ISSN : 0974 - 7435 Volume 8 Issue 8

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(8), 2013[1037-1041]

Mechanical model of hollow basket shot angle and Matlab smulation

of the basketball movement trajectory

Hui Yue

Teaching Section of College Physical Education, Xuchang Univer sity, Xuchang 461000, Henan, (CHINA)

E-mail: tiyuxi @qg.com

ABSTRACT

The impact of basketball shot angle on the hitting rate is very large; the
paper first builds mathematical model of the hollow basket effective area,
mathematical model of basketball trgjectory, mathematical model of angle
and optimization mathematical model of shot angle, selects appropriate
numerical value to test the model based on the above model and under
reasonable assumptions, and obtains the corresponding angle of inci-
dence 6 =46.9° and the effective area S=146.186cm? of the best shot angle.
On this basis, it uses Matlab software simulation to achieve the basket-
ball centroid movement trajectory of the best shot angle at three-pointer
position, explores the best shot angle with different horizontal distances
using Matlab software simulation, and obtainsthe trend figure of the best
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shot angle changing with the horizontal distances.
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INTRODUCTION

Thekey to basketball scoreisthehit rate, thelevel
of whichiscaused by many factors, including theath-
letesshootingleve, physicd fitness, naturd environmert,
rulechanges, psychologica quaity and other uncertain-
ties. Theabovefactorswill produceerrorson shooting,
leading to low hitting rate; but if we canincreasethe
relative basket effective areawhen the basketbal | enter
into the basket, it canincreasethepermissibleerrorsof
shooting, that is, increasing the hit rate of shooting. The
projection of basketball entering into the basket inthe
velocity directionisan ellipse, whichisthe projected
area. Whenthe projected areareachesthe maximum or

asuitableszeitwill producethebest shooting form, the
paper discussesit based on thiscontent.

Many peoplehave made efforts on the research of
basketba | sportsbiomechanics, Basketball trgjectory,
basketball hitting rate and shot angle, and theresults
provide a good theoretical base and prospect pros-
pectsfor the devel opment of basketbal | causeand bas-
ketball robot. Based on the previous study this paper
putsforward the basket effective areamodel of bas-
ketbd | hitting, conductsresearch and discussononthe
reasonabl e maximization of theeffectivearea, reaches
the best shot angle of different distancesand provides
theoretica guidancefor basketball training and rel ated
research.
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PROBLEM ANALYSIS

Firstly, thispaper studiesthe basket effectivearea
of shooting successfully, findsthe best angle of inci-
dence under thegoa of for improving the effectivere-
gion of shooting successfully, explorestherdationship
between the angle of incidence and the shot angle, ob-
tainsthemathematica equationsof theshot angleand
theincident anglethrough anayzingtherdationship be-
tweentheangleof incidenceand shot angle, and finaly
findsthebest shot angle according to therel ationship
between theangle of incidence and the maximum hit-
ting basket region.

The basket effective area based on the hollow
shooting

When the basketball falling into the hollow bas-
ket, the velocity direction of basketball is not per-
pendicular to the surface of basket, but thereisan
acute angle; the shape of the basket becomesthe el-
lipse viewed from the moving direction of the basket-
ball. Assuming basketball radiusisr, theradius of the
basket isRand theincident angleis &, the projection
of the basket in the projecting directionisshownin
Figurel:
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direction \
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Figurel: Schematic diagram of basket projection

InFigurel, theincident angleof basketbdl is fand
thereisa=R; then the projection pattern of the bas-
ketry intheprojection directionisan élipsewith the2a
mag or axisand the 2b minor axis, supposethedlipseis
T, andwehavetherdationintheformula(l):

a=R
. )
b=Rsné
Based ontheaboveanalysis, it showsthat the ef-

fective areaentering box when basketball entersintoa
hollow isshowninFigure2:
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Figure2: Schematic diagram of theeffectiveareaentering
intobox

In Figure 2 the green shaded areaisthe effective
areaentering into box, the shape of thisregionisan
ellipse denoted by T , thelength of |AB| isthe minor
axis 2, of that ellipse, thelength of |CD| isthemajor
axis2a, of that ellipse, a,<a-r,b,=b—r asshown
inFigure2, thentheeffectiveareaT enteringintothe
box can be drawn by theformula(2):

S,=mab,sm@a-r)(b-r)=n(R-r)(RsnO-r) @)
FromtheaboveanaysiswhentheareaT islarger,
thehit rate of entering the hollow box ishigher.

