
Eurasia Journal of Science and Technology
Print ISSN: 2663-1024
Online ISSN: 2663-1016
DOI: https://doi.org/10.61784/ejst3094

© By the Author(s) 2025, under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0).

POLICE SPORTS REHABILITATION TECHNOLOGYUTILIZING
MULTI-SENSOR DATA

LiNing Yuan1, SenSong Liang1*, SuZhen Luo2
1School of Information Technology, Guangxi Police College, Nanning 530028, Guangxi, China.
2Ministry of Public Sports, Guangxi Police College, Nanning 53028, Guangxi, China.
Corresponding Author: SenSong Liang, Email: liangsensong@gcjcxy.edu.cn

Abstract: As the complexity and hazards associated with police work continue to escalate, law enforcement officers are
increasingly susceptible to physical injuries. This study investigates the application of police sports rehabilitation
technology that utilizes multi-sensor data, with the objective of acquiring comprehensive and precise rehabilitation
information through the integration of multi-sensor data. The research aims to facilitate accurate analysis and the
development of tailored rehabilitation programs by employing advanced algorithms. This article delineates the critical
importance of multi-sensor data in the context of police sports rehabilitation, encompassing the monitoring of motion
postures and the assessment of physiological parameters. Furthermore, it delves into the methodologies and
technologies pertinent to multi-sensor data fusion, as well as strategies for customizing and optimizing rehabilitation
programs based on data-driven approaches. The findings of this study provide substantial support for the physical
rehabilitation of police officers and their reintegration into the workforce, underscoring its significant practical
implications and application value.
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1 INTRODUCTION

In the context of social transformation and an increasingly complex security landscape, law enforcement agencies are
encountering unprecedented challenges. The emergence of new forms of criminal activity, characterized by heightened
intelligence and violence, necessitates that police officers engage in a range of critical tasks, including counter-
terrorism, emergency response, and public safety patrols [1]. These responsibilities demand not only exceptional
physical fitness but also the ability to navigate various sudden and hazardous situations. Injuries sustained by officers
can severely impact their individual health and significantly disrupt the normal functioning of police operations, often
resulting in prolonged absences that diminish the overall efficacy of social security prevention and control measures.
Traditional approaches to police sports rehabilitation predominantly rely on manual assessments conducted by
rehabilitation therapists, alongside empirical rehabilitation strategies. In practice, therapists frequently evaluate the
physical condition of injured officers through visual observation, rudimentary physical examinations, and subjective
inquiries. For instance, joint mobility assessments typically involve manual measurements using protractors, a method
that is cumbersome and susceptible to considerable measurement errors, thereby complicating the accurate detection of
subtle changes in joint movement during dynamic activities. Furthermore, when developing rehabilitation plans,
individual factors such as the officer's age, physical condition, injury location, and severity are often inadequately
addressed, leading to inconsistent rehabilitation outcomes. More critically, conventional rehabilitation models lack real-
time dynamic monitoring and feedback mechanisms [2], which precludes timely adjustments to rehabilitation strategies
based on the evolving physical condition of the officer during recovery. This can result in excessively prolonged
rehabilitation periods, suboptimal recovery outcomes, and the potential for secondary injuries.
The rapid advancement of sensor technology, data processing capabilities, and artificial intelligence algorithms presents
significant opportunities for enhancing medical rehabilitation through the application of multi-sensor data. Various
sensors, including accelerometers, gyroscopes, heart rate monitors, and electromyography sensors, can accurately and in
real-time collect multidimensional data regarding human movement, physiological parameters, and muscle activity
throughout the rehabilitation process. By utilizing sophisticated data fusion and analysis techniques, these
heterogeneous data sources can be integrated and processed, facilitating a comprehensive exploration of the underlying
information. This approach provides an objective, scientific, and thorough foundation for the formulation and
adjustment of rehabilitation plans. The integration of multi-sensor data technology into police sports rehabilitation is
anticipated to overcome the limitations of traditional rehabilitation methods, addressing the personalized and efficient
rehabilitation needs of police officers and aiding injured personnel in swiftly restoring their physical capabilities and
resuming their duties. This advancement holds significant implications for enhancing the operational effectiveness of
law enforcement agencies and ensuring the stability of social security.

