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Abstract: The core technologies of wearable health devices focus on three directions: multi-type sensor 
collaboration, artificial intelligence-assisted analysis, and non-invasive precise monitoring. By 
disassembling the functional components of mainstream devices and sorting out the technological 
update process, this paper clarifies the collection standards and processing logic of different 
physiological data. Based on the results of literature research and combined with the actual situation 
of equipment hardware optimization and algorithm innovation, this paper sorts out the coordination 
mechanism of these three core technologies and verifies their application value in different scenarios. 
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1. Introduction 

With the improvement of global health awareness and the upgrading of the information technology 
industry, the wearable health device industry has entered a period of rapid development. While the 
market scale is constantly expanding, the product types are also becoming more and more abundant, 
covering multiple scenarios such as daily health management, professional medical monitoring, and 
sports fitness. At present, the development of this industry mainly relies on technological innovation, 
but there are still areas for improvement in the compatibility and coordination of multi-type sensors, 
privacy protection in the application of artificial intelligence, and the accuracy of non-invasive 
monitoring[1]. Based on such industry status, this paper focuses on the current development status and 
future trends of the above three core technologies, sorts out the context of technological upgrading, 
explores the paths of improvement and breakthrough, and provides ideas for promoting wearable health 
devices to achieve medical-grade monitoring functions and build a complete active health management 
system. 

2. Research Background 

2.1 Continuous Expansion of Market Scale and Rapid Growth of Health Demand 

The general improvement of global health awareness and the continuous upgrading of the 
information technology industry have jointly driven the rapid growth of the market scale and usage 
volume of wearable health devices. Authoritative data from market research institutions shows that the 
global market scale of wearable health devices has maintained an upward trend in recent years, and it is 
expected to reach 40 billion US dollars by 2027, with an average annual growth rate as high as 18%. 
Looking at the domestic market, the overall market scale of health monitoring wearable devices in 
China has exceeded 58 billion yuan, with an average annual growth rate of about 22%[2]. This set of 
domestic growth data not only echoes the expansion trend of the global market but also intuitively 
reflects the rapid outbreak of domestic consumers' demand for health monitoring. Over the past ten 
years, the continuous development of the information technology industry has provided key support for 
the scale growth of wearable health monitoring devices. It is precisely with such an industrial 
foundation that wearable health devices can get rid of the early single product form, continuously 
upgrade and iterate into diversified models and categories, and lay a solid product foundation for the 
further expansion of the market scale. Without the support of information technology, it would be 
difficult for wearable health devices to achieve the enrichment of functions and diversification of forms, 
and thus unable to meet the needs of different consumers, and the expansion of market scale would 
naturally be restricted. 
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2.2 Diversified Expansion of Product Types and Continuous Extension of Covered Scenarios 

Wearable health devices are developing synchronously in multiple fields, with product types 
continuously enriched and covered usage scenarios constantly extended. Among them, smart bracelets 
and smart watches, as the mainstream products in the current market, firmly occupy the dominant 
position. These products generally integrate core functions such as heart rate monitoring, blood oxygen 
detection, and sleep analysis, which accurately match the basic needs of consumers for daily health 
management, thus becoming the entry-level first choice for the public to access health monitoring. In 
addition to these mainstream categories, emerging products such as smart rings, smart necklaces, smart 
clothing, and miniature wearable sensors are also rising rapidly. Relying on their lightweight design 
and fashionable appearance, these emerging products have successfully broken the usage scenario 
limitations of traditional devices and attracted the attention and love of a large number of young 
consumer groups. In the professional medical field, the professional transformation of wearable health 
devices has achieved remarkable results, and medical-grade products such as continuous glucose 
monitors, portable electrocardiogram devices, and non-invasive blood pressure monitors are constantly 
emerging. These products accurately meet the core needs of chronic disease management and provide 
an effective carrier for the extension of medical services from hospitals to home and other scenarios. In 
the field of sports fitness, wearable health monitoring devices are being used more and more widely. 
With the popularization of health culture and fitness culture, more and more consumers take the 
initiative to use wearable devices to record sports data, and use the monitoring function of the devices 
to grasp their own health status in real-time, making such devices gradually become an indispensable 
auxiliary tool in sports fitness scenarios. 

