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Abstract

Infinite Impulse Response (I R) filters are the fundamental signal processing technique to ana-
lyze the surface Electromyography (SEMG). Thesefilters are defined by their particular orders
(eq. first-, second- or third-order) and the frequency they passed through. Although, EMG sig-
nals from human skeletal muscles are important to realize the muscle features, but thereis no
consistency found in the literature regarding the influence of different orders of the filter and
cutoff frequency when processing and filtering EMG signal during lower limb (Biceps Femoris)
muscle contraction. It is therefore important to know the response of muscle EMG signal after
changing the order of filters and cut-off frequencies. Thus, this paper addresses the behavior of
the signal patterns after varying thefilter order and cut-off frequency of thefilter. Torecord the
EMG signal, one healthy male participated in this study after obtaining his informed consent
and the electr odes wer e placed on the lower limb Biceps Femoris muscle during sit-to-stand task
at a normal speed. During the signal processing, the cut-off frequency of thefilter was fixed with
the variation of the order of thefilter. Later, the order of the filter was fixed while the cut-off
frequency was varied. Finally, the results show that varying the order of filter (while frequency
fixed) does not distort the EM G signal significantly, whereas varying the frequency changes the
shape of the signal considerably.
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| ntroduction cedures [5, 6]. Compared with the needle-basedepsyc
the surface EMG sensor (surface electrodes based) EM

Surface electromyography (SEMG) is a technique usel@ used more frequently because it is preferredhey

for the quantification of muscle activity during e  Subjects and because it is a non-invasive and gsainl

ment [1]. In addition, it is an easy and hassle-fpeoce- technique [4-7]Based on these advantages of the surface

dure that can be used to determine the timing aed t EMG technique, this research work has used surface

amount of muscle activation throughout a given moveEMG sensor to record and analyse the EMG signais fr

ment and is an essential tool in biomechanical lind  the subjects. It is therefore important to undexstaow

medical investigations [2, 3The attribute and the qual- Well the surface EMG signals of motor units repnésiee

ity of the EMG signal is mainly depend on the vaso activity of the Biceps Femoris muscle in the lovear

internal structures of the subject, including theividual  tremity.

skin formation, blood flow velocity, skin temperegs,

the tissue structure in a layerég (muscle, faetc.),po-  Peter (2005) had reported the application of EMghials

sition of the muscle fibteand electrodes placement. into four corners [8]. One is in the medical resbar

Therefore, EMG signal is subjected to lose its iifign Which includes orthopedic, surgery, and gait anstyre

due to the mixing and embedded noises. There are twanalysis. Secondly, is in the ergonomics field wehire

types of EMG recording processes that are mainbdus interactions of human body to the industrial pradwnd

to record the signals generated by muscle conbracti work conditions are involved. The third tier is thgorts

needle (invasive) and surface (non-invasive) EMG- pr science, such as biomechanics, athletes’ strenajtiing
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and movement analysis. Lastly, EMG is applicaloie f
rehabilitation and physical therapy. Rehabilitatiand
physical therapy require a repeated task which enagh
easy to be accomplished by the therapist. Becatlise
these wide applications for EMG, careful analysige-
quired in term of filtering.

Embedded noises in bio-signals such as electragrati

ject was performing two times the sit to stand tssk-
cessively. In these trials the subject was asketbtaise
his hands. Electromyographic data were recorded &o
pair of surface bipolar electrodes (with a 3-cmeiint
electrode distance (centre to centre), metallid: pag-
AgCl; manufacturer: Shenzhen Amydi-med Electronics
Tech Co., Ltd.) placed over the relevant muscles- co
nected to a wearable EMG sensor (size: 53 mm X182 m

phy (ECG), electroencephalograms (EEG) and SEMG ape 23 mm, frequency range: 5- 482Hz, max signal eang
very common. To reduce the amount of these noises 4.4 mV, manufacturer: Shimmer Discovery in Motion).
maximum as possible while retaining the true infarm The entire protocol and exact placement of thetrldes
tion of the signal, a variety type of filters angpeoaches were followed according to the recommendationshef t
have been extensively developed. Some researcheBsirface Electromyography for the Non-Invasive Asses
wondered more on the baseline contaminated noisks ament of Muscles (SENIAM) [16]. The recorded EMG
artifact on the EMG as a segment to be analysed [9flata were sampled at 1024Hz using synchronizeddsiom