M odel assumption

1) Thebasketbal after releasing receivesonly gravity,
and accel eration of gravity takes 9.8m/s2;

2) Only study the effective hollow sphereregion when
basketball centroid trajectory passes through the
basket;

3) Theinitia position of basketbal | shooting doesnot
change, i.e. the basketball shooting position and
basketball hoop position arerel atively unchanged;

4) Theposition releasing basketball in the coordinate
systemistheorigin of coordinates.

MODEL BUILDING

Basketball traj ectory model

Whenthebasketball only receivesgravity, it makes
an obligue up-throwing movement, and the movement
trajectory is a parabola, as shown in Figure 3 sche-
maticaly:

Figure3: Schematic diagram of basketball moving traj ec-
tory
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The sub-displacement parameter equation of bas-
ketbd| inthehorizonta directionandthevertica direc-
tionisintheformula(3) bel ow:

X(t) =V, cosa-t
3
y(t)=vos'na.t-%gtz ©)

Eliminate parameter t and obtainformula(4):
g

V¢

Theformula(4) showsthat factorsassociated with
basketball trgectory are shot angle « and shot speed
V.

0
Relationship analysisof shot angleand angleen-
teringintothebox

Inthe assumption 2), we only study the situation
the basketball centroid trajectory passesthrough the
center of thebasket, soin Figure 1, basketball trajec-
tory must passesthrough point P(l, H— h); substituting
point P into theformula(4) can obtain thetrgjectory
equation asshowninformula(b):

(1+tan®a)-x* 4

=tano-x—
Y 2

[-tana-H+h _,
|—2 X (5)
Formula(5) representsthe parabolic that the bas-
ketball centroid trgjectory passesthrough the center of
the basket; for the formula(5) findsthe negativein-
verse when x =1, the tangent value of the incidence
angle 8 can beobtained, asshowninformula(6) be-
low:

y=tana-x—

M ©

By theformula(6), when the shot angle arincreases,
theangle @ of incidencewill asoincrease, which have
the sameincrease-decrease characteristics, soasshown
intheformula(2) theupper bound (R—r)(Rsin 6—r) of
S will increase asthe shot angle arincreases.

Anaysisshowsthat theareaT of theellipseis
the effective areaof the basketball enteringinto the
basket hollow, and becausetheradiusof the basketbal |
isr, thesemi-minor axisb, of theellipse T, should be
greater than r; with such congtraintsthelower bound of
the shot angle o can be obtai ned, and theformula(7)
showscongtraint conditions:

b=Rsing :sin9>L
b>r R ™

dy
tan@=-——|  =tana-—
dx|xz'
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Accordingtoformula(7), formula(8) can bede-
rived:

tanoc:tane+2(H_h)> ' +2(H_h)
JR? 2 |
U
r 2(H -h) ®
o> arctan +
JR? 12 |

In the Formula(8) we obtain thelower bound of
shot angle a.

Optimal shot angle model

Uniteformula(4) and (5) therel ationship between
shot velocity and shot angle can bedrawn, asshownin
formula(9) bel ow:

. g(1+tanza.)
Vo=| \/2(Itana.—H+h) ©

The formula (9) is deformed using substitution
method, supposetan o = X and vZ =y formula(10)
can be obtained:

A(X) g1+ x?)
B(X)  2(-X-H+h)

Conduct increase-decrease analysis of formula
(10), the solution on thefirst-order derivative of Xis
shownintheformula(11) below:

Y(X)=

(10)

av _ AKX) B(x)-A(X)B(X)
dx B(X)’
A(X) =2g12X,B(X) =2l

(1)

By theformula(11) when x > I_ h, (H-h)

|2

+1,

Y will increaserapidly with theincrease of o; when'Y
rapidly increases, then the shot speed will be very
large; when the shot speed isvery big, the basketball
players need to exert greater forcetotheball, which
isof detriment to athl etes shooting stability, thereby
reducing the shooting rate; so the shot angle paper o
that can make the effective shooting basketball area
S, reach the corresponding upper bound isthe best
shot angle.

