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Abstract: Accurate prediction of vulnerable parts can effectively avoid the injury caused by 
intense exercise. In order to accurately predict the degree of sports injury, it is necessary to analyze 
sports injury accurately. Therefore, the design of sports injury prediction model based on dynamic 
sampling and transfer learning is proposed. The sports injury prediction model based on dynamic 
sampling and transfer learning describes the influencing factors of vulnerable parts of athletes in 
high-intensity sports. By calculating the regression function of vulnerable parts and human parts, 
the functional relationship between the exercise intensity of human body parts and exercise 
intensity is obtained. Combined with the theory of dynamic sampling and transfer learning, the 
prediction model of human vulnerable point is established, and the reliability of the prediction 
model is obtained, and the prediction model of vulnerable point of human body in optimal motion 
state is given. The simulation results show that the model can accurately predict the situation of 
sports injury. 
Keywords: Dynamic sampling; Transfer learning; Sports injury; Injury prediction; 
0 Introduction 

Traditional sports injury prediction method is based on the fuzziness of various variables of 
human body injury degree, and establishes fuzzy judgment and prediction standards to complete 
the prediction of human injury degree[1]. It can not accurately describe the relationship between 
sports injury and human injury degree, and the prediction error is large. Therefore, a sports injury 
prediction model based on dynamic sampling and transfer learning is proposed. Combining 
dynamic acquisition with transfer learning, a sports injury prediction model was established. Using 
transfer learning method to automatically extract the semantic information of outpatient records 
can better describe the characteristics of outpatient records[2]. The sports injury record is 
transformed into vector representation, and the dynamic sampling method is used to collect and 
extract the sample features of different sports injury data, and the semantic information of different 
length sports injury is improved[3]. Then, a new method combining the number of sports injury 
samples and the number of negative samples is proposed to ensure the accuracy of sports injury 
prediction and improve the credibility of the model prediction results by dynamic collection 
method. 
1 Design of sports injury prediction model based on dynamic sampling and transfer learning 
1.1 Dynamic sampling of characteristic information of sports injury 

On the basis of dynamic collection method, the characteristic data of sports injury is processed 
by multi label, and the training set of sports injury is transformed into the multi classification 
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training set of binary classification. Different types of sports injury diagnosis models are 
established, and the multi label transfer learning prediction model is trained for sports injury, and 
the parameters obtained from training are retained[4]. In the training process, the same small sample 
sports injury prediction model as the small sample is selected, and most of the parameters of the 
model are transferred to multiple sports injury models, and most of the parameters are taken as the 
initial values of the small sample sports injury model[5]. The unified data set is trained by dynamic 
acquisition training method. On this basis, multiple single category sports injury prediction models 
are combined into multiple classification models, and the whole sports injury prediction model is 
explained. 
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Fig. 1 Motion injury data acquisition framework based on dynamic sampling 
When dynamic sampling is used to predict sports injury, firstly, the characteristic information 

of sports injury is input, and then the sports injury is divided into two categories. The medical 
record text was segmented and transformed into a group of words Skipgram model is used to train 
the text of sports injury medical record[6]. The semantic vector of low dimensional continuous 
space is used to represent the discrete word symbol, and the word vector is used to represent the 
information text of sports injury medical record. Finally, two dynamic data vectors representing 
the medical record of sports injury are obtained. Finally, through dynamic sampling and pool 
operation, the word vector matrix in sports injury medical record text is extracted The injuries were 
classified and analyzed[7]. The following figure shows the sports injury prediction model and the 
data processing model of sports injury characteristics. 

 
Fig. 2 Data processing model of sports injury characteristics 
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Further, tW  is used for feature prediction. The dynamic data of motion damage in p window 

is characterized by , 1t t tW n nW W   （ ）. The model is trained by the maximum logarithmic 

likelihood function to obtain the vector representation of each word: 
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Further, the prediction principle of sports injury characteristic data is demonstrated, as shown 
in the figure 

 
Fig. 3 Prediction principle of sports injury 

Suppose that the dynamic data vector of sports injury is n-dimension, and  nx k represents 

the ith injury vector. Then the calculation results are as follows: 

1 1 2z n nX x x x   
（2）

 

