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Abstract –  The objective of this work is to compare the energy rate of a level 3 speech signal using the 

discrete wavelet transform (DWT) of various mother wavelets such as Haar, Meyer, biorthogonal, Coiflets, 

Symlets, and Daubechies, to determine the range of values for both genders of the speaker. The speech 

signal is filtered by an 8th order Butterworth filter. 

 

We perform the discrete wavelet transform (DWT) on the mother wavelet to obtain the energy values of 

each mother wavelet at the third level of the decomposition for male and female speakers. We then compare 

the energy values of speech signals between men and women speaking the same sentence,  This comparison 

is conducted on several databases containing repeated sentences for the same individual or both genders, 

the results are found to be acceptable for further analysis. 
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I. INTRODUCTION 

    Speech signal is a non-stationary, complex, and 

time-varying signal [01]. Furthermore, the highest 

frequency component in a speech signal is typically 

around 5 kHz. The differences in linguistic 

characteristics among individuals are characterized 

by variances in energy for both genders. Generally, 

speech signals have three main characteristics: 

pitch, fundamental frequency, and energy. The 

energy component, in particular, tends to be lower 

in women compared to men, indicating smaller 

energy levels in female speech signals. 

II. MATERIALS AND METHOD  

    Experiments were conducted on 12 original 

signals extracted from a database prepared by us, in 

the form of audio sounds in WAV format. There 

were 9 signals from female speakers and 3 signals 

from male speakers, comprising different phrases 

and sometimes repeated for the same speaker or 

different speakers. We used a group of 6 mother 

wavelets and 38 branches, resulting in a total of 456 

experiments to measure the percentage of retained 

energy between the original signal and the energy in 

the approximate coefficients of the third level of the 

discrete wavelet transform (DWT), which are 

divided according to the branches and mother 

wavelets as represented in Table (01). 
 

Table (01): Wavelets used, and the number of branches for 

each one 

 

 
    It should be noted that in our experiments, the K4 

Video Downloader program was used to download 

video clips of English phrases (audio clips) in MP4 

format from the internet. These clips were then 

converted to (WAV) format using online converters 

such as ( Cloudconvert en  ligne) . The clips were 

further segmented into specified length phrases 

using the (Audacity 2.4.2) program, with a sampling 
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frequency of fe =11025 Hz. These audio signals 

were analyzed and studied using the wavelet 

toolbox of (MATLAB a13)  software on a computer 

with the following specifications: 

 

PC  Acer  x67 , Processor : Intel® Core™ i3-

2348M   , CPU :2.30GHz, Version   SMBIOS 2.7  , 

Operating system WIN 10. 
 

Ⅲ- SHANNON  LAW 

    The operations performed on speech signals, such 

as distortion-free sampling and others, involve 

avoiding spectrum overlap and thus preventing 

information degradation. To achieve this, 

frequencies are required in accordance with 

Shannon's law. In order for the spectrum of the 

sampled signal not to overlap with the spectrum of 

the analog signal, it is necessary that (Fe - Fmax) be 

greater than Fmax, which leads to Shannon's 

theorem. Therefore, the sampling frequency should 

be at least twice the maximum frequency of the 

original signal under study. A low-pass  filter is used 

with a cutoff frequency (Fc) of Fe/2 to ensure a 

bounded spectrum. The sampling of a signal is 

governed by Shannon's theorem, which can be 

expressed by the following relationship.    
 

𝑓𝑒 ≥ 2 𝑓𝑚𝑎𝑥                                          (01) 

 

𝑓𝑒    :  The sampling frequency 

𝑓𝑚𝑎𝑥   : The frequency of the original 

 
Ⅳ- FILTERING    

    We use the widely used linear Butterworth low-

pass filter with an order of n=8 and a slope of 

48dB/decade, which is equivalent to 160dB/ 

décennie. This filter has a similar shape with a 

difference in the cutoff frequency band, set at 

f_c=600 hz , in order to reduce the power to 71% of 

the original signal (-3dB) equals   -10  log_210 . 

The amplitude of this filter is greater and more 

stable within the passband frequency. In the 

transition region, there is a moderate reduction. The 

selection of this filter is based on amplitude 

resolution. The order of the filter represents the 

number of columns in the filter's pass region [04], 

[05], [06]. 
 

Ⅴ- THE DISCRETE WAVELET TRANSFORM (DWT)  

    The discrete wavelet transform (DWT), is a 

technique similar to the developed subband coding, 

which is named hierarchical coding [07], [08], [09], 

and known by the relation (02)[10] . The latter 

depends in its mathematical relation on convolution. 

