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ABSTRACT

Repetitive movements of the hand and wrist in industrial tasks are known to be an
important risk factor associated with CTDs. In particular, highly repetitive movements are
associated with a greater risk of incurring an injury, than for less repetitive motions. Since
high frequency motions are generally considered to be more hazardous, it was expected
that the frequency-weighted function should be a high pass filter, counting high frequency
motions more heavily than the low frequency motions. If an appropriately scaled filter
network could be derived so its frequency characteristics represent the characteristics of
human response to physical stress, the filtered biomechanical data would be proportional to
those frequency characteristics. While, repetitiveness could be expressed as frequency,
number of cycles per unit time.

The purpose of this study was to evaluate the manual workload in repetitive wrist
and finger motions. To evaluate the manual workload, angle displacement of the joint,
EMG of the muscle and subjective rating were studied. This study was divided into
experiments of the wrist motions and finger motions. The task in experiment of the wrist
motions was a screw-driving task by wrist motions. In experiment of the finger motions, a
keyboard typing task by finger motions was performed. All joint angles were measured by
an angle-measuring glove(CyberGlove™, Virtual Technologies, Inc.) with 18 sensors that
monitor the motions of the hand and fingers. EMG was recorded from FCU muscle and
FDS muscle respectively using a Polygraph system(NEC San-ei instruments, Ltd.). And,
subjective rating was reported after performing each task using modified Borg’s CR-10
rating scale. In experiments, repetition rates of 0.5, 1, 2 motions per second were used with
each task.

As a result, the manual workload increased with increasing repetitiveness. In data
processing, peak spectral magnitude and frequency components corresponded closely with
joint angular displacement amplitudes and repetition rates. Results of the correlation
analysis showed that it was high correlation between objective measurement(EMG and
filtered angle data) and subjective measurement(subjective rating).
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2 g AE Ry gPol mE £ B3 FAE AT AT WY
% BeYS wRF] AT BH, =g T4 Fol hstel A&sArt

e g

P A = Aotk vxo] A9, AA 2GR F 90% 7t FETE ol &
5t 2ol o)Eskal 212w (Yun,1994), # <+ Robotics 1} VR Technology ¢kl
M 2Rl B E FEo] 70%7F de Ao® dEA Uk olH g 3
S T2 Fdste AdddA e Fas A wld BAEE w2 vE9
£33 P FElE Fole Aotk AAR AW FA maw APA
NN &7t &, &fo] E3E AL} 2% Gttt dck(Mital & Kilbom,
1992).

olg gt AAA As T 2 <] (Cumulative trauma disorders, CTDs)< Al
Aol W]l Aoy At e Qg Al A xZ(soft tissue)]

W ol Carpal tunnel syndrome(CTS)S =3} &&-5-9lo whAlsl= 71 dutb3

(D)

2]
gol Ab&olut extreme 3 ¥ A elal, U Ao e vk
of 1 f1le] lt}(Cannon et al., 1981; Chatterjee, 1987; Putz-Anderson, 1988). 53],
Wb s s AbsstE A Aol Ao gle] whEEHE AYom 3 AP
sl 7F Al ZksktH(Moore et al, 1991). o] E% A ] A 9] (CTDs)S 414 <]
HE 21 Q1 =21 9l (movement) ¥ 4] 5] = AFAll(posture) 2t Z12 & o] Q)

ol st FAH OGS WHEy] g Ao WS Z(task), 3 T-(tool),

o



A g (workplace) s #HE Y Q9l(isk facto)&  HxstEE Zlolnt

(Armstrong, 1986). o]l 3} - 7H F 18 2.21(risk factor)Q] WEE-AJ o]
1

T

HHE2A Rl & A (motion) A Aol A A (manual work)e] 5714 <1
’d A (cyclical nature) 258 =2 wASI=d], ¥HE-A (repetitiveness) o] 2= A2 5
Hl =5~ (frequency)tt S48 s 2Fo] o] {77k dojuh= &9l Azt
F719] S=¢9} ##o] gltH(Armstrong et al., 1982; Silverstein et al., 1986). w&}A],
Bre Ao #de s FriAoR g, ol AZHEE A

Ak o2k oA AAWSEY] A7y AGFTESE wEste HE
(frequency)= &2o] &4 WS FAgrh(Radwin & Lin, 1993). & &of,
o] FA4l 9 X (neutral position)oll A & HAIA 7= FFTo] WHEHQ] ALES
53], deviation ©] ulnar ®}3Fo = dojd uf AJ4HA (productivity) 2} grip strength ©
&2 (loss) ¥k olug} thFdt #A K E(illnesses)©] #AY shtH(Hagg et al., 1997).
Z(anatomical structure)e] 1o} ZdApAlol] ik A+
Ao A= a1gd 4 A tH(Leamon & Dempsey, 1995).

Wual ol Ak 259 exertion T} extreme 3 £E M E THA = £32)
S
- 1

(= ofl oy

sy
B

o] Ax 3} e o] ¢Irh(Armstrong et al, 1982; Silverstein et al.,
1986; Silverstein et al., 1987; Loslever & Ranaivosoa, 1993; Marras & Schoenmarklin,
1993; Moore & Garg, 1994; Schoenmarklin et al., 1994). A<+ EMG & =743+ Wk 2]

2l o] exertion R of 2} extreme ¢ £E Ao} E5 AEE - AtEE B
= P8 AaR QA FA] gt

StAIRE, WA FAb A4 2EHAE Hehe AE Wl gle
BRb ofye}, AGHeA oled 2EUAE SAHsta A™Fst & w) AFA
A84Q SAVIed SAPHE S B3 294 2B 3rE 96
o] AAGLA wvlolH A& A T A Fo shve FAlEct
T Bk o] gk e 4] dvlolElE #Eshe A #HT A

#| 74 ¥] o] t}(Radwin et al., 1994).



B A RSl AAE I FAYY v S Brteked AR
o] A th(Armstrong et al., 1979; Keyserling, 1986; Radwin & Lin, 1993; Radwin et al.,
1994; Lin & Radwin, 1997). Radwin & Lin(1993)> =2 Ewd 2] (spectral analysis)<-
ol gsto] HHEHow A= FAYS Al A WS Albekad
th 2 2~FER B4 (spectral analysis)S WHEZQl EEF2y) A AEH A
v}, 12]3L, Radwin et al.(1994)
filter & A7|sto] WHEZQl =2hgle] QA FeHA Q] ~EH 2~
B2 A9 #dd =24
2EHU S AFAom gl olo] B2 4o AAGSH dHolHE st
metric &2 ZFAAIZYh 1 3 Lin & Radwin(1997)& wHE-z ¢l Fzho] <l A< s}
2 ~E2E 4E3sl= single metric 2 F&3FE dloll exertion force 74 il
He AT Fsgth
StAIRE, o] AFolA ] B A gAIS}t EAES AZE] & ¢ Atk |
A ol A= power grip oA T4 9 X (neutral position) 2 H-E] 2] &5 =7 &
Zholl A ATE wekA], T2 grip AHMIY 7]EF S TRl A o] 2
A Fokrh B dyk FAglo] ERnto R o] FojXA et S
HA Sl g el m=3 AFHolg & F ok gl
2 ol AFlA AEH frequency-weighted filter = A7 X.<=(parameter)= 3]
AAAY] FoA BHEE AREEIY. A 2RV FHE) e A
JF4 H=5 AAF ] o] F-=3ke] vk wEbA, AdH<l
HE(EMG &)l oJg HF2do] o] FolxoF & Aolr}. mpx| O 2 frequency-
weighted filter A7 2] G & efsto] Bk (FEE filter 73S S A
Zke] WAl - B AP S ojof 3 A ol

L
2
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. OIEA HH&A

2 o)M= Filtering(e] 33} Butterworth filter, Frequency-weighted filter
(Radwin & Lin, 1994) , EMG #& A EMG 21 & A 2| (signal processing) 2] il
T34 H7HSubjective Rating) 4] 5 ¥ Aol BHEE E AFETY o 2E
bic.

ol

= 7=
2.1 Filtering(04 Zh 2t Butterworth filter

e Ao =483 FHFHES AAske FARA Ao i 28
= T8% B2 AAA TaF ddS v IHE o3|tk s d

E7F =489 Fapdes AAshks A8< AEH(filtering, ool gt

7}
oM AEA ALYANE TP N LA B2 F szt Besolu,
et Golv W B4 F /JEA LS A

$71 YA o] goj= TAH BEE AT AAH 55 Ao An

of

ol
20
N
do
%
2
24

u3
i)
r

(V]

/H({w)e] o 2A Fukg gooA FAstdY. 53] M 3549 ZH &
e Aset o T 2FER Ao % Fug HAdE dHEo|t
(Jackson, 1991; Winter, 1990).

IdHE T 54 we} E/7stH 4952 E (low pass filter), 129
2 32 ¥ (high pass filter), ™ &7} €] (band pass filter) 2 ) 2 4 %] 2 €] (band stop
filter)o] Yl o2 o]zl E 3t <(pass band)ol A= dB iH A(w)E 0 )™ A
At A (stop band)ol A= A(w)=oc0]t}. o] Al HH-F 7 E(low pass filter)2]
0 BT W FagoA= 1 o] Hil o Btk F well= 0 o] ¥, T3S
AANG ] AA FIHF 0, 0a, e oo ASTIT(cutoff frequency)et 3t
™, X3k (cutoff frequency) o2k 2 H(jo)PF 3[dB]= & F3+F



251t} (Jackson, 1991; ©]F7} 1986). Lt} A X HE A= o]e} & ol

4ol B4e AW 5 glow 2449 S4ve] A8 sbssih 2ela, 24

S}(approximation)e] ¥WHo wel UE = HE Y= ZE(Butterworth filter), = 1]
iz F | (Tschebyscheff filter), B! 2 ¥ (elliptic filter), ®W]= 2 & (Bessel filter) 5 2]
vl F7= vkl F7}, 1986).

% Fol= Fa 3
= ¥t 29, Ass 53], Ao Feol AAE el va 3E
(attenuation) F ot} o] A= thaio] Alsofs Lttt weba HAIF:HS

APk (cutoff frequency, fo)ol A7gel €2 Svh vl forb S =om, A

i}

»

[

Sofj=to] AA dojuhil shAIvt B4 @2 feol T vk 9o, wkiel f
Zh e stow e gashA Rt Asgfe] S7Fekek(Winter, 1990).

dE T ez dHE A58 x)E FH ogslr] fg Aoz 1
A7 ee] R ddsta glvk(e]F 2, 1986). A E FHE x()E EE 38t
of ¥ oliHlE x(nT)E AAdstr] AE Zlelty vAY e o A= di-&
ofo] W&tz Nd®m FH M Ha(o)7t &AA Avk= dAlstl
gzdg Aol T35 Hp(e®NE o] Aol Ak approximation)st= W o]
A lor, olyd HxE Ay Pl gk olEEk Bol AHHS
(Rader & Gold, 1967).

.{

EE

Winter(1990)+= Kinematic data processing ©ll low pass digital fiItering < T3t
+Hl Butterworth filter S AF-8-3F3itt. o] WL GA 42 5 dom, A+
o) A raw tlo]E]E X ] (process)sl= Butterworth filter & 13+ =8 txd 2

el §4e v g

XYnT) = aoX(nT) + a1 X(nT-T) + a2X(nT-2T) + b1 XY(nT-T) + b X}(nT-T) (2.1)
Where, X! = filtered output coordinates
X = unfiltered coordinate data

nT = n" sample



(nT-T) = (n-1)"" sample
(nT-2T) = (n-2)"" sample

ao, -+, by, -+ =filter coefficients

o]t IE A= FAHe gy = £ F3}5=(sampling frequency),
b F3h(cutoff frequency)soll o =3k Aol HO A= cutoff <
sharpness S Z A3t} A7 =S5 cutoff 7} sharp A3z, A5 ghe] AX
o HF AAE =8 g BE AT 9

Butterworth filter 2] A5 Xt} A EsA Artslr] 3 A2 o239
2t

>
Bl

1o

o
rlo
|_\
o,
In)

W, = tan(%j (2.2)
Kl:ﬁa)c
K
K,=w®, a,=———2_ a =2a,, a,=4a
2 c 0 (1+K1+K2) 1 0 2 0
2a
K,=—2, b, =-2a, +K,
KZ

b,=1-2a,-K;,or, b,=1-a,—-a,—a, b,

2159 ZFE(attenuation) RF ofue} e ok EHAIE o f)dws)
(phase shift)7} d=dl, ol& si=<] th& FEiQl 9149l =F(phase distortion)o] 2}
sho}, A2 A7) 9= (amplitude distortion)oll B O AztE =7} Qi) o]
gk S FARAI7I7] SsiAE g P E dolHE AR el A 9]
whopdako s opA] ghH FHEES Fadsto]of Stk (Winter et al., 1974).



