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Abstract

Various wearable devices are being developed as concern about health care increases secondary to an aging population
in general, and increase in the instance of chronic illness, in particular. Most especially, studies of the development
of sensors and systems that capture and analyze bio-signals are being frequently performed. However, most studies
focus on collecting bio-signals from static motion, and there are not enough studies that measure, with any degree
of precision, bio-signals arising from active motion. Also, there are almost no studies regarding the shape and arrangement
of electrodes to increase the effectiveness of EMG measurement depending on the types of muscles. Therefore, in
this study three electrode shape (circular shape, X-shape, cross shape) and two electrode arrangements on muscles
(longitudinal and transversal array on the muscle) were examined in an effort to identify the optimal shape and arrangement
of the electrodes for the purpose of quantifying the muscle activity of the biceps brachii and quadriceps-rectus femoris
musculature. Analysis of macroscopic curvature before and during MVC motions was also observed, using 3D scanner
and program. The results of the study showed that muscle activity was highest when cross shape electrodes (which
allow freedom of movement in any diagonal direction) were placed on the biceps brachii muscle in a longitudinal
array. As for quadriceps-rectus femoris muscle (which has greater circumference and less changes in macroscopic
curvature), muscle activity increased when electrodes were attached along the transversal direction, regardless of the

electrode shapes.
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2ol Takst 9ol tiufolav) e Q.
ICT, IoT7]F mulel @lxzjo] Al2ee F2a7)
L NECIPE ERER L TR BRI
(SPRI, 2015), oJ&5-5 &3 AT HHE Adsh=
AA ZRdolut dlolHE 3 9 R sk Al=dl ol gk
A7} Bo] o]FoJR|aL gtk (Catherwood et al., 2010;
Kim, 2014; Mukhopadhyay & Postolache, 2014). =
2 N%1e A BRE Fske] Ao Al gt
AR AE|2E AFE “REAR7E B2AC] RoolA]
dojelE thubols B8 sk vZbEUS(mega
trend) & SPF= UERAL QJtk(Shim, 2014). B3 HZ
o= BASHAME Rl FHste] 2x =9 I EUX
F5e wUE PSR flojelE thilolx ATRs) B
o] FA5HA Z71= It Suh & Roh, 2015).

A7) Fg3telol PolE g RS 24 2viE
ot daEl Aol 28 ANE YEEd, 33,
A&, W & 55 SA L ol & T3 Y &
F A9E BUHYE ok FEl= 73€tH(Cho & Cho,
2015; Cho et al., 2008; Koo et al., 2015; Pack & Lee,
2014). 53] A, £F SR 9% 20k gFE A
NEE AL 24, Bt = sh= Zlo] T4
st} webd gEe ARAAE Hole 4L 915k A
2 AZ sfdk(Jang et al., 2007), 9Fole] HES 98t
e-textiles A= 7}H(Cho et al., 2007), ofZg]A| o)A 7}
o As Y F AR 5 A2 RUEY AlzE 27
(Jeong & Oh, 2012)e]l thg+ AT o]0l P}, wat
et SHoNE B3 A wol=g Haslsr] A
o187 % TRl TR EErSE APSHALKCho et al,
2005), MA| WAL =ol7] 213 22 A7+(Cho & Cho,
2015; Park, 2013; Song et al., 2010), *=0]= A A <
g= el gk ¢A7%(Cho et al., 2008; Min et al.,
2010) o] A&H oz oA L.

Aol E AT ARE ofe] F9fo F2bete] 7
Hil e AvtE o7t digstE”] flsiMe 28 A9
N2t Ael o] BAHoloF B, 2, Aol B2
o] ot AFERIHERobolx X oz S AYA)
A% dlolel g 7 ko2 FBeE Aet 9 F4o] FPssha,
ol5 &85t A A3} &) 7Fssty] flairE o
3 d3H(H, 54 B)olME T2 Al BgA wjA|
7} wie- Fostct @A ol2ldk £AIE st S8 ¢
4 oj5o] QNG RAstel YANEE S5 A

jh, o ds] sFe g QI3 FAgEol st AL

ol

do
&

ZAd] o825 A2 ArHKundu et al., 2011; Jeong &
Yang, 2012). ZLeju o}A7kA= AANE S o] A=
e S M P R L S B a =0 b ) S B P D i L
dlo[ge] 24 T gk A7t T2 o]FofAaL &
W g JErs ] e 4 A5 Fe Aoy

| W2 Al e Foll st A7 mEs A
ot} mwagt AF7hAl /N ool A SHE
ZutES|E S o5 mhE V& E wishy Ak e A
Aes A3 S53s 1 Ho= Alteld 587}
E BUE PSR ARz d FeldA Ay 288
S48t 9 S e A2 79 Fol &
& (It Cho & Cho, 2016).

