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ABSTRACT

Objective: The aim of this study is to evaluate the fluctuation of signal amplitude during repetitive dynamic contraction

based on surface electromyography(EMG). Background: The most previous studies were considered isometric muscle

contraction and they were difference to smoothing window length by moving average filter. In practical, the human movement

is dynamic state. Dynamic EMG signal which indicated as the nonstationary pattern should be analyzed differently compared

with the static EMG signal. Method: Ten male subjects participated in this experiment, and EMG signal was recorded by

biceps brachii, anterior/posterior deltoid, and upper/lower trapezius muscles. The subject was performed to repetitive right

horizontal lifting task during ten cycles. This study was considered three independent variables(muscle, amplitude processing

technique, and smoothing window length) as the within-subject experimental design. This study was estimated muscular
activation by means of the linear envelope technique(LE). The dependent variable was set coefficient of variation(CV) of LE
for each cycle. Results: The ANOVA results showed that the main and interaction effects between the amplitude processing
technique and smoothing window length were significant difference. The CV value of peak LE was higher than mean LE.
According to increase the smoothing window length, this study shows that the CV trend of peak LE was decreased. However,

the CV of mean LE was analyzed constant fluctuation trend regardless of the smoothing window length. Conclusion: Based

on these results, we expected that using the mean LE and 300ms window length increased reproducibility and signal noise

ratio during repetitive dynamic muscle contraction. Application: These results can be used to provide fundamental information

for repetitive dynamic EMG signal processing.
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1. Introduction

o LT S5 Zﬂ S
g o2 -85 Ju g golst 4= gtk (DeLuca, 1997).
237 AzgAE 2 S5 theh 2R el &
Euo]

AR Az A% S T 2EYE G}
71Fo] B, 2R AE 9 NZE selaly] g9 vheka

A5 A 7HEEA B Aozt (MAV; mean absolute
value), A+ (integrated EMG), A58 A5 (RMS:; root
mean square), X2} 7% (envelope detection), Y4 H+t
(ensemble averaging) 7IH5°] A% At (Kumar and
Mital, 1996; Soderberg, 1992).
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Oliveira and Gongalves (2009) = 3#] 9] 259 4/
57 £Z o uE vz S Bk Ao RMS

2 H8slo] B3 2 4= AlFo 73

Ao g fel uhE F -4
3 Lotz et al.(2009) 2] Aol
QI RMSEA AIRE Aol whg %e] 5
Aagaard et al (2002) = 5543 & 59 IZE
AHg-sto] 43T Larsson et al(1999) 2
o] M FHE A5 AAFE A8
259 REZE slotegit.
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SN EE Fetsigith O}X]E‘} f32] SENIAM (Surface
Electromyography for Non—Invasive Assessment of
Muscle) ol|X G245 A7 AF}olA= RMS AREAE 5
2 £ FF9 &S B8 1S Apdly )lon, E4
+ FE2 A oleh thEA xE HEYH 9 A Hi 7Y
o] AH8-& ARt Y (Freriks and Hermens, 1999). ©]&
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2. Method

2.1 Subject

B Aol sk w84 200 9y 109
Aeleith ol 5 BE Ayt 513k ol Hgle] 22
4% R) gjon, 22 A0k AU S1e

A E242)9) B (EF WA Table 1o A3k

A}n

Table 1. Anthropometric information of subjects

Age Height | Weight | Elbow height | Arm length
(year) | (cm) (kg) (cm) (cm)
Mean | 27.30 | 17550 | 74.81 108.05 61.14
(S.D.) | (£1.06) | (£4.49) | (£6.57) (£3.62) (£2.25)
2.2 Equipment
7t 259 w2 RS &7 fleto] Tkg @S T

E2A AREEgi o, FAI= Mital ef al (1993) 3 A
A= 7 dE 5719 SHAIFE (9ke) F # AT
7"?3 NS (10cye/m) & Tefete] A4t ddo] 3
H A A= o] 4ol 7Fsskl o™, Sanders and
McCormick(1993) F&ellA ARbeh= T2 A1 =0l
£ wkgste] FARAY wWEl FEA o] —15em®E A%
SR HHEAQl FF & £F9 IHE A%+ Telemyo
2400T DTS telemetry NORAXON, Scottsdale, Arizona,
USA) Hl& AHg-3to] 433t

2.3 Experimental design

Boage wAgA ) A ARA 55 25 (ol
—L

=
I~
AR, TR, ARERE, SRERD), 2

T -
A= % 7" (mean, peak), 2% Ake]=(50, 100, -+
500ms) & EHWHEE A3t} o] e @gt‘g:;i
A 7+ §27] 8 LE (linear envelope) & AFHE3ste] W A5
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(coefficient of variation) 24 2139 WEAdS T4t
(Equation 1). % Al AAA; of B2 94 AA} 71
5012'5]— }\16-1 27401]/\1 lﬂ—%oﬂ Lq\g XH?j’“—o— j} ]_7] %3}
of S AR, WME AL e W) k) i)
© AE sk ol A9 F7kE vEkdth(Hopkins,
2000).

