
616                                                                                                                                 Biomed Res- India 2015Volume 26 Issue 4                                                                                                     

Biomedical Research 2015; 26 (4): 616-620                                                         ISSN0970-938X  
www.biomedres.info 

 
IIR Filter Order and Cut-off Frequency Influences on EMG Signal 
Smoothing. 
                                    
Zahari Taha, Abdelhakim Deboucha, Nizam Uddin Ahamed, Norhafizan Ahmed*, Raja Ariffin, 
Raja Ghazilla*, Anwar PP Abdul Majeed, Yashim Wong 
 
Innovative Manufacturing, Mechatronics and Sports Lab, Faculty of Manufacturing Engineering, University Malaysia 
Pahang, Kuantan, 26600 Malaysia   
*Centre for Product Design & Manufacturing (CPDM), Department of Mechanical Engineering, Faculty of Engineering, 
University of Malaya, Kuala Lumpur, 50603 Malaysia 

 
Abstract 

 
Infinite Impulse Response (IIR) filters are the fundamental signal processing technique to ana-
lyze the surface Electromyography (sEMG). These filters are defined by their particular orders 
(e.g. 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 there is 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 the filter order and cut-off frequency of the filter. To record the 
EMG signal, one healthy male participated in this study after obtaining his informed consent 
and the electrodes were 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 the filter was fixed with 
the variation of the order of the filter. 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 EMG signal significantly, whereas varying the frequency changes the 
shape of the signal considerably. 
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Introduction 
 
Surface electromyography (sEMG) is a technique used 
for the quantification of muscle activity during move-
ment [1]. In addition, it is an easy and hassle-free proce-
dure that can be used to determine the timing and the 
amount of muscle activation throughout a given move-
ment and is an essential tool in biomechanical and bio-
medical investigations [2, 3]. The attribute and the qual-
ity of the EMG signal is mainly depend on the various 
internal structures of the subject, including the individual 
skin formation, blood flow velocity, skin temperatures, 
the tissue structure in a layered (i.e. muscle, fat etc.), po-
sition of the muscle fibre, and electrodes placement. 
Therefore, EMG signal is subjected to lose its identity 
due to the mixing and embedded noises. There are two 
types of EMG recording processes that are mainly used 
to record the signals generated by muscle contraction: 
needle (invasive) and surface (non-invasive) EMG pro-

cedures [5, 6]. Compared with the needle-based process, 
the surface EMG sensor (surface electrodes based EMG) 
is used more frequently because it is preferred by the 
subjects and because it is a non-invasive and painless 
technique [4-7]. Based on these advantages of the surface 
EMG technique, this research work has used surface 
EMG sensor to record and analyse the EMG signals from 
the subjects. It is therefore important to understand how 
well the surface EMG signals of motor units represent the 
activity of the Biceps Femoris muscle in the lower ex-
tremity. 
 
Peter (2005) had reported the application of EMG signals 
into four corners [8]. One is in the medical research, 
which includes orthopedic, surgery, and gait and posture 
analysis. Secondly, is in the ergonomics field where the 
interactions of human body to the industrial products and 
work conditions are involved. The third tier is the sports 
science, such as biomechanics, athletes’ strength training 
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and movement analysis.  Lastly, EMG is applicable for 
rehabilitation and physical therapy. Rehabilitation and 
physical therapy require a repeated task which maybe not 
easy to be accomplished by the therapist. Because of 
these wide applications for EMG, careful analysis is re-
quired in term of filtering.   
 
Embedded noises in bio-signals such as electrocardiogra-
phy (ECG), electroencephalograms (EEG) and sEMG are 
very common. To reduce the amount of these noises as 
maximum as possible while retaining the true informa-
tion of the signal, a variety type of filters and approaches 
have been extensively developed. Some researchers 
wondered more on the baseline contaminated noises and 
artifact on the EMG as a segment to be analysed [9]. 
Moreover, ECG artifact induced on the sEMG has also 
been addressed [10, 11] using analytical techniques such 
principal component analysis (PCA) and independent 
component analysis (ICA).  While other researcher at-
tempt to detect only the true peak of the EMG for some 
purposes [12]. Butterworth filter among the most used 
IIR filter in sEMG smoothing. For instance, Lenzi et al., 
and Olree et al., had processed the EMG raw using But-
terworth filter at a cut-off frequency of 3Hz and selecting 
the second order for the filter [13, 14]. Then, a full wave 
rectified EMG was processed using a 4th order Butter-
worth filter with cut-off frequency of 6Hz by Aguirre-
Ollinger et al., [15].  
 
However, still the information and results from the vari-
ous literatures are not sufficient for sEMG fileting. Thus, 
the purpose of this investigation is to present how the 
filter order and cut-off frequency could influence the 
output of the filter which leads to signal distortion. To 
accomplish the experiment, raw EMG signal was re-
corded from subject’s biceps femoris muscle during per-
forming a sit to stand task.  

 

Method 
 
sEMG data recording 
Before the experiment, the volunteered subject was in-
formed of the nature and purpose of the study and pro-
vided written informed consent. The subject was seated 
on a standard chair and was asked to rise from the chair 
at normal speed for five trials. During each trial, the sub-

ject was performing two times the sit to stand task suc-
cessively. In these trials the subject was asked to not use 
his hands. Electromyographic data were recorded from a 
pair of surface bipolar electrodes (with a 3-cm inter-
electrode distance (centre to centre), metallic part: Ag-
AgCl; manufacturer: Shenzhen Amydi-med Electronics 
Tech Co., Ltd.) placed over the relevant muscles con-
nected to a wearable EMG sensor (size: 53 mm x 32 mm 
x 23 mm, frequency range: 5- 482Hz, max signal range: 
4.4 mV, manufacturer: Shimmer Discovery in Motion). 
The entire protocol and exact placement of the electrodes 
were followed according to the recommendations of the 
Surface Electromyography for the Non-Invasive Assess-
ment of Muscles (SENIAM) [16]. The recorded EMG 
data were sampled at 1024Hz using synchronized biome-
chanics software [17].  
 
