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A Study of Sensing Locations for Self-fitness Clothing base on EMG Measurement
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Abstract : Recently, interest in monitoring health and sports is growing because of the emphasis on wellness, which is
accelerating the development and commercialization of smart clothing for biosignal monitoring. In addition to exercise-
effect monitoring clothing that tracks heart rate and respiration, recently developed clothing makes it possible to monitor
muscle balance using electromyogram (EMG). The electrode for EMG have to attached to an accurate location in order
to obtain high-quality signals in surface EMG measurement. Therefore, this study develops monitoring clothing suitable
for different types of human bodies and aims to extract suitable range of EMG according to movements in order to develop
self-fitness monitoring clothing based on EMG measurement. This study identified and attached electrodes on six upper
muscles and two lower muscles of ten males in their 20s. After selecting six main motions that create a load on muscles,
the 8-ch wireless EMG system was used to measure amplitude value, noise, SNR and SNR (dB) in each part and sta-
tistical analysis was conducted using SPSS 20.0. As a result, the suitable range for EMG measurement to apply to clothing
was identified as four parts in musculus pectoralis major; three parts in muscle rectus abdominis, two parts each in shoul-
der muscles, backbone erector, biceps brachii, triceps brachii, and musculus biceps femoris; and four part in quadriceps
muscle of thigh. This was depicted diagrammatically on clothing, and the EMG-monitoring sensing locations were pre-

sented for development of self-fitness monitoring.
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Fo AP gl wheh 2 Aol =oAL Sltk(Kang et al,
2014).
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A7t o] F XL UTHCho & Cho, 2015; Park, 2013;
Song et al., 2010).

A AT 24 2nE oRe Y2 dFS WA,
35 AL, A% 25 T AARYEH A3E A A
g 3 2% aAE BUHHSkE 202 A FE| FgHl
70| F23tH(Koo et al., 2015).

FHe AYh 55, A 5o A A5 247 tEo
YEUZ2 g 2 agks 24 S Qe 2% 24 9F Al2H
o thgk AT o] o] FoJA|aL UArk(Suh & Roh, 2015). &
9] A3 245 FeiMe vIREE 8oldoE Qs Al
g 59 st FokollM EH ZHE=(SEMG: surface electro-
myography) =7 WHE AREslaL flou, vFe] =2 Jud
2 2o 2 9%k 54 %S (motion artifact), AAIZ A2l <]
g A% Y Fo= sl ZHE A oHeS HAeu
(Kundu et al., 2011). W2 259 F2& B 2 S4S

24T 5 Y A A AAE Ao AEE Q7] 9l

NES F5Y 5

Kim, 2010).
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sjol o= W 2% 23 WA EE] Aste] T 2
AE Ase] BEYS 2 WIS BESTA et

2. O|EH Hi&

21. 2N

2ME
ZHEEMGYE ZHd Axse &5 95 7158 3
o7 59 £5 Y olgtd] we} WM EE H7|H ASE 1
- EH A5 e AEH PoR SAske g ovlsitt
(Kundu et al, 2011; Min et al, 2005). <IA|2] 49L&
A ZA9 A o3 A=, 25 YR

(a) Mbody. Attp:// www.myontec.com

Fig. 2. Clothing system for wearable fitness monitoring.
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Fig. 1. Elecrodes frontal possible positions (Guerreiro et al., 2006).

sl 259 SHEE Sk WHoH, ol Z2X&E &4
(electromyography)2} $FHKim et al,, 2016). == 259]
F5 olgERA WSk H71H Ae R Z50] sk 7
Z (amplitude)°] FHE L F7](duration)’} ZoIX|Ed] +&0]
5 ol¢E v WEE ARE T EEHY 1F 1Y
< 259 A7 &5g Bkl T8 840t (Min et
al, 2005). 23X T A& F pu-F mV AT ME3
500Hz "|¥te] §& Fakr tfol S zhom, 2% 459 7
TE 259 A2 7P 34 vER 2XE &4 &
A A=l Aggt x|l FArE ook Srk(Guerreiro et al.,
2006; Won & Yun, 2015)Fig. 1). =H= AA A= Ak
oJgt, AFx =8 FoA teFstAl olFolA AL ot AR
EMG Al&"9] 8 gl it avtelH, qf4e] A4 &
SEA ] A A QlsiMe o] 7EA] Alofo] mE
TH(Kundu et al., 2011; Yu et al., 2007).
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T A& A Als ZUE o tist Filo] Zrigkel w
g}, oltjtks 2 L= g A¥Xx S FEH A¥x Hill=2
TR AN A&HQ A &4
+FE BUER AFo] sl 237 UTh(Cho &
2015; Peak & Lee, 2014). A8}, 5& =% 7|&7|qke)]
AFE 7159l AR 716k AME Ba Adh 5%
AA ANeg Hrh AgsiA Z7g37] Q)] o514
AA GaBE ML 5 Tt ZopoAe] A Ade] o] F
o] Jtk(Catherwood et al., 2010; Cho et al, 2008; Min
et al, 2010). FZole Ax IEYZ| tigt B4le] F7i=
Al 55 249 gEo] AEstE S5y BUEYS 8t
o 53 24 3 2AE 98 Bl A s 2 2 84
£ BUEH 3sle ofF AlFe] MEE ) vl5e of&

