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ABSTRACT

The paper carries out analysis from athletes’ experience qualities and
audiences’ appreciation qualities two aspects, applies analytic hierarchy
process and table tennis dynamical simulation model researching table
tennisdiameter increasing from 38mm to 40mm influences on competition
appreciation. After that, establish falling time and kinetic energy
comprehensive optimization controlling mathematical planning model, it
gets best table tennis diameter. Research process takes athl ete experience
quality asfirst classindicator, takes technical difficulty, tactical thinking,
forehand using times, backhand using times, receiving rate as second
class indicators, applies analytic hierarchy process method getting each
influence factorswei ghtsand athl ete experience quality and each influence
factor relationship, it can know that table tennis diameter increasing
improves athl ete experience quality. And then consider tabletennisdiameter
changesto audience appreciation quality influence, audience appreciation
quality mainly reflects on table tennis speed and rotational speed; to table
tennis speed, it applies table tennis dynamical simulation model getting
table tennis speed and diameters relationship, which can learn that table
tennis diameter increasing let speed reduce and audience appreciation
quality improve. To table tennisrotational speed, according to moment of
momentum theorem, it solves different rotational speedson conditiontable
tennishas different diameters, and finally getsrotation reduction will affect
ball aggressiveness, increases table tennis competition round numbers,
and let audience appreciation quality improve.
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INTRODUCTION

Tabletennisisakind of world popular ball type
sports event that derived from Britain. In the end of
19" century, tabletenniswasprevail in Europe, but due
to field and weather constraints, somecollege students
in Britaintransferred tabletennisinto indoors. Inthe

beginning of 20" century, tabletennishas been flour-
ishingin Europeand Asia In1926, Germany Berlin or-
ganized internationa tabletennistournament, subse-
quently it was posthumoudy accepted asthefirst ses-
sion world tabletennis championship, meanwhileit
founded international tabletennisleague. Worldtable
tennis, if it countsfrom thefirst sessionworld tableten-
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niscompetition, until now roughly canbedividedinto
four periods. European tabletennisheyday; Japanese
team dominatesworld tebletennisperiod; Chinesetable
tennisrising; European tabletennisrevivingand fighting
between Europeand Asia.

Since 2000, international tabletennisfederationin-
creased international tabletennisprofessiona competi-
tionofficial bal diameter from 38mmto40mm. Inthis
way it further increasestabletennisair res stance dur-
ing air running, slow down competition’sball running
Speed, sothat achievethe purposeof further increasing
and enriching tabletennisprofessional athleteshitting
techniquesand skills, and findly increasetabletennis
competitions’ overall gppreciation. However, sSincein-
coming of tabletennis“bigball era” upto now, it leads
to professional athletesthemselvesfactorsdifference
to ball diameter changes sensitivitiesdifferences, and
causes ball diameters disputes never cease. For the
problem, the paper firstly takesathl eteexperiencequd-
ity asfirgt classindicator, takestechnicd difficulty, tac-
ticd thinking, forenand usingtimes, backhandusingtimes
and receiving rate as second classindicators, applies
andytic hierarchy processjudging athlete experience
quaity maininfluencefactors, after that it getseachin-
fluencefactor weight aswell asfirst classand second
classindicatorsrelationships, and finaly getsdifferent
tabletennisto athlete experience qudity influences. The
next appliestabletennisdynamical ssmulation model
researching table tennis speed and diameter relation-
ship, and then according to moment of momentum theo-
rem, it solvesdifferent rotationa speedsunder different
diameters, finally it getstable tennisrotational speed
and diameter relaions. Findly on thebas sof audience
and athletesatisfaction, it establishestabletennisfalling
time minimum planning model and tabletennisfalling
ki netic energy maximum mathematica planning modd!.

ATHLETE EXPERIENCE EVALUATION
MODEL BASED ONAHP

Themodd mainly cong dersathl eteexperiencequd-
ity maininfluencefactorsthat are: technica difficulty,
tactical thinking, forehand using times, backhand using
times, receivingrate. In order to explain athlete expe-
riencequality andtechnicd difficulty, tactical thinking,
forehand using times, backhand using times, aswell as

recelving raterelations, apply analytic hierarchy pro-
cess getting eachinfluencefactor weight aswell asex-
perience quality and each influencefactor formula, it
further getsdifferent tabletennisdiametersto athlete
experiencequality influenceleve?.

