




Smart Textiles and Wearables 
for Health and Fitness



Scrivener Publishing
100 Cummings Center, Suite 541J

Beverly, MA 01915-6106        

Publishers at Scrivener
Martin Scrivener (martin@scrivenerpublishing.com) 

Phillip Carmical (pcarmical@scrivenerpublishing.com)

mailto:martin@scrivenerpublishing.com
mailto:pcarmical@scrivenerpublishing.com


Smart Textiles and Wearables 
for Health and Fitness

Edited by

Jyotirmoy Pathak
Abhishek Kumar

Suman Lata Tripathi
and

Balwinder Raj



This edition first published 2025 by John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA 
and Scrivener Publishing LLC, 100 Cummings Center, Suite 541J, Beverly, MA 01915, USA
© 2025 Scrivener Publishing LLC
For more information about Scrivener publications please visit www.scrivenerpublishing.com.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, or other-
wise, except as permitted by law. Advice on how to obtain permission to reuse material from this title 
is available at http://www.wiley.com/go/permissions.

Wiley Global Headquarters
111 River Street, Hoboken, NJ 07030, USA

For details of our global editorial offices, customer services, and more information about Wiley prod-
ucts visit us at www.wiley.com.

Limit of Liability/Disclaimer of Warranty
While the publisher and authors have used their best efforts in preparing this work, they make no rep
resentations or warranties with respect to the accuracy or completeness of the contents of this work and 
specifically disclaim all warranties, including without limitation any implied warranties of merchant-
ability or fitness for a particular purpose. No warranty may be created or extended by sales representa
tives, written sales materials, or promotional statements for this work. The fact that an organization, 
website, or product is referred to in this work as a citation and/or potential source of further informa
tion does not mean that the publisher and authors endorse the information or services the organiza
tion, website, or product may provide or recommendations it may make. This work is sold with the 
understanding that the publisher is not engaged in rendering professional services. The advice and 
strategies contained herein may not be suitable for your situation. You should consult with a specialist 
where appropriate. Neither the publisher nor authors shall be liable for any loss of profit or any other 
commercial damages, including but not limited to special, incidental, consequential, or other damages. 
Further, readers should be aware that websites listed in this work may have changed or disappeared 
between when this work was written and when it is read.

Library of Congress Cataloging-in-Publication Data

ISBN 9781394302949

Front cover images supplied by Adobe Firefly 
Cover design by Russell Richardson

Set in size of 11pt and Minion Pro by Manila Typesetting Company, Makati, Philippines

Printed in the USA

10 9  8  7  6  5  4  3  2  1

http://www.scrivenerpublishing.com
http://www.wiley.com/go/permissions
http://www.wiley.com


v

Contents

Preface	 xxi
1	 History of Smart Textiles and Wearables	 1

K. Jothimani, S. Hemalatha, S. Selvaraj and R. Thangarajan
1.1	 Introduction	 2
1.2	 Early Concepts and Historical Background	 2

1.2.1	 Incorporation of Technology in Textiles: Ancient 
Practices	 3

1.2.2	 Industrial Revolution and Textile Mechanization	 4
1.2.3	 Emergence of Functional Textiles	 5

1.3	 Advancements in Materials and Technologies	 6
1.3.1	 Conductive Fabrics and Fibers	 7
1.3.2	 Flexible Electronics and Sensors	 8
1.3.3	 Energy Harvesting and Power Management	 9

1.4	 Evolution of Wearable Technologies	 9
1.4.1	 Early Prototypes and Limitations	 10

1.4.1.1	 Limitations of Early Prototypes	 10
1.4.2	 Miniaturization and Integration	 11
1.4.3	 User Experience Enhancements	 12

1.5	 Key Milestones and Innovations	 12
1.5.1	 Wearable Fitness Trackers	 12

1.5.1.1	 Working Details of Fitness Tracker	 14
1.5.2	 Smart Clothing for Medical Monitoring	 16
1.5.3	 Fashion-Tech Collaborations	 16
1.5.4	 Role of Data Analytics and Connectivity	 17

1.5.4.1	 IoT and Smart Textile Integration	 18
1.5.4.2	 Artificial Intelligence in Wearables	 18
1.5.4.3	 Data Privacy and Security Concerns	 19

1.5.5	 Current Trends and Future Prospects	 20
1.5.5.1	 Augmented Reality and Virtual Reality 

Applications	 20



vi  Contents

1.5.5.2	 Environmental Sensing and Sustainability 
Efforts	 21

1.5.5.3	 Challenges and Opportunities for Further 
Research	 22

1.5.5.4	 Opportunities	 23
1.6	 Conclusion	 24
	 References	 25

2	 Smart Textiles in Healthcare	 27
Harpreet Kaur Channi, Surinder Kaur  
and Ramandeep Sandhu
2.1	 Introduction	 28
2.2	 Importance of Smart Textiles In Healthcare	 29
2.3	 Evolution of Smart Textiles in Healthcare	 31
2.4	 Fabrication and Integration of Sensors in Smart Textiles	 33

2.4.1	 Applications of Smart Textiles in Healthcare	 35
2.5	 Key Technologies in Smart Textiles	 37

2.5.1	 Continuous Health Monitoring	 38
2.5.2	 Enhanced Patient Comfort and Compliance	 40

2.6	 Remote Patient Monitoring	 41
2.7	 Challenges and Considerations	 44
2.8	 Case Studies and Examples	 46

2.8.1	 University of Pittsburgh Medical Center (UPMC) 
Health Plan	 46

2.8.2	 University of California San Francisco’s Chronic  
Disease Management Program	 47

2.8.3	 Partners HealthCare’s Post-Acute Care Remote 
Monitoring Program	 48

2.8.4	 University of Mississippi Medical Center’s  
Telepsychiatry Program	 48

2.9	 Future Directions and Opportunities	 48
2.9.1	 Opportunities for Research and Development	 50
2.9.2	 Potential Impact on Healthcare Delivery	 52

