Contents

Part I Background

1 Imtroduction ......... ... .. ... .. .. ... .. . 3
1.1 Background and Motivation. . . ......................... 3
1.1.1 ~ Why Is Breath Analysis Used in Disease
Diagnosis? .. ... .. 4
1.1.2 Why Should Breath Analysis System
Be Developed? . . ........... .. .. 4
1.1.3  Why Should Specific Algorithms Be Designed
for Breath Analysis?.......... ... ... ... ........ 5
1.2 Relative Technologies . .............. ... ... ... ........ 7
1.3  Outline of the Work. ... .......... . ... ... ... ... ....... 7
References .. ... .. . . 9
2 Literature Review. ... ... .. ... .. ... ... ... ... .. . ... 11
2.1 Introduction . .............. ...t 11
2.2 Development of Breath Analysis .. ...................... 13
2.3 Breath Analysisby GC . ...... ... ... ... ... ... . ... .... 14
23.1 LungCancer............. ..., 14
2.3.2 Lipid Peroxidation ............................ 15
233 RenalDiseases .. .............. ... 16
234 LiverDiseases. . ... ...t 17
235 BreastCancer................. ... 17
236 Diabetes ............ . 17
2.3.7  Pulmonary Tuberculosis . ....................... 18
23.8 Summary ... 18
24  Breath Analysisby E-Nose .. ........ ... ... ... ....... 19
2.5 SUMMALY . ..ot 22
References .. ... . . . 25

vii



viii

3

Contents
Part I Breath Acquisition Systems

A Novel Breath Acquisition System Design ................... 31
3.1 Introduction .............. ... .. ... 31
32 Breath Analysis ... ........ ... ... 32
3.3  Description of the System .. ........................... 33
3.3.1 Breath Gas Collecting. .. ....................... 35
332 Signal Sampling ... ... ... .. L L 36
333 DataAnalysis......... ...t 40
34  EXperiments. .................iiiiii 42
3.4.1 Evaluating Outcomes of Hemodialysis . ............ 43
3.4.2 Distinguishing Between Subject Breath Samples . . . .. 44
3.5 Results and Discussion. . . .............. ... 46
3.5.1 Results Evaluating Outcomes of Hemodialysis. . ... .. 46

3.5.2 Results Distinguishing Between Subject Breath
Samples ... ... . 47
3.6 SUMMATY . ...t 49
References .. ... ... . . 50
An LDA-Based Sensor Selection Approach . .................. 53
4.1 Introduction ................ .. ... 53
4.2  LDA-Based Approach: Definition and Algorithm ........... 56
421 Data Expression . ............. ... ... . ... 56
4.2.2  Find Out the Optimum Direction by LDA ... ....... 57

4.2.3  Difference Between Two Classes as the Linear
Combination of Sensors .. ...................... 58
424 Weightof Sensor .. ........ ... .. .. ... ... .... 60
425 Algorithm Conclusion. . . ....... ... .. ... ....... 60
4.3  Sensor Selection in Breath Analysis System ............... 61
4.3.1 Sensor Selection for Disease Diagnosis ............ 61
4.3.2  Evaluating the Medical Treatment ................ 67
4.4  Comparison Experiment and Performance Analysis.......... 70
4.4.1  Sensor Selection for Disease Diagnosis ............ 70
4.4.2  Evaluating the Medical Treatment ................ 72
45 Summary .. ... 72
References .. ... . . . 73
Sensor Evaluation in a Breath Acquisition System ............. 77
5.1 Introduction . .............. .. .. 77
5.2 System Description . ......... ... ... .. .. . ... 78
5.2.1  Framework of the Device . .. .................... 79
5.2.2  Sensor AITay. .. ... ..ot 79
5.2.3 Sampling Procedure ... .......... ... ... ... .. ... 80
524 Data AnalysiS.......... .. .. ... 81
5.3  Sensor Evaluation Methods ... ......................... 81

5.3.1 Cumulative Sensor Importance . . ... .............. 81



Contents

5.3.2  Average Accuracy Improvement. .................
5.3.3  Sensor Inter-relationship . .......................
5.4  Experiments and Discussion. ... ........................
5.4.1 Experiment Configuration. ......................
5.4.2  Sensor Evaluation Results. .. ................. ...
543 DiSCuSSiON. .. ...t
5.5 Summary .. ...
References .. ... .. .

Part III Breath Signal Pre-processing

6

Improving the Transfer Ability of Prediction Models . ..........
6.1 Introduction ........... ... ... ... ... ...
6.2 Design of Methods. . ......... ... ... ... .. ... ... ...
6.2.1  Windowed Piecewise Direct Standardization
(WPDS) ...
6.2.2  Standardization-Error-Based Model Improvement
(SEMI) . . ...
6.3  Experimental Details ... ................. ... ... .......
63.1 EmnoseModule........... ... .. .. ... ...
6.3.2 Dataset . ........... .
6.3.3  Preprocessing and Feature Extraction ... ...........
6.3.4 Data Analysis Procedure. . ......................
6.4 Results and Discussion. . ................ ... . ... ... ...
6.4.1 Standardization................. ... ... . .......
6.4.2 Prediction............ ... ... ...
6.5  SUmMmMAary . ... ...
References .. ... ... . . .. .