2 CURRENT RESEARCH OF POLICE SPORTS REHABILITATION TECHNOLOGY

The understanding of human movement rehabilitation is a fundamental aspect of motion analysis and assessment
research, which is crucial for informing patient rehabilitation training and fostering a healthy lifestyle. The advent of
machine learning technologies and advancements in computational capabilities have facilitated the development of
compact and user-friendly portable sensors, significantly improving the training efficiency for patients with limb
disabilities. For instance, researchers such as Panwar [3] have employed wearable sensors to gather data that effectively
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categorizes rehabilitation movements in the arms of stroke patients. Similarly, the Mario team [4] utilized pressure
sensors embedded in insoles to monitor pressure distribution across various regions of the foot during ambulation,
thereby analyzing the gait characteristics of stroke patients. Furthermore, the mirror therapy enabler, a robotic apparatus
designed to assist patients with upper limb dysfunction in their exercises, employs a 6-axis inertial force sensor to
accurately measure the force and torque exerted between the affected and unaffected limbs during rehabilitation,
thereby enhancing the precision of rehabilitation training [5]. Video image processing technology has demonstrated
considerable potential in the analysis of human motion perception, with applications spanning clinical diagnosis,
rehabilitation treatment, and sports science. In particular, within the medical domain, this technology aids healthcare
professionals in analyzing motion data from patients with limb dysfunction, significantly benefiting disease diagnosis
and monitoring rehabilitation progress [6]. The Matos team employed stereo cameras to track the movement trajectories
of patients in rehabilitation settings, utilizing this data to assess the effectiveness of training interventions [7].
Electromyography (EMG), which captures the bioelectric signals associated with muscle activity through electrodes,
offers an objective and quantitative approach for assessing muscle function. Wei et al. [8] have utilized high-density
surface electromyography (sEMG) in conjunction with pattern recognition technology to establish a rehabilitation
environment that enables real-time classification of forearm rehabilitation movements, thereby facilitating the
enhancement of fine motor skills in the forearm.

3 ANALYSIS OF THE DEMAND FOR POLICE SPORTS REHABILITATION TECHNOLOGY

3.1 Characteristics of Police Sports Rehabilitation Needs

Traditional approaches to police sports rehabilitation predominantly depend on manual evaluations conducted by
rehabilitation therapists, alongside empirical rehabilitation strategies. Therapists typically assess the physical condition
of injured personnel through observational techniques and basic physical examinations, which are inherently subjective
and hinder the acquisition of comprehensive and precise rehabilitation data. For instance, when assessing joint range of
motion, reliance on visual observation and manual measurements can result in considerable inaccuracies, failing to
capture subtle variations in joint movement. Furthermore, the formulation of rehabilitation plans often employs
standardized rehabilitation protocols and training regimens, which inadequately account for individual differences,
leading to inconsistent rehabilitation outcomes. Additionally, conventional rehabilitation processes lack mechanisms for
real-time monitoring and dynamic adjustments regarding rehabilitation efficacy, thereby precluding timely optimization
of rehabilitation plans based on the actual recovery trajectories of the injured individuals.
Consequently, the police force exhibits distinct requirements in the realm of sports rehabilitation. Firstly, the physical
fitness standards requisite for police work are exceptionally high, encompassing strength, endurance, speed, agility, and
coordination. Therefore, the objective of rehabilitation extends beyond mere restoration of physical function; it also
aims to facilitate a swift return to a physical state that enables police officers to perform high-intensity law enforcement
duties. Secondly, the exigent nature of police work necessitates a reduction in the rehabilitation cycle to the greatest
extent possible, thereby minimizing the impact of injury-related absences on law enforcement operations. Moreover,
given the complex and varied nature of injuries sustained by police officers in the line of duty, rehabilitation plans must
be highly individualized and targeted.