The 2-d matrix representation of the sports injury data is carried out, the results are input into 
the convolutional layer, and the dynamic feature extraction of the sports injury data is carried out 
by using the convolution checking the training data[8]. Assuming that the word order is 

:  1nX n m  , and there is a window vector matrix between  1n m   and 1i m  , the matrix 

of W is given, so that W acts on b continuous word vector, and the output is obtained. Generate 
SPORTS injury data: 

 1· Xi
zi nc f w X b 

（3）
 

Where f is a nonlinear function. More semantic information of sports injury can be obtained 
through different Windows, so as to extract richer representation of text data. According to the 
change of dynamic data of sports injury, the characteristic chart of dimension change is generated. 
Because of the large dimension of classification, it is difficult to train the appropriate classification 
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model directly. The feature map is used as input to the pool layer to obtain the most important 
information in a dimensionless way. 
1.2 Sports injury prediction index based on Transfer Learning 

In order to reduce the influence of unbalanced training data on prediction performance and 
improve the accuracy and convergence speed of sports injury prediction, a transfer learning 
algorithm is adopted. When the other types of data in the training data are unbalanced, the 
comparative analysis is made according to the class II training data of various sports injuries, 
because the sample distribution is uneven in various sports injuries[9]. There are several common 
sports injuries are more common, there are several rare sports injuries are relatively rare. There are 
also different types of sports injuries[10]. Due to the large difference of different types of training 
data, especially in the case of balanced injury, small samples and large samples are easier to select 
in training, which leads to insufficient learning of small samples and poor prediction performance, 
which can not meet the needs of research[11]. In order to ensure the accuracy of the prediction 
results, this paper analyzes the common sports injury parts and causes, and puts forward prevention 
strategies, hoping to help. 

Table 1 List of common sports injuries（n=50） 

Injury site Number of injured persons / 
person 

Percentage /% 

joint 38 76 
skin 8 16 
head 2 4 
bones 1 2 
other 1 2 

Through the selection of training samples, error calculation and parameter updating, the 
motion data is divided into several small pieces, each block has a fixed size sample, and then these 
sample data are selected for model training[12]. As can be seen from the figure, the training data set 
is divided into n small blocks, and then the block data is selected for model training. Based on this, 
the data processing steps of sports injury based on transfer learning are optimized, as shown in the 
figure 4: 
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Fig. 4 Steps of sports injury data processing based on Transfer Learning 
In order to establish an effective sports injury data model, transfer learning technology and 

dynamic probability sampling technology are used in the prediction model. The large sample 
sports injury model with high symbiosis rate and sufficient data was selected[13]. The small sample 
prediction model was used to predict the training process. The training samples were selected by 
dynamic collection method, and the positive samples and negative samples were separated[14]. 
Finally, the sampling rate is merged into the training data of the next round to process the sports 
injury data based on transfer learning. The specific method is shown in the figure 5. 
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Figure 5 Sports injury data processing based on Transfer Learning 
Furthermore, the training algorithm of small sample sports injury prediction transfer learning 

model combining transfer learning and dynamic sampling is used to collect multi label sports 
injury data and calculate. 

       1 1 2 2 1 2, , , , , , , , , , ,n
N N i i KD x y x y x y x X R y c c c    

（4）
 



 
 
 

6511 
 

Ann. For. Res. 65(1): 6506-6519, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

nR represents the total number of sports injury markers; Sports injury marker iy  to be trained; 

Number of iterations N; The size of each iteration of the training data block. For any jc  label, 

calculate the frequency of sports damage label ic  and jc , then calculate: 

    , ,
nn

i j i j n
i y

n D

P c c I c c y
 



 
（5）
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     （6）
 

I is divided into some binary data sets of sports injury kD , where iD  is the training set of 

sports injury label iC . KC  is selected in the sports injury label iC , which has the highest frequency 

of occurrence. Based on KC  training data set kD , the sports injury prediction model  ( )iF x  was 

established, and the parameters of T were retained. Its algorithm was: 

 i K iC( ) T rai-C n  i kF x DD ）（
（7）

 

On the basis of this model, a non-parametric multi-correlation sample consistency detection 
method is proposed to check the consistency of indexes. If the value range of transport coordination 
coefficient is 0-1, it is used to describe the overall consistency of each indicator. When T>0.05, 
the reliability of expert assessment and prediction is poor, and the results of assessment and 
prediction are not ideal[15]. When T<0.05, the reliability of expert assessment and prediction was 
good and the results were reliable. Based on this, the consistency of damage prevention indicators 
is standardized, as shown in the table 2: 
Table 2 Consistent parameters of damage prevention indexes 

