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A Basic Correlational Study of the Relationship between Maximum Muscle Power
and EMG
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Abstract - In this paper, a study was conducted to estimate the maximum muscle strength which is a standard for selecting
exercise intensity in weight training. We designed a device that estimates the muscle fatigue from the EMG signal, expecting
to show a correlation between peak muscle strength and fatigue. Curl - Dumbbell was performed using a 4 kg dumbbell and
the frequency change of the EMG was observed. At this time, the designed device acquires the signal using the MCU and
finally Matlab was used to confirm the change in the center frequency value. The results of 10 subjects were analyzed using
SPSS regression analysis. The statistical results showed a correlation of R? 0.583 and Significant probability of 0.010, and the
relation of Y =8.144-2.097 (slope (MDF)) was obtained. In conclusion, if the wearable device is manufactured in the form of a
wearable device and the user can recommend the exercise intensity, the system will be able to retry the more efficient

exercise.
Key Words : EMG, Weigth training, One repetition maximum, Muscle fatigue
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Table 1 1-RM prediction equations table (Brazycki)

A=
0.9722
0.9444
0.9166
0.8888
0.8610
0.8332
0.8054
0.7776
0.7498

-‘~
4T
© N> e vy

—
(e}

2.3 EMG

EMGE &89 +51t olgshs dhgoll oA Uehks ©7]
NSEX EMGY AZFE Sdtol £o& 2 lshy] o
R ol 2%9 e gld & Utk oo mEtA 2%



I BHEE oSt Hof, Mgt 2ol Qtdst 2ob 12lal
= 115} 2ot 5 Thst HofoA] o7 2 &8%51 QT
S o] 71H9 ZHRE o]F0A Ao olye MR
= MASE HE Fadre xi=o] o ¢=Fut o]2to]
Folxch o, shtel 28AZI 1 A1Z0] AEiskE oy 7Y
o ZHKES 2B (Motor Unit, MU)EF &9] StCH10]. 3t
Lol ZAIAS 3MOIAREE 200070 2AQE Auisty Aok
Ol & thRollAl slLte) AIE 1 AHistol]l Qe AR
$E O 289 B83 ATEg HOth o &3 Zo] me
nAist 2Fo] BQst IS0k & Aol AHiste 247 &
a1, o]Qlol mAst g0l RS Ze I8 254
Hish= AR7F Bk

o AEE MRSl EE4ES o= Hol SES AV
ZhH, O Aol AEiEle 2HeE gAls] =52 Sith (all-
or-none theory) Olof wetx Z7He FA9 RHstg =0 &t
= 21 BA BA9 Hilg 80 stle A 289 52
ST E 2859919 & TESHAY, A=Y ko] mEta] &
e} o] 42 Qe Z8o] AR ot 24|71 ol
257] Mol BE6| ZeRF0] =2 WEE EHolH ZFolgt
= AEHQ =58 It

o
i
Pa)

w

<
E Stimulation
Contrmcilh Single summation oo
aotivi 2 twitch Begina
2

£
§
H
'

Actian
potentials

Membrang
petential {mv}
vk
d £ o
—

a9 2 Zx1 Ax(11]
Fig. 2 twitch and tetanic

Raw EMG Signal

NP

v

Individual Motor Unit Action
Potential Trains (MUAPTSs)

Jd 3 3¥ 4% s 9l Al [13]

Fig. 3 sEMG signal generation principle

A2 254149 STERA AlYA ZH=EoA Jg
O] WELo] Ko FMEEH ISHR9 Alzdto] ot
Na+(sodium)¥} K+(potassitm)Q] O]=0] W 0|20 sLE
IR @dsta §RSA AIE B "AHE d-oto] 2[4
o g Muro] AEMA JEEnh S8E AlsE ojHst

JT

5O 2 (S s

Trans. KIEE. Vol. 66, No. 12, DEC, 2017

ZCHQ)oll 4] EHA8E AlS (Moter unit active potential, MUAP)Q]
BOZ O]FOZICH12].

olHst EMG 4Alg= 413 Agtdg Soto] Zs1t I3
HO} st 289 g gotHe o7t Bol Al il
T} 53] EMGY Fale AHEHAOA T2 718
A Yoz Olsshe A2 Sul29] d=&2 dop S0iRlch
Fi BAg St 229 S0l HHo=z2s Hy Fuks
(mean power frequency : MNF)Q} &2 Ful<=(median power
MDF)Q] Hslo]| mE gl wiyo] Ar

B

J 3C o

freqeuncy :

24 N2g 74
24.1 SI=H0 AlA" 74

2 ZojMe AgRe 258 BAo] HolHY AS2 3%
7EE AAQ EMG BEE 0]&56tal MCUMicro Co ntroller
Uni)E O|835}0] HIOIHE +-6t0] Matlabg 3 £EF Q! O
Ol XelE +dotrt

Instrument Collect Processing

E> MCU [> Computer

EMG Module

Acceleration
Sensor Module

" 4 St=EoIE AlAY
Fig. 4 sEMG hardware system configuration

o] W), 3% 7I&L MAE GNEWTC #9 3% 7kSL HA]
HE ver2(AM- 3AXIS V02)& AIESIGCL 3% 71SE AlA
HEE Frescale #9] MMA7260Q 3% AAE EthzZ "EQF g
A A Hof Yol ojn JiEE Aol AFE 1.5g 800mV/g
Sensitivity®2 AAGI0] AMZSIULE 7IEE AAE B OIGLojA]
dolE Efold FY9 &5 Hlo XI5t 2o 23¢e F
k= 2ol AFSERAT

