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ABSTRACT

Introduction: With the continuous development of society and the continuous improvement of the
economic level, the willingness of Chinese people to participate in sports is also showing an upward
trend. However, how to reduce sports damage as much as possible during exercise should be a hot issue
of particular concern to athletes in the sports world. Objective: It aimed to discuss the simulation of the
relationship between joint motion amplitude (JMA) and motion damage (MD) via a rough set decision-
making algorithm to avoid MD. Based on the rough set decision algorithm, JMA and MD models were
constructed, and a motion data decision table was established. Methods: Joint change parameters and
constraint conditions were set, and joint change parameters were analyzed. Moreover, the changing
parameters, feature strength, and algorithm partition accuracy of the simulation model were analyzed.
Results: The feature strength and the division accuracy of the rough set decision algorithm all showed
good accuracy. The model constructed by such a method can well describe the relationship between JMA
and MD. Conclusion: The proposed rough set decision algorithm can describe the relationship between
JMA and MD scientifically and effectively, which provided reference value for sports. Level of evidence Il;
Therapeutic studies - investigation of treatment results.

Keywords: Range of motion, articular; Movement; Decision trees.

RESUMO

Introducdo: Com o desenvolvimento continuo da sociedade e a melhoria continua do nivel econémico,
a disposicdo do povo chinés para a prdtica de esportes também apresenta uma tendéncia ascendente. No
entanto, como reduzir os danos ao esporte tanto quanto possivel durante o exercicio deve ser uma questdo
importante de particular preocupagdo para os atletas do mundo dos esportes. Objetivo: o objetivo foi dis-
cutir a simulagao da relagdo entre amplitude de movimento articular (JMA) e dano de movimento (MD)
por meio de um algoritmo de tomada de decisdo de conjunto aproximado, para evitar MD. Com base no
algoritmo de decisdo de conjunto aproximado, os modelos JMA e MD foram construidos e uma tabela de
decisdo de dados de movimento foi estabelecida. Métodos: os pardmetros de mudanc¢a da junta e as condi-
¢Oes de restricdo foram definidos, e os parametros de mudang¢a da junta foram analisados. Além disso, foram
analisados os parametros de alteracdo, a forca do recurso e a precisdo da particéo do algoritmo do modelo
de simulagao. Resultados: A forca do recurso e a preciséo da diviséo do algoritmo de decisdo do conjunto
aproximado mostraram boa precisGo. O modelo construido por esse método pode descrever bem a relagéo
entre JIMA e MD. Concluséo: O algoritmo de decisdo de conjunto aproximado proposto pode descrever a re-
lacdo entre JMA e MD de forma cientifica e eficaz, o que forneceu valor de referéncia para a drea de esportes.
Nivel de evidéncia lI; Estudos terapéuticos- investigagédo dos resultados do tratamento.

Descritor: Amplitude de movimento articular; Movimento; Arvores de decisées.

RESUMEN

Introduccidn: Con el desarrollo continuo de la sociedad y la mejora continua del nivel econémico, la disposicion
del pueblo chino a participar en deportes también estd mostrando una tendencia al alza. Sin embargo, cdmo reducir
el dario deportivo tanto como sea posible durante el ejercicio deberia ser un tema candente de especial preocupacion
para los atletas en el mundo del deporte. Objetivo: Su objetivo era discutir la simulacion de la relacién entre la amplitud
del movimiento articular JMA) y el daio por movimiento (MD) a través de un algoritmo de toma de decisiones de
conjunto aproximado, para evitar MD. Con base en el algoritmo de decision de conjunto aproximado, se construye-
ron modelos JMA y MD, y se establecié una tabla de decisién de datos de movimiento. Métodos: Se establecieron los
pardmetros de cambio de la articulacion y las condiciones de restriccidn, y se analizaron los pardmetros de cambio
de la articulacion. Ademds, se analizaron los pardmetros cambiantes, la fuerza de la caracteristica y la precision de
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la particién del algoritmo del modelo de simulacion. Resultados: La fuerza de la caracteristica y la precision de la
divisidn del algoritmo de decisién de conjunto aproximado mostraron una buena precision. El modelo construido
por tal método puede describir bien la relacidn entre JMA y MD. Conclusion: El algoritmo de decisidn de conjunto
aproximado propuesto puede describir la relacidn entre JMA y MD de manera cientifica y efectiva, lo que proporcioné
un valor de referencia para el campo de los deportes. Nivel de evidencia II; Estudios terapéuticos- investigacion

de los resultados del tratamiento.