Grade index 
Number of 
experts (n) 

Chi square 
Degree of 
freedom 
(DF) 

Concordance 
coefficient 
(Kendall's 
w) 

Progressive 
significance 
(P value) 

Primary 
indicators 

14 30.577 4 .510 .000 

Secondary 
indicators 

14 105.519 21 .335 .000 

Third level 
index 

14 84.151 21 .267 .000 

As shown in the table 2, the first-level coordination coefficient of the prevention system is 
0.510, with a P value of 0.000<0.05; the second level is 0.335, with a P value of 0.000<0.05; the 
third level is 0.267, with a P value of 0.000<0.05. It shows that the experts have highly consistent 
opinions on the evaluation of the indicators of the expert group and the evaluation results are 
credible. 
1.3 The realization of sports injury prediction 
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It is difficult to accurately extract some fuzzy parameters when analyzing the moving 
vulnerable parts. Put forward a predictable model of human body injury, to calculate the various 
factors affecting the credibility of the wearing parts, and gives a prediction model of dynamic 
movement human body damage, concrete steps as follows: in the process of human body damage 
prediction model is established, the evaluation of the first face-to-face, the body parts of reverse 
damage properties and its range of inner link, through the combination of methods, to express and 
describe and record, specific can be written as: 

 1 2, , , eU u u u 
（8）

 

The collection of all possible site sites of body parts injury is denoted as: 

1 2, , , nV v v v 
（9）

 

For the fuzzy influencing factors of different motion types, the influencing factors of different 
categories can be divided into different subclasses, and the number of different subclasses of the 
influencing factors of different categories can be equated, so that: 

 1, , ,i i a iju u u u 
（10）

 

The confidence degree ijr  Vu  of the influencing factors of class I movement that cause the 

damage point of type J body indicates the membership degree of 1iu  to u, that is, the degree to 

which the influencing factors of movement at the damage point of type j body may reach: 

0 1( 1,2, , ; 1,2, , )ijr i n j m   „
（11）

 

According to the fuzzy set matrix on R, the possibility of body injury point is obtained 
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Further build a sports injury comprehensive evaluation prediction model: 

   1 2 1 2, , , , , ,n nB A R b b b a a a    
（13）
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（14）

 

In the prediction of sports injury, the predicted value should be determined according to 
dynamic sampling and migration learning variables, and the evaluation model of dynamic 
sampling should reflect the degree of injury. As an index parameter, the model has a large 
modeling error when analyzing the moving vulnerable parts[16]. Therefore, it is necessary to 
generate eigenvectors of fixed length after pooling. The classification of feature vectors in the 
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input fully connected classification layer and the formation of the relationship between dynamic 
acquisition and transfer learning is an important index to describe the sports injury assessment 
model. To facilitate the analysis, the relationship between dynamic sampling and transfer learning 
is proposed and combined with input-output delay estimation[17]. If the input motion damage data 
contains a specific sequence, the output is estimated to be 1; otherwise, the output is 0, and there 
is a finite delay length, but the estimates and estimates between the two are uncertain. Therefore, 
the relationship between dynamic acquisition and transfer learning still belongs to the uncertainty 
in the unconscious sequence[18]. To solve the above problems, it is necessary to first analyze the 
manifestation of the relationship between dynamic sampling and transfer learning, specifically as 
figure 6: 

 
Fig. 6 Representation diagram of the relationship between dynamic sampling and 

transfer learning 
Sources and Identification methods of sports injury risk Factors In order to effectively avoid 

the uncertainty problem in the unconscious sequence, before the evaluation of sports injury, it is 
necessary to determine the risk source of injury[19]. The risk sources of sports mainly include rule 
guidance, equipment demand, sports mode, sports crowd, sports difficulty and so on. Through the 
identification of sports injury risk factors, according to the identified hazard sources, using a 
specific algorithm to determine the risk level of sports injury, so as to achieve the purpose of 
judging the severity of injury[20]. If the hazard form is adopted, the hazard identification of sports 
injury risk factors can be in the following form: 