Learning Classification and Regression Models Based

on Transfer Samples. . .. ........... ... ... ... ... ... ......

7.1 Introduction . ............... ... ..

7.2 Related Work. . ... ... .. .

7.3  Transfer-Sample-Based Multitask Learning (TMTL) .........
7.3.1  Transfer-Sample-Based Coupled Task Learning

(TCTL) . . oo e

7.3.2  TMTL-Parallel and TMTL-Serial .................

7.3.3 TMTL-General and the Dynamic Model Strategy. . . . .

7.4  Selection of Transfer Samples . . ... .....................

7.5 ExXperiments.............. ...

7.5.1  Gas Sensor Array Drift Dataset. . .................

7.5.2  Breath Analysis Dataset . .......................

753 ComDataset.............. . ... ... .. ...

T.6 SUMMArY ... ..o

References .. ... . . .. . .

ix

82
83
84
84
84
86
87
88



8 A Transfer Learning Approach for Correcting Instrumental

Variation and Time-Varying Drift. . .. ............... ...
8.1 Introduction ................... ...,
82 Related Work........ ... ... ... ... ... ... ... ...,
82.1 Autoencoder............................
8.2.2  Transfer Learning with Autoencoders.........
8.3  Drift Correction Autoencoder (DCAE). . .............
8.3.1 Domain Features.........................
8.3.2 Basic Framework .................. ... ...
8.3.3  Handling Complex Time-Varying Drift . ... ...
834 Summary ................ ...
84 Experiments.................. ...
8.4.1  Gas Sensor Array Drift Dataset. . . ...........
8.4.2  Breath Analysis Dataset .. .................
843 Com Dataset. ................ ... ...
8.4.4  Impact of Different Training Procedures. . . . . ..
85 Summary............ ..
References . ........ .. . . .

9  Drift Correction Using Maximum Independence Domain

Adaptation. . . . ....... .. ...
9.1 Introduction ............. ... ... . ...
9.2 Related Work. ........ ... .. .. . . i
9.2.1  Unsupervised Domain Adaptation. . ..........
9.2.2  Hilbert-Schmidt Independence Criterion (HSIC)
9.3 Proposed Method. .. .......... ... ... ... .. .....
9.3.1 Domain Feature .........................
9.3.2 Feature Augmentation. . ...................

9.3.3 Maximum Independence Domain Adaptation
MIDA). ..
9.3.4  Semi-supervised MIDA (SMIDA). . ..........
9.4  ExXperiments..................oiiiiiiiiaiian..
9.4.1 Synthetic Dataset . .......................
9.4.2  Gas Sensor Array Drift Dataset. . . ...........
9.4.3 Breath Analysis Dataset .. .................
944 ComDataset. ...........................
9.5 Summary .. ... ...
References .. ... ... . .

Part IV Feature Extraction and Classification

10 Feature Selection and Analysis on Correlated Breath Data. .
10.1 Introduction ............ ... ... .iuiiiiininnnann.

102 SVM-RFE . ... ... .. ... .. ..
10.2.1 Linear SVM-RFE ... .....................

10.2.2 Nonlinear SVM-RFE . ... ... ... ... ... ... ...

Contents



Contents xi

11

12

10.3 Improved SVM-RFE with Correlation Bias Reduction. . . ... .. 185
10.3.1 Correlation Bias . .............. ... ... . ...... 185
10.3.2 Correlation Bias Reduction. . .................... 186
10.3.3 Efficient Implementation of SVM-RFE with CBR .... 188
10.3.4 Stability Improvement with Ensemble Method . . . . . .. 189
10.4 Datasets and Feature Extraction. ... ..................... 190
104.1 Dataset 1......... ... .. i 190
1042 Dataset 2. . ... ... 195
10.5 Results and Discussion. . ............. ... ... ... . ....... 196
10.5.1 Synthetic Dataset .. ........................... 196
1052 Dataset 1...... ... . i 197
1053 Dataset 2. .. ... .. 198
10.5.4 DiscuSSion. . .. ..vvi 199
10.5.5 Stability Analysis and the Ensemble Method . . ... ... 201
10.5.6 Analysis of the Ranked Features. ................. 202
106 Summary .. ... 204
References .. ... . . . 204
Breath Sample Identification by Sparse Representation-Based
Classification. . . ........ ... ... ... .. ... ... . 207
11.1 Introduction .............. ... ..ot 207
11.2  Sparse Representation Classification. ... .................. 210
11.2.1 Data Expression . .................oiiiionn... 210
11.2.2 Test Sample Representation by Training Samples. . . . . 211
11.2.3 Sampling Errors ... ........... ... ... ... ....... 212
1124 VotingRules. .. .......... ... ... ... ... ....... 213
11.2.5 Identification Steps........... .. ... .. ... .. .... 214
11.3 Overall Procedure . .......... .. ... .. .. .. . ... .... 215
11.3.1 Disease Identification . ......................... 215
11.3.2 Feature Extraction. . ........................... 216
1133 Classifier. .. ... 218
11.4 Experiments and Results .. ........ ... ... .. .. ........ 219
11.4.1 Diabetes Identification. . ........................ 219
11.42 Blood Glucose Measurement . ................... 222
115 Summary .. ... 226
References .. ... . . . 226
Monitor Blood Glucose Levels via Sparse Representation
Approach. . . ... ... 229
12.1 Introduction . ........... ...t 229
12.2 System Description and Breath Signals Acquisition. ......... 230
12.3 Sparse Representation Classification. .. ................... 231
12.3.1 Data Expression ... ............. ... ... . 232
12.3.2 Sparse Representation of Odor Signals............. 232
12.3.3 Feature Extraction. . ............... .. ... ...... 233

