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Abstract: With the continuous progress of economic level and scientific 

research height, society has put forward higher requirements for the 

development process of rehabilitation field, and motion analysis and simulation 

system is a new application mode in rehabilitation training. The application of 

traditional theoretical knowledge to the internal structure of modern 

rehabilitation training makes it more practical and practical. In order to improve 

the efficiency of rehabilitation treatment work and the level of rehabilitation 

training plans, this article mainly analyzed the motion analysis methods and 

rehabilitation time measures in traditional rehabilitation training, and studied 

how to evaluate the exercise ability, diagnose diseases, and treat rehabilitation 

individuals in different environments. At the same time, the possibility of 

combining simulation systems with traditional theoretical knowledge was 

explored through practical cases, and optimization and improvement were 

carried out based on traditional rehabilitation training systems. A comparative 

experiment was conducted to verify the reliability of the optimized 

rehabilitation training system in this article. Through the evaluation of its 

application effectiveness by patients, it can be seen that compared to traditional 

rehabilitation systems, the training plan for optimizing rehabilitation system 

decision-making was more easily accepted by patients, with an average 

improvement of about 15.49% in four aspects of motion analysis, 

decision-making speed, rehabilitation progress, and risk response. This article 

proposed an optimized rehabilitation training system based on motion analysis 

and simulation systems, which can better meet the needs of rehabilitation 

therapy for individual development issues and greatly improve the 

decision-making speed of rehabilitation training plans. This can reduce the 

probability of sudden risk outbreaks while ensuring rehabilitation efficiency, 

and promote the integration process of advanced technology and traditional 

theoretical knowledge. 
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1. Introduction 

In recent years, with the improvement of na 

ztional health awareness and the pursuit of quality of life, rehabilitation training has 

gradually become an important research direction in the medical field. The 

rehabilitation training program is a comprehensive therapy to help patients recover 

their physical functions, improve their quality of life and improve their ability to take 

care of themselves. With the development of science and technology and the increasing 

demand for rehabilitation, traditional rehabilitation training programs are difficult to 

meet the needs of today's society. The application of motion analysis and simulation 

systems in the field of rehabilitation is also gradually becoming popular. Due to the 

general demand of patients for shortening the recovery period as soon as possible after 

surgery, the requirement for professional level of rehabilitation training has reached a 

new level, and there is an urgent need to explore the feasibility of combining traditional 

motion analysis theory with advanced simulation systems. 

In rehabilitation training, motion analysis is the process of making detailed 

judgments on the patient's physical function and action level. In order to accurately 

evaluate the patient's physical condition and formulate a reasonable rehabilitation 

training plan, research on traditional motion analysis methods is essential. Patients 

who are affected by different illnesses need to undergo exercise analysis with 

different focuses. The patient's physical condition is the primary consideration for 

exercise assessment, and only based on the patient's physical condition can a more 

scientific and reasonable rehabilitation training plan be determined [1-2]. In the 

rehabilitation treatment plan for patients with cardiovascular disease, it is very 

important to correctly determine the health benefits of endurance exercise intensity 

for patients with rehabilitation to maintain their life safety. Since patients' exercise 

intensity domains are often not in the same range, it is necessary to emphasize the 

necessity of continuous adjustment in the exercise analysis process [3-4]. In the 

rehabilitation treatment plans for patients with joint injuries, there is often a lot of 

research on postoperative motion intervention, neglecting the evaluation and 

judgment of preoperative motion status. In fact, motion analysis of preoperative limb 

function can also play a significant role in promoting subsequent rehabilitation. 

Therefore, it is necessary to divide the time domain stages of patient motion analysis 

in a more detailed manner [5]. Motion analysis is a necessary and reliable tool in 

rehabilitation treatment plans, and further exploration is needed for the study of 

patient motion analysis methods. 

Simulation systems based on advanced computer technology and integrated sensor 

technology can provide significant assistance in rehabilitation training. They are used 

for real-time monitoring, analysis, and evaluation of human motion, providing more 

scientific and personalized guidance for rehabilitation training. The rehabilitation 

training scheme based on simulation systems has gradually been widely applied, and 

the main functions of the system are patient compliance and motor function 

evaluation. However, in practical applications, more cases are needed to explore its 

optimization direction [6-7]. The control methods of different models can give 



different emphasis to the functions of the rehabilitation system. Among them, the 

adaptive Iterative learning control model can make the lower limb rehabilitation 

equipment more stable, and the combination of virtual reality technology can assist 

the rehabilitation process of the fine hand movement of chronic stroke patients [8-9]. 