[11] . DWT decomposes the original signal into 

detailed coefficients by passing the original signal 

x(n) through high-pass filters h(n) , and into 

approximate coefficients by passing the original 

signal x(n) through low pass filters. (DWT) use 

different frequencies, and different accuracies to 

analyze the original signal x(n) in different 

frequency bands, because the approximate 

coefficients have the highest amplitude, and low 

frequency components, and have the most of the 

energy, while the detailed coefficients have the 

lowest amplitude, and the highest frequency 

components, and the latter shares with the noise 

which is concentrated in the high frequency of the 

original signal [10]. 
 

𝑋𝐷𝑊𝑇[𝑛] = 𝑥[𝑛] ∗ ℎ[𝑛] = ∑ 𝑥[𝑘] ∗ ℎ[𝑛 − 𝑘]∞
𝑘=−∞           (02) 

 

Figure (01) presents the wavelet analysis model: 
 

 
Figure (01): Signal decomposition with DWT [12], [21] 

 

    DWT uses digital filtering techniques, where the 

signal to be analyzed is passed through filters with 

different frequencies, and different scales. The 

original signal is divided, into detail coefficients, 

and approximation coefficients, often denoted by ak 

and dk respectively, where d is a letter denoting the 

detail coefficients, and a denotes the approximate 

coefficients, while k denotes the analytical level, as 

shown in Fig (01), the two parameters are the result 

of the convolution of the original signal x(n) with 

the filter [13][05]. 
 

 
    In waveform analysis, the signal is analyzed and 

synthesized through a step-by-step process that 

begins by dividing the signal x(n) until the desired 

level is reached. Then, the signal is reconstructed 

starting from the last level where we stopped, all the 

way back to the beginning of the first level. This 

process is performed in a reverse manner, hence 

vice versa, where the signal is synthesized by 

progressively combining the sub-signals obtained at 
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each level until the original signal is reconstructed 

[05]. 
 

Ⅵ- VOCAL SIGNAL CHARACTERISTICS     

          1- FUNDAMENTAL FREQUENCY   

    The fundamental frequency, also known as the 

voice fundamental frequency, is the lowest 

frequency of a periodic sound that is perceived as 

the pitch of the voice. In the case of human voice, 

the fundamental frequency corresponds to the vocal 

cord vibration frequency during sound production. 

It is measured in Hertz (Hz) and is generally 

represented by the letter "f0." The fundamental 

frequency is an important parameter in the acoustic 

analysis of the voice and is used in various 

applications such as speech synthesis, speech 

recognition, and emotion analysis. 
           2 - AMPLITUDE   

    Amplitude is a measure of the energy of a wave, 

such as sound or light. For a sound wave, amplitude 

is related to the acoustic pressure of the wave, which 

corresponds to the variation in air pressure around 

its equilibrium state. Amplitude is usually measured 

in units such as pascal (Pa) for sound waves and volt 

(V) for electromagnetic waves. In the case of sound, 

amplitude can be used to determine the loudness or 

perceived volume level. The larger the amplitude, 

the louder the sound. Amplitude can also be used to 

determine the sound quality, especially for musical 

instruments, where amplitude can affect the richness 

and tonal color of the produced sound. 
 

          3 - ENERGY    

    Energy is represented by the intensity of sound, 

which is related to the air pressure upstream of the 

larynx. It is stronger for voiced sounds than for 

voiceless sounds. The energy of a signal is a 

measure of the amount of energy contained within 

the signal. It can be used to characterize a signal in 

the time domain. The energy of a signal can be used 

to determine whether the signal is of a transient 

nature (impulse signal) or a periodic nature 

(sinusoidal signal). A transient signal has finite 

energy, while a periodic signal has infinite energy. 

Calculating the total energy of a speech signal is not 

useful because we know that speech has a capacity 

and energy that vary over time. Therefore, what is 

important in the case of speech production is a tool 

that provides information about the energy 

evolution over time. Thus, a different method of 

speech processing is required. More specifically, the 

tools can always assume that the signal being 

processed is stationary [05], [14], [15], [16],[17]. 

