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Table tennis changes to movement trajectory influence research
based on fuzzy comprehensive evaluation and differential equation

Shanshan Li*, Yong Li, Chao Yang
Shandong Sport Univer sity, Jinan, 250102, Shandong, (CHINA)

ABSTRACT

The paper firstly makesforce analysis of table tenniswhen lifting the ball,
and according to moment of momentum theorem, it gets rotational speed
and diameter inverse ratio relations; then it makes force analysis of air
movement table tennis, and gets kinematic equation. After diameter getting
big, ball speed and rotational speed get small, and ball movement time gets

KEYWORDS

Table tennis diameter;
Differential equation;
Analytic hierarchy process;
Fuzzy comprehensive
evaluation.

long, let opponent probability of receiving the ball and fighting back
increase. And establish analytic hierarchy process and fuzzy
comprehensive evaluation test model to test. It concludes that big ball
promotes competition appreciation relative to small ball, but players’

competition experiencesreduce.

INTRODUCTION

In 2000, international tabletennisfederationin-
creased international tabletennisprofessiona competi-
tion official ball diameter from 38mm to 40mm. The
amistofurther increasebal’s air resistance during air
running, sow down competition’s ball running speed,
so that achievethe purpose of further increasing and
enriching tabletennisprofessiond athleteshitting tech-
niquesand skills, and finally increasetabl etenniscom-
petitions’ overall appreciation. Due to sphere increas-
ing, it causes sphericity, arc, ball speed, rotation, re-
bound angleand othershave aseriesof changes, which
will put forward higher requirementson athlete’s psy-
chological quality, physical quality and technical level
so on. Itisworth noting that dueto professional ath-
letes’ height, playing habit, gripping habit differences,
their sengtivitiesto ball diameter changesarea so dif-
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ferent.

Tabletennisasakind of sport that extremely exer-
cises partici pants reactions, coordination and opera-
tional thinking abilities, it iswell received by Chinese
mass. As participantsthemsel ves, whether can easier
play higher offensiveball isthekey to participating ex-
periences, therefore, to athlete’s experience quality, the
paper mainly from ball speed, strength, rotationa speed
three aspectsand diameter rel ations, by consulting cor-
responding data, it further getsbeforeand after ball di-
ameter changes, ball’s changes in speed, strength, and
rotational speed thethree aspectssizes, accordingto
fina valuescomparison, it objectively reflectswhether
athletescan moreeasly hit high offensveball and that
isclosely relatedto their experiencequdities.

Asaudience, competition intense degree no doubt
isthemain factor that affectscompetition appreciation.
Anintensecompetition, itissurely that participating two
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parties’ strength difference is not big so that can stimu-
lateplayers’ highest levels. Players reflected abilities are
stronger and then that reflects on competition each
round number of hitting racketsincreasement aswell as
each game number of roundsincreasement. If every
round number of hitting racketsincrease, andthen ath-
letes surely have higher receiving accuracy, in caseig-
noring playersthemsalvesabilities, only increase play-
&S receiving reaction time that can extremely increase
participating players’ receiving accuracy, and finally
improve competition gppreciation quality.

COMPETITION EXPERIENCE QUALITY
ANDAPPRECIATION RESEARCH

Tabletennisdynamical analysis

AsFigure1show, when athleteswingsand liftsthe
ball, racket and horizontal lineangleis o , makeforce
analysisof ball: inthedirection of racket movement,

ball sufferedfrictionforceis f , inracket movement
vertical direction, ball suffered forceis E , racket to

ball actingtimeis t, . Set tabletennisqualityis m, di-
ameteris p, speedis 0, set f initsowndirection

give'stabletennisimpuls:ej:)0 fdt is|1,,setF inits

t0 -
own direction givestabletennisimpulse IO Fatisl,,

meanwhile f totabletennismasscenter onetorqueis

D-f
M = — set torque)j to table tennisimpulsive

moment E MdtisAL , tabletennisrotational inertia

J

F

Figurel: Tabletennisforceanalysis

D" is
6 J
AL =Jo-0 ©)
It solves:
f.t
vi=—° 4
F-t
Vp=—22° )
3f‘to
= D (6)
Andn=— 7)

2n

Condusionone: By formula(6), itisclear that when
impulsivemoment isfixed, tabletennisangular speed
isinversaly proportional toitsdiameter p , by formula
(7) itisclear that angular speed  isindirect propor-
tiontorotational speed n, thereforewhen p changes
from 38mmto40mm, n will correspondingly reduce.

