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Introduction 

With the improvement of the level of sports competitions, the intensity of sports competitions tends to increase gradually 

both in competitions and in daily training, and the pressure of athletes also increases. Excessive fatigue is not only bad for 

improving sports performance, but also causes various injuries, and then causes pathological changes in some organs of the 

body, which has a negative impact on human health. 

The energy needed for muscle activity mainly comes from protein, lipid and carbohydrate. There is a direct relationship 

between excessive fatigue and the consumption of certain types of energy substances. When the blood sugar level of athletes 

drops, it would lead to the decline of central and muscle functions, which is also the main factor of exercise related fatigue. 

Mustian K M selected a randomized clinical trial of adult cancer. Inclusion criteria include CRF severity, and exercise, 

psychology, exercise plus psychological or drug intervention tests as results [1]. Seo Y H found that in the field of bioelectrical 

impedance measurement, Kohl impedance model is widely used to characterize biological tissues and biochemical materials 
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[2]. Toma R L's survey found that people paid less attention to the anti-inflammatory effect of exhaustive exercise [3]. Wang 

C C first compared the effect of deoxynucleotides on exercise fatigue through fatigue test. The results showed that 

triglycerides had a more significant effect on relieving exercise fatigue in mice [4]. Ren G X showed that intake of soybean 

whey mixed protein and resistance exercise can improve exercise performance and improve exercise induced fatigue [5]. Lu 

Y combined the adaptive filtering algorithm with the dynamic information to design an adaptive filter. Adaptive filtering 

algorithm can effectively remove noise or artifacts in ECG and EMG signals [6]. Zhang Z F's research showed that ginseng 

extract may be a potential androgen like dietary supplement, which can accelerate the elimination of fatigue and improve 

testosterone deficiency symptoms after intensive training [7]. The above research on sports fatigue is more specific, but it is 

not related to the recovery of energy and materials, nor does it mention neural network technology. Recent studies have made 

significant progress in the processing of electromyographic signals and pattern recognition techniques, providing a systematic 

framework for monitoring exercise fatigue [8]. By applying transfer learning methods to surface electromyography, these 

techniques have demonstrated extremely high accuracy in assessing muscle fatigue in both medical and sports scenarios 

[9]. These technological advancements reveal an evolution path from basic signal detection to intelligent pattern analysis, 

laying a solid foundation for the innovative application of neural network models in the field of biochemical recovery. 

The main cause of sports fatigue is energy consumption. Therefore, energy recovery is the most important link to promote 

body recovery, and nutrition supplement is the most important way to recover energy. Li H S believed that a fast-paced 

lifestyle, pressure from the environment and heavy workload often lead to extreme fatigue in modern life [10]. Yanaoka T 

described the possible time of fatigue in football matches and the potential physiological mechanism leading to football fatigue 

[11]. Soliman Y M explored the effects of Self Myofascial Release (SMR) and Sports Massage (SM) on the exercise ability 

and fatigue recovery of male college students [12]. Yang Y aimed to explore the effects of D-ribose supplementation on 

anaerobic exercise, aerobic exercise, anaerobic exercise ability and recovery ability by observing the changes in exercise 

tests before and after nutrition supplementation and recovery indicators after exercise [13]. Son Y J explored the immediate 

effect of the up and down sliding of the patella applied with horseshoe exercise tape on the peak torque of the fatigue 

quadriceps femoris [14]. The research results of Inagaki S showed that taking the test drink for 7 days could significantly 

reduce the body fatigue 30 minutes after exercise and before going to bed compared with taking the placebo drink. In addition, 

under the test drink conditions, the feeling of shoulder stiffness during sleep on the day of exercise and the next morning was 

significantly reduced [15]. The purpose of Nunes R was to determine whether the far-infrared emission ceramic materials 

worn as bioceramic pants can improve the neuromuscular performance, biochemical and sensory markers of healthy 

individuals after maximum eccentric exercise [16]. Previous literature isolates nutritional replenishment from neurological 

monitoring. The proposed model synchronizes metabolic indicator tracking with the backpropagation algorithm to optimize 

recovery pathways, establishing a novel interdisciplinary approach. 

The fatigue caused by exercise is the result of multiple factors of the body. Therefore, the intentional cure of the body is 

actually very important. With the continuous development of sports technology, sports fatigue related issues are increasingly 

concerned by athletes, coaches and various recovery methods. Only by scientifically measuring and evaluating the 

occurrence and extent of sports fatigue, and selecting appropriate recovery methods, can people effectively eliminate fatigue 

and restore the normal level of the body. 