Inorder to consider athlete experiencequality and
technicd difficulty, tacticd thinking, forehand usingtimes,
backhand usingtimes, and receiving rateinfluencede-
gree. The paper considersto defineathl ete experience
quality asfirst classindicator, andtechnical difficulty,
tactical thinking, forehand using times, backhand using
times®4, aswell asreceiving rateas second classindi-
cators, indicator systemisasfollowing Figurel.

AN
)

Figurel: Indicator system schematic
Amongthem, A ahleteexperiencequdlity, B, tech-
nical difficulty, B, tactica thinking, B, forehandusing

times, B, backhand usingtimes, B, receivingrate.

Accordingto andytichierarchy processnine-scale
method, it getssmall ball criterionlayer totarget layer
judgment matrix asTABLE 1 show.

It solves random consistency rate
iISCR, = 0.0408 < 0.1, therefore, criterionlayer totar-
get layer consistency test passes.

Then according to andytic hierarchy processnine-
scalemethod, it getsbig ball criterion layer to target
layer judgment matrix isasTABLE 2 show.

It solves random consistency rate

ISCR, = 0.0579 < 0.1, therefore, criterion|ayer totar-
get layer consistency test passes.
Setjudgment matrix is @, thenevery lineelement
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TABLE 1: Small ball criterion layer totarget layer judg-
ment matrix

A B B, Bs B, Bs
B, 1 2 4 3 9
B, 12 1 2 4 3
B, va 12 1 2 4
B, U3 U4 12 1 2
B, Yo U3 U4 12 1

TABLE 2: Bigball criterion layer totar get layer judgment
matrix

A B, B, Bs Ba Bs
B, 1 3 5 6 2
B, 13 1 3 5 6
B, s 13 1 3 >
B, w6 15 13 1 3
B, w2 U vs u3 1
product:
m
M =] Ta 0
i=1
ai =m1lMi ai=(1121314!'“’m) (2)

Tovectora = (a,,@,,a,,+,a, )" itproceeds

withnormalization, and getsmaximumfeaturevaue A
featurevector:

W = (Wy, Wy, Wy, , W, )T (©)
1 < (AW);

xm=5§ = @2em) (@)
Ap—mM _ClI

Cl= o ,CR = = ©)

TABLE 3isal factorstotarget relativeimportant
weight vectors; it cal culatesjudgment matrix consis-
tency indicator C| vadue. Whenrandom consistency ra-
tiocr < 0.1, thenitisthought that hierarchica singlear-
rangement result has satisfaction cons stency, otherwise
it needsto adjust matrix e ementsvalues.

To small ball, use MATLAB software solv-
g A, =5.1829,Cl =0.0457, Rl = 0.0408

Thereforeitisthought that it meetsconsistency in-
dicator, judgment matrix isfeasible. Maximum festure
values weight vector IS

W = (0.4473,0.2539,0.1522,0.0941,0.0525) . A c-
cordingto\\/ , itisclear that technical difficulty has
maximum influenceon athleteexperiencequality.

To big ball, use MATLAB solv-
ing 4, =5.2595,Cl = 0.0649, Rl =0.0579

Thereforeitisthought that it meetsconsistency in-
dicator, judgment matrix isfeasible. Maximum festure
values weight vector IS
W = (0.5061,0.2602,0.1321,0.0669,0.0348) . A c-

cordingto\\V , itisclear that tactica thinking hasmaxi-
mum influenceon ahleteexperiencequality.
Defineathleteexperiencequality asy , and respec-
tively definetechnicad difficulty, tactical thinking, fore-
hand using times, backhand using times, recelvingrate
X, Xy, X, X4, X5, It getsSCOMPpUting relationshipisas
following:
Tosmdl bal:
y = 0.4473x, + 0.2539x; +0.1522x 4
+0.0941x, +0.0525x 5 ©)

y =1—19(1x 0.4473+ 2% 0.2539+ 4x 0.1522

+3x0.0941+ 9x 0.0525) = 0.12203 0
Tobigball:

y = 0.5061x, +0.2602x , +0.1321x

+0.0669x ; +0.0348X ®)

y= %(n 0.5061+ 3x 0.2602 + 5 0.1321 +

60,0669+ 2 0.0348) = 0.142247 ©
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TABLE 3: Random consistency indicator R| value

n 1 2 3 4 5 6 7 8 9 10 11
RI 0 0 0.58 0.90 112 1.24 1.32 1.41 1.45 1.49 151
Becausey = 0.12203 < y = 0.142247 , therefore ath- 1 sdv 1 dv
|lete experience quality improvesafter changingfrom  Fm' =75 ™ad" r=2Ma - (12)
smadl ball tobigball. 1
5Me iscommonly recorded aspy , whichiscdled

