
 

 

 2 
 

 
 

 

  

 

 

 

   

  

 

 

2.1   
2.1.1   

  (Human respiratory system) 

 (Trachea)  (Bronchus) 

 

 (Alveoli) 

   2.1 

  (Diaphragm) 
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 2.1  

: , 2567 

 

 (Turbulent flow)  

   

2.1     

  (Pasterkamp et al., 

1997; Loudon, R. G., and Murphy, R. L. H., 1984) 

 

 2.1 * 

   
Crackles 

(

 / 

) 

-   

  

-  

-  

/  

-  

 

-  

-  (Heart failure) 

-  (Pulmonary 

edema) 

-  (Atelectasis) 

-  (Interstitial 

lung disease) 

-  

(COPD exacerbations) 
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 2.1 * ( ) 

   

Wheezes 

( ) 

-  

 

-  

- 

 

-  

-  

-  

Rhonchi 

(

) 

-   

-  

- 

 

-  

-  

-  (Bronchitis) 

-  

Diminished 

(

) 

-  

-  

 

- 

 

- 

 

-  

-   

-  

(Pneumothorax) 

-  (Pleural 

effusion) 

-  

-  (Severe 

atelectasis) 

Stridor (

) 

-  

-  

(trachea) 

- 

 

-  

-  

-  

(Epiglottitis) 

-  (Croup) 
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 2.1 * ( ) 

   

Pleural Rub 

(

) 

- 

 

-  

 

- 

 

-  (Pleurisy) 

-  (Pericarditis) 

-  

: *  Pasterkamp et al. (1997)  Loudon and Murphy (1984) 

 
2.1.2     

  

 (Stethoscope)  (Digital stethoscope) 

  2.2  

 

 
 

 
 

 2.2   

:  Bohadana, A., Izbicki, G., and Kraman, S. S. (2014) 

 (Lung Auscultation) 
- 

 

(Stepladder pattern) 

-  (Abnormal lung 

sounds) 

-  (Diminished lung 

sounds) 

Bronchial ( ) 

   (Trachea) 

Bronchovesicular ( – ) 

  1–2  

 (Scapular region) 

Vesicular ( ) 

   

 (Background) 
-  

-    

- 

 

Bell  

 (Heart murmurs) 

 
Diaphragm  
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  (Rangayyan, R. M., 

2015)   

   

   

 (Computer-aided diagnosis) 

 

2.1.3  
 (Normal lung sounds) 

 (Abnormal lung sounds)   

    

 (Sarkar, M., Madabhavi, I., 

Niranjan, N., and Dogra, M., 2015) 

  2.3 

 

 
 

 2.3  

: Bahoura, M. (2009) 
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  100  600 

  1  2  

 (Kompis, M., Pasterkamp, H., and Wodicka, G. R., 2001; Bahoura, 

2009)  

  

   

 (Rangayyan, 2015) 

2.1.4  
   

  3   (1)  (Airway 

diseases)   (2)  (Lung 

tissue diseases)    (3) 

 (Lung circulation diseases) 

 ( , 2567) 

 

    

  

2.1.4.1  
   

   

  2   

     

   

 (   )    

     

 ( , 2567)  
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 (Bohadana et al., 2014) 

2.1.4.2  

    

  (

     ) 

       

      (

, 2567)  

  wheezes 

  (Sarkar et al., 2015; 

Bahoura, 2009) 

2.1.4.3  

      

   

    

    

    

    ( , 

2567)  

  

 

2.1.5  
  “A dataset of 

lung sounds recorded from the chest wall using an electronic stethoscope” 
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 112  

   

      

  

2.1.5.1  

  

Littmann Electronic Stethoscope Model 3200 

 Bluetooth  

1.    (Chest wall) 

  

2.  

 5  30    

3.   

(Filter)  3   Bell, Diaphragm  Extended 

  

4.