710](Athos Gear)e} HFH=29] Inlt](Mbodyys 23T =
< 7RE0 R slo], 2 BEH 54 F AFOE AFEsk
dom, M FEYL 9 AR SFHFE A8
o 8= 9louk(Suh & Roh, 2015), et 415
s AT A 2 57 502 sk diFAEd AE
sl Ashd-S 7HAAL QiTh

o

o

=
3 =F

L%

rh
re
=y
2
R
fr
=5
2
§
[,
i
&
<
>
>,
fol
2
N
e
15

u
o
[N
:
ol

g W
™
W,
=

X
i
0 o
>
o

o °§ﬁ wa o e
—_ JIN'
% o
rl
2
g
=3
SN
O
it
N
=
o
rld
2
1
=,
>
i
S
2

H
2
N
(i
s
O
N g
=
Ex
oft
L4
tlo
4
(}(J)(:‘l‘
rd
2o
Al
a2
/l--O{\l
&
<
®)

amplitude value), F--(noise), SNR(Signal to Noise Ratio)

2 SNR(B)E =&k Al 2= 34 A& wWels

Table 1. Characteristic of subjects
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Study of the basic thesis
i

Design of the experiment
¥

‘ Selection of the representative motion ‘

12

Measurement of EMG by motion
¥
Analysis of displacement
v
Statistical analysis

v

Deduction of measurable range

for EMG monitoring clothing

Fig. 3. Research method.

=& THFig. 3).

3.1. TEX

B Ao gpde & 244 A 2 63(deformity) =
$1= (atrophy), <55 (muscle soreness) S &S -85
B 200 =2 AP 108E e R stk BE APt
oA & A7l 54, WE, Y A 3 APl diste] v
StaL oAl F e TS dof AAE e, HRAE]
AAH E/JL Table 12+ 2T},

32. 58 R =&
7 &4 t'HlE S 2R EF 54 B9 94
2 (reference) =74 -9 2 Hojuxr| &

= 2 2om 0718 T A58 SO0, B
A1 Fig 49 29 A 38 e
4, A S ) el A 48, A )
Y2 49912 WFE o] St AN FelAE ol
st YRR 2} 359, SR HEolr

il

Body fat

Subject Gender Age Height (cm) Mass (kg) percentage (%) BMI
S1 Male 21 172 64 9.10 21.80
S2 Male 23 168 64 12.30 22.90
S3 Male 22 178 78 17.90 24.90
S4 Male 23 176 77 17.20 24.60
S5 Male 24 174 69 12.00 23.10
S6 Male 20 180 61 4.60 18.80
S7 Male 25 171 71 18.20 24.50
S8 Male 21 172 68 16.20 23.30
S9 Male 22 178 75 13.70 23.90
S10 Male 25 172 85 28.20 28

Average Male 22.60 £ 1.71 174.18 + 3.84 712 + 7.51 14.94 + 6.33 23.66 + 2.53
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Quadriceps muscle of thigh (6 parts)

Fig. 4. Electrode locations for experiment.

AR 2 6P EE Lhrel S Fig. 4).

3.3. iE SZfo| MY

£ Aex AR tiE S22 7 28] RalE 1
9 FAoE AY(Table 2), AAAE AT F 542 A,
T gAHE Fske 39S 7 s8R uke Z4se) 7 B
flollMe] B2 Al WAk 2T AlE, ko|2E ATt
(Fig. 5).
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Musculus biceps femoris (6 parts)
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Fig. 5. Experiment method.
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Table 2. Representative motions for experiment

Measurement parts Experiment motion

Musculus pectoralis major

Rectus abdominis

Shoulder muscles

Backbone erector

Biceps brachii
Triceps brachii

Dumbbell arm-curl

Quadriceps muscle of thigh
Musculus biceps femoris

Squat
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Fig. 6. Method of experiment.