TABLETENNISDYNAMICAL SIMULATION
MODEL

Insmall ball era, athletetendsto win by service; it
gresatly reduces mass appreciation quality. Andinbig
ball era, tabletennisball speed and rotational speed
aremain factorsaffect competition appreciation, ac-
cordingly establish tabletennisdynamica smulation
model, by which it looksfor big ball and small ball’s
ball speed and rotational speed changes status after di-
ameter changing so asto verify itsrelation with audi-
ence appreciation quality. Inthefollowing, it respec-
tively researches on audience appreciation quality in-
fluencefrom tabletennisball speed and tabletennis
rotational speed two aspects®.

Tabletennisdiameter increasing to speed influ-
ence

Rotating tabletennisin running processmainly suf-
fersgravity, buoyancy, additional massforce, air resis-
tance and Magnusforce effectd”, from which, gravity
force and buoyancy directionsare opposite, air resis-
tance and table tennismoving directionsare opposite.

Gravity F, expressionisasfollowing:

1
Fg=mg= gnpddgg (10)

Amongthem, p, istabletennisdensity, d istable

tennisdiameter, buoyancy F, isequal to tabletennis

spheredisplaced samevolumeair massforce, itscom-
putingformulais.

1
Fb =myg= gnpad 39 (1)

Amongthem, p, isair dendity.

To magnet induction caused additional massforce,
itsszeis

asadditiona mass. Additional massforcecan beig-
nored when tabletennis changesarenot big.
Sphericd object suffered resistanceinfluidisequa
tothespherical object radius, speed, fluid viscosity and
6r product. Thelaw iscaled Stokeslaw. Sufferedress-

tanceiscaled Stokesforce. Its Fg computing formula
IS
Fg = 6nrvp = 3ndvp (13)
When arotationa object rotationa angular speed
vector and object flight speed vector don’t overlap, it
will produceahorizontd forceinrotationd angular oeed
vector and trandlational speed vector composed plane
vertical direction. Under the horizontal force effects,
object flight trg ectory occurred deviation phenomenon
iscdled Magnuseffect. To Magnuseffect, by scholars
researching, mainmechanismshave: 1) asymmetricdis-
placement thickness, 2) asymmetric centrifuga force,
3) asymmetricwall friction stress, 4) asymmetrictran-
sition, 5) asymmetric separate and vortex, 6) asym-
metric secondary flow. To sphere, Magnusforce can

TABLE 4: Modd initial parameter

Parameter Value
Big ball rotational speed 116.5r /s
Small ball rotational speed 133.5r/s

Big ball m = 2.79,d = 40mm
Small ball m = 2.5g,d = 38mm
Environment T=20°C,P=1atm
Air density P, =1.293kg/ m*
Viscosity 1 =1.86x10"°Ns/m’

s BioTechnology

An Tudian Yourual



1098

Table tennis diameter changes research based on analytic hierarchy process

BTAIJ, 10(5) 2014

FULL PAPFR
be expressed by following formula:

1
Fu = 3 np,d°Vo (14)

Amongthem,  isrotationa speed. Accordingto
Newton the second law, it can establish rotating table
tennishorizontal and vertical dynamica equations:

Horizontd direction:

2

dy

n doX dx 1

(m+m )dt—2=—31tuda+§npadgam (15)
Verticd direction:

d2
(m+m')d—Z=-Fg+Fb-3upd

t

d_y_lu d3d_X (16)
dt 8% dt

Amongthem, F, =mg,F, =m,g, t istime.

Dueto additiond massforcecan be neglected when
tabletennis speed changesarenct big, tosmal ball and
bigbal, dl canneglectny .