2.2 Frequency-weighted filter

Biomechanical dl°]EE& A gkolt} RMS #o= Yehg= AL Hles
(frequency)el]l ™3k AR E clojwHrt= EA7 o) spx|wlk A dsA AAR
ZE network ©] &3 (discomfort)L} F-Ako] @&} e EA AE A
th gk <1 ¥k-S-(human response)S LFEFN = M= (frequency) SAS 118 e 4
Tk Qlubd, FEH ¥ biomechanical Hlo]El= Wl == (frequency) SAdol Hl#EE
ojth. o]t /g2 19 2.1 ol diagram & AFE3te] X A3IQITE o] 1€
A3k RMS input amplitude = 7171 sine 2141 9] high pass filter & 5 3}3}4
<~(frequency) 7} S 7Fgkoll w2} RMS output amplitude 7} 5713tk #AS
3l ¢l tH(Radwin et al., 1994).

ATH7} high pass filter 2] %5+ =3} (cut-off frequency) 2} 712 7](slope)”} &
A5t Z8]4 2EY 2 92 7R = Wl1XES(frequency)©t =17](amplitude)e] T
2 o7 7FA 29 input o 3] F L3 output LS AT 4= ATHA, output
RMS #2 sdst 5814 2EH2~ FF3 AT slo|t) ojejgt /dS 19

=
2.2 914 RMS input amplitude &= 7FA3FA T R =7} 5718k sine 2741o] high

—

r l

offt
i
f

b
>
>

o

pass filter & &3l 53 RMS output amplitude & 714 = ¥/ & diagram &
= Fdske] yEb 1tk (Radwin et al., 1994).
Frequency-weighted filter & Y3t 7o BHEI G Hdsh= ®
(frequency)oll 2]l AFA| Al & (postural signal)ell ol F o
2% dlolEe A wHEAE aegk A EREE e U(LIn &
Radwin, 1998).
Radwin et al.(1994)2 frequency-weighted filter A2 A] ol A}-8-% %.4=(parameter)
= Wele] A 7](amplitude)9} ®1%:=<4=(frequency)”} T2 HFE2EQ] o 22 HLE]o] F=3%

A BRse gt 1 2n, A58 QA9 ol BHY =Y

i

I syl A el 2 Eg2 F3EATE o] frequency-weighted filter &= WHE-2A <

Aol A ~EdA2E BlSHGo, wEgst wAE ;ed shiol

o



metric 2.2 <A 84 ©vlo]E]E FFAAIF T Frequency-weighted filter off A}

Hlsh AR PHA S B2 DolA Ausgr.

23 EMG & AT

>
o
)

rlo

EMG 2 g7 ol &2 = oA Pk 5759 w40l Bo
= 7]%olt}. Ralston et al.(1947)0] 1A &< ek %9 EMG 912 33
o] %, Be AyAEol 89 I EMG 9o HABAS Aty Al=Ek
t}. Dempester & Finerty (1947), Inman et al.(1952), Lippold(1952), Bouisset &
Goubel(1973) & W ATAEL o2 259 TN F5ET A AFAAE
sl o, Bronks & Brown(1987), Komi & Viitasalo(1976), Clamann &
Broecker(1979) 52 H|A3d #AES AT o] 3 o] B3I o]fE o}

A% =AY o]gp7F ¥a19l o, Basmajian & De Luca(1985)% o] &gk o]qre} i
de A7E aofsta, o590 Wstet 59 JHE EMG A5 A7|= uE
U= raw dlolEl o] AFate] dds rEsiith A3 EMG o] =7 Al

)
rok

Ae e A2 olele v, B3E 259 Jlo] SUtekiaA dxE
A EMG =717} S7FvaL sk A2 7hs st

Close & Kidd(1969)= 1A, HAl, A9 &3 Lo &sdte & A9l
ztell gk EMG A& Fdeigith. 7 nEd 42 F9 9 X|(neutral
position)ol] A &0 ¢]3} extension, flexion, abduction, adduction, grasp %©] 31T}
Post & Lavine(1967)< EMG & AR&3dto] 59 754 HA fAE HoFH
ST o] Aol A Flexors 52 8H Y= 7|4 ¥(electrical potentials)
o] @7]E A3t} Long & Brown(1964) Long(1970) S 4] 52 EMG ¥
S ATsEglth 152 EtErs 2dske &M 259 TS AYsEldl
t}. Forrest & Basmajian(1965): <=nbe3) &npe: obgf Hio] H3H3k 289 3
T S B4t 152 opposition, extension, flexion 52 A % Al

olel g 2HES HAESH YL,

R
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WRMS E W:RMS
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gh-Pass Filter

i TV

i~
1% 2. 1 Frequency ©F RMS ¢ 7] (Radwin et al., 1994)

I

TaA R
I/\ /\ RMS | . s
VAURE Rt
* | ,
%RMS [ =ﬁcjf\cﬁcﬁ\'jf\v_:nms

High-Pass Filter

1% 2.2 Frequency 2 amplitude € RMS ] ¥4 (Radwin et al., 1994)




Chao et al.(1989)= T &HA FFHololA & 5o 71ald o aA7|E 4%

SO =2 AMgEGlth 5L & g% F HA T4

21 & -Isolated isometric test £} pinch/grasp function test-2 =3ttt AWM Al 23

o A 152 neutrally extended position A E|AE® <59 FHU EMG A3 &

EESG 2% F=E EMG o #AE ARG FHA ATl

Pinch/grasp 52t &< 3ol EMG A&et FAlo SAHHAL. 252 FEa

O35 A <A 3o &
P

- h=
9o 32 o] dadlgor AxtEn A8H ol

3} sl=d EMG 7]&S A&

X
rr

1%
ik
=2
AC)
i
o
=
e
ol
ol

o

-

Integration EMG A}o] <]
t}. Pinch/grasp &%+ &
i3l normalize = 31t}
TG AHT 7] EMG ATES AV EY, FE A9 wix e
T HUARle #H7lshr] 98] AFEE o] gk ot (Ayoub & Lopresti, 1971; Freivalds
& Eklund, 1993), = <tolli= Hagg et al.(1997)¢] 7 $H(forearm) <S-2] H-3}(load)=
FA4387] 918kl EMG & AFE3l9al, Habes & Grant(1997)%  AFA](upper

extremity) 59 858 =As}7] 93 ALl
2.4 EMG ¢l 2 X2|(EMG signal processing)

EMG ZHH 45 F dv ditdQl AH+= EMG ¢ 25 (movement) <]
A, EMG ¢} Force ¢+2] ¥#7], EMG ¢} muscle Fatigue 2}2] &A1 5 AA Al 7}
A& ol 4 QITHDHHS, 1992). ol g AAISES EMG A5 A g (signal
processing)E A F/d = o)A 7] wld ol

HA FAdESE EMG AsAge] 7P dSseE WS Integrated
Rectified Signal = Z4tste= Zlolglth. o] 21 WA EMG 4lSE rectifying 5}l
S47 Al el integrating ¥ - F9E gkl AAIE S A= Al
o} olBt} dxE "ol root-mean-square(RMS)2} average rectified(AVR) value =
Alxksk= Aleltl. AVR value = Integrated Rectified value ¢} -f+A}slth(De Luca,



Root-mean-square(RMS)= A7+ 3o o]&Eels 245 S5 o=z F
St Aoz AsoAe WA FE SHSE FHA #oR T2 ALY

H, o]E 2o g FHSAE vhS3} Zri(Basmajian et al., 1985).

i
l:\~

=

RMS {m(t)} =(le m (t)dtj (2.3)

Integration = 7} XA HQl EMG data 74 Axlol™, =2 linear envelope
EMG o =2 AF8-Ht} o] 8o]= Inman(1952)°] muscle tension ¢ T3} wWE
Fol(waveform)E EALS W A5 ARESISITE o= =4 ofdl e Altste
FEl Al HHor o= s WA full-wave rectification ©] Alg x| ojof Fhu},
Integrated electromyogram(IEMG)<> total muscle activity & UYERI™, amplitude,
duration, frequency & $t<=°]7]% s}t (Kumar & Mital, 1996). ©]& 202 %
dstd

() = I;|m(t)|dt (2.4)

olgst EMG 2l 9] Hdst Ag]2d(processing)> 2t 52 FES <l
At T 259 FHE(muscle tension)S dlS5dte EEHS JhestAl st

(Kumar & Mital, 1996).
2.5 &A™ HIH(Subjective Rating) 4]

7 3 7H(Subjective Rating) A& 7Hd A S Wy o g A v
AA7E AR AEE F TR 7 dvke AA St SA 8= ol
upebA], 34 3 7H(Subjective Rating)= 214 Q1 A FetE A 8= 7F

4 Fasta AuAel wHoR, gee] AUREE g 435



o a2y, 54 AaE AHstr] AE ol 24 el FSetth= 3(Kantowitz,

1987), ZR&7t Holxt el ool nl#sle] FHA #Relrt W3l
Z =t % (Moray, 1982) Zo] Ao 9l
HLe A= ™ B3 =1} RPE(rating of perceived exertion) 2 =4 al=

T34 A 7}(Subjective Rating) "] © & Borg’s 10-point category scale(Borg, 1982)
S T2 AF83F 21 (Johnson & Childress, 1988; Ortengren et al., 1991; Freivalds &
Eklund, 1993; Fleming et al., 1997), Modified Borg’s CR-10 rating scale(Borg, 1990)=
ARE3E AT 9l tH(Kihlberg et al., 1993).

oAy F94 Hrt FERE 19 233 28 Modified Borg’s CR-
10 rating scale(Borg, 1990)2 A}-8-5}31 T},

10 | Extremely strong (almost max)
9
8
7 \ery strong
6
5 Strong
4
3 Moderate
2 Weak
1 Very weak
0.5 | Extremely weak(just noticeable)
0 Nothing at all

1% 2. 3 Modified Borg’s CR-10 rating scale (Borg, 1990)
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¥ 3.1 YAdARY AAEZAR

Fat T4 A Az
A2 () 2417 1.33 22 26
A7 (cm) 1735 5.47 169 181
A% (kg) 62.5 5.67 54 67.5
27| (cm) 18.37 0.83 171 19.6
Znre-2 o] (cm) 10.52 0.57 9.7 11.2
22171 (cm) 3.28 0.10 31 3.4
25 7] (cm) 5.02 0.15 438 5.2

3.3 A& 7|7

3.3.1 2= &d A|AH|(CyberGlove™ system)

By £% u L2

R

=487 $lste]

b

7het

r o)
i)
o,
N
il

CyberGlove™(Virtual Technologies, Inc.) A]2=81S- ©]-8-3}% T} CyberGlove™ A] 2~
glol Al A4S 19 3.1 ¥ 2t} CyberGlove™ A| ~E1-S- CyberGlove™ 2}
4 2 dolg ¢ - 88 9ddls= CGIU(CyberGlove Interface Unit), ~12] L
CyberGlove™ &3 F-gjof] FApu]o] &5 314 919 W3S 3 A4 3%
2 F43E Fastrak™o®2 FA 5 o] 9t} o]E2 717} RS232C Aol &S Ed
Host PC ] Serial port o] 2z} A2 % o] 2t} Serial port ] Baud rate & 55
ol A9l 115200 o2 A7g3ste] A& (Sampling rate)o] FHoigts 7 &=
St} o] CyberGlove™(Virtual Technologies, Inc.) A]|28lS FAsE 74 &
=2 =3 2

A

B

CyberGlove™
HoAqro] A}-&¥ CyberGlove™:= &7t ¢k=o] & 18 719 A7} H-25

o], &% W &rylgt Aol ZFH/A A (Flexion/Extension) ZFw= 2 € 3R 3k




(Abduction/Adduction)Zt =& 54 & St} ol& Sl &5 &7 9
o gol U AuE Aoen wEAow
e} Al gk A o] WstatA st e AwE AL
& o glvh Agtel FAd AlAM e 9= ¥ 32 ¢ o, Distal inter-
phalangeal(DIP) ¥Hdloll th&k AlA = A=A gt =, DIP & As 7 &
7het A w1 el AlM (10 R)ek 7 E7FE Abele) 4 JHe] Abduction/
Adduction A4, “12] 32 Thumb crossover, Palm arch, <=% Flexion/Extension, <=5
SAsts AAFE 18 NE FAE An & dATedAE dAE
Aelg 4 A &71gy E59] & /47 (Flexion/Extension) ZF%= 2

7}
AN
2] Z(Radial/ Ulnar) A& Zt= % 10 7] 4142l dlo]g & o] &3}t

deviation <

L5 8

VirtualHand™ software
= Aol A CyberGlove™ Alx <] & w3} Data + Virtual Technologies,
Inc.oll A A|&3}+= VirtualHand™ software library v2.3.8 & A}-8-3}%lt} o] & o] &
3 ze oMl EEzto]l gd¥S 3l 23, Calibration panel 2 Gain 3}
Offset = ZA3le] 7 #AEZ Calibration & =3k 4= Ut} 2 Ao A&
g

o] 8 A WS 19333 grh

s

H Z2

Fastrak™
B ooJ o] AFR-¥ Fastrak™(Polhemus, Inc.)< 3 2F & 74kl ¢ 9} w3k
=A37] Y (29 3.4 FF)ZA, CyberGlove™2] =5 XLo(Wristband)
o] F-ztxjo] CyberGlove™e] 3 2} Aol 91X (X,Y,Z Cartesian coordinates)2} HF
3F(azimuth, elevation, roll)S A A|7FS. 2 A3 3kr}, Fastrak™-> Receiver, Transmitter,
SEU(System Electronics Unit)= -4 =] 21.2™, Transmitter = SEU ol 4] A&
A7 AS dabets AR 2 A A ~'lo] Reference frame ©] T} Transmitter o] A
AbE A7 AS AASe Aol &5 F-fl(Wristband)oll F-EE= e A

Receiver 24, o] AL s 749 9x¢ Wk A3 E 4 5 Atk

[e)

=



Fastrak™ = Host PC 2} RS232C serial port & 1A% o] 121}, Host PC ol A
Aolst= Aol ol e}, Virtual Technologies, Inc.oll A A &-3}= AXEYo]E 3l

Fastrak™¢] ZHE o 271%4S o] gl =
S FA W=k wEkA, Transmitter & Ok 55 A|7]7] $18to] YHF=2 7
= Ao 1A A A, FFo W = G2 Fo] ARt 77 @ o] <

3k M4 S A3 sk th 3 Baud rate i CyberGlove™ 3} 534 115200 ©
4

Hand Geometry

Abe] o] gk Geometry A H (18 3.5 ) VirtualHand™ software o
A 71EH o R Algstal At CyberGIoveTM% o] gst= MAAA] Eo A7)
7V FHAE A dEAY ofF

a
rlr
N
o
=
k1
2
o2
o%
tlo
=)
B\
N
co
’1-'
rlr
£ %
|\
o
=
k1
=
o2
o
o
A
N
r1r
r lo
&

(Kramer et al., 1995).