 .wav  Littmann StethAssist  

  

 

 

2.2   
 2.1 
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  (Segmentation)  

(Short-time analysis)    

 

2.2.1  
  (Bandpass 

filter) 

  (Butterworth bandpass filter) 

  BWN  = 12 

 120  1800  (Pasterkamp et al., 1997; Rangayyan, 2015)  

(2.1) 

  bandpass  Lf    

Hf   

 

  
BWN

c

H f
f
f

     (2.1)  

 

 

H f     

f     ( ) 

cf     ( ) 

BWN     

 

  

 

 (Oppenheim, A. V., and Schafer, R. W., 2010; Rangayyan, 2015) 

  

 (Rangayyan, 2015; Bahoura 
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and Pelletier, 2003; Sengupta et al., 2015)  

 

 (Li, L., Xu, W., Hong, Q., Tong, F., and 

Wu, J., 2016; Bahoura, 2009) 

2.2.2  

 

 (Short-Time Fourier Transform: STFT) 

 (Mel-filter bank)  (Logarithm) 

 (Discrete Cosine Transform: DCT) 

 (Rangayyan, 2015; Bahoura and Pelletier, 2003; Sengupta et al., 2015; Li et al., 

2016)   (2.2) 

 

 
M

m

c m
MFCC c E m

M
        (2.2) 

 

MFCC c    c  

c     

 cc N  

cN    

mE     

 

m     m M  

M     
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2.2.3  
  

    

 

 (Delta coefficient)  

 (2.3)  

 

  

T

t n t n
n

t T

n

n c c
c

n
    (2.3) 

 

 

tc     

 t  

c t       t  

 T     

 n     n T  

 t     

 

 (2.4)  (Delta–Delta coefficient)  

 

   t tc c       (2.4) 

tc     

 t  
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2.2.4  
   

  

   

-   

 (Convolutional 

Neural Network: CNN)  

  

 (Pooling)  

  (Fully connected layer) 

 

 

 
  (1)  

  120  1800   12  (2.1) (2) 

 4   (3) 

  (2.2)   (Hamming window) 

 50   (4)   

(2.3)  (2.4)  

  

 

  

    

  (Rangayyan, 

2015; Bahoura, 2009; Sengupta et al., 2016) 
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2.3   
2.3.1  

  

 2    

 

  

 (Feature image) 

   (O’Shea, K., 

and Nash, R., 2015; Piczak, K. J., 2015; Hershey, S., Chaudhuri, S., Ellis, D. P. W., 

Gemmeke, J. F., Jansen, A., Moore, R. C., Plakal, M., Platt, D., Saurous, R. A., Seybold, 

B., Slaney, M., and Wilson, K., 2017) 

 

    

 

 

 

 

 (Piczak, 2015; Hershey et al., 2017; Perna, D. and Tagarelli, A., 2019; Zhang, Z., 

Li, H., Zhang, R., Wang, Y., and Guan, C., 2021) 

2.3.1.1  
  

(Convolutional layer)  (Kernel)  

(Dot product)     (Local 

connectivity)  (Weight sharing) 

   (O’Shea and Nash, 2015)  

   (2.5) 
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h wk k

nni j i r j s r s
r s

Y X W b     (2.5) 

 

 

      i j  

  

W r s      r s   h wk k  

nnb     

         

 i j     

 r s     
kh   kw    

 

 
 

 2.4  

 

  (Stride)  

(Padding)  
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   (2.6) 

 

 

   size s

stride

I FOutput size
S

     (2.6) 

 

 

sizeI     (Input size)  

sF     

strideS     

Output size    

 

   

(Zero-padding) 

 

 (Active function) 
  

 (Rectified Linear Unit: ReLU) 

 

  (Nair, V., and Hinton, G. E., 2010) 
 

 LU LULU x x     (2.7) 

 
 

LUx      

LU    

LUx   

 



21 

   

 

  

 (Softmax)  

  (logits) 

  1  (2.8) 

 

  
k

soft
soft

soft

a

k K
aj

j

ep
e

      (2.8) 

 

 

ka    k   

k      k K  

 softj     j K  

softK     

kP    k  

 
2.3.1.2  

  

  

 Aykanat, M., K l ç, Ö., Kurt, B., and Saryal, S. (2017) 

 (Convolutional Neural Network with Two 

Layers: CNN-2L)   

  

(Conv2D)   (MaxPool2d) 
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 2.5  

 

  

 

 

 

 

 (Baseline model)  

 

 (Tripathy, R. K., Das, D., Ghose, A., and Ghosh, A., 2022) 

 

2.4   
 

  (Single-task classification ) 
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2.4.1  
  (Autoencoder: AE) 

  (Unsupervised learning) 

 (Latent representation)  

 (Encoder)  (Decoder) 

   

  

 2   

1.   (Input data)   

2.   

  
z v      (2.9) 

 

  v z      (2.10) 

 

 

v      

z    

v      

    (Encoder function) 

 

    (Decoder function) 
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 2.6  

 

 (Loss function) 

  

 

 (Gradient-based optimization) 

 

   

  

 

   

 (Mean Squared Error: MSE) 

  