=
2=

4 W9E 10Hz~500HzE
Noraxon ¥4 Z7= A|~%] Tele DTS 8CHE AME-sISith
(Fig. 6). A== BHFH 7T A5E 25 5%
Tt dAsk=E F2sle] AR oS (bipolar lead)H <
&5 o (Lee, 2014), A=

=72 %H(Kang et al,
2014)° W}, 71E A F(reference electrode)t &4 A=
(active electrodey>

2 W) o] HES st

AN A gol Tbed

342 A5 4

A 2152] A7) (amplitude valuey= =0]=Zol 25| Zlo}x]
H, Ase] 718 B9 g ds Bt 7hestth o=
= ThFEE A0S B vER, wolze Ao Hed
Aol &< vz} FESH SNR(Signal to Noise Ratioy
< o }jlﬁu] é AT o Zeo ARl 7|8 A= Ao
2 Alze] Hoe Hohs A#7F € 4 9o, SNR(dB)
= SNRJ tﬂ§}—‘5 b Altstate] AAgFeEsR wHrh A
o S ATt B AeMe 23E 249 A%
Ag vl A5 fl8ke, 2% AZ(EMG amplitude
value) #S-(noise), SNR(Signal to Noise Ratio) & SNR(dB)

il

=
=
Al
\__

=2 =%
== =
Eds

SPSS &7 Z2ads g
A, AR AAS 9181 Dun

& AASFATH

2510 Oneway ANOVAZ 53 &
uncan #4-& s e, 11 A

S&ol| mE Z2ME ME =5
4.1.1. F&| ME Ao 2%
1) &=
o] 2= AlE 74 A3} 1(18.98+6.99), 2(21.59£10.25),
7(20.44+16.08), 8(21.71x12.81) F-$Jo H]3] 3(23.19£12.60),
4(25.63+7.97), 5(25.77+21.69), 6(24.68+9.32) 9]l A&
77F F A0FE Jeptem, 7t o E FAXR fold 2t
0|2 HolEx ZAo® YEPTHTable 3). &2 % SNR 24 2
= BE Folx AR o lele fle AR Jeite
), SNR(dB) £4] A3}, A= 259} mR7 A E 1(7.68+6.23),
2(7.3046.88), 7(6.55+2.26), 8(7.62+2.30) -]l H]&] 3(8.20+5.05),
4(8.84+5.15), 5(8.07+3.86), 6(9.26+4.96) F-$Jol41¢] SNR(dB)
o] & & 7K frele AlolE Hele Z o= Ve TH(Table

= 34, va - BAEoith 34 Asgte] SAEAE S8k 3, Fig. 7).
Table 3. Musculus pectoralis major (Oneway ANOVA)
Sensing location Signal Noise SNR SNR(dB)
Part 1 18.98+6.99 9.99+5.57 3.10+2.49 7.68+6.23
Part 2 21.59+10.25 12.61+6.8 3.16+£2.93 7.30+6.88
Part 3(Ref.) 23.19£12.60 8.50+4.65 3.0442.12 8.20+5.05
Part 4 25.63+7.97 7.16+3.85 3.2742.19 8.84+5.15
Part 5 25.77+21.69 9.55+5.64 2.78+1.39 8.07+3.86
Part 6 24.68+9.32 6.49+1.95 3.31+1.67 9.26+4.96
Part 7 20.44+16.08 10.78+5.30 2.19+.56 6.55+2.26
Part 8 21.71£12.81 8.35+4.14 2.47+.54 7.62+2.30
F 2379" 1.618 442 3147
Post-hoc analysis 1,2,7,8<3,45,6 - - 1,2,7,8<3,4,5,6

p<.05
SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)



Table 4. Rectus abdominis (Oneway ANOVA)

A e GJF e I8 FlE 9y 7 97 761

Sensing location Signal Noise SNR SNR(dB)
Part 1 52.43+21.59 2.11£1.49 38.60+31.91 29.03+7.29
Part 2 44.03+21.91 1.60+1.03 40.54+30.45 29.26+8.23

Part 3(Ref) 40.88+27.07 1.61+1.16 42.51438.62 28.45+10.11
Part 4 24.33+14.39 1.35+0.96 28.63+23.79 25.44+9.34
Part 5 23.13£12.28 1.17+0.66 25.42+21.62 23.24+10.12
F 2.943" 381" 405"
Post-hoc analysis 4,5<1,2,3 4,5<1,2,3 4,5<1,2,3

p<.05
SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)