After athleteswinging and lifting theball, analyze
tabletennisspeed asFigure 2.

Because f and F areperpendicular, v, and v, in-
cluded angleis 90 degree, and v, and 'y axisincluded
angle is also « . Set v; horizontal direction

componentv, cosa iSV,,, vertical direction

componentv, sine is Vy, ; v, horizonta direction com-

.—-1 ‘

1{;:“1i...........................

Figure2: Tabletennisspeed analysis
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ponent v, sina isv,,, vertical direction component

V, COSq ISV,.
Then:

{Vx =V tVy ®
It solves:

(f cosa + Fsinaktg

m
(f sna + Foosalt, ©)

m

X

y

Tabletennisforceanalysswhenmovingintheair:
When no rotating tabletennismovesintheair, it

suffersgravity G , frictionforceF,,, buoyancy F; , fric-

tion force and speed direction are opposite, buoyancy
and gravity direction are opposite. When tabletennis
rotatesat higher speed, it should a so consider Magnus
force. AsFigure 3 show:..

Gravity expression:

G=mg(g=9.8m-s?);
Suffered buoyancy F; isequal totabletennisdis-

1
placed air mass, tabletennisvolume V =EﬂD3,seta'r
densityis p,s0

Fr =pgV = %png (10)

s

Figure3: TabletennisM agnusforceanalysis

Inmovement, frictionforceformulais:

1
Fn =§CD11:pD2vl2 (1 (11)

Amongthem, C,, isresstancecoefficient, p isar
dengty, p isball diameter, v istabletennisspeed when
itisout of racket.

Magnusforceisaforce generated due to object
two sdesair flow speedsaredifferent on condition that
obj ect rotational angular speed vector and object flight
speed vector don’t overlap, its direction is as Figure 3
show, itsdirectionisvertical to speed direction, itsex-
pressonis.

Fy =C_pD3fv, (12)

Amongthem, C, isliftforcecoefficient, p isair
density, p istabletennisdiameter, f istabletennis

rotational frequency, v, istabletennisspeed whenitis
out of racket.

Accordingto Figure 3, establishtabletennisrota
tionad movement dynamica equation?:
(ma, =C, pD%v,-sna—

%CDupDzvl2 -cosa

T
may =EpgD3 —G—CLstfVl (13)
-coso.—%CanDzvlz-sina
By Matlab programming, calculate

whenD = 40mmand D = 38mm, assumethat initial
speedis gm. 51, initial displacementis 0, speed v,
relativetotime timagecomparisonisasfollowing Fig-
ure4, displacement srelativetotimetisasFigure5,
Figure®.

When D = 40mm, speed v, withregardtotimet
function:

v, = 491./(360- 2389/8.* exp(-491/200000.* t))  (14)

When D = 38mm, speed v, withregardtotimetfunc-

tion:

v, = 4.(11- 37/4.* exp(-21/10000.* t) (15)
Assumethat athlete swingsintheexternal 1m, it

dropsonthetable, length of tabletennistableis2.74m,
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] 1iD 2:3 C-IIII diD 5;3 BiD ?ID Eilj QiD 100
Figure4: Tabletennisspeed changesfollowed by time

= ; : 3 T

DI] 1] .IE 'l 1 .IS EI 2 .Iﬁ 3
Figure5: 38mmtabletennishorizontal displacement changes
followed by time

so assumethat two caseshorizonta displacementsare
equal as3.5m, from Figure5and Figure 7, it can get
ball movement timeare0.45 s and 0.40 <. According
totime, it findsout from Figure4 that tabletennisend
speedsare v,=7.80m-s tandv, =7.97m.s .
Dueto40mmtabletennisdiameter increasingrela
tiveto that of 38mm, it let drop point speed reduce

0.02m. s *.40mmtabletennismassis m, =2.7g, 38mm
tabletennismassis m, =2.6¢¥, sothetwo end kinetic

energiesarerespectively:
E, = %mlvl'z = 0.081J |

E,= % my,” =0.083J .