3.2 The Necessity of Introducing Multi-Sensor Data

The integration of multi-sensor data represents a viable solution to the shortcomings of traditional police sports
rehabilitation technology. By employing a range of sensors, including accelerometers, gyroscopes, heart rate monitors,
and electromyography sensors, it becomes feasible to gather real-time and precise multidimensional data regarding the
injured individual's movement patterns, joint angles, muscle activity, heart rate, blood pressure, and other relevant
metrics throughout the rehabilitation process. This data can provide a comprehensive and objective representation of the
physical condition and rehabilitation progress of the injured, thereby establishing a robust data foundation for therapists
to devise personalized and precise rehabilitation plans. Concurrently, a real-time monitoring system predicated on multi
-sensor data can swiftly detect any irregularities during the rehabilitation process, facilitating dynamic adjustments to
the rehabilitation plan. This approach significantly enhances rehabilitation effectiveness and efficiency, thereby
addressing the specialized sports rehabilitation needs of the police force.

4 THE INTEGRAL ROLE OF MULTI-SENSOR DATA IN POLICE SPORTS REHABILITATION

4.1 Monitoring and Analyzing Movement Posture

In the context of police sports rehabilitation, the precise monitoring of the movement posture of injured personnel is
essential for evaluating the effectiveness of rehabilitation efforts and mitigating the risk of secondary injuries. The
utilization of accelerometers and gyroscopes facilitates the real-time measurement of acceleration and angular velocity
across various body segments. Through the application of data fusion algorithms, these devices can accurately compute
joint movement angles and trajectories. For instance, during lower limb rehabilitation exercises, sensors can be affixed
to the thigh, calf, and foot to track the flexion and extension angles, as well as the range of motion of the knee and ankle
joints during activities such as ambulation and running. This data enables rehabilitation therapists to assess the
normalcy of the injured individual's gait and identify any restrictions in joint mobility or abnormal compensatory
movements. Should an excessive inward rotation of the knee joint be observed during ambulation, the therapist can
promptly modify the rehabilitation regimen, intensifying targeted muscle strength and joint stability training to rectify
the abnormal gait and facilitate the rehabilitation process.
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4.2 Assessment and Monitoring of Physiological Parameters

Physiological parameters serve as critical indicators of bodily functions and the rehabilitation status of injured
individuals. Real-time monitoring of heart rate, blood pressure, and blood oxygen saturation can be achieved through
the use of heart rate sensors, blood pressure monitors, and blood oxygen saturation sensors during rehabilitation
training. This information aids therapists in gauging the injured person's tolerance to rehabilitation activities, thereby
preventing injuries associated with overexertion. For example, during aerobic rehabilitation exercises, monitoring heart
rate allows therapists to maintain it within an appropriate training range, tailored to the individual's age, physical
condition, and stage of rehabilitation. An elevated heart rate may signal excessive training intensity, warranting a
reduction in exercise intensity or an extension of rest periods; conversely, a low heart rate may indicate insufficient
training intensity to achieve the desired rehabilitation outcomes. Furthermore, ongoing monitoring of blood pressure
and blood oxygen saturation can facilitate the timely identification of potential cardiovascular complications or
respiratory dysfunctions, thereby ensuring the safety of the rehabilitation process.

4.3 Monitoring Muscle Function and Rehabilitation Guidance

Electromyography (EMG) sensors are employed to capture the electrical signals produced by muscles during
contraction and relaxation. Analyzing these signals allows for the assessment of muscle functional status and fatigue
levels. In police sports rehabilitation, EMG sensors are particularly valuable for individuals experiencing impaired
muscle function due to strains, sprains, or nerve injuries. Therapists can monitor the EMG signals of injured individuals
during muscle strength training to evaluate muscle activation levels and recruitment patterns. A muscle exhibiting weak
EMG signals during training may indicate inadequate muscle strength, necessitating an increase in targeted training
intensity and methodologies. Additionally, continuous monitoring of EMG signal variations over time enables therapists
to evaluate the recovery of muscle function, thereby informing adjustments to rehabilitation plans. For example, in hand
muscle rehabilitation, the attachment of EMG sensors to the hand muscle groups allows therapists to monitor the real-
time activity of the finger flexor and extensor muscles, guiding the injured individual in precise rehabilitation exercises
aimed at enhancing the strength and coordination of hand muscles, ultimately promoting the recovery of hand function.

