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ME (mmHg) STD (mmHg)

AAMI standard 5 8

Proposed model
SBP 0.20 5.83

DBP 0.02 4.91

Cumulative absolute error percentage
Grade

5 mmHg 10 mmHg 15 mmHg

BHS
standard

60% 85% 95% A

50% 75% 90% B

40% 65% 85% C

Worse than C D

Proposed
model

SBP 73% 93% 98% A

DBP 80% 96% 99% A
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ME (mmHg) STD (mmHg)

AAMI standard 5 8

Proposed model
(one day test)

SBP 0.09 3.15

DBP 0.07 2.52

Proposed model
(multi day test)

SBP 0.07 7.30

DBP 0.17 6.4

79



80



81



82



83



 

 

84



85



86



87



88



89



90



91



92



93



94



95



96



Cardiol Clin, 

 et al.

Biomed 

Eng Lett, 

 et al.

Hypertens Res, 

Biomed Eng Lett, 

Cardiovasc Eng, 

Med Biol Eng Comput, 

97



2005 IEEE engineering in 

medicine and biology 27th annual conference

IEEE Trans Biomed Eng, 

J Appl Physiol (1985), 

Physiol Meas, 

Sensors (Basel), 

 et al.

Sensors (Basel), 

98



 et al.

Sensors (Basel), 

2001 Conference Proceedings of the 

23rd Annual International Conference of the IEEE Engineering in 

Medicine and Biology Society

IEEE Trans Biomed Eng, 

2018 

IEEE EMBS International Conference on Biomedical & Health 

Informatics (BHI)

2013 IEEE International instrumentation and measurement technology 

conference (I2MTC)

Journal of healthcare engineering, 

99



Sensors (Basel), 

Biomedical Signal Processing and Control, 

Sensors (Basel), 

Comput Biol Med, 

Expert Systems with Applications, 

Biomed Eng Lett, 

IEEE Trans Neural Netw, 

100



Neural 

Comput, 

 et al.

International conference on machine learning

 et al. Advances in neural 

information processing systems

101



arXiv preprint arXiv:1412.6980, 

Journal of the Royal 

Statistical Society Series D-the Statistician, 

IEEE 

Trans Biomed Eng, 

 et al.

J Hypertens, 

JAMA Cardiol, 

Sensors (Basel), 

102



 et al.

Scientific Data, 

 et al.

103



104



105



106


	Chapter 1. Introduction
	1.1. Introduction to blood pressure measurement
	1.1.1. Present blood pressure measurement
	1.1.2. Cuffless blood pressure measurement

	1.2. Purpose of research
	1.3. Dissertation outline

	Chapter 2. Background and related studies
	2.1. Cuffless blood pressure estimation based on deep learning approaches
	2.2. Deep learning network
	2.2.1. Convolutional neural network (CNN)
	2.2.2. Recurrent neural network
	2.2.3. Attention Mechanism


	Chapter 3. Waveform-based BP estimation using CNN and attention mechanism
	3.1. Methods
	3.1.1. Data Acquisition
	3.1.2. Data Preprocessing
	3.1.3. Deep learning architecture
	3.1.4. Training setting

	3.2. Results
	3.2.1. Performance comparison by signal combination
	3.2.2. Attention Mechanism Performance
	3.2.3. Comparison with Multiple Linear Regression model

	3.3. Discussion
	3.3.1. Interpretation of result using global standards
	3.3.2. Comparison with related works


	Chapter 4. Feature-based generalized BP estimation model based on LSTM Network
	4.1. Methods
	4.1.1. Data Acquisition
	4.1.2. Signal preprocessing and feature extraction
	4.1.3. Deep learning architecture
	4.1.4. Experimental setup

	4.2. Results
	4.2.1. Feature analysis
	4.2.2. General model analysis
	4.2.3. Reproducibility analysis

	4.3. Discussion
	4.3.1. Evaluation using global standards
	4.3.2. Average BP analysis
	4.3.3. Comparison with related works


	Chapter 5. Discussion
	Chapter 6. Conclusion
	Bibliography
	초   록   


<startpage>17
Chapter 1. Introduction 1
 1.1. Introduction to blood pressure measurement 1
  1.1.1. Present blood pressure measurement 1
  1.1.2. Cuffless blood pressure measurement 4
 1.2. Purpose of research 8
 1.3. Dissertation outline 9
Chapter 2. Background and related studies 11
 2.1. Cuffless blood pressure estimation based on deep learning approaches 11
 2.2. Deep learning network 12
  2.2.1. Convolutional neural network (CNN) 12
  2.2.2. Recurrent neural network 13
  2.2.3. Attention Mechanism 20
Chapter 3. Waveform-based BP estimation using CNN and attention mechanism 23
 3.1. Methods 23
  3.1.1. Data Acquisition 23
  3.1.2. Data Preprocessing 26
  3.1.3. Deep learning architecture 29
  3.1.4. Training setting 33
 3.2. Results 35
  3.2.1. Performance comparison by signal combination 36
  3.2.2. Attention Mechanism Performance 41
  3.2.3. Comparison with Multiple Linear Regression model 47
 3.3. Discussion 52
  3.3.1. Interpretation of result using global standards 52
  3.3.2. Comparison with related works 54
Chapter 4. Feature-based generalized BP estimation model based on LSTM Network 56
 4.1. Methods 56
  4.1.1. Data Acquisition 58
  4.1.2. Signal preprocessing and feature extraction 60
  4.1.3. Deep learning architecture 64
  4.1.4. Experimental setup 66
 4.2. Results 67
  4.2.1. Feature analysis 67
  4.2.2. General model analysis 69
  4.2.3. Reproducibility analysis 74
 4.3. Discussion 78
  4.3.1. Evaluation using global standards 78
  4.3.2. Average BP analysis 80
  4.3.3. Comparison with related works 84
Chapter 5. Discussion 91
Chapter 6. Conclusion 96
Bibliography 97
초   록    104
</body>