3. Current Status and Development Trends of Wearable Health Monitoring Devices 

3.1 Multi-type Sensor Collaboration: Building a Comprehensive Physiological Parameter 
Monitoring Network 

3.1.1 Current Development Status 

As a core development direction of wearable health monitoring devices, multi-type sensor 
collaboration technology is building a comprehensive physiological parameter monitoring network 
through the joint action of sensor integration, interface standardization, and material innovation. At 
present, the technological update speed of wearable health monitoring devices has accelerated 
significantly[3]. By analyzing the functional components of mainstream devices on the market, it can 
be found that the functional modules of the devices are constantly enriched and upgraded. This upgrade 
trend has directly driven the continuous increase in the types of sensors equipped with the devices, and 
the supporting software and hardware facilities have also been continuously improved. The core logic 
of multi-type sensor collaboration is to integrate and apply sensors with different working principles, 
that is, to integrate different types of sensors such as optical, electrochemical, and mechanical sensors 
into the same device, and realize the synchronous collection of data from multiple sources through 
standardized interface design. At this stage, the miniaturization and integration of sensors are mainly 
driven by micro-electro-mechanical systems technology. This technology can highly integrate multiple 
sensor units into chips and modules, which can not only greatly reduce the overall volume of the device 
but also effectively control the power consumption of the device, providing core support for the 
portable design of the device. International standardization organizations (ISO) and the Institute of 
Electrical and Electronics Engineers (IEEE) are actively promoting the formulation of interface 
standards for multi-type sensors. For example, the intelligent sensor interface standard jointly issued by 
ISO and International Electrotechnical Commission (IEC) clearly requires that devices must support 
data transmission of multiple protocols. This standard has effectively solved the incompatibility 
problem between sensors produced by different manufacturers and cleared the obstacles for the large-
scale application of multi-type sensor collaboration. The innovative breakthroughs in materials science 
have provided key guarantees for improving sensor performance. The wide application of new 
materials such as graphene and carbon nanotubes has greatly improved the sensitivity and stability of 
sensors. Among them, the application of aluminum nitride carbon nanotube materials in pressure 
sensors has successfully reduced the device manufacturing cost by 30%, creating favorable conditions 
for the large-scale integration of sensors. 

3.1.2 Development Trends 

At the technical application level, multi-type sensor collaboration technology focuses on the real-
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time integration and analysis of various data, and improves data processing efficiency by optimizing 
hardware architecture and innovating algorithms[4]. In the data collection link, most wearable health 
devices have implanted field-programmable gate arrays (FPGAs), which realize nanosecond-level 
timing control with a time-triggered architecture. This architecture can accurately coordinate the data 
synchronization of sensors with different frequencies, providing a unified time benchmark for 
subsequent data integration and analysis. In the data processing stage, feature extraction algorithms 
based on deep learning play a core role, which can automatically identify the correlation features in 
various types of data. For example, by integrating heart rate, blood oxygen, and sleep data to build a 
health status model, early warning of disease risks can be realized, and the health monitoring value of 
the device can be improved. 

The introduction of edge computing technology has further optimized the data processing 
architecture, allowing some core data processing tasks to be completed directly at the device terminal. 
This architectural adjustment has greatly reduced the dependence on cloud computing. Taking the atrial 
fibrillation monitoring function of smart bracelets as an example, by embedding a lightweight neural 
network model, the real-time monitoring and analysis time of the device has been shortened from 23 
milliseconds of the traditional scheme to 8 milliseconds, significantly improving the response speed of 
the device. 

