-MNF '1JeJ-:j!!~(;'l~J111tJtlt~~1 p !VllnlJ 1.60£-03 !!(;'l'~-:j-:)1~f111:JJ!!\91tl~1-:jeJ~1-:j~ 
~ ' 

umY1flty'V11-:j(;'l'G~ (p<O.OS) 'WeJtl'il1nih1'-:j'W1J11m(;'l'1(;'l'lJmflul1 2 20 !!(;'I~ 22 1:J.J~'lf1-:j'lJeJ-:jl'W 1~1 

~~ "l ~~1 TD-MNF (;'l~(;'l-:j!rleJJ111tJtl!vj:JJ~'W!(;'IEJ !~eJ-:j'iJ1tll'WeJl(;'l'l(;'l'lJfll"~ 2 20 !!(;'I~ 22 ~ 
TD-MNF 4-35 

~ ~ ' 
d I Q.l Q.l Q.J ..::::! I 

'WeJtl'il1tl'Wtlll"111fll MDF !!(;'I~ MNF 'lJeJ-:j(;'l'ti.Jtu1illm'lf~'lJeJ-:jeJl(;'l'l(;'l':JJfll"fl'W'Vl 2 20 !!(;'I~ 22 'W1J11 
" " q 

I ~ ~ Q.l ~ ~ d I I d Q.l 0 Q.l ~~ 
fl1 MDF !!(;'I~ MNF (;'l~(;'l-:j!:J.JeJ'Wl'Y!'Wtl!'W:JJ'lJ'W!!(;'l~:J.Jm1:JJ!!\91tl\911-:jeJEJ1-:j:JJ'WEJ(;'l'1flty'V11-:j{;'l'tl\91 (p<O.OS) 

~ -:j (;'1'1:1Jl 'j tllJ e:~ nfl 11 :JJ a':JJ vr u .fi nlJ J 111 tr n1 ~ e:~ ~u ~ 1 
'" 
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(a) (b) 
70~----~------~----~------~ 

6 

68.5 
N' 
::1: 

u.. z 
=!= 67 
0 
1-
c ca 
Q) 

E 
65.5 

11 16 21 24 
6 

1 2 3 
window Mass (kg) 

4 

fll'l"'1h~mJ1J 4-28 rll TD-MNF !!rt~~1m~v TD-MNF n1JJ1'11Uf1 !rlB'IJ'W1~1'W 1~{!'1'llfl1J 

128 WlflH1Jrt !!rt~'IJ'W1~1'W ~~{~!~B'W1U!'n1fl1J 128 !!Clf:lJ!1Jrt 'IJB~Blfflffl'Hl'W~ 16 

(a) ~1 TD-MNF n11J1m!n (b) ~1m~v TD-MNF 'IJB~1'W ~~{~ 3-6 
" . " nuw1'11Unlh11'11un 1 3 ur~~ s f11r~ni'll 

92,--~----,---~---,----~~==~~~~~ + 1 kg -e- 3 kg -e- 5 kg 

N' 
::1: 
~81 
z 
::E 

3 5 7 9 11 13 15 17 
window 

fll'I"'U'j~f1B1J 4-29 ~1 TD-MNF n1JJ1'11Uf1 !riB'IJ'W1~1u 1~1rvhn1J 1024 !!Clfll!Tirt 

ur~~'ll'W1~1u 1~1~!~Bu 1urvhn1J 64 uClfll!Tir~ 'IJB~mff1ff1Tmflu~ 20 

5 
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9) ~ d:v ~ Q.l A do,3ic:J 19.1 Q.lc.Jrl I 1 

fl1:llll!'W tl'UW::alfH'll:IJ!'\.Hl'I1~\91'H! UlHfHHJ'ifl'l 'I'll '11 !'M'WU 'W '1 'W :IJ'Utl'l'fl'11:1J'ff:IJ'l"l'W Ii1~'11 '11'lfll TD-

Q.J~ Q.li ttq9Jcl d~ I ~~ 
MDF W~l~ TD-MNF fl'lJ'Wl'I1'Wfl ~tJU'!J'l ~mlJ'W 2 mW'fltl fl1 TD-MDF U~~ TD-MNF !l"l:IJ'U'W 

dt ~ Q.l d ~ di Q.l Q.l ,, J''l I I 9) ~ I ... I .:::, i o' 
!:IJtl'W 111 'W fl!l"l:IJ'U'W 91'll"l'lJ'fl'11:1J'ff:IJl"l'W Ii 'WJtlU 'lJ'lJ'W 'W 'll''1'l'll''1'l\91'W '11 1tl'll''1'lu1:11ti'Utl'l'1'W ~'1 u~~ 

~1 TD-MDF U~~ TD-MNF ~~~'ltrlt~Jmumvi:w~'W~'ll"l'lJ'fl'11:1Ja':IJW'Wn'l'W1tlU'lJ'lJrli'W'lf'1'lfl1:11'l 
<u 

' " ~ll'Q~tl TD-MNF i'lU'ff~'l'l'W19111VJ 4-10 ~'l\91111'l 4-13 U'ff~'lll~l TD-MNF 'l1i'r-.~~fl11Utlfl'l'f'l 3 

" 1l111Un t~ni1~1 TD-MDF 

'l 'W m1~ '\J~'I11'fl 11:wa':w'W'W n1~11 il'l~l~mlw~t~'W 'l 'W i ~t:IJ'W 'fl'1l:IJ~tl'lJJ 111u n 

'ffl:IJ11fl'l11 119i'i ~ tJU U'lflU 1t ml~l1'm'ffl'fflTm t~'W 2 n~:w~t~ 
I d 

- fl~:IJ'Yl 

l! 'fl 'j 1~ t1t~ tl 'lJ tl fl'fl '1l:IJ a':w W'W £1 II '\)~vi ~N l! 'fl 'j 1~ t1 ffl tl fl\91 ~ :IJ ~! tl~ ti'Wl! tl ~ 'l \91l:IJ! '11:11 ! ~ tl! ~ tl fl 'lJl'l 

i'1'l'U t~'l1'W i ~1m'lJ t~nml:wa':ww'Wnt II 

" 'l 'W '11 1'1i't~u t~nmt~~'l r-.~~ m1 1t'fl'jl~t1'ml:wa':w'W'W £ 1~11i1'l~ m·d w~t~'W 'l 'W i~t:w'W 

11'u~'1'lm1'1'1i't~ 3.5 

~n'l:lw~ 'l 'W i~t:IJ'Wt '1mtt~~mtln\91~:1J'Ut~'la'ruunw 1 ~~ lfl~l:wtdt~~t~ 'W 'li't~:w~~'lJ u u <u 

a'tutulW ~Yllfll'J'W t~flJ'~ t~t91'lf'W lH'U'Wl~Utl:IJl"l~'iJ~iJ~wf'lt!~ -1 ~'l 1 a'tutulW ~Yllfll'J'W t~f 
u u <u u u 

lJ~t~t91'lf'W'l1i''U'Wl~!!tl:IJl"l~'iJ~iJ~lvf'lU~ -1 ~'l 1 U~'1lllfl11mt~'la'tutu1W'l'W'lf'1'l'fl'1l:IJ~ 20-500 
<u u u 
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~ 200. (a) ,_ 5[. -~ ~ (b) . ~ 
~ o I $ 2.5 

~ -2oo~ g_ ot:--~~~~~"""·~~~~:::--~:--~·::;-----;-; 
1 1025 2049 3073 4097 5120 0 64 128 192 256 320 384 448 512 

., (c) o 05 (d) 

ii~ ~ 00~~~~::..~~-~·~: 
1 1025 2049 3073 4097 5120 ° 64 128 192 256 320 384 448 512 

., (e) 0.025 (f) 

ii~!""f~-·-" ' • ' 
1 1025 2049 3073 4097 5120 0 64 128 192 256 320 384 448 512 

., (g) 0.02 (h) 

Ji~~ joo:~~·~·~ .. -~~~ ~· ~· 1 
1 1025 2049 3073 4097 5120 0 64 128 192 256 320 384 448 512 

sample Frequency (Hz) 

" m'W'l11~fHJ'IJ 4-30 rl'n'hlw~1 u 1~llJh!!'Jn1u~~m'l.Jn\9l~lJ'1JtJ~fftyty1tw !vlVJ1n~1mwv 

(a) lW~ (b) ffillUJl'ill L vlVJ1fl~1lJldtl~l~hl'1YtJlJ~~'IJ 
u u ~ 

(c) u~~ (d) ff'tutu1tw~vl1fl11h!tJ{11'~ tm'll'lfu'l11''1Ju1~UtllJ'W~'il~~~1~~u~ -1 ~~ 1 
u u ~ 

' " 
(e) u~~ (f) fftutu1'ill~vl1fl11hltJ11J~!~l'll'lfu'l11''1Ju1~lWlJ'W~'il~~~l\9l~U~ -1 ~~ 1 U~1vl1fl11 

u u ~ 

mv~ff'tutu1twlh!'M1~f111lJ~ 20-500 l~1\91CJf 
u u 

(g) u~~ (h) ff'tyty1tw ~v11m1utJ{11'~ L~l'li'lfu 111''1Ju1~UtJlJ'W~~~~~l'~~bJ'~lYhnu 1 '11~viJ~1~1bJ'~ 

l'Vllfl'IJ -1 

" 'il1flfl11'1'1~~tl~'W'IJfl11lJffmfun1~WJ1~~1 MNF "1JtJ~fftutu1tw tvlVhfl~1lJlUtJ~'IJ 
u u 

... """' fl'Ul.Jll 3 mw fltJ 

- mw~ 1 !li~m1lJfflJ'I'fu1h~'l111~~1 MNF O'IJlJlJ i~ubl~~lh!fll'W'l11~fltl'IJ 
q 

4-31(c) ~~l~h!N~fl11'1'1~~tl~'1Jtl~tllbllbl1J'mf!h!~ 20 '1J'ill~cJflJ1'11tJfl 3 nhfl~lJ lrim11fl11'111~1 
fflJ'iJ1~ff'l'l~bl'l1fflJ'I'fhl1h~'l111~~1 MNF U~~lJlJ L~~1fflJ'iJ1~ff'l'l~bl'l1fflJ'Vfh!TI!'Vllfl'IJ 0,19 

q 

- mw~ 2 ~1 MNF lytlJ~h!lrltllJlJlytlJ~hli~ubl~~lh!fll'W'l.J1~fltl'IJ 4-31(b) ~~ 
q 

l~W'·H1fl11'1'1~~tJ~'1JtJ~tllbllbl11'mf1u~ 16 '1Jtw~rmJ1'11tJfl 3 fihn~lJ lrivv11fl11'111~1ffll'l11~ff'l'l~ 
bl'Y!~ll'Vfhl'lh~'l111~~1 MNF u~~l;jlJL~~1~lJ'l.J1~ff'l'l~bl'l1~lJ'Vfhln!'Yllfl'IJ 0.99 u~~~fl11lJU\9lfl~N 

v~1~~t!rHhl'lty'l'11~ff()~ (p<o.o5) 

- mw~ 3 ~1 MNF ~~~~lritllJlJlytlJ~hli~Ubl~~lh!fll'W'l.J1~fltl'IJ 4-31(a) ~~ 
q 

l~w,mm1'1'1~~tJ~'1JtJ~mmff11'mf1u~ 11 '1Jtw~VflJ1'11tJfl 3 fi1~n~lJ lrlm11m1m~1~lJ'l.J1~ff'l'l~ 
ff'11~mfun1~'1111~~1 MNF u~~lJlJL~~1~lJ'l.J1~ff'l'l~bl'11fflJ'Vfun!'Ylln'IJ -0.95 u~~~fl11lJ 

q 

U\9lfl~1~ v~1~~t! mhl'ltym~ blG~ (p<0.05) u~~'W'IJ11m1l'l1~vuu 11~~'11 v~J mt! n !li~ N~~tJ 

f111lJfflJ'Vfhl Til~~lb1'U 1~'111N~1 MNF '1Jtl~~illill1'ill L vlVJ1fl~1lJldtln'IJlJlJ 
u u q 
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h!Ufl~lflrleJ~'W1Jilml:I-HY:JJ'Wu1h~ldVl~l MNF 'IJU~fftytylWL~~hmf1wdu 
~1Jfl1J:JJ:JJ f1ll:JJif:u'Wun1~ldl~~l MNF 'Uu~iftutulw !~~hm1l:u!du~'Vl1nnuu{lfft tft!9fiu1..r 

• u u 

'llh!l~!!U:JJ'W~~~ij~wf~u~ -1 ~~ 1 u~lvllfl11mu~iftutu1Wlh!'Jfl~f1ll:JJ~ 20-500 !~1\9'1CJffl1J:JJ:JJ 
q,J u u q 

"' "' o' I I "' II] .. IJ!I 'J) d1 d 0 o' "' II] "' , 'J) 
!!ft~flll:JJ'ff:JJ'Wh!1i1~'11ll~fll MNF 'IJU~'fftytylW !l"ll"llflftl:IJ!h!U'Vl'Vllfl11h!tl1:1Jft !ftl"Jf'lfh! '11'\Jh!l~ 

uu:u'W~~~ij~l'ff~'ff~!'Vlln1J 1 l1~uij~1Jl'ff~!'Vhn1J -1 n1J:JJ:JJ ijnJ!!1J1Jf1ll:JJif:u'Wun~mijuunu 
q,J llJ q q q llJ 

i~ll'ff~~, h!fll'W'lh~flt)1J 4-31 

(a) (b) (c) 
70r--------------.-, 61r----------., 75r-------------.-, 

• -66 
N 
J: 

u. z 60 
:a: 

N' 57 

:E. 
u. 

+ 
$i 52.5 

• 

• 

t N'72 f 
J: 

u. 
~ 69 

60 90 120 150 ' 48 '="·-~-----=---:c:c:-------c::-:J 66 ~---o7---"".'-----,-:c:-------,~ 
30 60 90 120 150 30 60 90 120 150 

(e) (f) 
57r------------.--, 66,..,---------------, 

r 
N' 39 
J: 

u. 
$i 27 

+ 
+ + 

15 W:,·-----c"------,",-------..,------,~ 
30 60 90 120 150 

(g) 

68. 

~ 63 

u. 
$i 58 + 

N' so 
J: 

u. 
~ 42.5 

35 
3t 

60 

N' :E. 56 

u. z 
:::E 52 

+ + • 

60 90 

(h) 

• 

120 

• 

+ 

150 

N'5s 
J: 

u. 
~ 43 

t 
31 30 

• - 741l 
~ 11li 

u. 
~ 68 

+ 
+ 

60 90 120 150 

(i) 

+ 

• 
60 90 120 150 48 Lc30-------:e6o,--------=9o,----------c:12:-c-O ---,-1s...Jo 60 90 120 150 

U) 
69. 60 

~64 • N' 
J: 56 

u. 
$i 59 + • 

u. z :a: 52 

(k) (I) 

• 
u. 
$i 69 

+ 

54 ':::---;:;;----;;':----;c+:c:--------:-+~ 48 • 66 + • 
30 60 90 120 150 30 60 90 120 150 30 60 90 120 

Angle (degrees) Angle (degrees) Angle (degrees) 

"I I "' "' II] .. IJ!I 'J) d1 
fll'Wu1~fltl1J 4-31 m MNF fl1J:JJ:JJ 'IJU~'fftutulW !l"ll'~lflftl:JJ!h!U 4 !!1J1J 

• u u 

(a) (b) lift~ (c) iftutu1W~1Jfl1J:JJ:JJ 'IJU~tll'ffl'fflJf11flh!Vi 11 16 !!ft~ 20 
u u • 

(d) (e) lift~ (D iftutu1W~vllfl11h!U{lfft Lftl"lfih! 1..r'Uh!l~!!tl:JJ'W~~~ij~l vf~~~~ -1 ~~ 1 fl1J 
u u ~ 

' 
"' "' 1J:U'UU~Ulb1'1'ff:JJfl1flh!'Vl 11 16 lift~ 20 

150 

(g) (h) lift~ (i) iftutulW~vllfl11UU{lJ'ft !m9fiu1..r'Uul~!!tl:JJ'W~~~ij~lvf~!!~ -1 ~~ l!!~lvllfl11 
u u ~ 

mu~iftytylw1u'lfl~f1ll:JJ~ 20-500 !~1\9'1CJf 'IJU~mm'ff:Jmf1u~ 11 16 !!ft~ 20 

(j) (k) lift~ (1) iftyty1W~vllfl11h! u{:Jft tm"lfiu 1 ..r'llul~!!U:JJ'W~~~ij~T~~cy~!'Vhn1J 
' ' 0 I Q.J Q.J od 

\9'1l'ey~l'Vllfl1J -1 'IJU~Ul'ffl'ff:IJfl1flh!'V1 11 16 !!ft~ 20 



72 

" ' ~1flm':i'VI~ne:J~mml~a~vrt-rfi':i~11-h:J~1 MNF ·tm~atyqpw!~vhm~',~!i'le:Jii 

'Yllm':i'lm11Tn !mCJl'iu1t1'!!e:J~'YI~~~'lle:J~arurulwmJlw•!h~ -1 ~~ 1 nlJ~~ 'lle:J~mffTfflTmflu~ 11 
q,J u u o:u q 

16 Hn~tllfflfflJmfl'W~ 20 V11Jl1~1 MNF ~H'W11U~!~~~wrlmJ~!~~~'W i~!!ff~~i'W 
mV~lh~fle:JlJ 4-31 (b) Hn~ 4-31 CD !rle:Jm~,amh~il'VI~ff11a~vr'W1h~1111~~, MNF nlJlJ~ !~ 

rvhnlJ o.96 0.94 Hn~ 0.94 1911m11i1J Hn~'Yiu-:h~m1W!191fll9il~e:Jdl~~uv~lrl'ty'Vll~ff~~ (p<0.05) 

c~m1~a~'Yfu1h~w.h~~, MNF nlJ~~ 'lle:J~mmfflTm 15 flu1umm·.J'W1fl fl) '" . 
4-14 

" ' fl~l~!i'le:J~lJHrl~ arurultu ii'Vllf11':i'W e:J11Jn l rl!CJl''J1'W 1 ti'!!e:J~'YI~ ~~'lJ tl~aUJUJlW e:Jdi 'W'lfd~ -1 ~~ 1 u u cu u u cu 

" ifumn w~ th m -a'W e~'JJ~, m cu .;f'W OJ ,'YJ:W ~ "' "' eun il' flJ flJ 1 tu 1 f)~ UH 'W B Yl 'U .. .. .. .. 
OJ I d I d 

il''J.Jfl'a 1 nn. 2 nn. 3 nn. 4 nn. 5 nn. ~mni~ 1 nn. 2 nn. 3 nn. 4 nn. 5 nn. fll!'iW£1 

4 0.88 0.67 0.18 0.46 0.74 0.59 0.92 0.96 0.87 0.83 0.89 0.89 

6 0.92 0.84 0.72 0.59 0.39 0.69 0.93 0.86 0.80 0.93 0.97 0.90 

9 0.90 0.96 0.94 0.95 0.92 0.93 0.93 0.87 0.81 0.87 0.86 0.87 

11 0.79 0.91 0.95 0.92 0.82 0.88 0.60 0.99 0.96 0.99 0.90 0.89 

12 0.91 0.94 0.73 0.58 0.32 0.69 0.98 0.98 0.98 0.89 0.91 0.95 

14 0.94 0.90 0.80 0.48 0.92 0.81 0.99 0.96 0.95 0.98 0.93 0.96 

16 0.98 0.99 0.99 0.99 0.99 0.99 0.91 0.88 0.94 0.91 0.93 0.91 

17 0.96 0.94 0.95 0.91 0.88 0.93 0.98 0.91 0.87 0.88 0.94 0.92 

18 0.88 0.88 0.88 0.79 0.74 0.83 0.96 0.97 0.99 0.83 0.96 0.94 

19 0.93 0.91 0.89 0.80 0.73 0.85 0.95 0.94 0.98 0.98 0.98 0.96 

20 0.50 0.28 0.19 0.28 0.37 0.33 0.86 0.89 0.94 0.97 0.97 0.93 

21 0.98 0.97 0.96 0.96 0.97 0.97 0.98 0.99 1.00 0.95 0.86 0.96 

22 0.95 0.93 0.77 0.87 0.60 0.82 0.94 0.91 0.95 0.95 0.97 0.95 

23 0.96 0.97 0.95 0.92 0.92 0.95 0.94 0.93 0.88 0.89 0.79 0.88 

24 0.85 0.89 0.93 0.92 0.92 0.90 0.94 0.80 0.88 0.74 0.92 0.85 

I d 
fl1!'il~£1 0.89 0.87 0.79 0.76 0.75 0.81 0.92 0.92 0.92 0.91 0.92 0.92 

I 

fl1SD 0.12 0.18 0.26 0.22 0.23 0.18 0.09 0.06 0.06 0.07 0.05 0.04 
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..:::::t. rl Q.l Q.l rl I I cv li] 'j) 9) ~ C::. Q..l 

tl1flf111 'd!fi11~'YI br'YibrlJ'\AI'W 1i 1~'1111\11'11 MNF 'Uel\lbrqjqj1W rvJ'fhm'l1lJ!'W eli'IUflU 

1~fi1m~tJfiT~m.h~n'Vltbr'YI~mru.fi'Ua'lmmbr:!Tm 15 fi'W!Yhnu o.s1 !u'Uw~~fi1 

~mh~ n'Vltbr'YI ~mru TI tl1flf1111!fi11~M br'YI ~lJvl'W TI1~Wi1'lfi1 MNF 'U el\l~qjqj1W Yi'Vi'1f111'W eJ! 

