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ABSTRACT

Pumping ball technology is the most common the most utilizing and
important technology of tennis; it is also an important manifestation of
tennis basic skills. Therefore, study various factors that impact tennis
player to forecast and judge opponent pumping drop-point, make them
master the timing and method of pumping the ball drop-point, whichis of
important guiding significance to improve the predictive judgment
accuracy and timeliness on pumping the ball drop-point for tennis players
and to improve back hitting ball quality. This article assumes that by
“Eagle Eye” system we already has obtained three-dimensional
coordinates, speed and speed direction of a point in tennis flight, build
the model under condition of not considering the air resistance and the
resistanceto flow around, and cal cul ate the tennis drop-point image using
MATLAB simulation. Finally consider tennis rotate, according to
Bernoulli’s principle, forecast the drop-point of tennis using differential
equations in mathematics and mechanical model built on turbulent fluid
knowledge. In this study, by analyzing athletes of different levels and
training time, the differences in the predictive judgment provide some
useful reference for the selection of the tennis player.
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INTRODUCTION

View fromtheinternational and domesticresearch,
ondifferent projectsmany scholarsaready went through
study on predicted judgment problem, likeAbernethy,
1988 who isan expert conducted drop-point judgment
for badminton player - novicecomparativeanaysis, in
order to study theimpact of ageand professiona skills
to badminton motion perception skillsdevel opment;
Changzhu Qi, 2001 used film fixed grid technology -
conduct research oninformation selection and predicted

judgment ability in novicemode, to reveal the nature of
sports expertise; Bin Wang and Quan Fu also carry
through related analysisand research in the sports de-
cison-making ability for handbadl andfencing. Butitis
difficult tofind asimilar study on thetennis; henceitis
necessary to discuss thisissue from both theory and
practica point of view.

Pumping ball technology isthe most common the
most utilizing and important technology of tennis; itis
also animportant manifestation of tennisbasic skills.
Therefore, study various factors that impact tennis
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player to forecast and judge opponent pumping drop-
point, makethem master thetiming and method of pump-
ing theball drop-point, whichisof important guiding
significanceto improvethe prediction and judgment
accuracy and timelinesson pumping theba | drop-point
for tennisplayersand toimprove back hitting ball qual-
ity. Inthisstudy, by analyzing athletesof different levels
andtrainingtime, thedifferencesin thepredictivejudg-
ment provide some useful referencefor the selection of
thetennisplayer

MODEL ASSUMPTIONSAND SYMBOL
INSTRUCTIONS

Modd assumptions

Ignoretheeffect of floating force, the shaperesis-
tanceand frictiontorqueontheball; Duetothediffer-
ence between gravity and theair resistanceislarge; the
ar resstanceisignoredintheverticd direction;

In tennis motion process, because the respective
speedindifferent directionisdifferent, inlarge speed
placepressureissmdl, insmall speed place pressureis
large, and therefore tennis can rotate. In problem one
and two, do not consider rotation of thetennis. All ball
rotation isattributed to two kinds: topspin or bottom-
spinand | eft-spin or right-spin. Thisisareasonable as-
sumption based on actua servicemotion.

Inthemodel ling process, presumethereareno other
environmenta factorslikewindintennisflight.

Symbol ingtructions

g: Gravitationa accderation;

(Xo+ Yo Zo ): Three-dimensional coordinatesof a
pointinTennisflight;

vV , @ Theinitia velocity of thetennisball;

H: Therisngheight of thetennisbal;

V,,: Theinitia velocity of thetennisball inthe Z-axis

verticd direction;

Theinitia velocity of thetennisbal inthe X-axis

vertical direction;

V,, : Theinitia velocity of thetennisbhall inthe Y-axis
vertica direction

z, : Theinitial height of thetennisball inthe Z-axis
direction;

%,: Theinitia displacement of thetennisbal inthe X-
axisdirection;
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Y, : Theinitia displacement of thetennisball intheY-
axisdirection;

t - Timefrom drop-point to ground; T : Timefrom
drop-point to ground,;

t;: Thetimeof thetennisball rising; t, : Thetimeof
thetennisball descending;

S : Thedisplacement of thetennisball inthe X-axis
direction;

S,: Thedisplacement of thetennisball intheY-axis
direction;

p: Airdengty; n:Airviscosty coefficient; f :Ress

tance, Re: Reynoldsnumber

: Magnusforce; p: Trgectory curvature

MODEL BUILDINGAND SOLVING

Takeunderscoremidpoint asthe coordinateorigin,
the X-axisispardlé tothebottom linedirection, the Y-
axisisparald totheedgelinedirection, theZ-axisis
verticaly upward, createathree-dimensional coordi-
nate system, theunit lengthisin meters. According to
theindependence of movement, make:

U={X+Y+2

Zy XV, § e ; ; : . . G
v, = ~"—"(The initial velocity of the tennis ball in the Z — axis vertical direction:)

Xg X ¥y

v, = ( The initial velocity of the tennis ball in the X — axis vertical direction: )

o X Vg i . . . . . . .
v, = J‘Li'“( The initial velocity of the tennis ball in the Y — axis vertical direction:)

In caseof not considering air resistance, by Kine-
maticsformulas. By

v, > =2gH
v, =tixg
%gtz2 =H + z,

(1) Tennisfirst does uniformly decelerated mo-
tion, and then unifor mly acceler ated motioninthe
Z-axisdirection. Duringuniform deceleration, the
rising height of thetennis:

v
Thetimeof thetennisbal rising: b, = Ezo ;
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The time of the tennis ball descending:

[2x(H +z,)
t,=,—/———.
g

(2) Tennisdoesuniformly linear motion in the X -
axisdirection. Multiply theresolved velocity and
time, and obtain thetennisdisplacement in the X-
axisdirection:

S, =% +V xT.

(3) Tennisdoesuniformly linear motion intheY-
axisdirection. Multiply theresolved velocity and
time, and obtain thetennisdisplacement in the Y-
axisdirection:
S, =YotV, xT.

So the drop-point coordinates of tennis
is(S,, S, ,0).

Get thetimefrom drop-point to ground from deri-

vation.
/2>< (H +2z,)
g )
Unitissecond.
The displacement in

Xyt v ‘*+ (H%-)‘,

S, =

T=t+t,,ie:T=-"+

the X-axis is:

The dlsplacement in the Y-axis is:
N N SICEES )
8= =17 g

The drop point coord| nates of tennisis (Sx, Sy, 0),
namely, tennisdrop-point coordinates.

“i+ 2x(H +z,) |

(v 2%x(H+z,) | .|
‘A\-E_fr;,}( i il

Yoty x|+ 0],
‘e g

o
&

Takeunderscoremidpoint asthe coordinateorigin,
theX-axisispardld tothebottomlinedirection, theY-
axisispardle totheedgelinedirection, theZ-axisis
vertically upward, createathree-dimensional coordi-
nate system, theunit lengthisin meters. If tennisac-
quiresaspeed of 15.75m/sat point (0,0, 1) indirec-
tion (2, 16, 1), find thedrop-point of tennis.

2 2 2
Xy +¥ +Z

U= N2 +167 17 L4 1555

_ Xy XV,

v, =— v, =
: U  =115.75/16.1556=0.9749; ' U =2+15.75/16.1556=1.9498
X, v’
y o= 0 go-la
: =16*15.75/16.1555=15.5984; 2g

=0.0484;

Tennistrgectory diagramisshowninFigurel.
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Figurel: Tennistrajectory diagram

S0, thedrop-point coordinates of tennisis(Sx, Sy,
0), namely, tennis drop-point coordinatesis (1.089,
8.713, 0).

Astennisin movement often hasrotation, dueto
Bernoulli’s principlemovement trg ectory hasacertain
deflection of direction. If presumethat tennisa so goes
through point (0.2215, 1.5517, 1.0485), were-deter-
minethedrop-point of thetennis.

Inthetennismovement process, it receivesgravity,
ar resstanceand ascending force vertica to themove-
ment direction - Magnusforce, aswell astheinterna
frictiontorqueof air ontherotating ball.

First, calculatetheair Reynolds number of tennis
movement:

1.205 x15.75 % 0.065

pe=f - - -~ 6.82x10"
n 1.81x10
We can see when Re>4000, thefluid isturbulent
flow, then:
Theair resistanceof thetennis:
{L‘h = rpA 0.4x1.205x3.14%( 0.065 7\ 70034 10* f h

Resistance: z

Tenni sreoevesforoethet isperpendicul arto thepl ane
of therotationa angular vel ocity directionand vel ocity
direction. The specific direction can bedetermined by
theright hand regul ation: theright thumb, forefinger and
middlefinger verticd to each other, thumb pointingtothe
direction of rotationa angular v odity, index finger pointing
to thedirection of moving speed, thenthe middlefinger
directionistheMagnusforcedirection.

Magnus force: Tpaa’y;

&, e )
a :ﬁ;, 43.14x1.2054(0.0652) =346410%; TheN g, = Gon.