2.10	 Conclusion	 53
	 References	 54

3	 Smart Textiles and Its Application in the Healthcare Sector	 59
Surabhi Das, C. Manjulatha, Desu Surya Tejaswi,  
Kanchan Bisht and Anita Rani
3.1	 Introduction	 60



Contents  vii

3.2	 Monitoring of Physiological Characteristics	 61
3.2.1	 Cardiovascular Activity	 62
3.2.2	 Electrodermal Activity	 62

3.2.2.1	 Breathing	 63
3.2.2.2	 Blood Pressure	 63
3.2.2.3	 Body Movement	 63

3.3	 Distribution of Body Fluids and Investigation of Perspiration	 64
3.4	 Concentration of Blood Oxygen	 65
3.5	 Applications and Trends for Healthcare Sectorin Smart  

Textiles	 65
3.5.1	 Difficulties Faced by Smart Textiles in Healthcare  

Sector	 67
3.5.2	 Fit and Comfort	 67
3.5.3	 Utilization Simplicity	 68
3.5.4	 Approval From the Medical Community	 68
3.5.5	 Ethics	 69
3.5.6	 Side Effects of Smart Wearable Textile Materials	 69

3.6	 Conclusion	 70
	 References	 70

4	 Bio-Integrated Fabrics: A Comprehensive Look at Smart  
Textiles for Enhanced Healthcare	 73
Devender Kumar and Seema Mishra
4.1	 Introduction	 74
4.2	 Background	 75

4.2.1	 Technical Perspective	 75
4.2.2	 Applications and Future Directions	 76

4.3	 Revolutionizing Healthcare: Core Applications 
of Bio-Integrated Fabrics	 78
4.3.1	 Continuous Health Monitoring	 79
4.3.2	 Rehabilitation and Physical Therapy	 79
4.3.3	 Wearable Therapeutics	 79

4.3.3.1	 Thermal Therapy	 80
4.3.3.2	 Patient Monitoring in Clinical Settings	 80
4.3.3.3	 Elderly Care and Assisted Living	 80

4.4	 Beyond Applications: Unveiling the Technical Aspects	 80
4.4.1	 Materials and Conductive Fibers	 81
4.4.2	 Sensor Integration 	 81
4.4.3	 Flexible Electronics	 81
4.4.4	 Energy Harvesting and Storage	 82



viii  Contents

4.4.5	 Data Processing and Communication	 82
4.5	 Challenges and Considerations for Widespread Adoption	 82

4.5.1	 Technical Challenges	 85
4.5.1.1	 Durability and Washability	 85
4.5.1.2	 Power Supply and Energy Efficiency	 85
4.5.1.3	 Signal Interference and Data Integrity	 85

4.5.2	 Economic Challenges	 85
4.5.2.1	 High Production Costs	 85
4.5.2.2	 Market Acceptance and Adoption	 86

4.5.3	 Regulatory and Ethical Challenges	 86
4.5.3.1	 Regulatory Approval	 86
4.5.3.2	 Data Privacy and Security	 86

4.5.4	 Social and Ethical Considerations	 86
4.5.4.1	 User Comfort and Acceptance	 86
4.5.4.2	 Accessibility and Equity	 87

4.5.5	 Side Effects	 87
4.5.5.1	 Skin Sensitivities	 88
4.5.5.2	 Sleep Disruption	 88
4.5.5.3	 Data Overload and Privacy Concerns	 88
4.5.5.4	 Overdependence and Obsession on Metrics	 88

4.6	 Conclusion: The Future of Healthcare is Woven with Smart 
Textiles	 89

	 References	 89

5	 Printed Flexible Wearable Sensor for Monitoring  
of Biological Parameters and Disease Management	 93
S. Saranya, S. Suresh Kumar, Y. Nandakishora 
and S. Prasad Jones Christydass
5.1	 Introduction of Biomarkers and Biosensors	 94
5.2	 Working of Biosensor	 95
5.3	 Biomarker	 95

5.3.1	 Biomarker in Clinical Trials	 96
5.4	 Classification of Biomarkers Based on Clinical Trials	 97

5.4.1	 Diagnostic Biomarker	 98
5.4.2	 Predictive Biomarker	 99
5.4.3	 Prognostic Biomarker	 100
5.4.4	 Staging Biomarker	 100

5.5	 Classification Based on Characteristics	 101
5.5.1	 Molecular Biomarkers	 101

5.5.1.1	 Chemical Biomarkers	 101



Contents  ix

5.5.1.2	 Biomarkers for Proteins	 101
5.5.1.3	 Genetic Biomarkers	 102

5.5.2	 Cellular Biomarkers	 102
5.5.3	 Imaging Biomarkers	 103

5.6	 Wearable Sensors	 104
5.6.1	 Devices for Detecting Biological Fluids	 105

5.6.1.1	 Glucose Sensors	 105
5.6.1.2	 Lactate Sensors	 106
5.6.1.3	 pH Sensors	 107
5.6.1.4	 Cholesterol	 108

5.7	 Physiological Activities and External Stimuli	 109
5.7.1	 Pulse Rate	 109
5.7.2	 Respiration	 110
5.7.3	 Diabetic Detection with Acetone	 110
5.7.4	 Alcohol Level Detection	 111
5.7.5	 Hydration/Dehydration	 112
5.7.6	 Temperature	 112
5.7.7	 Tracking of Movements and Activities	 113
5.7.8	 Strain and Pressure	 113
5.7.9	 Gas Sensors	 114

