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Abstract: Wearable clothing has become an ideal carrier of intelligent sensing technology by virtue of its seamless fit with 
human body. However, how to realize the organic unity of functional integration and aesthetic expression is still the core 
proposition that restricts industrial development. This study puts forward an innovative framework of "perception-structure-
interaction", which is studied from three levels: technology, design and industry. On the technical level, a multi-modal sensor 
fusion network is constructed to optimize the component layout; On the design level, a modular standard interface system is 
established to realize the flexible replacement of functional units; At the industrial level, explore the collaborative manufacturing 
model of "textile factory+chip foundry". The research also puts forward the design method based on ergonomic modeling and 
the user-centered interactive experience design strategy. In terms of industrialization implementation path, through supply chain 
reconstruction, quality control and market penetration strategy, technology-supply chain-market three-terminal coordination is 
realized. The research in this paper provides a new idea for solving the paradox of "technology flaunting skills" and "market 
paying" in smart clothing industry, and is expected to promote the market popularization and industrial development of smart 
clothing. 
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1. Introduction 
Traditional smart watches, bracelets and other hard devices 

are difficult to meet the deep needs of medical monitoring, 
exercise enhancement, emotional interaction and other scenes 
because of their poor wearing comfort and single data 
acquisition dimension. In this context, wearable clothing has 
become an ideal carrier of intelligent perception technology 
by virtue of its natural advantages of seamless fit with human 
body. However, how to break through the binary opposition 
between "technology stack" and "clothing essence" and 
realize the organic unity of functional integration and 
aesthetic expression is still the core proposition that restricts 
industrial development. 

The existing research has made breakthroughs in the 
miniaturization of sensors and self-supply of energy, but there 
are still three major faults in the system design: first, the 
collaborative mechanism between physiological signal 
acquisition and clothing structure design has not been 
established, which leads to the conflict between sensor 
position and human motion joints; Secondly, the reliability 
standard of flexible electronics module is missing, and the 
Mean time between failures (MTBF) of existing products is 
less than 1/3 of that of hard equipment [1]. Third, the technical 
language of each link in the industrial chain is fragmented, 
and the cooperation efficiency between textile enterprises and 
electronic manufacturers is less than 40% [2]. These 
contradictions have made the penetration rate of the global 
smart clothing market stagnate for a long time, far lower than 
that of smart watches. 

This study breaks through the traditional design paradigm 
and puts forward an innovative framework of "perception-
structure-interaction": building a multi-modal sensor fusion 
network at the technical level, and optimizing the component 

layout through biomechanical simulation; Establish a 
modular standard interface system in the design layer to 
realize hot plug replacement of functional units; Explore the 
collaborative manufacturing mode of "textile factory+chip 
foundry" at the industrial level. It provides a new idea for 
solving the paradox of "technical dazzle" and "market pays 
the bill". 

2. Construction of Intelligent 
Perception Technology System 

The construction of intelligent perception technology 
system needs to comprehensively consider many aspects such 
as perception dimension design, material innovation 
breakthrough and data interaction architecture (Figure 1). 
Through the organic combination of these aspects, it can 
provide strong technical support for the design and 
industrialization of smart wearable clothing. 

2.1. Perceptual dimension design 
Perception dimension design is the basis of intelligent 

perception technology system, which involves how to 
enhance users' perception experience through design. In 
urban design, the design of perception dimension can explore 
the relationship between urban design and multiple needs 
from the psychological process of feeling, perception, 
cognition and behavior [3]. For example, urban design should 
deepen and expand from the multiple related information 
between people and the environment, and directly face the 
creation of places and the promotion of atmosphere [4]. 
Perceptual dimension design can also create and convey 
information through the elements of visual design, such as 
color, shape, line, texture, space and layout, so that the 
audience can easily understand and accept the conveyed 
information [5]. 
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Figure 1. Intelligent perception technology system 

 

2.2. Breakthrough of material innovation 
Material innovation is an important part of intelligent 

sensing technology system, which involves how to improve 
the performance of sensing technology through the research 
and development of new materials. For example, the research 
team has developed a new type of metamaterial, which can 
reduce the temperature without consuming energy, providing 
new possibilities for smart wearable clothing [6]. Material 
innovation includes how to accelerate the research and 
development process of new materials through AI technology, 
such as screening and optimizing the design scheme of 
metamaterials through AI model. 