-5 Eof x3=o] 9= A Y (Calibration file)dl= d&d & A7
Fol gk BE7F E£3FE o] vk wEbA o] FgE W3 AAFTH AP
Eo] Wste wE WS P £ QU Kessler et al.(1995)l] w2 74
AApmirte] E7ker do] AR E o] &3 /Al HAo] YRGS o83 AR
O g Ase daE divkal oAy, o Apolry e A4 fdvkal
Azt Ads 24 A4S 58 Gain 2 Offset #h= A EslAl AAsI= Ao,
£ A7) HREE v FE ARY ¢ 2 9GS v X =2 (Kramer et al., 1995),
o e IAthE AREsiGlth BEAE 58 ke AAl ApAlel of +5° H 9

oAE e Aow FA4H.

Y

w
%0
fd



Serial port 1
Baud rate 115200

Fastrak™ s

Transmitter
CyberGlove™
= =H==1|
Receiver
Serial port 2
Band rate 115200

% 3.1 CyberGlove™ A|2Hl] T4

A ® A
&) {7 2
J {I: § ':J ’:
Ii i ﬁf | “Gr Proximal Interphalangeal
'- L é " Joint(PIP)
Interphalangeal _—+ k !! {ﬂ“’ ! if{
Joint(IP) ] 1_ \ .i ‘l{ ]f; I}gii&rgghalangeal
Metacarpophalangeal "&‘5 A Y Abduction sensors
Joint(MCP) AT _-J-

Thumb Rotation Sensor |1 == ’\‘\ Palm arch, Wrist Flexion,
{ Wrist Deviation Sensors

13 3.2 CyberGlove™9] AA Y X] (Kessler et al., 1995)
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1% 3. 4 Polhemus Fastrak™

a3 3.5 &€ 37| F3F(Hand geometry coordinate)



3.3.2EMG £3 A|AHE|(Polygraph system)

2 AFo| A= FCU(flexor carpi ulnaris) 53 FDS(flexor digitorum
superficialis) <<% EMG & =737l €3l Polygraph system(NEC San-ei
instruments, Ltd.)S AF83}SI T} Polygraph system & A Al FE o2 o] Fo]A
A, @A) slg Fofel YA A (forearm)ol] F-=E o] A oA

= 7| (surface electrode)ZF-E W2 ANFTE T2 FE3F F417](transmitter),
A

rr
=5

I FA 7] (transmitte) 25-F FEH AEE F28 F= 417 (receiver), 1
il FAE AEE FEAATE SF7](amplifier) solth <59 EMG & 5
A7) Yl o] gxE= EW A=7|(surface electrode):= San-ei A2l Ag-AgCl
bipolar electrode = active, ground, reference ¢] 3 71 & pair = A}-8-3} 31Tt

ol SF2¥ A& AD WE7|(converter)® HUIA A Fth E ool A
e AEE YAY ZE 8 F= AD WE7|(converter) E+=
MP100WSW(BIOPAC systems, Inc) AlZ=®lo] AF8-% St} o] Al~El2 MP100 2}
universal interface module(UIM100)¢] 2= H/W ¢} AcgKnowledge® & S/IW = -
AE A=, HolHE acquire dFaL EAsHH A retrieval 7H4] Al E = Q)
th. 53], dlo]8E AA collection & #xF ofye} A4S w23 HA F3P3}
W, dlolB & ALY ot|eolal SA A M= gt}

21 A data acquisition unit = MP100 Q1 dl, ©] unit = E°]9o+ E=21 2%
ol PC & process 2 ¢ UYEZF CAE AT Z convert AAFT o]
MP100 & CPU HZol install ¥ ISA card & %3] PC o dAxo] o,
UIM100 < MP100 & %832 dZdshs F-Zoltt

MP10OWSW 2= <ls] tjAd 2ls2 vyl EMG 4l&E PC ol A
AcgKnowledge® S/IW & ©]-83}le] EMGraw Hl°o|EZ SHE 5 3

B Ao A EMG Aol AF-&% Polygraph system 9] A A4Sl A4S 1
#3637 &)

il

&



ISA card

MFP100WSW System Polygraph system

Receiver

UIM100

Amplifier

Transmitter

Surface electrode

1% 3.6 Polygraph A]2Ele] A4

3.4 Ag Hix|

2 ol se] A3 A% Fu) WAL 17 37 @% 2ok

=
$% AeaYe Age AADA AQu Qo] A A

&5 ol A
Screwdriver & FaL AW &2 Folo] FdE(vte] el A H e L WA}
7F 9FEl w)ell Screw-driving 2F1& = # ek Aotk ¥ 37 (b)) E5&F
Aedde] #dad Aol

3.4.2 £I12E ey

9 38 2 et A8 dddHs HolFa glvk & AFe
JA@AZE AFH Skl o2 AAelA TIRES Bolgshs AdE TS
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7} ¥hgl U)ol Screw-driving 24 5 L EUVHAME F-=(Pronation) S 3
= Zlo] B g o] wpyo|t}, Screw-driving 22 WHEAS a1 Ely] 95k

HFE W © 52 05Hz, 1Hz, 2Hz = ZH7F 24389l om 10 % SoF 59,109,209

o] Screw-driving 22 $33l=E A ATl Radwin & Lin(1993)e] ul=w
HhEAdolgbs A2 RIES(Frequency)t ©HIAIZME 7)< #AZE loH,

Mital(1986)> 2 A}A] 7Hell = extreme 3+ zpAjo] AL @l A|7F X &5 = 2

o obdl o4 JASIS] Hahel X e A9 glrka stk

WA e £Edde] 2% dolEl 9t Flexor carpi ulnaris(FCU) 5 <]
of g F¥4 7} (Subjective Rating)7} A= ATt W
ol 4% 54 A]2"l(Cyberglove™ system)2- ©]-&3}

Z_'
o] £Edo] FH/2A A (Flexion/ Extension) Z}%=$} & F/% & (Radial/Ulnar) 3k

ae]a, EMG HlelH & &5 = /A (Flexion/Extension) o} Q.&/
(Radial/ Ulnar) 3 &(Deviation) &l #ofsk= 5 F Flexor carpi ulnaris(FCU)
+5S AAST FCU <59 EMG HolH+= EMG 574 AZ¥l(Polygraph
system)= °o]-&35to] 7} AGHERE SAHSIGT ojuf oY AMEEY <59 &%
= W7hekr] flste] AAAARR = o] whEAH o] an Al Hlw st 4
23, o] & sl EMG 1% 2] normalization ¥} o] & -% o] X th(Marras,
1990). wpzbA], ZFoll %A EMG 2159 normalization o] 2 Q.3 rest EMG ¢}

_

EN

[

7

maximum EMG 7} 2}7} 3 Z23F SAH A

Backdahl & Carls66(1961)°l W= $=5-9] flexion &< flexor carpi radialis,
ulnaris, and digitorum superficialis 7} Ao &5 AR o= Ax FH 45
< ofyetar gt

AE Al 7} A Rtel = diEr 1 E3F

o,
=
mZ
N
N

(0]
A

ol d 2ol gk

i
og{:',
ofr
o
38
=

g A g zLe] =34 3 7} (Subjective Rating) &



¢ 3.9 Aol A-8-F Screwdriver

¥3.2 9dPAE 49 «A

BE NEs 75 EEEED AF A

0.5Hz (1 ¥/2 %) A S1, 54 ABC
1Hz (1 ¥/l %) B S2,S5 CAB
2Hz (2 /1 %) C S3, S6 BCA

S
offt

A3 0.5Hz, 1Hz, 2Hz & YER 5= Sles shglon,
5

=
ARAE AYEAE E 320 ekt £52% 48499 4deA g

w Ao M= it o gol AFSE A= 101-key QWERTY 7| =5
ez shglen, 7l Ade] @ E8E Jlkey)ol ddet= 12 A = 3 A
(character)E 49l (random)= A Aste] dHsk= 2APS A A
2tgj o] AH(character)== WFERI=S=o] we} 12 2 59t 6 AF, 12 A}, 24 A7} 247}
AFEE AT A A 5 &5 A A d(wrist rest)E AFE-5Fe] A A H =,
ol £59 HAE uAs Thed & Fol Evbe] A AE o] 85t=
= 571 fighelinh

€

Aol AbgE & XA (wrist rest)= AFFESEH o] TR AlA ZA
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EEEEED
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obel A5 of

ol

Aol 7= dlo]E ¢} Flexor digitorum superficialis

7F(Subjective Rating)”}

|

3t

3t

(FDS) <%¢ EMG 181,

A 2~ ¥l (Cyberglove™

A3 PIP

i

s

7Feke] MCP ¥

4=
-

I

ks
“

% olgste] U4AE AT Y

system)

il

Z 7] AFA A

1)

ted ERolg

S

o

B
!

o] AP = At
]2 Flexor digitorum superficialis (FDS) ++5< Al-&

=
=

Ar

-
0

o

=
=

EMG 9]

B

A2l g o) £7eke] MCP ¥ PIP

F3 o). Lake(1957)°l wh

5]

o] Qo] A4
o] PIP #& ot} MCP 4 9] flexion 2+]

i

T

sl

)E}

o
™
o

ol

o

Hr

7HSubjective Rating)7} <=

3

hy2

F4

5] 4% 2]
P EES

S

s

of i

3.6 o0& Xzl

3.6.1 Zt= dlo|H X z2|

Alr

ol

3 HF 3 7 RMS %

E
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4=
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glolg A 2]}

el

oA el 2 7h]

3
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el
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)
o

?] %] (neutral position) = 5F-E] 2] 2zt

g =
WL s AMESlERE 588 B A (calibration) FHS R A Fi=vh AU
= &

Z7)AA ol Bl 3k ¥ A (calibration) ¥4S 3t T).
oz #d 7% fojH = radt A~ EY 324 (spectral analysis)S
slo]  3Fgo]  Wk(Fourier Transform)S 3t Fgol] W3k (Fourier
Transform)oll th3k 7id A<l e H-= C o 7]&=3kdh Felo H3k(Fourier
Transform)S =83 A AIE "o+ frequency domain © 2 W k% o] 2l th(Wade
et al., 1982; Calzetti et al., 1987; Cleeves & Findley, 1987). Radwin & Lin(1993)°l w}=
o A~HER FA(spectral analysis)> HHE-Z Q1 23} zbA| B35S A3} sl
et A el B Ao E ~FAET - H(spectral analysis)= 3
2048 point Fast Fourier Transforms(FFT)ES A A 3} %t}
1% raw tlolEl AA ALl A7l tE ke RMS @to® YEd=
d, o]& fsl 7+ @4 7% HolHEe RMS & AlLket & 1 gEo %
o2 HA RMS k& At
H 3k high pass filter & 7IES ZY3ste] dlolHE
TR WHow FdEHS Fdsglrh. AM A= Lin & Radwin(1997)0] A A

—r

gt frequency-weighted filter coefficient & AF&-3F ZEPo|n, FHAl= IWd o
2 7H Wol A-8-3k= Butterworth filter S AF&-gH FEJRJo|t} % 33 & 2 A
T-ol AF&-¥ frequency-weighted filter coefficient = UFEFJITE o83t F FHeo
HE AZ HolHES raw HlolE o sUg o w HA RMS @S AlLtst
A TH