"' :iJr~1~UClfGJf'Wlli''U'Wll'l!!ellJ'\AiiltJI'IJJfill'l\l!!~ -1 g\l 1 tlUlJlJJJfill'l'lltlU 0.92 i'l!!brl'l\ll'W\91111\l 4-14 tl~ 
~ q 

!M'W 1~11fi1~mJ 1~ n'Vlt br'YI ~lJvl'W TI tl1flf1111!fi11~M~qjqj1W ~'Vi' 1f111'W a!:!Tr~1 ri!CJfGJf'W, 1-i''ll'W 11'1 

ualJ'\Aiilt~~>~i1fi1i'~ll~ -1 g'~ 1 i1fi1mnwi1fi1~lJ'lh~cr'Vltbr'YI~lJ'Vlun~1~t~1nnn1lm1~11'1~>~tJ1~ 
~ 

~ellJrl~urlm'f U ellb1'1b1'JJ'fl1 Ul\lfi'W !! brl'l\l l1f111'W eJ !:iJr~1 rl!CJfGJf'W ~illU.llWJJ ~,my\'1 l 1-i'fi 1 MNF tlU 
~ u u 

lJlJJJfl 11lJ ~lJvr u £ ~ iJ fl 11lJ 1 iJ w ~ '~ 1 ff'u lJ 1n ~ u 1 u 'U w ~ ~ m b1'1b1'JJf11 n rilJ~ m1lJ ~lJvr u £1 ~ "'-d1 '~ 
q q 

fi 1 MNFtlUlJlJJJf111lJ!ilw ~ \l!ff'W b1' 'lmh!~'d 1rlau a!:!Tr~1 ri!CJ1GJf'W~ruru1w 'Vi' 11 11' 1 ~iufl 11lJ~lJvl'W £ 
q qJ qJ u u 

'Vll'lrlel\l~brllJl1t1Uelflfld1lJ~lJvl'WTI1~'Yil1\lfi1 MNF tlUlJlJ 1~ !~el\lt11flf111'W a{:iJr~1r~!CJ1GJf'W 
q 

"' ~illill1W l 1-i' 'U'W 11'1!!ellJ'\Aiil tll'l iJfi1i\l!!~ -1 ~\I 1 'Vi'1 l ,1~illill1W!tll'l e:JeJ'VJ!CJf\91!'\AI 11~~ 1b1' \l brl'l!!rl~~1 
I!J u (\1 u u qj q 

nm'lla\l ~ruru1w 1 vJ~hn~1lJ!rl a ur~~'Vi'1 1 li'!n~>~fi1mun\91-JlJ~m1lJ~rru v1ih 191CJfi\lu brl'l\l 1 u 
u u ~ 

fll'\AIU1~fleJU 4-30(d) ~\l!iJmffl'fJW~ l 'W 11'1!lJ'Wf111lJ~'Uel\l~illill1W 1'VJ~hfl~1lJ!rlel l 'W'UW~~ u u 

"' ~ellJrl~illill1W 1 'VJ~hfl~1lJ! u el~U 1J.JiJa a'VJ!CJf\91 i'l !! brl'l\l 1 'Wfll'\AIU 1~fleJU 4-30(a) 1~>~tJeJeJ'VJ!CJ1\91 'Uel\l 
~ u u 

~ruru1wur~~fi1m u fl\91-flJ~ m1lJ~ft'WV!~1 191CJfJJ!! u 1 1u lJrll'l rl\l!rlalJmvilJ~'W ~'lbr1m1t~~>~1~ t~1fl 
u u qj q qJ 

~br 119lumlJ'lleJ\l~turu1wi'l!!brl'l\l 1 um'\AIU1~nau 4-32 ur~~fi1munl9l'flJ~fl11lJ~ft'WV!~1\91CJf~lJlJ 
u u cu q 

'91 ' ' 

30-90 eJ\lft1 Yiu1'Y!t!n 1-5 nhn-flJ'lleJ\lellb1'1brJJmfluYi 20 i'l!!brl'l\ll'Wm'\AI'lh~nau 4-33 1liam 
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(a) (b) (c) (d) (e) 

600 600 600 600 

300 300 300 300 

_goo 0 0 0 0 0 

EMG EMG EMG EMG EMG 
(f) (g) (h) (i) (j) 

600 600 600 600 600 

300 300 300 300 300 

0 -1 
EMG EMG EMG EMG 

mvnh~nau 4-32 ~~~~·H!m:JJ'Ila~-ffrurulwlvlvhmfl:JJ'Iltw~vmlnnrn 3 n1-rlf1i':JJ~:JJ:JJ 
" " • 

... "" 30 60 90 120 ur~~ 150 a~fl'l'lla~mm~:JJmfl'W'Vl 20 
" . 

(a)- (e) -ff'tytyltwtvlvhm1'1wi'1a~u CD- G) -ff'tytylw'i1~lf111'We:JflTr~!m9f'lf'W 

(a) (b) (c) (d) (e) 
0 08 006 01 0 15 

0 1 

0-Y ¥ 0 05 

i 005 i i 0 07 i i 011 
0 0 0 :. 0.07 0 ... ... ... ... 

004 

60 90 120 150 
00330 60 90 120 150 

004 
30 60 90 120 150 00430 60 90 120 150 00030 60 90 120 15{) 

Angle (degrees) Angle (degrees) Angle (degrees) Angle (degrees) Angle (degrees) 

(f) (g) (h) (I) m 
02 02 025 

!:'~ ~ 
02 

" i 01 " i ~ 01 ~ 0 15 
0 0 ~ 01 ... ... ... 

0
30 60 90 120 150 030 60 90 120 150 

0
30 60 90 120 15{) 

0
30 60 90 120 15{) 

Angle (degrees) Angle (degrees) Angle (degrees) Angle (degrees) 

fll'W1h~nvu 4-33 filml.Jn~i'u~w:mJ~fl''WEJ!~"J~CJinumJ'Ilt~~m~l~lTmfl'W~ 20 
~ . 

" . " 
(a)- (e) -ff'tutultwtvlvhn~l:JJ!Ut~~u'i111TI111'n 1 2 3 4 ur~~ 5 nhni':JJ 

" " 



75 

(a) (b) (c) 
750,-------~ 750,----:...._:__---.., 750,----:...._:__---.., 

(e) 

900 

500 500 500 
600 

250 

(f) (j) 
750 n.o 

900 

500 500 
600 

250 250 300 

' "' "" 30 60 90 120 u~~ 150 tJ\lfl'l'lleNt:llfflfflJfl'Jfi'W'Yl 16 

(a)- (e) bl'tytyltwtvJ~hn~llJldtl~lJ CD- (j) bl'tytyltw~'Vlltl11'WtJ1lf~!mCJf'lf'W 

(a) (b) (c) (d) (e) 

!::~---~ ~:::~ ~::~ !:::~ ,::~ 
0

30 60 90 120 150 °04
30 60 90 120 150 °05

30 60 90 120 150 002
30 60 90 120 150 

Angle (degrees) 

0 02 
30 60 90 120 1~.o 

Angle (degrees) 
Angle (degrees) Angle (degrees) Angle (degrees) 

002 3o 60 90 120 150 °·02
30 60 90 120 150 °02

30 60 90 120 150 0.0
2

30 60 90 120 150 °04 30 60 90 120 150 
Angle (degrees) Angle (degrees) Angle (degrees) Angle (degrees) Angle (degrees) 

fll'Vnh~tltllJ 4-35 ~lfflUtll'l~lJ~fi'JllJ~fl'WJl~HlcMfllJlJlJ'lJ tJ\lt:llfflfflJfl'Jfi'W~ 16 
~ . 

" '" (a)- (e) bl'tytyltwtvJ~hn~lmutJ~lJvhhrn!n 1 2 3 4lW~ 5 f1hn~11 

CD- (j) bl'tytyltw~'Vlltl11'WtJ1lf~ hlCJfGJf'W~Jl'HUtl 1 2 3 4 u~~ 5 f11~n~lJ 
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.a..=! ~ t/Q,J l!]9J I li).9J ,9J GJ Q.l 9) 

11ifl111lm1~'11'ffturulw ~flmn1 nmn ~'W'I11'lltl 3.6 
" " 

<V '1 1 <V 1IJ noL~I 'J) )f )f "'> <V liJ no I~~ 
Clfl'liW~ 'W flllJ'WldCll'Utl-:J'ff'ill'illlW !l'n"'lflClllJl'Wtll'Wtlfl'UUCI~'ff'ill'illlW rrll"'l 

u u u u 

'j) I I I 

fl~llJl'WtJifivllfl11'W Bf:JC~ l Cll9fi''W '1 ~ bY'ill'illlW n~ WQ ~ m 'Vi 1 fl'Ufl''W eJU Cl~fl 11lJ U l.J11h1'W l 'Vilfl'U'Yl 11-:J 
"" '" 

(a) 

1_::::~ 
1 1025 2049 3073 4097 5120 

"' ~ 2 

'5. 0 
E < -2 

sample 

(b) 

-4~----~------~------~~----L-----~ 
1 1025 2049 3073 5120 

sample 

" ' fll'W'lh~fltl'U 4-36 rl'fl'liW~ l 'W 1flllJ'Wnm'lltJ-:JbY'ill'ill1W 1vJVllfl~llJl'Wtl~'U (a) UCI~bY'ill'illlWifivll 
u u u u 

Q.l Q.l Q.l Q.l ll] 'J) ,9J eN 
fll) m ~ 'iJ lfWl 1'\Jtl-:J 'ff'ill'illlW 'lJ W~'W flUCI~ 'ff'ill'illlW ~ vJvhflmlJl'W tl'lJW~tltlflU 1 -:Jf.Jfl u u u u 

'j) 'j) I I 

11111 tr f) 1-s nhflf lJ 'illfl'li'tJlJC!bYrurulw 1 vJVI1fl~llJl utJ'lffl Vi 4 'lJ tJ-:Jmm'ff:!Tfi'Jfi'W Vi 18 u 'fffl-:Ji-:J 
'tl u u q 

'j) eN 9) ,::! Q.l Q.l 9) do:::! Q.l tl .c! fJ) 

flClllJl 'W tl'lJW~tltlflU H (!'ff'W m'l'll) fl'Ufl1~ 'illf.J\911'\J tl-:J'UtllJCI'I'llJfl11 m~ 'illf.J\911U 'U'U lfll'ff!9ff.J'W (!'ff'W 
'" 

yj'U~~l) UCI~U 'U'UClll.J Cl19f (lbY''W th~~~l) fl11lJbYlJ'Vf'W n1~11 i1-:J~lfl11lJ 1 ~-:JUCI~~ll'WflllfivJltJ'W 

1'1'111JO'UUH~f.JflJ1'11Ufl 'Utl-:Jtll'ffl'ff:lJmfi'W~ 18 U'fffl-:Ji-:Jfll'W'lh~fltl'U 4-38 UCI~fldllJbYlJ'Vf'Wn 
' " ' 

1~11i1-:J~l MAV fl'UUHifie.JflU1'11Ufl 'Utl-:Jtll'ffl'ff:!Tmfi'Wifi 18 U'fffl-:Ji-:Jfll'W'lh~fltl'U 4-39 
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N f > c. e 1.25 
1: 
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0 10 

'"' d 
'IJW~t:Jt:JflUH 'Ut:J'It:Jl{Yl{Y:IJ'fi'Hl'W'Vl 18 

0.03 

f 
! 

> c. 

! eo.Q15 f i 1: 
+ ' "' "' "' z 

0 • 
20 30 40 50 0 10 20 30 
%MVC %MVC 

X 1Q.l 
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"" f > c. 

f f e 2.5 
1: 

! "' ! ! "' I "' z 
0 • 

20 30 40 50 0 10 20 30 
%MVC %MVC 

300.-~--------~--------~----.-. 

200 
> 
<( 
:E 

100 

0 • 
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• • 

0 1 0 20 30 40 50 
%MVC 

" fll'WtJ-:i~flt:l1J 4-39 fi1 MAY tl1J!!H'IJW~tJmJ'Trn!fl 
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i i 

40 50 



78 

" 'lhrnrn 1-5 

fl11llff'lll'f'W -fi'j ~M-:h~fil'fl11ll 1~~H~~fill'Wm'il~w'W 1 'Vl':illnum ~ H bl~~~~ m'VI'lh~ nt1u 4-41 

H~~mlllfflll'f'W'fi''J'~'I1il~fi1 MAY num~ Hbl~~~~fll'VI'I.h~fltl'!J 4-42 

1.6 0.07 
t + .. • >. + c. o; 0 .g 0.8 = 0.035 

• c: 
::l "' :.:: C) • • "' z • • • 0 0 • 

10 30 50 70 10 30 50 70 
%MVC %MVC 

S X 10.
4 

+ 
12

x 10·' 

+ 
N M ,., 

t il: c. t 0 :: 
~ 3 '!: 6 

"' • "' • C) C) 

"' • "' z z • • • • 0 0 • 
10 30 50 70 10 30 50 70 

%MVC %MVC 

m'VI'I.h~ntJu 4-41 mlllfflll'f'W-fi'J'~Mil~filmlll 1~~u~~fill'Wm'il~w'W 1'Vl':itlnum~ 

"" ,j OJ "" "! 

'U ill~ 'lJ 'lJ lm tl~ 1~ U H 'lJ '!JlJ tl 
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30 

20 • 
> • <( • ::E 

10 

0 • 
0 10 30 50 70 

%MVC 

fll'jllj1h~fltl1J 4-42 ~1 MAV 01JUj'l'lJW~U1J!flia'l1~uHU1J]jtl 

ml:JJi:Y:JJ'W'Wnj~ldl'l~lwn:lJ i~'lu~~~l!'WmYivlnl'W i'mtln1J!! j 'l !!'ff~-:j~-:jfll'jlljt.h~na1J 4-44 

W'l~fl11llff:JJ'W'Wnj~lr:iN~1 MAV 01Jm'l~CJflJ1'11Ufl U'ff~'l~'lfll'jllj'l.h~flt11J 4-45 

b ~~ b ~~ b 
~ 08,-------------, ~ 0 8..---------------. ~ 08 

~ ~ ~ 

40%MVC 

~ 0.6 ~ 0.6 ~ 0.6 
~ ~ ~ 
~ ~ ~ 

~M ~M ~M 
~ ~ ~ 
~ 0.2 ; 0.2 ~ 0.2 

~ o ~ o~~~--~--2~~ ~ o~--~--~-~~~ 
~-4 4~-4 4~-4 4 

,., 50% MVC 
'.ii 0.8,---------------, 
; 
~ 

~06 
:;; .. 
~ 04 
c. 
~ 0.2 

~ 
~ ~4 0 

EMG 
4 

Q.l Q.l Q.l Q.l lf] 9) 9) ~ 
fllWt.h ~fltl1J 4-43 f11jflj~ '\11CJ\W1'Utl'l'ffUJUJ1W 'U'ill~'jlljfl!W~'ffUJUJlW ! v)fhnm:JJ!'W tl'UW~tltlfl!! H 

u u u u 
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%MVC 'loMVC 

" m'V'llh-~ml'u 4-44 fi1'fi11JJ 1~-ml:'l~fiwwm-Yivhel'W 1'Yil"Un1H!H'Utu~vnthvn!n 

• 
> 
<( 0.085 • :iii: 

• • 
0.02 • • 

-10 0 10 20 30 40 50 60 
%MVC 

" fll'V'llh~nt~u 4-45 fi1 MA v n1H!H'Utu~vmhrn!n 
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9J "' "'9J'l9J ,I "' dt 4~ 
'l.Jtlf.J "] lJflll"m~~lf.J\911!'\Jl ~tll:'l!!1J1Jl:'llum"J1 ('Vil"tl super Gaussian) !!l:'l~!lJtltltltl!!H!'V'llJ'IJ'l.J 

"' IL.I.~I 9) ~ "' "' 9) 'I 9) " "' ~ 0 ~ 9) I i I I 

fftytyltu ~Yrl"'ltll:'lllJ!Ue:JJJflll"m~~ltJ\911!'111 ~fll:'l!!1J1J!tl1ffl"HtJUlJltl'IJU 'Yil ~'Vi'fll'fi11JJ ~\01\l!ll:'l~mlu 

.!1 0 "l 9) " I "' "' 9) "l 9) ~I " "' ~ I 

"11\l'Yil ~'Vi~u!!1J1Jfl1l"m~~1tli911'1Je:J\lfftyty1tu!'IJ1 ~tll:'l'fldllJ!u'l.Jlfllffl"HtJ'l.JlJlfl'IJU [26, 27] ff1'l.J'Utu~ 

'Wnn~lJJldt~ !:Jnml"t~t~ml 1 '~ ~ruru1tu~ 1 ~\l1lJu ~ruru1tu 1umu ~nm1 m ~ ~ 1vn1rl''lm ~v u u u u 
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'illflfll'Y'l'lh~fHJ'IJ 4-43 U'fl~fll'Y'l'lh~fltl'IJ 4-44 'Y'l'IJ'".llfll'Jl\Plfl111J!rl'W'Wtl'I.Jtfll'ff 

!CittJ'W 'ff11J1Hl 'l oM'utJflbYqjqjlW 'J~lrhrvh~flU'fi~'UW~t:Jt:Jfl!! 'J -:nf tlt.l '1 t~~flllfll'J 'l oM'!Wfl~1t.l~1 
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A.IC:i Q.l' QJ ' ' 

'l'liOl'l'l~il~i:\'TU'IJ8-.l'll-.10ltl 

l'W,:n'Ul'iJ'tl'l'\'lfl111~ff'~riTWh;Jfllti~TW1'W 11 ff'~ri1'W 1~tiJJ11tlrl:tl~ti~'YiTYll-;J 
' " l'Wfl111~url:tlfljtJ-;Ji'JtJ 'l 'Wfl111~ff'~ri1'W ~1-;J"l i-;Ju 

"' L 'fldlll~-;J'UW:tti'W (Standing height) 

~lmnJ-;J'ViVlmtl (Landmark) : '\J~iHbl'~'UtJ-;Jft11:l:t (vertex) . "" . 
' "' "' "' lfl1tJ-;JlJtJ1~ 

'Yil~l-;)'UtJ-;Jtllbl'lbl'~fl) 
3)~ '.J)~w d 

Frankfurt plane Url:tlm~-;Jbl'tJ-;J'Ul-;J'J1~f1'W lt'ltlti~U'U'W\911-;JU'W'l.J 

ci'w1'1 

" 2, 'llm'!!n (Body mass) 

~lumJ-;J'ViVimtl (Landmark) 
.JJ ~ QJ 

lfl)tJ-;jlJtJ1~ 

'Yil~l-;)'UtJ-;JtJlbl'lbl'~fl) 

