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ABSTRACT

This paper analyzestheforce condition of the table tennisduring the flight
process, focuses on the analysis of the effect of air resistance on the ball,
provides abasisfor the establishment of the kinematic model; then on the
basis of stress analysis it establishes a kinematic model of table tennis,
discredited the sport continuity equation, obtains the easy-to-computer-
implemented equation of state of tennis flight, based on the equation of
state, analyzes the collision process of table tennis, introduces the speed
attenuation coefficient, establishes the movement equation of state of
table tennis before and after the collision; finally, respectively, it achieves
the process experiment of 40 groups’ tennis flight and crash process via
computer, conducts the comparative study on the actual data with the
camera and the predicted data of the placement position and placement
time obtained using the model, obtains the reliability and precision
characteristics of the model, and provides a theoretical basis for precise
shots of table tennis and the development in other areas of table tennis.
© 2014 Trade ScienceInc. - INDIA
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Many scholarshave studied theflight processand

Thewinningfactor inthemovement processof Teble
tennisisthe precise control of theball placement posi-
tion and placement time; themovement of thetabletennis
consistshasicaly flight and crash two processes; sothe
stress analysis and motion analysis of thesetwo pro-
cessesisanimportant way to study theaccuracy of the
ball control™3; thisarticle startsfrom thesetwo aspects,
analyzestheflight and crash analysisprocess of table
tennisinorder to establish arationd, scientific and easy
computer-implemented mathematical model and pro-
videatheoretica basisfor preciseball control of table

collision courseof tabletennis; the established models
and research results of these scholarspromotethe pre-
cision ball technology of athletes, wherein: JiaFang
(2011) mentioned tabletennismodeling in her thesis
and elaborated mode principles?; Zhao Lei etd (2010)
studied thewholeflight processfrom theracket hitting
theball, ball table collision to flying out of thetable-
board, on the basis of the established model, used
Matlab to simulatethetrgjectory?; Lihong De (2010)
described the general movement of tabletennis, and
took theright topspin of tabletennis, for example, made
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detailed andysisonitsforceand movement, parsed the
formation mechanism of right topspintrgectory inthe
space®9,

Onthebasisof previousstudiesthispaper studies
theflight courseand collision processof thetabletennis
to explorethekinematicslawsthat thebal meetsinthe
course of thesetwo movement processesand contrib-
utetotheaccuratebal control of tabletennis.

MATHEMATICAL MODEL OF TABLE TEN-
NISFLIGHTAND COLLISION

In the sport of table tennis, the athletes’ precise
control of thebd|l isthekey to win thegame; themove-
ment processof tabletennisisgeneraly divided into
threestates: static or scrolling, rotating, flying and colli-
sion; apparently static or scrolling hasno research sig-
nificance, what worth motion anaysisisthe process of
ar rotating, flyingand collision; the paper putsasidethe
rotation process, studiestheimpact of tabletennis’ flight
and collision onitstraectory and placement, in order
to have areasonabl e forecast on Table Tennis’ flight
and collision processthrough the adoption of areason-
ablemathematical modd , providesatheoretical basis
of bal| batting accuracy for tabletennisplayersand other
areasintabletennig™.

Under reasonabl e assumptions, this paper conducts
mechanicsanalysisontabletennis’ flight and collison
process, and etablishesthemathematical modd of these
two sports process.

Condition assumptionsand parameter settings

e Firgt assumethat tabletennishasno rotation during
exercise, and the movement in thethree axesdi-
rection of space coordinates satisfiesmutual inde-
pendence;

e Badl onlyreceivesgravity andar resstanceinflight
process, and the size of the air resistanceis pro-
portional to thevelocity of theball, and thedirec-
tionisoppositeto themoving speed of theball;

e Callisonbetweentabletennisand tablecanbeseen
aselastic collisions, and the state of motion after
bouncingisonly rdated tothe state of motion at the
landing moment.

o Tabletennisisaspherewith4cm diameter, thecen-
troid position isin the center of the sphere, and

weighis2.7g.
Sressanalysisof tabletennisin flight process

Tabletennissuffersmainly air resi stance, buoyancy
and gravity during the flight, anong them the sports
model of buoyancy isthemost complex; first anayze
theroleof fluidforceontabletennismovingintheair
gream[lo,ll].