19 310 & B Ao Agw #EZE dolH e X234 S flowchart =
UERd Blo)t



3t 3. 3 Coefficients for the frequency-weighted FIR filter (Lin & Radwin, 1997)

k bk k bk k b k bk K bk

0 0.0012| 5 -0.0155 | 10 -0.0877 | 15 -0.0742 | 20 -0.0072
1 0.0009| 6 -0.0272 | 11 -0.0967 | 16 -0.0582 | 21 -0.0023
2 0.0000| 7 -0.0419 | 12 0.8987| 17 -0.0419 | 22 -0.0000
3 -0.0023| 8 -0.0582 | 13 -0.0967 | 18 -0.0272 | 23 0.0009
4 -0.0072| 9 -0.0742 | 14 -0.0877 | 19 -0.0155 | 24 0.0012

Raw Angle Data
for each Joint

A

\ 4

Data Calibration
for each Joint

Filtering for each Joint
(Frequency-weighted Filter)
(Radwin & Lin, 1994)

A

\ 4

FFT Transform
for each Joint
(Spectral Analysis)

Calculate Filtered(l) RMS
for each Joint

\ 4

\ 4

Calculate Raw RMS
for each Joint

Summation
of Filtered(l) RMS

A

Summation
of Raw RMS

\ 4

Filtering for each Joint
(Butter-worth Filter)

\ 4

Calculate Filtered(Il) RMS
for each Joint

y

Summation
of Filtered(ll) RMS

1% 3. 10 Flowchart of joint angle data processing



3.6.2EMG Clole Hz|

2 o = 2 o =
EEEE A4 EriEes A84Ad

o

23 =AH%® EMG Hlo]g+=

e
o
o,
r>,
%01'
_E
>
<
>
2
o)
3
P
a
=4
e
)
21
O
N
_it
-r'r‘
‘l_‘
iuf

WA dFo] ¥ A (calibration) ¥4 0.2 offset value = ©| 5 (shift)yr| 7]
A #h. 4% EMG Hlo|El& biphase Hlo]Elo]gl= 71 o 2 HE
F I 5o wS HZobA ZHA Hol A HelEH e & 0 o] Hojof st
=, A% FA T eF= Al HolErE wdsHAl 22 & whE o] Fstd]
el A97F Atk olgd S/E A7t 9 HeR A o)y e
B wF dHolHE o] E(shift) Al71= Aotk olw] 1 y]FEo] i HolHE
+ rest EMG Hl°o|HE A}F&-3}3lHt
o & offset shift ¥ raw EMG Hlo|El:= 3] 5o oA wsts
71E3F Aolm g k- S ol kS 7FA Adtuk whEbA full wave rectification
HA4S AA rectify AlAF gk}, Rectification & &9 8 4ES A7 (half-wave
rectification)3} A 1} invert(full-wave rectification)slte] =3 =™, S217F 2159] o
UAE FAE 7] vl o Assa Aot o= raw EMG 9] &5 %9
W e ofuE ZHAA Ao As on]Eh
Rectify ® EMG Hlo|El= ZHY #H S AR oF sl ol raw o]
of Z&H v Fo(nhoise)s AlASHE Zrgolth & A= EMG H o]
Hol e # S 93 Butterworth low pass filter S A& om, FEH Ao o
9 4= 2l phase shift & WA]s7] 913, forward 2™ order filter £} reverse 2™
order filter & &% FHE ALEsiith. e Heo| Q3 A F35(cut-off
frequency)~ oj¢] WO ¥hE A4S T AASIUTE EMG A%+ low pass
filter = 71 XA 94 %3 21357} smooth ¥ il delay E™, v+ AE 9] type
b F3hr(cut-off  frequency)7t A dsitbd, A2 =¥ Linear Envelope
profile & muscle tension ¥} AR nk ofye} AAZ W2 Aol A muscle

tension 2] predictor 2 A}-&%] 21 ThH(Inman et al., 1952; Calvert & chapman, 1977; Olney

mlo



& Winter, 1985; Winter & Yack, 1987). ©] 23} Linear envelope &= amplitude, duration,
motor units €] firing rate o = H] # SFTHDHHS, 1992). 53], 379 =xo=z it
A e F2 SHA 2855459 4ol (Mital, 1986), 53

o_>L
4
b
O
-

force ¢} Linear envelope EMG AFololl = G52 A =559 WA AaAaA7 EA4)
Sk} (Calvert & chapman, 1977; Crosby, 1978; Winter & Yack, 1987).

P S 717 filtered HolEH = 3 AAALT L 27179 HluLE 95k
normalization 2} & a3 slojoF st} E Ao A}-8-3+ EMG normalization <
e 4 31 & ARRste FHEHAU o] FAddAE EMG AlSE
normalization }7] ¢lslo] 8-S 3T wfo] EMG(max EMG)<} <] F-of A
AS 7hekA &AL AAE FA TS W] EMG(rest EMG) A1 S5 S7438ko] U3t

wol ALgaksict.

EMG(t) - EMG,,,, 3.)
EMG,, —EMG,, '

Normalized EMG(t) =

where, Normalized EMG(t) = normalization value
EMG max = value at maximum condition

EMG st = value at rest condition

olu], max EMG ¢} rest EMG + 502X ¥ 327 =49 raw EMG A&
= rectified EMG A3 2 A3} A7 & 3% 5o+ Ho gk (mean EMG)S 3}

=

of AABGLE o] ke Mgl TEe A P& AR wud & U=
= )

Ir

al
yo

= EMG £ normalization & 1t} olE A EMG 2135 normalize 3}+= o]+
o

&3 Ae2 [AskElr] ¢ go]tl Normalized
bols geel A AAE FA57] gste] 2ol F4
© 9FE AAS T 2 B3I A &5 I59 SEHES BA487] A &

Ao F2 ALEH7|%E S} o]2]3F Normalization FAH S AXH A= 1 1Z
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o] T+& EMG 4l
Aoz vy A =

2 10 ojte] BAR o we] FE wark bsd

)

Normalized EMG HlolHE HEHo=m HAgds w3t Root-mean-
square(RMS) #t3} Integration 7t Sa E&F Ut
2 ATl AMEE EMG HlolE e Al Al 2 (signal processing) ¥4

< flowchart & YERH Zlo] 17 3.11 ot}

3.6.3 oM AT I AEEA M
3t 57 WMl ¥HEZ % (Frequency) 2
A

2L Sk ol fold 2w

3
of disixe Z2t FEHE fFogh xpolE A etalAl Pair-wise comparison t-test

£ omlaim, =
& HE A9l AXEE Pearson ¥ AlgFelth. o] Al AFe vhe

_ Cov(X,Y)
P JVar(X)Var(Y)

(3.2)
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19 3. 11 Flowchart of EMG signal processing

A= A oA AHgh Ayl ZAste] E5EE A8AT
Screw-driving 243 E7Feles A8AA Y] JIEE ol A Ale w7t
w9} EMG ¥ %4 9 7}(Subjective rating) Tlo]Elol] that EAlutd @ x4
IE APEE 7=t

AN o (=) =
41 &525 M3

7%= HlolHE raw H|o]E] 9} 2 E7F9] filtered WolE = A g3t Aol s A
gaanh 2 Ao 2

(Frequency)ell W& 3 &2 SAHAZANE 3 TFE HolHE Aeste] 24749
RMS #& 2H&E313

Screw-driving Flo]l &89 5o o3t Aolet= As st # A
o= &5l =F7/A A (Flexion/Extension) ZH =9} @ /% & (Radial/Ulnar)
HAZ¥(deviation) 2=t FA - A HJT. A% dHeolHe 4 Z4REE oy

A RS AA 242+ RMS S AF=Estalon, HE RMS 23 2 /i RMS
wel Fow AAe

O 41 3 O 42 = E58F A8APNAY A4k raw HolH A3}
A4S il 9 41 & E53E 9] = 7/4 A (Flexion/Extension) 7% raw U]
olE|¢} FFT W3 A3E oAlsta At 17 4.1 (a)2] time domain Aol A d o]
& RHEE T (Frequency)oll whe} 2hd5=7]6F Zhi gl o] XfolE HojFar glom,
1% 4.1 (b)2] frequency domain “oll Al ®lo]E &= WHE-Z: = (Frequency)oll whe} =}



< Frequency ©l| alld3Fi= Frequency ol A =2 = 7|(amplitude)E YWERH L AT}
=, WHE & (Frequency)’F 2 %(0.5H2)Q1 232 05Hz oA 1 Z(1H2)S! 22
1Hz 914 05 Z(2Hz)Q! P2 2Hz ol A =2 F7](amplitude)E Xt} 2 2
o A 3 ¥ Screw-driving 2t FAT 2] RHRo| o Yy = 2¢
5737 W& (Frequency)oll g 3k W&t Al YEbaL 9l

% 42 = 5L FA]eA LS FAF o] 8 /4 = (Radial/Ulnar) A
aF(deviation) Z}%= raw HlolE ¢} FFT W3 AyE BoFa 9ty 19 4.2 ()9
time domain ol Al dlolEH &= 19 4.1 (a)e] = %1/21 A (Flexion/Extension) Z}% raw
tlolEl ek FAFSHA W54 S (Frequency)oll whel 25719k 21914 Aol & =
T oy, 19 4.2 () frequency domain ol A dieolH &= 19 4.1 (b)e] =7/
Al

# (Flexion/Extension) Zt%= raw tlo]El e} Ge] F33 EAS Holx= %45k
t}. o] Screw-driving 2k o] 2/ 3 (Radial/Ulnar) ¥ 3F(deviation)Z} =0l <] 3t
A

Ao ol g7l Hobs= 24 /A A (Flexion/Extension) 2t ol o]3F zFglolets AL &

e A8ATAA e AdFAEC g AdARdME 2F 41
329 429 A AaE 95 5 Sl
o]’d°] raw HlolE Mo} t&Eo] & AT F TFHO dEHH
ol AHM#HAHS FAsqleh AUA dEPS % 3.3 9 Lin & Radwin(1997)°]
A A1+ frequency-weighted filter coefficient = AF-83to] 3wl on, FHA L
e duxor 71 @o] ALg3lE Butterworth high pass filter & AF-8-3F Z
go|ot} E oo A= Butterworth filter & %52 2nd order = A}-83}<]
o, 2t F353(cutoff frequency)= 1Hz = A A3t AL-g3lich F TR =
HE 7% HolHES raw HolH w43 AR EE AAH RMS ghs AH=
At

EL_V".L
ne  [o ruE iz}

ol
-

rh

s ALAde Az, dH"EHE delH RMS o] WEEE
(Frequency)oll & &2 FA@xmict 2pol7F FIAAIRE raw Hlo]E{ 2] 7

= uge 23S vehia 99

B

o



a9 43 & ZtE HolE XY ARE AddAEE vERd Aol 94
26 of HlolE A A, raw HlolEle] RMS gk Hb<-1=(Frequency) 7t 57t
Sholl wet AR HY F TR BEHPE tlolH e RMS @2 BtdlE Ut
skal 9l

Butterworth filter & ©]-&3+ HEJ& oAl 2tk =315~ (cutoff frequency)] 3 3k
S Yolr ux} xpwk F=3}<(cutoff frequency)S 1Hz ©] <]l 0.1Hz, 0.5Hz, 2Hz, 3Hz
Tog xHsle] HEHYS FsIglrh olw, B AGoA AEH HHEEE
(Frequency)”} 2 %(0.5Hz), 1 Z(1Hz), 0.5 Z(2Hz)E = A 7#otste] 0.1Hz ¢} 3Hz

= 2bek T34 (cutoff frequency) S AFE-3F3AtE 2 A¥, 19 4.4 o YERd v
9} 7ro] wWHEZ T (Frequency)oll WE RMS b =L7]9] W3} Ao o]t ¢l
ATt o= & AFtol A AREE 1Hz ghe= A S 3k (cutoff frequency) ] 7ol
A7 S-S vERdY &, 2 T3k (cutoff frequency) 7t S 7FEl whEl
< RMS ko] =34 ZAstar =4, o= 2wk F=34(cutoff frequency)’} &
74akel wel FEE HojA = gEo] BWolds o gt

% 45+ A F3kE(cutoff frequency)d EE o] Fab 5SS YEY AL
Atk olw FIFFHE Gtk HojHom, 1.0 o]2t= 2 Nyquist frequency =
A FR2 3} Fub(sampling frequency)e] 1/2 ¥ Zo} ze]ar, B Ao ARE
o F 3k (cutoff frequency)®] B1t3t Hoixl #h2> thef 0.0033~0.1 78 &=l
sttt o= AA & low frequency o 3idstn ZEHE o] A7E
e dHol F83 dFs FAe Heid AdHor A¢ Rk

A}k

H =

el

ot
ol
)
I om

-

(frequency)©ll B]3l] 3E &3} F=3}5=(sampling frequency)”} €3] v,
3} (cutoff frequency) @] Aol 2 olglgo] §1& zlolet weksh
O9 46 & S8 A8 BEAE Holy AE AdE AAA
ol Hy oz el ZHojtf, E Ao ] raw RMS #h-2 HWHEZ: 1= (Frequency)
7} 7Vl whel F7bskE filtered RMS #habs @8] WhE2: 1 (Frequency)oll
Sk g ekS wAgkal 9lth o)== raw RMS Fto]l WHEELEES a#sA] Rt