CV=(S.D./mean) < 100% o))

2.4 Procedure

ARE FAs7] A, A28 ddelA AF 7t sE
dglom AMA TREZS HXAA 5T $7 oA
Aol Yt s3I

AR} 952 A7)A Ade Hagsr] skl FF
BHe JYE AAS D dI3EH H5 ol&ste] Aol &
o F 9hs] Sk ZTh SENIAMeA AlQtehs A5 B2t
ARl w2t s 25 9 e A S AHE-Sko]
ulg] 2 SAE FAISIITHSENIAM recommendation).
ek o), A/ A, A SRS F 599
A FEoA 2R Al E 545t (Figure 1).

29 A5 AAE Ag/AgCl ¥4 AFo® A HM
Zt A=) X]%—% 10mm, A= 4 Atele] AglE 20mm
2152 9% 10~500Hz, 16bite]
AHE3I 2™, CMRR
(common mode rejection ratio) > 100dB, Noise < 1 £V,
Gain*1000, Sampling rate 1,500Hz= 2735}t
Figure 28 o] 34344 44 4Ie) §1 %) S4°]
AT WA 0o ARl SR Qde
5 olBAYIE B2 103] W SRSk 59 Aehe
gkl 200 Wyl BE B 7;1013 121590 (Size—

ADC (analog dlgltal converter) &

Korea, 2004), ¢ WE+ MyoResearch XP Master
Edition 1.07.25 (NORAXON, Scottsdale, Arizona, USA)
AIEEOA AP HERE 7152 10cye/m=z 1l
Atk DAL FHoR oA FHES HFE A

el &) Aoz AR FHt

Figure 2. One-handed right horizontal lifting task

2.5 Signal processing and statistics

BEE AL A3 E MyoResearch XP Master Edition
1.07.25(NORAXON, Scottsdale, Arizona, USA) AXES]|
olo A A|F3k= ECG reduction function® 2 4J¥ks A5
£ AAS - F 107719 AlZelA 27]9} wetke] 357
£ Alflsta 4~7THA AEE FESISILE FEE AR Al
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Figure 3. Example of signal processing
(Describe to biceps brachii and anterior deltoid)
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%= full wave rectification %, Dual—pass Butterworth
lowpass filter (cutoff 5Hz) 24 LEE 4F&33 tF(Winter,
2005). 2H&¥ LE HoJHEA A% Apo]ze] i 5731
ol it HE|E 28319, mean/peak value 24 & 457]
of o5t WE AFE AEeh B 2% dloly A
o= offline MATLAB 7.0.4 Mathworks, Natick, MA,
US) & AH&-3k3ith(Figure 3).
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3. Results

W Aol e 72 59T Skt Ay, = 8
2N FBAE FF 7Y (F=15.48 p=.0034) 2} A5 A}
o]=(F=7.21 p<.0001) &= BAALR F8 2fo]7} =
AoR FAHeH 7 T 7l {3t Abelrt gisith
Figure 49} o] H#& S E Mean LE7} Peak LEX.T} ¥
T AF7Y oF 3.2% 7V WA vepson, AR Atol=
7l wEt W Alge O Hashe Fol2 FHetE it
H| & Ay Ato]ze] met W Al BAXCE 238
Al A= AT 50mselA 500ms7HA] HE Alg2] ¥is)
F °F 0.8% 7V FAEGln) ole] W& tsrin A,
50~300ms, 100~350ms, 150~400ms, 200~500ms I~
= HE FoF Zel7t A= Aow FAH I Figure 5).

2, 37k WS AE F FF 7HxATY Alo]= 7R s &
|(F=6.96 p<.0001) % Fo8t zfo]2 A = Sl ch(Figure

B
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Figure 4. Significant result of main effect by the
amplitude processing techniques
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Figure 5. Significant result of main effect by the smoothing size
and Tukey multiple comparison test
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Figure 6. Significant result of two-way interaction effect by
amplitude processing technique*smoothing size

4. Discussion
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