Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(6):1845-1853

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Sever al discussions on the training methods of badminton in our
country on the basis of mathematical model

Rui Zhou and Wenmao Yu’

Hunan Vocational College of Engineering, China

ABSTRACT

On the basis of analytical hierarchy process (AHRjs paper makes an analysis of badminton from &spects:

physical quality, spirit of cooperation, reactionality and innovation ability. This paper concludbat humanities
training accounts for 44.7% whereas physical tragiaccounts for 55.3% in badminton, which demomessrghat

badminton is not just a sport of challenging phaklomits, but the one which calls for technicsillskand so forth.

After a geometric model is established, this papscusses that when an athlete spikes, he or shddstry to keep

the arms straight in front and vertical to the king point. The higher he or she jumps, the mdeyithat ball can

pass over the net. And the height of the strikioigptpdetermines the trajectory and landing pointteé ball. Thus,

according to different vertical heights of the kitnig point, this paper classifies the height into categories: 1.6,

1.7, 1.8, 1.9, 2.0, and 2.1. The angles that adklstmash the ball also differ; therefore this papeakes an analysis
of spiking from the perspective of striking ang\terwards, on the basis of the spiking angle, ghbsition where

the ball is hit obliquely into the opponent’s coigalso studied.
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INTRODUCTION

There are relatively few domestic studies of badominin recent years, research on Chinese badmh@ermainly
focused on technique, strategy and current comditibereas little attention has been paid to pdeicaction.

According to the boolBrief History of Chinese BadmintonBevelopmentbadminton was brought to some of
China’s advanced cities around 1910 from Europeah American countries. Afterwards, Chinese teamsha
attained great honors in World Badminton Champigrsshnd World Cups in badminton.

Nevertheless, the development of badminton in ountry has experienced different periods: firshigen the lead,
then suffering from great sharp fluctuations andhify resting on a relatively high level and makiogtstanding
achievements on the global stage, which is duait@ountry’s vigorous efforts to promote this sport

2. THE ESTABLISHMENT OF MODELS

2.1 AHP model

2.1.1 Establishing the hierarchical structure model

On the basis of AHP, this paper makes a quant&analysis of badminton, and establishes threedatarget layer,
criteria layer and scheme layer.

The target layer refers to badminton training. Thteria layer refers to influential factors of tekeheme, including

physical quality Cl, spirit of cooperationCZ, reaction quality% and innovation abilityc4.
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The scheme layer incorporates humanities traiﬁAan)hysical trainingA2 and entertainment trainin'éi. Then the

hierarchical structure is established as Fig.1 show

Badminton training

The spirit of Innovation Reaction Physical

cooperation ability quality quality
Humanities Entertainment Physical training
training training

Fig.1: Hierarchical structure

2.1.2 Constructing the judgment (comparison) matrix

The judgment matrix is used to reflect the sigifice of factors in one layer to those in the allayer in the form
of matrix. To make comparison between every twaofacand get a quantified judgment matrix, scalemfl to 9

are introduced as Table 1 demonstrates.

Tab. 1: Scalesfrom 1to 9

definition

2, 4,6, 8
reciprocal

i is equally important as j

i is relatively more important than j

i is more important than j

i is much more important than j

i is definitely much more important than j
the scales of the intermediate states of aboveigésns

If i is compared with j, then the judgrmhealue is

LGy

4 =1/ 8

Here is the figure of scales from 1 to 9.

9 7T 5313579
bbb
3:1
a.=3.a =l
) o 3

To begin with, the judgment matrix is figured otihen, according to the above principles and sdates 1 to 9,
and with reference to the experience of experts tedauthor as well as a large quantity of litemtuhe

Fig. 2: Scalesfrom 1t0 9

comparison matrix between every two factors is wdrkut as Tables 2 to 6 illustrate.
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Tab. 2: Comparison matrix

c & G G G
c 1! 13 3 3
C, 3u8 1 5 5
C 13 15 1 1
c, 13 15 1 1

Tab. 3: Comparison matrix

a A A A
A 1 1 s

Azl 1 1/3
A33 3 1

Tab. 4: Comparison matrix

¢, A A A
A 1 5 5
A s 1 5
A 15 15 1

Tab. 5: Comparison matrix

G A A A
A 1 5 8

A21/5 1 5

Aj 18 15 1

Tab. 6: Comparison matrix

¢ A A A
A 1 5 8
A s 1 5

A3 18 15 1

2.1.3 Single hierarchical arrangement and its cetesicy test
c Ao =N 1
A consistency test is carried out with the consisyeindex n-1 in which “ma is the maximum

eigenvalue and n is the order of the comparisomixnathe smallerCl is, the closer the judgment matrix reaches
complete consistency and vice versa.
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2.1.4 Total hierarchical arrangement and its cotesiey test