5 MULTI-SENSOR DATA FUSION TECHNOLOGY AND METHODS

5.1 Principles and Significance of Multi-Sensor Data Fusion

Multi-sensor data fusion encompasses the systematic integration of diverse data types obtained from multiple sensors to
yield more precise and holistic information. In the context of police sports rehabilitation, the data gathered from various
sensors exhibit both complementary and redundant characteristics. For instance, while accelerometers and gyroscopes
can provide insights into motion posture, they lack the capability to monitor physiological parameters. Conversely,
heart rate and blood pressure sensors are primarily designed to track physiological metrics and do not capture motion
posture data. Through the process of data fusion, these complementary datasets can be amalgamated, thereby reducing
redundancy and enhancing the reliability and accuracy of the information. Furthermore, data fusion facilitates a
multidimensional analysis of an injured individual's physical condition, thereby providing a more robust and scientific
foundation for the development and modification of rehabilitation plans, ultimately improving the effectiveness and
efficiency of rehabilitation efforts.

5.2 Common Methods of Multi-Sensor Data Fusion

5.2.1 Weighted Average Method
The weighted average method represents a straightforward and intuitive approach to data fusion. This technique
involves assigning a weight to each sensor's data based on the reliability and significance of the information provided
by different sensors, followed by averaging the weighted sensor data to derive the fusion outcome. For example, when
integrating acceleration data from multiple accelerometers monitoring the same object, a sensor exhibiting higher
accuracy and stability would receive a larger weight, while sensors with lower accuracy and greater susceptibility to
interference would be assigned smaller weights. Although the weighted average method is relatively easy to implement
and compute, the determination of weights can be somewhat subjective and may not adequately account for the
interdependencies among sensor data.
5.2.2 Neural Network Fusion Method
The neural network fusion method leverages the advanced nonlinear mapping and data processing capabilities inherent
in artificial neural networks to facilitate the fusion of multi-sensor data. Initially, data collected from various sensors
serve as inputs to the neural network, which is trained to discern the intrinsic relationships and patterns among the data
from different sensors. In practical applications, when new sensor data is introduced, the neural network can generate a
fused output based on the knowledge acquired during training. This method exhibits considerable adaptability and is
adept at managing complex nonlinear relationships. For instance, when integrating motion posture data with
physiological parameter data, the intricate nonlinear relationship between these two types of data poses challenges for
traditional fusion methods. The neural network fusion method, however, can autonomously learn the correlations
between variations in motion posture and corresponding physiological responses through extensive training data,
thereby achieving more accurate data fusion and providing comprehensive and precise information for rehabilitation
assessment.

