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ABSTRACT

According to physical equation, it respectively calculates 38mm, 40mm
diameters’ tabletennisarc, strength, speed, rotation, drop point, time, clarity
and its change rate. And then, use above factors to establish analytic
hierarchy process model, athlete experience quality’s criterion layer is
composed of arc, strength, speed, rotation, and drop point, and get that
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small ball has best experience quality to athlete while big ball experience
quality isthe worst. Similarly, audience’s criterion is composed of round
numbers, clarity and time, and get big ball has best appreciation quality to
audience, and small ball experience quality istheworst. Finally it getstable

tennisideal diameter is41mm by analog simulation.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

In 2000, international tabletennisfederationin-
creased international tabletennisprofessiona competi-
tion official ball diameter from 38mm to 40mm. The
amistofurther increasebdl’sair resstanceduring air
running, slow down competition’sball running speed,
so that achieve the purpose of further increasing and
enriching tabletennisprofessiona athleteshitting tech-
niquesand skills, and findly increasetabl etenniscom-
petitions’ overd| appreciation. However, snceincom-
ing of tabletennis“big bal era” up to now, dispute about
ball diameter has never ceased. Chineseand foreign
coachesand athletesfrom dl waksof life have mixed.
Itisworth noting that dueto professiond ahletes’ haght,
playing habit, gripping habit differences, their sensitivi-
tiesto bdl diameter changesaredso different.

Tabletennisdiameter changesfrom origina 38mm
to current 40mm, themain reasoniswith athlete’stech-
niqueand skillsbeing constantly skilled, small ball era
tabletennisrunning processflight speed and rotation
becomefaster and faster, the changeleadsto competi-
tion processtwo parties’ athletes confronting moment
round numbersreduce; even sometimesbadl islikelight-
ning, audience hasnot yet reacted whiletheresult come
out, which reduces competition appreciation to great
extent. Thereforeinternational tabletennisfederation
changestabletennisdiameter into 40mm. Tabletennis
diameter increases, let ball volumeand massincrease.
It causesball running process suffered friction forceand
otherschange. Therefore, after diameter changing, table
tennisball speed will dow down, rotationwill wesken,
two parties’ athlete confronting moment round numbers
increase, so that increase competition appreciation.
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TABLETENNISTECHNICAL BIOME-
CHANICAL ANALYSIS

Loop appeared pressuredifferencedueto rotation
iscaledlift forceF, thatisMagnusforce. Itisrelated
to sphere movement speed and rotational frequency,
itsexpressonisasfollowing:

F. =C, pD3v @

Tabletennissuffered air resstancesizeisrelaedto
the maximum cross-section area and suffered wind
speed. Asfollowing Figure 1 show, assume airflow
hasn’t arrived at table tennisis called “state 1, and
arflow aready arrivesat tabletennisiscaled “sate2”,

v, = 0, and canget by Bernoulli principle:

1 1
Py +EPV§ =P, "'EPV% @)

Figure 1 : Tabletennis suffered air resistance schematic
diagram

p isunit volume airflow pressure energy, from

whichy, = v, v, = 0, andthen - P, =2 ov* incaseit
isthought that tabletennisanother Sdesuffered air pres-

sureisequd tofront state 1 moment pressure P, , mul-
tiply by the maximum cross-section area A , and get

resstanceF,:
1
Fg = (P, =P)A =ZpAV” ©
But considering other factorsinfluence, introduce

resistance coefficient C,, , and can get final formula:

1
Fa = ECdPAVZ 4)

. 3
F,=C,pD" f
Figure2: Tabletennisforceschematic diagram

Orbit andlysiswithout considering gravity effects,
tabletennisforceschematic diagramisasFgure2 show.
Thereupon, it can get dynamic equation asfollow-
ing
W _Lo A
Mt =2 CaPAY ©
v? 3
Transform and sort theformulause diameter p to
express the maximum cross-section area p, and

letv = v(t) , it canget curvatureradiusformula:

m
R=R(t)= CLPD3f v(t) (7)
Make orthogonal decomposition of tabletennis
forcestatus, and get Figure 3.
Verticd directionforceandysis:
Verticd directioninitid speedisysin g, suffered up-

ward resultant forcer, sing+ G, distancefrom ground

I‘"'e

vsin g P
— a5
: vcosd
]