The virtual simulation system has a new application development in the field of 

rehabilitation, which can help patients with heart disease to take physical exercise at 

different stages, and can also collect the recent actual exercise level of target patients, 

so as to analyze the short-term, medium-term and long-term exercise development 

and physical function of patients [10]. The above research helps to improve 

understanding of the current application status of advanced simulation technologies in 

the field of rehabilitation, and further in-depth analysis is needed in subsequent 

application research. 

The application research of motion analysis and simulation systems has gradually 

received attention with the advancement of rehabilitation field development. Due to 

the good interactivity and operability of motion analysis theory and simulation 

systems, patients can accelerate the process of rehabilitation treatment through 

interaction with the rehabilitation system, making their rehabilitation training plans 

more interesting and scientific [11-12]. Traditional rehabilitation training systems 

have problems such as difficulty adapting to social progress, inability to meet 

increasingly complex patient rehabilitation needs, low level of information collection 

for rehabilitation individuals, weak real-time monitoring effects, and long 

rehabilitation training cycles. Therefore, this article explored the motion analysis 

methods of traditional rehabilitation training systems. By combining advanced 

computer information processing technology and highly integrated sensor acquisition 

devices, optimization and improvement were made to address the shortcomings and 

shortcomings of traditional rehabilitation training systems. This enables the analysis 

of patients' motor ability and physical condition to be improved during the 

rehabilitation treatment cycle, and accelerates the decision-making speed of patients' 

rehabilitation plans, thereby reducing treatment costs for patients. Compared to 

traditional rehabilitation systems, optimizing rehabilitation systems can more 

comprehensively and accurately analyze patient body and movement information, 

greatly reducing the risk level of the rehabilitation process, and making decisions on 

patient rehabilitation training plans more scientific and reasonable. 

2. Exercise in Rehabilitation Training 

In rehabilitation training, motion analysis is widely used as an analytical tool to assist in 

rehabilitation. Motion analysis can accurately quantify the patient's movement ability 

from aspects such as posture, angle of movement, degree of exertion, and actual speed 

through highly sensitive sensor devices. This quantitative analysis can help 

rehabilitation therapists better understand the patient's rehabilitation process and adjust 

rehabilitation plans in a timely manner [13-14]. Based on individual differences and 

rehabilitation progress of patients, personalized rehabilitation training plans can also be 

developed through comprehensive motor analysis, making rehabilitation training more 

scientific and reasonable. In practical applications, motion analysis often provides a 

rough understanding of the overall condition of patients from three aspects: balance 



state, muscle strength level, and joint function evaluation [15-16]. Among them, the 

analysis of balance state can be based on the patient's movement posture and changes in 

body center of gravity to improve their balance ability, which can enable patients to 

better control and adjust their body, and improve their own control ability. The 

evaluation of muscle strength level and joint function requires rehabilitation therapists 

to measure based on professional equipment and adjust the patient's rehabilitation 

training plan in a timely manner based on feedback. Figure 1 shows the composition of 

the motion analysis structure. 
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Fig.1 Composition of Motion Analysis Structure 

3. Application of Simulation Systems in Rehabilitation Training 

The simulation system interacts with patients through virtual simulation of 

rehabilitation training, which can provide interesting, personalized, and accurate 

rehabilitation training guidance for patients. It can also develop rehabilitation training 

plans that are tailored to the patient's actual needs and characteristics [17-18]. The 

simulation system automatically adjusts the rehabilitation training plan based on 

patient motion data and analysis feedback from sensor devices, and changes the 

guidance plan in a timely manner, making the decision-making process of the 

rehabilitation training plan more efficient. In practical applications, simulation systems 

can also create a realistic simulation rehabilitation training environment. Through 

virtual reality technology and simulation simulation technology, patients can immerse 

themselves in the virtual space for rehabilitation training. This not only allows patients 

to have real senses, but also improves their participation and enthusiasm in 



rehabilitation training [19-20]. In the process of simulation training for patients, the 

simulation system can monitor the patient's physical state in real time, and correct the 

data fed back by motion analysis in a timely manner, so as to avoid sports injury and 

prolong the rehabilitation cycle of patients. Figure 2 shows the working interface of the 

simulation system. 

