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Abstract 

 

Mel Frequency Cepstral Coefficients (MFCC) are acoustic 

features, which are based on human auditory perception, 

focus on spectral properties and capture relevant features 

of the audio signal related to vocal tract shape and energy 

in different frequency bands.  The methodology for feature 

extraction involves several stages. First, the audio signals 

go through a preprocessing stage in which they are initially 

normalized, then background noise is reduced, and finally, 

they pass through a median filter. In the next block of 

MFCC feature extraction, the first task was to split the 

audio signal into small frames. Then, a hamming window 

is applied to smooth the edges of each frame and the short 

time Fourier transform of each frame is calculated. Next, 

Mel filters are applied, which adjusts the representation of 

the frequency spectrum to human auditory perception. 

Finally, cepstral coefficients are calculated from the 

frequency spectrum. The MFCC coefficients are then used 

as input features for classifiers and machine learning 

algorithms. 
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Resumen 

 

Los coeficientes Mel Frequency Cepstral Coefficients 

(MFCC) son características acústicas, que se basan en la 

percepción auditiva humana, se centran en las propiedades 

del espectro y capturan características relevantes de la 

señal de audio relacionadas con la forma del tracto vocal 

y la energía en diferentes bandas de frecuencia.  La 

metodología para la extracción de características implica 

varias etapas. Primeramente, las señales de audio pasan 

por una etapa de preprocesamiento en la cual inicialmente 

se normalizan, después se disminuye el ruido de fondo, por 

último, pasan a través de un filtro de medianas. En el 

siguiente bloque de extracción de las características 

MFCC la primera tarea que se realizo fue dividir la señal 

de audio en pequeñas tramas. Luego, se aplica una ventana 

hamming para suavizar los bordes de cada trama y se 

calcula la transformada de Fourier de tiempo corto de cada 

trama. Enseguida, se aplican los filtros de Mel, que ajusta 

la representación del espectro de frecuencia a la 

percepción auditiva humana. Finalmente, se calculan los 

coeficientes cepstrales a partir del espectro de frecuencia.  

Los coeficientes MFCC se utilizan luego como 

características de entrada para clasificadores y algoritmos 

de aprendizaje automático. 
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Introduction 

 

Studies have shown that lung diseases are one of 

the leading causes of death in the world. Of the 

various lung diseases, Chronic Obstructive 

Pulmonary Disease (COPD) stands out. 

 

According to the World Health 

Organization (WHO), it is estimated that around 

384 million people worldwide are affected by 

COPD, it is the third leading cause of death 

worldwide, causing 3.23 million deaths in 2019, 

almost 90% of COPD deaths in people under 70 

years of age occur in low- and middle-income 

countries (WHO, 2023). Over time, different 

techniques have been developed for the 

diagnosis of lung diseases, some of which 

include thoracic imaging examination, thoracic 

bronchoscopy, pulmonary auscultation, among 

others. Lung auscultation is a method used to 

examine and diagnose the behaviour of the 

respiratory system by listening to the sounds of 

breathing in and out (WHO, 2023).  

 

Lung auscultation is usually performed on 

the posterior walls of the thorax and trachea, as 

shown in Figure 1. This provides useful 

information about the lungs, commonly when a 

respiratory condition is present, the first thing 

that is performed is a lung auscultation 

(Bohadana, 2014). 
 

 
 

Figure 1 Key points for lung auscultation  

Source: Own source 

 

Dataset 

 

The dataset used was the Int. Conf. on 

Biomedical Health Informatics (ICBHI) of 

breath sounds, this dataset contains audio 

samples collected from two research teams in 

two different countries over several years. The 

dataset includes 920 recordings of varying 

lengths (from 10 to 90 seconds).  

 

These recordings were taken from 126 

patients for a total of 5.5 hours. The dataset is 

made up as shown in Figure 2 of different lung 

diseases such as: COPD, pneumonia, 

bronchiolitis, bronchiectasis, URTI, LRTI, 

asthma, and healthy (Rocha BM, 2019). 