HT A= I EYZzd gt @Al 7= Adh &

electromyogram) Z74-& 53l AARto® ZEHEE B
YE| sz 2ulE ojFo] skEar gl o m(Cho & Cho,
2016), v]=+e] o}E 2 7]0](Athos Gear)e} D= gl
(Mbody)olli= 2= S4S 7IHo = 3= AFol &
A=) Al ey olHet AlFES S
Aol ZE waL o] §ol3Hl H=E Alxe] wH
< WA ARE3ke] FERE g SleM e SHEE &)
oAeH, AME EFAF)7] Sl % ARel=2E ZA
2AIF7] WiEell ZHe] Al ojEgte] AX] AgA] BH
F Utk Cho & Cho (2016)% o3t A1 S 53t
FAQl AFo= FFEY] fsie et As =%
< 913 A5 SR 2 9B Soll uigk A7t A
ofof stctar FGich. o g ZHE EAo] HEE Aw)
E o8 gt a7} FuE Fo= Hol|=t|, o}Z|7}
A zulEde] Ygg =4 AAel oA E w5
o &gt A7 mnlgk Aot Cho & Cho, 2016). <
Ames JAREH wol AREE WHo|Awt 27}
LAFoll AxEE &5 AAE VS8 Zes 259
5 9 olek Al A AR dRe] Wels 259

Hy

1

ol

IS

T
YRR S ZomA Tie Fe Advlds, 54
e

, AAZE Aol gt A% S Tog ZHo| o
74 ofg]2-o] tHCho & Cho, 2016; Kundu et al.,
2011).

THE S A= Fokelao] &8 #-8o] 59
WA o Hs] bedgh o R Z7go] o] Folx|aL §IA|
T AS ] A A A HE AeEA
e 7497} Bl (Chang et al, 2010; Kong & Yoon,

CEE ST, SR, A, Ak e A
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%‘o] NI

ATAREe] wEb ohFRl7] whEell
SENIAM (surface EMG for a non-invasive assessment
of muscles)olHE Z2AEE Z3ste] ZHE A &
A iR dabell digk AEARRS WE7IE skl
(Hermens et al., 2000). I 3F2 wWo AF}Eo]
SENIAM Z&A4ubH o]y v|=r NIOSH (National Institute
for Occupational Safety and Health)ollA A|&H A5, 1
9] t}& =} (Cram, 1998; Konrad, 20051} A& 7=
< #3(Guerreiro & Jorge, 2006)3le] ZAHEE =43}
UAEE, A2 Fokella] o] &g} #-go] FojubHA
3] vhekel o= F7go] o]FolA|aL glon H=
2to] Aekgh AU ASmaiiie A=A 2 A
97} @i Chang et al., 2010; Kong & Yoon, 2012).
vl by o] #slA] Hermens et al.(2000)¢] wh==
AP AT AT 2709 2HE WS FEE A 2
& Afeb B Ao r AAE WA AY @
WK PR wixlghs 7 7HA o] AREIIT
3L SENIAM 152 <=5 Alfret Hash o=

¢ 2 K o«

=
= ojusio sk g Polrm BRI
oA AHstE Aol e e 2% Afel A%

Fe/kE Yotuag s

TAH FHo2= A, 71Ee] 47 AAR dNY
AAMZE QIAl F2F A g e] st o 2 ofg
ataL ol e} ZEAE 2157} o 2 FBErtE A
o T} thE Aol dopr i} shoict. A, 28 Al
AME LFA7)7] S17E o8t HEs &

Ao vdHe 244 W] 95

i o] g5 kel g ke e s A
Foll Belgte 250 A71sh FEo] U kol
I e 2 ZoA] GopR A} it

1, AATCHARE L AE ol

B A7 A5 e} sl e Adgtol T
7} giE A LoM o] 2EAREE S oH, 259
ejistele] #HAdS = =
sl, 259 U3 dolE st ol 3,
WA= P FES
73 THeR Stk ArthdAte] AATIES ATAF AL
o|zz12]o}(Size Korea, 2015)¢] 20~30t) 3k=¢] FA
A Bt el el A3 e A8t e, o5 &, 3

d
a2}, 24, A3 S THRE Tl e A Gt
AET 28AE ol 22t 34 AR eRE =
T 71wl tidAblA Aelek it Afojz=steo}
HatelolE et e AT dAte] AAAIS= <Table
1>ollA Hi= wpeh Ay gk A= @i iel whe o
A w3 250 dolote] dEAdS A¥ET] Hs) &
o]} e AT A5 G5 dole S4st

Ati<Table 2>.