AL 2= Physiolab £ PSL-iEMG2 ModuleS A}ES}

Wil 50 SPoR DALl ZE A5E ZHE Raw EMG
NE7h Se7ks S, B AFAE Raw EMGAISE 0l&5t0]
REERSL CT7E)

EMG Y2 7IEE AAolAl ASE HolHE MCUREH 43
Holom ojuf AFEE MCU= STMARSl stm32f103S AME6t=
Mango Board M32& AFE3I0] FE U 1AHOZ A2lstrh

Ol F 54 tlolHe HFEOIA Matlab R2015bE 015t
o FEXOE EMGXISE BASH ECh

24.2 AZEF01F Al2E 74
EMG EEZRH 292 HolHE ofdZT HojHZ MCUE

Comuter= Signal Prosessing d}7] {slAl= ADC (Analogue

1817



ol

M7|8t5=2X 66 125 20174 12¥

J

Digiter Converting) 1F30] TQSICE 0|12 s stm32f103 of
M 2709] 12bit ADCE AI¥8HH 3119 ADCOlAl MUXE 0]
ol 16719 MEE SRR OE WA 4= QUr}. ool whEhAl
EMG®} Acceleration ModuleZ 2702 Mg 018&310] &xE S
2 HEAIA Aok

o] o, EMGY] &< 500Hz7IX|C] Fukr E8E ALl 7]
W20 FFT(Fast Fourier Transform)E Z&lial7] Al Nyquist
Sampling Rate O B30 1024 Sampling@Z HOIHE g5}
ATt

ool wtAl stm32f103 WF EIOJHE o]&3sto] 1201 1024
H QHHEE Al & Ol EZAZ 08516 EMGH
Acceleration®] ADC channel& S2&F AIZ oM, ASHE HOEHE=
DMA(Direct Access Memory)E &3t0] EIO|HE  ALI6H0]
EMG Data: Serial S41 ZZ1#9l RealTermQZ A& T ©
2E 12 KASIACE

1.675,1,667, .658,1.641,1.644,1,639,1.642,1.640,1.643,1.638,1.

1.B67.1.657.1.640,1.618,1.613.1.604. 1.603, 1.604, 1.622. 1. 669, 1
B,1.476,1.509, 1.592,1.544,1.564, 1,596, 1 . 636, 1. 655, 1 . 663, 1. 743

I8 5 A2lY raw EMG HOJE]
Fig. 5 serial raw EMG data

1.5

15 L L L L I L . L I
o 10 20 30 40 50 60 70 BO 80 100

time (seconds)

I3 6 sEMG EloJH
Fig. 6 sEMG signal data

Acceleration Datay Z_axisgte 7IE0E2 289 =i} O]
2] WjHe B4 9 BRol] flotd FSIrh

1818

MatlabolM= E2718E 7IECE EMG TIOHE &Rt
FFTHES AAISIRoH, A 1)"’} 4t} o|F olgsfo] 2 29
MDFE 'oto] ZZEH9 712718 Soto] HoEE EAIsIIth

Datal5

1

05T 7
S 1

05 A

o 05 1 15 2 25 3 35 4 45
time (seconds)
Using the positiveFFT function

0.2 T T T T
o 015 1
o
<
=i 4
f=t
< 005 :

0 50 100 150 200 250 300 350 400 450 500
Freq (Hz)

I8 7 Z 13]of| sigdl= FFT 24
Fig. 7 each of one repetition EMG-FFT conversion data

62 1

median frequency (MDF)

46

o 5‘ TID 1‘5 ZID 2‘5 30
repetition

T8 8 13] EMG =9Ful 7127 B4

Fig. 8 one sEMG MDF slope analysis

25 A9 Z2EE

251 Ag dH

2 79 n]gAH= 24419] A 10HE oz Jdlsid o
o AEY J|E g g ol oIE Efolde AAEK ge
H SBAE 71202 Adsiinh. AXE Ede o & 13
2t} ngRiE A A A9 gl ot RAAEE SE0]

2t 1y 2
OhYE ¥ AFo] FasIeCt



2 A AAE EY
Table 2 Subject physical characteristics

Lt0] ALY BMI =55 7
(yrs) (kg) (kg/m?) (kg) (em)
23.8£0.4 31.37+4.1 23+1.7 70.4£8.7 174.6+6.4

mean *S.D
2 349 21 HoH
Table 3 experiment result data
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H.J.H. 10 28.3 246 -0.3071
K.B.H. 10 33 23.8 -0.8993
KJ.H. 12.5 34.5 23.6 -2.2328
LHJ. 12.5 30.5 21.2 -2.0588
LJS. 75 32.5 234 -0.1875
UTY. 75 24.6 219 -0.9396
W.JK. 10 26 19.8 -0.5729
Y.SJ. 125 35.4 25.3 -1.0963
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Fig. 9 Multiple regression analysis of slope(MDF)
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