2) BEAZ

222 58909 24dE =24 A3, 4= A3e
1(52.43+21.59), 2(44.03+21.91), 3(40.88+27.07) ESIolIA 42433
+14.39), 5(23.13+12.28) F-9lolX] H} 2 2SE Hols Zo
2 Yepgon, 5AHcz: 7 o {eldt Ajols zhe= A
2 Yelgth(Table 4). 2ol e F9EE 93 jole
Ho|x] ¢k= AoZ YeRdor), SNR ¥ SNR(dB)IA #41E
2 fo3k 202 Bo] 1(SNR:38.60+31.91; SNR(dB):29.03+
7.29), 2(SNR:40.54+30.45; SNR(dB):29.26+8.23), 3(SNR:42.51+
38.62; SNR(dB):28.45+10.11) 5-$]ol| HI3] 4(SNR:28.63+23.79;
SNR(dB):25.44+9.34), 5(SNR:25.42+21.62; SNR(dB):23.24+
10.12) F-$lolA] whe ke zh= Zo2 YEPSTH(Table 4). ©]
=1, 2, 35YolA 25 A= TA JeRtoL, Fee
F7)= v 2712 JER A3H 02 SNR B SNR(dB)9]

Table S. Shoulder muscles (Oneway ANOVA)

7] 'S 1, 2, 33297} 4, 5599l vE ZA JER) 4, 55
AE ALBIAL 1, 2, 3FSlelM e ZHE SAd folg B

2 B4 Eti(Table 4, Fig. 7).

3) Az
s &

N

L
R

J A3} NEE 1(68.75442.68), 2(62.34+12.24) -

A7} 3(31.66£16.55), 4(42.12+42.12) )0l Bla) 2 A5
A71E e ALE UEHoH, FIS 3(41.69+11.40),

4(51.12+12.16) 5917} 1(26.43+35.71), 2(24.56£32.12) H-]d]
Hlgl] 9] 2717t 2 Ao F YeRdti(Table 5). SNRE -
=R fol3k 2jolr} gle Ao UEREO, SNR(IBYE F
AER Fogt 25 2= 202 FHHIJOH, 1(3.17+2.63),
2(2.89+0.29) H97} 3(1.76+2.83), 4(1.62+0.95) 9]0 BIa)
£ zH& Hoy(Table 5, Fig. 7), 1, 252-9ollAe] A= =Hq

Sensing location Signal SNR SNR(dB)
Part 1(Ref) 68.75+42.68 26.43+35.71 1.34+0.39 3.17+2.68
Part 2 62.34+12.24 24.56+32.12 1.32+0.28 2.89+0.29
Part 3 31.66+16.55 41.69+11.40 1.28+0.40 1.76+2.83
Part 4 42.12+42.12 51.12+12.16 1.25+1.12 1.62+0.95
F 2562" 319 2332
Post-hoc analysis 3,4<1,2 1,2<3,4 - 3,4<1,2
p<.05
SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)
Table 6. Backbone erector (Oneway ANOVA)
Sensing location Signal SNR SNR(dB)
Part 1 46.85+12.83 4.46+4.26 70.49+56.29 25.38+13.70
Part 2 52.05+16.86 3.02+5.49 82.98+28.40 32.37+14.65
Part 3(Ref) 70.24+32.38 4.07+4.41 88.84+30.82 34.14+15.60
Part 4 68.99+35.97 4.49+4.43 59.85+56.56 28.55+14.68
F 2011" 3.663" 1.055"
Post-hoc analysis 1<3,4 2<1,3,4 1,4<2,3 1,4<2,3
p<.05

SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)
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Table 7. Biceps brachii (Oneway ANOVA)

Sensing location Signal SNR SNR(dB)
Part 1(Ref.) 43.44+24.06 37.12+19.22 1.20+.50 1.05+3.14
Part 2 13.30+8.34 9.50+4.36 201+1.06 3.61+5.16
Part 3 11.47+6.56 6.69+9.23 2.22+1.40 4.57+7.75
F 13.988"" 16.588"" 2356 12967
Post-hoc analysis 2<1,3<1 2<1,3<1 - 1<2,3
<001
SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)
Table 8. Triceps brachii (Oneway ANOVA)
Sensing location Signal Noise SNR SNR(dB)
Part 1 64.36+30.65 34.95+13.77 1.88+.52 5.08+2.97
Part 2(Ref.) 116.36+28.09 50.73+11.10 2.37+.75 7.14+2.47
Part 3 104.69+30.24 49.30+14.69 2.33+1.22 6.62+3.43
F 8.450" 4322° 964 3292°
Post-hoc analysis 1<2,1<3 1<2,1<3 - 1<2,3