')) .:::9 d 0 ~ 

3, 1:ttl:t'\Jlf1'Utlfl'tlf1fi-;JIJ''Wtlf1Cl1-;J'UW:tflllltl (Elbow-hand grip length) 
' 

~lumJ-;J-YiVlmtl (Landmark) 

~ ~ QJ 

!fl1tJ-;jlJtJ1~ 

~11m -;J 'U tJ-;J mm bl'~ fl1 
I ' 

U'U'W~tl'WCll-;J 
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'J) IIJ ~A I o' 
4. !~'W'HJ'IJ'N'Utl~ !'U!9flJ~ (Biceps circumference) 

' 
l'11!!'11tJ~.Yh-n,mJ (Landmark) 

~ ~ Q.l 

!'fl':itJ~lltJ'J\Pl 

~1~1~'Ut~~t~1~1~u'fl':i 
~ Q.l I Q.l ~ 9) ~ 'J} 9) Q.l _d 

!!rl~'W 1l1'W nm~ 'il1tl! m"] fl'W ~~~m~~~t:J~'U 1~ u 'U'W!! U'W 1 'l.ll\911~ 

'il~EJt~lllM'!~u':i~l111~!!'U'W !!rl~rl11'11mm':it~!'li'1~\Pl 1~ 

"""' 0 "" 1'1ifll':i\Pl1!'W 'W fll':i 
' ' " Q.l 9} Q../ .c::! Q.l .ei d I 

: 11Pl!~'W':it:J'IJ1~'Ut:J~\'l1!!'U'W ~':i~\Pl'lJ'Ut:J~!mt:J~limtJ'lfm'il\Pl • 
m! 1t:Jfl fll':i ci1'W !rl'W fll':i ci1'W ~ ~1Pll11EJ 1 'il-w' t:JEJmfl~bJ'IPl 

'J} 'J} A' IIJ I ')} 'J} A' IIJ I 

5. 'fl11llfld1~'il1flfl[lllJ!'Wtl !lirl9f1EJ-fl[lllJ!'Wtl !lirl'U11 (Shoulder breadth) 

'J) A' o' 0 

: fl[lllJ!'Wt:J!\Plrl~t:JEJ\Pl (Deltmd muscle) 
' "" "" "' !'fl':itl~lltl1\Pl 

..\ "" "' ""A I A I o' '1 I 

: !'fl':itJ~lltJ1\Pl'fll[llJ!lJtl':i'U'W1\Pl !li'L\j 

' " " ~1~1~'Ut~~t~1~1~u'fl':i 
Ql Q..l Q..l d<ll Q.J I Q..l Ql 

: tllffl~ll'fl':i'W~lirl~\'lH'lJ'W~'W~ l11!'U1~~~tl~\'l~'Q1fl 90 tl~fl'1 

!!rl~!'l<i'li~~t:J~'li'l~;\Pln'Wu'W~'W !!'U'Wbl1'Wril~g'W 1 u'li'1~l1-wl1 'W 

" !! 'W 1\9l~'Q lflfl'IJ!! 'U'W bl'J'W 'IJ'W 

"""' 0 "" 1'1ifll':i\Pl1! 'W 'W fll':i 

9) ~ £ e!t 

6. ':i~EJ~'illfl'Ut:Jfl't:JflmUmtJ'W'Jllt:J (Elbow-fingertip length) 

' 
l'l'l!!litJ~~lillltJ (Landmark) : Dllfl':i~IPlfl'li't:Jfl't:Jfl . "' 

' "" "" "' !'fl':itl~lltl'J\Pl 

~l~l~'Ut~~t~l~l~u'fl':i 
I I I 'j} 'j} 

: m~l~U'fl':i11'~l1rr~\'l':i~u'W~11'~ l1'1!~Tl1~~t~~l'l~mn 9o t~~rr1 
" " ' !![!~~ '1-i'Tvr~~t:J~.u'l~;\Pl n'W u'W Vi'W u 'U'W ci1'W ri1~ v'W 1 u'li'l~li.w 11 'W 

" !! 'W 1\9l~'Q lflfl'IJ!! 'U 'W bl1'W 'IJ'W 

"""' 0 "" 11i fll':i \Pill 'W 'W fll':i 
Q.J I 9) ~ ~ 

: 1\Pl':i~ EJ~ 'illnilllm~ \Plfl'Ut~fl't~ n 'il'Wo~tJmtJ'W 1nm~ . "' 
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'J) I I 

70 !t'Y'W'HJ1J1-:.1'1Hl-:.I!!'U'W'I'HJ'Wrll-:.l (Forearm circumference) 

191'1!!rnl-:.~'VitUJ1CJ (Landmark) 0 

-

' 
~fl1tJ~:Uv1)9) : ffltrJ)Pl 

I Ji 'l 
!! 'U 'W '1'1 tJ 'W 1J 'W 'U 11 C.Jf)'U 'W ~ 'W!! f) 'W f111l.J t'Y -:.1 

"' 
'j) 0 .<:!.:~ I 

~~'W11J -:.ltJ'Utlfl'tJf) 90 tl-:.lfl'1 !![l~f)ll.JtJ!!'W'W 

: ~~mC.Ji'~ 1 ri'!! 'll 'W 1 'W ~~'W11JJJJJ'U11 'lli!!n'Wf111JJ tY -:.J'Ue:J-:.1!! 'U'W 'Vi tJ'W . "' 

' ' I I .::!.d. I .::::! 

1J 1-:.1!! 'U'W '1'1 tJ'W m-:.~ 'l'll.Jfll mn '1'1 t'Y~ • 

~ 'J) 'J) 0 

80 ~~CJ~!tltll.J~1'Wli'W1 (Forward gnp reach) 

191'1t!li'!.l-:.~'llilimCJ (Landmark) 

~ ~ QJ 

tme:J-:.~J.Jm~ 

'Vi 1'1'11-:.1 'U tJ -:.1 tJ1 t'Y1 tYJJ f1 ~ 
~ ~ 

<lJ.e!Q.I QJC).O 'j)QJ 'J)a_QJ ~ 

: mmt'YJ.Jm CJ'W ~1~H 11[1-:.J'lf~ mu'vN ! '1'11'1'1-:.J t'YtJ-:.J'U1-:.J'lf~n'W 1J'W~'W 

!!'U'W!li~CJ~ ~~ -:.~! tl'li'1-:.~ml'11 mlmdtu~n1~tJ 

'J) "' 90 f111l.Jn11-:.ll.Jtl (Hand breadth) 
0 I d 

~1!!11'W-:.I'I'llil.J1CJ (Landmark) 
' "' "' "' !fl~tJ-:.Il.JtJ1~ 

'Yi1'1'11-:.I'UtJ-:.ItJ1t'Y1t'Ylif1~ 

"' 100 f111l.JCJ11l.Jtl (Hand length) 

1'1'1tm'll-:.~l111mCJ (Landmark) 'J) "' ( 0 ) : 'Utll.Jtl Wnst 
dt ~ Q.l 

tme:J-:.~J.Jm~ 
,.\ "' "' "',I , I <>' c:l 

: ~~tJ-:.Il.JtJ1~f11[lu!utJ~'U'W1~rnn 

'Vi1'1'11-:.I'UtJ-:.ItJ1t'Y1t'Ylif1~ 
0.1 I ~ I .e! ~ r;:'V 

: tl1ff1ffl.Jf1~ m-:.~ r:hJ.Jmt[l~li-:.J1CJ~1J.JtJm1J'W~'W 1~~ 
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Q.l ll] I~ 9) 

11. 'J~CJ~'il1fl'Yi1 !'Yi~ti\I'IHJ'Fl'tlfl (Shoulder-elbow length) 

~1U'YiU\IYi'YilJ1CJ (Landmark) : tll-Jm~~flli1L'Yi~ (Acromion) u~~tllJm~~flU'll'Wbl1'W~1\I 
q qJ q cu 

dt ~ Q.1 

!fi'Jti\11-Jf)')~ 

~1~1\l'll'fl\l'fl1ff1ff~fl'j 

"""' 0 "" 
11ifll'J~1!'W 'Wfll'J 

~ 
m\1~1'W'Wt~fl 

: !fl1t~\llit~i'~m~1ht1t~~'ll'W1~ 1m\] 
1 I 1 3/ 'j) 

: 'fllff1ff~fi'J'I!\I'Yi~\I\91'J\IU'WY\'I!\I tf1!~1'1'l\lfftl\119f\I'R1fl 90 tl\lf1'1 

" U 'W 1\91\I'R 1flflUU 'll 'W bl'"J'W U'W 



< • 

v OJ ' ' Q.l' 'U el\Jil a~ a1u ':i 1-.:j m [J'Uel ..:jeJ 1 a1 all fl ':i 

9) Q.l T I Q.l 

\91111-.:j n-1 'llti:JJC~ff\9lff1'W':iNflltl'llem:mn~nJfl':it'Wfl''lf1tl 
<u 

v 

v ' ' 
ij 1 i;T1 i;TlJ fl ':i 

i;T~i;T1U':i1..:jfll[J 

1 5 9 11 13 17 20 

" thrn!n (flfl.) 49.0 65.0 73 58.0 57.0 63.0 54.0 

"'! 

fi11:JJ~'l'IJW~ti'W (CJf:JJ.) 166.5 173.0 172 170.0 170.0 167.0 164.0 

9) , '\J"' tff'W'jtJ'lJ1'l'\Jtl'l 'lJtCJf ff (CJf:JJ.) 23.1 27.5 32.4 30.7 26.1 26.7 25.6 

9) & o' 0 "'! 

':i~tl~ 'il1fl'Utlfl'tlfltl'l~'W tlflC!l'l'IJW~fll:JJtl (CJf:JJ .) 34.4 37.6 39.7 33.9 33.8 38.5 38.4 

" 9) 9) "'! •91 fi11:JJfl11'l'il1flflC!l:JJt'Wtl 'HCI9f1ti-'IJ11 (CJf:JJ.) 39.3 44.6 47.3 37.4 30.4 45.9 47.4 

'J) eS ~ ~ 
1 ~ v~ 'il1fl'lle:Jfl'tlflm'l1mv'W 1:JJeJ ( CJf:JJ.) 46.8 52.2 52.6 46.2 46.2 50.0 49.7 

9) ' ' tff'W ':i tl'lJ1'l'\JeJ'lU 'IJ'W 'Ylel'W Cll'l (CJf:JJ .) 22.5 25.2 28.2 26.8 23.4 24.3 22.7 

" "' 9) 9) 
'j~tl~!tltl:JJ\911'Wli'W1 (CJf:JJ.) 75.6 80.7 80.4 74.3 75.7 83.5 78.1 

9) "' fi11:JJfl11'l:JJtl (CJf:JJ.) 7.4 8.4 8.9 12.6 11.7 7.8 7.6 

fl11:lJt111iJ'eJ (CJf:JJ.) 17.2 15.5 18.9 19.1 19.3 18.3 17.1 

"" , •& 9) 

'j~tl~'i11flli1 'HC!tl'l'Ue:Jfl'tlfl (CJf:JJ.) 37.7 36.9 38.2 35.7 38.4 38.3 36.6 

"" "" \9l'lf'W:JJ1rlflltl 17.7 21.7 24.7 20.1 19.7 22.6 20.1 

til~ (1J) 22.0 21.0 20 22.0 22.0 22.0 20.0 

22 23 24 

54 60 61 

168 177 175 

25.8 27 26.2 

34.8 36.2 34.5 

41.5 41 43.8 

46.3 47.7 46.7 

24.2 26.4 24.4 

81.2 81.6 81.2 

7.6 8.2 7.9 

17.1 19.4 19.5 

37.4 38.6 34.7 

19.1 19.2 19.9 

21 21 20 

' .d 
fl1!'il!1[.1 

59.4 

170.3 

27.1 

36.2 

41.9 

48.4 

24.8 

79.2 

8.8 

18.1 

37.3 

20.5 

21.1 

. ' 

. . 

' fi1SD 

6.72 

4.05 

2.65 

2.20 

5.23 

2.50 

1.85 

3.10 

1.83 

1.35 

1.28 

2.01 

0.88 

. . 

1.0 
Vl 



• 

f 

'j} Q.l I I Q.l ~ 

\9111 N f1-2 'Ue:J:IJ(lb1Wffl'W 11-:J f11ti'UeJ,Hllfflff:IJfl 1 !'Ylfl'Mtu-:J 
"' " 

v 
el UTUT'JJ fl 'j 

v ' ' i;T Yl i;T1 'W 'j N fl UJ 
2 4 6 8 12 14 16 18 

" t11m!n (nn.) 47.0 45.0 53.0 46.0 45.0 43.0 56.0 50.0 

"i 

flll:IJff-:J'UU!~ti'W (9f:IJ.) 150 160.0 156.0 155.0 146.0 159.0 163.0 167.0 
"' 

31 , '\J"' !ff'W1eJ'IJl-:J'UeJ-:J 'IJ!G)f {1' (9f:IJ.) 24.4 19.8 27.6 24.2 25.5 22.6 24.9 22.3 

3) ~ ~ 0 .e! 

1 ~ t1~ 'ill n 'U e:Jfl'e:J ntl -:J eyu tin (11-:J 'U w~ m:u e:J( 9f:IJ .) 32.8 35.0 34.8 34.6 32.6 34.3 35.2 38.4 

31 31 ,%, •31 
fll1:1Jf1l1-:J'\llf1f1Cll:IJ!'We:J 'J1(19flti-'Ul1 (9f:IJ.) 41.9 36.8 43.4 41.2 37.8 36.9 37.0 37.2 

'J) & £ ~ 
1 ~tl~ 'illf1'Ue:Jft'e:JntlnJ mti'W l:IJB ( 9f:IJ .) 43.3 46.8 46.4 46.4 39.1 46.2 47.1 49.0 

31 • • wu 1 e:J'IJl-:J'Ue:J-:J!!'U'W 'Y1 e:J'W m-:J (9f:U.) 21.6 19.1 22.9 21.5 21.9 19.7 22.7 20.6 

,% 31 31 
1~tl~!tle:J:IJ\911'W'l1'W1 (9f:IJ.) 65.1 72.0 60.8 68.1 65.2 70.2 63.3 74.4 

31 "i 
fll1:1Jf1J1-:J:IJ'() (9f:IJ.) 7.4 6.4 7.3 7.5 6.6 6.9 8.1 7.4 

flll:IJtlllijeJ (9f:IJ.) 15.6 16.7 16.8 16.6 14.7 16.1 15.2 17.1 

"' , '"'~ 31 
1~tl~'\llf1Ml M(lm'Ue:Jfl'e:Jn (9f:IJ.) 34.9 35.3 36.1 35.8 34.2 33.0 37.1 37.8 

"' d 

\91'lf'W:IJl(lf11tl 20.9 17.6 21.8 19.1 21.1 17.0 21.1 17.9 

mt1 (1]) 23.0 21.0 21.0 20.0 21.0 21.0 21.0 21.0 . 
. " 

"' d II] '"" 31 "' II] •• 1~1 31 "i 31 "' • • 
M:IJlti!M\91 eJlfflff:IJfl1fl'W'Yl 3 7 10 !!(!~ 15 !:IJ:IJ'UeJ:IJ(lffti.JtulU! !l"'l"'lf1Cll:IJ!'We:J!!(l~'Ue:J:IJ(lff\91ffl'W11-:Jf11tl 

q '\1 u u <U 

19 21 25 

49.0 57 59 

162.0 162 170 

21.5 25.4 24.8 

36.2 33.6 35.7 

38.7 38.1 40.1 

47.7 45.3 47.2 

20.9 22.5 23.3 

70.6 76.6 78.4 

7.2 7.1 7.6 

17.2 17.7 19.5 

36.0 33.5 35.7 

18.7 21.7 20.4 

21.0 20 18 

' ,; 
26 fll!'iliUJ 

68 51.5 

173 160.3 

27.6 24.2 

36.9 35.0 

41.6 39.2 

46.1 45.9 

26.3 21.9 

81.8 70.5 

7.4 7.2 

18.2 16.8 

34.6 35.3 

22.7 20.0 

22 20.8 
-- '--

. . 

. . 

' fll SD 

7.37 

7.82 

2.33 I 

1.66 

2.31 

2.54 

1.88 

6.42 

0.45 

1.32 

1.40 

1.87 

1.19 
L_ 

. . 

.. 

1.0 
0\ 
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, 

.fllflN'Ulfl 1J 
., 

' u 0 u 
fll MNF UO~ MDF fltJ'Ul't'i'Ufl 

., ' o u tu .c:t. 
1JtU~tlfl'Ul't'i'UflUtJtJtlQfltJ'n 
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.. .. ' 
' Q.l 0 v 0 Q..l 'v .c:l 

fl1 MNF m1~ MDF fl'lJUl'Yi'Ufl'IJW~tlfl'Ul'H'J.WH'Ut.Jelgfl'lJ't1 

" " ' 
fi1 MNF !!~~ MDF 'Utl·HYtutulW~hm1'1:wl'ile:J'UW~I'Jfl'tJTrn!m!1JutJEJnun 

"" "' 
~Jmufl 1 2 3 4 !W~ 5 n1~n1mh~tf~:JJ:JJ 30 60 90 120 !!~~ 150 tl~fll'Utl~tllbllblJJfl'HllUTW . 
21 !!b1'1Pl~m'W'iJ1~fleJ1J 'U-1 ~~m'W'iJ1~fleJ1J 'U-42 

65.5 

N' 63 ~ 
u. 
c 
:a: 60.5 

58 

N' 75 • 
~ 
u. 

~ 70 

t 

f 
2 

(a) (b) (c) 
68 

+ 
66 

' t 
'N 65 N' 63 

' t ~ + ~ 

' u. • u. c c :a: 615 :a: 59.5 f 
+ + • i 

3 4 5 
58 

2 3 4 5 
56 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
66 

f 62.5 

t N' 

f 
N' 64 + 

~ 61.5 f ~ 
+ u. t u. c ~ 62 + == 60.5 

f t 
59.5 

2 3 4 5 
60 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
m't'I'!J1~flt11J 'U-1 fi1 MDF nmhi1Ufl'Ut!~tllbllb1'JJfl1flUVl1 

(a) 

• 

• • 

(b) 
74,-------~--~t 

-72 
N 
:I: 

u. 
z 69 
:!: 

; 

t 

• 
• 

(c) 
70~------------~ 

'N 68 
~ 
u. 

~ 66 

• 

65~--~~--~~~ 

2 3 4 5 
Mass (kg) 

66 ~--~2--~3--~4--~5~ 

Mass (kg) 

64 " • • 
1 2 3 4 5 

Mass (kg) 

(d) (e) 
68~------------~ 

N 67 + 
~ 
u. 