 

 
 

Figure 2 Number of patients for each disease 

Source: Own source 

 

Each of the audio signals has the following 

attributes, as shown in Figure 3: 

 

 
 

Figure 3 Attributes of the audios 

Source: Own source 

 

Methodology 

 

Figure 4 presents the proposed methodology for 

MFCC feature extraction consisting of data 

acquisition, preprocessing and feature extraction 

blocks. Each of the presented blocks plays an 

important role in the effective processing of the 

audio signal to obtain MFCC features that will 

later be used for sound classification.. 

 

 
 

Figure 4 oposed methodology for MFCC feature 

extraction 

Source: Own source 

 

Data acquisition 

 

For the acquisition of the data, a segmentation 

was performed by taking only the EPOC and 

Sanos audios of the male gender. Ten patients 

were selected for each type of audio, taking one 

audio for each patient as shown in Figure 5. 
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Figure 5 Data acquisition 

Source: Own source 

 

Preprocessing 

 

In the pre-processing stage, operations are 

performed with the intention of improving the 

audio signal and eliminating unwanted noise. 

The operations performed in this stage are 

represented in Figure 6 and are the stages of 

normalisation 0-1, Wiener Filter and Median 

Filter. 

 

 
 
Figure 6 Pre-processing stage 

Source: Own source 

 

Normalisation 

 

Normalisation is quite useful when seeking to 

equalise amplitudes or to adapt values to specific 

ranges. In this stage, the aim is to scale the values 

of the audio signal so that they are in the range 0 

to 1, this is done by means of the formula 1: 

 

𝑥_𝑜𝑢𝑡 =  
(𝑥 − 𝑚𝑖𝑛 (𝑥))

(𝑚𝑎𝑥(𝑥) − 𝑚𝑖𝑛 (𝑥))
                  (1) 

  

Where: 

 

x is the input value to be normalised. 

min(x) is the minimum value in the input matrix 

or vector x. 

 

max(x) is the maximum value in the input matrix 

or vector x. 

 

x_out is the normalised value that will be in the 

range [0 1]. 

 

Wiener filter 

 

The Wiener filter is used to perform background 

noise filtering of the audio signal, providing an 

estimate of the signal of interest as used in 

(Pascal). This process is depicted in Figure 7. 

 

Where: 

 

w [n] = is the input signal. 

 

x [n] = is the output of the filter. 

 

s [n] = is the reference signal. 

 

e [n] = is the filter error. 

 

 
 

Figure 7 Schematic of the Wiener filter 

Source: Own source 

 

Median filter 

 

The median filter is quite useful for removing 

noise in audio signals, such as clicks, pops or 

sudden interference. This type of noise is usually 

more noticeable compared to background noise. 

By applying the median filter, the amplitude of 

the noise is reduced without smoothing the audio 

signal of interest too much, which helps to 

improve the quality of the audio signal by 

eliminating or significantly reducing the noise. 

 

MFCC Feature Extraction 

 

MFCC feature extraction is a process used in 

audio signal processing, audio classification and 

speech recognition. MFCC is based on human 

auditory perception and is used to represent the 

acoustic features of an audio signal more 

efficiently this process can be seen reflected in 

(Winursito, A) and (Alodia Yusuf).  
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The feature extraction process performed 

is represented by Figure 8.    

 

 
 

Figure 8 Stages of feature extraction 

Source: Own source 

 

Frames 

 

For a better analysis of the lung sounds, 500 ms 

frames will be extracted, as this is where a better 

spectral analysis is possible. 

 

First, the time of each of the frames is 

defined, as in Equation 2. 
 

 𝑇𝑡 =  0.5 𝑠𝑒𝑔                                    (2) 

 

Where: 

 

Tt = is the time of the frame. 