1 1/3 3

|3 1 55

13 175 1
1/3 1/5 1

0.214 0.192 0.3

0 pEraliEtio of golumy wegress, 0775 O-977 9
0.121 0.115 0.1

0.201 0.115 0.1

1.066
0O SYR bYW o ) 222
0.386
0.386
0.251
0 0 chesmRizaion o, | 9955y
0.096
0.096
1 1/3 3 0.251 1.01
3 1 5 5| 0555 | 227
1/3 1/5 1 0.0965 | 0.3d7
1/3 1/5 1 0.096 0.387

AW® =

/]r(r%)x:l 1.012+ 2.27&'3r 0.387+ 0.38 = 4037
4\ 0.251 0.555 0.0965 0.0965

0.251

0 _ 0.555

0.097

0.097

The judgment matrix can also be figured out likewis

1 1 1/3 1 5 1 5 1 5
B =<1 1 1/3 B=41/5 1 B,={1/5 1 B=4 1/5 1
33 1 1/5 1/5 1/8 1/5 1/8 1/5

The corresponding maximum eigenvalue and eigenvecto

0.24
A® =3.640" =1 0.24
0.512

0.092
0.64
0.20
0.14
0.648
A®  =3314,=1{0.20
0.148

0.657)
A®  =329w",=]0.25
A®  =3310",= {
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A n Cl

— 7~ max

Consistency indexes are used for a;test n-1 ,

Tab. 7: Thevalue of RI

n 1 2 3 4 5 6 7 8 9 10 11
RI 0 O 058 090 112 124 132 141 145 149 151

© = -
(1) For judgment matrp@, A me=4.073RI =0

Cl :w: 0.24
4-1
CR=Q= 0'024= 0.027< 0.:
Rl 0.90

It means that the inconsistency A is acceptable, and its eigenvector can be replagedkight vector.

(2> Similarly, for judgment matrixesBl, B, ) B3 B4, all have passed the consistency test accorditigetabove
principle.

Calculation results from the target layer to thkesoe layer are illustrated in the hierarchical cttie diagram as
Fig.3 shows:

Badminton training

i

A
0.251 0.555 0.097 0.097
The spirit Spirit Reaction Physical
of of quality quality
Humanities trainina Phvsical trainina Entertainment

0.252 [ 0.57 0.62 0.18¢
0.089; ; 0.28 0.240<, 0.24
0.66) | 0.13 0.13 0.57%¢

Fig.3: Hierarchical structurediagram
The calculation structure is shown as follows:

o = (0, 005)
0624 0.185 0.252 057!
=10.234 0.240 0.089 0.28(
0136 0575 0.66 0.13¢
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W= whwo
0.567|
0.252 0.575 0.624 0.1
0.056
=40.089 0.286 0.240 0.2 0.10
0.66 0.139 0.136 0.5 '
0.27
0.29
=40.156
0.55

This paper concludes that for badminton, humanitaising accounts for 44.7% whereas physical ingimccounts

for 55.3%, which demonstrates that badminton isjumstta sport of challenging physical limits, bhétone which
calls for technics, skills and so forth.

2.2 Solution of the spiking trajectory and shotpaeinder the geometric model
A spiking model of badminton is established acaugdio the geometric principle, and its trajectomng ahot point
are also determined according to the differencdsgif batting and low batting. As Fig.4 demonssate

Fig.4

When an athlete spikes, he or she should try tp kee arms straight in front and vertical to thikstg point. The
higher he or she jumps, the more likely that balh pass over the net. And the height of the stikpoint

determines the trajectory and landing point of blaé and leads to either long-track ball or shoatk ball. Thus,
according to different vertical heights of the létxg point, this paper classifies the heights isito categories: 1.6,

1.7,1.8,1.9, 2.0, and 2.1. Then on the basi®dfcal distance between the striking point andthk net, Table 8 is
drawn.

Tab. 8: Landing point of the ball flying over the net at the smallest margin

vertical height/H 1.6 17 1.8 1.9 2.0 2.1

the distance between the striking point and thertedlis 0.75m 1723 9.07 6.15 465 374 3.12
the distance between the striking point and thertedlis 0.5m 1055 6.05 410 310 249 2.08
the distance between the striking point and thertedlis 0.25m 5.78 3.02 205 155 125 1.04

As can be seen from Table 8, different distancésdmn the striking point and the net surface cbata to different

landing points of badminton. Moreover, differenttimay heights of athletes can lead to differentifiass of the ball
after it passes over the net.

