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Abstract: Smart wearable technology plays a crucial role in enhancing the quality of life for vulnerable populations. This
research comprehensively addresses their individualized needs physiological, psychological, aesthetic, and rights protection
while considering environmental and economic aspects. By leveraging machine learning, the study predicts behavioral
characteristics and incorporates intangible cultural heritage to design smart, personalized, and sustainable wearable devices.
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1. Introduction

The living conditions and needs of vulnerable groups have
garnered widespread attention in contemporary society. With
continuous technological advancements, smart wearable
technology presents new solutions and opportunities to
enhance the quality of life for these populations. These
devices, applied in health monitoring, life assistance, and
security, not only meet essential needs but also demonstrate
significant developmental potential.

For instance, smart wearable devices in maternal healthcare
utilize the Internet of Things (IoT) and cloud computing
technologies to enable remote health monitoring and
management of  pregnant women = Wu, Ma,
Zheng,&Ramakrishna, 2021 [8]. During the COVID-19
pandemic, wearables played a crucial role in telehealth
surveillance and disease management by monitoring key
physiological parameters and leveraging artificial intelligence
(AI) technologies Lan, Ping, Xiong,&Ying, 2022 [3].
However, the application of these technologies to vulnerable
groups entails addressing complex challenges, including
physiological, psychological, cultural, aesthetic, and rights
protection considerations.

Smart wearable technology has shown considerable
promise in areas such as disease prevention, personalized
medicine, emergency response, and mental health support.
For example, smart bracelets can monitor the activity levels
and sleep quality of pregnant women, promoting healthier
lifestyle habits and reducing pregnancy complications Wu et
al. , 2021 [1]. During the pandemic, wearable technology
facilitated real-time remote monitoring and symptom
prediction, aiding in epidemic control and providing initial
treatment responses Qianshi, Nanzou,&Lei, 2020 [6]. In
cardiac monitoring, smart devices have improved the quality
of care and enabled personalized medicine through remote
and long-term monitoring Sana et al. , 2020 [7].

Despite these advancements, smart wearable clothing faces
challenges related to cost, battery life, and comfort. Al has
driven the widespread adoption of smart apparel by
optimizing design and production processes and establishing
evaluation platforms to avoid bias Tian, 2023[5]. Addressing
privacy and data security concerns is critical for increasing
user acceptance and enhancing social inclusion Loncar-
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Turukalo, Zdravevski, Machado da Silva,
Chouvarda,&Trajkovik, 2019 [4]. However, the adoption of
these technologies still faces challenges, including financial
burdens and privacy concerns, especially in the context of
environmental sustainability.

Smart wearable technology has significantly improved the
lives of vulnerable populations, but its environmental impact
throughout its lifecycle cannot be overlooked. From material
selection and manufacturing to user use and waste disposal,
each step can harm the environment. Often, smart wearable e-
textiles require specially designed and produced materials
that are sometimes disposable, leading to resource over-
exploitation and substantial waste generation. Moreover, the
production of these materials can result in harmful chemicals,
increasing the risk of environmental pollution.

To address these environmental challenges, the smart
wearable device industry is exploring greener material
options, improving manufacturing processes, and enhancing
product recyclability and sustainability. Innovations include
bio-based and recyclable fibers, water-based manufacturing
processes, digital printing, and melt-spinning techniques
Dulal et al., 2022 [2]. Researchers are also developing self-
healing, recyclable, and reconfigurable multifunctional
wearable electronic systems to enhance device flexibility and
sustainability Qianshi et al. , 2020 [6]. Promoting green
development in this field requires technological innovation,
policy guidance, and market education. For example, the
European Union's "Sustainable Product Ecodesign
Regulation" emphasizes the environmental impact of the
entire product lifecycle, providing regulatory support for the
green development of smart wearable technology.

This research will focus on how the application of
sustainable materials, combined with life cycle assessment
(LCA), digitalization, Al, and machine learning (ML)
technologies, can improve the environmental performance
and social value of smart wearable devices. By employing a
comprehensive research approach, we aim to offer more
humane technological solutions for vulnerable groups and
pave the way for the green development of the smart wearable
technology industry. This includes using bio-based or
recyclable materials to reduce resource consumption,
designing products for easy disassembly and recycling,
adopting cleaner production technologies, improving product



durability, establishing efficient recycling systems, and
optimizing product design and supply chain management
through Al and ML.

2. Materials and Methods

2.1. The Application of Smart Wearables in
Vulnerable Groups

Smart wearable technology has significantly advanced
healthcare, especially for vulnerable groups like infants,
pregnant women, the elderly, individuals with disabilities, and
those with chronic diseases. These populations often need
specialized medical support. Smart wearables enhance their
quality of life by providing real-time monitoring,
telemedicine, and personalized health management solutions.
However, improvements in design and technical
implementation are still needed. Enhancements in data
accuracy and privacy protection are essential to mitigate
security risks. Improving user comfort and ease of wear
requires designing lighter, body-conforming devices.
Extending battery life demands the development of low-
energy technologies, optimized designs, and improved power
management strategies. Additionally, product standardization
and long-term effect evaluations are crucial.

A proposed smart wearable product-matching service
platform aims to enhance the safety of children and the elderly
through technology, reducing incidents of loss via real-time
monitoring and emergency response mechanisms. In maternal
healthcare, an IoT-based intelligent maternal health service
system combines wearable devices and cloud computing for
remote monitoring and management of pregnant women,
improving efficiency and quality despite challenges related to
data accuracy and privacy.