 

Once the time of the frames is known, the 

number of samples that will make up the frames 

is obtained, according to equation 3. 

 

𝑁𝑚 =  𝑇𝑡 𝑥 𝑓                                 (3) 
 

Where: 

 

Nm = es the number of samples of each frame. 

 

f = is the sampling frequency. 

 

To avoid loss of information at the ends, 

we will overlap half the number of samples in 

each of the frames, as described in equation 4. 

 

𝑂𝑝 =  
𝑁𝑚

2
                                              (4) 

 

Where: 

 

Op = is the number of samples to be overlapped 

 

Windowing 

 

By dividing the signal into 500 ms frames, 

discontinuities occur at the beginning and end of 

each frame. This leads to errors in the spectral 

analysis.  

To reduce discontinuities and minimise the 

introduction of spurious frequency components, 

a windowing technique, such as the Hamming 

window, is used. 

 

This mathematical function described in 

equation 5 is multiplied point-by-point with the 

raster, which smooths the raster edges.  

 

𝑤(𝑛) = 0.54 − 0.46cos(2π
𝑛

𝑁
)                    (5) 

 

Short-Time Fourier Transform (STFT) 

 

The short time Fourier transform of each frame 

is represented by the following equation 6. 
 
𝑋𝑚(𝑓) = ∑ 𝑥(𝑛)𝑔(𝑛 − 𝑚𝑅)𝑒−𝑗2𝜋𝑓𝑛∞

𝑛= −∞         (6) 
 

Where: 

 

g(n) = window length. 

 

Xm(f) = DFT of the data centred at time mR. 

 

R = Jump size between successive DFTs. The 

skip size is the difference between the window 

length M and the overlap length L. 

 

Mel filters 

 

A set of Mel filters is used to map the linear scale 

of frequencies to a Mel scale, which better 

approximates human auditory perception. The 

Mel filters are superimposed and placed on the 

frequency scale, covering the whole range of 

frequencies relevant to human speech, as 

described in equation 7. 

 

 𝑚𝑒𝑙 = 2595 𝑙𝑜𝑔10(1 +
𝑓

700
)                    (7) 

 

Log 

 

The logarithm of the spectral power is calculated 

for each of Mel's filters. This is done to account 

for the non-linear response of the human ear to 

differences in sound intensity. 

 

Discrete Cosine Transform (DCT) 

 

Finally, the discrete cosine transform is applied 

to the logarithmic power spectral coefficients to 

reduce their dimensionality and obtain the 

cepstral coefficients, which represent the 

acoustic characteristics of the audio signal. 
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Feature selection 

 

Feature selection using variance is a technique 

used to reduce the dimensionality of a set of 

features by selecting those features that have a 

high variance and discarding those features with 

a low variance. 

 

Using variance it can be determined that if 

the variance value is small the content of that 

feature is very likely to be the same or very 

similar, so it will contribute little to the classifier. 

 

Results 

 

The results obtained by performing each of the 

processes are shown in Figure 9 and 10: 

 

 
 
Figure 9 Graphical representation of the audios before and 

after pre-processing 
Source: Own source 

 

 

 

 
 

Figure 10 Graphical representation of the spectrograms 

before and after pre-processing 

Source: Own source 

 

After the MFCC feature extraction 

process, the result is 13 coefficients, described in 

Table 1 and 2, per audio type to be used as input 

data for an audio signal classification system. 