2.3. Data interaction architecture 
Data interaction architecture is the core of intelligent 

perception technology system, which involves how to realize 
the function of intelligent perception through data collection, 
storage, processing and analysis. Data architecture is the link 
between business and system, which includes models, 
strategies, rules and standards that manage the collection, 
storage, arrangement, integration and use of data in an 
organization [7]. In the design of smart wearable clothing, the 
data interaction architecture needs to consider many aspects 
such as data subject domain, data flow, logical data model, 
data distribution and physical data model [8]. The data 
interaction architecture needs to consider how to improve the 
efficiency and accuracy of data processing through AI 
technology, such as optimizing the data governance process 
through AI evaluation model group. 

3. Intelligent Clothing Design 
Methodology 

3.1. Ergonomic modeling 
Based on the in-depth study of human body structure, 

movement law and physiological characteristics, an accurate 
human body model is constructed by using advanced 
measurement technology and three-dimensional modeling 
software. This model not only covers the static size and shape 
of the human body, but also simulates the dynamic 
movements and posture changes of the human body, 
providing a basic framework that fits the human body for the 
design of smart clothes [9]. 

Through 3D scanning, anthropometry and other equipment 
to obtain a large number of human data, including the size, 
proportion and joint range of motion of various parts of the 
body, combined with ergonomic experiments, the pressure 

distribution and muscle activity of the human body in 
different postures are analyzed. Using professional three-
dimensional modeling software, the collected data are 
integrated and processed to create a high-precision human 
digital model. In the process of modeling, factors such as 
human body curve, muscle trend and bone structure are fully 
considered to ensure the authenticity and accuracy of the 
model. With the help of motion capture technology and 
mechanical analysis software, the motion of human body in 
different motion states is simulated and analyzed, so that the 
mannequin can present various natural motion postures, 
which provides a basis for the adaptive design of smart 
clothing in the process of motion. 

The smart clothes designed according to the ergonomic 
model can better fit the human body curve, reduce the sense 
of oppression and friction discomfort, and improve the 
comfort of wearing. For example, in sports smart clothing, 
sensors and electronic components should be arranged 
reasonably to avoid skin irritation, and at the same time, to 
ensure that the clothing will not restrict the body's activities 
during sports. Based on the analysis of the human model, we 
can accurately determine the best positions of various 
functional modules on smart clothing, such as the placement 
positions of sensors, so as to achieve more accurate data 
monitoring and interactive functions. For example, placing 
the heart rate sensor near the heart can obtain heart rate data 
more accurately. 

3.2. Modular design system 
The smart clothing is decomposed into several independent 

functional modules, each module has a specific function and 
interface, and is combined together through standardized 
connection to form a complete and flexible configuration 
system. This design concept is similar to building blocks, 
which is convenient for rapid customization and adjustment 
according to different needs and usage scenarios. 

According to the functional requirements of smart clothing, 
it is divided into central computing module, peripheral 
electrical module (such as sensor module, communication 
module, power module, etc.), executive module (such as 
heating, cooling, vibration, etc.) and basic clothing module 
[10]. Each module has clear functions and performance 
indicators, and the interfaces between them are standardized, 
which is convenient for connection and replacement. 
Formulate unified interface specifications, including 
electrical interface, mechanical interface and communication 
interface, to ensure stable and reliable connection and 
communication between different modules. For example, the 
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universal serial communication protocol is adopted to realize 
data transmission between modules, and standardized plugs 
and sockets are designed to facilitate the insertion and 
replacement of modules. Each functional module is integrated 
and packaged according to the design requirements, making 
it a compact, beautiful and easy-to-wear whole. In the process 
of integration, pay attention to the rationality of the layout 
between modules, avoid electromagnetic interference and line 
confusion, and consider the overall weight and balance of 
clothing. 

When a functional module fails or needs to be upgraded, 
only the corresponding module needs to be replaced, and the 
whole garment does not need to be greatly changed, which 
reduces the maintenance cost and difficulty and prolongs the 
service life of the product. With the continuous development 
of sensor technology, the monitoring performance of smart 
clothing can be improved only by replacing more advanced 
sensor modules. Users can choose different functional 
modules to combine according to their specific needs to 
realize personalized smart clothing customization. Athletes 
can choose to be equipped with different sensors and auxiliary 
function modules according to training items, while ordinary 
consumers can focus on daily health monitoring and comfort 
function selection. 

