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ABSTRACT 
    This paper presents a study on finding an optimal wavelet filter for denoising  
surfaceelectromyographic signal, the surface electromyographic signal was captured 
from the biceps brachiimuscle of the human arm, this signal was stored in a one-
dimensional matrix and conducted a series of procedures to reduce the noise.The 
performance has been tested based upon the nearest five wavelet filters in terms of the 
shape of the form of the original signal, after subjected to three noisy Gaussian 
environments at different signal to noise ratio. A tremendous amount of results was 
obtained, These results show that the fourth order Daubechies wavelet filter at the 
fourth decomposition levelis optimized to reduce the noise of the surface 
electromyographic signal that captured from bicepsbrachii muscle, where the results 
of the tests in a very noisy environment show that the value of the mean square error 
is 0.0159 and the output signal-to-noise ratio is 11.4424. 
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الملتقطة من  السطحیةأشارة التحفیز العضلي مثل مصفي مویجي لتقلیل ضوضاءأ
 سأثنائیة الرالعضلة العضدیة 
 

 الصةالخُ 
تم التقاط اشارة ,السطحیة التحفیز العضليشارة ألیقدم دراسة عن ایجاد امثل مصفي مویجي  ھذا البحث    

شارة بشكل مصفوفة ألنت ھذه ازِ خُ  ,بشریة ذراعٍ من سأسطحیة من العضلة العضدیة ثنائیة الرالتحفیز العضلي ال
قرب خمس مصفیات ألاستناداً  داءألیت علیھا سلسلة من اجراءات تقلیل الضوضاء , تم اختبار ارِ جْ أُ و البعداحادیة 

مختلفة  كاوسیة مویجیة من حیث الشكل لشكل االشارة االصلیة وذلك بعد اخضاعھا لثالث بیئات ضوضائیة
"دوبیشیس من الدرجة الرابعة"  ن المصفي المویجيأالشدة. تم الحصول على كم ھائل من النتائج التي بینت 

لتقطة من العضلة السطحیة المُ  التحفیز العضليوعند مستوى التفكك الرابع ھو االمثل في تقلیل ضوضاء اشارة 
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مربع المعدل ھو  أخطس حیث بینت نتائج االختبارات في بیئة شدیدة الضوضاء ان قیمة أالعضدیة ثنائیة الر

 .11.4424وان نسبة االشارة الى الضوضاء الخارجة ھي 0.0159
 

INTRODUCTION 
lectromyographic signals (EMG) represent the electrical activity of a muscle 
during contraction. In particular, the surface electromyographic (SEMG) 
signal, due to its non-invasiveness, is achieving increasing attention in several 

fields such as physiological muscle assessment, rehabilitation, and sport and geriatric 
medicine [1]. Varieties of noises originated from measurement instruments are major 
problems in the analysis of surface electromyographic (SEMG) signals. Therefore, 
methods to eliminate or reduce the effect of noises have been one of the most 
important problems. Power line interference or instability of electrode-skin contact 
can be removed using typical filtering procedures but the interference of white 
Gaussian noise (WGN) is difficult to remove using previous procedures [2]. Wavelet 
denoising algorithms, an advance signal processing method, have been receiving 
considerable attention in the removal of white Gaussian noise [2]. This study is 
motivated by the fact that the available results of the comparative study of denoising 
methods from the previous research were not effective enough because they fixed the 
wavelet function and the scale level [2]. But in the real world, there is no universal 
wavelet filter that is suitable for all types of signals. In this paper, we evaluate the 
most standard wavelet families namely Daubechies, Symlets, andCoiflet with 
different orders and decomposition levels. The aims of this study were to conclude: 
the suitable wavelet functions in decomposition,  denoising and reconstruction points 
of view, and the optimal level of wavelet decomposition.  
 
Experiments and data acquisition 
    The SEMG signals were collected from a healthy male in the Planning unit of the 
brain and nerves in Ghazi Hariri hospital in Baghdad's medical city. For the 
experiment, the subject was asked to perform a series of contractions and relaxations 
of his bicepsbrachii muscle as shown in figure (1). The SEMG signals were recorded 
by two pairs of surface electrodes each electrode was separated from the other by 3 
cm. The electrodes were installed with a transparent medical adhesive after being 
sterilized with a solution of dettol. The data were saved as binary files and opened in 
Matlab (R2012a) for the processing. 
 