Tosmdl bal:

Knownthat small ball horizonta direction acceler-

d 2
ated speeda, = dT;( ~14.5581m/s? , vertical direc-

2

d
tion accelerated speeda, = dey — -50.6362m/s?
Big ball rotational speedw=116r/s, big ball

massm=2.79g , diameter d = 40mm,

1 =186x10°Ns/m®, p, =1.293kg/m®.
Tobighbdl:
Known that bigball horizontal direction acceler-

d’x

atwmax :F

15.416m/s*, vertica direction ac-

d?y

celerated gpeed a, = el -44.254m/ s* Smdll ball ro-

speed w=1335r/s, sSmall ball
diameter d = 38mm,

tational
massm= 2.5¢,

1 =186x10°Ns/m°, p, =1.293kg/m’. Calcu-

lation adopted initid conditionisasTableshow.
Input small ball known datainto rotating tableten-
nishorizonta directionand verticd direction dynamica

BioTechnology —

get V, :%—12mls,

and .

equations,

dy
Vy =4 ~18M/sand v=17.6918m/ s
Input big bal known datainto rotating tabletennis
horizontal direction and vertical direction dynamical

dx
equations, and get V, =E=13m/8,

dy
Y=g =11m/sandy = 17.0294m/ s.

Table tennis diameter increasing influences on
rotational speed

If athlete hitsdifferent sizestwo ballswith same
way and equal sizeforce, becausebigball and small
ball rotationd inertiaaredifferent, thenbal movement
state changeswill have obviousdifferences, two bals
rotationd inertiacomputingformulais:

|, =2/3mr}?=7.9312(g-cm?) (17)

|, =2/3mR? =6(g-cm’) (19)
Calculate according to small ball rotational speed
150 turn/second, according to moment of momentum

theorem, it can cal culate big ball rotational speed w, is:

because: M -t=1,0, M-t=1,0,

then: o, = 1,0, ®,=10/1,=4059(turn/s)

two ballsangular speed differenceis:

Aw =0, -, =9.4112(turn/s) (19
By caculation, itisclear whenhitting different Szes

two ballswith sameway, big ball rotational speed re-

duces 9.4112 turn/s (near to1/5) to smdl bal rotational
Speed.

Conclusion analysis

Big ball speedy =17.0294m/s and small ball

speedy = 17.6918m/ s, big bal speedissmaller than
small ball speed. Comparingwithusing small bal, ev-
ery round competition timewill beextended, competi-
tionintensedegreewill beincreased, and audience ap-
preciation quaity isgrestly improved.

Smadll ball rotationa speedis50turn/s, and big ball
rotational speedis40.59turn/s, accordingto Bernoulli’s

Hn Tudian Jounual
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theorem, high speed rotating ball’sflight trgjectory in
thearisacurvenot astraight line, curvecrooked level
isup to eccentric force leads to ball produced rota-
tional speed and seed compound vector size and di-
rection. Therefore, rotational speed reductionwill af-
fect ball assaulting, increasetabletennis competition
round numbers, and | et audience appreciation quality
improve.

TABLETENNISDIAMETER COMPREHEN-
SIVE EVALUATION MODEL

Onthecondition that athleteis satisfied, establish
tabletennismaximum falling kinetic energy matheméti-
cd planningmodd , and get maximumfalingkineticen-
ergy o, input obtained o intotabletennisdynamical
smulation mode , and get maximum tabletennisdiam-
eter. After that, on the condition that audienceissatis-
fied, establishminimumtabletennisfalingtimeplanning
mode, and get minimum falingtimee , input obtained
o intotabletennisdynamical simulation model, and
get minimum table tennis diameter. To get best table
tennisdiameter, it should consider conditionsthat both
audienceand athlete are satisfied, therefore establish
faling timeand kinetic energy comprehensive optimi-
zation control mathematical planning model, and get
best @ , input it into table tennisdynamical smulation
model, and get best tabletennisdiameter.

Minimum tabletennisfalling timemathematical
planning modd

Establish asFigure 2 showed space coordinate sys-
tem, table midpoint iscoordinateorigin o, from per-
spectiveof hitter, right hand directionispositivedirec-

Figure2: Space coordinate system
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tionof x, axis, theforwardispositivedirection of x,

axis, theupward is positivedirection of x,axis.
Tabletennisinitial speedvaueis vy, , V., Vy,, table

tennisinitia rotational speedvalueis @y, @,,, @, .
Let: X0 (1) = @y9; X3 (1) = @45 X, (1) = 04

M odel establishment

minf =t (Vig, V20,V 30:010.®20,®30) (20)
=V — ( v2+3rzmg)>0

91 = Vmax 0 Sm = (21)
2 o

ds =l—§r 70220 (22)
0

h1=V0(00=0 (23)

In formula,

Vo= (Vig, Va0,V ):010= (010,050,035, , 9, rEpresents
maximum swinging speed congtraint, g, representshit-

ting point cannot beout of tabletennis: h, represents
orthogonal relation between tabletennisinitial mass

center speed and angular speed.
M odel solution

When table tennis initial position is:
%,(0) =0,%,(0) =-10,%,(0) = -1,
% (0)=0,%(0) =0,%,(0) =0, + AUV =200,

It solves:
t; =0.09443 (24)
v, ={0,158.444,29.355} (25)
o, ={-738.984,0,0} (26)
0= BB _ 17613 /s (27)

738.984
Input @ = =117.613r / s intotableten-

nisdynamical smulation model, and can get maximum
diameteris:d = 39.8734mm.