: % Il
d F,siné@
A 4
G

Figure3: Tabletennisforcestatusorthogonal decomposi-

tion
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TABLE 1: Bigball and small ball parameter scomparison

Par ameter Arc/R Strength Speed/V Rotation Drop point/ S Time/t Clarity

Big ball 31.28652 0.12218 20 16.552 2.426577 0.589193 1922.37
Small ball 29.83818 0.13608 18 20.69 2.226201 0.568804 1733.15
Change rate 5% 11% 11% 25% 9% 4% 11%

TABLE 2: Scaledescription

Scale Description
1 Indicates two factors have equal importance by comparing
3 Indicates the former is dightly more important than the later by comparing two factors
5 Indicates the former is obviously more important than the later by comparing two factors
7 Indicates the former is intensely more important than the later by comparing two factors
9 Indicates the former is extremely more important than the later by comparing two factors

2,4,6,8 Indicates middle value of above adjacent judgment

Reciprocal  If importance ratio between element i and | is@,; , then importanceratio between j and iisl/a,

'SSoV-Vhen table tennis moves  up- ANALYTICHIERARCHY PROCESS
MODELS
W a r d : Viertcar =V SIN 0 = gy t ’

4. = F,sin 0 + G By analyzing, it isclear that tabletennistechnical
e m factor isextremely important to athlete, so andyzetable
oL vsngm tennistechniquesto athlete’sexperiencequdity influ-
Itcangetlifttime:t F,sin0+G ences, consultinformation and can know arc, strength,
1 v2sing’m Speed, rotation, and drop point these aspectsinfluences
Lift displacement: S =5 =557 on athlete’sexperience quality arelarger, but to audi-

o i ence, competitionissplendid or not that decidesitsap-
Verticdl directiontotd displacement: S= S, + S, yreqaion qualitiesscale, and competition splendid ness
1 isuptoround numbers, clarity, eachtime, establishtheir

When tabletennismovesdownward: S = 5 at, and tabletennishierarchica structure.

(1) Congtruct judgment matrix

It can get reductiontime: t2=\/ 2ms,  v?sing’m

Fysnd+G  (F,sing+G)* Hierarchical structurereflectsrelationsamongele-

That tabletennisair movementtimeis: ments, but acriterion hierarchy’severy criteriaweight
t=t, +t, 8 in target measuringisnot awaysthe same. Thispaper
Horizontdl directionforceanalysis adopts comparison between two factors and establishes

When table tennis takes horizontal move- pared comparison matrix tofactor g . Whichtakestwo

ment:v, _  =vcosld-a,,...!t . factorsBandB;everytime, g showstheinfluencera
4, = 7 0,3739 Sttt tiothat B and B; cover A, al comparisonresultsuse

Horizontal movement displacement: matrix C = (& ), to express. Call Cispaired com-
Shorional = VCOSO-t %@.tz 9  paisonjudgment métrix between o — g.If B and B;to
By above, it can get result asfollowing TABLEL A influenceratiois a; , andthen B, and B to A influ-
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TABLE 3: Athleteexperiencequality criterion layer judg-
ment matrix

A B, B, B, B, B
B, 1 1/5 1/5 17 1/3
B, 5 1 1 1/3 3
B, 5 1 1 1/5 3
B, 7 3 3 1 5
B, 3 1/5 1/5 1/5 1
- - —_— 1
enceratiois & = .
g

Definition 11f matrixC = (a; ) _mests

nx

1
(i) a; > O, (ii) & Ta (i,j=12---,n) then is

i
called positivereciproca matrix.
In order to definea; value, quote number 1-9 and

itsreciproca asscale, following TABLE 2 listsdescrip-
tion of 1-9 scale meanings.
By TABLE 1, itisclear that bigball and small ball

arc, strength, speed, rotation, drop point changerate,
changerate getsbigger; it showsit ismoreimportant,
sofixed arc, strength, speed, rotation, and drop point
weightisasTABLE 3, TABLE 4.