0

1
( ) [ ( ) ]

2

n
n

n

s s l 


        （15） 

In the above formula, n represents an uncertain variable, which can vary with the value of s. 
The specific algorithm is used to complete the risk identification of sports injury. And l is used to 
represent the specific parameters generated by sports injury risk factor in the risk source. The 
comprehensive evaluation is carried out based on the pre-evaluation results of sports injury. See 
the chart for the specific procedure of evaluation. 
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Fig. 7 Flow chart of sports injury assessment based on injury risk factors 

The prediction of sports injuries based on the above methods can further improve the accuracy 
of sports injuries prediction and ensure the validity of the prediction results, so as to better 
guarantee the health of athletes and make reasonable sports arrangements. 
2 Analysis of experimental results 

In order to verify the practical application effect of the sports injury prediction model based 
on dynamic sampling and transfer learning, the experimental data were obtained from six groups 
of 102 people. Using the method of questionnaire survey, statistical analysis of injury and injury 
of athletes in each team. The experimental group and experimental group were randomly selected. 
Track the investigator's half year training and analyze the most vulnerable part of the body in speed 
training. 
Table 3 Basic information of experimental data set 

 Number of 
positive cases 

Negative cases IR 

Public datasets 
500 1500 3 
500 1500 3 
500 1500 3 

Private dataset (most 
classes) 

1210 750 1.61 
631 1359 2.15 
433 1527 3.53 

Private datasets 
(minority classes) 

131 1829 13.96 
113 1847 16.35 
66 1894 28.70 
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Record athletes' movements with professional cameras. The motion video is segmented by 
professional software, and the segmentation results are analyzed. Select the relevant indicators, 
combined with the situation of athletes' joint injury to carry out correlation analysis. The details 
are as table 4: 
Table 4 Detection indexes of knee joint injury of athletes 

Biomechanical study on knee joint injury of 
athletes 

Special physical fitness 
of athletes 

Speed of body center of gravity Speed endurance (half 
marathon time) 

Speed of knee joint Strength and endurance 
Knee angular velocity  
Knee bending angle Speed sensitivity 

SPSS software was used for statistical analysis of athletes' performance and difference 
analysis. Video analysis showed that of the 180 athletes, 126 had knee injuries, 54 had no injuries, 
70 percent had knee injuries, and 30 percent had no injuries. Meniscus injury was 60 cases, 
accounting for 48% of knee joint. Patella strain was found in 34 cases, accounting for 27%. Injury 
of collateral ligament in 28 athletes, accounting for 22%; Patella softening, accounting for 3% of 
the total athletes; The statistical analysis results of the questionnaire are as table 5 and table 6: 
Table 5 Questionnaire results of the degree of knee joint injury of athletes 
The severity of knee injury in athletes 
Mild injury 30（24%） 

moderate lesions 90（71%） 

Severe injury 6（5%） 

Table 6 Questionnaire results of the degree of knee joint injury of athletes  
Degree of injury Exercise time 

Mild injury (30 cases) 
1 ~ 2 times / week, 3 ~ 6h / time (8 persons, 27%) 
7 ~ 9 times / week, 3 ~ 6h / time (22 persons, 73%) 

Moderate injury (90 cases) 
1 ~ 2 times / week, 3 ~ 6h / time (14 persons, 16%) 
7 ~ 9 times / week, 3 ~ 6h / time (38 persons, 84%) 

Severe injury (6 cases) 7 ~ 9 times / week, 3 ~ 6h / time (6 persons, 100%) 
The results showed that the injury of knee joint was mainly moderate. Long-term and frequent 

sports make the knee joint bear a lot of pressure, easy to cause injury. It also made the injury more 
serious. Combined with the present situation and characteristics of knee joint injury, this paper 
analyzes the cause of knee joint injury. The statistical analysis of 126 athletes' knee injuries showed 
that 71.4% of the 90 athletes' knee injuries were mainly caused by lack of exercise. Fourteen 
athletes (11.1%) were overtired as a result of overtraining. The main causes of knee joint injury 
were body collision, weak consciousness of self-protection and poor physique, accounting for 8%. 
Other factors, such as lack of targeted rehabilitation training, injuries during training or 
competition, and poor weather conditions, will be ruled out. 
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Table 7 Analysis results of inducing factors of knee joint injury 
Inducing factors Number of 

people 
proportion 

The preparations are unreasonable 90 71.4% 
Insufficient cooling 10 7.9% 
Physical fatigue of athletes 14 11.1% 
Body collision between athletes 4 3.2% 
Athletes have poor self-protection consciousness 4 3.2% 
Poor physical fitness of athletes 2 1.6% 
Treadmill equipment and location 2 1.6% 
Lack of targeted rehabilitation training 0 0% 
Practice or play with injuries 0 0% 
Adverse climatic factors 0 0% 

