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Abstract: In the table tennis competition, the stability of forefoot at striking moment is an important factor
affecting the results of competition. However, the analysis of the stability of forefoot in the table tennis com-
petition is mainly through the finite element modeling, but the accuracy of this method is not high. In this pa-
per, a method of analyzing the stability of forefoot in the table tennis competition based on the static analysis
is put forward. First, relevant literatures are obtained and relevant data is collected, and the process of analyz-
ing stability of forefoot using static analysis is described. The experiment shows that the method proposed in
this paper is of high accuracy and has strong value in use.
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1. Introduction
Table tennis is one kind of sports with strong exercise
value, which has a positive effect on improving physical
coordination ability, reaction ability and operation ability,
and has attracted wide attention. With the rise of table
tennis, table tennis competitions are held more often in
people's lives. In the table tennis competition, the ball
needs to be struck to receiver s court to win the game. In
the process of striking, the stability of the forefoot is par-
ticularly important, which not only affects the physical
stability of player at striking moment, but also affects the
direction and power of striking, thus, it has an impact on
the results of competition. Therefore, it is very important
to analyze the stability of forefoot in the table tennis
competition. By analyzing the stability of forefoot in the
table tennis competition, the scoring rate of the table ten-
nis player is improved, so as to advance the player s per-
formance. However, most of current analysis methods for
the stability of forefoot in the table tennis competition are
through the finite element analysis to determine influen-
cing factors, and via the buckling analysis to ensure the
maximum load for forefoot while maintaining stability.
This method has become the main method to solve the
problem because of the high accuracy and good value of
research, which has been widely concerned by relevant
experts and scholars. With the deepening of the impor-
tance of table tennis, a lot of research results are pro-
duced.
In the a method of analyzing the stability of forefoot at
striking moment in the table tennis competition was put
forward. Based on the theory of limit equilibrium and
slices method, the stability analysis model of forefoot at

striking moment in the table tennis competition was es-
tablished. The gravitational force of body applied on the
forefoot at striking moment was considered as a concen-
trated force to estimate the additional pressure of gravita-
tional force on the forefoot. Thus, the stability analysis of
forefoot in the table tennis competition was established,
and the calculation formula of the load stability was giv-
en. But this analysis method has more complex process,
the data obtained through the analysis has more errors. In
the a method of analyzing the stability of forefoot in the
table tennis competition based on multi-population genet-
ic algorithm (MPGA) was proposed. Firstly, the finite
element method was combined with MPGA to establish a
general model for analyzing the stability of forefoot at
striking moment in the table tennis competition under the
situation of complicated pressures. The load stability
coefficient was solved by numerical stress field, and the
fitness function of MPGA was constructed. On this basis,
the displacement was provided for the calculation of the
load stability coefficient by using MPGA. In order to
ensure the accuracy of the analysis, according to the de-
velopment trend of the forefoot displacement at striking
moment in the table tennis competition, the initial dis-
placement was dynamically generated and a constraint
condition for the displacement was added to realize the
analysis. However, this method has the complicated
computation process and difficulty in analyzing. In the a
method of analyzing the stability of forefoot in the table
tennis competition based on the finite element strength
reduction method was brought up. First, the UFIELD
program of the ABAQUS software was used to define
the field variable in the software as the reduction coeffi-
cient and the field variables were established. The rela-
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tionship between the time and the strength parameters
was analyzed using the software and the maximum stress
of the forefoot was taken as the basis. The strength reduc-
tion of the forefoot was simulated and the load stability
was determined. But this method has the problem of poor
accuracy of analysis.
In order to solve the above problems, this paper presents
a method to analyze the stability of forefoot at striking
moment in the table tennis competition based on the stat-
ic analysis. First of all, the relevant literatures are sum-
marized and analyzed, the pressure change data on fore-
foot at striking moment and forefoot movement during
striking process in the actual table tennis competition are
collected. On the basis of this, through the establishment
of the stability analysis model of forefoot at striking mo-
ment in the table tennis competition, and analysis of the
overall force and regional force of forefoot at striking
moment, the analysis of stability is achieved. Experi-
ments show that the method proposed in this paper has
high reliability and has created good conditions for the
research and development in this field.

2. Study on the Stability of Forefoot Ai
Striking Moment in the Table Tennis
Competitions
In the table tennis competition, the stability of forefoot of
the player at striking moment directly affect the success
rate of striking, thus affecting the competition result.
Analysis of the stability of forefoot at striking moment in
the table tennis competition is conducive to enhancing
the stability, so as to improve the scoring rate. In the
process of analyzing the stability of forefoot in the table
tennis competition, the literature method, the measure-
ment method and the mathematical analysis method are
adopted.

2.1. Statics of the stability analysis of forefoot at
striking moment in the table tennis competition

This paper found 10 relevant materials in the city library,
and searches the related literatures in the database, such
as China National Knowledge Infrastructure (CNKI) and
Wanfang Standards Database (WFSD). The specific
search results are shown in Table 1, Table 2 and Table 3.