(2) Hierarchical single arrangement and consis-
tency test

Judgment matrix C corresponding maximum fea:

turevadue/,,, featurevectoryy ,itisthepriority weight

of samehierarchy corresponding e ementsrdativeim-
portanceto last hierarchy someelement after normal-
ization, theprocessiscalled hierarchicd singlearrange-
ment.

Above paired comparison judgment matrix con-
sruction method though can reduce other factorsinfer-
ence, relaively makeobjectivereflection of acouple of
factorsinfluencedifference. But whenintegrateal com-
parison results; it ishard to avoid containing inconsis-
tency to some extent. If comparison result iswholly
consistent, thenmatrix C e ement should also mest:
aijajk=ajk,Vi,j,k=l,2,'~~,n (10)

Definition 2 Positivereciprocal matrix that meets
relationship (1) iscdled consistency matrix.

Need totest constructed (positivereciprocal) judg-
ment matrix C isserioudy incons stent or not, so that
definewhether it can accept C or not.

TABLE 4: Athleteexperiencequality schemelayer judgment matrix

B, C, C, Cs B, C, C, Cs B, C, C, Cs
C, 1 1/2 13 C, 1 13 1/5 C, 1 /3 1/5
C, 2 1 13 C, 3 1 13 C, 3 1 13
C, 3 2 1 C, 5 3 1 C, 5 3 1
B4 C1 Cz Cs Bs Cl Cz Cs

C, 1 15 17 C, 1 1 1

C, 5 1 1/5 C, 1 1 1

C, 7 5 1 C, 1 1 1
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TABLE5: Random consistency indicator R|

n 1 2 3 4 5 6 7 8 9
RI 0o 0 05 09 112 124 132 141 145
TABLE 6: Hierarchical total arrangement composition table
A, A, An B layer total
Arrangement
a a m .
weight value
m
Bl b11 blz blm Zblial
j=1
m
B, b, b, b,y PILAE:?
j=1
m
Bn bnl bn2 bnm z bnj aj

i1

Theorem 1 Positivereciproca matrix C maximum

featureroot 4., issurely positivereal number, itscor-
responding feature vectors’ all components are posi-
tivered numbers, C other festurevauesal serioudy
arelessthan 4, , .
Theorem 21f C isconsistency matrix, then
() ¢ issurelypostivereciproca matrix.
(i) ¢ trangposed matrix T isasoconsistency ma
trix.

(i) ¢C anytwolinesarein proportion, proportion factor
isabovezero, sotha rank(C) =1(dmilarly, C any
two columnsarea soin proportion).

(v) c maximumfesgturevaue 4, ., = n,fromwhichn
iIsmatrix C order. C ’sother festurerootsarezero.

(v) IfCc maximumfesturevalueA ., corresponding

feature  vector  isW=(w,---,w,),
_W
then®i =1, Vi, j=12,-,n, that:
]
(W, wy o wy ]
W, W; Wi
Wy Wy Wy
C= W, W; Wi
(11)
Wn Wy Wn
| W, W5 Wy |
1111
5 5 7 3
5 1 1 L 3
3
Ci=lg 1 1 L 3
3
7 3 3 1 5
3 1 1 1
1> 3 3 5 |

By MATLAB caculating, it can get

TABLE 7: Athleteexperiencequality hierarchical total arrangement

ro|
Criterion Arc Strength Speed  Rotation . T Total arrangement
oin
— - £ weight value
Criterion layer weight value 0.04269 0.20099 0.20099 0.46910 0.86232
. 40mm 0.16342 0.10473 0.10473 0.06680  0.33333 0.154601
Scheme layer single
. 39mm 0.29696 0.25828 0.25828 0.21849  0.33333 0.273068
arrangement weight value
38mm 053961 0.63699 0.63699 0.71471  0.33333 0.572326

TABLE 8: Audienceappreciation quality hierar chical total arrangement

Criterion Round number Clarity Time Total arrangement
Criterion layer weight value 0.63699 0.25828 0.10473 weight value
40mm 0.71849 0.57143 0.63699 0.641043
Scheme layer single arrangement weight value 39mm 0.21849 0.28571 0.25828 0.254160
38mm 0.06680 0.14286 0.10473 0.104795
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w; = (0.04269,0.20099,0.20099,0.46910,0.08623)"

5
3

AP Wk P
Wk P w

1

By MATLAB calculating, it

oetw, = (0.63699,0.25828,0.10473)"

Theorem 3 n order positivereciproca matrix A is
consistency matrix when and only when metrix festure
vaueA, ., = n,andwhenpostivereciprocal matrix A

isinconsistert, itsury hasA, , > n.