5.8	 Applications of Sensors	 114
5.8.1	 Glove Immunosensor	 115
5.8.2	 Sweat Biomarkers	 116

5.8.2.1	 Electrochemical Biosensors	 116
5.8.2.2	 Sweat Biomarkers for Chronic Disease 

Detection	 117
5.8.2.3	 Hepatitis B Amperometric Immunosensor	 117

5.9	 Conclusion	 118
	 References	 119

6	 Smart Wound Guard	 121
Nagaraj S.
6.1	 Introduction	 121

6.1.1	 Background and Significance of Chronic Wounds	 121
6.1.2	 Limitations of Traditional Wound Care Methods	 122
6.1.3	 Emergence of Wearable Electronics in Healthcare	 122
6.1.4	 Objective of the Chapter	 122

6.2	 Literature Review	 122
6.3	 Design and Development of Wearable Plaster	 124

6.3.1	 Selection of Materials and Components	 124
6.3.2	 Sensor Integration for Real-Time Monitoring	 125



x  Contents

6.3.3	 Development of Automatic Drug Delivery System	 126
6.3.4	 Customization for Individual Patient Needs	 126
6.3.5	 Prototype Development Process	 127
6.3.6	 Analysis of Sensed Molecules	 128

6.3.6.1	 PH Monitoring	 128
6.3.6.2	 Glucose Monitoring	 128
6.3.6.3	 Protein Monitoring	 129

6.4	 Implementation and Testing	 129
6.4.1	 Evaluation of Sensor Accuracy and Reliability	 129
6.4.2	 Pilot Study Design and Methodology	 130
6.4.3	 Data Collection and Analysis	 130
6.4.4	 Assessment of Wearable Plaster Performance	 130

6.5	 Advanced Features and Environmental Sustainability	 131
6.5.1	 Self-Powered Operation	 131
6.5.2	 Real-Time Alerts and Suggestions	 131
6.5.3	 Autonomous Medication Delivery	 131
6.5.4	 Eco-Friendly Design	 132
6.5.5	 Reducing Healthcare Costs	 132

6.6	 Flexibility and Sustainability	 132
6.6.1	 Sensors	 133
6.6.2	 Antenna	 134
6.6.3	 Solar Panel	 134
6.6.4	 Outer Layer	 134

6.7	 Conclusion	 135
	 References	 136

7	 Integration of Artificial Intelligence and Machine Learning  
into Wearable Health Technologies	 137
Balraj Kumar
7.1	 Introduction	 138

7.1.1	 Types of Wearable Health Technologies	 139
7.1.2	  Key Features and Functions	 139
7.1.3	 Benefits of Wearable Health Technologies	 140

7.2	 AI and ML in Healthcare	 141
7.3	 Role of AI and ML in Wearable Health Technologies	 143
7.4	 Examples of AI and ML Methods in Wearable Health  

Solutions	 146
7.5	 Case Study	 147

7.5.1	 Case Study: Real-Time Health Monitoring  
with Wearable Devices	 147
7.5.1.1	 Challenge	 147



Contents  xi

7.5.1.2	 Objectives	 147
7.5.1.3	 Implementation	 148
7.5.1.4	 Results	 149

7.6	 Challenges of AI AND ML Integration into Wearable  
Health Technologies	 150

7.7	 Resolving the Hurdles of AI and ML Integration  
in Wearable Health Technologies	 152

7.8	 Research Roadmap of Future	 153
7.9	 Conclusion	 154
	 References	 155

8	 Empowering Health: The Fusion of AI and Machine Learning  
in Wearable Technologies	 159
Yerumbu Nandakishora, S. Prasad Jones Christydass,  
K. V. J. Bhargav and S. Suresh Kumar
8.1	 Introduction	 160
8.2	 HAR Using Traditional ML and DL Algorithms	 163
8.3	 Profile Similarity–Based Personalized Federated Learning 

(PS-PFL) for Healthcare	 168
8.4	 A Wearable Posture Recognition Device Using AI for  

Healthcare IoT	 170
8.5	 AI-Enhanced Posture Recognition for Healthcare  

Wearables by IoT	 173
8.6	 Conclusions	 178
	 References	 179

9	 Human–Computer Interaction in Wearable Health  
Technologies	 183
S. Hemalatha, K. Jothimani, Thangarajan R. and S. Selvaraj
9.1	 Introduction	 184

9.1.1	 Background	 184
9.1.2	 Significance of HCI in Wearable Health Technologies	 184

9.1.2.1	 User-Centered Design	 184
9.1.2.2	 Intuitive Interfaces	 184
9.1.2.3	 Data Visualization and Interpretation	 185
9.1.2.4	 Adherence and Engagement	 185
9.1.2.5	 Privacy and Trust	 185
9.1.2.6	 Integration and Interoperability	 185

9.1.3	 Objectives of the Chapter	 185
9.1.4	 Overview of Wearable Health Technologies	 186
9.1.5	 Multimodal Fusion	 188



xii  Contents

9.2	 Human–Computer Interaction (HCI) Fundamentals (SH)	 188
9.2.1	 Principles of HCI in Healthcare	 188
9.2.2	 Importance of UX Design in Wearable Health 