'p<.05
SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)

g8790] e Aoz BAHL

4) HF 7189

F 7|g2olHe 2AE =3 A, 3(70.24+32.38),
4(68.99+35.97) F-9]9] A5 A7} 1(46.85+12.83) F-9]¢l H]
&) A Jelton, g8 2(3.02£5.49) H-97t g e =
715 ke 2= Yyt 1590= Alsrt 22 vl fa
o] & AR UEigow, 45-9% AE A7) HlE] FH2<]
A7) &3 2 202 Vet Table 6). Al 37] 2 322
B4 BA8E SNR % SNR(dB)2] #4] A3}, 2(SNR:82.98
£28.40; SNR(dB):32.37+14.65), 3(SNR:88.84+30.82; SNR(dB):
34.14+15.60) 917} 1(SNR:70.49+56.29; SNR(dB):25.38+13.70),
4(SNR:59.85+56.56; SNR(dB):28.55+14.68) -$jo Hlaf &
e 72k Feg EAE o (Table 6) 2, 3F271 1, 4%-H0l
Hjg] 2= 240 28498 2he A= AlEdETkFig. 7).

I

o dlo

=

4.12. &0 WE A9 ZAE 4E 274

1) ggto) T

Fetol T2 &4 A, 25| A7 1(43.44+24.06)
FRelA 7P & AR JEigoy, e A7) Eg
1(37.12£19.22) F-JellM 71 2 e zhs A o= et}
webA  Abeho] 2] SNR(dB) £41 ZA3 2(3.61+5.16),
3(4.57£7.75) F91olA folgh ghe B 2dE A4 84
< 7= o= YERTH(Table 7, Fig. 7).

AN

JoEaone 2 54 4%, 45 3 gl 2717
A vl

2 YUegt A3E 2(11636+28.09) 9 2 3(104.69+
30.24) F-217F 1(64.36+30.65) F-9lBT} s & AEE 2+
E RAe® yehyth S T3 2(50.73£11.10) F9 =
3(49.30£14.69) F-217F 1(34.95£13.77) H-<lol) vla] 2 <
He] SNReAM= F9EE fogh zjolE Holx] ko),
SNR(B)SI A& 2(7.14£2.47), 3(6.62£3.43) H$7F 1(5.08
£2.97) £ 3| fogt xpolE Hof 2, 3F-9ox e 24
T 249 KRS 2t Zog EAEATKTable 8, Fig. 7).

4.13. 52l W 3R] 2T 2E =4

1) W& AR

E AFRZY Z2HE AE 23 A3, 1(34.22+14.03),
2(34.29+11.44), 3(36.28+12.47), 4(35.20+12.14) 917} 5(30.12
£12.31), 6(26.35+10.74) F-9]ol| H|al A9 A7V}  AeE
A EATH(Table 9). 35, SNRE H9] 7+ f2)3 zlo)7} ¢l
t Aoz Yehgton, SNR(B) ¥4 A 1(25.09+9.45),
2(25.79+9.87), 3(26.04+9.56), 4(26.33£7.45)°14 5(22.214£8.26),
6(19.08+7.66) F-9lol Hlsl]l & #hS 7B 2= A K2
3 Ze Ze® UEhTH(Table 9, Fig. 7).

2) thEolF2

tgolFe] 2HAE 418, 75, SNRS] 54 A3, 7 79
HE Fofgt zlelE Holx| ¢e ZAoE Yehgth 2y
SNR(dB) ¥4 A}, 1(1.93+5.98), 2(1.42+3.18)c] H]al 3(8.86
£6.67), 4(9.19+7.70), 5(8.30+9.14), 6(9.23+7.99) F-2]olA 2]
frelet 2ol zh= 2o Z Yel(Table 10), 3, 4, 5, 654
oMo X FA0 T8AS Zhe HoF BAME(Fig. 7).