(Table 1) Body Size of the Average Korean Male in their 20-30s, and that of Male Subjects Participated in this

Research
Average (Standard Deviation) of males in 20s - 30s (N=7)
Body Size H((-i‘(i:)h t “Eii;ht Circui?eersetnce Circuni’gj;nce Circur\rylvlersetnce Circumlgelfence
(cm) (cm) (cm) (cm)
Size Korea 1735 (£7.1)  73.8 (x11.8)  97.2 (£7.9) 93.9 (+8.5) 83.1 (£9.7) 96.5 (£7.4)
Subject size 176.4 (£3.1) 74.6 (£5.7) 98.1 (+4.6) 95.4 (+4.8) 80.8 (+6.0) 98.7 (£2.4)
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(Table 2) Average and Standard Deviation of Longitudinal and Transversal Length of Muscle

Biceps brachii muscle (cm)

Quadriceps femoris muscle (cm)

in 20s - 30s
(N=7) Longitudinal length Transversal length Longitudinal length Transversal length
Subject 13.6 (x1.1) 8.9 (£0.8) 254 (£2.4) 124 (+1.6)

Agle Aol FeEHet NN T
TR Aakglon, Aol ARgE W52 Covidien/
Kendall™ 200 Foam Electrodes(Conductive Adhesive
Hydroge, U.S.A)Ql A2tAlo] 9= U3]8 Ag/AgCl 1
™M 4=(3.6 cm diameter, 2.06 cm’ sensor area)S o83}
o] 2433k B ATl o] AZL AFET ol F o]
Aol oz or ] AR Q= 37 AlEido] =11
2718 ) W} folar] whzolrh. e suhegol
o HE57 gl AAiAs WS 2t FY) ol

M1 U302 E‘
JHEo] JA gom, He HHow Z4sty] i

o 2

A3k 28] 2B SR B Aol
nEste] AHgaA] ke,

Ak B 3502 [Figure 1N BEnjsh 2o
e 98 A, XA, AAES =
ZAsteleh. XAHT AAY AT Aol g Fol
A% WHo] ol 2he] HE} HEMsio
Bse QS sglon, WA ol 8o B3
FOAY) YA, 289 GEFFAAY)A YA
o weh o EA9l AP ol P v
of XAY} HAHOR Wele

Longitudinal axis of muscle

/ \

(@ Circular electrode

(@ X-shape electrode

(@ Cross shape electrode

[Figure 1] Experimental Variable 1 : Electrode Shape

mm

(@Longitudinal location of muscle (@ Transversal location of muscle

Blce‘]'.)S i
brachii m/ iy
1
1,

@ Longitudinal location of muscle (2) Transversal location of muscle

QO Electrode attached points

-
1

Electromyogram measurement positions

[Figure 2] Experimental Variable 2 : Electrodes Arrangement
(Longitudinal vs, Transversal Location on the Muscle)
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Z, cl2| 2]0Mel EMG 39| HEefet F

e weol I 2ENE Bt

=2 od = =0

()]

5 AP HQB)E [Figure 219 D3} Qo)A
HiEnpel o] Aol HaPslk A<=1dK(longitudinal
o] h=Hl8K(transversal location)ol]
e HhLo} N

S O]’ME]—-

location), <A

2. mrlal 289 JAIY T ¥ 2WE &W
1) ANA =g 24

o8 5 A QAR AAH FE52] Hsht Al
o] Fejol] w2 ZEHE Foll YIS VAEAE Lotr
7] 93] MVC(Maximal Voluntary Contraction) 52F213}
Feple) AT AN e el B ArolNe
QAle] Fre HArja I 5 G AN FES 54
stk ANA F8e [Figure 3]2] @4 Riwls) 2
o) S 2gol FAE Ake WAL 5 U= Al e
Ak o] WA G5z Jelg 5 gk ok 39 9
o] afg o] TR AeE Uehie Ao, 7AH
TE0] 2R Aolls FHU(EE FA4)o] ebsith= 2o
™, AN FEo| 2 Aeolls FHEL )9 =59
AX Bol FHEA = ofnjolrt. Ay AT (Lee &
Hong, 2002; Lee & Hong, 2013)E 53l AAlA 38| F
o2 Qe Al Hold S Ak Aelo] FE
Ho} QAo S FEE o] & Rkgeiths Zlo] BarEg)
o, QA AXNA FFE SHE gk Al ARk Arle
2~10 cmo.2 AR oo & AFexes FE574
< 98} Aol a YEHE FUL JEOR [Figure
319 DellA] Benkel o] 292 entA o2 AzE 1
d F, 339 270 (Artec MHT™ 3D Portable Scanner)
2 Ahgste] 9% A% Fof ARAEARES 25 2
9 dlole] A2l Artec Studio programS AME-EF31C.
1, Geomagic Design X programs 2-83}o] [Figure 3]2]

Artec 3D scanner Before exercise After exercise

@ Line drawn with a 2 cm interval grid in the skin

@olH B ule) go] [ B9 KoM o] AN ZE
< 275k9l). o |, ofe] Wake] AN TE F B AP
M= A B2k 19| 280 A= W3k (007 k= Wk
(90°) 1831 1 Afo] Al Wk (45°, 135°)S XA
th 71 olfE Aol Fejsh e Wlel e 2 Al
b 250 A Ao R opy|Es HEHSeL dol
M=7He GokEaA} otk