Technologies	 190
9.2.3	 HCI Design Process Overview	 190

9.3	 Prototyping and Iterative Design Approaches	 191
9.4	 User-Centered Design in Wearable Health Technologies	 192

9.4.1	 Understanding User Needs and Context	 192
9.4.1.1	 User Research and Profiling	 192
9.4.1.2	 Understanding User Contexts	 192
9.4.1.3	 Usability and Accessibility Considerations	 193
9.4.1.4	 Integration with Existing Routines  

and Workflows	 193
9.4.1.5	 Iterative Design and User Feedback	 193

9.4.2	 Designing for Accessibility and Inclusivity	 193
9.4.3	 Prototyping and Iterative Design Approaches	 194

9.4.3.1	 Prototyping	 194
9.4.3.2	 Iterative Design Process	 195

9.5	 Usability Testing and Evaluation	 196
9.5.1	 Usability Metrics and Evaluation Methods	 196

9.6	 Conducting Usability Studies with Wearable Devices	 197
9.7	 Analyzing and Interpreting Usability Data	 198
9.8	 Feedback Mechanisms and User Engagement	 200

9.8.1	 Importance of Real-Time Feedback in Health  
Monitoring	 200

9.8.2	 Designing Effective Feedback Systems	 201
9.8.3	 Gamification and Behavioral Strategies for User 

Engagement	 201
9.9	 Personalization Strategies	 203

9.9.1	 Adaptive Systems and Machine Learning  
in Personalization	 204

9.9.2	 Ethical Considerations in Personalized Health 
Technologies	 205

9.10	 Challenges and Future Directions	 206
9.10.1	 Data Privacy and Security Concerns	 206
9.10.2	 Interdisciplinary Collaboration in HCI  

for Health Technologies	 207
9.10.3	 Emerging Technologies and Trends in Wearable  

Health	 208
9.11	 Case Studies and Examples	 208



Contents  xiii

9.11.1	 Case Study 1: Wearable Fitness Tracker UX Design	 208
9.11.2	 Case Study 2: Remote Health Monitoring System	 210
9.11.3	 Lessons Learned and Best Practices	 211

9.12	 Conclusion and Recommendations	 211
9.12.1	 Summary of Key Points	 211
9.12.2	 Implications for Research and Practice	 211
9.12.3	 Future Directions in HCI for Wearable Health 

Technologies	 212
	 References	 212

10	 Classification of Emotions from EEG Signals with  
Optimization Algorithms and Deep Learning Approaches	 215
Y. Sowjanya Kumari, D.N.V. Syma Kumar  
and V. Venkata Praveen Kumar
10.1	 Introduction	 216

10.1.1	 Acquisition of EEG Signals by the Brain	 217
10.1.2	 EEG Signal Processing	 218

10.2	 Related Work	 219
10.3	 Proposed Work	 220

10.3.1	 Particle Swarm Optimization (PSO)	 220
10.3.1.1	 Key Elements of PSO� 221
10.3.1.2	 Procedural Steps of PSO� 222

10.4	 LSTM	 223
10.5	 GRU	 227
10.6	 Proposed Methodology	 230

10.6.1	 Procedure 1	 230
10.6.2	 Procedure 2	 230

10.7	 Results and Discussions	 231
10.7.1	 Confusion Matrix	 232
10.7.2	 Precision, Recall, F1-Score, and Support	 232

10.8	 Conclusion	 234
	 Data Availability	 234
	 References	 235

11	 Wearable Devices for Injury Prevention and Rehabilitation	 239
Vishnu Mittal, Pushkar Upadhyay and Anjali Sharma
11.1	 Introduction	 240

11.1.1	 Generalization of Human Physiological Parameters	 243
11.1.2	 Forecasting Running Injuries and Efficiency  

Using Wearable Technology	 244



xiv  Contents

11.1.3	 Transduction Systems for Body Parameter 
Measurement	 245

11.2	 Why are Wearable Devices Better	 247
11.3	 Case Study and Real-World Instances of Wearable  

Technology	 249
11.3.1	 Case Study 1: Tracking Health Indicators	 249
11.3.2	 Case Study 2: Monitoring Sports Performance	 249
11.3.3	 Case Study 3: Controlling Athletes in the Weight 

Room	 250
11.3.4	 Case Study 4: Tracking Sleep	 250
11.3.5	 Case Study 5: Remote Monitoring Systems	 251
11.3.6	 Case Study 6: Mobile Phone Technology	 252
11.3.7	 Case Study 7: Integrating Physiological Monitoring	 252
11.3.8	 Case Study 8: Bio-Chemical Sensors	 253
11.3.9	 Case Study 9: Medical Alert System	 253
11.3.10	 Case Study 10: Health and Wellness Monitoring	 254
11.3.11	 Case Study 11: Smart Home Projects	 254

11.4	 Conclusions and Future Directions	 255
	 References	 256

12	 Muscles in Motion: Wearables for Sports and Fitness	 263
Pushkar Upadhyay, Vishnu Mittal and Rameshwar Dass
12.1	 Introduction	 264
12.2	 Understanding Muscle Movement	 267

12.2.1	 Types of Muscles (Skeletal, Smooth, and Cardiac)	 267
12.2.1.1	 Striated Muscle� 267
12.2.1.2	 Smooth Muscle� 268

12.2.2	 Muscle Structure and Function	 268
12.3	 Wearable Technology in Sports and Fitness	 269

12.3.1	 Evolution of Wearables in Sports and Fitness	 269
12.3.2	 Wearable Tools for Monitoring Physiological Data 

During Exercise	 269
12.4	 Types of Wearable Devices	 270

12.4.1	 Movement Pattern and Velocity Tracking Using 
Inertial Measurement Units (IMUs)	 270

12.4.2	 Technological Developments in Force Sensing 
for Improved Force Measurement	 271

12.4.3	 Precise Foot Pressure Analysis by Pressure Sensors	 272
12.5	 Applications of Wearables in Sports and Fitness	 272

