
 

 

 4 

 

  

  

  

 

 

  

 

4.1    

  

 

 

 

 

  

  

  3   3  

  3   (Learning rate: LR)  0.00001 

  4.1 

 20  
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 4.1    

 

( ) 

 

( ) 

 

( ) 

 

 ( ) 

 F1 

( ) 

20 71.28 ± 3.30 74.40 ± 9.21 52.60 ± 6.11 54.60 ± 5.13 

40 61.17 ± 5.10 47.60 ± 16.58 41.80 ± 5.50 40.20 ± 6.76 

128 56.60 ± 1.71 36.80 ± 11.34 35.40 ± 2.30 32.60 ± 2.70 

256 55.75 ± 4.62 33.00 ± 12.02 33.80 ± 2.28 31.20 ± 2.95 

512 50.74 ± 3.21 25.40 ± 2.61 30.80 ± 1.48 27.40 ± 1.52 

1000 51.38 ± 4.71 25.40 ± 2.51 31.40 ± 2.51 27.80 ± 2.49 

 ±  (Standard Deviation: SD) 

  

 4.1  20   

   71.28 ± 3.30  

 74.40 ± 9.21   

 52.60 ± 6.11   F1  54.60 ± 5.13  

 20   

 

 40   

 61.17 ± 5.10   F1  40.20 ± 6.76 

  (128  1000 ) 

   512   50.74 ± 3.21   

F1  27.40 ± 1.52  
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 20   

 

4.2    

 

  

 

 (Sub-optimal)  

 4.2  

 

 4.2   

 
 

( ) 

 

( ) 

 

( ) 

 F1 

( ) 

0.01 44.15 ± 3.63 11.00 ± 0.71 25.00 ± 0.00 15.40 ± 0.89 

0.001 75.96 ± 10.33 68.60 ± 20.50 67.20 ± 13.94 67.00 ± 17.59 

0.0001 81.70 ± 3.44 80.20 ± 5.93 77.20 ± 3.56 78.00 ± 4.30 

0.00001 71.28 ± 3.03 74.40 ± 9.21 55.60 ± 5.50 59.20 ± 7.33 

0.000001 46.17 ± 5.30 18.40 ± 7.40 27.60 ± 3.21 21.40 ± 6.11 

 ±  (Standard Deviation: SD) 

 

 4.2    0.0001 

  81.70 ± 3.44    

 F1  80.20 ± 5.93 , 77.20 ± 3.56   78.00 ± 4.30 

   

  0.001  75.96 ± 10.33   

F1  67.00 ± 17.59   

   0.01  

(  44.15 ± 3.63 ,  F1 15.40 ± 0.89 ) 
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 (Over-shooting)  

  0.000001   46.17 ± 5.30  

 F1 21.40 ± 6.11  

  

  0.0001  

 

4.3   

 

   

  

 

 

    

 

  

 (Classification 

head)  

  

  

  

 

 

  4.3 
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 4.3  

-  
 

( ) 

 

( ) 

 

( ) 

 F1 

( ) 

1-1 88.51 ± 7.10 91.60 ± 5.13 89.00 ± 5.52 89.80 ± 5.72 

2-2 89.47 ± 4.21 92.05 ± 3.15 88.72 ± 6.63 89.96 ± 5.07 

3-3 81.70 ± 3.44 80.20 ± 5.93 77.20 ± 3.56 78.00 ± 4.30 

4-4 72.87 ± 10.21 69.60 ± 14.84 63.80 ± 12.03 64.60 ± 12.28 

5-5 71.17 ± 9.28 66.60 ± 9.66 65.60 ± 13.58 65.40 ± 11.63 

 ±  (Standard Deviation: SD) 

 

 4.3  2-2  

  89.47 ± 4.21     F1 

 92.05 ± 3.15 , 88.72 ± 6.63   89.96 ± 5.07  

   1-1 

 (88.51 ± 7.10 )  

 2-2  1-1 

  3-3, 4-4  5-5  

 81.70   72.87   71.17   

 F1  78.00   64.60   65.40   

  

  

  2-2   

 

4.4   

  (Latent space) 
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 4.4    3   

  89.47 ± 4.21   F1  89.96 ± 5.07 

   3  

   2 

  87.55 ± 1.50   3   

 1   85.84 ± 5.79  

  4  5  

 85.70 ± 4.86   86.38 ± 2.15    F1 

 83.80   

   

  3   

 

 4.4   

 

 

( ) 

 

( ) 

 

( ) 

 F1 

( ) 

