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Abstract: With the accelerated aging of the population and the improvement of health
awareness, the recreation industry is experiencing a booming development. Smart sensors, as
the core component of recreation monitoring systems, play a key role in multi-scenario
applications. This paper reviews the current research status of a multi-scenario recreation
smart sensor monitoring system and analyzes its application in different scenarios such as
family, community, and hospital. Firstly, the technological progress of smart sensors in
physiological parameter monitoring, behavior analysis, and environment sensing is described.
Second, the overall architecture design and data fusion method of a multi-scenario recreation
monitoring system are discussed. Secondly, the characteristics and application requirements
of smart sensors in different scenarios are compared and analyzed. Finally, the current
technical challenges, including data security and privacy, system reliability, and intelligence
level, are pointed out, and the future development trend is also prospected. The study shows
that the introduction of emerging technologies such as multimodal sensing fusion, edge
computing, and artificial intelligence will further enhance the performance of the recreation
monitoring system. In the future, the construction of an intelligent and personalized recreation
monitoring system covering the whole life cycle is of great significance in promoting the
high-quality development of the recreation industry.

Keywords: recreation monitoring, smart sensors, multi-scenario applications, data fusion,
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1. Introduction

With the acceleration of global population aging and the continuous improvement of people's health
awareness, the recreation industry is ushering in unprecedented development opportunities. In this
context, multi-scenario recreation intelligent sensor monitoring systems, as an emerging technology,
are attracting extensive attention from both academia and industry. The core of the intelligent sensor
monitoring system for health and wellness lies in its multi-scenario application capability. Whether
in different environments such as home or community, this system can flexibly adapt to provide users
with continuous and accurate health monitoring services. By integrating advanced sensor technology,
the Internet of Things, and big data analysis, this system provides an all-around, intelligent solution
for recreation services and is expected to play an important role in improving the quality of recreation,
reducing medical costs, and promoting health management.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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In the rapid development, multi-scene recreation intelligent sensor monitoring system also faces
many challenges. Data security and privacy protection are the primary considerations, how to provide
personalized services while protecting the user's sensitive information is the system designers need
to carefully consider. The reliability and stability of the system are also a key factor, especially when
it comes to monitoring the health of special groups such as the elderly, where any error may cause
serious consequences. In addition, how to improve the intelligence of the system and realize the leap
from simple data collection to intelligent analysis and prediction is also the key direction of current
research.

Facing these challenges, academia and industry are actively exploring new solutions. The
application of multimodal sensing fusion technology is expected to improve the accuracy and
comprehensiveness of data collection. The introduction of edge computing can reduce the data
transmission delay and improve the system response speed. The integration and application of these
emerging technologies will promote the development of multi-scene recreation intelligent sensor
monitoring systems to a higher level.

The purpose of this paper is to comprehensively review the current research status of multi-
scenario recreation intelligent sensor monitoring systems, analyze their characteristics and needs in
different application scenarios, discuss the current technical challenges, and look forward to the future
development trend. Through this review, we hope to provide valuable references for researchers and
practitioners in related fields and to promote the progress of recreation monitoring technology and
the high-quality development of the recreation industry.

2. Literature review
2.1. Overview of international research

Foreign research on multi-scenario recreation intelligent sensor monitoring systems started earlier;
the research content is rich and extensive. Dimri et al. pointed out that the smart sensor monitoring
system in the field of environmental monitoring has an important application value, which provides
an important reference for subsequent research [1]. Perisetti et al. analyzed the large-scale data of
hepatocellular carcinoma patients. They found that the smart sensor monitoring system has a
significant effect in evaluating the status of patients with sarcopenia, which provides a new idea for
the prognosis of hepatocellular carcinoma patients [2]. This provides a new idea for the prognostic
assessment of patients with hepatocellular carcinoma.

