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ABSTRACT

Electronic textiles (e-textiles) embed sensing, actuation, power and communication
into fabrics using conductive yarns, polymers and nanomaterials. This chapter
consolidates conductor classes—metallic fibers, intrinsically conductive polymers,
carbon nanomaterials and hybrids—and compares integration routes such as
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weaving/knitting and printing/coating with attention to washability and mechanical
robustness. It reviews standardized electrical, mechanical and environmental tests
and distills lessons from deployments in healthcare, sports and defense. Key gaps
include durability after laundering, power autonomy, wearer comfort, data security
and scale-up. We outline directions in self-healing and encapsulation, hybrid energy
harvesting and storage, stretch-resilient interconnects and on-garment machine
learning. Linking material selection to process capability and system integration,
the chapter offers a decision-oriented roadmap for sustainable and user-centric
smart wearables.

1. INTRODUCTION

The rapid convergence of materials science, electronics, and textile engineering
has given rise to electronic textiles (e-textiles), a transformative technology with
applications spanning healthcare, sports, defense, and everyday life. Unlike con-
ventional wearables, which integrate rigid electronic modules into separate casings,
e-textiles embed sensing, actuation, and communication capabilities directly into
fabrics through conductive yarns, nanomaterials, and advanced polymer composites.
This approach offers unprecedented flexibility, comfort, and adaptability, paving the
way for truly ubiquitous and unobtrusive smart wearables (De Fazio et al., 2023;
Zaman et al., 2025).

Table 1 summarizes the fundamental categories of conductive materials used in
smart textile systems, including metallic fibers, intrinsically conductive polymers,
carbon-based nanomaterials, and hybrid composites. Each category exhibits distinct
electrical, mechanical, and durability characteristics thatinfluence device performance
and application suitability. For example, metallic yarns excel in conductivity but
may compromise comfort, whereas carbon nanotube coatings offer high flexibility
with moderate conductivity.

Table 1. Application Domains and Requirements for Smart Wearables

Domain Primary Functions Material Requirements Example Technologies
Healthcare Vital signs mor?ltormg, Blocon{pvatlblllty, ECG shirts, smart compression
rehabilitation aids washability bandages

Performance tracking, injury Pressure-sensing insoles,

Sports . Flexibility, sweat resistance .

prevention motion capture wear

Soldier health monitoring, Durability, environmental Ballistic vests with sensors,
Defense . . .

tactical comms resistance GPS uniforms

Gesture control, . . . Smart gloves, music-responsive
Consumer Lightweight, aesthetics & P

entertainment clothing
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