5.3 Application Process of Multi-Sensor Data Fusion in Police Sports Rehabilitation
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5.3.1 Constructing a Motion State Detection Algorithm Based on Limb Situation Awareness
The initial step involves defining the limb motion states to be detected, such as running, jumping, and walking, along
with their associated key features, which include position, speed, acceleration, and angle of the limbs. Motion data are
collected through sensors (e.g., accelerometers, gyroscopes, magnetometers) or cameras. Subsequently, the collected
data undergo cleaning, denoising, and smoothing processes to eliminate outliers and noise, thereby enhancing data
accuracy and reliability. Relevant features pertaining to limb motion states are extracted from the preprocessed data.
The model is then trained using known motion state data, enabling it to learn the characteristics and patterns associated
with different motion states. Finally, the model's accuracy and reliability are validated by comparing its predictions with
actual conditions. Should the model's performance be suboptimal, adjustments to model parameters or a reevaluation of
training features may be warranted.
5.3.2 Designing Circuitry to Match the Detection Algorithm
The first step in this process involves amplifying the weak signals produced by the sensors to ensure accurate
processing by subsequent circuits. Appropriate amplification factors and circuit topologies must be selected to prevent
signal distortion. Following this, low-pass, high-pass, or band-pass filters are designed to eliminate noise and
interference from the sensor output signals. The analog signals are then converted into digital signals for processing by
subsequent digital signal processing algorithms, necessitating the selection of an analog-to-digital converter (ADC) chip
characterized by high resolution and low noise. A microcontroller unit (MCU) with adequate processing capabilities
and low power consumption is chosen to manage the digital signals output by the sensors, ensuring it can execute
complex algorithms such as posture calculation, filtering, and feature extraction. Finally, the actual circuitry is
constructed, followed by hardware debugging and testing to confirm that the circuit's functionality and performance
meet established requirements, including sensor sensitivity, signal stability, and data accuracy.
5.3.3 Designing a Human-Machine Interaction System
The design of a human-machine interaction system predicated on limb situation awareness is a multifaceted yet
promising endeavor that synthesizes knowledge from various domains, including human posture recognition
technology, machine learning, and artificial intelligence. The primary objective of this system is to facilitate intelligent
interaction with machines by recognizing and interpreting human posture information. This system is capable of
capturing and analyzing data regarding the positions, angles, and movements of critical body parts, such as bones and
joints, to discern user intentions and respond appropriately. Suitable communication protocols (e.g., Wi-Fi, Bluetooth)
should be selected to enable data transmission and interaction between devices, leveraging cloud services for data
storage, analysis, and sharing, as well as facilitating cross-device interaction. Interaction logic should be thoughtfully
designed based on application scenarios and user requirements, ensuring that it is straightforward, intuitive, and user-
friendly. The user interface should be developed in accordance with ergonomic and psychological principles to enhance
the overall user experience.

6 DEVELOPMENT AND OPTIMIZATION OF POLICE SPORTS REHABILITATION PROGRAMS

6.1 Framework and Rationale for Rehabilitation Program Development

The formulation of police sports rehabilitation programs informed by multi-sensor data constitutes a methodical and
empirical approach. Initially, rehabilitation therapists gather comprehensive physical data pertaining to the injured
individual during the acute phase of injury, employing various sensors to capture information regarding motor function
deficits, baseline physiological metrics, muscle strength, and joint mobility. Concurrently, a thorough analysis of this
data is conducted in relation to the individual's occupational profile, the etiology of the injury, and the rehabilitation
objectives. For instance, in the case of an individual with a leg fracture resulting from a capture operation, the therapist
must prioritize factors such as the healing of the fractured bones, the restoration of lower limb muscle strength, and the
re-establishment of gait patterns. Drawing upon the analytical findings, the therapist utilizes the insights derived from
the multi-sensor data to devise a tailored rehabilitation program. This program encompasses the delineation of
rehabilitation training phases, the specific training content and intensity for each phase, the selection of appropriate
rehabilitation assistive devices, and the scheduling of rehabilitation sessions. Throughout the program's development,
multi-sensor data serves as an objective and precise foundation for the therapist, facilitating the alignment of the
program with the unique needs of the injured individual and enhancing rehabilitation outcomes.

6.2 Data-Driven Optimization Approaches for Rehabilitation Programs

Throughout the rehabilitation process, the individual's physical condition and progress are subject to dynamic changes,
necessitating real-time adjustments to the rehabilitation program based on the monitoring results derived from multi-
sensor data. Therapists continuously gather data regarding the individual's movement patterns, physiological
parameters, and muscle function during rehabilitation sessions, employing data analysis algorithms for real-time
evaluation. Should the training outcomes during a specific rehabilitation phase fall short of expectations—such as a
sluggish improvement in joint mobility or minimal gains in muscle strength—the therapist can ascertain the underlying
causes through data analysis, which may include inadequate training intensity, inappropriate training methodologies, or
unsuitable rehabilitation assistive devices. Subsequently, the therapist implements targeted modifications to the
rehabilitation program informed by the insights provided by the multi-sensor data. For example, adjustments may
involve increasing training intensity, altering training techniques, or substituting with more appropriate rehabilitation
assistive devices. This data-driven optimization strategy ensures that the rehabilitation program remains consistently
aligned with the individual's actual rehabilitation status, thereby maximizing rehabilitation efficacy and reducing the
duration of the rehabilitation process.