According to theorem 3, we cantest whether judg-
ment matrix A isconsistent matrix by defining whether
Ame iS€Qud ton or not. Dueto featureroot continu-
oudy relieson a;, so 4, isfarbiggerthan n, A

inconsistency degreewould bemoreserious, 4., cor-
responding standardized feature vector would not re-
dlyreflect X ={x,,--,x,} ratiosindement 7 influ-
ences. So, itisnecessary to makeonetime consistency
test onjudgment matrix that provided by decision maker
so asto decidewhether itisacceptableor not.
Stepsfor judgment matrix consistency test areas
faloming
(i) Cdculateconsistency indicator CJ

can

Amax —N
n-1
(i) Look up corresponding average random consis-
tencyindicator g . Ton=1,---,9,itprovides Ry

values, asTABLE 5 show.

Rl vaueisgotinthisway that congtruct 500 sample
matrix by random method, random select numbersfrom
1to 9 aswell asitsreciprocalsto construct positive
reciproca métrix, and determineaverageva ueof maxi-

mum featureroot ;. , and define:

Cl=

(12)

_Amx =N
" n-1
(iii) Cdculate cons stency proportion CR

RI (13)

————, FyuLL PAPER

cr=S

RI
WhenCR < 0.10, itisthought that judgment matrix
consistency is acceptable, otherwiseit should make

proper correctionto judgment matrix.

(14)

(3) Hierarchical total arrangement and consistency
test

In above, we achieved is a group element to its
previouslayer one element weight vector. Wefinally
should get each element, especially bottom layer each
schemeto target arrangement weight, sothat carry out
scheme salection. Totd arrangement weight carriesout
compositeonsinglecriterion’sweight fromtop to bot-
tomasTABLEG.

Set previouslayer( A layer) includes A,---, A, to-
tal mpiecesof factors, their hierarchical total arrange-
ment weight arerespectively a ,-- -, a,,,.And setitsnext

layer ( B layer)includes n piecesof factorsB,,---, B,
their hierarchical singlearrange weight about A, are
respectivelyb,;,---, b, (when B and areuncorrel ated,

b; =0). Now solve g layer each factor weight re-
garding total target that isto solve B layer each factor
hierarchicdl total arrangement weightb,,---,b, , calcu-
lation carriesout according to TABLE 6 showed ways,
that
j=1

To hierarchical total arrangement, it also needsto
do consgtency test, thetestistill likehierarchicd totd
arrangement, andit proceedsgradudly from high layer
tolow one. It is because though each layer has gone
through hierarchica singlearrangement test, each paired
comparisonjudgment matrix hasrel ative satisfied con-
Sistency. But when comprehensiveinvestigatesit, each
layer inconsistency still may accumulate, and lead to
find analys sresult rel ative seriousinconsistency.

Set g layer A correlated factors paired com-

parison judgment matrix go through consstency testin
singlearrangement, and solvesinglearrangement con-

s BioTechnology
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sistency indicator is CI (j), (j =1+, m), correspond-
ing average consistency indicator is RI (j)(CI(j),
Rl ( j ) dreedy solvedinhierarchica singlearrangement),
then layer total arrangement random consistency pro-
portionis.

im(j)aj

j=1

i RI(j)gy (16)

CR =

WhenCR < 0.10, itisthought that hierarchical total
arrangement result hasan rdl ative sati Sfying cong stency;,
and accept the analysisresult.

Use MATLAB softwareto calcul ate athlete expe-

riencequality CR = 0.028 < 0.1, So comparison ma-

trix C meetsconsstency test, w; canbeused asweight
vector. Similarly, audience appreciation qual-
ityCR, = 0.033< 0.1, Socomparisonmalrix C meets

consistency test, w, can beused asweight vector.

By TABLE 7, itisclear that 38mm tabletennisits
totd arrangement weight va ueisthehighest, 40mmball
total arrangement weight vaueislowest, that smal ball
isthe best for athl ete experience quality, and big ball
experiencequdity istheworst.