2) 2A= (EMG; electromyography)
48 2FAY ZA=E 2Hsr] 9] Wireless
surface EMG System(TeleMyo 2400T G2, Noraxon
Inc., USA)& AHE31lom, EMG S Zdgtol+
(Biceps brachii m.)¥ thE Z]Z(Quadriceps rectus
femoris m.) & 2745 A3 A= 2t APAt] 5
Al Hel ozmel fAskes AFE TSt
(Cram, 1998). 52| 2H= 2155 Atslslr] $lste]
X 3) A1 (Konrad, 2005; Cho & Cho, 2016)S &8
ool 32 59 WAk MVCE Slgion, s
ahl B2t 747} 3wa AAE AL S Aelo]
A S kg olEE o183 FAo2 e A
oA Z F3 Zto] 80°7} HEZE F3l AHE ZXAEE
sAsigom, dEAzes A4 $5 79 7
o) 07} H5s ~AE 54 sel Sqehodh. 2AE
9] Al MyoResearch XP Master Edition 1.04
software (Noraxon, Scottsdale, AZ, USA)E o]-83}o] &
235kl o ™, 1,000Hz] sampling rateo] A E5E2 <
F3l & Full-wave rectification® 2] 2]3}9] E} 3l 20~
500Hz oiAthe band-pass filtering& 3+ ¥ hamming
pHoz Asg Asdon, 2HYES T8
7] 18]l RMS algorithm© 2 smoothing *]2]& 3}
RMS(root mean square)?r-o =E3}Ich

AANA =E w3 2= ek As2A2 SPSS

window X

Transversal
location of
muscle

Macroscopic
curvature

o Reference point for
macro curvature measurement

P 4
Longitudinal
location of musc,

Y .
1 Electrode attached points

@ Measurement method of macro curvature

[Figure 3] 3D Scan of Skin with Grids and Measurement of Macroscopic Curvature
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statistics 21.0-& o|-83tlom, d=<] Fejel 25 f A
SRz o) w 2w 2fo|7) YEAE BAE]

Slal

Bonferroni’s AF&7]

SR L

I Avda ® 313

FEAHE(ANOVA;  Analysis of variance) 2

—_

L E O 239 HAN S8r

AgholiEamt s e ANE FE3 MVC §4

Al Fge) WPt A5e] Fejol vyl W 22y
She 7hE eluy] sletel §4 A F

ol FHeino
4 A 28] AN TEE 29
350l A5,

Ha =

== 5

Asle] <Table

(Table 3) Mean of Macroscopic Curvature depending on the Directions of Body Surface where Electrodes are

attached in the Right Figure (Standard Deviation is given in the Parentheses)

(unit : cm™)

00

Before MVC motion

45° 90° 135°

During MVC motion

00

45° 90° 135°

Measurement Positions

of Macroscopic

Curvature
@ 003 014 028 010 003 016 028 014
(#0.01) (20.03) (20.03) (20.02) (£0.01) (*0.03) (x0.04) (+0.03)
Longi-
wdinal @ 002 0I5 029 012 005 018 032 020
location (#0.01) (20.02) (0.02) (0.01) (£0.02) (*0.02) (+0.04) (+0.03)
avg
- 0.18 (+0.08 - 021 (+0.0
Biceps *h ( ) (#0.07)
brachii m. ) 0.02 0.11 0.22 0.09 003 014 025 014
(#0.01) (20.02) (20.06) (20.04) (£0.02) (+0.03) (x0.04) (+0.04)
Trans-
vesal @ 003 016 029 01l 004 018 029 016
ocation (#0.02) (#0.03) (#0.02) (£0.02) (*0.02) (*0.04) (+0.04) (+0.02)
?Zlg) - 0.16 (20.08) ; 0.19 (+0.06)
g 002 008 016 009 003 01l 013 ol
(#0.01) (20.02) (#0.02) (0.01) (£0.02) (*0.04) (+0.02) (+0.03)
Longi-
wdinal 002 008 017 010 002 010 014 008
location (#0.01) (20.02) (#0.03) (20.02) (£0.01) (*0.04) (+0.04) (+0.02)
Quadriceps E‘Z#; - 0.11 (20.04) : 0.11 (+0.02)
rectus
femoris m. @ 003 008 013 008 003 010 013 012
(#0.02) (#0.01) (#0.02) (0.01) (£0.01) (*0.03) (+0.01) (+0.05)
Trans-
versal g 002 008 015 009 003 01l 013 009
location (#0.01) (0.02) (#0.01) (£0.01) @*0.02) *0.02) (+0.01) (+0.02)
?:#; - 0.10 (+0.03) - 0.11 (£0.02)