Moreover, ECG artifact induced on the sEMG has alsghanics software [17].

been addressed [10, 11] using analytical technigueb

principal component analysis (PCA) and independeriData analysis

component analysis (ICA).
tempt to detect only the true peak of the EMG fame
purposes [12]. Butterworth filter among the mosedis
lIR filter in SEMG smoothing. For instance, Lerial.,

While other researcher a The behaviour of an IR filter can be summarizedthsy

so-called frequency response functiblg, The frequency
response function of a low-pass Butterworth filias the
following formula

and Olreeet al., had processed the EMG raw using But-

terworth filter at a cut-off frequency of 3Hz arelecting
the second order for the filter [13, 14]. Thenul Wave
rectified EMG was processed using B drder Butter-
worth filter with cut-off frequency of 6Hz by Agu@-
Ollingeret al.,[15].

However, still the information and results from theei-
ous literatures are not sufficient for SEMG filgtinThus,
the purpose of this investigation is to present libe
filter order and cut-off frequency could influentlee
output of the filter which leads to signal distorti To

1

1+ (£) 2N

where,ws, W, are the sampling frequency and the cut-off
frequency, respectively ard is the filter order. For low
pass filter, the inequalitws >w. has to be satisfied. On
the other hand, in time domain, the mathematicalre
sive model of an IR digital filter is described the fol-
lowing deference equation:

H (w)f = @)

a.Yn :bl-Xn +b2.x(n1) +...+bnb X (n'nb) 2y (1) -.-ang + J).y(n-na)

accomplish the experiment, raw EMG signal was rezz)

corded from subject’s biceps femoris muscle dupe )

forming a sit to s{and task.p neg witha =1,and g=23....., 3=345..... are con-
stants.

Method

SEMG data recording

Before the experiment, the volunteered subject iwas
formed of the nature and purpose of the study aod p
vided written informed consent. The subject wagdeska
on a standard chair and was asked to rise fronchihe
at normal speed for five trials. During each tribk sub-

~

/ Butterworth filter parameters

— | 1% orde
—» | 2" orde
Fixed cutoff frequency 3 5rde

.

Fig 1 summarises the stages that have been inatstig
in this study to filtering the sEMG signal. Thesfiistage
was fixing the cut-off frequency and changing therf
order. It should be noted that the Butterworthefilap-
plied here is dual pass (filtering once forward amde
backward) to obtain zero-lag filter. The seconqystés
varying the cut-off frequency while fixing the 8it order

~

f Butterworth filter parameters
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Fixed filter order
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Figure 1. Stages for the investigation of the Butterworttefil
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Peak Signal to Noise Ratio the cut-off frequency at 2Hz and varying the fileeder
Peak Signal to Noise Ratio (PSNR) is a quality measrom 1 to 7. However, when choosing the filter arde8
urement that inversely related to signal distortiiat is, and above at the aforementioned cut-off frequettoy,
its numerical value decreases as the distortiore@on- filter became unstable. Increasing the cut-off diestey
structed signal increases. Thus, the higher theRR3ie  value to 4Hz, the filter show more robustness ufiltter

better is the quality of the compressed or recanstd order 9 (Table 1). This means that choosing snugibéf

signal. The PSNR is calculated using the formuldlRS  frequency with certain critical points of the filterder
10*10og10 ( (max(EMG))/ MSE); where MSE is the meanresult into the signal to be fully distorted. Camyt, when
squared errors given by MSE= ((EMG - FilteredSig- increasing the cut-off frequency with a fixed filierder,

naly))/n. the PSNR is increased. That is the signal distortg
less. However, when tuning up both cut-off freqyenc
Result and Discussion and the filter order simultaneously, the PSNR iases

_ . which means the signal is less distorted. The PS&IR
The PSNR was measured when changing the filterrordgies increased rapidly (27.44 (2Hz) to 27.92 (1668

from 1 to 10 and varying the cut-off frequency fr@z  after the first two digit). This means that the mhaf the
to 16Hz. PSNR values show slight decrease whengfixi signal could be affected significantly

Tablel. PSNR Results

Cutoff 1§ 2nd 3rd 4th 5th Gth 7th 8th gth 10th
Freq order order order order order order order order order order
PSNR (dB)