Data analysis  
The behaviour of an IIR filter can be summarized by the 
so-called frequency response function, Hc. The frequency 
response function of a low-pass Butterworth filter has the 
following formula 

               
N

s

c
c

w

w
jwH

2

2

)(1

1
)(

+
=                               (1)                     

where, ws , wc are the sampling frequency and the cut-off 
frequency, respectively and N is the filter order. For low 
pass filter, the inequality ws ˃wc has to be satisfied. On 
the other hand, in time domain, the mathematical recur-
sive model of an IIR digital filter is described by the fol-
lowing deference equation: 
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with a1 = 1 , and   na = 2,3….., nb = 3,4,5….. are con-
stants.  
 
Fig 1 summarises the stages that have been investigated 
in this study to filtering the sEMG signal. The first stage 
was fixing the cut-off frequency and changing the filter 
order. It should be noted that the Butterworth filter ap-
plied here is dual pass (filtering once forward and once 
backward) to obtain zero-lag filter. The second stage is 
varying the cut-off frequency while fixing the filter order 

   
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Stages for the investigation of the Butterworth filter 
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Peak Signal to Noise Ratio 
Peak Signal to Noise Ratio (PSNR) is a quality meas-
urement that inversely related to signal distortion, that is, 
its numerical value decreases as the distortion in recon-
structed signal increases. Thus, the higher the PSNR, the 
better is the quality of the compressed or reconstructed 
signal. The PSNR is calculated using the formula PSNR = 
10*log10 ( (max(EMG))/ MSE); where MSE is the mean 
squared errors given by MSE = ∑ ((EMG - FilteredSig-
nal)2))/n. 
 

Result and Discussion 
 

The PSNR was measured when changing the filter order 
from 1 to 10 and varying the cut-off frequency from 2Hz 
to 16Hz. PSNR values show slight decrease when fixing  
 

the cut-off frequency at 2Hz and varying the filter order 
from 1 to 7. However, when choosing the filter order at 8 
and above at the aforementioned cut-off frequency, the 
filter became unstable. Increasing the cut-off frequency 
value to 4Hz, the filter show more robustness up to filter 
order 9 (Table 1). This means that choosing small cut-off 
frequency with certain critical points of the filter order 
result into the signal to be fully distorted. Contrary, when 
increasing the cut-off frequency with a fixed filter order, 
the PSNR is increased. That is the signal distortion is 
less. However, when tuning up both cut-off frequency 
and the filter order simultaneously, the PSNR increases 
which means the signal is less distorted. The PSNR val-
ues increased rapidly (27.44 (2Hz) to 27.92 (16Hz) see 
after the first two digit). This means that the shape of the 
signal could be affected significantly.  

Table 1.  PSNR Results 

 
Filter Order influence  
It is noticeable from figure 2 and figure 3 that when 
changing the filter order with minor cut-off frequency of 
2Hz (left figure), the filter output is significantly affected 
by the filter order. It is clear that as the order gets higher, 
the amplitude also gets higher. Figure 3 reveals that when 
choosing a higher cut-off frequency for instance 6Hz, the 
filter order does not influences the output filter as it does 
when the cut-off frequency was 2Hz, it shows almost the 
same results even changing the filter order with consider-
able range.  

 
Cut-off frequency influence  
From figure 4 and figure 5; when varying the cutoff 
frequency with fixed filter order, the signal distortion was 
in all levels of the cutoff frequencies.  However, as the 
cutoff frequency increases as the signal get more noisy.   

 
For more clear view, we separated the graphs with 
regards to the cutoff ferquency range. Figure 6 (left) 
where the cutoff frequency varies from 1Hz to 4Hz, 
results shows considerable difference between the filter 
outputs. In contrast, Figure 7 shows almost simillar filter 
outputs when the cutoff frequency range is from 5Hz-
8Hz. Simillar interpretation, when we fixed the filter 
order at 3 and change the cutoff of freqyency from 1Hz-
14Hz. This means it is better to choose a range where the 
outputs of the filter are similar.   
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2. Filter response for different order at cutoff fre-
quency 2Hz 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 3. Filter response for different order at cutoff fre-
quency 6Hz 
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Conclusions 
 
This paper addressed the influence of the filter order and 
the cutoff frequency parameters on the output of an IIR 
Butterworth filter to smooth the sEMG signal, which was  

 
recorded from Biceps Femoris muscle. Fixing the filter 
order and varying the cutoff frequency has shown more 
signal distortion than when fixing the cutoff frequency 
and varying the filter order. We can conclude that the 
filter order has less influence on the filter output com-

 

 

 

 

 

 

 

 

 

 

Figure 4. Filter response for different cutoff frequency 
at filter order N=3 

 

 

 

 

 

 

 

 

 

 

Figure 5. Filter response for different cutoff frequency 
at filter order N=4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Filter response for different cutoff frequency at 
filter order N=6 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Filter response for different cutoff frequency at filter 
order N=6 

 

 

 

 

 

 

 

 

 

 

Figure 8.  Filter response for different cutoff frequency at 
filter order N=3 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Filter response for different cutoff frequency at filter 
order N=3 
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pared to the influence of the variation of the cutoff fre-
quency. This investigation might be useful and applicable 
in assistive devices EMG-based control where the magni-
tude of the EMG signal is important.   
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