 

 

Fig.2 Simulation System Work Interface 

4. Application Practice of Optimal Rehabilitation System 

With the improvement of modern medical level and the progress of social 

development, human demands for health and quality of life are becoming increasingly 

high, especially the in-depth application of motion analysis and simulation systems in 

the field of rehabilitation has gradually become an important research direction. In 

order to conduct in-depth research on the application effect of motion analysis and 

simulation systems in rehabilitation training, this article verified the feasibility and 

reliability of optimizing rehabilitation systems. This article conducted an application 

experiment of rehabilitation systems in the process of patient rehabilitation training, 

and compared the impact of traditional and optimized rehabilitation systems on the 

quality of patient rehabilitation training and the effectiveness of evaluating patient 

motor ability. This article randomly selected 10 patients with lower limb injuries in a 

certain hospital as experimental subjects, with an average age of 30 to 50 years old, 

both male and female. The experimental process was divided into two stages, each 

lasting for 3 weeks. The 10 patients in the first stage received a traditional rehabilitation 

training system treatment plan, which includes physical therapy, exercise training, and 

rehabilitation guidance. In the second stage, the treatment plan of the optimized 

rehabilitation system was accepted. On the basis of the traditional rehabilitation 



training treatment plan, 10 patients additionally used the motion analysis and 

simulation training functions of the optimized rehabilitation system for rehabilitation 

training. 

Before the experiment begins, patients need to undergo basic physical functional 

status testing. It is necessary to evaluate the motor ability of all patients and record 

various results. To ensure fairness and impartiality in the experiment, all patients were 

assigned the same rehabilitation training plan and duration at the same stage. During 

the experiment, the experiment using the traditional rehabilitation system was set as 

the control group, and the experiment using the optimized rehabilitation system was 

set as the experimental group. The basic rehabilitation training treatment program that 

the patients participated in included balance training, muscle Strength training and 

joint activity training, and the results of the patients' evaluation of each training were 

recorded. The establishment of evaluation rules is a prerequisite for effective 

evaluation. The patient rated the difficulty level of various rehabilitation exercises, 

with an upper limit of 100. The higher the index, the higher the difficulty level. 1-25 

represents simplicity, and 26-50 represents mediocrity; 51-75 represents moderate, 

and 76-100 represents difficulty. Table 1 shows the evaluation results of basic 

rehabilitation training. 

Table 1. Evaluation Results of Basic Rehabilitation Training 

 Balance training Muscle strength training Joint activity training 

 Control 

group 

Experimental 

group 

Control 

group 

Experimental 

group 

Control 

group 

Experimental 

group 

1 29 46 77 53 32 42 

2 37 53 32 56 39 67 

3 74 51 39 51 43 65 

4 44 64 41 59 47 69 

5 52 70 47 67 51 71 

6 89 54 48 35 39 62 

7 33 47 37 42 42 58 

8 26 38 62 77 37 59 

9 74 66 58 74 81 61 

10 28 72 43 71 33 70 

In Table 1, in the control group experiment using the traditional rehabilitation 



system, the patients' average estimates of balance training, muscle Strength training 

and joint activity training were 48.6, 48.4 and 44.4 respectively, all within the general 

standard range; in the experimental group experiment where the optimized 

rehabilitation system was applied, the average estimates of patients were 56.1, 58.5, 

and 62.4, all within the moderate standard range. Compared to traditional 

rehabilitation systems, the rehabilitation training plan decided by the optimized 

rehabilitation system based on motion analysis and simulation system functions was 

more easily accepted by patients in practical applications.  

At the end of two rounds of comparative experiments, 10 patients evaluated the 

application effects of the two rehabilitation systems from four aspects: motion 

analysis, decision-making speed, rehabilitation progress, and risk response. During 

the evaluation process, the upper limit of the indicator evaluation was 9. 1-3 was poor; 

4-6 was good; 7-9 was excellent. Table 2 shows the comparison of the application 

effects of traditional and optimized rehabilitation systems. 