(Backpropagation)  
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 (Reconstruction loss) 

 (2.11) 

 

 
recon

recon recon
recon

n

recon j j
jrecon

L x x
n

    (2.11) 

 

 

reconL   

reconn     

reconjx   j  

reconjx     j  

    (Euclidean norm) 

 

 

  (Shared representation) 

  

 

  

 

 
 

 2.7  
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   (Task heads)  

 (Classifier head)  z    

v   u    (2.12) 

 

   u h z       (2.12) 

 

 

u     

u   

h     

 

  (Cross 

entropy loss)  

 

 
class

class class
class

K

class k k
k

L y y      (2.13) 

 

 

 classL     

classK     

classk      class classk K  

classky     classk  

classky     classk  

 

  

  (Dual 

objectives)  (Total loss)  (2.14) 
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 total recon classL L L      (2.14) 

 

 

totalL     

reconL     

classL     
   

 reconL  
  classL   

 

 

2.4.2  
 

 

 (Data representation) 

 (Decision boundary) 

   

 (Margin-based classifier) 

 

 

  

   

 (Bengio, Y., 

Courville, A., and Vincent, P., 2013; Goodfellow, I., Bengio, Y., and Courville, A., 2016; 

LeCun, Y., Bengio, Y., and Hinton, G., 2015) 
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 (Caruana, R., 1997; Cortes, C., and Vapnik, V., 

1995) 

 

 

 

 

 

 

  

 

 

 

   

 (Linearly separable) 

(Hyperplane)  

    

 

  
yp yp yp

Transpose
h h hw x b      (2.15) 

 

 

yphw     

yphx     

yphb     

 

 

  (2.16) 
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yp yp yp

Transpose
h q h q hw s t y w x b    (2.16) 

       

 

 
yphw     

qy    q    

 

qx     q  

 
yphb     

 
yphw     

 

  
yp yp

Transpose
q h q hy w x b  

  

  (Slack 

variables)   svmc  

 (Soft-margin SVM) 

 
svm

yp yp yp

n
Transpose

h svm sv h sv h sv sv
sv

w c y w x b   (2.17)

 

 

yphw     

svy    sv   

 

svx     sv  

 
yphb     

 svmn     

 sv    i  
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svmc   

 

yphw     

 

 
 

   (2.18) 
 

  
datan

pre d d d pre el
d

f x sign Q x x b     (2.18) 

 

 

 pref x    prex  

d   

d     d    

dx     d   

prex     

elb     

datan     

d preQ x x        dx    prex  

 sign     

 

   (Radial Basis Function: RBF kernel) 

 

 

  d pre d preQ x x x x     (2.19) 
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  (2.20) 

 

 
datan

d d d pre el
d

f z sign Q x x b     (2.20) 

 

 (2.20)  

  

  

 

2.5   

   

  

   

    

  (End-to-end deep learning) 

    

  (Representation 

learning)  
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Bahoura and Pelletier (2003)  

 

 

 (Vector Quantization: VQ)  

   (Fast Fourier Transform: 

FFT)  (Linear Predictive Coding: LPC) 

  

90   

 

 

Sengupta et al. (2015) 

 

  ,  (Linear 

Frequency Cepstral Coefficients: LFCC),  

(Linear Predictive Cepstral Coefficients: LPCC) 

 (Perceptual Linear Prediction Cepstral Coefficients: PLPCC) 

 (Feedforward Neural Network: FNN)  

     

  

 92   

 

Li et al. (2016)  

  

 (Deep Neural Network: DNN)  (Hidden 

Markov Model: HMM)  
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Chambres, G., Hanna, P., and Desainte-Catherine, M. (2018) 

 (Cycle-level) 

  

(Patient-level decision)  

 ICBHI  

(Sensitivity)  (Specificity)  

 

Perna and Tagarelli (2019) 

  

 

 

  

 

 

Zhang et al. (2021) 

 

 

 

  

 

Engin, M., Engin, A. Z., Senol, Y., Memis, S., Y ld r m, A., and Kafal , H. (2022) 

   

    

    

 90.63   (Area Under the Curve: AUC)  
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0.94 

 

Xia, Y., Han, J., and Mascolo, C. (2022) 

   

 

  

  

 

Soni, N., Chowdhury, A., Bhatia, M., and Chakrabarti, I. (2022) 

 

 (Contrastive learning) 

  

 (Self-supervised learning) 

 (Downstream task)  

 

 

Hassan, U., Singhal, A., and Chaudhary, P. (2024)  EasyNet 
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