12.5.1	 Mechanomyogram (EMG) Method	 273
12.5.2	 Autonomic Nervous System (ANS) Correlation	 274



Contents  xv

12.5.3	 Machine Learning Technique	 275
12.5.4	 Injury Prevention and Rehabilitation	 275
12.5.5	 OptimEye S5	 276
12.5.6	 FIT Guard	 276
12.5.7	 Zephyr Performance Systems	 276
12.5.8	 The Q-Collar	 277
12.5.9	 Threshold Limit Sensors	 277
12.5.10	 Smart-Foam	 277
12.5.11	 Wearable Footwear and Accessories	 278

12.6	 Challenges and Future Directions	 278
12.6.1	 Difficulties in Applying Wearable Technology 

to Resistance Training Research	 278
12.6.1.1	 Accuracy and Reliability  

of Measurements� 278
12.6.1.2	 Validation and Standardization  

of Wearable Technology� 279
12.6.2	 Ethical Considerations and Privacy Concerns	 279

12.7	 Conclusion	 280
	 References	 281

13	 Evolution of Wearable Technology in Sports and Fitness	 289
Kanchan Bisht, Desu Surya Tejaswi, C. Manjulatha,  
Surabhi Das and Yogitha Gunupuru
13.1	 Introduction	 290

13.1.1	 History of Wearable Technology	 290
13.1.2	 Key Features and Functionalities of Wearable 

Technologies	 291
13.2	 Types of Wearable Technologies	 292
13.3	 Applications of Wearable Technologies in Sports  

and Fitness	 293
13.3.1	 Performance Monitoring	 294

13.3.1.1	 Running and Cycling� 294
13.3.1.2	 Team Sports� 294

13.3.2	 Injury Prevention	 295
13.3.2.1	 Smart Insoles� 295
13.3.2.2	 Motion Sensors� 295

13.3.3	 Recovery Enhancement	 295
13.3.3.1	 WHOOP Strap� 296
13.3.3.2	 Oura Ring� 296

13.3.4	 Personalized Training	 296
13.3.4.1	 Training Apps� 296



xvi  Contents

13.3.4.2	 Smart Equipment� 296
13.3.5	 Real-Time Feedback	 297

13.3.5.1	 Cycling� 297
13.3.5.2	 Swimming� 297

13.4	 Benefits of Wearable Technologies	 297
13.4.1	 Enhanced Performance	 298
13.4.2	 Improved Health and Well-Being	 298
13.4.3	 Data-Driven Decisions	 298
13.4.4	 Increased Motivation	 299

13.5	 Challenges and Limitations	 299
13.5.1	 Data Accuracy	 299
13.5.2	 Privacy Concerns	 300
13.5.3	 Cost and Accessibility	 300

13.6	 Future Trends in Wearable Technologies	 301
13.6.1	 Integration with AI and Machine Learning	 301
13.6.2	 Advanced Biometric Monitoring	 301
13.6.3	 Enhanced Connectivity	 301
13.6.4	 Virtual and Augmented Reality	 302
13.6.5	 Sustainable and Eco-Friendly Wearables	 302

13.7	 Conclusion	 303
	 References	 303

14	 Architecture, Material, Process, and Application of Bio-FETs	 307
Yapashetti Rajinikanth, Suman Lata Tripathi  
and Sandhya Avasthi
14.1	 Introduction	 308
14.2	 Literature Review	 309
14.3	 Architecture of Bio-FET	 310
14.4	 Bio-FET Mechanism of Operation	 310
14.5	 Bio-FET Working Principle	 310
14.6	 Bio-FET Types and Fabrication Steps	 311
14.7	 Optimization	 312
14.8	 Material Specification	 312
14.9	 Applications of Bio-FET	 314

14.9.1	 Clinical Investigations	 314
14.9.2	 Environmental Assessment	 314
14.9.3	 Food Consumption	 314
14.9.4	 Biological Research	 314
14.9.5	 Treatments	 315
14.9.6	 Individual Therapy	 315

14.10	 Conventional MOSFET Comparison	 315



Contents  xvii

14.10.1	 Organization and Function	 315
14.10.2	 Specifics and Sensitivities	 315
14.10.3	 Resources	 315
14.10.4	 Supplies	 316
14.10.5	 Integration	 316

14.11	 Advanced FET Architectures as Biosensor	 316
14.12	 Challenges and Future Scope	 318
14.13	 Conclusion	 318
	 References	 319

15	 Future Directions and Innovations in Wearable Technologies	 321
Payal Bansal, Sudev Dutta and Murugan K.
15.1	 Introduction	 322
15.2	 Empowering Wearables	 323
15.3	 Piezoelectric Wearable Technology	 325

15.3.1	 Harvesting Energy from Human Motion	 327
15.3.2	 Piezoelectric-Pressure Radars	 329
15.3.3	 Wearable Medical Sensors	 330

15.4	 Triboelectric Wearables	 331
15.5	 Electromagnetic Sensors	 332
15.6	 Thermal-Based Sensors	 333
15.7	 Comparison of Wearable Sensors	 334
15.8	 Conclusions	 335
	 References	 336

16	 Future Horizons: Exploring the Evolution of Wearable  
and Flexible Health Devices	 343
Himanshu Sharma, Pooja Mittal, Gurdev and Vishnu Mittal
16.1	 Introduction	 344
16.2	 Characteristics of Wearable Technologies	 345
16.3	 Types of Wearable Technologies	 346