1 85.84 ± 5.79 91.20 ± 2.77 84.60 ± 7.50 86.80 ± 5.36 

2 87.55 ± 1.50 89.40 ± 2.88 85.80 ± 7.43 86.80 ± 4.44 

3 89.47 ± 4.21 92.05 ± 3.15 88.72 ± 6.63 89.96 ± 5.07 

4 85.70 ± 4.86 86.80 ± 5.12 84.20 ± 7.89 83.80 ± 9.18 

5 86.38 ± 2.15 85.80 ± 3.63 82.20 ± 1.79 83.80 ± 1.48 

 ±  (Standard Deviation: SD) 

 

4.5   

 4   

 

    

   F1  4.5 
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 4.5  

 
 

( ) 

 

( ) 

 

( ) 

 F1 

( ) 

CNN-2L (Baseline)  70.64 ± 8.66 70.60 ± 10.43 65.40 ± 8.44 65.20 ± 8.70 

MTAE  89.47 ± 4.21 92.05 ± 3.15 88.72 ± 6.63 89.96 ± 5.07 

 ±  (Standard Deviation: SD) 

 

    70.64 ± 

8.66     F1  70.60 ± 10.43 

, 65.40 ± 8.44   65.20 ± 8.70   

  

 F1  

    89.47 ± 4.21

    F1  92.05 ± 3.15  

88.72 ± 6.63   89.96 ± 5.07   

   

 F1  

  

    

 (Cross-validation) 

 

 

 

  

   0.0001 

 2-2   3  
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 t-SNE   ( )  ( )  CNN-2L 

 ( )  MTAE  

 t-SNE  4  

 1  5  

   

  

 

 

 
     ( )    ( )  CNN-2L ( )  MTAE 

 

 4.1  t-SNE    

   

  

   

     

 

 

  CNN-2L  

  

  (Boundary overlap) 
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  4.5 

 

 

 MTAE  

    

(Intra-class compactness)  (Inter-class separation) 

 4.1 ( ) 

  

  

  

 

 t-SNE 

 

  t-SNE  

  

 4.5  4.2 

 

 

4.6   

 

   

 

 

  

  0.1  
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 4.2 

 

 
( )  CNN-2L    ( )  MTAE 

 

 
( )  MTAE-SVM 

 

 4.2  
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 4.6  

 
( ) 

 

( ) 

 

( ) 

 F1 

( ) 

CNN-2L  70.64 ± 8.66 70.60 ± 10.43 65.40 ± 8.44 65.20 ± 8.70 

MTAE  89.47 ± 4.21 92.05 ± 3.15 88.72 ± 6.63 89.96 ± 5.07 

MTAE-SVM 91.49 ± 3.03 93.45 ± 2.32 91.22 ± 4.17 92.13 ± 3.14 

 ±  (Standard Deviation: SD) 

  

 4.6  

 

  91.49 ± 3.03  

  

  

   4.7 

  

 

 4.7  

 

 

Normal  

( ) 
Pnuemonia  

( ) 
Asthma  

( ) 
COPD  

( ) 
OA  

( ) 

MFCC and CNN-2L  78.50 62.50 67.40 52.44 70.64 

MFCC and MTAE  92.77 83.33 86.83 89.22 89.47 

MFCC and MTAE-

SVM 
93.73 90.91 89.64 89.22 91.49 
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  4.7  

 

   ( Normal )  ( Pnuemonia )  

( Asthma )  ( COPD )  (Overall 

Accuracy: OA ) 

 91.49  

 

  

  83.33 

 90.91   86.83  89.64  

 89.47   

91.49  

 

 

 

 

4.7   

 

 

  4   

 

 4.8 

  89.47  

  91.49   
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 (Aykanat et al.,2017)  70.64  

 (Empirical Wavelet Transform: EWT) 

 (Filter Bank-based Processing: FBP)  

(Light Gradient Boosting Machine: LGBM) (Tripathy et al., 2022)  

 77.13  

 

 

 4.8  4  

 

 

Normal  

( ) 
Pnuemonia  

( ) 
Asthma  

( ) 
COPD  

( ) 
OA  

( ) 

MFCC+CNN-2L 78.50 62.50 67.40 52.44 70.64 

EWT-FBP + 

LGBM  

– – – – 77.13 

MFCC + MTAE  92.77 83.33 86.83 89.22 89.47 

MFCC + MTAE-

SVM 

93.73 90.91 89.64 89.22 91.49 

 

  

 89.47   91.49  (  2.02 ) 

 

 

 

 (Pathonsuwan, W., Phapatanaburi, K., Buayai, P., 

Jumphoo, T., Anchuen, P., Uthansakul, M., and Uthansakul, P., 2022) 

    83.33  

( )  90.91  (
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)  7.58  

 

   89.22   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