By TABLE 8§, itisclear that A0mm tabletennisits
totd arangement we ght vaueisthehighest, 38mmtable
tennisitstota arrangement weight valueisthelowest,
that bigball isbest for audience appreciation quality,
and small bal experiencequality istheworst.

Condusions 40mm tabletenniscomparesto 38mm
tabletennis, it reduces athl ete experience quality but
improvesaudienceappreciation quality.

BEST DIAMETERANALOG SIMULATIONS

ITTF officia data, tablelength, width and height(2.74,
1.525, 0.76), horizontal distance between people ser-
viceandtableis0.67m, serviceheight 0.7m, distance
withnetis2m)

(1) Forceanalysis

Tabletennisflight first trgjectory refersto tableten-
nisflying away from racket tojust contacting table such

BioTechnology —

phase movement process. Tabletennisflight process
mainly suffersverticad and downward gravity, vertica
and upward buoyancy, and air resistance oppositeto
movement direction. In genera, tabletennisflight pro-
cesswill accompany with axissurrounding rotating, so,
it should a so consider Magnusforce.

Assumethat tabletennisonly movesin planexoy.

Bal speed as v and horizontd lineforminto g angle,

(+
A/
Figure4: Firg trajectory forceanalysisgraph

\j2 | 0 |

Figure6: Component speed and trajectory timerelations

Hn Tudian Jounual
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[0
rotationa speedis 7 [7/ = Zj , rotation axisand ver-

ticd plane.
1
Buoyancy F; = Epg;zD3 : resis-

2

1 aD“ . .
tanceF4 =§Cd,DAV2, A= istabletenniscross-

section area. MagnusforceF, = C, pD° fv

Carry out forceanaysisaccordingto Figure4, de-
composeforcealong x and Yy directions, and canlist
kinematicequation.

2

m% =C, pD%*vsin® +%CdpAv2cose 17)
2,
m% = mg—%pgnD3+CLpD3'yvcos(~)+%Cdpszsin9 (18)

(2) Maximum visual speed

There aretwo self -oppositefactorsdecidetable
tenniscompetitionwatchinginterestingness At first com-
petition rhythm should befast, so competition should
beexcitingand et athleteawaysin human reactiontime
extreme, however, competition should not be so fast
that | et athl ete cannot make prediction by tabletennis
movement trgjectory. Theaimisto select tabletennis

Figure7: Component speed and trajectory timerelations

e i ibin

Figure8: Proportional changes

diameter that can | et competition speed arrive at maxi-
mum and still ensure audience haswatching comfort-
abledegreein whole competition.

To solve the problem, at firs judge which speed
tabletennisarrivesa will not ensureaudienceeyescaich
up with table tennis movement. Assume the trail is
smooth pursuit, which areal so eyes continuoustrack-
Ing moving objects. Maximum va ueof angular speed
that human can make smooth pursuit is90.9degree/s.
Human can use urgent tracking method to follow mov-
ingobjectsbut it let appreciation difficulty enlarge.

In order to define human eyestraceabletableten-
nismaximum speed, it needsto makeclear video angle
and sphereactua movement rdations. Assumetwo ath-
letesdistanceis4m, distance between video and table
is13m, which conformsto ITTF suggestions. Theset-
ting canrefer to Figure5, video distanceisfar enough
that bal movement gpproximatesto straight ling(though
tabletennismovement trgjectory isarc, dueto video
andtablevertical distanceisfarther, arc approximates
togtraight line), soit can combing speed x directionthat

v, witheyeswatching TV angular speed, thenit has:
0= 2tan‘1[£j
d

Vimax =L eﬂ
0

By aboveformuladeduction, it getsthat maximum

pead is19.2m/s, audiencecan clearly watch bal move-

ment.
(3) Timeratio

Problem’skey dementis audiencecandearly waich
table tennis movement trajectory time proportionin
wholemovement processthat istimeratio (clarity time
andtotal timeratio). To solvethe problem, record two
groups of data, thefirst groupis: x direction compo-

(19)

nent speed (that isv, ) initialy lower than maximum

watch able speed time, the second group istime that
bd | from departingto arriving & opponent athleteracke,
it can get by kinematic differential equation