The energy in a frame of duration N samples is 

given by: 
 

𝐸𝑋 = ∑ 𝑆2𝑁−1
𝑛=0 (𝑛)                                              (05) 

 

X :  level ( DWT ) 

 

    The energy of a signal is also useful for 

determining the average power of a signal. The 

average power of a signal is the amount of energy 

transmitted per unit of time. It is calculated by 

dividing the energy of the signal by the duration of 

the time period T. The average power of a signal is 

often used to characterize periodic signals such as 

audio signals and electrical signals.  
 

Ⅶ - THE STUDY        

    To compare the energy present in the third level 

of the discrete wavelet transform (DWT) for all the 

mentioned mother wavelet branches for speech 

signals of both sexes, using the same spoken phrase 

"Do you speak English?", we followed the steps 

outlined in the flowchart (organigram) No. (01). 

In the first step, the signal under study was 

prepared with a sampling frequency Fe = 11025 Hz, 

which is greater than twice the frequency of the 

speech signal, which is 5 kHz, as mentioned earlier. 

This frequency was chosen based on Shannon's law 

mentioned in equation (01) above. 

In the second step, the signal was filtered using 

one of the Butterworth linear filters, which is the 

most commonly used filter with a similar shape but 

with a difference in the cutoff frequency range. This 

filter has the highest amplitude, more frequency 

stability, and a moderate reduction in the transition 

domain. The filter is selected based on the accuracy 

of the amplitude (35), and its filter order is n=8 with 

a cutoff frequency fc=600 Hz. 

The third step involves applying the third level of 

the discrete wavelet transform (DWT) to the filtered 

signal using all the mother wavelets and their 

branches mentioned in Table (01). This is applied to 

different signals for speakers of both sexes. Finally, 

we extract the energy values present at this level for 

the signal under study, with the same phrase 

pronounced by two different sexes for comparison, 

as shown in the comparison table No. (02). 
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Flowchart (01): presents the study stages 

  

Ⅷ -   PREVIOUS RESEARCH AND STUDIES:  

  

Previous studies on signal processing using 

wavelet analysis have focused on comparing the 

most suitable wavelets. The comparison of the 

retained energy in the third level of DWT used in 

our research is similar to other criteria used in 

certain studies, such as the study on the best mother 

wavelet for speech signal processing [21], the study 

"A Novel Approach for Speaker Gender 

Identification and Verification using DWT First 

Level Energy and Zero Crossing" [05], and the 

study on the best mother wavelet in speech signal 

processing, investigating the criterion of Percentage 

Root Mean Square Difference by Zhitao, Dong 

Youn, and William A (2000) [18]. These studies 

assess the differences and comparisons between the 

signals used. 

 

    Other relevant studies include the research by 

Tajane and Pitale (2014) [19] and Shweta and M.P 

(2013) [20], which compared different wavelets for 

analyzing ECG signals. The results of these studie, 

after comparing different mother wavelets, 

concluded that the best branches retaining energy 

are found in the third level of wavelet analysis. 
  

Ⅸ- RESULTS 

 

Table (02): comparison of the energy values of a sentence 

(Do you speak English) of two sexes using The third level 

DWT 

 
 

 

 

 

 

 

Table (03):Comparing the highest energy across all 

branches of the wavelets using the third level of DWT for the 

same sentence  (Do you speak English). 

 

 
 

 
 

Figure (02): global comparison of a sentence (do you speak 

english) of sex 03 women (a ,b ,d) using DWT 

 

 
 

Figure (03): global comparison of a sentence (do you speak 

english) of sex 03 women (a ,b ,d) using DWT 

 

Ⅹ- CONCLUSION 

Through the following experiments, we observe 

that the highest energy in the third level of discrete 

wavelet transform (DWT) varies from one mother 

wavelet to another and from one branch to another 

within the wavelets. We noticed that the highest 

energy in branch 8 for men in the DWT of the 

symlet mother wavelet is greater compared to all 

branches for both genders in the same sentence. On 

the other hand, the highest energy in the coiflets is 

found in branch 5 for men compared to other 

branches for both genders in the same sentence and 

the same third-level DWT. Furthermore, the energy 

in the biorthogonal mother wavelet is higher for men 

in branch 3.9 compared to the rest of the branches 

for both genders. For the highest energy in the 

daubechies mother wavelet, it is found in branch 45 

for men compared to other branches for both 

genders in the same sentence and third level of 

(DWT). Based on the comparison table No. (02), we 

conclude that the energy for men is higher than that 

for women in the third level of discrete wavelet 

transform (DWT) for all branches and mother 

wavelets. This conclusion is drawn after comparing 

the same sentence for a group of women and men. 
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