3.3. Interactive experience design 
Focusing on users, we pay attention to the interaction 

process and feelings between users and smart clothes. By 
designing intuitive, natural and convenient interaction 
methods, users can easily operate and control various 
functions of smart clothes, and at the same time get timely 
and accurate feedback information, thus improving the user 
experience. A variety of interactive means, such as touch, 
gesture recognition, voice control, eye tracking, etc., are 
adopted to meet the operational needs of different users in 
different scenarios. For example, in smart sportswear, you can 

adjust music playback or view sports data through gesture 
sliding; In medical rehabilitation smart clothing, for patients 
with mobility difficulties, voice control can realize 
convenient operation of clothing functions. Establish an 
effective feedback system. When users operate, smart clothes 
can give feedback in time through visual, auditory, tactile and 
other ways, so that users can know whether the operation is 
successful or not and the current functional status. Prompt the 
user to receive a notice or complete an operation through the 
flashing or vibration of the LED light; Display detailed 
functional information and data feedback on the display 
screen. Considering the emotional needs of users, emotional 
elements are integrated into the interaction process, so that 
smart clothing is not only a functional product, but also can 
resonate with users. According to the user's emotional state, 
automatically adjust the color and pattern of clothing or play 
soothing music to provide psychological comfort and 
companionship for users. 

Simple and easy-to-use interactive design and good 
feedback mechanism can reduce the difficulty and learning 
cost of users using smart clothing, make more users willing to 
accept and use smart clothing products, and promote the 
market popularization of smart clothing. Emotional design 
can increase users' love and dependence on smart clothes, 
make users feel more care and fun during use, and thus 
improve users' loyalty to products and reuse rate. 

4. Industrialization Implementation 
Path 

The core of the industrialization path lies in the synergy of 
technology, supply chain and market (Figure 2). Flexible 
production is realized through intelligent supply chain, 
product reliability is guaranteed by strict quality control, and 
finally the market is opened by scene application and 
ecological cooperation. 

 

 
Figure 2. Technology-supply chain-market three-terminal coordination 
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4.1. Supply chain reconstruction strategy 
Enterprises should reconstruct the supply chain strategy 

through regionalization and localization, digital 
transformation and strengthening partnership. Specifically, 
the establishment of regional production centers can shorten 
delivery time, reduce logistics costs, and rely on local 
resources and technological advantages; At the same time, use 
the Internet of Things and big data analysis to improve the 
transparency and response speed of the supply chain, and 
combine blockchain technology to ensure the traceability of 
materials; Work closely with suppliers to jointly develop new 
materials and technologies to enhance the flexibility and 
adaptability of the supply chain. 

4.2. Quality management system 
Enterprises should build a quality control system covering 

standardized processes, rigorous testing and continuous 
improvement. By formulating unified quality standards and 
operating procedures, we can ensure that all links from raw 
material procurement to finished product delivery meet high 
quality requirements; Test the durability, comfort and 
functionality of intelligent components and textiles to ensure 
product reliability and user experience; Establish a feedback 
mechanism and collect user data to promote continuous 
optimization of product quality and quickly respond to market 
changes. 

4.3. Market penetration strategy 
Enterprises should achieve market penetration through 

target market segmentation, brand building and education, 
channel expansion and cooperation and alliance. First, 
provide customized solutions according to the needs of 
different groups of people, such as athletes, the elderly or 
patients with chronic diseases; Enhance brand awareness 
through marketing activities, popularize product functions 
and values to consumers, and enhance awareness; Actively 
expand online platforms, health clubs, gyms and other 
diversified sales channels to expand product coverage; Finally, 
establish cooperative relations with industry leaders or 
technology companies, launch joint brand products, and 
increase market share with the help of external resources and 
brand influence. 

5. Conclusion 
Put forward an innovative framework of "perception-

structure-interaction". On the technical level, the multi-modal 
sensor fusion network and biomechanical simulation 
optimization layout are constructed; On the design level, a 
modular standard interface system is established to realize hot 
plug of functional units; At the industrial level, explore the 
"textile factory+chip foundry" collaborative manufacturing 
model. The research also covers intelligent perception 
technology system, ergonomic modeling, modular design and 
user-centered interactive experience, and promotes 
industrialization from supply chain reconstruction, quality 

control to market penetration, and finally realizes the deep 
application of smart clothing in medical monitoring, sports 
enhancement, emotional interaction and other scenes, and 
promotes the organic unity of functionality and aesthetics. 
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