Airisardativelyfluidtotabletennis whenthefluid
flowsthrough the stationary object owly, dueto the
presence of theviscousres stancetheflow rate of each
portion of thefluid isthe same; for theviscousress-

tance, theresistance f hasthefollowing relationship
with theeffective area(cross sectiona area)of the ob-
ject receivingthefluidimpact AS, thefluid viscosity

coefficientr andfluid velocity gradient - inthefor-
mula(l):

=nA (@) (D)

By theformula(1) theviscousdrag of the spherica
object when moving dowlyinthefluidis6znv. When
the fluid object moves, it will be separated from the
whole, it will flow through the different sidesof the ob-
ject; intheportion near the object thefluid velocity is
dower; andintheback sideof theobjectitformsintoa
low pressureregion, so that thefluid far distant from
theobject will quickly and naturdly add tothelow pres-
sureregion, which resultsinto theturbul ence phenom-
eng, Figure 1 showstheformation schematic of thepres-
suredrag of theobjectinafluid.

Pressure drag would be more obvious only under
larger viscousfluid; theres stanceisproportional tothe
sguareof therelativevel ocity of the objectinthefluid;
sinceair viscosity issmall, the paper ignoresthe pres-
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suredrag, counting only theviscousres stance.
Figure2 showsthe stressanadyssschematic of table
tennisflyinginthear ataspeedofv.

BioTechnology —

InFormula(4) K =k/m.
(0 —I )

©)

Equation of state of tabletennis’ flight process

If theair resistanceisnot considered, theair resis-
tancecoefficent k will bevery smdl; if seek thelimiton
thegpatial position sink — Q therelationship canbe
obtained asinformula(6) shown bel ow:

()
()

(

If the camera adopts the sampling frequency of
60Hz, conduct discrimination on thethree components
and velocity componentsof the spatial position; wecan
st () () ( ,thecomponentof tabletennis
centroid rateinthethree axesdirectionisshowninthe
formula(7) bel ow:

()

)

(6)

()

Thereforethediscrimination equationsof thetable
tennisflyingintheair may havetheform likethefor-
mula(8) below:

X; 1=AX; +BU; +w; (8

Without considering theair resistance, tabletennis’
movement in three directions axes can be carried out
by the state variable speedv and position p, the state
equation of tabletennis’ flight isshowninformula(9)
below:

() (

()

©
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Informula(9), wmeansthesystemerror.
Equation of stateof tabletennis’ collision process

By the condition assumptions, tabletenniscollision
courseisandagtic collison; intheabsence of rotation
it satidfiesthelaw of reflection; if assuming that thespeed

of tabletennisthemoment beforecollisonisv the

colli” ?

speed themoment &fter thecallisionisv_ .., thecalli-

sion case between thetable tennisand table-board is
showninFigure3:

Thepostiond rdaionshipbetweentheanglea = S
and theball when collidingwith thetable-board in Fig-
ure3isshownintheformula(10) bel ow:

() () (

In Formula(10) thecollisontimeist,, ,,through
thecollisonandtheflight model inthe previoussection

(10)

wecanobtainv_, ., whichwasexpressed asthefor-
mula(4); set adamping coefficient for thevelocity in
each direction, namelyk,, k , k, , the speed after the

callisonisshownintheformula(11):
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TABLE 2: Theredevant data comparison when thetabletennisreachesthedesignated planeafter crashing thetable-board
based on model and camer ameasur ement

Predicted position  The actual position Position coordinate error

M ovement Trajectory » . - . tore tog tar - . Xz
1 -75.6 221.6 -109.7 182.6 653.3 676.6 23.3 -34.1 -39.0 51.8
2 -129.9 253.4 -119.9 260.0 667.1 660.1 7.0 99 6.6 11.9
3 -102.0 2455 -112.6 2376 65126334 17.8 -10.6 =77 13.1
4 -30.2 2151 -102.5 1946 652.2 6619 9.7 -72.3 -20.5 75.2
5 -5.8 256.0 -13.2 200.7 641.3 672.7 314 -7.4 -55.3 554
6 214.4 328.6 180.6 333.0 500.05176 17.6 -33.8 4.4 34.0
7 182.8 3354 142.1 350.7 493.6 514.0 204 -40.7 15.3 434
8 169.6 329.0 160.3 334.0 485.3 498.0 12.7 -9.3 49 10.6
9 214.6 337.0 161.3 3484 4975 502.8 5.3 -53.4 114 545
10 194.4 3354 161.3 3676 4824 5209 385 -33.1 32.2 46.2
11 285.1 327.5 244.1 338.7 4814 499.3 179 -41.0 11.2 425
12 217.3 331.6 194.1 334.8 493.6 4976 4.0 -23.2 3.2 235
13 144.3 324.7 135.4 337.0 4742 489.8 15.6 -8.9 12.3 15.2
14 170.0 328.3 179.8 3427 473.3 484.1 10.8 9.8 14.4 17.4
15 154.1 329.4 149.5 3354 481.8 485.0 3.2 -4.6 6.0 7.6
16 256.3 330.0 190.2 346.1 4775 4972 19.7 -66.1 16.1 68.1
17 -89.6 301.6 -141.1 309.2 534.1537.8 3.7 -51.5 7.6 52.0
18 -84.6 293.8 -132.2 301.9 543.7 562.7 19.0 -47.6 8.1 48.3
19 -139.9 294.8 -168.6 2952 52595320 6.1 -28.7 0.43 28.7