 
 1 2 3 4 

1 0.2488 -1.8851 -0.6121 -3.3223 

2 1.4328 2.8509 2.1186 3.1375 

3 0.4041 1.0396 -0.2124 -0.0243 

4 0.6045 0.8364 1.9249 -0.1647 

5 0.5093 0.5619 0.1245 0.3481 

6 -0.5724 -0.0789 0.0635 1.0783 

7 -0.0588 0.1585 0.0745 0.8590 

8 0.7250 0.5187 0.2915 0.1677 

9 0.2026 -0.0608 0.4754 -0.3561 

10 0.7426 0.2865 0.3625 -0.1885 

11 0.3227 0.1910 -0.0001 0.4146 

12 -0.0980 0.0370 0.2977 0.4764 

13 0.1760 0.2003 0.2746 0.0629 

 

Table 1 MFCC coefficients of COPD patients 

Source: Own source 

 
 1 2 3 4 

1 -10.9472 -5.8302 -4.0880 -9.3527 

2 3.6684 3.0756 3.0943 5.1568 

3 1.2175 0.8550 0.8539 1.3832 

4 1.2603 1.0096 0.9853 0.9061 

5 0.6564 0.6493 0.6354 0.4463 

6 0.7117 0.6419 0.6213 0.4045 

7 0.4813 0.4771 0.4561 0.2069 

8 0.3474 0.4380 0.4435 0.1608 

9 0.3499 0.3367 0.3569 0.2208 

10 0.2725 0.3162 0.3516 0.2336 

11 0.2770 0.2526 0.3002 0.1741 

12 0.4101 0.2578 0.2899 0.2863 

13 0.3601 0.2048 0.2398 0.2615 

 

Table 2 MFCC coefficients of HEALTHY patients 

Source: Own source 
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The results obtained from the selection of 

characteristics are shown in Table 3, where it is 

determined to take the first five coefficients from 

the variance study carried out on all the data as 

input for the classifier and to find their degree of 

dispersion. 

  
Variaance 

Coefficient EPOC Healthy 

1 3.4455 9.0377 

2 0.9791 0.8834 

3 0.3008 0.7591 

4 0.1665 0.1894 

5 0.0953 0.1885 

6 0.1406 0.0580 

7 0.0561 0.0598 

8 0.0478 0.0572 

9 0.0724 0.0380 

10 0.0418 0.0245 

11 0.0318 0.0265 

12 0.0318 0.0220 

13 0.0233 0.0208 

 
Table 3 Values resulting from the selection of 

characteristics 

Source: Own source 
 

Next, the normal distribution of the 

selected characteristics is shown by variance, 

through the Gaussian bell, quantile plot and box 

and whiskers diagram, this is done in order to 

analyse and model the distribution of values, it is 

worth mentioning that not all characteristics 

must necessarily follow a normal distribution, 

the data are represented in Figures 11, 12, 13, 14 

and 15. 

 

 
 
Figure 11 Normal distribution of coefficient 1 EPOC 

Gaussian Bell, Quantile Plot, Box and Whisker Plots  

Source: Own source 
 

 
 
Figure 12 Normal distribution of coefficient 2 EPOC 

Gaussian Bell, Quantile Plot, Box and Whisker Plot 

Source: Own source 
 

 
 
Figure 13 Normal distribution of coefficient 3 EPOC 

Gaussian Bell, Quantile Plot, Box and Whisker Plots  

Source: Own source 
 

 
 
Figure 14 Normal distribution of coefficient 4 EPOC 

Gaussian Bell, Quantile Plot, Box and Whisker Plot 

Source: Own source 
 

 
 
Figure 15 Normal distribution of coefficient 5 EPOC 

Gaussian bell, quantile plot, box and whisker plot  

Source: Own source 
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Conclusion  

 

MFCC feature extraction is a very efficient 

technique in audio signal processing. It provides 

an effective representation of the acoustic 

characteristics of an audio signal, allowing for 

more accurate analysis and classification.  

 

MFCC provides several advantages, one 

of which is the ability to compact spectral 

information into a small number of coefficients, 

which reduces the dimensionality of the data and 

improves computational efficiency. In addition, 

MFCCs are relatively robust to noise and 

changes in acoustic conditions, which makes 

them suitable for applications in speech 

recognition, speech synthesis, sound 

classification and other audio signal processing 

tasks. 
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