~ 66 

N' 71 
~ 
u. 
~ 67.5 

t 

• 

; • • 
65 64~--~~~~--~ 

2 3 4 5 2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
m'W'!J1~flt111 'U-2 fi1 MNF fl1JU1'11Ufl'Ut~~mb1'1blJJfl'JflUVl 1 
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(a) 1111 30 tl~fl'1 (b) :~.m 60 tl~fl'1 (c) 1111 90 tl~fl'1 (d) 1111 12 tl~fl'1 (e) 1111 150 tl~fl'1 
q q q q q 

(a) (b) (c) 

47.5 t t 
54 

• 
'N 
!.. 46 t + t 

'N 50 
!.. • 

LL LL 
0 + 
:!! 44.5 I + ~ 46 

• 
43 

2 3 4 
Mass (kg) 

2 

58~--~----------, 

'N 55 
!.. 
LL 

~ 51.5 

+ • + 

3 
Mass (kg) 

70 

t:~64 

!.. 
LL 

~ 57 

f 
4 5 

42 

(e) 

• 
+ 

; 

• • 
48 

2 3 4 5 
50 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'\Al1h~fltl1J 'IJ-3 ~1 MDF nmhrn!fl'Utl~tll'ff1'ff~'fl1fi'Wll2 

• 
2 3 4 

Mass (kg) 

(a) 1111 30 tl~fl'1 (b) 1111 60 tl~fl'1 (c) 1111 90 tl~fl'1 (d) 1111 12 tl~fl'1 (e) 1111 150 tl~fl'1 
q q q q q 

(a) 
5?.--------------, 

56 + 

t 
+ 

'N 56 + 
~ 
LL 

~ 54 

t 

(b) (c) 

• 

I • 
• 

• 

5 

• 
52~--~--~~--~ 

2 3 4 5 
t 

52~--~~--~~~ 
2 3 4 5 

5o~--~~--~--5~ 2 3 4 
Mass (kg) 

(d) 
68.-------------~ • 
66 • 

58~--~~·--~,L--·~ 
2 3 4 5 
Mass (kg) 

Mass (kg) 

(e) 

N 74 • 
~ t 
LL 

~ 67 • 
• • so~--~~--~--~ 

2 3 4 5 
Mass (kg) 

" ' 
fll'\Al'lh~flt11J 'IJ-4 ~1 MNF nu11111Ufl'lJtJ~tll'ffl'fflJ'fl1fi'Wll2 

Mass (kg) 

(a) 1111 30 tl~fl'1 (b) 1111 60 tl~fl'1 (c) 1111 90 tl~fl'1 (d) 1111 12 tl~fl'1 (e) 1111 150 tl~fl'l 
q q q q q 
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(· 

(a) (b) (c) 
62 64 66 r 
60 r t 65 f 

;::;- • 'N60 • f 
;::;- f r :s f :s :s 

"- "- ; "-c 56 + ~56 ~ 63.5 :i 

; • t 
52 

2 3 4 5 
52 

2 3 4 5 
62 

2 3 4 5 
Mass (kg} Mass (kg} Mass (kg} 

(d) (e) 
73 

74 + t f 
'N 71 f ; 

;::;-
+ :s :s 71 

"- "-

~ 69 t 
c + 
:i 68 

+ + 
67 

1 2 3 4 5 
65 

2 3 4 5 
Mass (kg} Mass (kg) 

" ' 
m~J.b·:;;mnJ 'U-5 rh MDF thnhrn!n'Ue:J~tn~l~:!TmrrwVi 4 

(a) ~:JJ 30 tl~fl'l (b) ~:JJ 60 tl~fl'l (c) ~:JJ 90 tl~fl'l (d) ~:JJ 12 tJ~ffl (e) ~:JJ 150 tJ~ffl 

(a} (b) (c) 
68 68 72 

+ + 
t ; 71.5 

'N66 + 
-66 ; t ;::;- 1 t N :s :=. :=. 

"- "- • "- r § 64 z 63 z 70.5 
i :i :a: 

t + 
62 + 60 69.5 

1 2 3 4 5 2 3 4 5 2 3 4 5 
Mass (kg) Mass (kg) Mass (kg} 

(d) (e) 
80 • i 

85 
• 

_78 • • 
N 'N80 :s :s • 
"- + "-z 75 § 75 • :a: 

' • 
72 

1 2 3 4 5 
70 

1 2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
m~l11:;;nmJ 'U-6 ~1 MNF nJ.J'Illln!n'UtJ~tnm~lTmrrwVi 4 

(a) :JJ:JJ 30 tJ~ffl (b) :JJ:JJ 60 tl'lffl (c) :JJ:JJ 90 tl~fl'l (d) :JJ:JJ 12 tJ~ffl (e) :JJ:JJ 150 tJ~ffl 
q q q q q 



60 
"N 
e. 
u. 
~ 57 

(a) 

+ 68 
"N 
e. 
u. 
~ 65 

(b) 

• t 

101 

(c) 
69~--------------~ 

"N 67 
J: 

u. 

~ 65 
t f 

r 
54~--~--~--~~~ 

2 3 4 5 
Mass (kg) 

62~--~--~~--~~ 
2 3 4 5 

Mass (kg) 

63L-.....-~-'-+-~~--' 
2 3 4 5 

(d) 

64.5 

f f 
u. 
c 

65 

:i 63 t 

(e) 

f 

! I 
60 ~---2~~3---4~~5~ 62~---2~~3---4~~5~ 

Mass(kg) Mass(kg) 

" ' fll'WD1~fHJ1J 'U-7 ~1 MDF nmhi1Ufl'Utl·Hllb1'Tt1'JJfiHl'Wll 5 

Mass (kg) 

(a) :mJ 30 tl~fl'1 (b) l.n.J 60 tl~fl'1 (c) l.Jl.J 90 tl~fl'1 (d) l.Jl.J 12 tl~fl'1 (e) l.Jl.J 150 tl~fl'l 
q q q q q 

(a) 
66~--------------~ 

"N64 
e. 
u. 

~ 62 

+ 
"N 75 
e. 
u. 
~ 72.5 

t 
"N77 
e. 
u. 
~ 75 f 

t 
+ 

+ 

60 ~--~2~~3---4~~5~ 70 !. 
1 2 3 4 5 

73 ~---2~~3--~4~~5~ 

Mass (kg) 
(d) 

75~--------------~ 

f 
74 

§ 72.75 t 
t 

71 ·5 c...._. ___ 2~~3--~4,----=-5 -' 

Mass (kg) 

Mass (kg) 

"N 74.5 
e. 
u. 
z 
:i 72.75 + 

f 
71~--~--~~~~~ 

2 3 4 5 
Mass (kg) 

" ' 
fll'WD1~fltl1J 'U-8 ~1 MNF nmh11Ufl'Utl~tllb1'1b1'JJ'fl'jfi'Wll 5 

Mass (kg) 

(a) :I.Jl.l 30 tl~fl'l (b) :I.Jl.l 60 tl~fl'1 (c) :I.Jl.l 90 tl~fl'1 (d) :I.Jl.l 12 tl~fl'1 (e) :I.Jl.l 150 tl~fl'1 
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(a) (b) (c) 
56~------------~ 60.-------------~ 53.5 ~-------------.-----, 

'N 54 
~ 
LL. 

~ 52 
+ 

t 

~58 
N 
J: 

LL. 
0 55 :; 

; 

53 

'N t ~ 
LL. 
0 52 
:; t f 

t t 

so~--~~--~--~ 
2 3 4 5 

Mass (kg) 

52 ~--~2--~3~-4~-5~ 

Mass (kg) 

51 ~--~2--~3~-4~-5~ 

Mass (kg) 

63 

'N 
62.5 

~ 
LL. 

~ 61.75 

61 

(d) 
57.5 r---'"""----~---y----..----, 

j 
55· 5 '---C--~2----,3c---4-:----=-s _, 

Mass (kg) 

(e) 

61 f 

t f 
sa~--~2--~3~-4-:----=--s_, 

Mass (kg) 

" ' 
fll'W1.h~mJ'U 'U-9 fi1 MDF nmhmJn'Utl\ltll{l'l{l':iJfl1fi'Wll 6 

(a) lJll 30 tl\lrl'l (b) lJll 60 tl\lfl'l (c) lJll 90 tl\lrl'l (d) lJll 12 tl\lrl'l (e) lJll 150 'U\lrl'l 

(a) (b) (c) 

f 
67 63.5 

+ 62.5 'N 65.5 'N 

f ~ ~ r LL. LL. 

t 
~ 63.75 f ; + ~ 61.25 f r f r f 

2 3 4 5 
62 

2 3 4 5 
60 

2 3 4 
Mass (kg) 

(d) 
Mass (kg) 

(e) 
Mass (kg) 

66.5 69 r r f 
'N 65.5 'N 68 
~ r ~ 
LL. LL. 

~ 64.25 ~ 66.75 
f ; f f f f 63 

2 3 4 5 
65.5 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'W1h~nt~'U 'U-10 fi1 MNF nmhi1Uf1'Ut~\ltllcrlcr:iJf!1fi'Wll 6 

(a) lJll 30 tl\lfl'l (b) lJll 60 tl\lfl'l (c) lJll 90 tl\lrl'l (d) lJll 12 tl\lfl'l (e) lJll 150 tl\lfl'l 

t 

5 
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(a) (b) (c) 
49~-f------, 4 7.5 r-'"""---------,---, 

! I I I 
52,..-.-----------, 

N' 
~ 

47 

~ 46.25 t 
N' 50.5 
~ 
LL. 

~ 48.75 

43 ~--~2--~3---4~-5~ 

Mass (kg) 

45 • 5 l-...........-~2-~3-~4-~5___j 47 f 
1 

(d) 

57 r---------..-t -----.--, 
N' 55 l 
~ T 
LL. 

~ 53 

f f 
51 ~-~2-~3-~4--~5___j 

Mass (kg) 

Mass (kg) 
(e) 

61r-'"""---------, 

60 

I I I 
56 ~--~2--~3~-4~-5~ 

Mass (kg) 

" . 
fll'jlljtJ~~flt!lJ 'U-11 ril MDF nmh11Ufl'Ut!~t!lb1'1b1'~mfi'Wll 8 

t 
t f 

2 3 4 
Mass (kg) 

(a) lJ:l.J 30 tl~fl'l (b) :IJ:IJ 60 t!~fl'l (c) :IJ:IJ 90 tl~fl'l (d) :IJ:IJ 12 tl~fl'l (e) :IJ:IJ 150 tl~fl'l 
q q q q q 

(a) (b) (c) 

f 

5 

60,-.---.--------, 

59.5 t 59.5 57.75 

N' j ~ 58 
LL. 
z 
::ii 56.5 

+ + 
N' 
:I: 57 
LL. 
z 
::ii 56.25 t 

f t f 
t N' 

:I: 

LL. 
z 58.5 
::ii 

t ! f I 
55 l-...........--~2--~3--~4--~5~ 

Mass (kg) 

55 .S '---'---~2--~3 --~4 --~5 ~ 57.5 L......'--1 ---=-2 ---=-3 ---c-4 ---::-5 --' 
Mass (kg) 

N' 
~ 
LL. 

(d) 
64,..-.----------~ 

63 

~ 61 t + 

59 l-...........--~2--~3--~4--~5~ 

Mass (kg) 

Mass (kg) 
(e) 

67,..-.---------~ 

N' 66 t 
~ f 
LL. 

+ 

~ 64.5 t 
63~--~~--~~~ 

2 3 4 5 
Mass (kg) 

" . 
fll'jlljtJ~~flt!lJ 'U-12 ~1 MNF tl1J'I.Jl'I1Ufl'Ut!~t!lb1'1b1'~fl~fi'Wll 8 

(a) :IJ:IJ 30 tl~fl'l (b) :IJ:IJ 60 tl~fl'l (c) :IJ:IJ 90 tl~fl'l (d) :IJ:IJ 12 tl~fl'l (e) :IJ:IJ 150 tl~fl'l 
q q q q q 
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(a) (b) (c) 
57 60 62 

'N 
56 f _58 + f + 'N61 f t t f 

N 

:=. :=. + :=. 
t IJ.. 

t 
IJ.. ~ 60 ~ 54.5 

f 
c 55 

+ 
t 

~ ~ 

59 f 
53 

2 3 4 5 
52 

2 3 4 5 2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
64.5 68 

t + 
'N 63.5 

t 
'N66 f 

:I: :=. 
IJ.. 

t 
IJ.. 

c ~ 64 ~ 62.5 

t t f f + 
61.5 

2 3 4 5 
62 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'l"llhg;nau 'U-13 ~1 MDF nmhvi'Wfl'UD'ltl1"ffl11'ifmrl'Wll 9 

(a) ~:JJ 30 D'lf1'1 (b) ~:JJ 60 D'lf1'1 (c) ~:JJ 90 D'lf1'1 (d) ~:JJ 12 D'lf1'1 (e) ~:JJ 150 D'lf1'1 

(a) (b) (c) 
66 65 

t 
68.5 

65.5 f t t f 68 f 
'N 'N64 

+ 
'N 

:=. 
t f 

:=. :=. 
f IJ.. IJ.. IJ.. 

67 f ~ 64.75 z 63 z 
f t ~ f ~ f 

64 
2 3 4 5 

62 
2 3 4 5 

66 
2 3 4 5 

Mass (kg) Mass (kg) Mass (kg) 
(d) (e) 

72 
+ 

78 

71 76 t 

'N + f 'N t :=. :=. 
~ 69 ~72 t 
~ + + :::e • • 

67 
2 3 4 5 

68 
2 3 4 5 

Mass (kg) Mass (kg) 

" ' fll'l"llh·g;nau 'U-14 ~1 MNF O'l.JtJ1r"!1!fl'Utl'ltl111'111'ifm'fl'Wll 9 

(a) :JJ:JJ 30 tl'lf1'1 (b) :JJ:JJ 60 D'lf1'1 (c) :JJ:JJ 90 D'lf1'1 (d) :JJ:JJ 12 D'lf1'1 (e) :JJ:JJ 150 tl'lf1'1 
q q q q q 



75 + 
-68 
N 
J: 

u. 

~ 59 

• 

(a) 

• 
lt • 

(b) 
57~-----------~ 

"'N 55 
J: 

u. 

~ 53 

t 

+ 

105 

(c) 
49.5 r-----~-------, 

49 

N I ~ 48.25 

t 

so~-~----~-~ 
2 3 4 5 

51~--~----~-~ 
2 3 4 5 

47 · 5 ~--2---,3---4~-5~ 

Mass (kg) 

100 

"'N 88 

=-u. 
z 74 :iii: 

60 

Mass (kg) 

49.5 f 
"'N =- 48.5 
u. 
c 
:iii: 47.5 

(d) 

+ 

46·5 '---'---2,..---3~~4---=5----" 

Mass (kg) 

Mass (kg} 
(e) 

54r-----------~ 

N 52 r 
J: 

u. + 
~ 49.5 + 

• • 47 '---'---2--,3~-4~~5~ 

Mass (kg) 

" . 
fll'Wth:;;nfl1J 'IJ-15 ~1 MDF nm1111Uf1'1Jfl~fllb1'1b1'l.Tfl':ifl'Wll 11 

(a) :J.J:J.J 30 fl~fl'1 (b) :J.J:J.J 60 fl~fl'1 (c) :J.J:J.J 90 fl~fl'l (d) :J.J:J.J 12 fl~fl'1 (e) :J.J:J.J 150 fl~fl'1 
Q q Q q q 

(a) (b) (c) 
70 60.5 • + t "'N 68 "'N 

60 

=- + + =-u. u. t ~ 66 • ~ 59.25 • 
t • • + • 

2 3 4 5 
64 

2 5 
58.5 

2 3 1 3 4 

t 
4 

Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
60 62 t 
59 • "'N "'NGO + 

=- =-
~ 57 • u. 

:iii: • • ~ 58 + 
+ • 

55 56 + 
2 3 4 5 2 3 4 5 
Mass (kg} Mass (kg) 

" . 
fll'Wth:;;nfl1J 'IJ-16 ~1 MNF n1JU1'11Uf1'1Jfl~fllb1'1b1'l.Tmfl'Wll 11 

(a) J_J:J.J 30 fl~fl'l (b) J_J:J.J 60 fl~fl'l (c) J_J:J.J 90 fl~fl'1 (d) J_J:J.J 12 fl~fl'1 (e) J_J:J.J 150 fl~fl'1 

f 
5 
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(a) (b) (c) 
68~--------~---.~ 70~------------~ 70~------------~ 

.. .. 
t + • t 'N66 

~ 
t + 

t 

• 
54 ~---2~-73--~4~-5~ 

Mass (kg) 

(d) 

; 

• 
s6~--~--~~--~~ 

2 3 4 5 
Mass (kg) 

u. 

~ 62 

58 t 

(e) 

+ 

2 3 4 
Mass (kg) 

72~------------~ 74~--------------~ 

'N 69 
:I: 

u. 

~ 65.5 

t t 
'N 71 
:I: 

u. 
c 
::!: 67.5 

+ 

.. 
t 

62 
2 3 4 5 

64 
2 3 4 5 

Mass (kg) Mass (kg) 

" ' 
flTvnJ:i~mJlJ 'U-17 ~1 MDF n1Jthrn.Tn'Ua\lenbl'lb1':iJ'fl'J'fl'Wll12 

(a) :J..J:J..J 30 'U\lft1 (b) :J..J:J..J 60 'U\lft1 (c) :J..J:J..J 90 'U\lft1 (d) :J..J:J..J 12 'U\lft1 (e) :J..J:J..J 150 'U\lft1 
q q q q q 

(a) (b) (c) 

5 

70~---------.~-~. 72~------------~ 70~------------~ 

_68 • -70 _68 • • 
N 

~ 
u. 
z 65 
::!: 

• 
• 

N 
:I: 

u. 
z 67 
::!: 

N :s • + t • u. 
z 65 
::!: 

• 
62~----~3~-4~-5~ 

2 
64 • 

2 3 4 
Mass (kg) 

5 
62 ~--~2--~3--~4--~5~ 

Mass (kg) Mass (kg) 

(d) 
70,---------~----

f + + 

+ 67~--~--~~--~ 
2 3 4 5 
Mass (kg) 

(e) 
73~----~------~ 

'N 71.5 t 
:I: 

u. 
~ 69.75 

• • + 

+ 
68~--~~--~~~ 

2 3 4 5 
Mass (kg) 

" ' 
fll'Vfth ~ fl'U 1J 'U- 18 ~ 1 MNF tl mJ 1 r·nJ f1 'U a \len b1'1 bl':iJ m 'fl 'W ll 12 

(a) :J..J:J..J 30 'U\lft1 (b) :J..J:J..J 60 'U\lft1 (c) :J..J:J..J 90 'U\lft1 (d) :J..J:J..J 12 'U\lft1 (e) :J..J:J..J 150 'U\lft1 
q q q q q 
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" 
(a) (b) (c) 

65 f 68 

• 
66 

+ 
'N 62 + 'N64 + 
=- f =-u. u. 
c ~ 60 + ::E 58.5 + 

+ t 

' 

'N62 + =-u. t 
~ 58 + 

t 
55 

2 3 4 5 
56 

2 3 4 5 
54 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
62 68 

'N 
61 t t 'N 65 + t 

=- f =-u. u. 
~ 59.5 f c 

:iii 61.5 

f 
i 

• 
58 

2 3 4 5 
58 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
fll'JI'l1h~mJ1J 'U-19 ftl MDF nm.JnnJf1'Utl\ltllbl'lbl'llf!1fl'Wfi 13 

(a) lJl.l 30 t!\lft'l (b) lJl.l 60 t!\lft'l (c) lJl.l 90 tl\lft'l (d) lJl.l 12 tl\lft'l (e) lJl.l 150 t!\lft'l 

• 
(a) (b) (c) 

74 70 
73 + • • • ~68 'N • 'N 71 N =- 70 :I: :=.. • u. f u. u. z ~ 67.5 • z 65 :a: 67 :a: • • • • • • • 64 

2 3 4 5 
64 

2 3 4 5 
62 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
67 74 

+ • 
N66 f f 'N 71 • • :=.. + =-u. u. 

~ 65 ~ 67.5 

+ • • 
64 

2 3 4 5 
64 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
fll'JI'l'lh~f1tl1J 'U-20 ftl MNF fl1JU1'11Uf1'Utl\ltllbl'lbl'llfll'fl'WVi 13 

(a) l.Jl.J 30 tl\lft'l (b) l.Jl.J 60 t!\lft'l (c) l.Jl.J 90 t!\lft'l (d) l.Jl.J 12 tl\lft'l (e) l.Jl.J 150 t!\lft'l 
q q q q q 



~58 
N 

~ 
u.. 
c 55 
::!!5 

(a) 

i 

• 

(b) 
59~-----------~ 

+ 
-;::; 57 

+ ~ 
u.. 
~ 54.5 

+ 

108 

(c) 
60~------------~ 

+ 
"N 
:I: 

u.. 

59 

~57 t 
f f 

52~--~--~~--~~ 
2 3 4 5 

Mass (kg) 

52~--~--~~--~ 
2 3 4 5 

55~--~--~~--~ 
2 3 4 5 

"N 
~ 
u.. 

(d) 
65~------------~ 

"N 63 t 
~ 
u.. 