Table 9. Quadriceps muscle of thigh (Oneway ANOVA)

4 TE~ 7 LS $IF A% 1Y A 9

Sensing location Signal Noise SNR SNR(dB)

Part 1 34.22+14.03 2.86+3.67 27.81+24.68 25.09+9.45

Part 2 34.29+11.44 3.38+4.51 29.92+22.80 25.79+9.87

Part 3 36.28+12.47 3.224+4.25 23.87+£23.87 26.04+9.56

Part 4(Ref.) 35.20+12.14 2.86+3.65 23.60+14.51 26.33+7.45

Part 5 30.12+12.31 3.38+4.51 22.65+16.30 22.21+8.26

Part 6 26.35+10.74 3.22+4.25 18.78+12.06 19.08+7.66

F 2.649° 231 490 3.113"
Post-hoc analysis 5,6<1,2,3,4 - - 5,6<1,2,3,4
p<.05

SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)
Table 10. Musculus biceps femoris (Oneway ANOVA)

Sensing location Signal Noise SNR SNR(dB)

Part 1 6.37+1.93 6.76£5.11 1.55+1.08 1.93+£5.98

Part 2 7.86+2.50 7.90+8.57 1.23+1.09 1.42+3.18

Part 3 7.23+2.68 2.59+5.85 2.49+1.45 8.86+6.67

Part 4(Ref.) 8.46+3.81 2.86+3.66 2.79+15.91 9.19+7.70

Part 5 9.07+3.77 3.38+4.51 2.09+18.11 8.30+9.14

Part 6 9.77+2.30 3.2244.25 2.83+14.57 9.23+7.99

F 398 735 189 8.349"
post-hoc analysis - - - 1,2<3,4,5,6
*pS.OS
SNR=Signal to Noise Ratio, SNR(dB)=10*LOG10(SNR)
(2]
-

Fig. 7. Optimal sensor locations for EMG measurement.
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5 &
= BEFS 25 AL ATE AAE S tE Al
SO vl A& =77 2om, SHJ0 R QI A5 9] o]
=z o R Qlale 2T 4 F9 2 o] A A
th(Hermens et al., 2000). A% =4 F99] 342 tjesh
A AL S oF Ao SAE 7EA H 52 Al
ZAE EHo o3 7S zhs WS &Sl tket oA

o] A& 7ksg A F-9ol gk eyt aEch mekA

T 2HE 2EE 7N R 2 S5 348 2nE 9
NS flste] 250l 2= A=
3 285 ZHAE 2F(EMG amplitude value), F+, SNR
2 SNR(B)E 415}, ofellxe] 2H® 415 24 7k

ok

=
Pk 48 4L 7

A AW F 28R EE 2 B2 2= 24 F
, E2e 95 3, 4, 5, 65%90lMe ANE=ar]) 2
SNR(dB)IA 2J8k 2}o]2 Kol AT ZX9 T8ALS 7t
' Ao Yehton, B2lzoaE A%, SNR 2 SNR(dB)
MM frolgt ZolE Holn, FAdTRRL 1, 2, 3FJolx ] =
3 5848 7k o= et

A oM e Azt AF V92 2 24 4,
ZF2oll e Al 1, 25-9jellA] 215 9 SNR(dB)?] <]

b RS Hol (L, 259))elMe] 2HE 540 584
1=}

[

Zh= Aog EAEAG A ZgIoM s sl 3, 47
QelMe] Aze] folde 2 o= Jehton, e 2
e SR 1599k SR 3, 479N ZA YERdT Al
59} 722 55 243 SNR 2 SNR(dB)= FHE9]9 2,
3L Fofst ghe zhe B0 et FEE(Q, 3Rt
HE 24 g8 WS e Aoz BAHT

A e Ao SHE A 24 A, el
1 1390l Alse] A7)7F e F9)e] 4T Hs)
A Uehd o BAmgon), gee 27 o the B
£ 7S Zh= AoR HAE|e] SNR(B) #4 2

F}, FFEHE 2, 31917} ARl Bl 2 3hS 71
2 PrrE Aekra
AU SC S e v s

At

W, B2k M2 K9] 2HE 34 A, UlE AR
A AR 1, 2, 3, 4591004 215 2 SNR(dB)] f-9]gt
el ApolE zhs AoF BAEe] THE Eol sk He
2 EAEAL dEF2AME A5, 34 2 SNRe| A9
R fog xo|E Holx] ¢gkor}, SNR(B) 2§ 23
ToPel 3, 4, 5, FI7E AE(1, 2579l HlE 2
=g He WE 2= Zo= HrEATKFig 7).

2 ATes 20159% AMEA 7198 3AAANE (AR S
CI52042)2] A Qo2 3 HS.
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