#! I:] : Average macroscopic curvature of the 45° , 90° and 135°

* D@@ and @ are the measurement positions as shown in right Figure

O Electrode attached points
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= o m ZHAE AAE FAS Aotk 2H%E
Ae e 2HdE d5 §3 SAHoERE 4
(D), o}HN(@D), &&HD), HSH@D)ll
FE2 7t AN 25 52 0°085) WE, 45° 1
90°(wh3) W, 135° ko w A5

o F23} tiE| o] F3(0°) FFlA el AAA
MVC 7oy 52 Foll 25 0.02~0.05 cm’
etoll IRt o] AE T FAlo] = Yo WHAIER
E HFo g Zold ARy g deol vho] 20~
50 cmojgh= o2 F2F Hofu F2F Fut F H-91<]
A FHAEE2 =A)o] w9 evlsithE Soltt &, F
2k Aol AEde] FEL 00 717 wiizel
e A A S vAA g ve AS
k.

ol 5o 0° Wi FES ALt F5e
3, 90°(H=) Wk, 135° wEkolAe] FEFTS
<Table 3 avg.*1>:% A3l FEF o2 AluH
W3fox o] TEL +32 BT B2 oS &
th. MVC 52t A ggho]Foale] AAIH=
(0.16~021 cm')e e d2elxe] ANHZE
(0.10~0.11 em™)=ch ZEd), ol Jgho]F2e]
= 2 2HY o B8535 218 oJn|sit). 53] 4

hul

O
(
o

O

ol
f&
N
E
oz

iy

=~

— o
Lo e

¢

[\

i

o]

e S
-

N

(9]

f °
OIL

oF

32
o T

iﬁzwﬁi

by
.

:

Mg o o ¥
o

5

[‘
¢

o] w3 WKO0° W) FEL 0.22~032 cm' 2 B3
SE(0.09~0.20 cm™)E
veht elolrel s ©3mitow Sl

53], AgholF2e] ANAFE
73t0] 0.16~0.18 cm' oA 0.19~0.21 cm' 2 §-2J]3}
Al AA7] wiZoll(p=.000) BHEAQ] T2 T3 2=
=4 Al 93 A9 9A7F HatEo] Aglo| TN F
Azr5o] A7IAY AZHAN Exe AV AT
Aoz Azt

<Table 4>li= MVC &2} ol ulste] 52t Al2] 7
AHFEo] dri Wslsh=rtE Adghol T2 tE A2
oA Alxkste] AABATE A7]oME FE(0°) WFollA
o] AAA Z& Hak= 0.00~0.03 cm' 2 H3leFo] 7<)
001l 717171 wiitol| o] & Al|ogh o] 45° W3k, 90°(th
Z) Wk, 135° Wkl o] FEHsle-S Avngitt 4
rol ol 135° Wl o] FEMB7L 40~67 %
2 7P 3A JEpsen, 45° Wekdae] SEHstE |
3~27 %= AA deRgrh v 90°(H5) WEkelrE
AAA FEo] 2 Aol vkl FEHSE 0~ 14 %= 2
Uehgth wehd 52 dehol ol Ao 4590
135993k o 2 5o Wslksle 21S WaliehA] 2+ FH
2 ASFHE dsr 7= Aol Hads & & Stk

S, thE FZoME 45° Wkl o] FEHs) 2

T

4
ol o
=2

(Table 4) Change of Macroscopic Curvature depending on the Directions of Body Surface where Electrodes are

attached

Change(Ar*l) of macroscopic curvature

45° 90° 135°
@ 14 % 0 % 40 %
Longitudinal location ®) 20 % 10 % 67 %

Biceps brachii m.
® 27 % 14 % 56 %

Transversal location

@ 13 % 0 % 45 %
@ 38 % -19 % 22 %
. Longitudinal location ®) 25 9 18 % 220 %

Quadriceps rectus
femoris m. @ 25 % 0 % 50 %
Transversal location @ 38 % 13 % 0 %

(After MV Cmotion— Before MVCmotion)

%l =
Change( Ar) Before MV Cmotion

<100

# (D@® and @ are the measurement positions as shown in right Figure of Table 2
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5~38 %2 FA Yehd vbd, 90°(¢HS) WiakollM= -1
8~0 %= FEo| ol AL F, dEAe AL &
F U3k o5 B3 UE A2 Agole WHEAR] F
A= d=59] A7 s AY AZHAAN EEe
A7} 2k o]Foll wls|  HAE|R] kS RS ode
F ATk

A ATtelld 38 A5 Ae R 2=, FH
Hsle] vhg-S Lol & = 7] whitol FREHE HF
o] WolX= EA1- o] AL A7) = ] 2. (Hermens et al.,
2000; Jeon, 2009), o|&jgt #AE 3 Ast7] S8l A2 el
olxZu}, e =S ARgato] AlolE3t F sk W
HS Aokel7 | &gt Hermens et al., 2000). o]2|st
AN B FEUSE Tl kol Tl

2 Aglen, ol dAs] Sl W
FeE

wslstel TS S B

oh A SPUQS + AL BEPP)| e 23
4% ANOVA(Analysis E

of variance)®X3 ZAI
<Table 5>¢] A|AISFSATE. dgholFollx 3
ol whe RN Fonlgk AfolE H L
(p=000), A=e] Heho} A=wjde] WEAGo| Lkt
S & F AsAHp<0l).

