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[94]

 

 

6.2

[92,93,97]

 

6.3

Infusion pump Syringe pump
Cuff con-troller

Ventilator 4
A  14

 36

 15  
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 14:  

Microphone 

Model 
MM-MCU05BK 

SANWA 
SUPPLY INC.  

Frequency 
response 2Hz~20kHz 

Output  
impedance 2.2k  

Directivity Omnidirectional 

Data format 

Modulation Linear PCM 

Channel Monaural 

Sampling 
frequency 48kHz 

Quantization 
bit rate 16bit 
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 15:  

Source 
device 

Manufacturer/ 
Model 

Peak 
frequencies 

Hz  
Signal 
duration 

Sound 
setting 

Sound 
level 

dB  

Infusion 
pump 

JMS/ 
OT-818G 

844, 1707, 2578, 
3409, 4266, 5118, 
5953, 7688 

0.13s 
5timesa 6 81.0 

Cuff  
controller 

Murata/ 
Smart Cuff 

2344, 4688, 7031, 
9375, 11700, 
14041, 18725 

0.5s None 60.0 

Syringe 
pump 

Terumo/ 
TE-351 3984, 12000, 15984 constant b-2 75.6 

Ventilator Drager/ 
SAVINA 

984, 1969, 2953, 
3938, 5906, 7902, 
8889 / 
780, 1547, 3141, 
5484, 6281, 7054, 
9406b 

0.16s 
5timesa 100% 84.0 

a The number to repeat in one event. 

b The symbol of slash separates the two tones. 
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6.4.1

 

MFB
MFCC [99]

[100,101]

 

 

6.4.1.1  

4
15 other 16

Inf Syr
Cuff Vent  
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6.4.1.2  

Short Time Fourier Transform, STFT
[99] 1024

256
 

MFB MFB

32
 

MFB

CFB  38  

200ms 38 511
 39  40  
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 39: CFB  
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6.4.1.3  

MobileNetV3 small [102]
Python 3.7 Keras 2.4.0 Tensorflow 

2.3.1 Librosa 0.8.0
MobileNetV3 small 16 softmax 16

1.0  

 

6.4.2

Data augmentation  

2 4 4
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Audacity

200ms wav 20 other
20

Data augmentation
SNR 30dB 0dB 1dB 30

[103] MFB CFB 9600
 

Adam [104]

SpecAugment [105] 5
100

 

 

6.5

CFB
MFB

 

 

6.5.1

4
Audacity

SNR 30, 20, 10, 0dB

200ms 50ms MFB CFB
2

 

 

6.5.2

16 1.0
16
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Post processing
 

 

6.5.3

[106]
Positive Negative

Recall Precision Recall Precision
macro-F  

micro-F
ROC Receiver Operating Characteristic Curve AUC Area 

Under Curve Recall
Precision F  

 

6.6

MFB CFB  16
micro-F AUC CFB micro-F 4.4

AUC 0.006 CFB SNR 0dB
 41 107 5

535 Recall 4.Vent
74% 2 9.Cuff,Vent 57% 3
14.Inf,Syr,Vent 56% 4 39%

Vent Recall
1 0.other 2 3.Syr 4.Vent 3

10.Syr,Vent 4 10.Syr,Vent 14.Inf,Syr,Vent
AUC 0.90  

SNR CFB micro-F AUC MFB
CFB AUC
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 16: micro-F AUC MFB CFB  

 MFB(Baseline) CFB 

SNR 
micro-F (%) 
mean (SD) * 

AUC 
mean (SD) 

micro-F (%) 
mean (SD) * 

AUC 
mean (SD) 

No word 
noise 71.4 (0.972) 0.964 (0.00206) 75.1 (0.840) 0.968 (0.00125) 

30 71.3 (1.02) 0.964 (0.00210) 75.1 (0.962) 0.969 (0.00106) 

20 71.6 (1.00) 0.964 (0.00164) 75.4 (0.975) 0.969 (0.00116) 

10 72.3 (0.839) 0.965 (0.00121) 75.9 (1.00) 0.969 (0.00109) 

0 68.2 (1.46) 0.956 (0.00279) 72.7 (1.20) 0.963 (0.00106) 

*mean (SD) is the mean and standard deviation of model trained 5 times 

 

 

 41: CFB SNR 0dB  

Precision, Recall, macro F 70%  
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6.7

 

 

6.7.1

 16 CFB MFB micro-F 3.6 4.5
SNR SNR 0dB CFB MFB

SNR

CFB
CFB

 

 