2Hz 27.443  27.4344  27.429  27.4257 27.4208 27.4053.383%3 -61.4286 -300.7071 -525.5644
4Hz 27.5456 27.5176 27.5125 27.5086 27.5033 27.49327.484  27.3861 23.7398 -368.2205
6Hz 27.6206 27.5657 27.5551 27.5484 27.5451 27.54@9.5373 27.5351 27.5273 -76.0458
8Hz 27.6864 27.6048 27.5917 27.5844 27.5757 27.57@Z.5718 27.5742 27.5631 23.8057
10Hz 27.7486 27.6394 27.6177 27.6095 27.6036 27.59327.5815 27.5731 27.5707 27.4924
12Hz 27.8091 27.6734 27.6448 27.6324 27.6287  27.6287.6254 27.6179 27.6064 27.5921
14Hz 27.869 27.707 27.673  27.6564 27.6479 27.6459.6428 27.6494 27.6484 27.6448
16Hz 27.9286  27.7408  27.6998 27.68 27.6664  27.658 .6529 27.6562 27.659 27.6615

Filter Order influence vor Butterworth fiter vith wo=2Hz

It is noticeable from figure 2 and figure 3 thatemh ' ‘ ‘ A ‘ ‘

changing the filter order with minor cut-off frequay of il “/ﬁ*‘#

2Hz (left figure), the filter output is significdptaffected > e 1 4

by the filter order. It is clear that as the ordets higher, oo wocer | ]

the amplitude also gets higher. Figure 3 revealtwien ooz St orer H(l‘ | s
choosing a higher cut-off frequency for instance 6tHe ® ool 7th order G’l }} \

filter order does not influences the output filter it does 001 J \ / | 1
when the cut-off frequency was 2Hz, it shows alntbst 000sh ) =~/ \?‘;
same results even changing the filter order wittsaer- of ’ '
able range. sons

Time (sec)

Cut-off frequency influence . . .
From figure 4 and figure 5; when varying the cutoffFigure 2. Filter response for different order at cutoff fre-

frequency with fixed filter order, the signal digfon was ~ 9UeNcy 2Hz
in all levels of the cutoff frequencies. Howevas, the 0,045 Bettenworth fler wih weete
cutoff frequency increases as the signal get moigy/n 0.0l
0038 el order
For more clear view, we separated the graphs with 003l oo
regards to the cutoff ferquency range. Figure &)(le vons i order
7th order

where the cutoff frequency varies from 1Hz to 4Hz, =
results shows considerable difference between ilfee f
outputs. In contrast, Figure 7 shows almost simfileer
outputs when the cutoff frequency range is from 5Hz
8Hz. Simillar interpretation, when we fixed thetdi

order at 3 and change the cutoff of freqyency frdnz- o} . . . . . )

14Hz. This means it is better to choose a rangeawe Time (sec)

outputs of the filter are similar. Figure 3. Filter response for different order at cutoff fre-
quency 6Hz

618 Biomed Res- India 2015Volume 26 Issue 4



IIR Filter Order and Cut-off Frequency InfluencesBMG......

3rd order Butterworth Filter 4th order Butterworth Filter

0.045 0.045

0.04

0.035 b 0.035
0.03

0.025 B 0.025

mv
mv

0.02

0.015 b 0.015
0.01

0.005 Pagmas a_oca A_ 4 0.005 ot p_on o

0 L L 0

Time (sec) Time (sec)
Figure 4. Filter response for different cutoff frequency Figure 5. Filter response for different cutoff frequency
at filter order N=3 at filter order N=4
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Figure 6. Filter response for different cutoff frequency atigure 7. Filter response for different cutoff frequency iétef

filter order N=6 order N=6
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Figure 8. Filter response for different cutoff frequency dtigure 9. Filter response for different cutoff frequencyfilier
filter order N=3 order N=3

Conclusions recorded from Biceps Femoris muscle. Fixing theffil
order and varying the cutoff frequency has shownemo
This paper addressed the influence of the filtdlepand ~ signal distortion than when fixing the cutoff fremecy
the cutoff frequency parameters on the output oflan and varying the filter order. We can conclude that
Butterworth filter to smooth the SEMG signal, whighs filter order has less influence on the filter outpom-
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pared to the influence of the variation of the &ufte-
guency. This investigation might be useful and izpple

in assistive devices EMG-based control where thgnina 12.

tude of the EMG signal is important.
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