15 ==
A WeEE A% WEA U AYLHE AR ASNE BEY A3
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Exp_2-Subj 67/ Angle RawDatar 2secill SHz) Exp_2-Sub) & FEE Ange Raw Cata 1580 Hz)
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Y | A
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4.1 £58% H8243 F/E Raw Data Plot (¢: 323 2} 6)
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1% 4.2 £58F #8239 R/URaw data Plot (]]: 3|23 %} 6)

Screwdriving Task::Subj_6::Angle Data
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2%(0.5Hz) 1%(1Hz) 0.5%(2Hz)

HHE- 2= 12 (Frequency)
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O 4.4 E5F 4848 23} (cutoff frequency) ' filtered(1) RMS 4 2}

(ol: ¥4 A 6)

(a) 0.1Hz (b) 1Hz (c) 3Hz
1% 4. 5 Butterworth filter ©] x}h= 315~ (cutoff frequency)'d F3-4 54
Screwdriving Task::Angle Data
0.8
0.7
— 0.6
8 05 —1 *
5 - I
& 0.4 — | -
wn I -
2 0.3
2 02 — - —
oo I =i | -
0.0
A_R_RMS A_F(l)_RMS A_F(I1)_RMS
m2%(0.5Hz2) 0.5854 0.0407 0.3175
m1%(1Hz) 0.5922 0.0471 0.3487
00.5%(2Hz) 0.5210 0.0749 0.4683

I8 4.6 5% 4843 2% doly RMS 23



4.1.2 EMG OO0l Xz|Z T}

B Ao £29% Hgador =AH¥ FCU(flexor carpi ulnaris) o5

°] EMG Hl°]Ele] tigt MATLAB S/W & o|&3 X zgz Ao dial M=

A 74 ¥ EMG raw Bl Bl &= WA rest EMG 2] mean & offset

value & AF&3Fo] shift Al7]= A S F3A . 2H 47 9] ) 585 4

LA A AP SAHdolE 9] offset S shift A7 raw Ho|EHE YE L
R, (b)= (@< raw dle]EE full-wave rectification A]%1 Z3}o]t},

Rectified ©|©]E]+= Butterworth low pass filter & A}-8-3lo] ZEHS =3P}
At ZE ] AR8E HEY A= 2nd order $low, Apwk F3h4E(cutoff
frequency):= 3Hz = AAEYC oW 3Hz gt AW FuE FEE RS
of 2] W 433+ % smoothing ol 7H¢ Hdsirta AdE = Fage AAH @
o]t} Filtered Hl©]E]+= Linear Envelope EMG 2t31% 3} 18 4.7 9 (o)« ©] U
o]} E uYElAT]. Filtered Ho]Eli= max EMG ¢} rest EMG & ©]&34
normalization < =33}t Normalization © ©]-§-% max EMG <} rest EMG &
rectification 2+ 4& 73 & S4H 3 x ¢4 HA#HoE AFEEHAT 17 47
o] ()= (c)2] dHl°lElE normalize 3+ ZA3fo|t}, 17 45 9] ()¢} (d)o] 23= Y
ol sidetes et kel A77F depxls ¥ FH= Wb glioh

olg|gl dlolg AHzHAHS &l EMG HloHE HITAHo=E 3o o

2 Xd3t7] fste] A Aol A3 RMS #k3 Integration #ES- ©] 8313t

OF 48 2 IAPAE EMG dHolH AYARE yedit wEs
(Frequency)7} S 7F3tell wel EMG #tol <7hstglown, olefgt Auf= AR}
689 Ee HolgolA sdatA Wttt

L
a

d

5T A84FY] EMG dlolE AdE AP Fgow vERd A
o] ¥ 49 oty EE dHAAE ] RHTE=(Frequency)”t Eehel w1
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2 A8es B SAHE 5734 H7KSubjective rating) HlolH = 2= Ho]

Bt EMG dloH o= & dolE AydAgs Faw shA feth
a9 410 & E5EF A4 49 JAIAe] Fa4 Bt
(Subjective rating) ZA¥E HF oz k&t AAG Aot F
A Aol filtered 7% dol¥ Ay} EMG dlo]H

o o}
=

= G}

(Subjective rating) 2 Z}o| A=
Arpel At Wk Sie(Frequency) 7t 7l whek Lo ghel AXlES &
Atk ol AAR FLPATE vk & (Frequency) 7t S7FEl weEr ¥ 2 &
fskE =70l itk RS or e

PN
T

Subjective Rating(Screw-driving Task)

scale

2%(0.5Hz) 1%(1Hz) 0.5%(2Hz2)

Y410 £5¢% H849 F3%F 3 7K(Subjective rating) 2 3}



B oAgAE £EeE HgdudAe

T

a \=
ges A4 sdeA dase] WHESI=(Frequency)ol uhet
T Yotr7] flsto] A FAHEA Y (One-way ANOVA)S AH8-8HS]

£5 AP WA oY AAEY fAY PP Ade E

(Frequency)ell skl &th= ZA37F vgkth, A2 raw HlolHE A9

3 U A3ES % & (Frequency)ol] thal ol4E 0.05 o 98

QA Th H3, pairwise-comparison t-test Ay} G=3F Aol M= Fo]4=F 0.05 ol
BE fodt Ao g el &, Screwdriver £ AFEE 2ol e REHE

Brbste dols #E7t=9 raw RMS o2& f9o3 xpol2 e 427}

.’.}:

W, BHY Hge FHstoof A= A2 HE 7T 3

i

/\E]_

3
b

% 4

o

ut

4.1 =5& Aol o) A

Screwdriving AR RMS | AF(l) RMS | AF(IDRMS | EMG RMS | EMG Int | Sub Rating

[e)
N R e R

(ANOVA)

0.4613| 0.0000**| 0.0174** 0.0206**| 0.0077**|  0.0000**

(* : P-value<0.1, **: P-value<0.05)




415 2EZE EMG ® F&H grte| dataA 24

O,

#HHd7t =, EMG 2 3% 3 7H(Subjective rating)E

=
g6 FF Avkie] wAE Lopnag B A UEEE

&5 e o] Azt wkEZ&%(Frequency)ol wWE F7HE
A1 ¢ Ve itk #EZ =] raw HlolElE Al L]g Ve ATE
(Frequency)ell we} A3 F7H&S deblar dvh sk
¥4 ¥ 7HSubjective rating)e] F7HE2> ThE Z X (measurement)E 2] 7ol
als) A debstth 2] AL, raw HlolHE A9 BE A5 Aol 2%
(0.5Hz)ol A 1 Z(1Hz)E 29 WebA= A 1 Z(IHz)oll A 2 2(05HZ) = 2 v %
A= Aol gk S7kEel 19 dAs A vEtet ol dAht x4 A
A gake] Wkl fFAstthE Ae 9w gk

rlo
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N
N
r;e
Jr N
Abx
k1

O

¥ 42 = EEEE 4T U Aube] A Aot 4
WA E4d, 7 FF9 filtered HlolE] Ay} Abo]el 7 9](p=0.0001)%F ¥
A7E A em, FeASG= 0.8867 o ATt

EMG HolE]¢] 7% RMS %3} Integration #t Abo] o] A3A4+= 0.9874 =
FA YEbsE o™, p-value %A 0.0001 = o]+ 0.01 o thate] froletA e

34 3 71(Subjective rating)e] Aol A= HAZE Ailtered(l) dlolE 2
92} EMG RMS %k, 28] 3L EMG Integration #tell thall 0.8013, 0.6610, 0.7336 <]
AAAFE 22 JER O, ol p-value & 0.0001, 0.0028, 0.0005 & -f-2]<=
010l thste] BF o3k Ao VhERRL
filtered(1l) tlol¥] Az} =34 7} (Subjective rating)] 73 -5-l
A 29 HE Fo5F 001 oA FostAE kA
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Screwdriving Task(Z 7))
4.0
3.6
35 ]
3.0 27 26
5 25 21 |
S 2.0 :
3 15 15 :
g 15
1.01.0 1.0 1.0 1.0 1.0 1.0
10 0.9
05
0.0
A_RRMS A F()RMS A F(I)RMS EMG_RMS EMG_Int(sum) Subj_Rate
| @22(05H2) B1%(1H?) 005%(2Hz) |
9411 585 4847 A9 SUHE v
E4.2 =58 4848 Az AHaA SA A
Screwdriving] AR RMS | AF(l) RMS | AF(IDRMS | EMG RMS | EMG Int | Sub Rating
1! -0.0525 0.1774 -0.1776 -0.1946 -0.2951
AR RMS
02 0.8361 0.4813 0.4807 0.439 0.2345
-0.0525 1 0.8867 0.2892 0.3559 0.8013
AF(I) RMS
0.8361 0| 0.0001** 0.2444 0.1472| 0.0001**
0.1774 0.8867 1 0.0604 0.0856 0.5489
AF(I1) RMS
0.4813| 0.0001** 0 0.8119 0.7357 0.0183*
-0.1776 0.2892 0.0604 1 0.9874 0.6610
EMG RMS
0.4807 0.2444 0.8119 0] 0.0001** 0.0028**
-0.1946 0.3559 0.0856 0.9874 1 0.7336
EMG Int
0.439 0.1472 0.7357| 0.0001** 0] 0.0005**
. -0.2951 0.8013 0.5489 0.6610 0.7336 1
Sub Rating
0.2345| 0.0001** 0.0183*| 0.0028** 0.0005** 0

(* : Coefficient, 2 : P-value, * : P-value<0.05, ** : P-value<0.01)
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H #HE7=9] MATLAB

r

B APAME E5s AP d v R dd e dHolE =
raw Hlo]El 9} 2 FF9] filtered WolEl 2 A2l & AT} 2 Z2(0.5Hz), 1 Z(1Hz), 0.5 =
(2Hz)5 9] WHEE L (Frequency)oll WE SH A= o] Al T/HE HolHE A
o] RMS &

7SS g dE AX(thumb)S A1 €3 Y] £7}2(index, middle,
ring, pinkie)e] MCP &3 PIP #4d 1ga, E53Ee] =7/A1 4 (Flexion/
Extension) Zt%=7} Z}7} dloly A3 AX #HEe RMS e AHEeith
el A4 RMS gk ARt 9 7f wd RMS #he] Tdeow AAHU o,
E7tees A8AEY FA AHEE raw HolHE EE5EE %
tole eb= el AA SAHE dolgeA Z7|&pAA SHE AA HolHE
W FHd o] =gk M9 toHE YER A gt

O3 4129 2194132 F Aol SAHE 4= raw HolHE YEHIH
19 412 = X (index) MCP ¥4 o] = 7/41 % (Flexion/Extension) 2} &= raw T o] B
o FFT ®3t A& o Alstal vk 19 4.12 (a)©] time domain el A o]y
© RHEE = (Frequency)7t S 7Hgkel whE 7)ok 2P el ApolE HolFaL
Jom, 17 412 (b)e] frequency domain “goll A dle]E = 2+ Frequency ©l| 3
33l Frequency oA =2 amplitude & YERI S HoFa k. o
(Frequency)7} 0.5 (2Hz)°J 2k & 2Hz oA -8 amplitude = 7} oF
A9k FaE o)zl 2] B thE A3E BT QUrh S, 7|HE Eo
3 Ae s ErrEmtE ARgSkE Aol ok R R, HA|(index) MCP ¥4
o 2= A Wk (Frequency) o] xFo]E vrERdE 27 Q11T

94132 LT AjdelM TL A dPAbe] X (index) PIP B 2t

Fl

d

T
Jb
H



e

o) raw EolE|9} FFT 98 478 BoF 7 ). 19 413 o] Aol A w 18
412 ¢ Aztsh A UEbTh Bk oluel, thE 7 Al ol the ¥
3]

4PAEe 54 % BN ARAAE FAE ARE 22 5 A
EF, 2 AGIAE EBEE A 8AGel A% BAeA raw vlolE A
st Hel ¥ FRel AP volH AulAyE FIstAnh A BEY

2 3 3.3 9] Lin & Radwin(1997)¢] #| A3t frequency-weighted filter coefficient =
Abgste]  Faetglon, FHA dEPe dntdow TP @o] AREshes
Butterworth high pass filter & AF-83F ¥ o]0t} o Butterworth filter 2] <=
+ 2nd order & AR&-3FSl o™, bk F=3k4=(cutoff frequency) ™= 1Hz = A3}t

T Ee dHE AR dolHSE raw dlolH ek A3 AeAAds AH 7
o] RMS #t& AtEskei
Ertees Aeddel A3, ZE e dlolE RMS ko] B I APA

mpth Zpol 7t fIAAIRE raw Hlol Bl 9] Ag-oll= thde ddFS UEth

a9 414 = 7t dlolE A AAE AAIAER YERA Blolt) 94 Y
2} 2 2] dlolE g Z3}, raw dlo]E]e] RMS a2 WHseZ %= (Frequency)”’} 57}t
o wt FaHAoY F FFE dHPEHE HolHY RMS #e W&
(Frequency)7} F7Fetel wel kst vk vh& I ddx=2 4-5-ol filtered
RMS & fAFS 232 BoFIAIT, raw HolEH S0l thds 4ES Ho
FAT}.