AZ Helo] W2 A% x}o]E Bonferroni’s
post-hoc test2 W] A3 Figure 4 (a)], HAFE

Fog A" 2ZAHEIK11 Hz) 98 dAFe=

rr
o)
[y
o i
Rul
oo

A

e ZZHE95 Hz)oll vlsl fFefnlsiAl A vkt
oH(p<0l), XA HA5o=2 Z4H 28 %(106 Hz)
A g8 AFog =" 295 Hz)ol Hls] &
guleHAl A Jetthp<.05). &, AAE F53 I
st & dgholFoME V18] dF AFKHTh=
HEE XA o AP d508 SHE 224%
7b ol $retdlal, 53] w23 Al 25 g5 1350
o] ArA FE WPt 40~67 % A et
7] ol ARl AEE = AR
g3t 2EEE SA= Zlo] /P 2 o=
A7}t
5k Al e 28AxE vlug s
[Figure 4 (b)], <52 3 S
=43t 2EAE(127 Hzyl 259 w&wsfog 1
sle] 248 2G4 (81 Hz)ol H3] SonsiA =
YEPtTHp<.01). 3.6 eme] H=& d5UFes o
A}
)

4

3] wjdslr]ole <Table 2>of A|A|gE vl 7o)
o]Ee] TE710)(8.9+0.8 cm)7t 2R3}
o] Zo](13.6+1.1 cm)ol| 9t wf FE3| vix|=]7] uwfE
o2 Holt}y. &, Hermens et al.(2000)0] &8 =77}
N A=) AEH v Ae O o R wjA|st
|2 A e 280 9¥or 28R Fol B
ASelM A 542 F vk A% fAksE 239
=5

kol oM A= Fejel A=ujdiy 3t
g vuet A7 w5285 [Figure 510 AAls}
Bonferroni’s post-hoc test® ztzte] ZgtojlA §-2of
o7} ETHE AHEW, XAY WSS FE5Ues

ZHAysle] A3 28T 128 Hze 98 A=

.
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_>|4_:‘

o
o
o

(Table 5) Muscle Activity depending on the Shape and Arrangement of the Electrodes on Biceps Brachii Muscle

Variables (Hz) Type III Sum of Squares df F p-value

@ Shape of electrode 3707.46 2 13.96 000"

@ Arrangement of electrodes 43707.61 1 23.11 000"
@ Shape x @ Arrangement 1539.83 2 6.74 004"

“p<.01, " p=.000
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ol uws 2T FX(ANOVA; Analysis of
variance)3tth. 1 M able 6>0l|x2} o], AT
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A=l ol mel s 2wl felna Aol u
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[Figure 4] Bonferroni’'s Post-hoc Test of the Muscle Activity depending on the Shape and Location of
Electrodes on the Biceps Brachii Muscle

(Hz) 160
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[
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* A&B : significantly different pair (p<.05)
*ad8lb : significantly different pair (p<.01)

[Figure 5] Effects of Electrode Shape and Arrangement on the Muscle Activity for Biceps Brachii Muscle
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ghela AN FEus) a—e« 28 ow: 5]
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vk A=u il e 28 =E Bonferroni’s
post-hoc test2 H|W3t A¥HFigure 6], A5 &5
dEAko 2 RAtste] A 224 E 3ol(85 Hz)
AEFo R ASE FEete] S43 3461 Hz)el H
gl FrejmlatAl ZA GEFRTH(p<.05). o]& A
Hermens et al.(2000)°] &3 Aol =7]o] ths)
Aagh vk} ol thE A2 B dsdke] 25 4
0](12.4£1.6 cm)7} 27] ZA=9] #|E2l 7.2 cmiL}) %
7] wigel, 7 Aol AR vUE 255
}\510] X—]o] ELOQ,] :%]—/\-]i]y} XT-_EE_ %75]% 7}_‘5—}6101 Ly/g-_CL

¢ wpeel e YA Aol ool
Fo Wl @ 4 s AN olsh Lol B
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sp7h 7P 2 1350 el & e 7 s AR A5

m& rulm

P 248 & 9ee d 5 9

3
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(Table 6) Muscle Activity depending on the Shape and Arrangement of the Electrodes on Quadriceps-Rectus

Femoris Muscle

Variables (Hz) Type III Sum of Squares df F p-value
(D Shape of electrode 47.69 2 0.40 672
® Arrangement of electrodes 12740.36 1 592 030"
(D Shape x (@ Arrangement 329.99 2 3.20 .057
*p<.05
(Hz) (*p<0.05)
150 *
& |
Z
5 100
<
2
2 50
=1
=
0

Longitudinal array

Transversal array

Arrangement of electrode

[Figure 10] Bonferroni’'s Post-hoc Test of the Muscle Activity depending on the Arrangement of
Electrodes on the Quadriceps-Rectus Femoris Muscle