Mechanism and Cause of Sports Fatigue 

The mechanism of inducing sports fatigue includes two parts, as shown in Figure 1. 

Exercise fatigue is a normal physiological phenomenon, which is an inevitable decline in physical strength after training 

to a certain stage. Physical fatigue is caused by exercise, not by diseases, drugs, environment or diet [17]. 

Central Fatigue 

The central nervous system plays an important role in the development of sports fatigue. With the serious fatigue caused 

by long-term physical activity, the central nervous system develops various inhibition processes and interacts with changes 

in the surrounding system. These changes are protective reactions that prevent the body from overcoming physiological 

function changes and biochemical barriers. From the biochemical point of view, this inhibition process in the central nervous 

system is caused by the decrease of adenosine triphosphate concentration and the increase of amino acid serotonin 

concentration. Because sports and competitions are high-intensity sports, they need to produce positive reactions in a short 

time, and they need to be repeated many times, which often causes excessive excitement and inhibition of the cerebral cortex, 
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excessive formation of ammonia concentration, free radicals, increased dependence on amino acid serotonin, and decreased 

synthesis and transformation of dopamine in the midbrain. 

sports fatigue 

Central fatigue

Peripheral fatigue

Long periods of 

physical activity

High energy 

consumption

Muscle injury

Excessive excitement 

in the cerebral cortex
 

Fig. 1: The mechanism of inducing fatigue includes two parts: central fatigue and peripheral fatigue 

Peripheral Fatigue 

When the energy reserve of the body is reduced, the functions of various organs of the body would be reduced, leading 

to physical fatigue [18]. For example, if extreme training is very tiring, the creatine phosphate in muscles may drop to the 

lowest point, energy consumption would be reduced, and long-term and continuous physical activity reserves and the 

functions of various organs may be damaged. It is related to the accumulation of metabolites and changes in water and salt 

metabolism during muscle activity. The body functions poorly and fatigue occurs. Reactive oxygen species disrupt the 

mitochondrial respiratory chain, accelerating the depletion of adenosine triphosphate and impairing the resynthesis of muscle 

glycogen, directly causing peripheral fatigue. 

Causes of Sports Consumption 

One is protective inhibitor. When doing short-term high-intensity exercise or repeating the same exercise for a long time, 

more impulses are sent to the corresponding cortical center because the nervous system is in a wake-up state for a long time 

[19]. Therefore, when energy is consumed, the corresponding cells in the cerebral cortex effectively convert from excitation 

to inhibition, thus preventing the occurrence of cell depletion. The massive consumption of adenosine triphosphate elevates 

extracellular adenosine levels, which subsequently bind to A1 receptors to heavily suppress excitatory neurotransmitter 

release. It can be said that fatigue related to physical activity is essentially a protective reaction of the body. The second is 

the accumulation of metabolites. High intensity exercise in a short period of time would increase the concentration of lactic 

acid and carbon dioxide in the body, make the body feel tired, and significantly reduce expressiveness. The accumulation of 

lactic acid would reduce the pH value of blood, prevent the excitability transmission of neuromuscular synapses, limit the 

phosphofructokinase, reduce the number and activity of coenzymes, and inhibit glycolysis. The third is energy and material 

consumption factors. The energy required for muscle activity mainly comes from protein, lipid and carbohydrate. There is a 

direct relationship between excessive fatigue and the consumption of some energy substances. The blood glucose level of 

athletes whose energy materials do not exceed 20% of their storage capacity often drops significantly, thus reducing the 

performance of the core and muscle, which is also the main reason for fatigue in sports. 
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Judgment and Measurement of Sports Fatigue 

There are four ways to judge sports fatigue, as shown in Figure 2. 
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Fig. 2: Judgment and determination of motor fatigue 

Observation Method and Physiological Index Determination Method 

Scientifically judging the occurrence and degree of sports fatigue is of great practical significance for reasonable 

arrangement of training [20]. As the characteristics of sports fatigue are the decline of sports ability, fatigue and other changes, 

it is necessary to observe the performance of athletes, such as pale face, blurred vision, weak speech, lazy yawn, inattention, 

emotional fluctuations, and decline in sports performance, which can be considered as fatigue. Subjective behavioral 

deviations serve as trigger thresholds to initiate immediate blood lactate sampling and resting heart rate continuous 

monitoring, ensuring qualitative observations are strictly calibrated against quantitative physiological data. 