~ 61 

f 

59 ~--~2--~3~~4--~5~ 

Mass (kg) 

Mass (kg) 

65 t 

"N63 
~ 
u.. 
c 
:E 61 

(e) 

f 

f f 
59 ~--~2--~3~-4~~5~ 

Mass (kg) 

'J) ' 

fl1'1"11h~ml'U 'IJ-21 n1 MDF nmhr!11'fl'IJtNtll'ff11:1:1Jfl1fi'I.J'n 14 

Mass (kg) 

(a) lJ:lJ 30 tNfl'l (b) lJ:lJ 60 tl~fl'l (c) lJ:lJ 90 tl~fl'l (d) lJJJ 12 tl~fl'l (e) lJJJ 150 tl~fl'l 

(a) (b) (c) 
68 .-----------+..--------, 67.--.-------------., 66.5 r----------------, 

67 

+ 
"N 
~ 
u.. 

66 

f + 

z 65 
:::E i 

z 64 
:::E 

t + 
63~--2~~3---4~~5--' 

Mass (kg) 

72 ' 
"N 
~ 70 
u.. 
z 
:E 68 

(d) 

+ 

62'----..--~-~-~~__j 

t t 

2 3 4 5 
Mass (kg) 

73 + 
"N 
~ 71 
u.. 
z 
::!: 69 

64·5 '--...---2~~3-~4--S...__j 

Mass (kg) 

(e) 

+ 
66 '----..--2~~3--4~~5--.J 

Mass (kg) 

67 '----..--~-~-~~---' 
2 3 4 5 

Mass (kg) 
'J) ' 

fl1'1"11h~fltl'U 'IJ-22 nl MNF nmhrn!fl'IJtl~tJl'ffl{l'llmmrYi 14 

(a) JJJJ 30 tl~fl'l (b) JJJJ 60 tl~fl'l (c) m.J 90 tl~fl'l (d) JJJJ 12 tl~fl'l (e) JJJJ 150 tl~fl'l 
q q q q q 



.. 

'N 51 
::=.. 
LL. 

~ 47.5 + 

f 

; f 

(b) 
49.-------------~ 

t f I 

109 

(c) 
54~-------------, 

'N 52 
:I: 

LL. 

~ 50 f 
f 

f 
t t 

44 ~--~2--~3~-4~~5~ 

Mass (kg) 

46 '---':------:2,......--~3~-4~~5~ 
Mass (kg) 

48 ~--~2---3~-4~~5~ 

Mass (kg) 

64 

-62 
N 

::=.. 
LL. 
z 59 
:!: 

56 
' + 
2 

(d) 
sa~-------------, 

'N 56 
::=.. 
LL. t 
~54 

52'----'-------~~---':---' t 
2 3 4 5 

Mass (kg) 

(e) 
66~------------~ 

'N 63 t 
::=.. 
LL. 

~ 59.5 
r f 

f 
56~--~--~~--~5~ 

2 3 4 
Mass (kg) 

~ ' 

Jll'Y'l'll~i:t:f1D'l.J 'U-23 ~1 MDF nmhi1Uf1'UD~elltl'l~JJ'fl'Hl'Wll 15 

(a) (b) 

+ 
63.5 69 

+ 
'N 61 'N 67.5 

f 
::=.. + ::=.. 

f LL. LL. t ' z 
f 

z 
:!: 58.5 

+ 
:i: 65.75 

+ 
3 4 5 

56 
1 2 3 4 5 

64 
2 

Mass (kg) Mass (kg) 

(d) (e) 
85 85 

• 
'N79 'N80 + ::=.. • ::=.. 
LL. • LL. 

z72 • § 75 :!: + f • • 
+ 65 

2 3 4 5 
70 

2 3 4 5 
Mass (kg) Mass (kg) 

~ ' 

i11'Y'l'lh:t:f1D'l.J 'U-24 ~1 MNF fl'l.J'I..JTI1Uf1'UD~mm~JJ'mf!'Wll 15 

(c) 

f 

t 
3 4 

Mass (kg) 

(a) lJlJ 30 eJ~fl'1 (b) lJlJ 60 D'lfl'l (c) lJlJ 90 D~fl'1 (d) lJlJ 12 eJ~fl'l (e) lJlJ 150 D~fl'1 
q q q q q 

+ 

5 
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(a) (b) (c) 
45 

t 
47 49.5 

44.5 + t 'N -;;46 'N 48.5 :;.. t :;.. f f 
:;.. 

r r LL. r ~ 45 f 
LL. 

0 43.5 0 t ::i f 
i :: ::i 47.5 

f 44 + 
42.5 

2 3 4 5 2 3 4 5 
46.5 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
51.5 54.5 

t f I 54 t 'N 'N 
:I: :;.. 

f ~ 50.5 

f 
LL. t 0 

f 
0 53 

t 
:: :: 

t 
49.5 

2 3 4 5 
52 

2 3 4 5 
Mass (kg) Mass (kg) 

" . 
fll'l"l'tb~mJ'U 'U-25 ~1 MDF tl'mhrnJn'Ut:J·HJlb1'1b1'JJ'fl':i'fi'Wll16 

(a) :IJ:IJ 30 tl.:Jfl'1 (b) :IJ:IJ 60 tl.:Jfl'l (c) :IJ:IJ 90 tl.:Jfl'1 (d) :IJ:IJ 12 tJ.:Jfl'l (e) :IJ:IJ 150 tl.:Jfl'1 
q q q q q 

(a} (b) (c) 
52 55 

+ 
56.75 

t + 
'N 51 'N 53.5 'N 

f f :;.. :;.. :I: 56 
LL. 

+ 
LL. 

+ + LL. t ~ 50 
z z :a: 51.75 :a: 55.25 + t + • f t 

49 
2 3 4 5 

50 
2 3 4 5 

54.5 
2 3 4 5 

Mass (kg) Mass (kg) Mass (kg) 
(d) (e) 

63 
60.25 

'N t 'N 62 
f 

:;.. 59.5 :;.. + 
LL. f f 

LL. 
z + § 61 ::!i 58.75 r f + r 

58 60 
2 3 4 5 2 3 4 5 
Mass (kg) Mass (kg) 

" . 
fll'l"l1h~f1tl'U 'U-26 ~1 MNF tl'U1.J111'!1f1'Utl.:Jtllb1'1b1'lJ'fl':i'fi'Wll16 

(a) l.j:IJ 30 tl.:Jfl'1 (b) l.j:IJ 60 tl.:Jfl'1 (c) l.j:IJ 90 tl.:Jfl'l (d) l.j:IJ 12 tl.:Jfl'1 (e) l.j:IJ 150 tl.:Jfl'1 



56 

'N 53 
~ 
u. 
0 
::15 49.5 

46 

N' 61 
~ 
u. 
~ 57.5 

111 

(a) (b) (c) 
53 58 

+ 
+ f r " 57 

'N 51 + 'N 

t t ~ f ~ 
t u. t u. + 

~ 49 ~ 55.5 

f t + 

2 3 4 5 
47 

2 3 4 5 
54 

2 3 4 5 
Mass (kg) 

(d) 
Mass (kg) 

(e) 
Mass (kg) 

68 70 

+ 69 + 'N66 'N 
~ ~ t + u. u. 

~ 64 f t 0 67 

f + 
f 

::!: 

f 
62 

2 3 4 5 
65 

2 3 4 5 
Mass (kg) Mass (kg) 

'J) ' 

fll'Wlh~mlU 'lJ-27 ~1 MDF nmhl1tJfl'lJ'tl~mmcrJ.J'mfi'W~ 17 

(a) l.nJ 30 'tl~f1'1 (b) :W:W 60 'tl~f1'1 (c) :W:W 90 'tl~f1'1 (d) :W:W 12 'tl~f1'1 (e) :W:W 150 'tl~f1'1 
q q q q q 

(b) (c) 

59.75 + 
66.5,--------~---------, 

t 
• 

• 
t 

• 

-N 

~ 59 
u... 
z 
::E 58.25 f 

t 
N 65.5 
~ 
u... 
~ 64.25 f 

54'---"---~-~~--~ 
2 3 4 5 
Mass (kg) 

57· 5 '---"---~2--3~~4 -""""'5_.. 63 ~-~2-~3~-4~~5~ 

Mass (kg) 

N 74 
~ 
u... 
~ 71.5 

(d) 

t 

t 

69'---"--~-~~-~' 
2 3 4 5 
Mass (kg) 

Mass (kg) 
(e) 

77,---------------------, 

N 76 f 
~ 
u... 
z 74 
::E 

+ 

f • 
72 '---'---~2,------3~--c-4 --""""'5_.. 

Mass (kg) 

'J) ' 

fll'W'lh~fl'tliJ 'lJ-28 ~1 MNF nut.hl1tJfl'lJ'tl~tllb1'1b1'J.J'mfi'W~ 17 

(a) l.J:W 30 'tl~f1'1 (b) l.J:W 60 'tl~f1'1 (c) l.J:W 90 'tl~fl'l (d) l.J:W 12 'tl~f1'1 (e) l.J:W 150 'tl~f1'1 



62 

'N 59 
::.. 
u. 
0 :aE 55.5 

52 

68 

'N 66 ::.. 
u. 

~ 64 

62 

112 

(a) (b) (c) 
62 64 

• f f • + + 
'N 59 f 'N 61 

+ + ::.. t ::.. + u. 

' 
u. 

0 0 :aE 55.5 :aE 57.5 

+ + • 2 3 4 5 
52 

1 2 3 4 5 
54 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
65 67 

r + 66 f 
'N 63 f 'N 
::.. f ::.. f f u. u. 

~ 61 
0 64 f :iii 

+ f 
59 

2 3 4 5 
62 

2 3 4 5 
Mass (kg) Mass (kg) 

"' ' 
fl1 'W 'lh ~ fHl 1J 'U-29 ~ 1 MD F rl1J'l.JTVi U fl 'U '0 ·H:ll b1'1 n:lf m rl'W Vi 18 

(a) :IJ:IJ 30 'O~rl'l (b) :IJ:IJ 60 'O~fl'l (c) :IJ:IJ 90 'O~fl'l (d) :IJ:IJ 12 'O~fl'l (e) :IJ:IJ 150 'O~fl'l 
q q q q q 

(a) (b) (c) 

• 70 

+ 64.5 + ; _68 
+ 'N + + 

N 

+ ::.. 63 ::... 
u. u. 
z z 65 
::E 61.5 :a: 

+ + + 

+ • 

2 3 4 5 
60 

2 
Mass (kg) 

3 4 
Mass (kg) 

5 
62 

2 3 4 5 
Mass (kg) 

(d) (e) 
71 73 

+ 
+ 

• 
'N 69.5 

+ • 'N 71.5 + :J: ::.. 
u. u. z z :aE 67.75 • :a: 69.75 f 

+ + 66 
2 3 4 5 

68 
2 3 4 5 

Mass (kg) Mass (kg) 

"' ' 
fl1 'W 1h ~ fl '0 1J 'U-3 0 ~ 1 MNF flU 111'Vi U fl 'U '0 ~ '01 b1'1 n:lf m rl'W Vi 18 

(a) lJ:I.l 30 'O~fl'l (b) lJ:I.l 60 'O~fl'l (c) lJ:I.l 90 'O~fl'l (d) lJ:I.l 12 'O~fl'l (e) lJ:I.l 150 'O~fl'l 



113 

(a) (b) (c) 
58 

t f 
60 

+ + 55.5 

t 59 + 
'N 56 + 'N 'N f :. f :. 54.5 :. t 
u.. u.. u.. 

f ~ 53.5 0 f 0 57 
:::i 53.5 :::i 

+ f t 
51 

2 3 4 5 
52.5 

2 3 4 5 
55 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
65 70 

+ f r • • 'N 
64 

'N 67 
:. :. 
u.. u.. • 
~ 62.5 0 t 

t t 
:::i 63.5 

+ 
61 

2 3 4 5 
60 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'Yl'lh~mJ'l.J 'U-31 ~1 MDF nmhrn..Jf1'Ue:J'ltllb1'1'ffJJ'mrn.JYi 19 

(a) :JJ:JJ 30 e:J'lfl'1 (b) :JJ:JJ 60 e:J'lfl'1 (c) :JJ:JJ 90 e:J'lfl'1 (d) :JJ:JJ 12 e:J'lfl'1 (e) :JJ:JJ 150 e:J'lfl'1 
q q q q q 

(a) (b) (c) 
65~---------------., 63 ,-----~f --,tc-------, 

'N 64 

:. 
u.. 
~ 62.5 

f + 
'N62 :. 
u.. 

~ 61 f 

+ 
'N 64 

:. 
u.. 
~ 62.5 

+ 

+ 

+ 
61 l_ 

1 2 3 4 5 
Mass (kg) 

so~--~--~~--~ 
2 3 4 5 

61 ~--~2--~3~-4~~5~ 

Mass (kg) 

'N 68 
:I: 

u.. 

~ 66 

(d) 

• f 

+ 
64 ~--~2---3~-4~~5~ 

Mass (kg) 

Mass (kg) 
(e) 

76~---------------., 

'N 73 
:. 
u.. 
~ 69.5 

t 

• 
• 

t_ 
66 ~--~2--~3~-4~~5~ 

Mass (kg) 

" ' 
fl1 'Yl 'I.Jj ~ f1 eJ 'lJ 'U-3 2 ~ 1 MNF fl 'lJ 1-hrn..J f1 'U eJ 'l m b1' 1 bl'JJ' m rl'W Yi 19 

(a) l,l:l.J 30 e:J'lfl'1 (b) l,l:l.J 60 e:J'lfl'1 (c) l,l:JJ 90 e:J'lfl'1 (d) l,l:JJ 12 e:J'lfl'1 (e) l,l:l.J 150 e:J'lfl'1 
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(a) (b) (c) 
66 

68.5 63.5 

f N" f N" t :=. 67 

f :=. 62 
u. u. 
c t c 
:!: 65.5 f t 

:!: 60.5 
f f f 

64 + 
N" :=. f u. 
~ 61.5 

t f f 
64 

2 3 4 5 
59 

2 3 4 5 
59 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
72 

69 
+ • 

~ 66 
N" 69 

+ :=. f u. u. 
c + c 
:!: 63 + 

:!: 65.5 

f 

+ 

+ + 
60 

2 3 4 5 
62 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
fll'Y'I1.h:;;ntJU 'U-33 rll MDF nut.hViUfl'UtJ\ltllnlnlJfl':ifl'W~ 20 

(a) :J.J:J.J 30 tl\lfl'l (b) :J.J:J.J 60 tl\lfl'l (c) :J.J:J.J 90 tl\lfl'l (d) :J.J:J.J 12 tl\lfl'l (e) :J.J:J.J 150 tl\lfl'l 
q q q q q 

(a) (b) (c) 
77 72 

~ 69.75 

f 76 f t t 
+ 

N" N" N" 70.5 
:=. f :=. 69 f :=. 
u. 

f 
u. u. + 

~ 74.5 + 
z z 

t :!: 68.25 f 
::E 68.75 

+ + + 
73 

2 3 4 5 
67.5 

2 3 4 5 
67 

1 2 3 4 5 
Mass (kg) Mass (kg} Mass (kg) 

(d) (e) 

75.5 ; 
79 • 

"N 73 + ~ 76 :=. 
u. u. + • z + z 
:!: 70.5 :!: 73 

+ + • + 
68 

2 3 4 5 
70 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
fll'Y'I1.h:;;ntJu 'U-34 rll MNF nut.hViUfl'UtJ'lmnlnlTmn'W~ 20 

(a) ~:J.J 30 tl\lfl'l (b) ~:J.J 60 tl\lfl'l (c) ~:J.J 90 tl\lfl'l (d) ~:J.J 12 tl\lfl'l (e) ~:I.J 150 tl\lfl'l 
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(a) (b) (c) 
47.5 47.5 t 

52 

f 47 f t 51.5 

t 'N 46.5 N' N' 

=- f 
t f =- f =-

t u.. u.. u.. 

t 0 0 46 0 50.5 f t :E 45.5 :E f 
:E 

f 
44.5 

2 3 4 
45 

5 2 3 4 5 
49.5 

2 3 4 5 

Mass (kg) Mass (kg) Mass (kg) 
(d) (e) 

64 72 

t • + 
62 

'N r 'N 68 + 
=- f =-u.. u.. 
0 59 0 

t ::e t 
:E 64 

+ + 
56 

2 3 4 5 
60 

2 3 4 5 

Mass lkal Mass (kg) 

" . 
fll'WiJ';i~fHJ'U 'U-35 fi1 MDF fl'U1.h'I1Ufl'Utl~tll'ffl'ffllfl)fi'Wfi 21 

(a) ~lJ 30 tl~fl'l (b) ~lJ 60 tl~fl'l (c) ~lJ 90 tl~fl'l (d) ~lJ 12 tl~fl'l (e) ~lJ 150 tl~fl'l 

(a) (b) (c) 
54.5 

t 
55 64 

54 + t t f 54.5 f ~ 62 + 
'N 'N N t 

=- =- f =- + 
u.. 

+ 
u.. u.. 

z 53 ~ 53.75 ~ 59 + :E 
f 

+ 
+ 

52 
2 3 4 5 

53 
2 3 4 5 

56 
2 3 4 5 

Mass (kg) Mass (kg) Mass (kg) 
(d) (e) 

75 85 
t 

• • 
'N 72 • 'N 79 • 
=- t =-u.. u.. • z ~72 :E 68.5 • • 

• 65 
2 3 4 5 

65 
2 3 4 5 

Mass (kg) Mass (kg) 

" . 
fll'W11)~fltl'U 'U-36 fil MNF fl'UU1'11Ufl'Utl~tll'ffl'fflJ'fl)fi'WYi 21 

(a) lJlJ 30 tl~fl'l (b) lJlJ 60 tl~fl'l (c) lJlJ 90 tl~fl'l (d) lJlJ 12 tl~fl'l (e) lJlJ 150 tl~fl'l 
q q q q q 
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(a) (b) {c) 
64 

t 
65 64.5 

t f f f t t "N62 t "N63 "N 63.5 

t !.. + + !.. !.. 
u.. u.. u.. 

~ 60 ~ 61 t 
c 

f ::!!! 62.5 

t + 
58 

2 3 4 5 
59 

2 3 4 5 
61.5 

2 3 4 5 
Mass {kg) Mass (kg) Mass (kg) 

{d) {e) 
69 

+ 
71 

+ + 
"N67 f t 

"N + !.. t !.. 68 
+ u.. u.. 

~ 65 
c 
~ 65 

f + 
63 

2 3 4 5 
62 

2 3 4 5 
Mass {kg) Mass (kg) 

~ ' 
fll'W1}~~fHJ1J 'U-37 ~1 MDF nmhr111'fl'UeJ-JtJ1bYlbl'JJ'm'fl'Wi122 

(a) lJlJ 30 eJ-Jfl'1 (b) lJlJ 60 e:J-Jfl'1 (c) lJlJ 90 e:J-Jfl'1 (d) lJlJ 12 eJ-Jfl'1 (e) lJlJ 150 eJ-Jfl'1 
q q q q q 

{a) {b) (c) 
71 

+ 
71 

70.75 

"N 69.5 
!.. 
u.. 
z 
::!!! 67.75 

f 

66 

"N 
70 t t f "N t + + ; !.. !.. 70 

u.. f u.. r ~ 68.5 z 

f ~ 69.25 f t 
+ 

2 3 4 5 
67 

2 3 4 5 
68.5 

2 3 4 5 
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
80 

74.5 + 
f • • 

"N "N 75 • 
!.. 73 !.. • u.. f u.. 
z + ~ 70 ~ 71.5 • 

70 
2 3 

+ 
4 5 

65 
2 3 4 5 

Mass (kg) Mass (kg) 

~ ' 

fll'WU~~fleJ1J 'U-38 ~1 MNF nm.l'1'l1Ufl'UeJ-JtJ1bYlbl'JJ'm'fl'Wi122 

(a) lJlJ 30 eJ-Jfl'1 (b) lJlJ 60 eJ-Jfl'1 (c) lJlJ 90 e:J-Jfl'l (d) lJlJ 12 e:J-Jfl'1 (e) lJlJ 150 eJ-Jfl'1 
q q q q q 



62 

60 
'N 
:::. 
u... 
Cl 56 

== 

52 

68 

'N66 :::. 
u... 

~ 64 

62 

(a) 

f 

! 

• 

t 
• 'N 60 :::. 

u... 