- 45

4 -



E, o2] Z=0ilMol EMG M=ol eljet Mg We| wE 2ad: 8ot 1

oF =o] v Wy
gro| T2} tjE 2]
o LolEo ) 5 2mpegole] W 4 gl
A% Alxe] Fejol 1o tigt 7% A5 E Agstaat
stoick. AAFE aokstd ohat

AR, kol FZolME 25 AN FEH 52 A
ZEWs} Z7] vt 93] ATETE XA o
AR ] AFow ZHYTE ZH4sk= Zo| Tl golat
ek 53] A AFow =AY 2FAE Frol(111
Hz) 7} 27 Yebded oA A& "5 MVC
2 Al AAA FEst 7P 2 5] 135° ko)
e o] ol 28 AF=e] 135° wako 2 A7t 71
7] wiEo g Az,

Z
Z}
=4, ZgholFold A=l e 8=
o

o

2 9wy A3 APl AFe 22 o)
o 2Eer} BEe s A58 RAge o Ky 2
A FERST AgholFte] BEake 8o} 27) e
AT Ues] uEiero s waksisle] dasstel )
A TE 250 GEre wold 2RAEI} A UsheS
sholdt 4 2l

AR, o] ANA Sgo] a1, A TEe| W}

7} 2o vE e At A%907E )
o Wk 2B groll AolE HolX) ekgleh. et
S ol Wl SEw ke wme A%, BE
o E5elh 249 AT Agut 2 e 2 3
S BEPYEHOR AT A ST 497}
Ao e AL PARE v Bk SBYE g 2
A LhERge. oleh ol BEro 2 7o) AT ¥
she] 2451 Zlo] HsihH RS Zolus
Y mades AAE sne Wid 5 ) Rl
£ 242 5ot e 5 glu g Aol
g 5 9le Aow Az,

The AEe dwdd 24 8k 71, Hx

el wWske AeAHAE 272 F AL ol
FFole Bl A5t sl2inel HNFslgToht
o] olfo] Il WAEe A, SED 5 ok
Sol sl 5o sat

o]

EEDICEE R R TS

&’ o

FAo]: ASFe, A=, ANH HE, 2=

REFERENCES

Athos gear. (n.d.). Athos. Retrieved November. 22, 2016,
from http://www.liveathos.com

Catherwood, P. A., Domnelly, N., Anderson, J., &
MecLaughlin, J. (2010, September). ECG motion
artefact reduction improvements of a chest-based
wireless patient monitoring system. In Computing
in Cardiology, 2010 (pp. 557-560). IEEE.

Chang, J. S, Lee, S. Y., Lee, M. H., Kim, J. H., & Kim,
C. Y. (2010). The effects of EMG activation of
neck, lumbar and low limb by using baby carrier
with arms during walking. Journal of the Korean
Society of Physical Medicine, 5(3), 323-330.

Cho, G. S., Yang, Y. J, & Sung, M. S. (2008).
Development and its present status of bio-
monitoring smart clothing and e-textiles. Fashion
& Textile Research Journal, 10(1), 1-10.

Cho, G., Sung, M., Yang, Y., Cho, J., & Jeong, K.
(2007). Comparing signals of textile-based ECG
electrodes with signal of AgCl electrode. In Proc.
Int. Conf. Intell. Textiles (pp. 45-47).

Cho, H. K., & Cho, S. W. (2015). A study of sensing
locations for ECG monitoring clothing based on
the skin change rate. Fashion & Textile Research
Journal, 17(5), 844-853.

Cho, H. K., & Cho, S. W. (2016). A study of sensing
locations for self-fitness clothing base on EMG
measurement. Fashion & Textile Research Journal,
18(6), 755-765.

Cho, H. S, Kim, Y. J., Kim, H. S., Seo, J. H, Lee, S.
Y., Lee, J. H, & Hwang, E. S. (2005). A

- 455 -



12 slMEtnlEks|X| M26R 55 2017

development of the prototypes of smart sportswear
for trekking and jogging. Korean Journal of the
Science of Emotion & Sensibility, 8(3), 213-220.

Cram, J. R. (1998). Introduction to surface
electromyography. Gaithersburg: Aspen Publishers.

Guerreiro, T. J. V., & Jorge, J. A. P. (2006). EMG as
a daily wearable interface. In GRAPP (pp.
216-223).

Hermens, H. J., Freriks, B., Disselhorst-Klug, C., & Rau,
G. (2000). Development of recommendations for
SEMG sensors and sensor placement procedures.
Journal of electromyography and Kinesiology,
10(5), 361-374.

Jang, S., Cho, J., Jeong, K., & Cho, G. (2007). Exploring
possibilities of ECG electrodes for bio-monitoring
smartwear with Cu sputtered fabrics. Human-
Computer Interaction. Interaction Platforms and
Techniques, 1130-1137.