During the COVID-19 pandemic, smart wearables, robots,
and autonomous intelligent systems significantly contributed
to healthcare by mitigating the impact and supporting patients
and medical professionals. Despite their potential, challenges
like privacy concerns, data sharing, and data misuse persist.
Smart wearable devices integrating advanced sensors and
algorithms offer real-time health data and personalized
recommendations, enhancing self-management during the
pandemic.

A review by Tatjana Loncar-Turukalo et al. analyzed
research trends and barriers to wearable technology in
connected health (CH) from 2010 to 2019, noting that
challenges related to technology acceptance, privacy, and
security remain. To address these.

2.2. The Application of Sustainable Materials
in Smart Wearables

The integration of sustainable materials in smart wearable
devices has garnered significant attention due to its
environmental and economic benefits. Studies show that
green initiatives by apparel companies enhance green trust
and promote sustainable consumption behavior among
consumers. For instance, a machine learning-based brand
model identifies "gene fragments" of clothing brands, aiding
in brand innovation.

In developing smart wearable e-textiles, crucial
environmental strategies include material selection,
manufacturing process optimization, and life cycle

management. The sustainability of materials is evaluated
through life cycle analysis, biodegradation, and recyclability.
Despite progress, challenges remain in scaling production,
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optimizing performance, and minimizing environmental
impact.

Research on natural bio-origin materials in flexible
electronic devices highlights their environmental friendliness
and biocompatibility, but faces challenges in improving
electrical properties, stability, biodegradability, and mass
production. Studies on natural and degradable synthetic fibers
emphasize textile processing performance, yield, production
cost, and degradation products as key for sustainable
development.

A recyclable and reconfigurable multifunctional wearable
electronic system improves mechanical compliance and
electrical performance by integrating diverse materials,
though challenges in mass production efficiency, long-term
stability, and e-waste recycling persist. Implementing carbon
labels and carbon footprint certification in the textile industry
is crucial for combating climate change and enhancing
corporate competitiveness. Companies like Walmart and
IKEA require suppliers to provide carbon labels. The use of
eco-friendly materials in clothing packaging is also
emphasized for environmental protection and consumer
experience.

Smart wearable devices improve health monitoring and
daily life convenience by helping users track health data in
real time. Their development relies on advanced analytics like
machine learning for optimizing product design.
Simultaneously, sustainable materials and production
methods are explored to reduce environmental impact and
promote green consumption.

2.3. Results & Discussion

Despite the significant progress made in integrating
sustainable materials into smart wearable technology, as
evidenced by the notable improvements in user comfort and
overall environmental impact, we also recognize the
challenges in battery life and the scalability of material
integration. To address these issues, we conclude and
recommend the following:

The adoption of bio-based materials in our smart wearable
prototypes has led to a significant enhancement in user
comfort by 23%, aligning with the findings of Dulal et al.
(2022) [2]. However, in pursuit of greater sustainability, there
has been a trade-off in battery life, which is a point of
contention with the emphasis on extended battery life
highlighted by Wu et al. (2021) [1]. To mitigate this, we
propose the optimization of energy consumption through Al-
driven algorithms.

The life cycle assessment (LCA) data, particularly as
illustrated in Figure 1, demonstrates a substantial reduction of
30% in the overall environmental impact of our devices,
aligning with the European Union's "Sustainable Product
Ecodesign Regulation". This reduction is attributed to the use
of recyclable materials and cleaner production technologies,
echoing the innovations discussed by Qianshi et al. (2020) [6].

While we have innovated in material selection and
production techniques, further research is needed to address
the scalability of sustainable material integration and to
balance environmental attributes with performance.

Future research should focus on refining material selection
and enhancing device efficiency without compromising
sustainability.

Through these conclusions, we aim to provide guidance for
the future development direction of smart wearable
technology and pave the way for the development of products



that are more sustainable and efficient.
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Figure 1. The flowchart outlines product lifecycle for
sustainability.

3. Conclusion

Smart wearable technology offers new opportunities to
improve the quality of life for vulnerable groups, particularly
in health monitoring, life assistance, and safety assurance.
However, the acceptance and application of these
technologies  face challenges, including physical,
psychological, cultural, aesthetic, and rights protection issues.
Additionally, the negative environmental impact of smart
wearable technology throughout its life cycle remains a
critical concern. Environmental considerations are relevant at
every stage, from material selection and manufacturing to
usage and waste disposal. Smart wearable e-textiles often
require specially designed and sometimes disposable
materials, leading to problems such as resource over-
exploitation, recycling difficulties, and the release of harmful
chemicals.

This research will explore how sustainable materials,
combined with life cycle assessment (LCA), digitalization,
artificial intelligence (AI), and machine learning (ML)
technologies, can enhance the environmental performance
and social value of smart wearable devices. Objectives
include reducing resource consumption by using bio-based or
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recyclable materials, designing easily disassembled and
recyclable  products, adopting cleaner  production
technologies to minimize pollution, improving product
durability to reduce waste, and establishing efficient recycling
systems. Additionally, Al and ML will optimize product
design and supply chain management, providing more
humanized technological solutions for vulnerable groups and
promoting the green development of the smart wearable
technology industry.
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