20 -166.1 330.0 -165.9 340.3 504.1 514.3 10.2 0.15 10.3 10.3
Note: the coordinate unit is mm, the time unit is ms

1)

If () () ( representsthe current loca-

tion of thetable tennis, () () ( means the
current position of table

tennis, ( ) ( ) ( meansthelocation

of thetabletennisin next cycle, (X » Yoq ) Meansthe

coordinatesof thecollisonpoint, r meanstheradiusof
tabletennis, based on the position point beforeand af-
ter the collision the collis on point’s coordinates can be
drawnintheformula(12):
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theflight process, placement and collision process of
thetabletennis; apparently thelatter two arethepoints
that athletesconcern; in order to verify thereliability of
themodd , thispaper usestwo waysof themodd method
and high-speed video camerato conduct comparative
analysisfor tabletennisplacement and collisiontime;
the TABLE 1 showsthetrgjectory datasituation of 20
tabletenniswith differentinitia conditions.

Fromthedatain TABLE 1 wecan draw theerror
distribution diagram of the 20 tabletennis’ placement
position and collision time between the predicted tra-
jectory and the actual trgjectory.

Fromthedatain Figure4 thetimeerror islessthan
15ms, that is0.015s; placement position error isless
than 60mm, that is6cm; and tabletennis’ diameter is
4cm, thereforethe predictive model hasaccurate pre-
dictionsfor the placement position and placement time
of tabletennis.

M odd validation after tabletenniscollision

After thecallision of thetabletenniswith thetable-
board rebound phenomenon will appear; after there-
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bound the tabl etennis can reach the position of thede-
tection plane; model dgorithm hasaprediction, thepre-
dicted valueisvery closeto the actual value, which
indicatesthat the collison mode establishedinthispa
per isvery precise; for the amount that is capable of
reflecting themodel accuracy, oneisthe position point
whichfdlsonthedetection plane, and the other istime
landed on aspecified plane; the paper givesthe pre-
dicted valueand the actud value of the20 tabletennis’
flight path for the error comparison and theresultsare
showninTABLE 2.

Fromthedatain TABLE 2wecan draw theerror
distribution diagram of the 20 tabletennis’ placement
position and placement time betweenthepredicted tra-
jectory and the actual trgjectory on the specified plane
after rebound.

Fromthedatain Figure5thetimeerror islessthan
40ms, that is0.040s; placement position error isless
than 80mm, that is8cm; and tabletennis’ diameter is
8cm, thereforethe predictive model hasaccurate pre-
dictionsfor the placement position and placement time
of tabletennison the specified plane.
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Figure4: Theerror distribution diagram of thetabletennisflight path’splacement position and collision time
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Figure5: Theerror distribution diagram of the placement position and placement time on the specified plane after the

rebound

CONCLUSIONS

First, thestudy first analyzestheforces condition of
thetabletennisinthe motion process, providesabasis
for kinetic studies; under conditionsof stressanaysis
results of tabletennisin themovement processand the

conditions assumptions, it establishesthe kinematic
equationsof tabletennisflight, providesabasisfor the
discrete state equation that computer algorithmiseasy
toimplement; by the continuouskineméti c equations of
tennisflight, it obtainsthe discrete equation with 60hz
camerameasurement frequency, and trandatesit into
the state equation of the speed and position, and pro-
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videsatheoretica basisfor computer implementation
and movement trgectory portray; onthebasisof math-
ematica model for tabletennisflight process, it Sudies
thetabletenniscollison processwith speed attenuation
coefficient, discretenesscontinuouskinemétic equations,
and establishesthe state equiation of tabletennismove-
ment beforeand after thecollison course; finaly it col-
lectsthe predicted data of the model placement posi-
tion of thetabletennis, placement timeof thetableten-
nis, placement location and placement timeof the speci-
fied plane, and comparesit with the actual measured
data by the camera, and the comparing results show
that theposition error islessthan 8cm, thetimeerror is
lessthan 40ms, theaccuracy and feasibility of themoddl
isobtained.
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