~ 56 

117 

(b) (c) 
66 

• ! 'N 
65 

:::. f r 
f . 

u... 
~ 63.5 

t 
2 3 4 5 

52~--~--~~--~~ 

2 3 4 5 
62 

2 3 4 -
Mass (kg) Mass (kg) Mass (kg) 

(d) (e) 
73 

+ 
t 

'N71 :::. 

74 + t 
'N + :::. 71 

u... 

~ 69 f 
u... 
Cl + 
~ 68 

t 
67 

2 3 4 5 
65 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
Jll'Yflh::::flDU 'U-39 ~1 MDF nmhrn..Jfl'UD\lDlfl'lb1'llfl'Jrn..!Vi 23 

(a) llll 30 B\lfl'1 (b) llll 60 B\lfl'1 (c) llll 90 B\lfl'1 (d) llll 12 B\lfl'1 (e) llll 150 B\lfl'1 
ct q q Q q 

(a) (b) (c) 
68 72 

+ + 
f • 71.5 

+ 
_66 • t 'N t t N :::. :::. 
u... • u... t . ~ 63 z 70.5 • ~ 

f + 
+ 60 69.5 
1 2 3 4 5 2 3 4 5 2 3 4 5 

Mass (kg) Mass (kg) Mass (kg) 
(d) (e) 

80 • • 85 
• 

_78 • • 'N80 N 

:::. :::. • 
u... t u... 
z 75 § 75 • 
~ 

+ • 
72 

1 2 3 4 5 
70 

1 2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
fll'V'l'llJ::::flBU 'U-40 ~1 MNF nmhrn!fl'UB\ltllfl'lbYJJ'fl':i'fi'WVi 23 

(a) lJll 30 B\lfl'1 (b) lJll 60 D\lfl'1 (c) lJll 90 B\lfl'1 (d) lJll 12 D\lfl'1 (e) lJll 150 D\lfl'1 



'N 
::. 

45 + 
44.5 

(a) (b) 
44~------------~ 

43.5 t 
'N 
::. 

t 

118 

(c) 
49~--~+---------

+ 
'N 47 ::. 

+ u. 

~ 45 
:5 43.5 f u. 

~ 42.75 ::!: 

f + 
+ 42•5 ,__._ __ ~2---3~~4 __ _.!,_5_J 42,__._--~----~--~ 

2 3 4 5 
Mass (kg) 

43,__._--~----~--~ 
2 3 4 5 

56 

~54 
N ::. 
u. 
z 51 
:E 

48 

Mass (kg) 
(d) 

• 

• 
• • 

44 ,__._--~2--~3---4~~5~ 

Mass {kg) 

{e) 
56~-------------, 

• 
+ 

'N 52 + ::. 
u. 

~ 48 • 
• 

44 ,__._ __ ~2---3~~4 --~5--' 

Mass {kg) 

" ' 
fll'I"'U':i~fHJ1J 'U-41 ~1 MDF nmhrnJn'UtJ\ltlltl'lbl'l.T'fl':i'fl'WYi 24 

Mass (kg) 

(a) ~:J..J 30 tl\lf1'1 (b) ~:J..J 60 tl\lf1'1 (c) ~:J..J 90 tl\lf1'1 (d) ~:J..J 12 tl\lf1'1 (e) ~:J..J 150 tl\lf1'1 

{a) (b) (c) 
51 58 

f 
• + f ~56 • 'N50 N 

::. 
+ 

::. • 
• t u. u. 

~ 49 f 
z 53 
:E 

• • r • 
48 50 

2 3 4 5 2 3 4 5 1 2 3 4 
Mass (kg) Mass (kg) Mass {kg) 

(d) {e) 
70 65 

• t 
65 • 

'N 'N 62 + ::. • ::. 
u. • u. 
§ 57.5 z :E 58.5 

• • • 
50 55 • 

2 3 4 5 2 3 4 5 
Mass (kg) Mass (kg) 

" ' 
fll'I"'U':i~flt11J 'U-42 ~1 MNF nmhrnJn'UtJ\ltlltl'lbl'l.T'fl':i'fl'WYi 24 

(a) :J..J:J..J 30 tl\lf1'1 (b) :J..J:J..J 60 tl\lf1'1 (c) :J..J:J..J 90 tl\lf1'1 (d) :J..J:J..J 12 tl\lf1'1 (e) :J..J:J..J 150 tl\lf1'1 
Q q q q q 

• 
5 
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• 

llltlll-I'U1fl tl .. 
' u 0 u 

tll MNF Utl~ MDF fltJ'Ul'H'Ufl 

.. ' ' 0 QJ 4 .... 
euw~tlfl'U 111-u flUtJtJ&tltltl'U n ' . 

• 
C! .. 

.. 



• 

120 

'a' 'V ' ' 
' Q.l 0 Q.l 0 QJ 4 .e:t 

1'11 MNF A!tt~ MDF fl'U'lHH'lUl 'IJW~~fl'l!l'Yi'l!flA!'U'U!i'HtB'l!'fl 

' " 
mvh.u1m 3 l'Wli1 i1thrnJn 1 2 3 4 u~~ s f'l1~ni':w'llt:J'ltnb'l'1b'l'lfm~TwTw 22 fl'W urw1~ 

fll'W1h~nt:Ju fl-1 ii'lfll'W1h~nt:Ju fl-22 

73.5 

"N :s 72.5 
u.. 
0 
::! 71.5 

(a) 

l I 

I 
l f 

70 · 5'----'--------'-2--~3--~4--~5--' 

Mass (kg) 

(b) 

78.75 

! I 1 

"N 
J: 78 
u.. 
z 
:iii 77.25 I 

76·5 '----"------=-2 ---:-3---:-4---=-s

Mass (kg) 

" ' 
fll'Wl.h~nt:JU fl-1 ~1 MDF (a) U~~ MNF (b) nmhi1Uf1'1Jtl'ltllb'l'1b'l'lJ¥11fl'Wi11 

(a) 
56~~-~--~-~--~~ 

f 
"N 52 :s 
u.. 

~ 48 
f 

f 
44 '----:------=-2---:-3---:-4--~5~ 

Mass (kg) 

"N 62 
:s 
u.. 
~ 58.5 

(b) 

55 L--"------:'-2---:-3----~4----~5-

Mass (kg) 

" ' fll'Wl.h~nt:JU fl-2 ~1 MDF (a) u~~ MNF (b) nmhi1Uf1'1Jtl'ltllb'l'1b'l'lJ¥11fl'Wi12 

"N 67 
:s 
u.. 
~ 63.5 

f f 

so~-'----~2-----:-3----~4---~5~ 

Mass (kg) 

"N 73.5 
:s 
u.. 
~ 71.75 

(b) 

I f 

70 ~-'----~2---~3----~4-----:-5-

Mass (kg) 

" ' 
fll'WU'j"~f1t1U fl-3 ~1 MDF (a) u~~ MNF (b) nu'thi1Uf1'1Jtl'ltllb'l'1b'l'lJ¥11fl'Wi14 



64.75 

g 63.5 
u. 
0 
:i 62.25 I l 

(a) 

I I I 
72.5 

g 71 
u. 
z 
:i 69.5 

(b) 

f 

f 
61 

2 3 4 5 
68 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'\AI1.J-:i~flti'U fl-4 fll MDF (a) m'l~ MNF (b) n'lJ'I.1111tJfl'Uti-;Jtllb1'1bl':Jmwu-vi 5 

(a) (b) 

121 

62,........,.-~-~-....,.f-~---, 69~~--~----~----~--~--

"N 59 
::. 
u. 
~ 55.5 

I "N 67 
J: 

u. 
~ 64.5 

f f 

f 
52 ~~--~2----~3~---4~--~5~ 

Mass (kg) 

62 ~~--~2----~3~---4~--~5~ 

Mass (kg) 

57.5 

g 55 
u. 
0 
::E 52.5 

" ' fll'Vlll:i~flti'U fl-5 ftl MDF (a) W'l~ MNF (b) nmJmUfl'Uti-;Jtllbl'lbl':Jmm.J-vi 6 

(a) 

I I f 
f 

"N 
::. 
u. 

66 

~ 64.5 

f 

(b) 

I f 

50 
2 3 4 5 

63 
2 3 4 5 

"N 68 
::. 
u. 
~ 65.5 

Mass (kg) Mass (kg) 

" ' 
fll'Vlll:i~flti'U fl-6 ftl MDF (a) mt~ MNF (b) fl'lJ'I.Jl'MUfl'Uti-;Jtllbl'lbl':Jmm.J-vi 8 

(a) (b) 
74~~--~----~----~------

I f "N 
J: 

u. 

73 

~ 71.5 
l f 

I 
l l 

63 
2 3 4 5 

70 
2 3 4 5 

Mass (kg) Mass (kg) 

" ' 
fll'Vllh·~flti'U fl-7 ftl MDF (a) m'l~ MNF (b) nm1111Ufl'Uti-;Jtllbl'lbl':Jmm.J-vi 9 
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(a) (b) 
70 76 

68 
'N 'N 74 f :s 

f 
:s 

f u. u. 
c 65 f ~ 72 ::E 

62 
2 3 4 5 

70 
2 3 4 5 

Mass(kg) Mass(kg) 
,; ' 

fll'W1J)~fHJ'lJ fl-8 ~1 MDF (a) u-n~ MNF (b) fl'lJt.hrnJfl'Utl\ltJ1{)'1(lJJ'mmJll 11 

(a) (b) 

75.5 76 

'N 73 'N 74 f :s :s 
u. 

I 
u. f f c 

f 
~ 72 :a: 70.5 

f f 
68 

2 3 4 5 
70 

2 3 4 5 
Mass (kg) Mass (kg) 

,; ' 

fll'WD';i~fltl'lJ fl-9 ~1 MDF (a) u-n~ MNF (b) fl'lJU1'11Ufl'Utl\ltn{l1{)'JJ'fl')fl'Wll 12 

(a) (b) 
79~~-~--~-~----

72.75 

'N :s 72 
u. 
c 
:a: 71.25 I I 

'N 78 :s 
u. 
z :a: 77 l I ! I 

70.5 '----'-------'-2--~3--~4--~5---...J 76 2 3 
4 5 

Mass (kg) Mass (kg) 
,; ' 

fll'WD';i~flt!'lJ fl-10 ~1 MDF (a) u-n~ MNF (b) fl'lJU1'11Ufl'Ut1\ltnmmTmfl'Wll 13 

(a) (b) 
65 70 

62 

f 
68 f 'N 'N :s 

f 
:s f ! u. u. 

f c ~ 65 f :E 58.5 

f I 
55 '----'-------'-----"------'----L-__J 62 

2 3 4 5 2 3 4 5 
Mass (kg) Mass (kg) 

,; ' 

fll'Wth~fltl'lJ fl-11 ~1 MDF (a) u-n~ MNF (b) fl'lJU1'11Ufl'Utl\ltJ1{ll(lJJ'fl')fl'Wll 14 
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(b) 
67.-~-~-----~--~ 

N' 57 
::. 
u. 
~ 54.5 

f f 

f 

N' 65 
::. 
u. 
z 
::i 63 

f 

f 
f 

52 '-----'------------"2~--3~-~4 ---"-5____j 61 2 3 
4 

Mass (kg) Mass (kg) 
~ ' 

fll'l''l1h·:::m:ru fl-12 ~1 MDF (a) u~:;; MNF (b) nu11Tl1tJf1'Utl-:Jtnff1fflJm·mrVi 16 

(a) (b) 

f 
5 

67.5 
75.-~-~-----~----

~ 65 
u. 
Cl 
::i 62.5 

f 
f 

I f 
N' ::. 
u. 

74 

~ 72.5 
I 

f I f 
60 

2 3 4 5 
71 

2 3 4 
Mass(kg) Mass(kg) 

~ ' 

fll'W1h·:;;nt:J'IJ fl-13 ~1 MDF (a) u~:;; MNF (b) fl'IJU1'11tJf1'Utl-:Jtnff1fflJfl':ifl'W'i117 

(a) (b) 
75 80 

N' 70 f f f N' 77 
::. ::. 

f u. u. 

f ~ 65 f ~ 73.5 

60 
2 3 4 5 

70 
2 3 4 

Mass (kg) Mass (kg) 
~ ' 

fl1'W1h:::nt:J'IJ fl-14 ~1 MDF (a) u~:;; MNF (b) fl'IJU1'11tJf1'Utl-:JtnftlfflJmfl'W'i118 

(a) (b) 
66.-~-~-----~--~f~ 70.75 

N' 64 ::. 
u. 

~ 62 ! f 
~ 69.5 
u. 
z 
::i 68.25 I f 

f 

I f I 
60 '-----'---------:2,------3:----~4 ----::-5----' 67 2 3 4 

Mass (kg) Mass (kg) 
~ ' 

fl1'W1h:;;nt:J'IJ fl-15 ~1 MDF (a) u~:;; MNF (b) fl'IJU1'11tJf1'Utl-:JtnftlfflJmfl'W'i119 

I 
5 

5 

5 
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(a) (b) 
74 82 

71 f f 79 f N' N' 
~ ~ 
u. f u. 
c 

f ~ 75.5 :iii 67.5 
f 

f 
64 

2 3 4 5 
72 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'W1h~fltl'IJ fl-16 ~1 MDF (a) Uri~ MNF (b) nm1TMUfl'UtJ~tllrl'1rl'l1'fl';ifl'W~ 20 

(a) (b) 

53.75 

l 
62.75 

¥ 52.5 

! f I I 
¥ 61.5 

f 
I I u. u. 

c z 
:iii 51.25 :iii 60.25 l 

50 
2 3 4 5 

59 
2 3 4 5 

Mass (kg) Mass (kg) 

" ' flTVnh~fltJ'IJ fl-17 ~1 MDF (a) Uri~ MNF (b) nmhMUfl'UtJ~tllrl'lrl'lTfl)fl'W~ 21 

(a) (b) 

71.5 75.5 

¥ 70 ! ! 
¥ 74 f 

l u. l f ! 
u. I c z 

:iii 68.5 :iii 72.5 f 
67 

2 3 4 5 
71 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'W1.h~fltl'IJ fl-18 ~1 MDF (a) Uri~ MNF (b) nmhMUfl'UtJ~tllrl'lri'JJmfl'W~ 22 

(a) (b) 
66 70.5 

N' 64 

f I N' 69.5 ! f I ~ I ~ 
u. 

f l 
u. 

c ~ 68.5 

f 
::E 62 l 

60 
2 3 4 5 

67
·
5 

2 3 4 5 
Mass (kg) Mass (kg) 

" ' fll'W1h~fltJ'IJ fl-19 ~1 MDF (a) Uri~ MNF (b) nmhMUfl'UtJ~tllrl'1rl'l1'fl)fl'W~ 23 
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(a) (b) 

49.75 

f 
58.25 

I I ! ~ 48.5 "N l I l 
::!:. 57.5 

LL 

! 
LL 

0 

f 
z 

::!: 47.25 ::!: 56.75 

46 
2 3 4 5 

56 
2 3 4 5 

Mass (kg) Mass (kg) 

" ' fll'Y'lDl'~fHl1J fl-20 fi1 MDF (a) Ul:l~ MNF (b) nm.ht-nffl'lltl~tllfl'lfl'il'fll'fi'Wli24 

(b) 
68,-~--~----~----~------

"N60 
::!:. 
LL 

~ 55 I f f l 
"N 66 
::t: 
LL 
z 
::!: 64 

! I 
l 50 [____.1,.1----~2:-----3::----------'-4 ------:::5____J 62 2 3 

4 

"N 62 
::!:. 
LL 
0 
~ 53.5 

Mass (kg) Mass (kg) 

" ' 
fll'Y'lDl'~fltl1J fl-21 fi1 MDF (a) !!1:1~ MNF (b) nmhvnJfl'Utl~tnmfl'il'fll'fi'Wli25 

(a) (b) 
70 

f 
! 

"N65 

f ::!:. 
LL 
z 
::!!: 60 t 

f 
45 '----c---------:2:-----3::----------'-4 ------:::5____J 55 2 3 4 

Mass (kg) Mass (kg) 

" ' 
fll'Y'lDl'~fltl1J fl-22 fi1 MDF (a) Ul:l~ MNF (b) nmhrn!fl'Utl~tnmfl'il'mr~u'li26 

l 
5 

! 

5 
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l'llll~ ~-1 'll'W11'11'W 1w! 'IJ'W11'11'W 1w!~~~tl'W !11 u~~'lfd~'lltl~1'W 11'11~n,nJ1~~ll'lltl~mm~lfmu~ 

~~'fl'W !!~~rh p ~1flf11J1!ml~Mmlll!!1JJ1JJ1'W 1~v'W~l'Htn1wlf1~~~1 TD-MNF ~~~~~da 

2 

4 

5 

6 

8 

9 

11 

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

'U'UWI 

... 1 <i 
1'U Vl1 

128 

256 

512 

256 

1024 

768 

384 

512 

128 

1024 

512 

1024 

1024 

768 

1024 

256 

768 

384 

768 

'U'UlVI 

1u1V~1~ 
~~eu,tl 

128 

128 

256 

32 

512 

576 

24 

128 

128 

256 

384 

64 

64 

768 

128 

64 

48 

288 

768 

0 ' 1ll'U1'U'fll 

TD-MDF 

24 

23 

11 

89 

5 

5 

113 

21 

24 

9 

7 

33 

33 

4 

17 

45 

49 

10 

4 

' fllp 

10-13 16,67 422E-03 

1-17 73.91 2.22E-12 

6-7 18.19 1.60E-01 

14-27 15.73 2.79E-04 

2 20.00 3.75E-02 

2 20.00 8.91E-01 

9-35 23.89 4.33E-06 
I 

10-14 23.81 9.16E-05 I 

8-11 16.67 2.70E-04 

3-5 55.56 6.48E-06 

3-5 42.86 1.34E-11 

17-25 27,27 1.05E-01 

9-13 15.15 1.40E-05 

2 25 7.82E-01 

1-17 100 1.82E-05 j 

13-19 15.56 3.08E-04 

12-45 69.39 2.11E-05 

7-8 20 6.87E-03 

2-3 50 4.66E-01 



\91111-:J .:J-2 fl11:1JtY:IJlf'W1h~11l1-:J~1 TD-MNF !t'Cl~~WR~tl TD-MNF nuJmun 1191t1Vj1111tw1 

'l'W'M1-:J~~1 TD-MNF 'Cl\91Cl.:J!riBJ111Uf1!thJ~'W 

2 

4 

5 

" ' Q.l 0 Q.l 

fll TD-MNF fl'IJ'Wl'Yi'Wfl 
95---

70--
2 

52 

80 

N' 
I -, 
lL z 
:::; ,, 
0 ,_ 

68-

66~ 

64c 

62--
1 

95,--

"'r 

Nso' 
;s 
lL 
z 75! 
::;; 
0 ,_ 70-

55'1 

2 

10 

4 6 

4 

2Q "' 

1 1kg 
3kg:i 

1 _Skgl! 

___ _]_ __ _ _j 

10 12 14 16 18 20 22 24 

window 

10 12 14 16 18 20 22 

window 

! 1kg 

' 3kg t' 
I Skg ·, 

-- --1 

5 8 9 10 11 

_._-,kg: 
-e-Jkgl' 
~5~~ 

40 50 00 70 eo 
YVindow 

' ' q Q.l 0 Q.l 

f11!iH1£1 TD-MNF fl1J'Wl'l1'Wfl 

N' 
~ 82i 
z 815-
::;; I 

~ 81

1 

c: ' 
~ 805~ 
E 

80-

795 

79 1 -------

68 

80 

59-

sal 
1 

72 

1 15 

15 

N?ts· 
::s 
lL 

71! z 
::;; 
0 ,_ 70 5~ 
c: 

"' Q) 

E 70 

695 

69--
1 1.5 

sol 
N' 
::s 79-

lL 
z 
:::; 78 

0 r/r ,_ 
c: 

"' Q) 76 
E 

75-

74! 