The theoretical framework for monitoring the cardiovascular system proposed by Rodriguez-
Gonzalez et al. became the foundation of the field, which was further refined by subsequent
researchers such as Perisetti et al. Rodriguez-Gonzalez et al. provided a theoretical basis for
cardiovascular health monitoring in children by analyzing the effects of neocoronitis on the
cardiovascular system in children through a systematic review [2-3]. Perisetti et al., on the other hand,
contributed to the theoretical development of recreational monitoring systems by thoroughly
investigating the role of sarcopenia in patients with hepatocellular carcinoma [2].

The studies of Dimri et al. and Rodriguez-Gonzalez et al. focused on the practical application of
smart sensor monitoring systems. The results of Dimri et al. showed that smart sensors can
significantly improve the monitoring efficiency and accuracy in the monitoring of river water quality
[1]. The study of Rodriguez-Gonzalez et al. showed that smart sensors have an important application
value in the monitoring of children's cardiovascular health, which can detect potential cardiovascular
problems in time. Sensors have important application value in monitoring the cardiovascular health
of children and can detect potential cardiovascular problems promptly [3].

Overall, foreign studies generally agree that multi-scenario recreation intelligent sensor
monitoring system has an important role in the field of environmental monitoring, health management,
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and other areas and provides strong support for practical applications. Perisetti et al. pointed out that
the existing research still has limitations, such as the limited scope of application of the assessment
model of sarcopenia, and further research is needed in the future[2]. Dimri et al. also emphasized that
the application of smart sensors in water quality monitoring needs to be further improved and
optimized[1].

2.2. Overview of national studies

Domestic research on multi-scenario recreational intelligent sensor monitoring systems started
relatively late but has made rapid progress in recent years. Wang Yabo et al. are one of the early
scholars in China to study the intelligent collision avoidance system, revealing the potential
application of smart sensors in the collision avoidance system of unmanned underwater vehicles [4].
Zhu Ming et al. further analyzed the feasibility of intelligent sensors in the intelligent feeding system
of fish culture, which provided a new idea for the application of recreational monitoring systems in
aquaculture [5].

Yang Xiao et al. proposed the theory of equipment condition monitoring visualization technology,
which has attracted widespread attention in the domestic academic community, laying a foundation
for the theoretical construction of intelligent sensor monitoring systems for recreation [6].

The research of Excellence et al. focuses on the specific application of UAV remote sensing
technology in forage crop growth monitoring, and the empirical study shows that smart sensors have
a significant effect in enhancing the efficiency of forage crop monitoring [7-8]. Jiang Lei et al.
explored the application of medication monitoring systems in smart communities, which provided
new ideas for the application of recreation monitoring systems in community health management [9].

Domestic research generally believes that multi-scene recreation intelligent sensor monitoring
system has a wide range of application prospects in the fields of environmental monitoring, health
management, agricultural production, and other fields. St. Qiangian et al. pointed out that although
domestic research has achieved certain results in theory and practice, there is still a certain gap
compared with foreign countries, especially in the systematic research of intelligent sensor
technology, which needs to be further deepened in the future [10-12].

2.3. The main challenges identified from the literature

Through the review of related literature at home and abroad, we can find that the multi-scenario
recreation intelligent sensor monitoring system still faces some major challenges in the process of
development, which not only constrain the further innovation of the technology but also affect the
wide application of the system to a certain extent.

The issue of data security and privacy protection remains one of the challenges of greatest concern.
Recreation monitoring systems involve a large amount of sensitive personal information, and how to
protect user privacy in the process of collecting, transmitting, storing, and analyzing such data is a
complex technical and ethical issue [13]. Although blockchain and other technologies provide new
solutions for data security, how to balance the contradiction between data sharing and privacy
protection in practical applications still needs to be further explored.