8
=y Suppose:
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(4) Thedetermination of rotational direction of the
angular velocity

Infact, therotation of thebd| can be gpproximatdy
divided by thefollowing two Stuations: up-spin or down-
spin ball, left-spin or right-spin ball. According to the
right-hand rule, the up-spin or down-spinbal ismainly
dueto therotationa angular velocity along the X-axis
direction, resultingin the Magnusforcethat makethe
ball up and down deviation dongtheY-axisdirection;
left-spin or right-spin ball ismainly dueto therotationa
angular velocity dongthe Z-axisdirection, resultingin
the Magnusforcethat maketheball |eft and right de-
viationadongthex-axisdirection;

About topspin dong the z-axisdirection, therota-
tiond angular velocity isgenerated d ongthex-axisdi-
rection of the Magnusforce, so that theball about to
deviatefrom.

Therefore, according to the ball°s offset distance,
we can determinethedirection of theball’srotational
angular velocity.

According to the subject, the ball passesthrough
point (0.2215, 1.5517, 1.0485). Through the projec-
tilemodel that task one established, we can seek that
the nearest point from thispointis: (0.1940, 1.5517,
1.0485) intheideal ball’s movement trgjectory. Ac-
cordingly, we can determinethat theball deviated to
thex-axisdirection. Therefore, theball belongstothe
left-gpinball.

(5) Dynamicsmode of left-spin ball:

Forceanalysisof L-bal isshowninFigure2:

Supposethat theinitia rotation direction (angular
velocity direction) of theball isalongthe OZ axis, the
torqueof theinternd frictionissmall, anditseffectscan
beignored. According to the angular momentum con-
servation law, we can consider theball dwaysrotate
alongthe OZ axis. By the Bernoulli equation wecan
judge Magnusforcethat football sufferedisawayslo-
cated withinahorizontal plane, and perpendicular to
thedirection of sphere speed, pointing to the curvature
center of the sphere movement trgjectory, asshownin
Figure3.

Through Force analysisand motion anays's, the
horizonta plane movement isequivaent to movement
inacircular. According to Newton’s second law, get
kinetic differentia equation:

BioTechnologqy — mmm—

Figure2: TennisForceAnalysisadirection judgment of the
Magnusforceb. tennisoverall forceanalysis
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Figure3: TennisM otion Analysisa Tennisleft-spin move-
ment tr aj ectory b. Tennismotion analysisin XOY plane
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d Yz
| m —= —in g
[ dr”

dv 2
im —= —kv’
[ dt

y 2
| m —= G av
LN 1'0

Among them: p istrgjectory curvature. Conduct

. . . 1 k
integrationtoeguation: — — =~ —7+C,
By theinitial conditions: (o), "~ w
Becauseds=vdt and , - & - < & _, 4 Qubstitu-

de  dr de de’
tioninto equation:

dé _Gao
dt n

fGao Ga
,

Thus @ = J2o = [T mar -6, = T 00, is the two-

component angleof theinitia velocity inthe XQOY sur-
face?Astheveocity angleisvery smal, here approxi-
matelyitisO.

Therefore:

MYe oo Go

m + kvt m
Duetoactudly themotiontimeintheair of tennisis
very small, furthermore kv,=0.0125<m~0.0567, thus

m + h of
Therefore, conduct integral of (4) and (5), accord-
ingtotheinitia conditions., wecan obtain:

Vit | Gao ) veim . G
= l-cos fl.v= sin ——i
Go | m ) Gao m
We also know that the ball goes through point

(0.2215, 1.5517, 1.0485), we can determine

mv Go
t v, =vcos® = ——=L—cos t
k m + kvt m

v, =vsing =

RV

®=163.97- _

Thuswecanobtain:  — 1575 (1 - cos 1) v = 15.75 sin -
17
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Figure4: Themovement trajectory of left-spin ball

Finally calculate the vertical direction:

of o
T=tnt-=-. iez=1+0975-497 A t the drop-

point z=0, then the solution of the equation ist=0.562s,
subgtituting equation of Xy, get: x=1.098, y=8.561. This
paper uses MATLAB to simulate the trgjectory; the
resultisshowninFigure4:

CONCLUSIONS

This paper makesthe reasonabl e assumption on
theissue so that the problem can besimplified, thenit
establishesthe appropriatemode and obtainsaccurate
results. For theestablished modd, intuitively, easily and
clearly map out the movement trgjectory to determine
thedrop-point of tennisproperly usngMATLAB smu-
lation. Use gpproximation method to handle Tennisro-
tation problem, the problem can be smplified.
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