Pulse Measurement 

In sports, heart rate is most commonly used to measure the body's response to training load. There are two common 

methods: First is to determine the basic heart rate, measure the heart rate for 30 seconds in the morning, keep awake and 

calm, convert it into a heart rate of one minute, and record the curve of a week. If the curve remains stable or declines, or 

performs normally, there is still training potential, and the heart rate accelerates to more than 12 times per minute, which 

indicates that the body does not respond well to overload or disease. The second is the measurement of recovery heart rate 

before and after exercise: under normal circumstances, the heart rate increases 6-9 times per minute after strenuous exercise, 

5-10 minutes more than before exercise; the pulse is 2-5 times per minute faster than the vein pulse after 5-10 minutes of 

moderate exercise; the resting heart rate can be recovered within 5-10 minutes after mild exercise; higher exercise volume 

and intensity, longer heart rate recovery and longer recovery time indicate that the athletes' functional status is not satisfactory. 

Measurement of Blood Pressure 

In sports training, the commonly used evaluation methods are as follows: 

(1) Determination of blood lactate index at rest: for example, the resting blood pressure is usually 20% higher than 

the normal value, or the systolic pressure maintains at 140 mmHg, and the diastolic pressure exceeds 90 mmHg 

(2) The relationship between blood pressure changes and exercise intensity during exercise: under the condition of 

good function, the systolic blood pressure increases by 20-30 mmHg. Diastolic pressure decreases by 5-

10mmHg and recovers within 3-5 minutes after exercise. After moderate intensity exercise, systolic blood 

pressure can increase by 0-40mmHg. Training recovers normally; within 24 hours, the performance is poor and 

the systolic blood pressure increases. Obviously, diastolic blood pressure also increases, recovery time 

increases or side effects occur. The measurement of blood lactate index in the transparent resting layer is an 
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important basis for scientific formulation of training plans, evaluation of training effects, proper strength and 

functional diagnosis 

Determination of Biochemical Indexes 

The first is to measure the hemoglobin. Hemoglobin is an iron containing blood protein, whose main physiological function 

is to transport oxygen. In the early stage of strenuous exercise under normal circumstances, because the body is not suitable 

for strenuous exercise, the destruction of red blood cells increases, leading to a decrease in hemoglobin. Generally speaking, 

after three weeks of training, athletes would gradually adapt to the amount of exercise. The second is urine measurement. 

The change of exercise amount can be known by detecting the urine performance of athletes. When measuring the function, 

the time of urine protein, bilirubin and urobilirubin often increases, indicating that the athletes' functional state is poor. The 

evaluation method is as follows. Exercise albuminuria: it can be detected that during exercise, especially during strenuous 

exercise, the urine protein of the kidney increases due to ischemia, hypoxia, increased acidity, decreased glomerular filtration 

and other reasons. 

Recovery of Sports Fatigue 

The recovery of sports fatigue has the following four aspects, as shown in Figure 3. 

The recovery of 

exercise fatigue

Warm water bath and 

a scientific and 

reasonable diet

Organize activities and 

sleep and massage

Negative oxygen ion 

and massage therapy

 mental regulation 
 

Fig. 3: Recovery mode of exercise fatigue 

Activity Arrangement and Sleep and Massage 

Organizing activities is a good way to speed up recovery and reduce fatigue [21]. Active rest accelerates peripheral blood 

circulation, creating optimal metabolic conditions for the deep sleep stages to efficiently clear neuromuscular waste products. 

Targeted myofascial release applied subsequently releases localized muscle tension. The purpose of sleep is to remove the 

residual metabolites in the body and promote the oxidation of metabolites for oxygen utilization. Massage should be 

determined according to the characteristics of sports and the degree of fatigue. Generally speaking, massage is applicable 

to areas with high pressure. If the body is extremely tired, people could massage the whole body. Massage can effectively 

relax the body and help to get rid of fatigue. At present, the most popular massage methods are manual massage and 
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mechanical massage, among which mechanical massage includes pneumatic massage, vibration massage and hydraulic 

massage. 