16.3.1	 Wearable Health Technology	 346
16.3.2	 Wearable Textile Technologies	 347
16.3.3	 Wearable Consumer Electronics	 348

16.4	 Review of Wearable Technologies in Healthcare	 348
16.4.1	 Example of a Product on the Market	 352
16.4.2	 The Approach of Wearable Technology	 354
16.4.3	 The Public and Personal Safety	 355
16.4.4	 Business	 356
16.4.5	 Research	 356
16.4.6	 Production	 356



xviii  Contents

16.4.7	 Sales	 356
16.4.8	 Service	 357
16.4.9	 Tourism	 357
16.4.10	 People with Impairments	 357
16.4.11	 Health	 358
16.4.12	 Entertainment	 358

16.5	 Conclusion	 358
	 References	 359

17	 Threads of Creativity: Exploring Smart Fabric Integration  
in Contemporary Mural Art	 363
Prabhjot Kaur and Rohita Sharma
17.1	 Introduction	 363
17.2	 Smart Fabric Integration	 365

17.2.1	 The Benefits of Smart Fabric Integration	 365
17.2.2	 Challenges and Considerations	 366
17.2.3	 Technical Complexity	 366
17.2.4	 Maintenance and Durability	 366
17.2.5	 Privacy and Security	 366
17.2.6	 Examples of Smart Fabric Integration in 

Contemporary Mural Art	 367
17.2.6.1	 The Light Weaver by Studio Drift (2018)� 367
17.2.6.2	 The Singing Wall by TeamLab (2018)� 368
17.2.6.3	 The Breathing Wall by Viktoria Modesta 

(2019)� 368
17.2.6.4	 The Interactive Wall by Refik Anadol  

(2019)� 368
17.3	 Importance of Traditional Art Forms in the Museum	 370

17.3.1	 Embroidery and Textiles	 370
17.3.2	 Calligraphy and Manuscripts	 371
17.3.3	 Potential for Smart Fabric Integration  

in the Museum’s Exhibits	 371
17.3.3.1	 Ancient Civilizations� 372
17.3.3.2	 Classical Antiquity� 372
17.3.3.3	 Medieval and Renaissance Periods� 373
17.3.3.4	 Modern and Contemporary Era� 373
17.3.3.5	 Sensing Capabilities� 373
17.3.3.6	 Lighting and Illumination� 374
17.3.3.7	 Communication and Connectivity� 374
17.3.3.8	 Thermal Regulation� 374



Contents  xix

17.3.3.9	 Biomedical and Healthcare Applications� 374
17.4	 Integration of Smart Fabrics in Mural Art	 375

17.4.1	 Integration of Smart Fabrics in Mural Art  
at the Virasat-e-Khalsa Museum	 376

17.5	 Conclusion	 378
	 Bibliography	 379

18	 Non-Invasive Blood Sugar Detection	 381
Abhishek Kumar and Vishal Gupta
18.1	 Introduction	 381

18.1.1	 Invasive Method	 382
18.1.2	 Non-Invasive Method	 383

18.2	 Sweat Composition	 383
18.2.1	 Sweat-Based Glucose Monitoring	 384

18.2.1.1	 Sweat Sensors� 384
18.3	 Experiment	 386
18.4	 Challenges	 389
18.5	 Pros and Cons	 390

18.5.1	 Pros	 390
18.5.2	 Cons	 390

18.6	 Conclusion	 391
	 References	 391

19	 A Fast Scalable and Pipelined VLSI Transform Architecture  
for Walsh-Hadamard	 393
Sudip Ghosh and Suman Lata Tripathi
19.1	 Introduction and Related Works	 394
19.2	 Mathematical Background	 397
19.3	 Proposed Algorithm for HVMA	 398
19.4	 Pseudo-Code for Generic Algorithm	 405
19.5	 Description of Generic Algorithm	 408
19.6	 Analysis and Discussion	 410
19.7	 Datapath and Controller	 412
19.8	 Experimental Results	 415
19.9	 Conclusion and Scope of Future Work	 417
	 References	 418

Index	 421





xxi

Preface

Textiles and technology have combined to create a breakthrough in the 
health and fitness sectors. Wearables and smart textiles, which can dra-
matically change how we manage, monitor, and improve our health and 
well-being, are explored. The book Smart Textiles and Wearables for Health 
and Fitness examines the development, application, and future of these 
innovative technologies within their intricate domain. The book starts 
with a historical overview outlining the development and beginnings of 
wearables and smart textiles. We discussed in depth about their specific 
uses in healthcare, highlighting how they can help manage diseases, track 
vital signs, and promote overall health. A significant advancement in wear-
able technology is the integration of AI and machine learning enables pre-
dictive analytics and personalized health insights.