By training the data samples, the high-dimensional continuous dense word vectors are 
obtained and converted into word order matrix to obtain the semantic feature expressions of the 
input text. Then, the vulnerable parts of athletes are predicted by convolution, aggregation and full 
connectivity respectively, and the vulnerable parts of athletes are predicted by three models. This 
paper compares and analyzes the vulnerable parts of athletes' speed training and the actual injured 
parts, and measures the advantages and disadvantages of different models by comparing the 
results. The details are shown in the table 8. 
Table 8 Comparison of the advantages of different models in predicting the vulnerable parts 
of the body during strenuous exercise 

 T No. Injured part 
Ai 180 20 Foot, hip joint, tendon injury, lower limb muscle, leg 

ligament strain 
Im1 180 20 Foot, hip joint, tendon injury, lower limb muscle, leg 

ligament strain 
Im2 180 20 Waist, lower limb muscle, foot, bare joint 
Im3 180 20 Waist, foot and hip joint 

Among them, T is the training time, no is the training times, Ai is the injured site, IM1 is the 
prediction result of the conventional model, IM2 is the prediction result of the conventional model, 
and IM3 is the prediction result of the conventional model. It can be seen from the table that when 
the damage degree of the moving vulnerable parts is predicted by the model, the deviation between 
the predicted result and the actual damage position is large. However, the injury risk predicted by 
the model is basically consistent with that in the training of board shoes. The main reason for this 
phenomenon is that in the process of modeling, it is necessary to determine the relationship 
between the position of sports injury and the amount of exercise, so as to ensure the accuracy of 
the prediction model, and then establish the corresponding model. Through the comparative 
experiment of the three models, the feature of the predicted damage location is extracted. The chart 
shows the contrast effect. 
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Fig. 8 Comparison of damage prediction characteristic data processing effect 
The simulation results show that the prediction effect of the model is better than that of the 

conventional model. Based on this, this paper gives a sample regression function of sports 
vulnerable groups, establishes the prediction model of sports vulnerable groups with the sample 
regression function, and verifies it with, and obtains the best prediction model of sports vulnerable 
groups. The results show that this method can effectively extract the features of sports injury 
prediction. Through the prediction experiment of three different models of sports injury location, 
the prediction error of sports injury location is compared, and the following results are obtained. 

The most easily 
damaged part

The model of this paper

Traditional method

E
rr

or
 /%

 e
st

im
at

io
n

0.5

0.4

0.3

0.2

0.1

0

-0.1

-0.2

-0.3

-0.4

-0.5

0 18 36 54 72 90 108 126 144 162 180

Training time / day

 
Fig.9 Comparison of prediction errors 
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Compared with the traditional model, it shows that the prediction error of the model is small, 
and the prediction result is quite different from the traditional model. By establishing the internal 
relationship between the injury attribute and the motion amplitude of each part of the human body, 
the change rule between the injury attribute and the easily damaged attribute of each part of the 
human body is calculated. According to the risk probability of sports injury site and the relationship 
between injury site and sports environment, the sample regression function is calculated, and the 
prediction model with lower prediction error is established. The experiment shows that the sports 
injury prediction model proposed in this paper has high prediction accuracy and fully meets the 
research requirements. 
3 Conclusion 

The occurrence of sports injury is usually related to the characteristics of sports, technology 
and tactics, training level, sports environment and sports conditions. In order to ensure the health 
of athletes, a design method of sports injury prediction model based on dynamic acquisition and 
transfer learning is proposed. One of the effective measures to prevent sports injury is to strengthen 
the training of sensitive and relative sensitive parts and improve their motor function. For example, 
we should strengthen the training of big muscles, strengthen the strength, improve the coordination 
ability, and prevent trauma. 
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