6.3 Case Study: Impact of Multi-Sensor Data-Driven Rehabilitation Programs
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As an illustrative example, consider a police officer who incurred a knee injury while on duty and subsequently
underwent sports rehabilitation treatment guided by multi-sensor data. In the initial stages of rehabilitation, data
regarding the knee joint's movement patterns and muscle activity were collected using accelerometers, gyroscopes, and
electromyography sensors, while physiological parameters were monitored through heart rate and blood pressure
sensors. The therapist crafted a personalized rehabilitation program based on this data, which included initial
interventions for knee joint immobilization and edema reduction, followed by mid-term training focused on joint
mobility and muscle strength, and concluding with functional training. During the rehabilitation process, real-time
monitoring of multi-sensor data indicated a slow increase in quadriceps strength during the mid-term muscle strength
training phase. Further analysis of the electromyography data revealed deficiencies in the muscle activation pattern
during quadriceps training. Consequently, the therapist modified the training methods based on the analytical results,
incorporating targeted muscle activation exercises and appropriately increasing training intensity. Following a period of
adjustment, subsequent monitoring of multi-sensor data demonstrated a significant enhancement in quadriceps strength,
alongside marked improvements in knee joint stability and functional movement. Ultimately, the individual successfully
regained knee function in a relatively brief timeframe and was able to resume police duties. This case exemplifies the
capacity of sports rehabilitation programs informed by multi-sensor data to deliver precise rehabilitation interventions,
thereby effectively improving rehabilitation outcomes and efficiency.

7 CONCLUSION

This study investigates the application of police sports rehabilitation technology utilizing multi-sensor data. It
emphasizes the critical role of multi-sensor data in the rehabilitation of police personnel, exploring the technologies and
methodologies for data fusion, as well as the development and optimization of rehabilitation plans informed by this
data. The findings indicate that multi-sensor data can effectively and accurately monitor various parameters, including
movement posture, physiological metrics, and muscle functionality throughout the rehabilitation process. This
comprehensive monitoring provides a scientific foundation for the formulation and modification of rehabilitation
strategies. Furthermore, the integration of multi-sensor data fusion technology enhances the reliability and precision of
the data by leveraging the strengths of diverse sensors. Rehabilitation plans that are informed by multi-sensor data
facilitate personalized and targeted treatment, thereby significantly improving rehabilitation outcomes and efficiency.
Experimental results corroborate the efficacy and advantages of this technology in the context of police sports
rehabilitation. The implementation of multi-sensor data-based rehabilitation technology holds considerable potential
value and significance. From the perspective of individual police officers, this technology can expedite the recovery of
injured personnel, thereby reducing absenteeism and mitigating the adverse effects of occupational injuries on their
careers and overall quality of life. From an organizational standpoint, officers who recover swiftly can return to duty
promptly, ensuring the continuity and effectiveness of police operations and enhancing public safety capabilities.
Additionally, the adoption of this technology may foster innovation and advancement in the realm of police medical
rehabilitation, offering valuable insights for research in sports rehabilitation across related fields.
Future research endeavors may concentrate on several key areas: Firstly, there is a need to further refine multi-sensor
data fusion algorithms to enhance the accuracy and efficiency of data integration, particularly in managing complex and
variable rehabilitation data. Secondly, in-depth investigations into rehabilitation prediction models utilizing big data and
artificial intelligence should be conducted, analyzing extensive rehabilitation case data to forecast the recovery
trajectories of injured individuals and identify potential complications, thereby providing a more robust scientific basis
for the proactive adjustment of rehabilitation plans.
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