Methodology  
    The objective of wavelet denoising algorithm is to suppress the noise part of the 
signal s(t) by discarding the WGN n(t) and to recover the signal of interest s(t). The 
model is basically of the following form:[3] 
 
  f(t)=s(t)+n(t)                                                                                             …(1). 
 
   The general wavelet based denoising procedures are composed of three steps: 
Step1. Decomposition:choose a wavelet function and decomposition level J, 
Compute the wavelet decomposition of the SEMG signal at level J. 
Step2.Denoising wavelet detail coefficients:foreach level selects a threshold value 
and apply thresholding to the detail coefficients. 

E 
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Step3. Reconstruction:compute the reconstruction based on the original 
approximation coefficients of level J and the modified detail coefficients of levels 
from 1 to J.  
   To achieve and optimize the above procedures, four points must be addressed, 
namely selection ofthe suitable wavelet function, level of decomposition, threshold 
estimation, and threshold transformation. Most wavelet based denoising literatures 
highlighted the thresholding techniques rather than selection of available wavelet 
functions. The aboveprocedures ofwavelet denoisingare described in detail as below:  
 
Wavelet Decomposition 
   The first and more important step is to select wavelet function. It is important to 
choose the right filter because it determines the perfect reconstruction. Reference [3] 
had said if let the mother wavelet scaling and shifting, we could get the function 
ѱa,Ԏ (t):

 
 
ѱa, ԏ(t)= 1

√a
 ѱ �t−Ԏ

a
�                                                                                               ....(2) 

 
Where 
 a,ԏ ∈ R; a > 0 
Where 
 a is the scaling gene, τ is the shifting gene, and the function ѱa,ԏ(t)is the basic 
wavelet function depending  on aand τ We could spread any function f(t) which 
belonged to L2(R) space on the wavelet basis and got the continuous wavelet 
transform of function f(t). It was written by  
 
WTf (ԏ,a)=ѱ(ԏ, a) = 1

√a
∫ f(t)𝑅 ѱ∗ �t−Ԏ

a
�dt                                                         ….(3) 

 
   We chose the scaling gene a as the discrete values according to the power of two 
and the shifting gene τ=1. So, we got the binary orthogonal wavelet and its wavelet 
basis was written by 

ѱk,n(t) = 2−
𝑘
2ѱ(2−kt-n) k,n ∈ Z                                                                                    …  (4) 

 
According to Mallat algorithm, if Φ was scaling function and ѱ(t) was  the wavelet 
function, then, the expressions of wavelet decomposing were  
 
cj,k=∑ h0(n − k)n cj − 1, n,                                                                                 ….(5) 
 
dj,k=∑ h1(n − k)n dj − 1, n,                                                                                 ….(6) 
 
    Next step is the selection of the number of decomposition levels of the signal.  
Discrete wavelet transform (DWT) uses high-pass filter obtains high frequency 
components so-called details (D) and low-pass filter to obtain low frequency 
components so-called approximations (A). Procedure of noise reduction is based on 
decreasing of noise in high frequency contents (details) of the signal. The 
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decomposition levels can be varied from one (the first level of decomposition) to J, 
where J=log2(N), and N is the length in samples of time-domain signal) [4].  
 
Wavelet Denoising 
    There are four threshold estimation methods: universal threshold, sure threshold, 
hybrid threshold, and minimax.Generally, most of research worked in this field has 
used the universal threshold selection rule proposed by Donoho. It has been shown 
that its denoising capability is better than other classical methods such as sure 
method, Hybrid method, and minimax method as in reference [1], and [2]. Therefore 
in this paper we use the universal threshold method to estimate the threshold value, 
this method can be expressed as: [5] 
 
δ=σ�2 ∗ log (N)                                                                                                    …(7). 
 
δ: The estimated the threshold value. 
N: Number of point or length of signal. 
The threshold value δ is proportional to the estimated standard deviation of the 
signal's noise,σ, which can be estimated from the set of the wavelet coefficients in the 
highest scale level.After threshold values are determined, thresholdingcan be done 
using hard and soft transformation. 
 
Hard thresholding 
    This transform can be described as the usual process of zeroing all detail 
coefficientthresholds, and then keeping other detail coefficients. It can be expressed 
as [1]:  
 

ck = �ck, if     |ck| ≥ δ
  0, otherwise �

                                                                                           …(8) 

 
Soft thresholding 
    This transform is an extension of hard thresholding. First all detail coefficients, 
whose absolute values are lower than the threshold is zeroed and then the other 
coefficients are shrinked towards zero. It is defined as: [1] 
 

ck = �sgn(ck)(ck − δ),  if     |ck| ≥ δ
0, otherwise �                                                                ….(9) 

 
     Many researchers in biomedical signal processing field such as EMG and ECG 
signals found that the soft thresholding provides better results than hard thresholding, 
[1], and [2], so we used soft thresholding in our algorithm to find an optimal wavelet 
function for thedenoising surface electromyographic signal. 
 