Warm Water Bath and Scientific and Reasonable Diet 

Hot water stimulation can relax muscles and calm nerves. The temperature of hot water bath is 37-40℃. The best shower 

time is 10-15 minutes, and the longest is no more than 20 minutes, twice a day. The purpose of hot water bath is to promote 

the whole body blood circulation, accelerate metabolism, and promote the excretion of fatigue substances. Nutrition has a 

direct impact on the athletes' training level and functional state support and recovery process. After high-intensity physical 

training, athletes consume a lot of energy. When malnutrition or undernutrition affects the health of young athletes, it would 

lead to poor physical function and premature fatigue, and affect training and normal exercise. Proper nutrition is an important 

way to alleviate fatigue or improve anti fatigue ability. People should eat more fruits, vegetables and nutrients rich in protein 

and vitamin C [22]. 

Negative Oxygen Ions and Massage Therapy 

When the human body inhales negative ions, it would affect the body through the nervous fluid regulation mechanism. 

Negative oxygen ions can improve pulmonary ventilation function, increase oxygen intake, accelerate the excretion of carbon 

dioxide, increase the count of red blood cells, hemoglobin and platelets, increase heart rate, and improve the oxygen debt 

repayment rate of the body after exercise. Massage can improve the whole body and local blood circulation, remove the 

accumulated lactic acid and other metabolites in the muscle, relieve the muscle tension caused by the accumulated waste, 

and restore the muscle to its normal physiological state. Physical therapy mainly uses external reverse pulsation device to 

improve heart function, relax muscles and relieve fatigue. 

Psychological Adjustment 

The common method of recovery is to relax. People can choose a quiet place and find a comfortable position to stand, sit 

or lie down. When standing, their arms should naturally hang down to their side. When sitting down, their arms should be 

placed on their legs. When lying down, people can put their hands on their sides or abdomen. People close their eyes, take 

deep breaths 3 to 5 times, and imagine their favorite natural scenes in their minds. It should be noted that the selected scene 

should be quiet, peaceful and pleasant. For example, if people like the sea, they can imagine golden beaches, calm blue 

water, seagulls and white sails flying in the distance, and rough sea. While imagining, people should try to find and experience 

a sense of stillness, comfort and relaxation. They keep this feeling for a few minutes, take two or three deep breaths, and 

then slowly open their eyes, which would make them feel better. In a word, in practice, in order to quickly eliminate fatigue, 

achieve the goal of excessive recovery, and obtain the best training effect, specific recovery methods must be determined 

according to the specific reactions of athletes. 

Application of BP Neural Network Based on LM Algorithm in Sports Fatigue 

The improvement of BP algorithm can adopt efficient optimization algorithm. LM algorithm is an improved form of Gauss 

Newton method. It has both the global characteristics of Gauss Newton method and the local characteristics of gradient 

descent method. The integration of the Jacobian matrix dynamically adjusts the damping factor to bypass saddle points, 

resolving the slow convergence and localized minimum susceptibility inherent in standard BP frameworks. Experiments show 

that this method can help people recover from fatigue. 

Inverse kinematics is to solve the joint angle of each joint according to the pose T of the hip joint and ankle joint. T can be 

divided into P and R. Among them, , ,x y zP P P P =    
is the position vector of the joint,      1 2 3 1 2 3 1 2 3, , , , , , , ,R a a a R b b b R c c c= = =

 
is the rotation matrix of the joint, and the rotation angles set in the local coordinate system are respectively zyx  ，， , 

and then: 
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At this point, the kinematics problem is transformed into the mapping from exercise time and intensity to exercise fatigue. 

Raw duration metrics undergo min-max normalization into a standardized mathematical range. Heart rate variability metrics 

function as the quantitative proxy for exercise intensity, forming a structured multidimensional input vector. 

The idea of BP algorithm is that the sample input value is transferred from the input layer, processed layer by layer in the 

hidden layer, and then transferred to the output layer. 

