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ABSTRACT

In this paper, under the premise of basic assumptions, it uses Newton’s
second law to establish two sub-direction differential equation models
aiming at the force condition of basketball. In the study, by analyzing the
nature of the differential equation and the relationship that kinetic
parameters satisfy, it establishes four first order differential equations;
then, exploresthe first-order differential equations method; finally, using
Matlab software programming, realizes parameter equation trajectory
simulation of basketball centroid analytical solutions and numerical
simulation of four first-order differential equations. After the study, build
differential equation model on the general projectile damped motion, and
achieve the numerical simulation of differential equations and trajectory
simulation of parameter equation. Moreover the application effect of the
model algorithmand simulation methodsisbetter in the study of basketball
centroid moving trajectory under initial assumptions, providing a
theoretical basisfor the study of projectile damped moving trajectory.
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INTRODUCTION

Basketball motion trgectory reflectsthe compre-
hensive characterization of itscentroid trgjectory. And
thefactorsthat impact basketball centroid motiontra-
jectory indude peopl €s initial role on the ball, the initial
relative position of ball and box, theforce of the ball
after rleasing and so on. Sincethispaper purely stud-
iesthe centroid trg ectory problemsof basketba | cen-
troid, theinitia conditionscan beassumed. Themain
research content isthe force movement processwith

certaininitial vel ocity of the center of mass. The solu-
tion of force and motion stateisbased on thetheory of
Newton’s second law. Differential equations are the
mathematical representation model to meet Newton’s
second law. In order to study basketball motion trgjec-
tory, first we need establish areasonable differential
equation model, and then obtai ned the displacement
function of basketba | changing over timethrough the
differentid equation solution.

Many peoplehave made efforts on the research of
thenumericd solution of ordinary differential equations
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and projectiletrgectory, and theresultsof their research
promoted the devel opment of thesetwo technol ogies.
Solving ordinary differential equationsisthe practical
problem that modern scientific research and engineer-
ing technology often encounters. But the differential
equationscreated out of the practical problems often
havecomplex forms, someandytica formulaisdifficult
to cdculate, and someeven smply do not haveandytic
expression. So using the numerical method to solve
practical problemshas much better and direct effect.
This paper, based on previous studies, conducted stud-
ied on damped projectilemotion; themode isapplied
to thestudy of the basketbdl centroid trgectory; it used
thefourth-order Runge-Kuttamethod in Matlab soft-
wareto achievethe numerical simulation of ordinary
differentia equation and trgectory smulation.

PROBLEM ANALYSIS

Kineticanalysisof basketball after releasing and
beforedropping on thebasket

During the movement after rel easing and before
dropping on the basket basketbal receivesonly gravity
and air resistance, wherein gravity isaconstant force
and playsaleading roleinitsmovement process, thus
resulting in basketball trgjectory similar to parabola
However, the shape and size of the basketball will de-
termineit will be subject to theeffect of air resstance.
Air resstanceincludesfriction and other fluid force. In
theair resstancefriction playsaleadingrole, theaction
direction isconstantly changing. Itisjust oppositeto
the direction of the ball speed and size of the force
changeswith the speed size. When the ball speed in-
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Figurel: Stressanalysisduring basketball moving

creases, itsacting forces a so increases, correspond-
ingly it will decreasewith thedecreasing of sphereve-
locity. Figure 1 showstheforce analysisand other ki-
netic parametersof basketball before dropping onthe
basket.

InFigurel, thered arrow indicatesthedirection of
theair resistance, the green arrow indicatesthedirec-
tion of basketball speed, the black arrow indicatesthe
horizonta direction and vertica direction of thecoordi-
nates, oval indicatesbasket, blueball indicates basket-
ball, purple parabolarepresentsthe movement trgjec-
tory of the basketball centroid. Intheillustration four
movement moments of the basketball were analyzed,
wherein v, meansthat theinitial velocity of ingtantly re-
leasing the basketball, v(t, ) represents basketball’s
speed at certain moment in the upward phase, v(t, )
meansthevel ocity that basketbal | reached the highest
point inthevertical direction, v(t, ) meansbasketball’s
Speed at certain moment inthedownward phase. Stress
anaysisshowsthat: intheupward phase basketba | re-
ceivesgravity verticaly downward, air resistanceinthe
horizonta directionand air resstanceinthevertical di-
rection, whereinresistanceinthevertical directionis
thesum of gravity and air resstance; whileinthedown-
ward phasetheresistanceintheverticd directionisthe
differenceof gravity and air resistance.

M odel assumption

1) Duringbasketbal movement only consder thegrav-
ityandair friction;

2) Airfrictionisproportional tothe speed of basket-
ball ball center, and itsproportionality coefficient
ISk ;

3) Theacceeration of gravity isg, taking 9.8m/s2;

4) Do not consider the casewhenthebasketball drop
on thebasket, and only study the movement after
releasing and beforedropping;

5) Thepositionof basketball releasingistheoriginin
the coordinate system.