Table 2. Comparison of Application Effects between Traditional and Optimized 

Rehabilitation Systems 

 Exercise analysis Decision-making speed Rehabilitation progress Risk response 

 

 Traditional 
systems 

Optimize
d system 

Traditional 
systems 

Optimized 
system 

Traditional 
systems 

Optimized 
system 

Traditional 
systems 

Optimized 
system 

1 5.91 6.43 6.73 6.66 6.10 7.16 6.89 7.49 

2 5.42 7.36 5.60 7.21 5.62 6.63 5.50 7.63 

3 6.52 6.58 5.90 7.02 5.72 6.10 6.68 7.57 

4 6.46 7.30 5.16 7.98 6.14 6.47 6.00 6.84 

5 5.08 6.86 5.12 6.37 5.63 7.20 5.46 6.66 

6 5.63 6.92 5.72 7.24 5.05 6.21 5.53 6.22 

7 5.73 6.38 5.92 7.07 6.50 6.48 6.09 6.97 

8 6.99 6.71 5.93 7.47 5.22 6.79 5.61 7.48 

9 6.89 7.67 5.58 7.02 6.91 8.00 6.99 6.00 

10 6.20 6.27 6.93 6.24 5.14 6.34 6.98 6.94 

 

In Table 2, the average indices of traditional rehabilitation systems evaluated by 



patients from four aspects: motion analysis, decision-making speed, rehabilitation 

progress, and risk response were 6.08, 5.86, 5.80, and 6.17, respectively. The average 

indices of optimized rehabilitation systems were 6.85, 7.03, 6.74, and 6.98, 

respectively. Compared to traditional rehabilitation systems, optimized rehabilitation 

systems based on motion analysis and simulation systems achieved an average 

improvement of about 15.49% in four aspects. 

5. Conclusion 

Motion analysis and simulation systems play a crucial role in rehabilitation training, 

greatly enhancing the potential for development in the field of rehabilitation. Motion 

analysis can monitor the patient's physical condition in real-time, thereby more 

efficiently analyzing and evaluating the patient's physical condition, providing 

rehabilitation practitioners with scientific and accurate rehabilitation training guidance 

plans. At the same time, simulation systems can provide patients with realistic training 

environments through virtual reality technology and simulation simulation technology, 

and enhance their sense of participation and fun in rehabilitation training. These 

advantages make rehabilitation training schemes based on motion analysis and 

simulation systems an important development direction in the future. Finally, in order 

to verify the reliability of the optimized rehabilitation system, a comparative 

experiment was conducted on 10 patients. Compared to traditional rehabilitation 

systems, optimized rehabilitation systems that combine motion analysis and simulation 

systems can better collect patient status information and provide more efficient 

rehabilitation training plans for patients. Future research and practice would require 

more in-depth exploration based on motion analysis and simulation systems. 

References 

[1] Wenyan Bo, Yue Xi, Zhenjun Tian. "The role of exercise in rehabilitation of 

discharged COVID-19 patients." Sports Medicine and Health Science 3.4 (2021): 

194-201. 

[2] Chris M. Bleakley, Jeffrey B. Taylor , Steven L. Dischiavi , Cailbhe Doherty , 

Eamonn Delahunt. "Rehabilitation exercises reduce reinjury post ankle sprain, but 

the content and parameters of an optimal exercise program have yet to be established: 

a systematic review and meta-analysis." Archives of physical medicine and 

rehabilitation 100.7 (2019): 1367-1375. 

[3] Rod S. Taylor, Sarah Walker, Neil A. Smart, Massimo F. Piepoli, Fiona C. Warren, 

Oriana Ciani, et al. "Impact of exercise rehabilitation on exercise capacity and 

quality-of-life in heart failure: individual participant meta-analysis." Journal of the 

American College of Cardiology 73.12 (2019): 1430-1443. 

[4] Dominique Hansen, Kim B, Toon Alders, Ann Hermans, Katrien Copermans, Hans 

Swinnen, et al. "Exercise training intensity determination in cardiovascular 

rehabilitation: Should the guidelines be reconsidered?." European journal of 

preventive cardiology 26.18 (2019): 1921-1928. 

[5] Dun Wang, Tao Wu, Yi Li, Ling Jia, Jing Ren, Lin Yang. "A systematic review and 

meta-analysis of the effect of preoperative exercise intervention on rehabilitation 

after total knee arthroplasty." Ann Palliat Med 10.10 (2021): 10986-10996. 

[6] Gerard G. Fluet, Qinyin Qiu, Jigna Patel, Amanda Cronce, Alma S. Merians, Sergei 

V. Adamovich. "Autonomous use of the home virtual rehabilitation system: a 



feasibility and pilot study." Games for health journal 8.6 (2019): 432-438. 

[7] Tao Yang, Xueshan Gao. "Adaptive neural sliding-mode controller for alternative 

control strategies in lower limb rehabilitation." IEEE Transactions on Neural 

Systems and Rehabilitation Engineering 28.1 (2019): 238-247. 