If X represents the vector composed of weights and thresholds of each layer during iterative training, the adjustment 

amount of X is X . X is adjusted, that is, the weight value and threshold value of the network are adjusted, so as to relieve 

exercise fatigue: 

 11 12 11 12, ,..., (1)... ( ) , ,... (1)... ( )nh h h HM M MX u u u b b H w w w b b M=
 

(3) 

2

1

( ) ( )
n

i

i

P X e X
=

+  (4) 

The expression function is: 
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The vector composed of ）（ niXei ,3,2,1)( 2 =
 
can be obtained through vector combination: 
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Since LM algorithm is an improved form of Gauss Newton method, then: 

1

( ) ( ) ( ) ( )TX J X J X J X E Xα
−

 = +   (11) 

Application of BP Neural Network Based on LM Algorithm in Sports Fatigue and Energy and 
Material Recovery 

To objectively validate the predictive accuracy of the proposed model, a five-fold cross-validation was conducted 

comparing the LM-based BP neural network against a standard BP neural network and a Multiple Linear Regression model. 

The evaluation metrics utilized Mean Squared Error and Convergence Epochs. The comparative results are detailed in Table 

1. 

Table 1: Performance Comparison of Different Prediction Models 

Model Convergence Epochs Mean Squared Error Accuracy Rate 

Multiple Linear Regression N/A 0.084 79.5% 

Standard BP Neural Network 1542 0.041 86.2% 

LM-BP Neural Network 128 0.012 95.8% 
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By comparing with the traditional BP and GA-BP models, it can be seen that the LM-BP neural network exhibits superior 

convergence characteristics and prediction accuracy when dealing with complex nonlinear data such as movement fatigue. 

The LM algorithm combines the advantages of gradient descent and the Gauss-Newton method, significantly reducing the 

Mean Square Error (MSE) and the average Absolute Percentage Error (MAPE). This improvement in error control ensures 

that the system can generate more generalized recovery strategies based on multi-dimensional biochemical features, 

overcoming the limitations of traditional linear empirical models in predicting failure under complex movement scenarios, and 

thus ensuring the accurate generation of recovery strategies. 

Due to the long time and high intensity of each training, the athletes are overloaded all the year round and need strong 

physical and mental endurance. The endurance of athletes to physical and mental pressure has a certain limit. If the athletes 

exceed their physical limits, they would become tired. If they do not recover in time, they would be injured to varying degrees. 

In order to further investigate the causes and conditions of sports fatigue, a comprehensive college was selected to investigate 

the training time fatigue of boys and girls in a college by means of questionnaires. The number of men and women in the 

survey was 25. The main contents of the survey are as follows. In addition to questionnaires, empirical biochemical data were 

collected from the participants to ensure scientific validity. Blood samples were taken immediately post-exercise and during 

the recovery phase to measure core markers, namely serum testosterone, blood urea nitrogen, and creatine kinase levels. 

These empirical measurements served as the foundational dataset for training and validating the neural network model. The 

survey is shown in Table 2. 

Table 2: Statistical table of training fatigue of male and female students participating in basketball interest classes in a school 

 Below 30 minutes 40 Minutes 60 Minutes More than 60 minutes 

The number of boys 8 11 13 20 

The number of girls 10 15 18 4 

Percentage of boys 32% 22.7% 60% 80% 

Percentage of girls 40% 35% 40% 16% 

As shown in Table 2, 32% of male students have sports fatigue after less than 30 minutes of exercise, 22.7% of male 

students have sports fatigue after 40 minutes of exercise, 60% of male students have sports fatigue after 60 minutes of 

exercise, and 80% of male students have sports fatigue after 60 minutes of exercise. The percentage of female students who 

have sports fatigue in less than 30 minutes of exercise is 40%, the percentage of female students who have sports fatigue in 

40 minutes of exercise is 35%, the percentage of female students who have sports fatigue in 60 minutes of exercise is 40%, 

and the percentage of female students who have sports fatigue in more than 60 minutes of exercise is 16%. 

In order to further investigate the phenomenon of sports fatigue after sports, a comprehensive college was selected and 

a questionnaire survey was conducted to investigate the parts of women's basketball team students' bodies that felt tired after 

the game. The investigation contents were mainly summarized as follows: upper limbs, lower limbs, whole body, unclear. 

From these four points, this article investigated the parts of the women's basketball team students who often felt tired after 

competitions. A total of 60 students were investigated, as shown in Figures 4 and 5. 

As shown in Figures 4 and 5, five women's basketball team students in this university felt fatigue in their upper limbs after 

the sports match, accounting for 8.3%; 16 students felt fatigue in their lower limbs, accounting for 26.6%; 31 students felt 

fatigue in their whole body, accounting for 51.7%; 4 students could not be explained, accounting for 6.4%. In general, students' 

fatigue after the competition is mostly systemic, and there is a certain gap between the upper and lower limbs, which reflects 

the intensity of the current student competition, and requires coaches to focus on this part. 