MODEL BUILDINGAND SIMULATION
M odel building of second-order differential equa-
tion

In order tofacilitate research the movement isdi-
vided into the horizontal direction and thevertical di-
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rection. Suppose the horizontal speed is denoted
byv,(t), the vertical speed is denoted byv (t), the
horizontal diisplacement isdenoted by x(t ), thevertical
displacement isdenoted by y(t), theair frictioninthe
horizontal directionisdenoted by f,(t), theair friction

inthevertical directionisdenoted by f (t), theforceof

gravity isdenoted by G , basketball’s mass is denoted
by, and set the positivedirection of the horizontal di-
rectionisthepostivedirectionof x axis, thepositive
direction of thevertical directionisthe positivedirec-
tionof y axis. Thereare second-order differentid equa-
tionsinthehorizonta direction asformula(1) bel ow:

G
Formula(1) hidestherdationship of formula(2):

_ 9x(1)
v I (t) - dt
—kv, (t) = dv(;,t(t) @

Second-order differential equationinverticd direction
isasformula(3) below:

mm=—G—k dy(t)

ot Tdt )
Formula(3) hidestherdationship of formula(4):
dy(t
0. 0-2
kv, (1) v, (t) (4)
m  dt

When - o, theny, = v(0) and theangleof initia vel ocity
andthe x axisisg, thengivenformula(5):

v, (0)=v, cosO

v, (0)=v,sn® )

Compositing formula(1) (2) (3) (4) (5) wecan
draw the parameter equation of basketball centroid
moving trgjectory, asshowninformula(6):

x(t)= e, cos? okcose [1— e(:“J]
y(t)=—mt—[ng+mv°gneIe[m_lJ ©

k k? k
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Numerical solution of four differential equations

Tosmplify theexpressonformsdifferentia
equationsintroduce constant two parametersh, b, ,
whereinthesgnificanceisinformula(7):

mg (7)

Accordingtoformula(1) and (3) differentia
equeati ons can be obtained as showninformula(8):

d(V//(t)/bz) __kbyv, (1)

d(t/b,) mb,
d(v, (t)/b,) _gb, Kbyv,(t) (8)
dt/b,) =~ b, mb,

t v, (X)) LV, (X)) .
Supposeaﬂ’ ”bz =V, (t) Lbz =V, (t) in

formula(8), it can be converted to the equationsas
showninformula(9):
dt’

-V, (t* )
dv, (t o
G

Numerica solution of four differentia equations
can not only reflect trgjectory coordinates of the
basketball centroid, but also reflect basketbal | speed
at certaintime. To ssimplify theequationsintroducea
constant parameter b, onthebasisof formula(7), its

expressonformisasformula(10) below:

dv,, (') _

9)

m?g
= k 2
Then according to formula(1) and formula(3)
second-order differentia equations can beobtained
showninformula(11):

by (10)

d*(x(t)/by) _ kb, d(x(t)/b,)

dit/b,) = m d(t/b,)
d?(y(t)/bs)  gb? kb, dly(t)/b,) (1)
dit/b,) b, m d(t/b,)
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x(t) ey yt) g T [T | l l
Suppose bL =X (t ) _b( =Yy (t )informula Al i jj‘;\'}_\f R I

3 3 1 1 1 1 1
(11) and thenaccordingtotheformula(7) andformula 5. - __ T: _____ 1: ______ :r . _\_\,\_ i _____ 1: ______

(10), second-order differential equations can be de- i l l N\ j
rived asshowninformula(12): B e I N _
dX () X (0) i R .
dt™ at” ) | I F S S oo 1‘-\7-: ————— -

d’y'(t) _ , dy'(t) (12) | : | L
a " N
According totheformula(12) four first-order dif-  *0r=----1-----1 moe A — Sy

ferential equationscanbedravnasformula(13) be- .. : : : : L

low: "0 05 1 15 2 25 3

Figure3: Simulation Trajectory

(X" (t") _ V) Simulationtrgjectory isshownin Figure3:
Cjt* * ' Numerical Smulation of four differential equations
dy (t P
%= vi(t) First establish function named function, savethefile
3 av' () tofun2intheMatlabWork folder, and definethefunc-
O';T =-v,(t) (13)  tioncodeasshowninFigure4:
dv’ (t7) _ . 1 function f=fun(t, r)
\_dt* __1_VJ_(t ) 9= f:[ r(3:, :
3 rid}),
The initial conditions are:x©)=0y (0)=0, | -£{3);
. V,C0S80 ..\ VSN0 . 5 “lr{d) ]
andv; (0)= T, 0)= b, which canreflect the Figure4 : Definefunction code
Basketball centretrajectory and speed condition. Solvethenumerical coordinatesof basketball cen-

troid trgjectory, and carry through numerical smula-

MATLAB SIMULATIONANDANALYSIS  {ion thecodeisshownin FigureS:

1 [t0,R]=0ded5{ fun’,t, [0,0,9.6,7. 2]},

Simulation trajectory of parametric equations
4 yorp ™ 2 plot (R(:, 1),R(:,2), ko)

Take the initial data Figure5: Numerical simulation code
v, =12m/s, m= 0.55kg, 0 = 53°,k = 0.15, g = 9.8m/s?, Matlab 6 -
codeisshowninFigure2: Al o &
1 clear 4l o o
2 vi=1input (’ Vo= kvlimg:™ ) ; o
3 t=0:0.1:4; A ]
4 x=v0#0, 550, 6% (1-exp (—t+ (0. 15/0.58))) ; 20 o ’
B v=-356. 8333t (131, 7E56+2. 9333+v0) * (exp (-0, 2727 3%t )-1) ; W o |
6 fs=16; 5
7 figure o
8 plot (x, ¥} B o |
b zrid on .
Figure2: Simulation code of basketball centroid trajectory 2% 5 B B B &k F w5 =

in parametricequation Figure6: Simulation Trajectory
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Simulationtrgectory isshowninFigure6

CONCLUSIONS

Thisarticlewell used Matlab softwaresmulation
and achieved adamped motion of basketbd | providing
atheoretical basisand smulation for thestudy of bas-
ketbd | movingtrgectory; it established differential equa:
tion model on the general proj ectile damped motion,
achieving numerica smulationof differentid equations
and trgectory simulation of parametric equation; the
gpplication effect of themodd agorithmand smulation
methodsis better in the study of basketball centroid
movingtrgectory under initial assumptionsprovidinga
theoretical basis for the study of projectile damped
moving trgectory.
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