At the technical innovation level, multi-type sensor collaboration technology is moving towards 
breakthroughs in self-powered systems and neuromorphic computing. In the field of energy 
management, triboelectric nanogenerator technology supplies power to the device by collecting 
mechanical energy generated by human movement, effectively solving the problem of short device 
battery life. In the field of computing architecture, neuromorphic computing technology realizes 
hardware-level analog signal judgment by simulating the working process of biological neurons, 
significantly improving the autonomous decision-making ability of the system. The breakthrough of 
full-printing technology provides a new path for reducing costs and improving efficiency in sensor 
manufacturing. For example, inkjet printing technology can integrate a variety of functional 
nanomaterials onto flexible substrates to manufacture neuromorphic systems with both sensing and 
analog processing functions. This process not only greatly reduces the operating power consumption of 
the system but also provides a feasible technical direction for the research and development of next-
generation flexible and low-power consumption health monitoring devices. 

3.2 In-depth Assistance of Artificial Intelligence: From Data Collection to Intelligent Diagnosis, 
Building a Closed-loop of Active Health Management 

3.2.1 Current Development Status 

Artificial intelligence technology has fully penetrated into all links of wearable health monitoring, 
promoting devices to upgrade from traditional data collection tools to intelligent diagnosis terminals, 
and then building a closed-loop of active health management. At this stage, the technical core of 
wearable health monitoring devices focuses on the integration of various types of data and the system 
optimization of edge computing architecture, and the collaborative cooperation of the two provides a 
solid foundation for the application of artificial intelligence. The integration of various types of data 
realizes the synchronous collection of environmental parameters and physiological parameters through 
the aforementioned multi-type sensor array. At the same time, it ensures the spatiotemporal consistency 
of data from different sources with the help of timestamp alignment technology, providing high-quality 
data input for subsequent artificial intelligence analysis. The edge computing architecture improves 
data processing efficiency by sinking data processing tasks to the device side, and directly deploys data 
preprocessing tasks on the devic. The device side performs noise reduction, supplementing missing 
data, and feature extraction on the original data through lightweight algorithms such as wavelet 
transform filtering and Kalman filtering, effectively reducing the amount of invalid data transmitted to 
the cloud. Taking heart rate signal processing as an example, the device side can accurately remove 
high-frequency interference in the signal through a Butterworth low-pass filter, and then extract time-
domain and frequency-domain features through feature extraction algorithms to form a structured data 
packet. After encryption processing, the data packet is transmitted to the cloud for in-depth analysis. 
This hierarchical processing architecture not only greatly reduces the computing pressure on the cloud 
but also enhances the privacy protection ability of user data through local data processing, providing a 
security guarantee for the implementation of intelligent diagnosis functions. Without such a 
hierarchical processing and privacy protection mechanism, the security of users' health data cannot be 
effectively guaranteed, and the intelligent diagnosis function is also difficult to gain users' trust. 
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3.2.2 Development Trends 

At the technical application level, the collaborative application of hierarchical processing 
mechanism and federated learning technology has become a key support for building a closed-loop of 
active health management. The hierarchical processing mechanism decomposes the data flow into a 
three-level processing system: device side, mobile phone side, and cloud side. The device side is 
responsible for the initial collection of raw data and basic feature extraction. The mobile phone side 
integrates data from multiple devices through middleware and runs intermediate models to complete 
abnormal pattern recognition. The cloud side deploys complex models and combines external 
information such as user historical data and electronic medical records to generate hierarchical 
personalized health risk assessment reports. Federated learning technology realizes the collaborative 
use of data from multiple devices through a distributed training framework, and optimizes the global 
model by combining data from multiple devices under the premise of strictly protecting user privacy. 
Specifically, each device completes the calculation of model gradients locally, encrypts and uploads the 
gradient data to a coordination server for secure aggregation, and finally forms a joint model covering 
multiple users and multiple devices. This technical solution not only significantly improves the 
generalization ability of the model, increasing the accuracy of sleep quality prediction by more than 
30%, but also can strictly meet data compliance requirements such as GDPR. With the collaborative 
support of these technologies, the wearable health monitoring system has been equipped with the 
ability to push personalized intervention suggestions in real-time. 