6.7.2

1

0.other
Recall

0.other
Recall 

100%  

 41 9.Cuff,Vent 12.Inf,Cuff,Vent 15.Inf,Cuff,Syr,Vent
Recall 70% 4
3 3 2

0.other 8025 0.other
102 1.3%

 

2.Cuff 8.0% 4.Vent 8.6%
Cuff

Vent

0.other 0.other
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0.other Precision 76%
3.Sry 13.Cuff,Syr,Vent 15.Inf,Cuff,Syr,Vent

10.Syr,Vent Syr
3
 

AUC 0.9

 

Post processing Post 
processing 4

multi-label [93]
combined single-label  
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MFB CFB
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7.1

[107]

[108]  

[25]

[109,110]

[111]
2018 B

1
[112]

[113]
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[112]  

[114]

F1-value 0.75 [114]
2018 Bidirectional Encoder Representations from Transformers BERT

[115] BERT
BERT

Wikipedia

BERT
 

 

7.2

 

 

7.3

BERT " "
B
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BERT
 

 

7.3.1

A
A SOAP

2018 3 465,803
SOAP O

SOAP  42 1 O
O

37,953  

37,953 A

231
 

 

  

 42: SOAP  
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7.3.2

BERT Attention Encorder-Decorder Transformer
Multi-Head Attention [115] BERT
Masked Language Model Next Sentence Prediction 2

Masked Language Model

Next Sentence Prediction 2

[115]
 

 

7.3.3

Wikipedia
bert-base-japanese-v2 tohoku-BERT

AI 1 2000
UTH-BERT-BASE-512-WWM UTH-BERT [116]  

 

7.3.3.1  

37,953
MeCab[117]

tohoku-BERT UniDic2.1.2 UTH-BERT
NEologd[118–120] MANBYO_202106 [121]

BERT 512
head+tail 128 382

[122] BERT [CLS] [SEP] [UNK]
[PAD] [CLS] [SEP]
[UNK]

[SEP] [PAD]
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7.3.3.2  

BERT 12 Multi Head Attention 768 12
Attention Head 2

tohoku-BERT transformers 1
UTH-BERT NSP-Dense  43

BERT sigmoid 0 1
 

CPU Intel Core i7-6900K 3.20GHz,  96GB, 
GPU GeForce RTX 3090 2
Python 3.8 Keras 2.6.0 Tensorflow 2.6.1
Keras BERT 0.8.0  
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7.3.3.3  

 44  

 

 

 44:  
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4:1 30,362 185 7,591
46 BERT

1:1, 1:5, 
1:10, 1:10, 1:20, 1:50, 1:100 BERT

10
1:1, 1:5, 1:10, 1:10, 1:20, 1:50, 

1:100 10  

BERT binary cross entropy loss
Rectified Adam learning rate 2.0 10-5 [123]
16 20 validation loss Early stopping

[124] 0.5

1:1 [125]

 

7,591
10 Precision Recall F1

F1 score

 

 

7.4

1:1, 1:5, 1:10, 1:10, 1:20, 1:50, 
1:100  17 tohoku-BERT UTH-BERT

0.092
0.144 F1 UTH-BERT 0.115 0.135 UTH-

BERT 1:100 0.713
F1
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 17:  

Positive examples 166 166 166 166 166 166 

Negative examples 166 830 1660 3320 8300 16600 

Negative / examples 1 5 10 20 50 100 

tohoku-
BERT 

Accuracy 0.874  0.967  0.976  0.983  0.987  0.990  

Precision 0.066  0.179  0.220  0.291  0.373  0.428  

Recall 0.920  0.971  0.971  0.966  0.960  0.956  

F1 0.120  0.298  0.355  0.441  0.521  0.578  

UTH-BERT 

Accuracy 0.972  0.984  0.989  0.990  0.994  0.995  

Precision 0.173  0.271  0.347  0.391  0.501  0.572  

Recall 0.939  0.969  0.968  0.968  0.954  0.952  

F1 0.291  0.423  0.511  0.556  0.655  0.713  

 

7.5

BERT BERT

BERT

 

UTH-BERT tohoku-BERT F1
BERT

1:1, 1:5, 1:10, 1:10, 
1:20, 1:50, 1:100 UTH-BERT F1 0.291 1:1
0.713 1:100

10
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2 1

2

 

1:100 UTH-BERT F1 
0.713  0.952 0.572

37,953
231

37,953
384 220

231
220 11 4.7%  

384
 

1:100
44

46
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7.6

BERT
0.952

F1 0.713
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