2 23] Butterworth filter & o]83F HERJol|A AT (cutoff
frequency) Ao & RMS A5 17 4.15 oA YERNAT Ade S5
& AeAPANAY sAsHA e

<l

a7 7Y filtered Tlo]E RMS Fkol WHEEI=(Frequency)ol web -FAFSH

g A7PAskE Sk oleld Ade EReE 4849 dusts e
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Typing Task::Subj_2::Angle Data

e P P ok
o o N

& 0.6

RMS(Radians)

o o
N b

o
o

2%(0.5Hz) 1%(1Hz) 0.5%(2Hz)
W5 42 1 (Frequency)
| ——Raw RMS —®-Filtered(l) RMS —&—Filtered(1l) RMS|

9414 £ 4849 2% doly wARAE Aw (o 24 2)
Typing Task::Subj_2::Butterworth filter
0.9
0.8
0.7
'z 0.6
[+
S 05
<04
=03
0.2
0.1
0.0
0.1Hz 0.5Hz 1Hz 2Hz 3Hz
Cutoff Frequency
——2sec(0.5) - 1sec(1) 0.5sec(2)

1% 4.15 &7 E A8 3 AEF3h5 (cutoff frequency)' filtered(11) RMS

Azt (ol 99874 2)



Typing Task::Angle Data
2.0
—_ 1.5
g
<
& 1.0
wn -
= |
2 05 -
A_R_RMS A_F(I)_RMS A_F(Il)_RMS
m23%(0.5Hz) 0.9181 0.0584 0.3184
B 1%(1Hz) 1.0818 0.0691 0.3861
00.5%(2Hz) 1.3577 0.1088 0.5711
19 4.16 E7HEEs A8 e dlolE RMS 23}

w AeMe E7kEes 4849 SA¥ FDS(flexor  digitorum
superficialis) <52 EMG dlo]E]o] t)d MATLAB SIW = o]-&3 Az 3}
Aol thal A<=etl.

HA, E7Feres AE8ATS Bl SA4E HolHe &53F AEAA
A9l A rest EMG ] mean & offset value & AF&-3Fo] shift A]7] = A4S
TRt O1 417 9 (@) E71EeE AEATNA 589 4T A ol
E] £ offset value = shift A|Z] $9] raw dlo]E]E el Qlvh %3 717 4.17
(b)= (@)2] raw dlo]Eloll full wave rectification #}48 =83 Ax}o|t},

Rectified ©©]E]+ Butterworth low pass filter S Al-&3to] HEHS 83}
At e o] Ag¥ ZE Y %< 2nd order fow, e S35 (cutoff

frequency)™= 3Hz = XA =%t} Filtered ©|©]E]+= Linear Envelope EMG #}il%



Stod 29 417 9] (c)ol YERFH Aot} Filtered Hlo]EH &= max EMG <} rest
EMG £ ©]£3}9] normalization & <33} %1 t}. Normalization | ©]-&%¥ max EMG
9} rest EMG = rectification #43 A% ¥ 4w 3% Tt HAFgoR ALE
Ak 28 417 9 (d)= (0)2 filtered H©]E] S normalize 3+ Aol ¥ 2
Aol Y Foll sidsts @99 g Z7Ivt debsl 1 FEjdle= W
7F siitt.

ol#1gt dHlolE A& EW EMG HolE:= HFHoR RMS #
Integration #t-& ©]-&3te] slito] gro= AT

a9 418 & IAAAE EMG HlolH AeAdE yehdith wHRse
(Frequency)”} 718kl wel EMG RMS 3t 2 Integration gto] 57}13+3it).

&7 A84de] yAddAE EMG Holy AHAHE HFow A
=3t Zlo] 1% 4.19 o]H, WHE& % (Frequency) 7t bl whel gho] AX T

ftlo
1
(02

E7tees A848S 3 S48 T34 H7H(Subjective rating) Tt

T 9N 55 Headdo =34 H7KSubjective rating) dlo]E 9} 5 U3}

(Subjective rating) Z3E ot
(Subjective rating) A3 M= A A9 filtered 2= ©lolE Ay} EMG dlo]H
At FASHA WS (Frequency) 7t S7FgHll whel 1 gho] AXes &
At

2 Age] HrhAa F 5old e WSS (Frequency)’l 2 %(0.5Hz)Y
W7F 1 2(AH)Y W Bop =7+ Fsb7k o Aol et A4 A7 A
= Holth



Exp_1:Suni_5EM3 Raw Data: 2sa0(0 SHz)

Esp_2-Suby_4 EMG Raw Data:: 1s8c{ 1Hz

1 15
(17] EUTEI T T S E—
i I {4 | |

Exp_1:Suoi_5:EM3 Raw Data 0 SsecliHz)

S00 SO0 2000

1000 1500 2000 1000 1
Time: 14200 sec) Time{ 1/300 sec)
(a) Raw Data (0.5Hz, 1Hz, 2Hz)
Exp_1-Subj_5 EMG Rectified Data: 2saci0 £Hz) i Exp_1-Subi_5 EMG Rectfied Data::1sec[ 1Hz) Exp_1-Subj_5 EMG Rectified Data: 0.55ec(Hz)
03 i 03 03 i i i
o0& U} o0&
o} 0T
g 0EI- FOE-
§0S' §0S'
wos EDJ-----
03 oafotot b4
03t LE1E (N |
o1 ol )
" 500 1000 1500 2000 500 100 1500 2000 " 500 1000 1500 2000
Time{ 1 /200 sec) Time{ 11300 sec) Time{ 1 /200 sec)

ectified Data (0.5Hz, 1Hz, 2Hz)

Exp_1:Subl 5-EMG Fiterad Dara: 2seci0 SHz)

Exp_1-Subj_5 EMG Fiterad Data 1seci1Hz)

e R e
2 I E. T
A 4 'ﬁJU o) th. ||.|I Ll
R | G

1000
Time{ 1/300 sec)

1000 15
Time: 14200 sec)

Exp_1::Suby 5 EMG Fitered Datar: 0 Seex(2Hz)

o ;*-i | ‘{| '
Eons--- s i ool ‘.k fle
3 T
i IR _L_ﬂ.ﬂiif?’fjiﬂ).
A AL L L LR

1000 1500
Time: 14200 sec)

(c) Linear Envelope EMG (0.5Hz, 1Hz, 2Hz)

Exp_1:Sub_5-EM?G Fitered & Normalized Data 2seci0 SHz)

Exp_1-Subl_5 EMG Fiterad & hormaized Data 1sect14z)

[ ——— T
y ! | |
""iii(;;;_'iiiiiiiia'ii!?&f\;; ) .qﬂ;\'L.fkj\i-'fuj\v;’,Mﬂ;;

1000 1500
Time{ 1/300 sec)

1
Time: 17200 sec)

Exp_1::Suby 5 EMG Fitered Datar: 0 Seex(2Hz)
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Time: 17200 sec)

(d) Normalized EMG (0.5Hz, 1Hz, 2Hz)

12 4. 17

71 e 4823 EMG dlolEl A3 (ol 9P 5)




Typing Task::Subj_5::EMG Data
0.25 450
400
0.20 350
300
0.15
)
E 250
Z0.10 200
150
0.05 100
50
0.00 0
2%(0.5Hz2) 1%(1Hz2) 0.5%(2Hz)
HHE- 2= 5 (Frequency)
\ ——RMS value - |ntegration(sum) \

19 4.18 &7 A8AE EMG dHoly s AAxpE A (d: 9AEA5)

Typing Task::EMG Data
0.25 450
400
0.20 350
015 300
(D .
s 250
z 0.10 200
150
0.05 100
50
0.00 - - - 0
2%(0.5Hz) 1%(1Hz) 0.5%(2Hz)
——EMG_RMS 0.0648 0.0794 0.1357
-#-EMG_Int(sum) 109.0342 1455239 285.9854
HkE- 2= - (Frequency)

EeE 847 EMG dHlolE 4




Subjective Rating(Keyboard-typing Task)

scale

2%(0.5Hz) 1%(1Hz) 0.5%(2Hz)

19 4.20 &7 e E AEAY T2 9 7H(Subjective rating) A 2

o ddAMe EkEes A8A4de w4 R, EMG FHH Bt
(Subjective rating) Aol g FHS HEeta fFolg A3E YEd H=
(measurement)ell A= FF3F ttest S TSR Fod A L ttest

THEe AR FASA LA EAHEA W (One-way  ANOVA) ¥}

rr

i
>
021:4“
9|L
2
i

pairwise comparison t-test

3E 43 & EMEeE A8APd i o8 7HA A E(measurement)E o
o4 A4 A9 yebdt 7 43 o= eyl 6 /79 A EF NbE
4 %= (Frequency)ol sl f-<4F 0.

05 oA frolsttts AAE =Sl 1
Aqt, FAZE raw HlolE] 2] RMS Fkoll A= pairwise comparison t-test 23} 2
Z2(05Hz)9} 1 Z(Hz)7ke] FFoll= f23 Zpolrt gl 2aE =&3
o ZAEH O R J|HE o] Afle] AeoAs A AHEHE 6 TFe A

ot

N
32



G B wrEAY g FgEelE Hrlst=d 9

%
of raw HlolElE THE AxpEl e A AR ol vpehpA:

Typing | ARRMS | AF(I)RMS [AF(I)RMS|[EMG RMS | EMG Int | Sub Rating

EEREE
(ANOVA)

0.0099**|  0.0011**  0.0276**| 0.0268**| 0.0120**| 0.0000**

(* : P-value<0.1, **: P-value<0.05)

=
(Subjective rating)E Sl w41 - Ad 6 FFe At WAE LopruAf
WS4 (Frequency) ol e S7HE 3 AadA £4S sl
o4 421 2 EVHEEE A8ATY o] Aol dig wHaEn

(Frequency)ell @& S7FH&S YeEbaL lvh. 3% 3 71(Subjective rating)E #l
913 AL W (Frequency)”t 2 Ml - 4 vl el whel 2wl - 4 W) =

of
N
N

A= ekt SRR, ¥4 7K (Subjective rating)e] ¢ A< 2 =] - 4
WA F7beSlth o] A E85F AE&AFANA Y] Aietr dX sk Ao
2 F#4 3 7HSubjective rating) #tol e HE=E9] Aol Hlste] AA
Efwk T},

a8y, 2 Ao E 6 TR BRE Ao B ko] viEEL

(Frequency)7} 2 Z(0.5HZ)oll A 1 Z(1Hz)= 2w webxE= Ad vla] 1 Z(1Hz)l
A 2 Z(0.5Hz)= 2 v wex = Bo] ¥ & F7FES YERa o) ol AdAt

of uls) FAel A sl wske]l Avk: AL omsty ek = o)
E22E APl ABF Aol7} Qrkets Astsht dE ARE B




&7t Ae8AF Adsd g duaA EAA97 1 44 ot

A A, AEZAE raw dHloly Aol 7 FR{Y filtered HolE A
I AT AREATE Fwelt AeE uUshd. AdAse ¢ OFFe
filtered dYlo]¥ Z3}Alo]7}  0.8814(p=0.0001)31 o™, raw dHolEy ZAi}ol=
0.6236(p=0.0099), 0.6348(p=0.0082)°|%It}. EMG HlolH ZA¥<l RMS 3zt
Integration #k7+e] #AE 2](p=0.0001)3 A WEFE o™, A#A¢E 0.9638 ©]
Ath =32 H7H(Subjective rating)ol]l thall A= FHEZE filtered(l) WlolyH A
(p=0.0056)2} EMG RMS #k(p=0.0067), 2] 3L EMG Integration %k(p=0.0034)l tj
3 frelskAl debskon, da A= ZH7; 0.6584, 0.6475, 0.6846 ©] 3 th.