The reliability and stability of the system is also an important challenge. Recreational monitoring
systems usually require continuous operation over a long period, and any malfunction or false alarm
may have a serious impact on the users. Especially when it comes to special groups such as the elderly,
the reliability of the system is particularly important. How to improve the durability of the sensors,
enhance the anti-interference ability of the system, and optimize the fault detection and self-repair
mechanism are the key issues that need to be addressed in the current research [14].
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The enhancement of the level of intelligence faces a technical bottleneck. Although artificial
intelligence technologies have shown great potential in health data analysis, it is still a challenge to
effectively apply these technologies to complex and changing healthcare scenarios and realize truly
intelligent health management. In particular, the existing algorithms and models still have a lot of
room for improvement in handling heterogeneous data from multiple sources, understanding
individual differences, and recognizing long-term health trends.

The integration and interoperability of multi-scenario data also need to be addressed. Recreation
monitoring systems in different scenarios often adopt different technical standards and data formats,
and realizing seamless connection and data sharing among these heterogeneous systems is the key to
building a comprehensive recreation monitoring network [15]. Although some studies have proposed
data fusion solutions based on cloud platforms or edge computing, they still face challenges such as
technical complexity and cost in practical applications.

The usability and user acceptance of the system is also an issue that cannot be ignored. Especially
for elderly users, how to design easy-to-use, ergonomic sensors and interactive interfaces and how to
provide personalized, easy-to-understand health information feedback are key factors affecting the
popularization and application of the system.

The existence of these challenges, on the one hand, reflects the complexity and multidisciplinary
nature of the research on multi-scene recreation intelligent sensor monitoring systems, on the other
hand, it also points out the direction for future research. Only through continuous technological
innovation and interdisciplinary cooperation can we gradually overcome these challenges and
promote the development of recreation monitoring technology to a higher level.

3. Results and Discussion
3.1. Core findings

Through a comprehensive study and literature review of multi-scenario recreational smart sensor
monitoring systems, we can draw the following core conclusions.

Multi-scene recreation intelligent sensor monitoring system has become an important technical
support to promote the development of the recreation industry. By integrating advanced sensor
technology, the Internet of Things, big data analysis, and artificial intelligence, such systems provide
comprehensive and intelligent solutions for recreation services under different scenarios. Whether in
the family, community, or medical institutions, these systems have demonstrated strong adaptability
and application value, effectively improving the quality and efficiency of recreation services.

The development of multi-scenario health and wellness intelligent sensor monitoring systems is
shifting from single-function to multi-function integration and from passive monitoring to active
prediction. Through multimodal sensing fusion and advanced artificial intelligence algorithms, these
systems cannot only monitor the user's health status in real-time but also analyze long-term health
trends, predict potential risks, and provide personalized health management recommendations. This
shift greatly enhances the value of wellness monitoring, shifting from simple data collection to
intelligent health management.

3.2. Limitations

Although this study provides a comprehensive literature review and analysis of multi-scenario
recreational smart sensor monitoring systems, there are still some limitations, which may affect the
generalizability and application of the findings.

Limitations of the research scope. Since the intelligent sensor monitoring system for recreation
involves a wide range of fields, including medicine, engineering, computer science, sociology, and
other disciplines, this study may not be able to fully cover the latest progress in all related fields. In
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particular, some interdisciplinary, innovative studies may be neglected due to the classification of
disciplines.

Dynamic nature of technological development. Recreational intelligent sensor monitoring system
is a rapidly developing field, and new technologies and methods are constantly emerging. This study
is based on existing literature, which may not fully reflect the latest technology trends and
breakthroughs. In particular, some research results or patented technologies that have not been
formally published may not be included in this analysis.

The limited nature of practical application data. Although several application cases were reviewed
in this study, most of the studies are still in the laboratory stage or small-scale pilot stage. The lack
of large-scale, long-term practical application data may affect the assessment of the actual
effectiveness and potential problems of the system.

Representativeness of user groups. The targets of recreational services include the elderly, the
chronically ill, the subhealth, and other groups, each of which has its own special needs and usage
habits. This study may not be able to fully reflect the characteristics and needs of all user groups.

Recognizing these limitations helps us to look at the research findings more objectively and points
out the direction for future research. Future research can address these limitations in a more in-depth
and comprehensive manner to promote the further development and application of multi-scenario
recreation intelligent sensor monitoring systems.