Jeon, H. (2009. March. 30). F/=29/ FIIX] 2
[Electrode attaching position-EMG measurement].
SEED Tech. Retrieved May. 29, 2017, from http:/
blog.naver.com/hojun_jeon/90044820373

Jeong, P. S., & Oh, Y. H. (2012). Ubiquitous healthcare

monitoring system based on web 2.0. The Journal

e 27

of Korean Institute of Communications and
Information Sciences, 37(4C), 321-328.

Y., & Yang, Y. (2012). Development of
tight-fitting upper clothing for measuring ECG-A

Jeong,

focus on weft reduction rate and subjective
assessment. Journal of the Korean Society of
Clothing and Textiles, 36(11), 1174-1185.

Kim, K. H. (2014). 5f0]9 - FAFo]RI] 7)o/ A 5HAT 7]
WFREe Y S o

[Biotechnology - Healthcare Industry Technology/

v

Market Analysis and Key government policies and
development prospects of the new government].
The knowledge industry high-technology.

Kong, Y. S., & Yoon, J. S. (2012). The change of the
trunk muscles activation in the adolescent carrying
a backpack with belts. Journal of the Ergonomics
Society of Korea, 31(6), 741-747.

Konrad, P. (2005). The abc of emg A practical

introduction to kinesiological electromyography,
1, 30-35.

Koo, H. R., Lee, Y. J., Gi, S., Lee, S. P., Kim, K. N,
Kang, S. J, Lee J. W., & Lee, J. H. (2015). Effect
of module design for a garment-type heart activity
monitoring wearable system based on non-contact
type sensing. Journal of the Korean Society of
Clothing and Textiles, 39(3), 369-378.

Kundu, A. S., Mazumder, O., & Bhaumik, S. (2011).
Design of wearable, low power, single supply

EMG for

monitoring. In Proceedings of the 2nd International

surface extractor — unit wireless
Conference on Nanotechnology and Biosensors
(pp. 69-74).

Lee, H. Y., & Hong, K. H. (2002). Fundamental
morphological consideration for the 3-D shape
analysis of the middle aged women's breast.
Journal of the Korean Society Clothing and
Textiles, 26(5), 703-714.

Lee, Y., & Hong, K. (2013). Development of indirect
method for clothing pressure measurement using
three-dimensional — imaging.  Textile  Research
Journal, 83(15), 1594-1605.

Mbody. (n.d.). Myontec. Retrieved November. 22, 2016,
from http://www.myontec.com/ products/mbody

Min, S. D, Yun, Y. H,, Lee, C. K., Shin, H. S., Cho,
H. K, Hwang, S. C, & Lee, M. H. (2010).
Respiration measurement system using textile
capacitive pressure sensor. The Transactions of the
Korean Institute of Electrical Engineers P, 59(1),
58-63.

Mukhopadhyay, S., 0. A (2014).

Pervasive and mobile sensing and computing for

& Postolache,

healthcare. Springer. 2013, review page

Pack, K. J., & Lee, J. R. (2014). Draft proposal of smart
outdoor wear upon the outdoor wear functionality
demand. Fashion & Textile Research Journal,
16(3), 446-455.

Park, J. M. (2013). Technological issues for body
information monitoring. The Journal of Korean
Institute of Communications and Information
Sciences, 38B(2), 105-114.

- 456 -



E, o2] Z=0ilMol EMG M=ol eljet Mg We| wE 2ad: 8ot 13

Shim S. M. (2014). gJofz/E rjrfo]= {}Y/HA] [Paper  Suh, S. E., & Roh, J. S. (2015). A study on smart fashion

for Wearable Device Industry]. KT Economic product development trends. The Research Journal
Management Research Institute of the Costume Culture, 23(6), 1097-1115.

Size Korea. (2015). =Frjo/e] ZH¥ [Search for  The National Institute for Occupational Safety and Health
Measurement Dataj. Retrieved March 25, 2017, (NIOSH). (1992). DHHS Publication Number 9I-
from http://sizekorea.kats.go.kr/ 100. Selected Topics in Surface Electromyography

Song, H. Y., Lee, J. H., Kang, D., Cho, H., Cho, H. S., Jor Use in the Occupational Setting: Expert
Lee, . W., & Lee, Y. J. (2010). Textile electrodes Perspective. Retrieved from hitps://www.cde.gov/
of jacquard woven fabrics for biosignal niosh/docs/91-100/

measurement. The Journal of the Textile Institute,
101(8), 758-770.

SPRI(Software Policy & Research Institute), (2015. 03. Received 12 July 2017;
03), 2015 CESE &dj w2 SWiel Ed= Ist Revised 28 August 2017;
[Trends in SW industry through CES]. Software Accepted 20 September 2017
Policy & Research Institute

- 457 -



	팔, 다리 근육에서의 EMG 전극의 형태와 전극배열 방법에 따른 근활성도 평가
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구방법
	Ⅲ. 연구결과 및 고찰
	Ⅲ. 결론 및 제언
	REFERENCES