WA filtered(l) dlo]E] Axkel 3% 3 7K(Subjective rating)e] 7%+
H| & fo4F 0.01 dlA = F23kA] 29A1t, 0.5314(p=0.0342)2] 37 A
TE AESle] vy AAIAAVE v A4S YER AT

Typing Task(57+H£&)
5.0
44

45 i

4.0 -

35 -

S 30 76 —
8 25 ] —
= 2.1
32 90 19 18 — 1o |
=z 1.5
15 12 1.2|_ . 12 13 -
1.0 1.0 1.0 1.0 1.0 1.0

1.0 -

05 -

0.0

A_RRMS A F()RMS A_F(Il)RMS EMG_RMS EMG_Int(sum) Subj_Rate
| E2%(05H2) B 1% (1H2) 005%(2Hz) |

N

Y421 £ 8T AN S



Typing | ARRMS |AF(Il) RMS [AF(INRMS|EMG RMS| EMG Int | Sub Rating
1t 0.6236 0.6348 0.1813 0.2332 0.2958

AR RMS
0% 0.0099**|  0.0082** 0.5016 0.3847 0.2661
0.6236 1 0.8814 0.3370 0.3638 0.6584

AF(l) RMS
0.0099** 0| 0.0001** 0.2018 0.166| 0.0056**
0.6348 0.8814 1 0.0178 0.0984 0.5314

AF(I)RMS
0.0082**|  0.0001** 0 0.948 0.717 0.0342*
0.1813 0.3370 0.0178 1 0.9638 0.6475

EMG RMS
0.5016 0.2018 0.948 0| 0.0001** 0.0067**
0.2332 0.3638 0.0984 0.9638 1 0.6846

EMG Int
0.3847 0.166 0.717( 0.0001** 0| 0.0034**
. 0.2958 0.6584 0.5314 0.6475 0.6846 1

Sub Rating
0.2661| 0.0056** 0.0342*| 0.0067** 0.0034** 0
(* : Coefficient, 2 : P-value, * : P-value<0.05, ** : P-value<0.01)

VI. 28 & =5 AF20HA

2 AT BAE wRAQ E5FC 9% AYH Erteesel o
A Hrbsls Aok WA, &8585 93 #ell= Screw-driving 4]
2 Ao, EtereEel @ Aol 7Ins golg o] A4H
o ol AdES Wrhekr] flste] AR E IRl A (measurement) S ZHE

F9 filtered RMS %18 H| %

sto] EMG RMS k=)

EMG Integration %t 1231, %% 3 7}(Subjective Rating) S =3 =451 x 3t
soltt.
AT A8S Qofsto] AWetd vhe 2t}
7ol

ShECEE
F7ek o

3l (workload) =

o Al L}

E5 NS & (frequency) 7t S 7EEH whER AN
X

Aol AREE o= 7HA

Z] &= (measurement) &



FHAR HAZEO raw HlolElol] tigk RMS gto == WAl gk %)
%Eﬂ(workload)% H7st7) ol AAd kAl ke, high pass filter S ©]-&
7ol dYP S Fotol AdH-sk(workload)E H7tstrlol A &et=s dolH
AeE I 7 AU
AHAA = 7]l A =2 frequency-weighted filter(Radwin et al., 1994)+
T AFgko] UF zhol AdAl B o] deve wale] = sHARE F
x

A
1 o
A @rke} B ARVAZ AL 5 WEA 2AYS B}

g

E(measurement)i’iﬁ‘r. Z12] 31, Butterworth filter &

o]-&3l Ay} w3 frequency-weighted filter = o] &3 T Yo Ay} &= A
HAE Blon, vl 2qls @7kl Qo] EA7E ik whebA, 2
15 o] &3k 2 F-3H(workload)E H7}gke] 21O high pass filter & ©]-83F 7
Al dE9 AAvtezRw: FEItheE AES UE & It 18,
Butterworth filter ¢] %33} =3}4=(sampling frequency)”} ¥ 7}at2} sk 2w
=5~ (frequency)ell Bl3ll €53 AvhH Zpek=3(cutoff frequency)e] A%
=AZE A

A= F349 H =2 AR

¢

34 H7H(Subjective Rating) 23}

AAAR HE=Z ALSE EMG X279} filtered Zt=d|olE Azfe] nls)] 3}

tetA A F-sh(workload)E B 7Fshe A3Fe] 7= sHAIRE JA] FL2 H =

(measurement) & FHPEH T} o= FHAQ] HEvtomE 2] Rk (workload)E
B7Egkl Qo] EATE Ytk Als 9w gtk

vpAl o 2 wHEA S g Ao FekE WIS fldte] Abgd Ay

2ol A L (measurement) E-#A 7= L EMG U|o]E-2 raw H|oJEH 2 Al-8-F o]
A 7] W= A A-e 22 34 (processing) S AAAl S w] Bod AEsta

ofo
o

2] &= (measurement) 24 AR50 A 4= U3t}
AT A FEE Rl o]t oy AFAEE o]fste] AA Ay A
o] 2] BAeolY 7l A Aol &85 YEiME e 2 ALY

A

o~



=o| F7IE dAEolof & Flolgt AztHTh
AA, 2 AT E7Mes A&AANAY JIEE BolF AYFY B
AbgE 7 #AEe /A H (Flexion/Extension)]  &5wHS 3thar 7FA 5]
MCP  #deol W39 g (Adduction/Abduction) Folu  EZydel A
(Deviation) =&l talx e &skA] &Skt sk gk, Abgre] &7fgte] 3 A
&= ot AlATE HE HAtE wl MCP wHEe] uigk e
&E4 o] Hak(Deviation) ZtEo] tish # % Fa)Eojof
& Aot 53], H< 71EE Hold A9 Adgole 7IER=9 Ju F A

=
i X te] o] 7pA] EAlg oz <lale] MCP A 9] 9] dF(Abduction) 2=} &

oft

>
o
o
c
=]
=
o
S
~

i
|
i)
o

A
U

[

2y o] A HE(Ulnar Deviation) ZtE7F A174e EAHo® Ty 9=

(workload)el] T
Az ApEE B
A= ek el 1S Aotk wekA, 7 Al s Aol wigk Wekgk o
T ojof & Flolgt ATET

AR, 24 dHelBlE &4 - F71ghel Slol EMG dHlelBl ¢} mix A ® A
Tr3k(normalization) A& Fastolof & Fojth. EMG dHo|H e AHqfs)
(normalization) 2} & @eto] A zkw= dlo]E]¢] A f 3H(normalization)= 3|2 & =}

R wE ohUet A7k EE Azt woh 43E mwg bsa s

g} Aztett), AAR gdgAzt = &5 = 71/41 7 (flexion/extension) ZFE=1h
Q /A F(radial/ulnar) 3k (deviation) ZF=EwE olug} &yl whdo]l FA/AIA

(flexion/extension) 2 U] &/ <] &(adduction/abduction) Z}w=ol] o] 27]7kA] t}eksh
Hol HE 7HA 3 o, sdst 7o) = A (flexion) oA =7+ F3hu
EHEAM e IAARIE 2ol7F EA1E Aol

A, SAEAY] s T - A8t A &stel B 28T s Ao

TF. Snook(1978)= ~1o] <A+ Aol A Aol v ddxtet A v d @Azt

ol



of AFA T #Fell gk Q12 (perception) = A Folgk xfol7)F QutE AS
Aol FTALSE YAEAE oz st &

]
H
= sote] oA e Avd Hio i dAE AT AxE ToT A

ol
e
s
et}
rlo
)
s
N
N
0,

7} by, Screw-driving 21 Aol Tk 8 19
o]z Azt

A, SAel FFHe AAGsE B fdAe uEa

o

(repetitiveness)ell ¥k FA1 - FIHETE ofuf e}, X] <4 (duration) @+ 3 (force)oll
3l Hr7lxe W E ool & Zolrk o] Klein & Fernandez(1997):= pinching
Aol A £=E-2FA 9} pinching force 12]aL, 2 A HAS T34 EALS EMG
£ B8 24 - Frhsk 23 K44 4 pinching force o] T3k Q.0E0] E£EAA
of miz7HAl &= fFoettte 8-S WEth webA, oy 7HA & FAY 3
o] WkE-A(repetitiveness)Rko] oful e} X &Ad (duration) ¥} 3 (force)7kA] aLel

A F-3H(workload)®] 7= A0 A S E4 (biomechanical) =241S 9134
e oz Farojof & At Aztd
o

ol o T WHEES

D2

N

g

(biomechanical)?l =4 - &40 H8= F S AolW, T
Zl(ergonomic) ! ZFF7E TixpQ1F} wHEA QL Ao Ao tigh Pt S Al
Ale = = A (guideline)o] & 4 & Zolth

V. & 9

(Frequency)oll w2 ZAHFsE Hrlslr] f1ste] thFst ] &= (measurement
AREatSlth & Aol M= ol g A E(measurement)E S Aol 1 AREo] H

Alell thate] Eofstgitt.

i
o

H



 AFdAE &5 AN Erlges A8Ad8S Fato 54

d 7% dolgE AR&ste] dHolE AgHAAds AAH 3 FHe RMS @2 =&

stdth. doly A e 34-S MATLAB SIW Z Abg3atglon, Fg] o] w3k (fourier
transform)¥} ZE]® W F& o] &3k Th

dely Aejatgelr= shpsite] &4 dlolg7F AAYE HeolEg= %

Zetste] A oy ZHzhs shube] AHejag o Fasto] RMS ghelghs

o
FelHel ghe A4F ¥ 598 AAAA DA RMS ik A8 A S
PN
N

A, Holy A2 3A
(Frequency)°ll w2} 2d527]
tlolel i®le] zolE Heol7|®=
& Wdo] AR HE EEes AEARY A ° 2 AeolE Bt o]
g Ade 71HE gold 2 EAC mE dds AT  glA stk

C])é]

1 fAjle® VR E ol #}

time domain Aol Ae] raw Hlo|EHE HEEL

asiol s Aole weith W ARl web

ﬁom
N

etk Aol 7 2 Yo, mak Screw-driving 2H = ghe] ¥4 @ Abv

o} 18]l §HE& 5 (Frequency) Pttt el E= o] thETE FE wjAE
1|

(Flexion/Extension) Z}=9] AlAE dolEol e Ald Z w7l 23/ Z(Radial/
Ulnar) 3 &F(deviation) Zt=°] Ao+ A= A 227t F& o|Fa e
LEUWALE F(pronation) 2SS Ayt A wlEolr|E SHX|RE

A&k (ulnar deviation)©] &= ¥ dk(radial deviation)ol]l ]3] &2 WIE==Z HHAY

o]

rr

it
ik

st 2= HEF (ulnar deviation)> T2 9] risk factor #al %] gF Hagg et

al(1997)8] ATAINE el T Aol ek,



TR, F2lo WH3k(Fourier transform)oll 2] frequency domain 7ol A 2]
raw dle]E = 2HY frequency o 393l frequency ol Al =2 amplitude & el
AT o= A~ E= ] magnitude ©F frequency & ¥4 ZF¥212] amplitude <F
HHE o] ZAFH o7 2] 3tk (Radwin & Lin, 1993)F A7+ ARE A8t Q)

3hA| 4k, time domain “goll A 2] raw Hlo]E] e} mpRTIA R ElEe-E A g4 9o

A 7k Ase] mE 94 doldi oHd A¥E WiaA YEuA 239

%
th ool gk Al gk Yo ® = W& (frequency) 7t 0.5 Z(2HZ)Q1 73 -5l
IAEAES Brolsgel Zad ddoled= dEs A o= APl 9l
U AelA Ze 5 ATk wbel 7 421 oA WHEZ I (frequency) 7t 0.5
Z(2H2)Q1 7% 2 Z(05H2) Y 1 Z(IHz)W B vt 1 A3ghse] Bo] AXrhs A
SwiH Jor A BHl, B o] =x Aot & Ae-dde 93

ZhEel & gle wAY9e FHsA o st Aol dde Ae #F
aid 4 At

ARA R, 38 F 79 deoly B8P T U4 dHPS £ 3.
Lin & Radwin(1997)°] #|A] 3+ frequency-weighted filter 2] coefficient & A}-8-3}
“1 A3}, high pass filter o] 7|52 23] T3S AA T RMS #ke] =17]7F @A 3]
ZhobA) 7] wfjitoll 1o gholl tHaiA EAAC o HEFES T A=
A AE2s dee deol va EA47F dA

AR, F F79 deoly I8" 5 FH
= AHEEE FE "ol o] e HAAE Sg At WA EE v A

B 94 Al(non-recursive difference equation)S A& oW, Ak 33k (cutoff

X,
il
a
o
rlo
us)
c
=
@®
=
S
3
=
—=h
=
@

frequency)= 1Hz = 73St o] Lin & Radwin(1997)¢] frequency-weighted
filter & AAE W} TUdg F3S A Folm, A oA A5 npek 2
o] FE3} Fu}S(sampling frequency)”’t 2 Aol A F3k<E(cutoff
frequency)®] A7l LAIZF IAth ohA] Fal, WHEE = (Frequency)’t 7S
= high frequency °ll @j@st= @Eol T7Htes A& ulsty A o=
low frequency ©l ‘@3l ZIWI = (frequency)$t Tl =S



(amplitude) & 7FA1 &= %k
LhERHTE

sAste R, deld Ag F R4S AZTAR A3, £2LF A48

il
rlo
i<}
v
o,
it
o
=2
rlr
52
rlo
o2
o%
o
N
N
b
o,
O
rlr
o
o

o] raw Ho|HE A QlslaiE EE Ho]E Eo] HHEE T (Frequency)ol il -2
stk ARE AbEsiIANE, E7eEes A8 E 9 raw HolH 9 B9=E 2 %
(0.5Hz)¢} 1 Z(1Hz)9] HHE-Z = (frequency) F==3toll= 23k Zfol7} Qivte 2
¥7F gk}, Radwin et al.(1994)¥} Lin & Radwin(1997, 1998)¢] <oA%
frequency-weighted filter 2] H3 A3 S F3l9] raw dl°]E = frequency ol ol 3
o EkA] ekekA N filtered Tlo]E]:= frequency ©l thall st AnE ==

A2x o2 PFAZE Y raw HlolEe] sk RMS Zto 2= HkE Ao
2 {315 Hrrslrlol HAsHA] ko™, high pass filter S o] 83
B

