
 

 

 3 
 

 
 

  

 

 

3.1   
3.1.1   

 (Fraiwan, M., 

Fraiwan, L., Khassawneh, B., and Ibnian, A. A., 2021) 

  King Abdullah University Hospital 

(KAUH)   KAUH 

  

 (Subject-independent fivefold cross-validation) 

 4  ( , , , ) 

 

 

 4    35   32   5  

 9   4  

 (  ) 

  3.1 
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 3.1  KAUH 

  
( ) 

 
( ) 

 
( , ) 

 
 (* ) 

  35 18–81  11,  24 415 (105) 

 32 12–72  17,  15 357 (96) 

 5 36–70  2,  3 66 (15) 

 9 42–76  1,  8 102 (27) 

 *  (Original lung sounds) 

 

  King Abdullah University Hospital  

 3M™ Littmann® Electronic Stethoscope model 3200 

 

 Bluetooth adaptor  3M™ Littmann® 

StethAssist Visualization Software 

 .wav 

   

  

 

     

   

 

 5–30  

  

 

 

 

 .wav  3  

 Bell mode, Diaphragm mode  Extended mode 
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 Bell mode  Diaphragm mode 

  Extended mode 

 

 

 

 data annotation.xlsx 

       

   

 King Abdullah 

University Hospital  Jordan University of Science and Technology 

3.1.2  
 

 (Non-overlapping window)  

 4   

  

 (Abdulhameed, M. F., Al-Zubaidi, A. S., Mohammed, M. A., 

and Al-Hayani, A. A., 2020; Rocha, B. M., Filos, D., Mendes, L., Vogiatzis, I., Perantoni, 

E.,Kaimakamis, E., Natsiavas, P., Jaume-i-Capó, A., and Paiva, R. P., 2020) 

 4  

 4  

  (Chambres et 

al., 2018; Rangayyan, 2015)  

 3.1   415  

 105     

 357   96    102   27  

  66   15   
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3.1.3   
 (Imbalanced 

dataset)   

  

 4      

  KAUH  

  35   32  

 5   9  

  

 

  357  

 96   102   27  

 66   15  

 

  

  

 (Oversampling)  (Undersampling) 

 

 

   

  

 

   KAUH 

  

Subject-independent 5-fold cross-validation     
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 5  

 1   4   

  

 

 
 
 
  
 
 
 

 3.1  

 

   (Multi-Task 

Autoencoder: MTAE)  

 

  

  MTAE  

 

 

Subjects  [Fold 1] [Fold 2] [Fold 3] [Fold 4] [Fold 5] 

Iteration 1: Test = Fold 1, Train = Fold 2–5 

Iteration 2: Test = Fold 2, Train = Fold 1,3–5 

... 

Iteration 5: Test = Fold 5, Train = Fold 1-4 
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 (Accuracy)  

  

  

   (Precision)  (Sensitivity/Recall) 

 F1 (F1-score)  

  F1  

  

  

 

  

  

 

 

 

 

 

3.2   
3.2.1  

 

   

 (Short-term spectrum)  

  (1) 

 (Power spectrum calculation using Fourier transform) (2) 

 (Mel filter bank) (3) 

  (4) 

  

 

    (Frame length) 
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  (Hamming window)  50 

  

  

 

 3.2  
  

 (Segment duration) 4  ( ) 

 (Sampling frequency) 4  

 20, 40, 128, 256, 512, 1000 

 

   

 50% overlap 

 13  

 
 

 

  

 (Caruana, 1997) 
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 3.3  

Module Layer Kernel Layer configuration Activation 
Autoencoder 

(Encoder1) 

Autoencoder 

(Encoder2) 

Autoencoder 

(Encoder3) 

Conv2d 1 

Conv2d 2 

Conv2d 3 

3x3 

3x3 

3x3 

in_channels=1, 

out_channels=16 

in_channels=16, 

out_channels=8 

in_channels=8, 

out_channels=2 

ReLU 

ReLU 

ReLU 

Autoencoder 

(Decoder1) 