[8] Zhongbo Sun, Feng Li, Xiaoqin Duan, Long Jin, Yufeng Lian, Shuaishi Liu, et al. "A 

novel adaptive iterative learning control approach and human-in-the-loop control 

pattern for lower limb rehabilitation robot in disturbances environment." 

Autonomous Robots 45.4 (2021): 595-610. 

[9] Xianwei Huang , Fazel Naghdy ,Golshah Naghdy ,Haiping Du ,Catherine Todd. 

"The combined effects of adaptive control and virtual reality on robot-assisted fine 

hand motion rehabilitation in chronic stroke patients: a case study." Journal of Stroke 

and Cerebrovascular Diseases 27.1 (2018): 221-228. 

[10] Sara G-B, Alicia C-G, Raquel C-R, María J L -N, J D-P, Aurora A-N, et al. "Virtual 

reality and video games in cardiac rehabilitation programs. A systematic review." 

Disability and Rehabilitation 43.4 (2021): 448-457. 

[11] Rod S. Taylor, Sarah Walker, Neil A. Smart, Massimo F. Piepoli, Fiona C. Warren, 

Oriana Ciani, et al. "Impact of exercise‐based cardiac rehabilitation in patients with 

heart failure (ExTraMATCH II) on mortality and hospitalisation: an individual 

patient data meta‐analysis of randomised trials." European journal of heart failure 

20.12 (2018): 1735-1743. 

[12] Xiaolong Chen, Han Zhao, Shengchao Zhen, Hao Sun. "Adaptive robust control for 

a lower limbs rehabilitation robot running under passive training mode." IEEE/CAA 

Journal of Automatica Sinica 6.2 (2019): 493-502. 

[13] Yah-Ting Wu , Kuo-Hu Chen ,Shiun-Lei Ban ,Kwang-Yi Tung ,Li-Ru Chen. 

"Evaluation of leap motion control for hand rehabilitation in burn patients: An 

experience in the dust explosion disaster in Formosa Fun Coast." Burns 45.1 (2019): 

157-164. 

[14] Ilaria Bortone, Daniele Leonardis, Daniele Leonardis, Alessandra Crecchi, Luca 

Bonfiglio, Luca Bonfiglio, et al. "Wearable haptics and immersive virtual reality 

rehabilitation training in children with neuromotor impairments." IEEE Transactions 

on Neural Systems and Rehabilitation Engineering 26.7 (2018): 1469-1478. 

[15] Luca Bonfiglio, Luca Bonfiglio, Liang Wei, Shih-Ching Yeh, Li Da Xu, Lirong 

Zheng, et al. "A wearable hand rehabilitation system with soft gloves." IEEE 

Transactions on Industrial Informatics 17.2 (2020): 943-952. 

[16] Park, Eunhee , Yun, Byoung-Ju , Min, Yu-Sun , Lee, Yang-Soo , Moon, Sung-Jun , 

Huh Jae-Won, et al. "Effects of a mixed reality-based cognitive training system 

compared to a conventional computer-assisted cognitive training system on mild 

cognitive impairment: a pilot study." Cognitive and Behavioral Neurology 32.3 

(2019): 172-178. 

[17] Edward P. Washabaugh, Jane Guo, Chih-Kang Chang, C. David Remy, 

Chandramouli Krishnan. "A portable passive rehabilitation robot for upper-extremity 

functional resistance training." IEEE Transactions on Biomedical Engineering 66.2 

(2018): 496-508. 

[18] Qiao Chen, Bin Zi, Zhi Sun, Yuan Li, Qingsong Xu. "Design and development of a 

new cable-driven parallel robot for waist rehabilitation." IEEE/ASME Transactions 

on Mechatronics 24.4 (2019): 1497-1507. 

[19] Ning Guo , Zhidao Sun , Xiaojun Wang , Eric Hiu Kwong Yeung , Michael Kai Tsun 

To , Xiaodong Li, et al. "Simulation analysis for optimal design of pneumatic bellow 

actuators for soft-robotic glove." Biocybernetics and Biomedical Engineering 40.4 

(2020): 1359-1368. 

[20] Wendong Wang,Lei Qin,Xiaoqing Yuan,Xing Ming,Tongsen Sun ,Yifan Liu. "Bionic 

control of exoskeleton robot based on motion intention for rehabilitation training." 



Advanced Robotics 33.12 (2019): 590-601. 

 


