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Abstract 

Smart functional clothing represents a transformative evolution in the 

textile and apparel industry, integrating advanced materials, embedded 

electronics, and intelligent systems into garments that go far beyond 

traditional functions of protection and aesthetics. Recent developments 

have accelerated the transition of smart clothing from experimental 

prototypes to commercially viable products used in healthcare, sports, 

defense and everyday life. Innovations in electronic textiles, flexible 

sensors, energy harvesting, artificial intelligence, and sustainable 

materials are reshaping how clothing interacts with the human body and 

surrounding environment. This article examines the latest advancements 

in smart functional clothing technology, explores its multidisciplinary 

applications, discusses current challenges and highlights future 

directions that may redefine the role of clothing in modern society. 
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Introduction 

Clothing has long been regarded as a passive 

element of daily life designed to protect the 

body, ensure comfort, and express personal or 

cultural identity. In recent years, however, rapid 

advances in technology have begun to 

fundamentally transform this perception. The 

convergence of textile engineering, electronics, 

material science, and digital innovation has 

given rise to smart functional clothing, a new 

generation of garments capable of sensing, 

processing, and responding to both the wearer 

and the surrounding environment. These 

intelligent textiles represent a significant shift 

from traditional apparel, redefining clothing as 

an active and adaptive interface between 

humans and technology (Jiang et al., 2021). 

Smart functional clothing, often referred to as 

smart textiles or electronic textiles (e-textiles), 

integrates components such as sensors, 

conductive fibres, microprocessors and 

communication modules directly into fabric 

structures. Unlike conventional wearable 

devices that are worn as accessories, smart 

clothing offers continuous and intimate contact 

with the human body, enabling more accurate 

data collection and seamless user experience.  

 

Recent technological breakthroughs have 

addressed early limitations related to rigidity, 

durability and washability, allowing smart  

garments to retain comfort, flexibility and 

aesthetic appeal while performing complex 

functions (Majumdar et al., 2019; Wu et al., 

2022). 

The growing interest in smart clothing is driven 

by increasing demands across multiple sectors, 

including healthcare, sports, defence and 

everyday consumer applications. Continuous 

health monitoring, performance optimization, 

environmental adaptability, and enhanced 

safety are now achievable through garments 

that people already wear as part of their daily 

routines. As smart functional clothing moves 

from experimental research into practical 

implementation, it is poised to play a pivotal 

role in shaping the future of wearable 

technology and redefining the relationship 

between clothing, technology and human well-

being (Behera et al., 2024). 
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