Theformula(2) showsthat the condition that the
effective shooting basketbal area S, reachesthe upper
boundary isa,=a-r, i.e. whenthe basketbal enters
into thebox, the edge sectionistangent to thetwo end
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pointsof thelong axisin theincident sectiond area, as
showninFigure4:

Figure4: Schematic diagram of maximum effectivearea

Figure4 showstheequation of theincidencecross-
section élipseisshowninformula(12); the equation
whenthe basketbd | istangent to theedge point of cross-
sectional mgor axisisshowninformula(13):

XZ

o 2
(x-a,f+y2=r?
(x+a0)2 +y?=r? (13)

Asthedllipseistheaxis symmetry graph and the
circular dsoisthe axis symmetry graph, so combine
oneof thecirclein equation (12) and equation (13) and
make the equations have one and can only have one
solution (—a,0), asshowninformula(14):

LS
a> b’

14
(x+a0)2+y2:r2 a4

When controllingtheformula(14) to haveonly one
solution, therangeof short axisb inincidence section
can be drawn; then according to therange of b, obtain
therange of incidence angle 6, and then according to
the rel ationship between the shot angleand incidence
angle, the best shot angle can be obtained shownin
formula(15) below:

- [ 2 ] A g

From Figure4, the best shot angle aisshown as
formula(16) below:

o=arctan[yr/(R-r)+2(H-h)/]
BioTechnology o

(16)

MATLAB SSMULATION

Trajectory simulation of basketball centroid

Data Selection: Basketball radiusr = 0.12m, bas-
ket radius R=0.225m, the height of basket from the
ground H = 3.05m, the shot height of basketball h=
2.00m, thehorizonta distance of basketball shot loca
tion and the basket center | = 6.25m. Can be drawn
from the above datathat the tangent of the basketball
best shot angleistan = 1.405; according to equation
(9) basketball shot speed V, = 8.581 m/s2 can be
drawn; by theequation (4), thesmulation trgectory of
thebasketball centroid trgjectory equation isobtained
showninFigure5:

25

R
Figure5: Basketball centroid trajectory smulation diagram
of optimal angle

Thebest shot anglewith different horizontal dis-
tances

According to equation (16), establishtheequation
of best shot angle on the horizonta distance, conduct
Matlab simulation in the horizontal distance of 1-8
metersand explorethe change situation simulation re-
sultsof the best shot angle under different horizontal
distances, asshownin Figure 6 bel ow:
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Figure6: Thechangetrend chart of best shot anglewith the
horizontal distance
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Accordingto Figure 6 thebest shot angle decreases
withtheincreasing of the horizonta distance, whichis
inlinewiththeactud situation.

To sum up: Inthe premiseto ensure the best shot
angleinvariable, calculatethe best shot angle and shot
speed. In thisarticle the best angle of incidence 6=
46.9° can be obtained according to equation (6), and
the effectiveregional areaof hollow shootingis S =
146.186cm2.

CONCLUSIONS

1) According to the position rel ationship between
theball and the basket of hollow shooting, this paper
buildstheeffectiveregiond modd of basketry; 2) This
paper exploresthe rel ationship between the shot angle
and theincident angle, and then optimization designs
the best shot anglewhen the effective shooting areais
thelargest; 3) rationdly useMatlab softwaresmulation
to achievethe best movement trg ectory of basketball
centroid of three-pointer hollow shooting; 4) Thispa
per explorestherd ationshi p between thehorizontd dis-
tance and the best shot angle; 5) obtainsthe best inci-
dent angle 46.9°, and the corresponding basketry ef-
fectiveregiond areaof hollow shootingis 146.186¢n.
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