Autoencoder 

(Decoder2) 

Autoencoder 

(Decoder3) 

ConvTranspose2d 1 

ConvTranspose2d 2 

ConvTranspose2d 3 

3x3 

3x3 

3x3 

in_channels=2, 

out_channels=8 

in_channels=8, 

out_channels=16 

in_channels=16, 

out_channels=1 

ReLU 

ReLU 

ReLU and 

Sigmoid 

Classification 

(Block1) 

Classification 

(Block2) 

Classification 

(Block3) 

FC (Linear 1) 

FC (Linear 2) 

FC (Linear 3) 

Classifier (Linear 4) 

- 

- 

- 

- 

in_features=[Flatten 

latent size],  

out_features=128 

in_features=128, 

out_features=128 

in_features=128, 

out_features=128 

in_features=128, 

out_features=4 

ReLU 

ReLU 

ReLU 

Softmax 

 

 3.3 
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3.2.2  
  

   

  

  

  

  

  (Margin) 

  

  

 

 

 

 

 

 

  

 2   (1)  

  (2) 
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  2   

 

   

 (Validation)  

 

 

  (Schölkopf, B., and 

Smola, A. J., 2002; Hastie, T., Tibshirani, R., and Friedman, J., 2009) 

  (maximum 

margin)  

 

  

 

   Niu, X., 

and Suen, C. Y. (2012) 

  Huang, G., Song, S., Gupta, J. N. D., and Wu, C. (2014) 

 

 

 

 

 

  

    3.2 

  3   
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 3.2  

 

 ( )   

  (Encoder 1  Encoder 2)  

Convolution 2D  

  

 

(Convolution Transpose 2D)  

  

 

 ( )   

 (Flatten)   

 

  

  

 ( )  
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    4  

 

 

  

 

3.3   
  : AMD Ryzen 

Threadripper 3970x  : NVIDIA GeForce RTX 3090, 

 : 128 GB  SSD/ HDD :  2TB/6TB  : Ubuntu 20.04 

 : Python 3  : PyTorch  

    

   

  3.4 
 

 3.4  

  
 (Batch size) 32 

 (Epochs) 350 

 (Optimizer)  (Adam) 

 (Loss)  

 (Output activation)  

 (Hidden activation)  

 

 3.4  

  32 

  350 
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3.4   
3.4.1  

  (Multi-class 

classification)  (True labels) 

 (Predicted labels)  

 

 

            
( )  4       ( )  4  

 

 3.3  4  

 

 3.3 ( )  4  

 (Diagonal elements) 

  (True Positive: TP)  
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 (False Positive: FP)  

   (False Negative: FN)

  

    

   4     

   3.3 ( ) 

  

   (3.1) 

 

 id
id

id id

TP
TP FP

     (3.1) 

 

 

 id     id  

idFP    id  

 

 

   (3.2) 

 

   id
id

id id

TP
TP FN

    (3.2) 

 

 

id    id  

idFN    id       
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    (3.3) 

 

 id id
id

id id

    (3.3) 

 

 

id       id  

 

   

 

 (Overall Accuracy: OA)  (3.4) 

 

  
all

id

C
id

C all

TPOA
N

      (3.4) 

 

 

idC     

allC      

idTP     id   

allN      

 id      allid C  

 

 

    ( id ) 

 

 (3.3)  , 
Pnuemonia , Asthma  COPD    
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(Powers, 2011; Sokolova and Lapalme, 2009) 

3.4.2  t-SNE 

  t-SNE 

  t-SNE  

  

 (van der Maaten, L., and Hinton, G. (2008) 

 t-SNE 

   3.3 

 1   

 3    (Raw features) 

 

 

 

 

 
              ( )        ( )              ( )  MTAE 

 

 3.4  t-SNE 
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 3.4      

(Pneumonia),    (Normal),     (COPD)  

   (Asthma)   t-SNE 

 

 

 

 

  

   

 

 

 

 