25

I |emesmnne .............. ............... .............. ............ _

1] i 1 I
il 0.4 1 Ei 2 £ 3

Figure6: 40mmtabletennishorizontal displacement changes
followed by time

Thereforeafter diameter increasing, itsend kinetic
energy reducesfor instead.

By above, itisclear that after tabletennisdiameter
increasing, ariving at drop point timeis1.12 timespre-
vious one, which provides opponent enough reaction
timetojudgeball trend and drop point, and receiving
probability will greatly increase.

In order to check above whether aboveresult con-
formsto practiceor not, the paper investigateson par-
tiad audience opinionson competition excitinglevel af-
ter changinginto big ball.

Audience’s evaluation on big ball competition in-
tenselevel relativeto small ball onehasfour measure-
ment indicators. number of rounds, rotation, speed and
strength. Different indicatorsrelationsarefuzzy, and
impacts on competition intense level are different.
Therefore, usefuzzy comprehensive evaluation model
combining with anaytic hierarchy processto solvethe
problem. Firgt utilizeandytic hierarchy processsolving
each indicator weight vector. And then make grading
classification onimpactssizes, it constructssingleitem

indicatorstoimpactsgradesmembershipfunction F (x),

weight vector combiningwithmembershipmarix tosolve
fuzzy comprehensveevaduation matrix, it can get audi-
enceoverdl evauation.

Fuzzy comprehensiveevaluation method

Setfactorssetas X = {x,,%,,"-, X, }, it represents
object possessed m pieces of attributes; evaluation set
isY ={y,, Yy, ¥, |, it representseval uation that may
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adopt tofactors. Fuzzy evaluationisafuzzy setony .
Inthepaper Y ={ A, B,C, D} , A graderepresents: au-
dienceevauationasvery well;B graderepresents. au-
dience evaluation as good;C grade represents: audi-
ence evauation asnormal; D graderepresents: audi-
enceevauation asbad. When gettingindicator x mem-
bership vector, in generd, it adopts maximum member-
ship principleto makegradesclassificationon x, but
theclassificationway generdly isvery fuzzy, itignores
x to other gradesmembership relations. Therefore, to
comprehensvecarry out gradeevauationon x , it scores
thegradesherethat letsA=10,B=7,.C=5,D =1-
That ischanging membership vector intoweight rela-
tiona vector, dement x comprehensivegradescoreis.

M =10A(X) + 7B(x) + 5C(x) + D(x)

Now assumethat every factor X hasafuzzy evalu-
ationR ={r,,r,,--,r. }e F(XxY). Then, to m
piecesof factors, it has m piecesof fuzzy evduationR ,

R,,---, R, they always can be expressed by matrix.

Ri T - Iy
R= Rz _ Iy T oo Iy
R, T

Call it assinglefactor evd uation matrix. If known
fuzzy rdaionmatrix R andfactor weight digtributionis

Az(apag,"-,am),fromwhich a >0and Za- =1
i=1

then it can solve fuzzy comprehensive
evaluation g by A and g . The computing can bewrit-
tenasfollowingform:B = Ao R

Here” s represents compositional operation.