Descriptores: Rango del movimiento articular; Movimiento; Arboles de decisién.
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INTRODUCTION

With the continuous development of society and the continuous
improvement of the economic level, the willingness of Chinese people to
participate in sports is also showing an upward trend. However, how to
reduce sports damage as much as possible during exercise should be a
hot issue of particular concern to athletes in the sports world. In the study
of MD, it was found that there is a very close relationship between the
jointamplitude and MD."* how to scientifically and effectively arrange
the load and exercise intensity in training, as well as how to scientifically
and effectively grasp the JMA and MD prediction strategies in track and
field training, has become an urgent problem in this field >

At present, most researchers use ant colony algorithm to impro-
ve the relationship between amplitude and damage. The gray neural
network algorithm is reformed, and the damage relationship model of
the unscented Kalman filter algorithm is established here. However,
the disadvantage of this model is that a large amount of data needs
to be calculated in the actual operation steps. The time-consuming is
relatively large, and the number of iterations is relatively large, which
has a certain impact on the authenticity of the data. Decision tree is an
effective data classification method. The existence of rough set theory
links knowledge and classification very closely. The classification problem
of inaccurate and incomplete data can be effectively solved thanks to
this mathematical tool that is more in line with human cognition.

METHODS

In real life adoptions, if there is a completely separable original data
set, after this algorithm is adopted, the displayed instance division results
are very accurate. However, there is the shortcoming that unknown data
can't have good generalization ability. The data collected in this process
will also be affected by uncertain factors.Decision trees are classified in
attribute selection, one is univariate decision tree, the otheris multivariate
decision tree. Their complexity determines different attributes. Univariate
is determined by the number of leaf nodes and the depth of the tree,
and multivariate is determined by the number of branch attributes.

Algorithm proposal

The algorithm proposed considers two aspects. One is that the
influence of noise data reduces overfitting. Another aspect is the degree
of complexity of the decision tree. The test data set C is the input, and
the decision tree is the output. The algorithm idea is shown as follows.
A. Information entropy doesn't go through attribute division, and it is
calculated and sorted from small to large.

B.The original data set is divided, each unselected attribute is selected,
the number of branches divided into intervals K is counted, and the
maximum number of clear intervals max k is calculated.

C.Ifthe number of attributes is set as j=2, merge them, and calculate the
accuracy of dividing the attribute set into the data set, and the number
of intervals is k. If the maximum variable precision specifies the interval
difference sub(k) > and the maximum number of attribute branches
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(sub(k)= k - max k), the combined attribute set will be combined as
the dividing node, or the single attribute value with the largest k value
will be taken.

D. If the value of k in the previous step is 0, the current node is the
attribute with the largest information gain.

E. Each subset performs the previous steps. a. Each subset meets one
of the following conditions and ends recursively. All data is divided. b.
The decision attribute values in the remaining data sets are different,
but the condition attributes are the same. c. The data set is divided but
has no attributes.

F. Remove branches. If multiple leaf nodes at the same level have the
same attributes, they are classified into the same category and their
attributes are merged.

Relationship between JMA and MD

Correctly expressing and building the relationship model between
the two can effectively provide good data support for MD in this field.
Therefore, the construction of the model is also very useful, and the
estimation of the model relationship is also very important. The state
equation of the relationship model between the two is as follows.

ak+]:f(ak,uk) +Wk (])

b= @)+ 2

a represents the motion state vector, u is the input variable, and b
represents the observable output variable.

In the model, the process error and the observed error are repre-
sented by w and v, respectively.

The motion state of the joint can reflect the motion ability of the
joint, and the discrete equation is expressed as follows.

XoY,= XY, - 3)

Set X,Y, as the initial value of the joint motion state, and 7, is the
instantaneous joint motion capability.

If the selected MD type is different, equation 4 can be used to ex-
press its model.

b=KoHK; Xo¥i + Ko/ XY, HKaIN(XY) +Kn(1-XoY- NoYT, (4)

b, represents the instantaneous movement ability. N, represents the
instantaneous joint movement ability.

The constants in the motion state are represented by K, K,, K,, K5,
and K,.

In summary, after the restriction relationship between the two is
well established, the relationship model is built successfully.
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Decision table establishment

For less certain and less complete information, rough set theory can
be applied to its analysis. It looks at the target to be studied as a whole
system, and uses indistinguishable relations and indistinguishability to
obtain similar solutions.The simplified method of rough set attributes is
to abstract the motion data first, and then regard it as a data information
system. The detailed description is as follows.

First, an information system is given, <W, AUB, V, f>, RE(AUB), VX< U
and the division of domain W independent of the equivalence relation R
m(W)={X,, X,, .X, .}, then the definition of the importance of knowledge
R about Xis as follows.

SigR(X)=

RRASCTRANAT/ (5)

The importance of R on the division of m(W) is defined as follows.

Siga(m (W)= Z10Vb,RK) -

In a decision table, a division m(W) of W can be obtained according
to D. If knowledge Ris a single attribute a, (i=1, 2, ..m), then, Sigg (M(W))
describes the importance of knowledge R about classification.