3.3 Non-invasive Precise Monitoring: Breaking the Limitations of Traditional Detection and 
Realizing Daily Medical-grade Monitoring 

3.3.1 Current Development Status 

With the advantage of non-invasive detection, non-invasive precise monitoring technology has 
broken the scenario limitations of traditional medical detection and promoted wearable health devices 
to realize the implementation of daily medical-grade monitoring functions. At present, mainstream 
wearable health monitoring devices generally realize the synchronous collection of various 
physiological signals by integrating multiple sensors[5]. The devices usually integrate core modules 
such as photoplethysmography (PPG) sensors, electrocardiogram (ECG) sensors, bioimpedance sensors, 
and temperature sensors to form a comprehensive physiological signal collection system. Among them, 
PPG sensors accurately extract core physiological information such as heart rate, blood oxygen, and 
blood pressure fluctuations by means of changes in the reflection intensity of light of specific 
wavelengths after penetrating the skin. ECG sensors directly calculate heart rate variability and 
arrhythmia risks by capturing myocardial electrical activity signals, providing accurate data for 
cardiovascular health monitoring. Bioimpedance sensors monitor the dynamic changes of tissue 
impedance by applying weak and safe currents to the human body, and indirectly infer key parameters 
such as body fat rate, water content, and respiratory rate. At the algorithm level, the device realizes the 
spatiotemporal alignment and feature fusion of various types of data by optimizing the application of 
deep learning models. For example, extracting time-domain features of PPG signals through 
convolutional neural networks (CNNs), analyzing frequency-domain features of ECG signals combined 
with long short-term memory (LSTM) networks, and finally dynamically weighting various types of 
features through an attention mechanism. This algorithm architecture can significantly improve the 
prediction accuracy of key physiological parameters such as blood oxygen and blood glucose, 
providing algorithmic support for non-invasive precise monitoring. Without such algorithm 
optimization, the integrated analysis of various physiological signals cannot be realized, and the 
accuracy of non-invasive monitoring is also difficult to be guaranteed. 

3.3.2 Development Trends 

The future development trend of non-invasive precise monitoring technology focuses on the two-
way breakthrough of materials science innovation and energy management optimization. At the 
material level, significant progress has been made in the research and development and application of 
flexible electronic materials. Such materials can make sensors closely fit the curved surface of the 
human body, effectively reducing the impact of interference generated during movement on detection 
signals. For example, flexible circuit boards using liquid metal interconnection technology can achieve 
a stretch rate of 300% while maintaining stable conductivity, which can fully adapt to the monitoring 
needs of frequently moving parts such as joints. The application of graphene film sensors has achieved 
a leapfrog improvement in signal detection sensitivity. Its thickness is only 1/10 of that of traditional 
metal electrodes, but it can accurately detect microvolt-level electrical signal changes. This 
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performance breakthrough provides the possibility for the implementation of high-precision detection 
functions such as non-invasive blood glucose monitoring, and promotes wearable health devices to 
continuously move towards medical-grade precise monitoring. In terms of energy management 
optimization, in addition to the aforementioned self-powered technology, the development of efficient 
low-power battery technology has also become an important direction. Efficient low-power batteries 
can improve battery life while reducing volume, allowing wearable devices to avoid frequent charging 
and further enhancing the user experience. The two-way efforts of material innovation and energy 
management optimization will enable non-invasive precise monitoring technology to continuously 
break through bottlenecks and promote wearable health devices to achieve more extensive medical-
grade applications. 

4. Conclusion 

In general, the core cognition of the integrated development of wearable health device technology 
and the industry is that the collaborative breakthrough of multi-modal sensing fusion, in-depth AI 
empowerment, and non-invasive precise monitoring is the core driving force for industry upgrading. 
The in-depth value of technological iteration is not only the enrichment of device functions but also the 
promotion of the model transformation of health management from "passive response" to "active 
intervention". Future technological development needs to focus on the collaborative efforts of material 
innovation and energy optimization, improve device adaptability and monitoring accuracy through the 
large-scale application of flexible electronics and new nanomaterials, and break through battery life 
limitations with the help of self-powered systems. This development path will completely break the 
scenario barriers of traditional medical detection, promote the full implementation of daily medical-
grade monitoring, lay a solid technical foundation for the digital transformation of health management, 
and ultimately build a personalized and full-cycle active health management ecosystem. 
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