73' 
1 1.5 

------ -L ____ J _____ .[._ ----

2 25 3 3 5 

Mass (kg) 

25 3 35 

Mass (kg) 

25 3 3.5 45 

Mass (kg) 

2 25 3 3.5 45 

Mass (kg) 
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6 

8 

9 

' QJ 0 Q.l 

rll TD-MNF fl'U'Wl'I1'Wfl 

75---

I SOL__ __ 
1 15 2 25 3 35 4 

window 

t ----,-,-,1 
I 3kg'l 

L Skg,l 
----•__j 

I 

j ______ l 

45 5 

-;:; 
E. 
lL 71: 
z 
::1' 
0 
~ 7D5f 

"' ' Ql 
E 

70, 

695' 
1 

. 
' .c::::l Q..l 0 Q.l 

fllA'iHl£1 TD-MNF fl'lJ'Wl'Yi'Wfl 

15 2 2.5 3 35 4 

Mass (kg) 
78- 733r 

-;:; 
;s 721 
u. 
z 
~ ?o~ 
0 
r-

68 

w 
1 1.5 2 25 35 

Window 
85 

1 1''1' 
I Jkg1! 732• 

l 5kg~ (3--------~ 

4.5 

......... 1kg' 

! -&-3kg 
!-a-skgl 

- . 'I 
-;:; 

73.1 

727-

1 
72.6f-

72.5c 
1 

;s 751 
u. 
z 
::1' 
0 741 
~ I 

"' Q) 73-
E 

nL 

71' 
1 

80 

N?asr 
I ' i 781, 

~ 775-

~ nr 
lll I 
E 1s.s; 

76-

1 

7551 

15 

15 

75'---· 
1 15 

2.5 3 35 45 

Mass (kg) 

25 3 35 4 45 

Mass (kg) 

2 25 3 35 4 45 

Mass (kg) 
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~111-:.1 ~-2 (~t!) fl1llJ't1lJ'W\J'fi~~lr;h~~l TD-MNF !!fl~~lm~v TD-MNF nmhrn!n iiPICJ 

W\ll~u.n'lu'lh~~~l TD-MNF fi\Plfl~!rlaJltt'ITm~lJ~'W 

13 

17 

" ' QJ 0 c:v 
rll TD-MNF fl'IJ'Wl'H'l!fl 

95-~ -· -.-------~- -~--

65'____[_____ -~-- _j_ _____ • __ _j_ __ • 

2 6 10 12 14 16 18 20 22 24 

'N 
I 

56--
1 

-7o: 
u_ I z I 

::i' 68-

0 
>-- 66f 

64-

ooL 

w'1ndow 

-~-~~- ,;,1l 
1 Jkg[: 

Skg :: .. --1. 

______]_____ ______[___ --- '--
2 3 4 

window 

_j_ __ 

5 10 15 20 25 30 

window 

' " ' .c::l Q..l 0 Q.l 

fll!'iltttl TD-MNF fl'IJ'Wl'H'l!fl 
83r--

Na,r 
I ' 
;:- 80,-

z i 
4= 19L 
0 
>--
@ 78f
Q) 

E 
77-

751___ _, ______ _____j_ _____ _____L_ _____ ____j__________~-----

1 1 5 2 2.5 3 3.5 4 45 5 

67L_ 
1 

'N 
6 70~ u_ 
z 
4! 691-

~ I 

~ 68-
Q) I 
E ,l 

as'L___ 
1 

75 

I 

N ?sf 

;:- 74 5 '~ 
z ' ::i' . 

I 74-
0 I 

~ 735r 
Q) 

E 
"I 

! 

Mass (kg) 

, __ 
15 25 3 3.5 

Mass (kg) 

---- ----- __ l -~ 

1 5 2 2.5 3 35 

Mass (kg) 

1.5 2 25 3 35 4 

Mass (kg) 

45 

45 



19lllN 'l-2 (~t:J) fl1l:JJ'i:YlJ'W\nh~li'"Jl'l~l TD-MNF Uri~~WQ~tl TD-MNF tllnhvrwn lfltl 

Vl'illlttnh.J'If1'l~~l TD-MNF r~~r~'ltrlmhm!mvi:u~u 

' v 0 Q.l 

rll TD-MNF fl'U'IHH'Wfl 
84--~·· 

18 

66----
5 10 15 20 25 

window 
76-----

74 

lL 
66C z 

19 :>' 
0 64-

>--
62' 

60 

58· 

56'----
1 1 5 2 25 

window 

88! 
86-

84 

l.,l, 
20 

12 

70 

68-

21 

54-

52 
10 15 20 25 35 

window 

·~~~-~~.'. 3kgl· 

___ ____:;kg'' 

3.5 

14 16 

:~·C·' lkQl 
! 3kg.l 

-----~kg:l 

40 45 

. 
' ..::::1 Q.J 0 QJ 

fll!'iHU1 TD-MNF fl'lJ'I-!l't'il!fl 

79.;5 r--------___.~ 

79r

N7asl :s 
lL 78 
z I 

~ 77511 

>-
c 77 

"' E ?as: 

76! 
755-

------~--------'-.--- ----~--75' 
1 1.5 2 25 3 3.5 4 4: 

N719r :s ' 
lL 71.8~ z 
~ 717 

~ 716l 

"' ' " E 11s-

71.2L__---
1 15 

83r ---,---

N' 
~81 

lL 

~sol 
0 
>
c 

"' Q) 79-

E I 

78-

77L_ ___ 
1 

66 5-

N' sac :s essl lL 
z 
4' 65-
0 
>--
c 645" 

"' " E 64' 

635 

63 ~ 
I 

15 

e2sL--
1 1.S 

Mass (kg) 

25 3 35 

Mass (kg) 

2 25 3 35 4 " Mass (kg) 

----------'--
2 2.5 3 35 

Mass (kg) 
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\91TH~ ~-2 (19itl) fldl:JJ~:JJ~'L-!1ll~r·rJ1~n1 TD-MNF !!r!~n1m~v TD-MNF tl'UJmun li'W 

Vl1111t1!11 'W'lfJ~~fi1 TD-MNF r!\9frl~!rlvJ1'MUfl!yt:JJ~'W 

22 

23 

24 

' Q.l 0 QJ 

rll TD-MNF fl'U'Wl't'i'Wfl 
82~--

'!"' sor 3k:g: 

I 5kg 
78-- ----

76' 

64------
5 10 15 20 

90 

85 

N' 
E. 75r 
lL 
z 
~ 70 
0 ,_ 

55 
1 2 

w 
1 15 25 

window 

g 10 

35 

. 
' 1!:1 QJ 0 Q.J rmmm TD-MNF fl'U'IHt'i'Wfl 

77r----

N' 
~751 
lL 
z 
~ 74: ,_ 
c: 

"' "" E 

72-

83, 

N81·-

E. 
"- ' z eo:-
~ 
0 
I- 79-
c: 

"' " E 78-

761 

61.8-

~ 616! 

lL 
Z 614-
::;: ' 

~ 612
1 

c: 
m 6H 
E ' 

60 8-

606' 

604'--

~-- ------

15 25 3 3.5 4 45 

Mass (kg) 

1.5 2 25 3 35 ,, 
Mass (kg) 

1 15 2.5 3 35 4 4S 

Mass (kg) 
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~ Q.l ~ ~ 
'W 1 '11 'W fl! 'VUJ 'U 'W 

128 

2 

4 512 

5 384 

6 1024 

8 1024 

9 1024 

11 384 

12 128 

13 256 

14 512 

16 128 

17 384 

18 512 

19 768 

20 

21 256 

22 

23 512 

24 384 

'U'h!WI 

1u1~1~ 
A~em,tl 

96 

128 

288 

64 

256 

128 

192 

128 

256 

512 

128 

288 

512 

768 

128 

512 

288 

0 ' 'lll'hl1'hlfll 

TD-MDF 

31 

21 

10 

33 

9 

17 

15 

24 

12 

6 

24 

10 

6 

4 

23 

6 

10 
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' fllp 

26-30 16.13 4.28E-05 

18-21 19.05 3.81E-09 

7-10 40 1.76E-03 

23-33 33.33 4.96E-04 

8-9 22.22 6.23E-06 

13-15 17.6471 7.63E-02 

I 
12-14 20 5.61E-03 

1-7 29.17 4.72E-03 

8-11 33.33 6.41E-05 

6 16.67 5.56E-01 

3-6 16.67 1.60E-03 

1-3 30 8.67E-03 

6 16.67 6.84E-01 

3-4 50 2.81E-05 

20-23 17.39 7.64E-04 

6 16.67 2.58E-01 

2-3 20 1.76E-01 



G]ldl ~~dtli "'~~ 
!'W'lf'N'Vlfll TD-MNF !'Y'I:JJ'IJ'W!:IHJ'Wl'Vi'WfH'Y'I:JJ'U'W 

2 

4 

5 

6 

' Q.l 0 Q.l 

fll TD-MNF fl'Ultl'H'I-tfl 

70 ______ _____l____ __ 

5 \0 

80· 

~7 
LL z 70-

~ 681 
>-

66 

64 

62 1 

60 

95----

15 

window 

't' 1kg 3kgl 

5kgl: 
---~ 

::± 1 kg -e::-':>o_-=e- Skg' 

I 

10 12 14 

window 

, [~1 ·~=-tT-iko--6:5•, 
90f 

85· 

'N 
;.s 80 ~ 
LL 
z 
~ 75-
0 
>-

8Q,--

' "r 

LL 
z 
::;; 
0 
>-

60. 

55 . 

3 4 

10 

5 6 

window 

t::: 
__ Skg ~ 

----------· I 
I 
I 

·I 
I 

'I I !I 
I I 
I 
I 
I 
I 
I 
I 
I I 
~-----------1 

15 20 25 30 

window 

I 

' .c:::l QJ 0 QJ 

rll!'iHl£1 TD-MNF fl'l.J'I-tl'H'I-tfl 
84~---

83 

821 
N e1 ~ 
~ 
LLao 
z 
4' 70'f 
~ i 
c 78: 

"' "' E" 

76! 

75 

76,------

74:_ 

N72 

~· 
LL ' z 70[ 
::;; 
0 
>- ... 
c: 

"' "' E 66~ 

64 

------~~---J_______j_ __ 

15 2 25 3 3.5 4 

Mass (kg) 

___ ____j__ __ ._ L ______ , 

15 2 2.5 3 3.5 

Mass (kg) 
78~---· 

77~ 

N7e-
~· 
LL : z 751-

4' 
0 
>- 74 
C: I 

"' "' E 73~ 

71L __ 
1 

69,----

I 

ea 1c-

Ne7-
~ 
LL oei z 

~ 
>- 65· 
c: 

"' "' E 64· 

15 2 25 3 3.5 

Mass (kg) 
--------

1.5 2.5 3 35 

Mass (kg) 

,, 

,, 
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\9ll'JVl ~-4 (\OitJ) f111~LY~~'Wn'J~rd1~~1 TD-MNF Urt~~l!U~EJ TD-MNF tl1nhwun lfW 

~ Gj ' d ' ~ ~ ~ ~ QJ d ~ 
'Vl'ill'JWl ~'W'JJ"N'I'lfll TD-MNF !'V'J~'IJ'W!~tl'Wl'M'Wm'V'J~'IJ'W 

8 

9 

11 

12 

L1. 
z 
~ 

' Q.l' 0 Q.l 

fll TD-MNF fl'UUl't'iUfl 
?sr-··---~-----~-

j --r=fTifl 
--- I 

0 60-
1-

ssf 
I 
I 

50---~--~---- ·---~--L--

1 2 3 4 5 7 8 

76 

N" 
;s 70 
L1. 
z 
:if 68 ~ 
0 
1-

N" 
<=-

66" 

64-

62~-----
2 

as, 

I 
8Qc 

60----
2 

85----

60: _ _l_ ____ _[_ __ 

2 4 6 

window 

_ _____L__ ___ _j_ ___ _ 

8 10 12 

window 

~~-c-lkgi 
! 3kg I 

Skg-1 
-----'1 

14 16 

11---,-,;g: 
I 3kg

1

l 
I Skg! 
~-- ! 

---~---- --~--

6 10 12 14 

----------- -
10 12 14 16 18 20 22 24 

window 

. 
' .c:::t QJ 0 QJ 

fll!'iHI£.1 TD-MNF fl'U'l-Al't'i'Ufl 
60,------,------------,-

59 5 ~ 

ssl 
- I 
N 58.51 

<=- ' 
L1. 58c 
z 
~ 57.5-

~ sr! 
~ 565~ 

55.5-

-~-~---~------- --------' 
1 5 2 25 3 35 

Mass (kg) 
69.5r------------ ---

68 5 ~ 

N saf 
<; I 
LL 67.5 ~ 
z 
~ 67 

1-

m 665r 
E 66~ 

as sl 

65 

70.5.---
1 

69 5 ~ 

~ I 
~ 691 
z I 
::;; ' 0 685• 

1-

lil 68 
<ll 
E 

15 

665~--~ 

2.5 3 35 

Mass (kg) 
45 

1 1 5 2 25 3 35 4 45 

Mass (kg) 
78 r---- --r - -

77 

---~-------------

2.5 3 35 4 45 

Mass (kg) 



C> 'l I d I d J ~ ~ Q.J d eJ 
'VHll'Hl!l 'U'lf'J~'Vlfll TD-MNF !i"'lJ'\J'U!lJtl'Ulli'UfHi"'lJ'IJ'U 

13 

14 

16 

17 

' QJ 0 Q.l' 

fll TD-MNF fl'U'W1'11'Wfl 

~ eoi-
::;; I 

0 78~ 
f- ' 

76f 
74f 

I 

"I 701 ____ 

1 2 

sol 
I 

751 
I 

~ 70 

55 _____ L_______. __ _ 

1 1.5 2 2.5 

eo 

75-

70· 

soL 

651--~------

1 n-------. 
I ! I 
l?s.~ 

Nl I 
II ' 
-I 
~17' 
:;;I o: : 
r-L65.J _______ .! 

I 

eof 
I 

ssL __ 
1 

. , ___ - l-----~-

6 7 8 9 10 11 12 

window 

5 6 

window 

------ - I 1-l"'l I 3kg I 

Skg I 
~~-j 

I 
I 

1 
I 

-- _____ __j 

7 8 9 10 

' ' .ct Q..l 0 Q..l 

fll!'iUir.l TD-MNF fl'U'Wl'l1lHl 
79,---~-

I 
N n~ 
~I 
LL ' z 76f 
~ I 
r- "r 
c: ' 

~ 7J 
73

1 

72L_---~-- ___ _[_ ____ ____L ___ --

1 15 2 25 3 3.5 

Mass (kg) 
59..----

sa 5-

N' 
E. 
LL ,., 
z 
::;; I 

i 575

r 

"I 
56 -----~---

701 

I 
I 

691 

N! 
E. ee! 
LL ! 
z I 
::;; ' 
0 67: 
f-
c: 

"' Q) 66-
E 

65-

15 

76r--

75.5-

75-

N' .E. 745-

LL 
z 
:::; 74-

~ 73.5-

c: 

"' Q) 73 
E 

72.5 

7J.5L ____ _j _____ L 

1 1.5 2 

2.5 3 35 

Mass (kg) 

25 3 3.5 

25 

Mass (kg) 

3 

Mass (kg) 
3.5 

,, 

,, 
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18 

19 

20 

21 

22 

23 

' QJ 0 OJ 

rll TD-MNF fl'U'J.!l'H'J.!fl 

65-

i 

eoL-~-~---~-
1 1.5 2 25 

LC 
z 66-
:,;: 
0 64L 
>--

62 ~ 

eoi 
58' 

56 
1 

85 ~ 

i 
eof 

N I 
;s 75~ 
LC 
z 
~ 70 
0 
>--

1.5 

I 
I 
I 
I 

-----~~-~_1.-...,J 
3 3.5 
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Time-Dependent EMG Power Spectrum Parameters of Biceps Brachii 
during Cyclic Dynamic Contraction 
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Abstract- Mean frequency and median frequency (MNF 
and MDF) features are global used parameters of EMG power 
spectrum to determine muscle fatigue. A major problem of 
these parameters is a non-linear relationship between muscle 
load and feature value, especially in large muscle and in cyclic 
dynamic contraction. To analyze the EMG signal in both of 
muscle fatigue and muscle load, we have been proposed time 
dependence of the MNF and MDF (TD-MNF and TD-MDF) of 
a time-sequential data. Moreover, the surface EMG signals 
that were used in this study were acquired from the biceps 
brachii muscle during round-trip dynamic contraction. After 
that TD-MNF and TD-MDF were calculated and compared 
with the standard MNF and MDF features which were calcu
lated based on the whole data. Three statistical parameters 
including mean, median, and variance were used to apply with 
the selected efficient range of TD-MNF and TD-MDF in order 
to easily observe and use in an application. The result shows 
that mean parameter of selected TD-MNF have a better linear 
relationship with muscle load compared to the others and have 
a significant difference (p<O.OOS) between feature values for 
different loading conditions. In addition, it was found that 
there was a certain pattern of TD-MNF and TD-MDF for each 
data and each subject that has not been found in traditional 
MNF and MDF features. The optimal method of TD-MNF and 
TD-MDF was success when overlapping consecutive window 
was performed with 512-sample window size and 64-sample 
window increment. In conclusion, mean of the selected TD
MNF band can be used as both muscle load and muscle fatigue 
indexes. 

Keywords- Mean frequency, Median frequency, Power spec
trum, Electromyography (EMG) signal, Isotonic contraction. 

l. INTRODUCTION 

Surface electromyography (EMG) signal is one of the 
most significant electro-physiological signals that is nor
mally used to measure electrical activity from the muscles. 
There are many potential applications that can be detected 
and analyzed by the EMG signals such as muscle load, 
muscle activity, muscle fatigue, and muscle diseases. Usu
ally, in order to detect them, feature extraction method 
should be performed. It is a method to maintain the impor
tant EMG information and discard the unwanted EMG 

parts. Root mean square, mean absolute value, integrated 
EMG and zero crossing per second are commonly quantita
tive used method in detection of muscle load. There are 
features based on time domain. However, performance of 
time domain features in muscle fatigue detection is a draw
back. Effective domain of EMG feature method for detec
tion of muscle fatigue is usually based on frequency infor
mation. Parameters of the EMG power spectrum are used as 
a feature. There are two ordinarily used namely, mean fre
quency (MNF) and median frequency (MDF). On the con
trary, usage of the MNF and MDF features in determining 
muscle force illustrates the contradictory findings [1-8]. A 
number of literatures [ 1-2] showed that the MNF and MDF 
values increase with force levels. On the other hand, de
crease of the MNF and MDF values with force levels is 
shown [3-4]. Moreover, in some experimental results, val
ues of the MNF and MDF become independent of the con
traction levels [5-6]. All of these literatures were analyzed 
with the EMG signals recorded from biceps brachii (BB) 
muscle during static muscle contraction. In addition, non
linear relationship with muscle load of the MNF and MDF 
features are investigated in dynamic muscle contraction [7] 
and in large muscle [8] as well. In this study, we are propos
ing modification of the traditional MNF and MDF methods 
in order to solve the non-linear relationship between feature 
values and muscle loads. Instead of using a whole signal 
fast Fourier transform (FFT) in standard features, a concept 
of using consecutive FFT has been proposed for resolving 
the above problem. As a result the proposed methods can be 
used to detect both of the muscle fatigue and muscle load 
instead of using a multi-features. 

II. METHODS AND MATERIALS 

A. Time-Dependent MNF and MDF Methods 

The definition of the traditional MNF and MDF features 
of the EMG power spectrum are described as follow: 

MNF is an average frequency that is calculated as sum of 
product of the EMG power spectrum and frequency divided 
by total sum of spectrum intensity. It can be expressed as: 

N.A. Abu Osman et al. (Eds.): BIOMED 2011, IFMBE Proceedings 35, pp. 233-236, 2011. 
www.springerlink.com 
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muscle force illustrates the contradictory findings [ 1-8]. A 
number of literatures [1-2] showed that the MNF and MDF 
values increase with force levels. On the other hand, de
crease of the MNF and MDF values with force levels is 
shown [3-4]. Moreover, in some experimental results, val
ues of the MNF and MDF become independent of the con
traction levels [5-6]. All of these literatures were analyzed 
with the EMG signals recorded from biceps brachii (BB) 
muscle during static muscle contraction. In addition, non
linear relationship with muscle load of the MNF and MDF 
features are investigated in dynamic muscle contraction [7] 
and in large muscle [8] as well. In this study, we are propos
ing modification of the traditional MNF and MDF methods 
in order to solve the non-linear relationship between feature 
values and muscle loads. Instead of using a whole signal 
fast Fourier transform (FFT) in standard features, a concept 
of using consecutive FFT has been proposed for resolving 
the above problem. As a result the proposed methods can be 
used to detect both of the muscle fatigue and muscle load 
instead of using a multi-features. 