Table 1. Lookup of relevant materials in CNKI
Search term Number of search

Striking moment in table tennis competition 56
Analysis of the stability of forefoot before striking 13

Analysis of the stability of forefoot at striking moment 12
Analysis of the stability of forefoot after striking 9

Table 2. Lookup of relevant materials in WFSD

Table 3. Lookup of Relevant Materials in Other Database
Search Term Number Of Search

Striking moment in table tennis competition 42
Analysis of the stability of forefoot before striking 11

Analysis of the stability of forefoot at striking moment 9
Analysis of the stability of forefoot after striking 7

Through lookup in CNKI, WFSD and other database,
same relevant materials are removed, a total of 58 refer-
ences on striking moment in the table tennis competition
are found, there are 14 references mentioning analysis of
the stability of forefoot before striking, 12 references
analyze the stability of forefoot at striking moment, 9
references analyze the stability of forefoot after striking.
The reading of these references shows that the forefoot at
striking moment is usually left foot, through the lookup
in relevant materials to lay the foundation for analysis of
the stability of forefoot at striking moment inthe table
tennis competition.

2.2. Actual measurement of the stability analysis of
forefoot at striking moment in the table tennis com-
petition

During the analysis of stability of forefoot at striking
moment in the table tennis competition, the actual mea-
surement is to choose 10 table tennis players, including 5
men and 5 women. The RSscan pressure sensor insoles
and test data acquisition device are utilized. The RSscan
pressure sensor insoles are placed in shoes, and the ac-
quisition module is carried at the waist. The JVC-9800
digital camera and RSscan foot pressure measurement
system are adopted to shoot 10 table tennis players foot

Search term Number of search
Analysis of the stability of forefoot before striking 10

Analysis of the stability of forefoot at striking moment 10
Analysis of the stability of forefoot after striking 8
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movement at striking moment. The striking moment is
started with pressure on insoles generated by foot, and
ended with disappearance of pressure. Each player per-
forms 5 striking operations, when collecting data, camera
signal and pressure distribution test signal of foot are
collected synchronously. After the test is completed, the
data in acquisition card is imported into the computer,

and the measured data is analyzed with the Semi video
analysis software and the system's Rsscan analysis soft-
ware package. The average pressure peak and the pres-
sure center trajectory of eight regions on the forefoot at
striking moment of each player is analyzed, and the pres-
sure center trajectory is standardized. The basic situation
of 10 players tested is shown in Table 4.

Table 4. The situation of tested table tennis players
Number Name Gender Height Weight Level Shoe Size

01 Wang Man 190 72 Level one 45
02 Zhang Man 187 70 Level one 44
03 Li Man 189 65 Level two 44
04 Liu Man 184 69 Level two 44
05 Zhao Man 179 67 Level two 43
06 Han Woman 165 51 Level one 39
07 Ma Woman 168 52 Level one 39
08 Qian Woman 171 57 Level two 40
09 Zhou Woman 164 50 Level two 38
10 Wu Woman 169 56 Level two 39

In this paper, the forefoot at striking moment in the table
tennis competition is divided into eight regions, respec-
tively 1T , 1M , 3M , 5M , 1V , 2V , 1H , 2H . The specific
location shown in Figure 1.

Figure 1. Distribution of eight regions of forefoot

It can be seen from Figure 1 that 1T is located at the first
toe joint of forefoot; 1M is located at the first metatarso-
phalangeal joint of forefoot; 3M is located at the third
metatarsophalangeal joint of forefoot; 5M is located at
the fifth metatarsophalangeal joint; 1V is located at the
tarsometatumal joint, between the first wedge and the
first metatarsal, inside of transverse arch; 2V is located
between cuboid and the fourth metatarsal, outside of

transverse arch; 1H is located at the inside of calcaneus;
2H 1H is located at the outside of calcaneus. In the table

tennis competition, these regions bear most of the weight
of the human body, and adjust the balance of human
body, through the stability analysis of these regions to
achieve the stability analysis of forefoot at striking mo-
ment in the table tennis competition.
During the measurement process, because the player is
moving to the ball, the body is moved forward, and the
pressure on the forefoot becomes larger, with the inter-
vening of the ball, the pressure on the forefoot tends to
moderate. Through the test data acquisition device to
collect the pressure and pressure peak of eight regions of
forefoot at striking moment, starting and ending time of
pressure change, and the percentage of it takes in the
entire support time. Height, weight, foot length data of all
players are collected.
Through the above discussion, the forefoot data at strik-
ing moment in the table tennis competition is acquired.