Make use of analytic hierarchy processto solve
each indicator weight

Analytic hierarchy process: andytic hierarchy pro-
cessis amethod that according to total target, each
layer sub target, evaluation criterionstill concreted
switching programs orders, decompose decisive prob-
lemsintodifferent hierarchical Sructures, andthenap-
ply judgment matrix feature vectors solution solving
every layer each element to previouslayer onee ement
priority weight, findly usewe ghting sum method hier-
archical merging each alternative schemestototd tar-
get fina weight. Themaximum fina weight oneisopti-
ma scheme.

According to ninescdemethod, it constructsindi-
cator judgment matrix, nine-scdemethodisasTABLE
1.

1 3 6
1/3 1 3
1/6 1/3 1
1/9 1/5 1/2

Indicator judgment matrix is: A=

= N g ©

Matrix A maximum featurevalueisA

max 1

corre-
sponding fegturevectoris u = (u,,u,,---,u, )’ , normal-
ize u, solvewiththehelp of MATLAB software, it gets

matrix A, maximum featurevalueisA,,, =4.0340,
corresponding weight vector that normalized feature

0.5990
| 0.2505
Vectoris:~ | 0.0962|.
0.0543
Consistency test
Test principle: consistency test indicator is
-n, . _ .
Cl = ”:‘X_ 1 (nismatrix order, here n=3), consis-

TABLE 1: Nine-scalemethod

U isdightl U isimportant U isintensdl U isextreme
. Uandu; areequal ! i ' P ! y ! y
Definition
important important than U, than U important than U, important than U,
u; value 1 3 5 7 9

2, 4, 6, 8 between adjacent two judgment scale
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Cl
tencyratioCR=ﬁ,whenCR< 0.1,andthenitcalls

thematrix hasconsistency. Consistency indicator R
valueisasTABLE 2 show.
Consistency test resultisasTABLE 3.

Establish comprehensiveevaluation matrix
Member ship function

To membership function, the paper makes com-
parison onrelativedata; it getssingleindicatorsmem-
bershipsTABLE 4;

TABLE 2: Consigency indicator R] value

Matrix order

3 4 5 6 7 8 9
number
Rl vaue 0 058 090 112 124 132 141 145

TABLE 3: Consistency test result

Whether meet

M cl Rl CR erm
consistency

40340 00113 090 00126 Yes

TABLE 4: Singleindicatorsmember ships

Factor A B C D
Number of rounds 053 025 017 0.05
Rotation 048 043 009 0.00
Speed 033 042 016 0.09
Strength 029 054 008 0.09

053 025 0.17 0.05
048 043 0.09 0.00
"1 033 042 016 0.09
0.29 054 0.08 0.09

Fuzzy comprehensiveevaluation matrix

Accordingto eachindicator weight vectory , com-
binewithmembership matrix\/ , and get fuzzy compre-
hensveevduationmatrix R . Accordingto fuzzy matrix
model thatis R=U -V , fromwhichto smplify algo-
rithm, convert o into common matrix product comput-
ingthat
R=UT xV
It solves:

UT*R=(04852 0.3272 0.1441 0.0435)
Quditativeandyd susesmaximummembership prin-
cipleand knowsthat 0.4852 isthe maximum val ue,
that isto say audience eval uation on competitionisA
grade, which shows audience eval uation on competi-
tionisverywell, scoreis
M =10x0.4852+ 7x 0.3272+ 5x 0.1441+ 0.0435= 7.9064
By testing, above computing result conformsto fact.

TABLE TENNISBEST DIAMETER RE-
SEARCH

By above, itisknown that athleteexperiencequal -
ity and audience appreciation quality interact on each
other. Table tennismovement speed has connections
with diameter, whenitsdisplacementisfixed, thesmaller
diameter is, theshorter experienced timeis, and smaller
probability of athleterecaivingwould be. When athlete
faledrecavingbdl, hisreactiontimeist , and reaction

T
time when receiving is T . SetX=T, when x gets

closer to most of players’ two reaction times ratios,
athletereceiving probability isbigger, player canmore
givehislevd into play, experienceeffect would dso be
better, meanwhilethe number of roundswould bemore,
competitionwill also be moreexciting, and audience
appreciationquality will dsoimprove. Thereforeselect
best ratio x , and then it can get best tabletennisdiam-
eter.
Accordingtoformula(13), it can solve:

C,_pD3fv,-sna
a, = -

CpnpD2v,? -cosa

8m
_ mpgD® C_pD’fv, -cosa
6m m

y (16)

CpmpD?v,® sina
8m

Set tabletennismovesintheair atinitial speedv,,

dropping totable moment horizontal end speedisv. ,in
horizontd direction, according to theorem of kineticen-
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ergy, it gets:
ma, =%mv;2—%mv§ (17)
By formula (14), it is clear that

o [ CupDfv, snar Co7pV,” - CoSar D2
g m 8m ’
and v, isavariable, in order to easier to calculate,

C, pDfv, -s C 2.
assumekzmaXI LPO rTiSlnoc_ D”p\élmcosai,

Thereforeformula(17) can beconverted as:

—mkD2=%mv'X2—%mv)2( (18)
Tha:
v2 v’ =kD? (19)

Now accelerated speed is a fixed value,
1 . :
oV, = E(VX + VX), thatv, = 2v, — v, , therefore
Vy _V;< =V, — (va _Vx): 2(Vx - vx)

v)z(—v'X2=(vX—v'XXvX+v;() 2
=2(v, -V, )x2V, =kD? (20)

D, is38mmball, D, isanunknown quantity, D,
averagespeedisv,, , dueto hitting speed (that isal so
initial speed)basically do not changewithball diameter
changing, D, initial speedisasov, . Assumesameex-
cellent athleteplays D,, D, twodifferent diameters
tabletennis, and roughly thought that tabletennisdis-

TABLE 5: Receiving ball reaction time and missing ball
reaction timeratios

1.18 1.18 1.20 1.16 121
122 1.20 122 1.22 1.19
117 118 1.18 1.19 1.19
1.16 121 117 1.20 1.18
1.18 1.18 1.18 1.18 1.18
117 1.22 1.20 117 1.17
1.18 1.20 1.28 1.16 121
120 1.28 1.23 1.18 1.27

placementsare equal

Then:
(Vx _vxo)xvx _ DO2
(v, —Vq)xV,, D2 (21)
Vx =Vx1 )XV Dl
Set v, ,thenv, , = xxV,,
Therefore
(Vx_vxo)xvxo = DO2
Di 22)

Assumesameathlete playsD,, D, two different
diameterstabletennis, and roughly thought that table
tennisdisplacementsareequal

t1
Then:t, -V, =t, -vxl,thereforeg =X t, isdiam-

eter astabletennismovement time, isdiameter as table
tennismovement time.

Tabletennisair movement timet isathletereaction
judging time t . Watch 40 athletes competition video,
and get their recelving ball’s reaction time and missing
ball reaction time ratios data is as TABLE 5
(reservestwo decimal fractions).

By TABLEDS, itisclear that most of athletesdatais
equal or approximateto 1.18, sotakex =1.18

According to tabletennisassociation investigation
group providedinformation, when smashing 38mmtable
tennis, hitting speedisnearly 26. 35m /s, ball average
flight speedisnearly 17. 8m/s. Dueto hitting speed
(thatisdsoinitia speed) basicaly will not changewith
ball diameter changing, diameter as D, tabletennishit-
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ting speed can al so approximately thought to be 26.
35m/s.

Input datainto(21)and solve: D, = 43.6177mm.

CONCLUSIONS

The paper gets 38mm and 40mm two tabletennis
influences on athl ete experience quality and audience
appreciation quality by andyzing different radiustable
tennisforceand flight trgjectory, and usesandytic hier-
archy process carrying out weight measurement and
fuzzy comprehensiveeva uation method to maketes, it
eliminates subj ectivefactors caused wel ght quantity not
clear, itimprovestest result accuracy. It further solves
best tabletennisdiameter on the condition that ensure
athlete experience quality and audience appreciation
qudlity, theresult hashigher reigbility.
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