II. METHODS AND MATERIALS 

A. Time-Dependent MNF and MDF Methods 

The definition of the traditional MNF and MDF features 
of the EMG power spectrum are described as follow: 

MNF is an average frequency that is calculated as sum of 
product of the EMG power spectrum and frequency divided 
by total sum of spectrum intensity. It can be expressed as: 

N.A. Abu Osman et al. (Eds.): BIOMED 2011, IFMBE Proceedings 35, pp. 233-236, 2011. 
www.springerlink.com 



, 

.. 

234 

MNF= ~f1P1 ~~P1 (1) 

where fi is a frequency of the EMG power spectrum at fre
quency bin j and P1 is the EMG power spectrum at fre
quency binj. 

MDF is a frequency value at which the EMG power 
spectrum is divided into two regions with equal integrated 
power. It can be expressed as: 

(2) 

In order to analyze the EMG power spectrum in both of the 
muscle fatigue and muscle load, we investigate the TD
MNF and TD-MDF methods. The proposed methods used a 
sliding window technique for extracted features instead of 
using the whole data. It is suitable for non-stationary EMG 
signal that is recorded from the cyclic dynamic contraction. 
The concept of consecutive FFTs is shown in Fig. I. In this 
figure, the window size in length of 512 samples was used 
with the window overlapping by 64 samples. A series of the 
MNF and MDF features can be derived from the successive 
FFT for the whole length of the EMG data. A total of 9 
segment FFTs per second was obtained in this case. 

In this study, performances of the TD-MNF and TD-MDF 
methods that were used to determine the muscle load and 
muscle fatigue were proposed and evaluated. Firstly, the ef
fects of the window size and window overlapping functions 
were optimized. The window size function was set to 512 
samples in both traditional and time-dependent methods. 
However, six overlapped window functions, including 32 
samples (6.25%), 64 samples (12.5%), 128 samples (25%), 
256 samples (50%), 384 samples (75%), and 512 samples 
(100%, disjoint), were evaluated. The observation and selec
tion of the suitable range of the TD-MNF and TD-MDF were 
proposed. After that, secondly, three statistical parameters 
were calculated for that range. Analysis of variance (ANOV A) 
was performed on these parameters in order to measure the 
relationship between parameter value and muscle load and to 
appraise the significant difference in loading conditions. 

B. Data Acquisition and Experiments 

EMG signals were recorded by two surface electrodes on 
BB muscle and reference electrode was placed on the wrist 
as shown in Fig. 2(a). The EMG signals were acquired from 
four normal subjects with different loads (2, 4, 6, and 8 kg). 
The subjects were asked to perform the round-trip flexion
extension contraction with 3 seconds in the range of 0-180° 
as shown in Fig. 2(b). All the EMG signal recordings 
were carried out using a Mobi6-6b (TMS International BV, 
Netherlands). The signals were sampled at a rate of 1024Hz 
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Fig. 1 Concept of consecutive overlapping FFTs with window size is 512 

samples and window overlapping is 64 samples 

Fig. 2 (a) Electrode locations (left) BB muscle (right) common ground. 
(b) Apparatus used to apply constant force at various joint angles (I) flex
ion (II) extension 

with 24-bit AID resolution and were band limited from 20 
to 500Hz. Further, an amplifier with 19.5 times was set. 

III. RESULTS AND DISCUSSION 

It is distinctly presented in the above introduction that 
many discrepancies existed between the findings of a relation
ship between the MDF (and MNF) parameter and muscle 
loading level. In addition, its investigation was confirmed in 
our results as shown in Figs. 3(a) and 3(b), respectively. The 
average MDF and MNF values were shown that their relation
ships are difference in each subject. For instance, in Fig. 3(b). 
the MNF values are independent of the muscle loading levels 
in subject 1, increasing together with the muscle loading levels 
in subject 2, and decreasing with the muscle loading levels in 
subject 3 and subject 4. The similar trend can be observed for 
the MDF values as well. It is shown in Fig. 3(a). Consequently 
the TD-MDF and TD-MNF were calculated as shown in Figs. 
4(a) and 4(b), respectively. From the experimental results, we 
can found that the TD-MDF and TD-MNF of the EMG data 
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with cyclic dynamic contraction showed a dynamical change 
with respect to time and there were certain patterns of the TD
MDFs and TD-MNFs for each data. The selection of a suit
able range of the TD-MDF and TD-MNF feature vectors will 
offer the better separation performance between muscle con
traction levels. However, the certain relationship between the 
proposed methods and muscle loading conditions was found 
in some consecutive window condition as shown in Figs. 4(a) 
and 4(b). The solid line boxes present the region of features 
that has an inverse relationship between feature values and 
muscle loading conditions (a decrease of the feature values 
with an increase of the force levels) for each subject. That it 
has not found from the traditional MDF and MNF features, as 
presented in Figs. 3(a) and 3(b). Mostly, these solid line boxes 
were located in middle of the EMG sequences. To confirm the 
discovery that it was not occurring from the effect of muscle 
fatigue. The linear regression analysis was employed to ob
serve the behavior of the muscle fatigue. For instance, series 
of the MDF values from the subject 3 with different loading 
levels are shown in Fig. 5. It confirms that decreased MDF 
values are not affected from the muscle fatigue. Moreover, in 
some subject, the positive relationship was found in the begin
ning and ending of the sequence as shown with the dash 
line boxes in Figs. 4(a) and 4(b). In this study, we selected 
the middle TD-MNF and TD-MDF ranges to calculate the 
statistical parameters. These parameters can be seen as a di
mensionality reduction method in order to easily use in the 
applications. To automatically assess, we used the same range 
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Fig. 3 (a) Mean MDF of EMG for different loads from four subjects 
(b) Mean MNF of EMG for different loads from four subjects 
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Fig. 4 (a) TD-MDF (b) TD-MNF of BB during cyclic dynamic contraction 
with 512-sample window size and 64-sample window overlapping 
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Fig. 5 Series of the MDF feature of the subject 3 at different loading 
conditions for proving an un-fatiguing of the muscle 

of TD-MNF and TD-MDF for each subject. It ranges between 
19 and 22 (about 10% of the whole windows). 

For the first optimized issue, the results show that the 
method of 64-sample window overlapping function obtained 
the better in separation ability than the other overlapping 
consecutive window functions including the disjoint con
secutive window function (overlapped with 512 samples). 
Moreover, it has not been found the certain relationship in 
each subject for the disjoint window function as formerly 
founding with traditional methods. Secondly, an evaluation 
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of the statistical parameters calculated from the selected TD
MNF (and TD-MDF) was proposed. The results of p-value 
obtained from ANOV A analysis are reported in Table 1. It 
was found that there are the significant difference (p<0.005) 
between feature values for different loading conditions. The 
performance of TD-MNF is better than the TD-MDF. The 
TD-MNF's p-value is much lower than the p-value of the 
TD-MDF. Moreover, mean statistical parameter shows a 
better separation performance than the other two parameters, 
median and variance. In the Figs. 6(a) and 6(b), the relation
ship between mean TD-MNF (and mean TD-MDF) parame
ter and muscle loading level are shown, respectively. There 
was a certain relationship of mean TD-MDF and mean TD
MNF for each trial and each subject that was not found in 
traditional methods. Thus we can conclude that the proposed 
method can be used as an index that can be used to detect 
both muscle load and muscle fatigue. 

Subject 2 

~ :~':· . ._, __ , __ _ 

6 
Mass (kg) 

Mass (kg) Mass (kg) 

Mass (kg) Mass (kg) 

Mass (kg) Mass (kg) 

Fig. 6 (a) Mean of selected TD-MDF (b) Mean of selected TD-MNF of BB 

during cyclic dynamic contraction with 512 sample window size and 64 

sample window overlapping 

Table I ANOVA analysis (average p-value from 4 subjects) of three 

statistical parameters extracted from selected TD-MDF and TD-MNF 

(window size is 512 samples and window overlapping is 64 samples) 

Feature Average p-values 
extraction TD-MNF TD-MDF 

Mean 0.00305 0.01768 

Median 0.00340 0.02387 

Variance 0.09327 0.27870 

S. Thongpanja eta!. 

IV. CoNCLUSIONs 

The idea of using consecutive FFT has been proposed for 
extracting the MNF and MDF features that can be used to 
detect both of the muscle loads and muscle fatigue. Its bet
ter separation and reliability performance of the proposed 
were shown through the experiments. An increasing of the 
processing cost does not require any additional hardware. In 
the future works, the various efficient statistical parameters 
should be evaluated with the selected suitable ranges. 
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Abstract 

Parameters derived from EMG power spectrum are beneficial methods for assessing muscle fatigue. Two important 
indices are median frequency and mean frequency (l'v!DF and MNF). They have been established as the global muscle 
fatigue indices, particularly in static muscle contraction of biceps brachii muscle. However, a major problem of these 
parameters is a nonlinear relationship between muscle load/force and feature value, particularly in cyclic dynamic 
muscle contraction of forearm muscles. In this study, EMG feature indices that can simultaneously identily both 
fatigue and load are proposed. Instead of using an entire EMG signal fast Fourier transformation (FFT), a concept of 
using consecutive FFT has been proposed as known as the "Time-Dependent MDF and MNF" (TD-MDF and TD
MNF). The success of TD-MDF and TD-MNF features used to determine muscle fatigue have been presented in a lot 
of research works, whereas the performance of TD-MDF and TD-MNF used to determine muscle load have been 
proposed in a few research works. Moreover, it has not previously been evaluated with the forearm muscles. Thus it 
has been investigated in this study. Four forearm muscles are evaluated including flexor pollicis longus, supinator 
longus, extensor carpi radialis longus and pronator radii teres. The results showed that the proposed methods have a 
linear relationship with muscle load in some selected range of TD-MNF for flexor pollicis longus muscle that were 
not found for traditional MDF and MNF. Moreover, a statistically significant difference between TD-MNF values for 
different loading conditions (p < 0.2) was observed. The optimal method of TD-MNF was successful when 
overlapping consecutive window was performed with 512-sample window size and 128-sample window increment. 
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1. Introduction 

Surface electromyography (EMG) signal is a non-invasive technique for measuring electrical activity 
which exists and compounds from muscle potential. It is also widely used in many medical and 
engineering applications that can be detected and analyzed by the EMG signals such as muscle load, 
muscle fatigue, and muscle diseases. In order to determine muscle load/force, feature extraction method 
based on time domain should be performed. On the other hand, for assessing muscle fatigue, feature 
extraction method is based on frequency domain such as median power frequency (MDF) and mean 
power frequency (MNF). However, there are no universal feature extraction method that can be 
determined both muscle load and muscle fatigue. In order to develop the universal feature indices, in this 
study MDF and MNF, the gold standard for muscular fatigue testing, are selected. 

The performance of MDF and MNF features for assessing muscle force shows the contradictory 
finding. A number of literature review showed that the MDF and MNF values increase as force level 
increase [1-2]. On the other hand, a decrease of the MDF and MNF values with force level is shown [3-4]. 
Moreover, in some experimental results, the MDF and MNF values are unaffected by changes in muscle 
force [5-6]. All of these literatures were analyzed with EMG signals recorded from biceps brachii (BB) 
muscle during static muscle contraction. In addition, a non-linear relationship with the muscle load of 
MDF and MNF features are investigated in dynamic muscle contraction [7] and in large muscle [8] as 
well. In order to resolve the above problem, the previous studies have proposed time dependence of the 
MDF and MNF (TD-MDF and TD-MNF) of a time-sequential data to detect muscle load and muscle 
fatigue for BB muscle [9-1 0], whereas the performance of TD-MDF and TD-MNF used to determine 
muscle load for forearm muscle have not previously been proposed. Thus, in this study, we investigated 
the TD-MDF and TD-MNF features to determine muscle load for four useful forearm muscles, namely 
flexor pollicis longus (FPL), supinator longus (SL), extensor carpi radialis longus (ECRL) and pronator 
radii teres (PRT) . 

2. Methods and Materials 

2.1. Time-dependent MDF and MNF methods 

The definitions of traditional MDF and MNF features of the EMG power spectrum are described as 
follows: 

MDF is a frequency value at which the spectrum is divided into two regions with equal integrated 
power. It can be calculated as: 

MDF M I M 

IP= I P=-IP, 
j=l J j=MDF J 2 J=l 

1 
(1) 

where P1 is the EMG power spectrum at frequency bin j and M is the number of total power spectrum. 
MNF is an average frequency value. It is calculated as the sum of product of power spectrum and 

frequency divided by the total sum of spectrum intensity, which can be expressed as: 

M /M 
MNF= ". f. P ". P, ~ I J ~ J 

i=l i=l 

(2) 

where;; is the frequency of spectrum at frequency binj . 
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In order to analyze the EMG power spectrum in both of muscle fatigue and muscle load, we 
investigate the TD-MDF and TD-MNF methods. The proposed methods used a sliding window analysis 
for extracting the MDF and MNF features instead of using the whole EMG data. It is suitable for non
stationary EMG signal that is recorded from the cyclic dynamic muscle contraction. The concept of 
consecutive FFTs is shown in Fig. 1. In this figure, the window size in length of L samples was used with 
the window increment by I samples. In this study, the performances ofTD-MDF and TD-MNF methods 
that were used to determine muscle load and muscle fatigue were proposed and evaluated. The effects of 
the window size and the window increment functions were optimized. Five different window size (L) 
including 1024, 768, 512,384, and 256 samples with the window increment(/) 6.25, 12.5, 25, 50, 75, and 
100% of L were evaluated in the time-dependent method. The suitable ranges of TD-MDF and TD-MNF 
were observed and selected. After that, three statistical parameters including mean, median and variance 
were calculated for the selected ranges. The analysis of variance (ANOV A) test was performed to test the 
significant difference in lqading conditions between parameter values and muscle load. 

2.2. Data acquisition and experiment 

EMG signals were acquired by bipolar electrodes on 4 useful forearm muscles consisting FPL, SL, 
ECRL and PRT muscles and a reference electrode was placed on wrist as shown in Fig. 2(a). EMG 
signals were collected from 4 normal subjects with different loads: 2, 4, 6 and 8 kg. EMG signals were 
measured during round-trip cyclic dynamic contraction with 3 seconds in range of 0-150 degrees as 
shown in Fig. 2(b). All EMG signal recordings were carried out using a Mobi6-6b (TMS International BV, 
Netherlands). A band-pass filter of20-500 Hz bandwidth and an amplifier with 19.5 times were used. The 
signals were sampled at a rate of 1024 Hz with 24-bit AID resolution. 

-2'()()0 l::'<h ,~JJ 7M•: W24 12~0 IYif; 1792 204'S 2W4 l:~M 2.KI(, ;()1;z 
~;tmpk· 

Fig. I. A concept of consecutive FFTs with L sample window size and I sample window increment 

(a) (b) 

Fig. 2. (a) Electrode locations (left) the FPL, SL, ECRL and PRT muscles (right) a common ground; (b) Apparatus used to apply 

constant force at various joint angles (I) flexion (II) extension 
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3. Results and Discussion 

It is clearly presented in the above literature that many discrepancies existed between the findings of a 
relationship between the MDF (and MNF) parameter and muscle loading level. It was confirmed in our 
results as shown in Fig. 3. The average MNF values show that their relationships are different in each 
subject for four forearm muscles. The similar results can be observed from the MDF value. 

Among four forearm muscles, the TD-MDF and TD-MNF of EMG data from FPL muscle were 
calculated and shown a dynamical change with respect to time as shown in Fig. 4 and Fig 5, respectively. 
There were the certain patterns ofTD-MDF and TD-MNF for each data. The certain relationship between 
TD-MDF, and TD-MNF, values and muscle load was obtained in some consecutive window conditions as 
shown in Fig. 4 and Fig. 5. The solid line boxes located in the middle range of TD-MDF and TD-MNF 
presented inverse relationship between feature values and muscle load for each subject. Moreover, the 
positive relationship was found in some subjects as shown in the dash line boxes in Fig. 4 and Fig. 5. 
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Q .. 
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Fig. 3. Mean MNF feature ofEMG signals from different loads and muscles for four subjects 
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Fig. 5. TD-MNF of FPL muscle during cyclic dynamic contraction with 512-sample and 128-sample window size and increment 

Table I. The suitable range ofTD-MNF in some consecutive window conditions for FPL muscle. 

Window size/ Number of Percentage of the suitable 
Total windows Suitable range 

Window increment suitable window window with the total windows 

512/128 21 11-14 4 19.05% 

512/64 41 22-27 6 14.63% 

384/288 10 6-7 2 20.00% 

384/192 15 8-10 3 20.00% 

384/48 57 36 1.75% 

384/24 113 68-72 5 4.42% 

Table 2. AN OVA test (average p value from 4 subjects) of three statistical parameters extracted from the selected TD-MNF in some 
consecutive window conditions for FPL muscle. Note that NaN is "Not a Number". 

Window size/Window increment 
Average p value 

Mean Median Variance 

512/128 0.111 0.216 0.069 

512/64 0.132 0.228 0.062 

384/288 0.184 0.272 0.317 

384/192 0.177 0.334 0.178 

384/48 0.181 0.251 NaN 

384/24 0.159 0.245 0.353 

In this study, we selected the middle TD-MNF and TD-MDF ranges to calculate the statistical 
parameters. These parameters can be seen as a dimensionality reduction method in order to easily use in 
applications. To automatically assess, the same range of TD-MNF and TD-MDF was used for each 
subject. The certain relationship between the same range of TD-MNF and muscle load in some 
consecutive window condition was found from the FPL muscle as shown in Table 1, which was not found 
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in TD-MDF as presented Fig. 4. Moreover, the certain relationship between the same range of TD-MDF 
(and TD-MNF) features and muscle load was not found for SL, ECRL and PRT muscles. Hence, the 
evaluation of three statistical parameters including mean, median and variance calculated from the 
selected TD-MNF was proposed only for FPL muscle. The results of p-value obtained from the ANOV A 
analysis are reported in Table 2. It was found that there are significant differences (p < 0.2) between mean 
TD-MNF values for different loading conditions. Mean statistical parameter shows a better separation 
performance than other two parameters, median and variance. However, in our previous studies [9-1 0], 
there is a significant difference (p < 0.005) between mean TD-MNF and muscle load for BB muscle. 

The method of 512 samples window size with the 128 samples window increment provided the better 
separation performance than other consecutive window function. It ranges between 11 and 14, 
approximately 19% ofthe whole windows. The relationships between mean ofthe selected TD-MNF and 
muscle load are shown in Fig. 6. We found that a linear relationship between mean of the selected TD
MNF and muscle load in FPL muscle is existed for all subjects that were not found in traditional methods. 
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Fig. 6. Mean parameter of the selected TD-MNF ofFPL muscle with 512-sample and 128-sample window size and increment 
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In the summary, the proposed method can be used to determine both muscle load and muscle fatigue 
for the FPL muscle, however, its performance is worse than the EMG signal extracted from the BB 
muscle. In addition, the proposed method cannot be used to detect the muscle load for other three forearm 
muscles: SL, ECRL and PRT. Moreover, a linear regression analysis was employed to observe the 
behavior of muscle fatigue as shown in Fig. 7. It confirms that MNF values decreased are not affected 
from the muscle fatigue but from the muscle load. 

4. Conclusion 

The concept of using consecutive FFT has been proposed for extracted the MNF, and the MDF, 
features that can be used to determine both muscle load and muscle fatigue for the FPL muscle. Its better 
separation and reliability performances of the proposed method were shown through the experiments. An 
increasing of the processing cost does not require any additional hardware. However, the proposed 
method is not a valid tool to assess muscle load for the SL, ECRL and PRT muscles. 
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