The book also examines topics like flexible sensors, bio-integrated tex-
tiles, and smart wound protectors. These innovations have the potential 
to significantly alter patient care procedures. Wearables are transforming 
sports and fitness by refining protocols for injury prevention, performance 
assessments, and end-recovery methods. The book additionally incorpo-
rates nontraditional areas like the use of smart fabrics in art creation as 
well as data envelopment analysis to assess hospital efficiency. Each part 
presents a unique perspective establishing the array of uses for wearables 
across different fields. It seems that wearable technology has a promising 
future with ongoing developments poised to introduce new applications. 
The potential is enormous and game-changing, ranging from sophisticated 
emotional classification utilizing EEG data to non-invasive blood sugar 
testing. To move toward healthier, more connected futures, we hope that 
our investigation will encourage future innovation and collaboration in 
this interesting sector.
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History of Smart Textiles and Wearables
K. Jothimani*, S. Hemalatha, S. Selvaraj and R. Thangarajan

Department of Computer Science and Design, Kongu Engineering College, 
Tamil Nadu, India

Abstract
Smart textiles and wearables represent a fusion of technology with traditional tex-
tiles, revolutionizing various industries such as healthcare, fashion, sports, and 
the military. This paper provides an abstract of the historical evolution of smart 
textiles and wearables, tracing their development from early concepts to con-
temporary innovations. The journey begins with the earliest instances of incor-
porating technology into textiles. The Industrial Revolution marked a significant 
shift with the introduction of mechanized textile production, setting the stage for 
further advancements. The mid-20th century witnessed the emergence of func-
tional textiles, including flame-resistant fabrics and moisture-wicking materials, 
laying the groundwork for future smart textile applications. The late 20th and 
early 21st centuries witnessed rapid progress driven by advancements in materi-
als science, nanotechnology, and electronics miniaturization. The development of 
conductive fabrics, flexible electronics, and sensors led to the creation of interac-
tive textiles capable of sensing, reacting, and adapting to environmental stimuli. 
Wearable technologies evolved from bulky prototypes to sleek, integrated sys-
tems, enhancing user experience and functionality. Key milestones such as the 
introduction of wearable fitness trackers, smart clothing for medical monitoring, 
and fashion-tech collaborations are highlighted. Innovations in energy harvest-
ing and power management have also contributed to the autonomy and longevity 
of smart textiles and wearables, reducing dependence on external power sources. 
Moreover, advancements in data analytics, artificial intelligence, and connectiv-
ity technologies like Internet of Things have further expanded the capabilities 
of smart textiles and wearables. They now play pivotal roles in health monitor-
ing, performance enhancement, augmented reality experiences, and even envi-
ronmental sensing. The paper concludes with a discussion of current trends and 
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prospects, emphasizing the potential of smart textiles and wearables to continue 
transforming industries and enriching human lives. Challenges such as sustain-
ability, scalability, and privacy concerns are also addressed, highlighting areas for 
further research and innovation in this dynamic field.

Keywords:  Smart textiles, wearable technologies, textile innovation, historical 
development, materials science, flexible electronics, sensors

1.1	 Introduction

Smart textiles and wearables refer to innovative materials and clothing 
items that incorporate advanced technologies to enhance functionality and 
provide additional features beyond traditional textiles and garments. Smart 
textiles are fabrics that have been engineered to have capabilities beyond 
those of conventional textiles, often integrating electronic components or 
other advanced materials [1]. These textiles can sense and respond to envi-
ronmental stimuli or user inputs such as changes in temperature, motion, 
or biometric data. Examples include fabrics with embedded sensors for 
monitoring vital signs, textile-based displays for information visualization, 
or fabrics with integrated heating elements for temperature regulation. 
Wearables, on the other hand, are electronic devices or accessories that 
can be worn on the body, often in the form of clothing, accessories, or sen-
sors, and are designed to collect data, provide feedback, or perform specific 
functions. Wearable devices may include fitness trackers, smartwatches, 
augmented reality (AR) glasses, or even implantable devices [2]. They can 
range from simple devices that track physical activity to complex systems 
that monitor health metrics, enable communication, or augment human 
capabilities. Together, smart textiles and wearables represent the intersec-
tion of fashion, technology, and functionality, offering new opportunities 
for personalized, interactive, and adaptive experiences in various domains 
including healthcare, sports, fashion, and entertainment. Some of the key 
importance and applications of smart textiles and wearables in different 
industries include healthcare, fitness and sports, fashion and apparel, mili-
tary and defense, industrial manufacturing, entertainment, and media.

1.2	 Early Concepts and Historical Background

The concept of smart textiles and wearables has its roots in early human 
history, where people used natural materials like animal skins and plant 
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fibers for clothing and protection. However, the integration of technology 
into textiles and garments is a more recent development. Early Innovations: 
While textiles have been used for millennia, the incorporation of technol-
ogy into fabrics began to emerge in the late 19th and early 20th centu-
ries. Early innovations included the development of synthetic fibers like 
nylon and polyester, which offered strength, durability, and elasticity. 
Applications include military, space exploration, and medical textiles.

1.2.1	 Incorporation of Technology in Textiles: 
Ancient Practices

While the integration of technology into textiles may seem like a recent 
development, there are historical precedents that demonstrate early forms 
of incorporating technology into fabric production and design. Here 
are some examples of ancient practices that involved the incorporation 
of technology in textiles: The first one is weaving techniques: Weaving, 
one of the oldest textile production techniques, involves the interlacing 
of threads or fibers to create fabric. The Egyptians, Mesopotamians, and 
Chinese developed sophisticated weaving technologies, including looms 
and spinning wheels, to produce textiles for clothing, household items, and 
trade. These early weaving techniques can be considered a form of technol-
ogy that enabled the mass production of textiles. The second one is dye-
ing and printing: Ancient cultures developed various methods for dyeing 
and printing textiles to add color, patterns, and decorative motifs to fab-
rics. Techniques of batik, tie-dyeing, and block printing involved intricate 
processes and specialized tools to apply dyes and pigments onto textiles. 
These early methods of textile decoration can be seen as a form of tech-
nology that enhanced the aesthetic appeal and value of fabrics. The third 
one is embroidery and embellishment: Embroidery is another ancient tex-
tile technique that involves stitching decorative designs onto fabric using 
needle and thread. Ancient civilizations across the world, including the 
Greeks, Romans, Persians, and Chinese, practiced embroidery to embel-
lish clothing, accessories, and ceremonial textiles. Embroidery required 
skillful craftsmanship and specialized tools, demonstrating an early form 
of technology in textile ornamentation. Finally, textile reinforcement: In 
ancient times, textiles were often used for practical purposes beyond cloth-
ing, such as for construction, transportation, and protection. Techniques 
like felting, quilting, and padding were employed to create textiles with 
enhanced strength, durability, and insulation properties. For example, 
ancient nomadic cultures used felted wool to construct portable tents and 
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clothing for harsh environments, showcasing the use of textiles as a form 
of technology for shelter and insulation.