Wavelet reconstruction 
     This is the final step of the procedure, wherethe decomposed signal, after being 
denoised, is reconstructed by taking the inverse discrete wavelet transform (IDWT). 
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Evaluation criteria 
In order to find the robustness of denoising algorithm WGN was added with three 
levels of signal to noise ratio (1db, 5db, and 10db) to the original SEMG signal.  
Mean square error (MSE) and output signal to noise ratio (SNRo) criteria were 
selected to find the performance of the denoisingalgorithm.The MSE, and SNRo can 
be calculated using equations (10), and (11) respectively [6]: 
 

MSE (w,l)=� 1
N

(x(i) − x− (i))2
N

i=1
                                                                 …..(10) 

SNRo=10 log

⎝

⎜
⎛ � �x(i)�

2N

i=1

� �x(i)−x−(i)�
2N

i=1
⎠

⎟
⎞

                                                                     …...(11) 

 
W:wavelet function. 
L: is the decomposition level. 
x(i):original SEMG signal. 
x−(i):denoised SEMG signal. 
SNRo: output signal to noise ratio. 
The performance of wavelet denoising algorithm is better when the  MSE is  smaller 
and SNRo is larger. 
  
Results and discussion 
     The critical point in wavelet denoising is the selection of right wavelet function 
which depend on the application and characteristics of the signal. Differentwavelet 
filters were investigated to optimize wavelet denoising procedures. Five wavelet 
filters (as shown in figure (2)): fourth order Daubechies (db4), fifth order Daubechies 
(db5), fifth order Symlet (sym5), eighth order Symlet (sym8), and fifth order Coiflet 
(Coif5) are used to denoise the noise in SEMG signal, where all these functions 
(filters) have orthogonal property and their shapes are very close to the original 
surface electromyographic signal. Since, in practice, the value of signal to noise ratio 
(SNR) is unknown due to the acquisition of signal under real time applications, we 
add varying amounts of WGN in three trails (1db, 5db, and 10db) (this procedure also 
used in reference [7] when they worked a study to find optimal wavelet denoising for 
phonocardiograms (PCGs))to simulate very noisy, noisy, and medium noise 
environments. The threshold value was 2.773. We obtain huge of results as shown in 
the tables (1-5). The results show that the fourth order Daubechies filter (db4) 
provides marginally better performance than other possibilities and the suitable 
number of decomposition level is four for very noisy, noisy environments. On the 
other hand, the third and fourth decomposition levels are better than other 
possibilities (the difference between third and fourth level is not significant) for 
medium noise environments. Also from our experiment results we find when 
decomposition levels are more than six, the MSE rapidly increases while, SNRo 
rapidly decreases. Therefore, in tables (1-5) only first seven levels are shown. We 
suggest that db4 with four decomposition levels to be used to denoise the noise in 
original surface electromyographic signal that captured from human arm. Figure (3) 
shows the original signal before, and after denoising procedures. 
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Conclusions 
        Noises contaminated in the SEMG signals are an unavoidable problem during 
recording data; whereas noises are a main problem in the analysis of the SEMG 
signal both in clinical and engineering applications. The objective of   this paper was 
to select the suitable wavelet function (filter)of discrete wavelet transform (DWT) 
and optimal decomposition level.  The results show that Daubechies wavelet with 
fourth order (db4) provides marginally better performance than other possibilities. 
This is due to the fact that the Daubechies with fourth order most matchingthe SEMG 
signal's shape. The Suitable number of decomposition levels is four. 
 
 

 
      (a): Relaxation state.                                                (b): Contraction state. 

Figure (1): Recording SEMG signal. 
 

 

Figure (2): Shapes of the selected wavelet filters. 
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Table (1): Results of db4 wavelet filter. 

 
 
 
 
 

Table (2): Results of db5 wavelet filter. 
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Table (3): Results of sym5 wavelet filter. 

 
 
 
 

Table (4): Results of sym8 wavelet filter. 
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Table (5): Results of coif5 wavelet filter. 

 
 
 

 
Figure (3): difference between actual, and thedenoised SEMG signal. 
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