12.3.4 Classification Steps. ... ... . 233



Xii

13

14

Contents

12.4 Experiments and Results ... ........................... 234

125 Summary ... ... 237

References . . ... . . .. . 237

Part V. Medical Applications

Breath Signal Analysis for Diabetics. . ... .................... 241

13.1 Introduction .............. ... ..ottt 241

13.2 Breath Analysis System. ... ............. ... ... . ....... 243

13.2.1 Chemical Sensor Array. . ..........c.ouvuveunno... 243

13.2.2 Breath Collection .. .......... ... ... ... ... .... 244

13.2.3 Data Sampling and Preprocessing. ................ 245

13.3 Breath Sample Classification and Decision Making . . ........ 245

13.3.1 Support Vector Ordinal Regression. . .............. 246

13.3.2 Probability-Based Classification .................. 247

13.4 EXPeriments. . ... ... ...ttt 249

13.4.1 Breath Samples. ... ....... ... .. .. ... ... .... 249

13.4.2 Feature Extraction. . ........................... 251

13.4.3 Support Vector Ordinal Regression. . .............. 252

13.5 Results and Discussion. . .......... ... .. .. ... . ... .... 253

13.5.1 Support Vector Ordinal Regression. . .............. 253

13.5.2 Probability-Based Classification . ................. 254

136 Summary .. ... 256

References .. ... ... . .. . . 256
A Breath Analysis System for Diabetes Screening and Blood

Glucose Level Prediction . . ................... . ... ... .... 259

14.1 Introduction . .............. ..t 259

14.2  System Description .. .................. .. ... 261

14.2.1 Structure of the Device. .. .......... ... ... .. ... 261

1422 Sensor Array. . . ......cvvii i 262

14.2.3 Sampling Procedure ........................... 264

142.4 Data Analysis Methods. . ....................... 265

143 System Optimization . ............... ... ... ... ........ 266

143.1 Sensor Selection . ............. .. ... . 267

14.3.2 Compensation for Influential Factors .............. 267

14.3.3 Subject-Specific Prediction Model ................ 269

14.4 Experiments with Simulated Samples. ... ................. 269

14.5 Experiments with Breath Samples .. ............... ... ... 270

14.5.1 Overview of the Breath Samples. ... .............. 270

14.5.2 Data Analysis Procedure. . ...................... 271

14.5.3 Results and Discussion. .. ...................... 272

146 SUMMATY . .. ..ot 276

References . . ... 277



Contents xiii

16

15 A Novel Medical E-Nose Signal Analysis System .. ............. 281
15.1 Introduction . ............ ...t 281
15.2 Optimal System Design . ... .......... ... ... ... ........ 283

15.2.1 Sensor Array Selection . ........................ 283
15.2.2 Optimized System Structure . ... ................. 285
15.2.3 Sampling Procedure . .......................... 286
15.3 Signal AnalySis .. ...t 288
153.1 Preprocessing . ........... ... .. 288
15.3.2 Feature Extraction. . ........................... 288
15.3.3 Drift Compensation. . .. ........................ 289
15.4 EXPeriments. ... .. ... ... 291
15.4.1 Breath Dataset. . .......... ... ... .. ... . ... .... 291
15.42 Disease Diagnosis. . ............. ... ... ... 292
15.43 BGL Classification . ... ........................ 296
155 Conclusions .. ............ ... 297
References .. ... . . . 297
Book Review and Future Work. . . ........... ... ... ... .... 301
16.1 Introduction . .............. .. ...ttt 301
162 Future Work. . . ... ... . 305



2 Springer
http://www.springer.com/978-981-10-4321-5

Breath Analysis for Medical Applications

Zhang, D.; Guo, D.; Yan, K

2017, XN, 309 p. 99 illus., 88 illus. in color., Hardcover
ISBEMN: @78-981-10-4321-5



	Contents



