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Abstract— Electromyography (EMG) is a medical technique that can record with an electromyograph, electric currents 
accompanying muscle activity. And among the medical applications we have the detection of medical abnormalities, activity 
level and/or human movement. For our case study we present the latter two applications. The aim of our work is to detect the 
amount of muscle’s fatigue after doing an effort using signal processing. 
We have recorded an EMG signal related to two situations, the first one is in the normal case (arm muscles are inactive) , the 
second one is after doing a job (carrying some books) and by analyzing the two signals we can see the difference and detect the 
amount of fatigue of the arm. After running the data processing using Matlab, we got convincing results.  
 
Index Terms— De noising, discret wavelet, , EMG, EMG sensor ,physical effort. 
 
I. INTRODUCTION 
 
The fatigue problem is increasingly recurring 
especially with the contemporary lifestyle. Our goal is 
to find a technique for detecting the fatigue threshold 
in order to customize the tests subsequently for each 
patient –having a muscle fatigue-. 
Muscular fatigue can be normal-due to physical 
exercise for example- but can be a sign of disease 
reversible like cramp characterized by a painful, 
temporary contraction of a muscle and irreversible, 
which poses serious. 
The signal, which reflects more physiological muscle 
problem in general, including fatigue, is described 
EMG signal. By signal processing we can study the 
technical processing, analysis and interpretation of this 
signal. Among the types of signal processing tools we 
have the famous wavelet technique. 
Recall that wavelet is a wave-like oscillation with 
amplitude that begins at zero, increases, and then 
decreases back to zero; we have several analyzing 
wavelet called mother wavelets [1] such as (see figure 
1): 
 

 

 

 
Fig.1. some mother wavelet functions. 

 
Among mother’s wavelets, Daubechies function seems 
the most used in the analysis of biological signals [2]. 
Wavelet transforms are generally separated into two 
classes: continuous and discrete.  
The wavelet transform is accomplished using the 
translated and scaled versions of a mother wavelet y (x) 
defined by [3] [4]: 
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Where (a) and (b) are scaling (dilation) and translation 
parameters, respectively. So (a) and (b) expresses the 
duality between time and frequency domain resolution. 
This defines the continuous wavelet transform of a 

function f \ in     by [3]: 
 

               
(2) 

Where is a wavelet from the family of wavelets, 
* denotes the complex conjugate,  is the translation 
factor and s is the expansion factor. 
Discrete wavelet transform (DWT) is any wavelet 
transform for which the wavelets are discretely 
sampled. The sampling gives [3]: 

                   
(3) 

 
Where  and   are constants. 
 
We then wrote the discrete wavelet transform [3]: 
 

                     
(4) 

 
II. MEASURES 
 
First, we measured an EMG signal by a typical 
autonomous platform which works with the arduino 
card. We have two cases: rest (relax) and work (effort). 
After experimentation we get the following signals: 
 

 
Fig. 2.  State of rest (original signal-of start) - data1. 

 

 
Fig.3. State of work (effort) - data 2. 

By applying Daubechies wavelet in order to remove 
noises from our raw signals (rest and work) 
consecutively, we get (see figures 4 and 5): 
 

 
Fig. 4. De-noised original signal 

 

 
Fig. 5: De-noised working’s represented signal. 

 
Recall that the working signal was obtained after 
raising by myself - the principal author – some books.  
 
III. RESULTS AND DISCUSSION 
 
We applied a discrete wavelet transform (Daubechies 
level 4) on the data (1), by using the processing 
toolbox, we get the following curves: 
 

 
Fig. 6.Simulating analysis by discrete wavelet for the relax case. 
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And for data (2):  

 
Fig.7. Simulating analysis by discrete wavelet for the effort’s 

case. 
 
As a first appreciation we can deduct that the physical 
efforts had multiply the scale of magnitude of the result 
signal (from 55 max to 65 max) and of the wavelet 
coefficients (the variation range was enlarged to [-1 to 
+1] to [-2 to +2]). 
If we increase the effort these values will increase 
more and by analyzing these values we can deduce the 
degree –amount- of muscle fatigue.  
Another remark is that when stress increases numerical 
analysis shows (see Figure 7) small variations which 
decline, it's like we did tender the signal. 
- In order to see the effect of effort on spectral energy 
of the EMG signal, we have explored the histogram of 
our data and we get the following (figures 8 and 9): 
 

 
Fig. 8. Histogram representing the ‘relax situation’. 

 

 
Fig.9. Histogram representing the ‘effort situation’. 

 

By comparing these two histograms we see that for 
relax case we have a concentration of energy of signal 
in a restricted area but he physical efforts has extended 
the EMG’s energy spectrum.  
- If we look for the FFT Spectrum, we see for the first 
data (rest) the following curve: 
 

 
Fig.10. FFT Spectrum representing the ‘rest situation’. 

 
And for the second data (effort): 

 
Fig.11. FFT Spectrum representing the ‘effort situation’. 

 
So the spectrum of frequency had also enlarged by 
doing physical efforts. Another deduction, we see that 
the level of energy had drastically decreased by doing 
physical effort. 
 
CONCLUSION 
 
In this present study, a computing processing tool was 
applied to an EMG biological signal. By using the 
different analysis offered from this latter tool, we were 
able to identify the effect and approximatively the 
amount of a muscle fatigue as a result of doing some 
physical exercises. 
We estimate in the future be able to pull other positive 
results concerning the study of muscle fatigue. 
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