Incorporation Technologies Used:

•	 Sensors
•	 Actuators
•	 Conductive fibers and yarns
•	 Power supply and storage
•	 Integrated batteries or energy-harvesting systems
•	 Microcontrollers and processors

1.2.2	 Industrial Revolution and Textile Mechanization

The Industrial Revolution, which began in the late 18th century in Britain 
and later spread to other parts of the world, had a profound impact on 
textile production through mechanization and the development of fac-
tory systems. Here is an overview of how the Industrial Revolution trans-
formed the textile industry. Mechanization of textile production before the 
Industrial Revolution, textile production was primarily done by hand using 
traditional methods such as spinning wheels and hand looms. However, 
during the late 18th and early 19th centuries, significant advancements 
were made in textile machinery, leading to the mechanization of various 
stages of production. The invention of textile machinery that is one of the 
key inventions of the Industrial Revolution was the spinning jenny, devel-
oped by James Hargreaves in 1764 [3]. The spinning jenny allowed for mul-
tiple spindles to spin yarn, simultaneously increasing the productivity of 
spinning and reducing the labor required. This was followed by the inven-
tion of the spinning mule by Samuel Crompton in 1779, which combined 
features of the spinning jenny and the water frame, further improving the 
efficiency of yarn production. The next introduction of power looms was 
the development of power looms, which revolutionized the weaving pro-
cess by automating the weaving of cloth. Power looms used steam power 
or water power to operate, enabling the mass production of textiles on a 
much larger scale than was possible with hand looms. The next one is the 
factory system mechanization of textile production that led to the estab-
lishment of large-scale textile factories where machines were powered by 
steam engines or waterwheels. The adoption of the factory system central-
ized production in urban areas, leading to the growth of industrial cities’ 
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economic consequences [4]. While it increased the efficiency and output of 
textile manufacturing, it also led to the displacement of skilled hand work-
ers and the exploitation of labor in factories. The working conditions in 
textile mills were often harsh, with long hours, low wages, and poor living 
conditions for workers, especially women and children [5].

1.2.3	 Emergence of Functional Textiles

The emergence of functional textiles represents a significant development 
in the textile industry, where fabrics are engineered to possess specific prop-
erties or functionalities beyond traditional textiles. Here is an overview 
of the emergence of functional textiles: Technological advancements are 
rapid advancements in materials science, nanotechnology, and textile engi-
neering that enabled the development of functional textiles with enhanced 
properties and performance characteristics [6]. These advancements have 
allowed researchers and manufacturers to manipulate the structure and 
composition of textiles at the molecular level to achieve desired function-
alities. Demand for performance textiles: The increasing demand for tex-
tiles with enhanced performance properties has driven the development 
of functional textiles. Sports and outdoor apparel, healthcare, automotive, 
and protective clothing have specific requirements for textiles that offer 
moisture-wicking, thermal insulation, UV protection, antimicrobial prop-
erties, and durability properties. Innovative materials are the development 
of new and innovative materials that have played a crucial role in the emer-
gence of functional textiles. Synthetic fibers, engineered polymers, and 
advanced coatings are among the materials used to create functional tex-
tiles with specialized properties [7]. For example, moisture-wicking fabrics 
are often made from synthetic fibers like polyester or nylon, which have 
hydrophobic properties that repel moisture.

Figure 1.1 shows that future trends are the future of functional textiles 
that are likely to be driven by advancements in wearable technology, smart 
materials, and sustainable manufacturing processes. Self-healing fabrics, 
energy-harvesting textiles, and biodegradable fibers hold promise for the 
development of next-generation functional textiles that offer new levels 
of performance, functionality, and sustainability. Overall, the emergence 
of functional textiles represents a convergence of technology, innovation, 
and design, offering new opportunities for creating textiles with enhanced 
properties and functionalities to meet the diverse needs of modern society.
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1.3	 Advancements in Materials and Technologies

Advancements in materials and technologies have played a crucial role in 
shaping the development of various industries and applications, including 
textiles. Here are some key advancements in materials and technologies 
that have a significant impact on the textile industry.

A. Nanotechnology: It involves the manipulation of materials at the 
nanoscale (one billionth of a meter) to achieve desired properties and 
functionalities. In textiles, nanotechnology has been used to develop fab-
rics with enhanced properties such as resistance, water repellency, antimi-
crobial activity, and UV protection [8]. Nanoparticles and nanostructures 
can be incorporated into textiles to impart these properties without com-
promising the fabric’s comfort or breathability.

B. Smart Materials: Smart materials, also known as responsive materials 
or intelligent materials, are materials that can respond to external stimuli 
such as temperature, light, or mechanical stress by changing their prop-
erties. In textiles, smart materials are used to create fabrics with adaptive 
properties such as shape memory textiles that can revert to their original 
shape after being deformed or thermochromic textiles that change color 
in response to temperature changes. These materials have applications in 
areas such as healthcare, fashion, and sports apparel.
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Figure 1.1  Smart textiles applications.