2.2.1 Improvements of the low-landing ball’s spikirajectory and shot point under the geometric siod

Fig.5
Similarly, based on the different vertical heigbfsthe striking point, this paper classifies heigitb six different

categories: 1.6, 1.7, 1.8, 1.9, 2.0, and 2.1. Theoording to different vertical distances betwdenstriking point
and the net surface, Table 9 is drawn.
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Tab. 9: Landing point of the ball flying over the net at the smallest margin after the distance between the striking point and the net
surfaceisreduced to 0.1m

yertical height 16 17 18 19 20 21
The distance between the striking point and thesadice is 0.75m  45.16 25.01 1273 945 56 3.15
the distance between the striking point and thesagtice is 0.5m 6.32 2.89 2.68 248 157 0.68
the distance between the striking point and thesadtice is 0.25m  8.98 6.58 4.08 3.12 295 1.68

As can be learned from Table 9 and Figure5, althahg distance between the striking point and #tesarface has
been reduced into 0.1m, the low-batting ball's gmsitions in the opponent’s court vary greatly

2.2.2 Changing the angle of hitting the ball
The angle of spiking is not vertical, nor is veatifor the ball to be shot to the opponent’s co@enerally speaking,
when athletes spike, the ball is hit by a certaigl@ and shot to the opponent’s court obliquely.

Suppose that the vertical distance between thidrgjrpoint and the periphery of the court is 0.5vhen an athlete
hits a ball at an angle oftS" on the right, then the distance between the afyikioint and shot pointS is:

05 _ 05

S= =
cos45 /2
%

Meanwhile, when the angle of spiking 30 offset, the distance between the shot point ardsthiking point’s

=0.7072m

projection S is:

As Fig.6 shows,
Based on the data of Figure 3, Table 10 is estaddlifor analysis.

Tab. 10: Landing spots of 6 striking pointswhen the ball passes over the net at the smallest margin

coordinate of landing point coordinate of landing point
angle vertical angle 45 (Xj 30 (XJ
y y
111 11.45
1.65m 9.45m 12.45m [11.13 11.47m [6.24}
6.05 6.02
1.75m 6.14m 8.57m (6.05) 5.68m [3.476j
4.12 4.08
1.85m 4.2m 5.6m (4.12] 4.75m [2.356)
3.25 3.08
1.95m 3.15m 4.37m (3.25] 3.64m (l.SGj
2.18 2.48
2.05m 2.49m 3.52m 2.89m
(2.18j (1.42}
{1.95j (2.05}
2.15m 2.11m 2.98m 2.41m
1.95 1.47
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Fig.6: Shot pointswhen angles change

2.3 Calculation of Moment of Inertia of arms wheikgg a ball
Through the Lagrange equation, this paper getsebigained particle kinetic equation in which Lagga function

L s the differential value between systematic kinehergy K and potential energyP :

L=K-P
The systematic dynamic equation is
dj oL oL .
=—| - -—| i=12L,n

&
In the above equation,qi is the corresponding speec(i],i is the coordinate of potential energy and kinetiergy,
R is the force exerted by thia-th coordinate, and the angles between the thighlawer leg with the axis are
6.6,

, and the lengths are respective!lyl2 , and the distances between the gravity positiofnasit and rear arm

and the elbow center and knee aFa P2 , and the coordinate of the arm’s center of gra\‘?&'Yl) is

X, =psing Y, = p,cosg
X, =l;sing + p, sin(6’1+6’2) Y, =-l,cos6, - p, C05(31+02)

X, Y,)

Similarly, the coordinate of the arm’s center adngty of arms( can be figured out. The systematic kinetic

energy = and potential energyEp have the following expressions:

1 &
E =Eu tE By =§mlp12612
1 z&z 1 2 & & ’ &2 L
Ekz=5mz|191 +Emzp2 6, +6,| +mJ},p,| 6, +6,6, |cosb,
- =3 moni-coss,)
E,=Ey+E Ey =3 mop, {L—cosg,

E,= ngpz[l_ Coigl + 92)] + ngll(l_cosel )

The above equation is then expressed in the foriragfange function. From the systematic dynamicaéqo of

Lagrange, the torques on the hip joint and kneﬂjcl)\l/l h and M are also worked out:
s elater o
MJ [By Dy] @] D D &
o ol 1o
Dy, Dn| 6] LD,
in the above equation is worked out as

Dijk
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Dlll = 0 D222 = 0 D121= 0
D,, =m, %
D,=mp+mp+ mi+2m|pcost,
D,, =m, i+ ml p,cosd, D,= m,p+ mlpcod
D, =(m p+ mb) gsin6,+ m p Gsin(6,+6)
D,,, =—m,l,p,sing,
D,,, =m,l,p,sind,
D,,, =-2m,l,p,sing,
D,1, =Dt Dy
D, =m, p,gsin(6,+6,)

With reference to theoretic equations, the mecl@nitovement on badminton athletes’ hand jointsnalyzed
when they spike. And spiking skills are studiedhwitference to mechanical analyses of shouldeebwv joints.
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