Maximum tabletennisfallingkinetic ener gy math-
ematical planning model

M odel establishment

1
T(ts)

minf = (28)
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_ > 2rfe}
gl_vmax_( Vo +§ \/VT)ZO (29)
0
2 | @l
R (30)
0
hl=V00)0=O (31)

M od€ solution
When
%(0) = 0,%,(0) =10, %,(0) = -1,

initial position coordinate is:

,and =200,
x,(0) =0, %, (0) = 0, %, (0) =0, Vinax
itolves
t; = 0.15681s (32)
v, ={0,94.233,78.271} (33)
®, ={-909.924,0,0} (34)
o= 902':324 —144.819r /s (35)
909.924
Input @ = =144.819r / s intotableten-

nisdynamica smulation mode, and can get maximum
diameteris.

d = 37.2015mm.
Falling time and Kinetic energy comprehensive
control mathematical planning mode

M odel establishment

. t 46.653
minf =k —f—+ (1-k)——
oooaast T (36)
_ V2 4 200
gl_vmax ( VO+3\/V72)20 (3n
0
2 |}
gy =1-—r 20 38
3 /V(z) (38)
hl=V00)0=O (39)

M odel solution

k valuerangeisQ ~ 1, whenk =1, itistimeopti-
mal control, whenk = 0 itiskinetic energy optimal
control, duringmode caculatingk = 10% .

BioTechnology —

When initial coordinate position is:

%0=0%0=-10x0=-1 =
1 an = ]
x,(0) = 0,%(0) = 0,%,(0) = 0, Vi
itsolves:
t; =0.11964s (40)
Vv, ={0,153.013,44.049} (42)
® ={-752.455,0,0} (42)
= 752':55 =119.757r /s (43)
752.455
Input @ = =119.757r / s intotableten-

nisdynamical smulation mode, and can get best diam-
eteris: d = 39.634mm.

Result analysis

Apply tabletennisminimum faling timemathemati-
ca planningmode, and it can get tabletennismaximum
diameter 4 = 39.8734mm, apply tabletennis maximum
fdling kineticenergy mathematica planning mode and
it cangettabletennisminimumdiameter d = 37.2015mm,
thereforeit is clear that table tennis diameter range
1S37.2015mm ~ 39.8734mm. And because table tennis
minimum diameter taking d = 38mm isrelativerea
sonable, finally it gets table tennis diameter range
IS38mm ~ 39.8734mm - After that apply falling timeand
kinetic energy comprehend veoptimization control math-
ematica planningmodd, it getstabletennisbest diam-
eteris. d = 39.634mm.

CONCLUSIONS

Apply anadytic hierarchy processanayzing athlete
experiencequdity influencesfactors, decomposeacom-
plicated quaitative analysisprobleminto several fac-
torsthat can make quantitative anaysisand solve, ob-
tained resultisreativeintuitional. Utilizetabletennis
dynamica Smulaionmodd morevividly combiningided
state mechanica researchwith practica mechanicd tra-
jectory, it describestabletennismechanicd statein spe-
cific running, obtained conclusioniscorrect and con-
formsto practice. Apply falling timeand kinetic energy
comprehens veoptimization control mathematica plan-
ning model, combinetabletennisspeed with rotational

Hn Tudian Jounual
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speed, onthe premise audience appreciation quality is
ensured, let athlete experience quaity arrive at maxi-
mum, establish minimum tabletennisfalingtimemath-
ematica planningmode, it gets o that letsfdlingtime
to be minimum. After that in case athleteis satisfied,
establish maximum tabletennisfaling kinetic energy
mathematica planningmodd, it gets » that letsfaling
kinetic energy to be maximum. In casethat both audi-
enceand athleteare satisfied, establishfalingtimeand
kineticenergy comprehend veoptimization control meth-
ematical planning model, and get best » =119.757r /s,
input obtained o intotabletennisdynamica smulation
model, and solve best table tennis diameter
ISd =39.634mm.
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