TABLE 9: Timeratioand ball diameter changes

Diameter/mm 30 32 34 36

38 40 42 44 46 48

Time ratio/% 0 20.64 40.16 58.56

75.84 92 99.66 99.66 99.66 99.66
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" 11- 37D/(4e70021) (20)
Set tabletennisdiameter changes between 30and

48mm, the changes affect kinematic equation and fur-

ther will affect v, . It not only just relieson atrgectory

to decidethesetimeratios. It allows every direction
angular speed change between -20rad/s and 20rad/s,
Figure 6 and Figure 7show x direction component

speed(that v, ) and trgjectory timerelations.
Figure 6 showswhen tabl etennischanges between
30and38mm, v, changes, different colorscurves cor-

responding to ball different trgjectories, timethat ball
arrivesat opponent isbetween Imsand 1.5ms(by Smu-
lation trg ectory)

Figure 7 showswhen tabl etennischanges between

38 and 48mm, v, changes, different colorscurvescor-

respondingtoball different trgectories, it noticesthat
when ball diameter isabove 41mm, curve never goes
beyond maximum appreciation comfortable degree.
Timethat ball arrivesat opponent isbetween 0.25and
0.3s(by trajectory).

In order to get precisetimeratio, by changing di-
ameters, averagdly different trgectoriesget different re-
sults. By Figure 8, it can easily observewhen ball di-
ameter changes between 30 and 48mm, appreciation
comfortable speed’s time accounts for proportional
changesinmovement time.

By TABLEY, itisclear that, ITTF previousregu-
lated competitionswith 38mm diameter tablet tennis
only has 75.84% ratio, when diameter changing to
40mm, ratioarrivesa 92%, any ball diameter that larger
than 41mm can meet sphere movement speed lower
than observe comfortable speed. Therefore, best table
tennisdiameter lengthis41mm.

Vx

CONCLUSIONS

According to physical formulas, respectively cal-
culate38mm, 40mmdiameter tebletennisarc, srength,
Speed, rotation, drop point, time, clarity and their change
rates. And then, use abovefactorsto establish analytic
hierarchy processmodd, athlete experiencequdity cri-
terionlayer iscomposed of arc, strength, speed, rota-
tion, drop point, their weightsarerespectively 4.27%,

BioTechnology — ammm—

20.10%, 20.10%, 46.91%, 8.62%, consistency
proportion CR150.028 < 0.10, consi stency test passes,
38mm, 40mmtota arrangement weightsarerespec-
tively 0.5723, 0.1546, which showssmall bal isbest
for athlete experiencequality, and big bal experience
quality istheworst. Similarly, audience appreciation
criterion layer iscomposed of round numbers, clarity
and time, their weights are respectively 63.70%,
25.83%, 10.47%, consistency proportionis
0.0330.10, consistency test passes, 38mm, 40mm
total arrangement weights are respectively 0.1048,
0.6410that big ball isbest for audience appreciation
quality, and small ball experiencequality istheworst.
Conclusions: 40mm tabletennis comparesto 38mm
tabletennis, it reduces athl ete experience quality but
improvesaudience gppreciation quality.

Two mainfactorsaffect best diameter defining: vis-
ibility and ball speed. Good competition can let ball
speed arriveat maximum and et competition speed and
competition chalengearrivesa maximum, of courseit
also suffers observability constraint. By cal culating,
maximum visual speedis19.2m/s, that audience can
clearly appreciate bal movement maximum speed. Au-
dience clearly watchabletabletennismovement trgjec-
tory time’sproportion in thewhole movement process
istimeratio. By kinematic differential equation, it can
get direction component speed andtrgectory timere-
lations, take 10 diametersfrom tabletennisdiameter
38and 48mm, by computer analog simulation, it gets
that ITTF previousregul ated competitionswith 38mm
diameter tablet tennisonly has 75.84%ratio, when di-
ameter changingto 40mm, ratio arrivesat 92%, diam-
eter Almmtimeratiois99.66%, useany ball diameters
that larger than 41mm can meet sphere movement speed
lower than maximum visibility. Therefore, best tableten-
nisdiameter lengthis41mm.
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