E,';
& S8to] AdFeE Hrlelrlol Ast=E dHoly AgE s

arras & Schenmarklin(1993)°l W= low-risk job 3}
AAE Atoleo] &4 Zhm=(wrist flexion)S =7 )0
o17tE A o7 Hrlek Ay 7wl ZylEE 5 F Q3 dynamic measure ©ll
F2] 8k 2ol 7} A o™, o]= CTDs risk & &5 ZF5(wrist flexion)e] Z+4:%
fFrosttte o u Atk =3 Silverstein et al.(1986)2 =o](highly) wF
= AAl(less) WHEE = Agol Bls FAe 4o f1¥el ¢ A9,
weba] o WHERI = SE(high frequency)e] E#to] dulbH o ® ] 93
of & whEwIE= FZ(high frequency motions)S W& HHERI =S4 5 Z(low
frequency motions)ell H]3ll 75 XE <= high pass filter & ©] 83t ZE
Holgtal ot ATFAIAE LR olYE A+ AHE
& dA]skar 9l

AR, 2 Aol A= EREE AEAAN EVMEes H8ATNA &

Azw dole] B9 BAge wats] Astel ¥ A S Agsh

il
rlo
r&
-
1o
¥



rx

A E7rEEE AE8A7e] 7= Bold Ao A, 74 #EE =HAIA
(Flexion/Extension)®] & %S sttkar 7hgstel MCP #deo] I F
(Adduction/Abduction)o] v} <534 o] 3 (Deviation) =5 °ll t3ix = iLe 84
erokrh 1Elal, 58T A8y &g s A8 A RMS #hel it

skl digh 74X (weight)= & dstthar 714

SIW & AH&3F tloly A s Faeklth
WA EMG raw HolHE FE3H7] 919 EMG ¢ SAL dubrowm
detection ¥} recording &= 5=t electrode o ]3| AlsE A=

:
&
o2l
o

detection ©] 2} 3}, recording < ©] ™ media(CRT, paper, magnetic tape, etc.)oll 7]
3l A4S U@ =vH(Basmajian et al, 1985). dFA W, E Ao A= o]k i
i SA3E YA
SAE EMG HolH 9 AHA FollA o 714 AgA <l HAE A
sk 7Hd bdgk Wi o] AAgk BAE Fastrlel Al Al E rectify Sk
Zlo]t}. Rectification ©] 42 215.9] positive deflection & rendering 3= 7ld &
2 &9 #&E AlA(half-wave rectification)st A invert(full-wave rectification) 3} <]
FREAY. F27F A5 AdUAE FAD 5 7] wEel o dEshy E
A8l HlolE AgoM o] 5 AHESF

71831, EMG 4135 detect 3L record & W), A5 o] Ao FIFE Fi=
T 7HA issue 7F l=Hl, AWAATE A S ek o] HlEolw FHATE AS e ¢l
10| tH(De Luca, 1997). ©]& flal A= HAA o] HEHolgte= HFH o= o]
Holl 2350 e F(noise)s Al ASE Zrdolth 2 Aol A= olelg F
HHY S 9135le] Winter(1990)7} #| Al gt Butterworth low pass filter & A}-83}3it.



Low pass filtering & 2152 A7|e} #d HHE Hohlls F&3 WHo=zA
smoothing 2F1S 1k dat=2 2 & Jom A 71 Hol AFgEojA
¢ tH(Basmajian et al, 1985).

HPES A EMG Hlolg = HAPAEE] variability & glolal ©egh
Heg  Aslaslr]  9ste] A FsHnormalization) WS FsA T A3t
(Normalization):= A2 <1 = (measure)oll F#31A ojw 7]5=o] tha] EMG 4
32 B A(calibrate)dt=d 83 Ao R A3 289 tgE oy e
=5, e 9o &% aga, ZAY B8 e adAAE AFH e
2 Hud 4 9l sch(Kumar & Mital, 1996). o] AL-&% o] #]+= max EMG ¢}
rest EMG © <SS 25H 3 %3 5449 raw EMG 2l & & rectified EMG 21 & =2

3 % &9 HdH(mean EMG)S 3ko] AA ST A
H7HA max EMG & FE3: ZREFE ol9d k= vy AbgEolH T o
5 £9], Ericson et al.(1986)> 5 x &<tel Hulghs ARE3FSlaL, Arsenault et
al.(1986)> 3 %= w<te] 7|FOomHE JheH 1 & Fits AAste] AMEsH =
skttt

2 Aol A EMG dHlolE A2l HFAIE AME-g RMS %2 Integration
k2 linear envelope EMG o] =2 AHg%1 A7l 995 543}
o m ARgE oA AL Stk

2 AFAA EMG SAHS H8te &5&F A8AH A= FCU(flexor

rlr

4F

Q]

off

carpi ulnaris) <55 28la &l A8 Fo A= FDS(flexor digitorum
superficialis) <5< 2t2F AR&slQlth AMEE 53 S4E F9o disi=
H

-
| ge 2553 g &

4% EMG dlelg e A Ay, &&5es A8Ae Screw-driving =
A &7 A8 7|HE glolsy z)
Ea

7}gkell whgl RMS %t 2 Integration Zto] 2] &4

A
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5.3 F2& HIHKSubjective Rating) =41 1}

2 AT AgFete] ozt AARAAES] FHA H7HSubjective
Rating)E ¢]3}%] Modified Borg’s CR-10 rating scale(Borg, 1990)= AF-&3}3it}. ©]
27 =49 F74 77KSubjective Rating) 23 #AZ% HolE Y EMG T
olf ¢t Tl 5¥HE AYAAFES AXA @i, @A AR SHE T
A 3 7}(Subjective rating) A¥E HF o2 AEdF] AFESFSIH

S04 Hrle] BAAd wHEE % (Frequency)dll Wt 1 gko] F7El o
Hoole EELT AEATEN IiEes A8AIY TEdE ARt
Freivalds & Eklund(1993)el] W= F=32] 3 7H(Subjective rating) WHE 2+ =}He

sttt splom 2, WHEE T (Frequency)oll el
¥4 3 7H(Subjective rating) #to]l AX o= A ARkE Z¢o] FEoAXIThE A

& omjgt

2Ef2E SA4st=d

N
)
N
"

2 4 3 7}(Subjective rating) Ao A% filtered Z}% dHo]H
Ay EMG A¥el sAstAl W< (Frequency) 7t T 7hehel et v A9l A}
7V =7 AYEete A AS SHEFTL Aok 59, B2 daES 4
A= psychophysical acceptance 7} #theh uff B4kl 9J3lo] F7tsith= 3ES W
&3 TH(Snook, 1978; Liles et al., 1984; Herrin et al., 1986).
o, ST AE8AFe JE= Bols A Af WSk
(Frequency)”} 2 %(0.5Hz)Y w7} 1 2(1H)Y o Ru =7]& Fa7 ¥ A
At VAR AA=H, ole AN A Brolsg Lo HlE 2 %

(05Hz)= L% el7] o] tebd Avkela geke,

54 HEZIE EMG % F2A "otel &zt =4z

HA7tE, EMG 9 34 % 7HSubjective rating) & o1& A¥Eo] WS
S (Frequency)oll w& F7F&y A3t AHRdAE B4 A, E58F



gy S 484 dA fAE A vsith

(Frequency)oll @& S7H&el digh £ 434E HH, &
285 848 AHAE raw HolH ARE AL BE AdelA yHES
= (Frequency)7} epel wel 1 gho] F7betlnh. o= whES:

e A nsE AR AL -‘ﬂﬂ]é‘}tﬂ, AR raw dolE o RE %

>

e
)
fl
[-‘II
JH
Ft

= (Frequency)®ll

FHAR FHA jéﬂ(Subjective rating)e] A-$-= Qe gjpie Ays
of A= WHE 2= (Frequency) 7} 2 Wl - 4 ] whel o] whEl 2 bl - 4 W) Z}EA =
ookt o= AAIZ 2 v wE Ze YA} stolm 2 vl HPFete e
2 WA 7| AE Exuk AFDES 2w dStietn =7itkE Aolth thA] o

%

A, ARES FuHA Gl AnA Br} AEnd A4YYHE il
1

A2 £5% g8 os 2 2(05H2)AH 1 Z(1H)E HHE&T
(Frequency)7} 2 ®ll #e}2] = A3} 1 Z(1Hz)ol A 2 Z(0.5H2)= 2 vl W= = A
of ek 7} A9 FUFEo] A YA vk, &rlehes A& NA
= WS (Frequency) 7} 2 2(0.5Hz)o1 A 1 Z(1HZ)Z 2 8 welx]= Zlo H] &)
1 Z(1Hz)°llA 2 Z(0.5Hz)= 2 v wepA = Zlo] ¥ & S7Hes HEhaL AU
th ool B AT Az oA e &858F 84T Agdute &7
g5 48499 FAYelA 1 Z(IHz)Eh= WS4 = (Frequency) 7t o 2 & st}
g ety AAR 534 H7HSubjective rating)ell A &71eteE 4849

Z(1Hz) Zsdel sl 2 2(05Hz) 2ol o FEdrtar diws v dd =7t

1
ks A oleld A FuAs Fuglth

rr

o

¥2

AR £2% Ae43 A4 % raw HolHE A3 -7 E
dlo]g Alolol= fosk AFATAZE AATE 53], T TFHY filtered dlo]E A}
& =

=
T
3] %/\El ;j o] z+7+  0.8867

olo] AT £&HEEET HEAHY 7]
(p=0.0001)¥} 0.8814(p=0.0001)= A YEFRTE Hgh &85 AE&HAFHR &

7t 482439 EMG RMS %3} Integration #t Aol ol &= 0.9874(p=0.0001)%}



0.9638(p=0.0001)¢] &
EMG ©| #tE Akelel A9ol 543 delHE ol gdte] Axtd Avehs
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r <
)
-
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3] 1 7}(Subjective rating)ell that @A ol &

&R ErEes A8APNA LA #HEZAE filtered(l) o]
B ZA39} EMG RMS 3t 22]3Z EMG Integration kol o3
#HHZ % filtered(l) dloly A¥ete] AaAlTE E5Es A&APY] A5=
0.8013(p=0.0001)°] A o™, E7tete-5 H-843e] 79 0.6584(p=0.0056)°] AT}
ol AFEoA FEH BHrAI filtered(l) dlolE ZAxpelel AL
Radwin et al.(1994)¢] 0.75 (p=0.0011), Lin & Radwin(1997)°] 0.67(p=0.0025), Lin &
Radwin(1998)°] 0.873 (p=0.0063)2] “g#AE HQl A wlas] Eopd, 2 o
TAE ALeE HEzhe] xolib zHeizre] zpolow ETFEti o AT
& UEd Zlojet Azt

= m

 (flexion/extension) =kjoll A F=¥2 g 7kell M| # grH(Radwin et al., 1994)= A
AdE Astar 9l7]1% st
9% % 7HSubjective rating)?t EMG eI AAAFE B SRS

g2l 9= RMS 3t Integration gkoll i3l Z+7+ 0.6610(p=0.0028), 0.7336
(p=0.0005)°] o™, E7tebdF AL H9-ol& 0.6475(p=0.0067), 0.6846
(p=0.0034)°] 1t} Johnson & Childress(1988)el uwl=™ F=32 3 7K (Subjective
rating) 237} EMG ZX}¢} consistent 34 %, =34 H7wke] A= valid df
A ¢ o™ physiological measure oA+ ZQ3sttta il WbH EMG 7F 4
T4 3 7H(Subjective rating)e] A5 WA= XKeThe AFAAE YA
(Ortengren et al., 1991). ~12] 37, Kihlberg et al.(1993)= ¥4 3 7}(Subjective rating)



°F EMG ¢+¢] #Al= w9 &Rek, 94 W 7H(Subjective rating)™= EMG =
reaction force ¢ indicator 2 € -F83%A4 wtETa skt SR B Ao 4
w2 nFo] F¥2 I 7HSubjective rating)= EMG & o3 AddAZS A1
AHAFE Holal 9lom, EMG ¢ 2y F-st5 H7stel 9lo] /83 indicator &=

AbgE e Aolst watdn. 53, F-okE ol 77 H= v =3I A el A
T34 3 7HSubjective rating)= EMG & X3s @A 7t Aot e g

HAZE Akl s A2 3= A ATH(Fleming et al., 1997).

HH7T% Ailtered(1l) dlolE] A kel 534 3 7H(Subjective rating)e] 7 -9-o
= HF 9T 001 A FrolsiAl= AN, E5F AL8AEY &1
&% g3l A 0.5489(p=0.0183)9} 0.5314(p=0.0342)¢] H]w 7 Ho AM#tA
AE Ab=sAth ¥ = filtered(l) ool wla F=v4 7kete] AaadA7E
A0 SpARE 71 A QD AAE frAska vkal Ak wheba, 53 AX
5 AA AAE frequency-weighted filter & ©]-83F ¥ W3] Butterworth

filter & ol§% ek A Yol AYYEHE B ol thh RHI o)
&
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