According to its attribute, classification is made, and the decision
tree algorithm of rough set is as follows.

Input: decision table, <W, AUB,V, >, A={al,a2
then,a:, ...}
Value of decision attribute VD= {d1, d2
Output: decision tree
1:for the given decision table, <W, AUB,V, f>, calculate
the classification of decision attributes m(W) {X1, X2
..Xn} and Xi=[x]ai{i= 1,2, ...n}
2:for (i=1; i<=m; i++)
{for (i=1;i<=m; i++)
fai (X)=tx | (VxeWRA([XIai{EX))}
fai (X))=fx | (VxeWRA(IXJainXj) =0)}
bnai (Xj)=ai (Xj)-ai (XJ)
Sigai(X)= Wb R }
zH(vv b, RX)) 3

Sigai(m(W))= "

3: calculate aj= argmax {Sigai (m(W))}
4: calculate W/aj={w1, w2, ...wk}
5:for (i=1; i<k; i++) If all the examples in W, belong to the same
category, then end; otherwise, steps 2 to 5 need to be repeated.

,...an},

..dn},

Description of decision tree algorithm based on rough set

Firstly, for a given decision table, its decision attribute classification is
calculated, and the second step is to calculate the classification. Next, g,
and W/a;is calculated in turn. If all the examples in Wbelong to the same
category, the process ends. If they don't belong to the same category,
continue to repeat the second step (Figure 1).

Decision tree generated by taking outdoor running as an
example

To better understand the decision formed by the rough set decision
algorithm, Figure 2 is a schematic diagram of the outdoor running de-
cision tree formed by the rough set decision algorithm.

516

Figure 1. Step flow chart of rough set decision tree algorithm.

Figure 2. Decision tree for outdoor running.

RESULTS
Determination of joint change parameters

The technical movements of an athlete when running was analyzed,
and rigid bodies with marked points on the joints of his left ankle, left
knee, right ankle, and right knee were selected. The range of punctuation
was shown in the dashed box in Figure 3. Two identical unobstructed
motion camera capture points in each dotted frame were selected, and
then the rigid body was recorded in detail. Furthermore, the specific
change parameters were obtained by the rough set decision algorithm
step. The variables were assigned to 0.2s, 0.4s, 0.6s, 0.8s, 1.0s, 1.2s, 1.4s,
1.6, and 1.8s, and the result after the record was executed was output.

Time and feature intensity

Before the angle and strength constraints were determined, the
specific parameters needed to be optimized for the linear classification
interval to the greatest extent. After processing, the linear relationship
between the change parameter and the change was determined, and
then the characteristics they showed were analyzed. As time changed,
the characteristic intensity curve first increased, then flattened for a
period of time, and then showed a decreasing trend (Figure 4).

Algorithm performance comparison

In Figure 5, the proposed algorithm was compared with the traditio-
nal ID3 algorithm in literatures. The partition success rate and accuracy
rate of the algorithm proposed were significantly higher than traditional
algorithms, showing certain advantages of rough set decision algorithm.

Sports and Tra, Imp

The meaning of Tra was the instantaneous maximum value of the leg
joint exercise intensity, and the meaning of Imp was the transient maximum
value. For the same athlete, three kind of sports of different degrees were
selected as the research objects. The yield strength of muscles and joints in
each exercise was shown in Figure 6. There was a proportional relationship
between joint yield strength and muscle resistance.
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Figure 3. Schematic diagram of taking points under athletes running state.
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Figure 4. Relationship between time and feature intensity.

DISCUSSION

There are documents that linked MD with exercise intensity. After the
joint change parameters and constraints were determined, the simulation
model was constructed using intelligent related technology." The envi-
ronment design simulation experiment used in the simulation achieved a
better description of the relationship between MD and exercise intensity.
Rough set decision algorithm was adopted in this research to build the
relationship model between JMA and MD, and analyzed the relationship
between JMA and injury characteristic strength and joint flexion strength.
The results obtained were consistent with expectations, and the accuracy
rate obtained was also somewhat higher than that of traditional methods.

m Partition success rate

100 N Accuracy

80

Percent( %)
[}
o

40
20
0. s
Rough set Traditional
algorithm algorithm

Figure 5. Comparison of accuracy between the algorithm proposed and the tradi-
tional ID3 algorithm.
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Figure 6. Relationship between sports and Tra and Imp.

CONCLUSION

The rough set decision algorithm proposed was employed to
analyze JMA, injury characteristic strength, and joint flexion strength,
50 as to better protect the joints and effectively stop the occurrence
of joint injuries, aiming at providing a very useful reference basis. It
is hoped that the research in this article can help to well alleviate
the damage caused by the excessive JMA. The current method can't
analyze the influence mechanism of various factors on strengthening
the training load intensity. The next step is to solve the problem of
large errors in damage analysis.

The author declare no potential conflict of interest related to this article
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