3.3. Future prospects

Looking into the future, the development of multi-scene recreation intelligent sensor monitoring
system has a broad prospect, but also faces many opportunities and challenges. Based on the current
research status and technology trends, we can look forward to the future development direction as
follows.

Sensor technology breakthroughs: Future research will continue to drive innovation in sensor
technology toward miniaturization, low power consumption, and high accuracy. Advances in
wearable and implantable sensors will make health monitoring more senseless and continuous. The
application of new materials and manufacturing processes, such as flexible electronics, will make
sensors more comfortable and durable. In addition, the development of multifunctional integrated
sensors will realize the simultaneous monitoring of multiple physiological indicators and improve the
comprehensiveness and consistency of data.

Deep application of artificial intelligence: Artificial intelligence technologies, especially deep
learning and reinforcement learning algorithms, will play a greater role in health data analysis. These
technologies will enable systems to more accurately identify health risks, predict disease trends, and
provide personalized health management advice. At the same time, the application of natural language
processing and computer vision technologies will improve the interaction experience between the
system and the user, making health information easier to understand and accept.

Multi-scenario data integration and interoperability improvement: Future research will focus more
on the integration and analysis of health data in different scenarios. Through the establishment of
unified data standards and exchange protocols, the seamless connection of monitoring systems in
different scenarios, such as home, community, and hospital, will be realized. This will provide
important support for the construction of comprehensive personal health records and precision
medicine.

Enhanced security and privacy protection: With the increased emphasis on data security, future
wellness monitoring systems will utilize more advanced encryption technology and privacy
protection algorithms. Blockchain technology may play a greater role in the secure storage and
sharing of health data. At the same time, the application of differential privacy and other technologies
will enable the analysis and utilization of large-scale health data while protecting individual privacy.
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Deepening of personalized and precise services: Based on massive health data and advanced
analysis technology, the future recreation monitoring system will be able to provide more
personalized and precise health management services. This includes preventive health programs
based on individual genetic information, living habits, environmental factors, etc., as well as precise
treatment and rehabilitation programs for specific diseases.

The future development of multi-scene recreation intelligent sensor monitoring systems will be
characterized by more advanced technology, wider application, more accurate service, and more far-
reaching influence. The progress of this technology will not only promote the innovation of the
recreation industry but also make an important contribution to coping with the aging of the population
and improving the national health level. However, the realization of this beautiful vision requires the
joint efforts of academia, industry, and governmental departments to continuously promote
technological innovation, standardization, and policy support to build a healthier, smarter, and more
harmonious society in the future.

4. Conclusion

This paper comprehensively analyzes the status of multi-scene recreation intelligent sensor
monitoring systems and looks forward to the future development trend. By systematically combing
and analyzing the relevant literature, we can conclude that smart sensor technology has made
significant progress in the field of recreation monitoring, and secondly, the overall architectural
design and data fusion method of multi-scene recreation monitoring systems are becoming more and
more mature. We also note that the current multi-scenario recreation smart sensor monitoring system
still faces some technical challenges. Issues such as data security and privacy protection, system
reliability, and intelligence level still need to be further solved. Especially when a large amount of
sensitive personal health data is involved, how to ensure data security and privacy protection has
become a key issue to be solved. Based on the above conclusions, we propose to promote the
development of sensor technology in the direction of miniaturization, non-invasiveness, and
intelligence. Through deep learning, knowledge mapping, and other artificial intelligence
technologies, we can realize the in-depth fusion and analysis of multi-dimensional data, such as
physiology, environment, and behavior, and explore the health risks of recreation objects.
Personalized recreation program development technology will be more intelligent. Based on the
massive monitoring data and knowledge base, combined with the experience of experts, the intelligent
reasoning engine will be built to automatically generate personalized recreation programs for
recreation targets. Intelligent monitoring systems for recreation will be deeply integrated with
intelligent medical and intelligent community systems to build an intelligent recreation ecosystem
covering the whole life cycle and provide seamless and comprehensive services for recreation targets.
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