2.3. Stability analysis of forefoot at striking moment
in the table tennis competition based on static analy-
sis

Through the above method to achieve the data collection
of forefoot at striking moment in the table tennis compe-
tition, on this basis, the stability of forefoot is analyzed,
the specific analysis process is as follows.
There are three displacements of forefoot in the table
tennis competition: u , v , , where u , v respectively
represent the displacement of forefoot at the x , y direc-
tion in the table tennis competition, denotes the rota-
tion angle of forefoot in the xy plane. Assuming that the
displacement of forefoot at the x , y direction is ex-
pressed by the node discrete and orthogonal polynomial
method, the displacement can be expressed as:
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In the above formula, [ ] denotes that the spline node is
discretized, { }mu , { }mv and { }m denote spline node
displacement arrays respectively, and ( )mX y , ( )mY y
and ( )m yΘ denote the structural deformation function.
The above formula is written in matrix form:
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In the above formula, it means that displacement array of
any point on forefoot at striking moment includes three
components, u , v , , [ ]N represents the shape func-

tion matrix of forefoot, { } is the generalized displace-
ment vector of forefoot. [ ]N and { } can be obtained
with formula (1):
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According to the formula (3) we can see:
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For any region of forefoot, the displacement array con-
sists of the displacement array of node i and j , that is:
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With the formula (2) we can see:
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Then the displacement of any region of forefoot can be
expressed as:

{ } [ ] { }e eN=  (9)
In the above formula, [ ] [ ] [ ]e i jN N N =   .

Taking into account the difference of local coordinate
system of any region of forefoot and overall coordinate
system of forefoot, coordinates need to be transformed,
the unit displacement array in complete local coordinate
system is:

{ } [ ][ ] { }e eT N= (10)
The coordinate transformation matrix [ ]T can be ex-
pressed as:
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sin cos 0 0 0 0
0 0 1 0 0 0
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Total potential energy fonctionelle of each region of fore-
foot is:
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Substituting formula (10) into the above equation:
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The above formula can be converted to:
{ } [ ] { } { } { }T T

e e eK FΠ = − (14)
In the above formula, [ ]eK and { }eF can be expressed as:
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Total potential energy fonctionelle of displacement of
forefoot at striking moment in table tennis competition is
equal to total potential energy of each region of forefoot,
namely:
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From the above discussion, the overall displacement ma-
trix [ ]K and the total load array { }F can be expressed as:

[ ] [ ]e
e

K K= ∑  (17)

{ } [ ]e
e
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Therefore, the stability analysis of forefoot at striking
moment in table tennis competition can be implemented
based on static analysis.

3. Experiment Results and Analysis
In order to prove the validity and feasibility of the me-
thod proposed for analyzing the stability of forefoot in
the table tennis competition based on the static analysis,
an experiment was carried out. The experiment was con-
ducted under the operating system Windows 7 Ultimate,
the CPU model is 3.2Ghz Intel Core I3, running platform
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is Microsoft Visual Studio.NET 2010. Based on the data
collected in section 2.2 of this paper, the method pro-
posed in this paper and in and were adopted to analyze
the stability of forefoot in table tennis competition. The
results are compared and analyzed to complete the expe-
riment.
First, the block method mentioned in 2.2 was used to
divide regions of forefoot at striking moment in the table
tennis competition, and the force situation of forefoot
before striking, at striking moment and after striking are
analyzed. Three methods are used to analyze the force
situation of forefoot, the analysis results shown in Figure
2.
It can be seen from Figure 2 that the method proposed in
this paper has force situation analysis closest to the real
force situation, which shows that the method proposed in
this paper has better accuracy. In this paper, the method
of studying divided regions and then combining has
greatly improved the accuracy of analysis, so as to im-
prove accuracy of force situation analysis.
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Figure 2. The force situation analysis of forefoot at striking
moment in table tennis competition

Then, in order to ensure the accuracy of the experiment,
50 experiments were carried out in the table tennis com-
petition to collect the displacement (cm) of each region
of forefoot before and after striking, and the average of
experimental data was taken as the displacement of each
region of forefoot before and after striking. Comparison
of displacements obtained with three stability analysis
methods is shown in Figure 4.
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Figure 3. Displacement changes of forefoot before and after
striking

Through the above figure we can see that the displace-
ment change situation of forefoot analyzed with the pro-
posed method is the closest to the actual situation. Be-
cause of the actual situation and forefoot movement in
the competition during data collection, the accuracy of
displacement analysis is improved.
Finally, we compared the accuracy (%) of the stability
analysis of forefoot at striking moment in the table tennis
competition. The comparison result is shown in Figure 4.
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Figure 4. Comparison of the accuracy of stability analysis
using different methods

It shows that the proposed method has better analysis
accuracy. In summary, the method proposed in this paper
can better achieve the analysis of stability of forefoot in
the table tennis competition, and has strong value for
application.

4. Conclusion
In table tennis competition, the stability of forefoot at
striking moment impacts the table tennis player's physi-
cal stability, the direction and power of striking, thus
affecting the competition results. The analysis of stability
of forefoot in the table tennis competition, is conducive
to improving the player s performance. This paper
presents a stability analysis method based on static analy-
sis. Experiments show that the method proposed in this
paper has high reliability and has created good conditions
for the research and development in this field.
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