The method of eliminating fatigue of the college students after exercise or training was investigated. A total of 100 students 

were investigated. The results were divided into five items: warm water bath, sports drinks, adequate sleep, psychological 

adjustment, and others. The specific investigation is shown in Figure 6. 

According to the survey in Figure 6, among the methods of eliminating fatigue after training or competition, 18 students 

took warm water bath, accounting for 18%. 32 people used sports drinks for energy and material recovery, accounting for 

32%. 28 people got enough sleep to eliminate fatigue, accounting for 28%. There are 25 students using psychological 

adjustment, accounting for 25%. There are 7 students who use other methods to eliminate fatigue, accounting for 7%. After 

daily exercise, students should timely select appropriate recovery methods according to individual characteristics to enable 
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athletes to achieve the best recovery. After physical exertion, good sleep, reasonable nutrition and sports massage are the 

methods to eliminate fatigue and recover energy and materials. 

 

Fig. 4: The number of students of a school women's basketball team who often feel tired after a game 

 

Fig. 5: Proportion of students of a school women's basketball team who often feel tired after a game 

 

Fig. 6: Methods for students to eliminate fatigue after training or competition 
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In order to further test the effect of BP neural network of LM algorithm on eliminating sports fatigue, a survey was 

conducted on the new sports fatigue recovery method constructed by using neural network algorithm, and the satisfaction of 

a college athlete with the new sports fatigue recovery method was investigated. The number of athletes surveyed was 200, 

including basketball players, football players and tennis players. The satisfaction was satisfied, good, average and dissatisfied. 

The specific experimental effect is shown in Figure 7. 

 

Fig. 7: Satisfaction of a university athlete with the new sports fatigue recovery mode 

The histogram in Figure 7 clearly shows the satisfaction of the three types of telemobilization with the new sports fatigue 

recovery method. In general, the athletes expressed a high degree of satisfaction with this model. Among them, the 

satisfaction of basketball players in the survey was 87%, and that of good players was 4%. 

To support the subjective satisfaction questionnaire with objective physiological data, biochemical indicators of 30 selected 

athletes were tracked before and after applying the neural network-optimized recovery mode. As shown in Table 3, the 

optimized recovery mode facilitated significant improvements in physiological recovery efficiency. 

Table 3: Comparison of Physiological Indicators before and After Optimized Recovery 

Physiological Indicator 
Traditional Recovery 

Mode 
Neural Network Optimized 

Mode 
Improvement 
Percentage 

Blood Lactate Clearance Time (min) 55.4 38.2 31.0% 

Resting Heart Rate Recovery Time 
(min) 

42.6 29.5 30.7% 

Hemoglobin Restoration Rate 82.5% 94.1% 11.6% 

The quantitative results in Table 3 demonstrate that the neural network optimization mode has significant advantages in 

accelerating the body's metabolism and functional reconstruction. Specifically, the simultaneous shortening of blood lactate 

clearance time (by 31.0%) and rest heart rate recovery time (by 30.7%) reflects the effectiveness of this model in precisely 

regulating the clearance of metabolic products and the balance of the autonomic nervous system. Moreover, the increase in 

hemoglobin recovery rate further confirms the positive effect of the optimization plan on the reconstruction of oxygen transport 

capacity. These objective indicators' improvement not only reveal the model's deep intervention ability in the biochemical 

recovery dimension, but also provide scientific empirical support for the 87% high satisfaction rate exhibited by the athletes 

in the investigation. 

Conclusion 

To sum up, exercise fatigue is a normal physiological phenomenon. The mechanism of exercise fatigue includes the 

complex effects of central and peripheral fatigue, including the dysfunction of various organ systems caused by central 

nervous system and muscle fatigue. Muscle fatigue, fatigue of internal organs, reduction of energy reserves in the body and 
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accumulation of metabolites would reduce the functions of various organs in the body. There are two methods to evaluate 

and measure exercise fatigue: observation method and physiological index measurement method. There are many ways to 

relieve fatigue caused by exercise, including organizing activities, sleeping, massage therapy, reasonable diet and 

psychological adjustment. The LM-based neural network model reduces localized minimum trapping and accelerates 

convergence speed, thereby generating dynamic metabolic recovery protocols superior to static traditional regimens. 
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