Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(5):1916-1922

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Analytic hierarchy process-based dunk technical exertion affected
physical quality weight analysis

Rongmei Chen

Department of Physical Education, Nanjing Sport Institute, Nan Jing, Jiang Su, China

ABSTRACT

The paper adopts mechanical knowledge, mainly analyzes dunk technique, when basketball player takes-off, it
should increase himself rotational angular speed, let legs arrive at flat and straight, make gravity center and body
rotational axis come to terms so that it can reduce rotational inertia and further arrives at increasing rotational
angular speed effects, and, at the same time of taking-off, twists upper body also can continue to increase
self-rotational angular speed, let dunk to be fiercer. Establish analytic hierarchy process model, according to weight
result, it is clear that good awareness accounts for 43.7% of basketball player dunking required competence, when
basketball player uses dunk technique, it requires that athlete should firstly possess good awareness, secondly,
athlete should be adept in dunk technique, and the third is self-physique requirement.
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INTRODUCTION

Basketball appeared with special way in China il $6ars ago, and meanwhile it also attracted puttentions,
because basketball had its own competitivenessrtairtment and appreciations, basketball compet#ports were
paid widely attentions to, Chinese basketball maakso got internationalized changes, and, accgrttirstatistics,
Chinese basketball population nearly occupied 19%honese total population [1-5]. It can be saidttiEhinese
basketball development is good, step is stable.

Basketball started in 1891, it was created by AcariJames Naismith, but rim height was 3.05m attitme, and
then dunk technique not only could encourage mosélenembers inside field, similarly dunk could alske
audience atmosphere to the climax [6-9]. Meanwlimilest internationally well-known NBA match, it erged lots
of outstanding basketball players, among thesectaihl there were excellent dunk masters as welh ss 70s
sky-hook Julius Erving, in 1987, Basketball playerdan achieved the honor of “flying man”, he sgrap from
throw line to single arm dunk [10-12].

In recent years, domestic researches about duhkitee are still little, though basketball techrécaiso appears
systematical research, it lacks of careful reseaaold lacks of exact strategy. The paper will carabivith arms
rotational inertia, and analyzes when basketbalygr dunks, hands joint mechanical movements, aoeshivith

shoulder joint, elbow joint mechanical analysisdsearch on dunk technique.

MODEL ESTABLISHMENTS
Armsrotational inertia calculation

By Lagrange equation the paper gets restricted particle dynamical égonafrom which Lagrange functioh is
system kinetic energyK and potential energﬁ/) generated differencel = K =P
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System dynamics equation is: o,
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In above formulaqi is corresponding speedqi is kinetic energy and potential energy coordina@ is the i

coordinate acting force, thigh and shank togethign woordinate axis included angles are respeglti\/gl'BZ,

lengths are respectively!’ 2, arms front and back gravity center position disesnwith elbow joint center and

knee joint are respectivel)pl' P, , therefore it is clear that arms gravity centerrdotate (Xl’Yl)is:

X,=p,sing, Y,=p,cod,

X, =1,sing, + p,sin(6,+6,) Y,=-I co® ~p, coff +6)

- . . éé Y,) _— E
Similarly, arms gravity center coordinatez’ '2/ can also be solved. System kinetic energy and system

. E o
potential energy P expression is:
—_ _ 1 2&2

Ek - Ekl + EkZ'Ekl _Ernlplgl

1 2&2 1 2 & & ’ &2 L&
Ek225m2|181 +5m2p2 6,+6,| +mj,p, 6; +6,6, |cosd,

1
Ep = Epl + EpZ' Epl = Emlgpl(l_cosgl )

E,» = m,gp,[1-cod6, +6,)]+ ngll(l—cosﬁ1 )
Write above formula as Lagrange function expressiby Lagrange system dynamics equation, it can gejdint

and knee joint momengvI hand M, as:

1o oo 1o ol o o il
M| |Dy Dy] 8| |Dw Dy & | |Dny Do 84| | D
In above formuIaDijk is as following result:

Dlll = O D222 = O DlZl: O

D, = m,p;

Dy, =mp; +m,p3+m}i+2m} p cosf,

D12 = m2 pg + mJ 1p 2C0502 D 21: m p22+ m |l p ZCO§
D, =(mp,+my,)gsing,+m,p g sin(6,+6)

Dy, =—mj,p,sing,

D211 = mJ 1p ZSInez

D,,, =—2m} p,sing,

D212 = D122+ D 21

D, =m,p,gsin(6,+6,)

Combine with theoretical formula, when analyze letiskll dunking, hand part joint mechanical movement
combines with shoulder joint, elbow joint mechaheaalysis to research on dunk technique.

Establish moment of momentum theorem model
When apply mechanical conservation law to solvébigms, firstly it should ¢ choose reasonable reseabjects,

and make correct force analysis of researched tshjsecondly on the basis of force analysis, refeonservation
law to check problem, and according to conservdtion it establishes equation and solves problems.

Set | to be one rigid body rotational inertia suffered momer¥ effects, from which angular accelerated speed
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14 is constant the rigid body att1 instant angular speedcfé, rigid body at L instant angular speed iwz,
M=1g=1"4
it gets: LY

Transform and get:'v| (t,-t) =1 {(w,~w)

M =M(t) M), -t) = 1 (w, - w)

When , it has:

It gets momentum formulafrom which M (t2 _tl) is impulsive moment @ is momentum according to
formula, it is clear that rigid body impulsive monmterariable and momentum variable are equal.

In moment of momentum theorem, time and moment ybds equal to impulsive moment that represents
rotational accumulative effect under external monedfects. Angular speed and rotational inertiadpici is state
when rigid body rotates. With external moment iasiag and acting time enlarging, rigid body rotadibstate
change will accordingly increase.

When human body exercises, human body generatatiorwl inertia is changing, due to rotational firechanges,
different moments rotational inertia is differeset tl moment rotational inertia isll, t2 moment rotational

inertia isI 2, therefore above formula can be revised alg/:I (t)(t2 _tl) =1 20~ ! 1601)

lew=0,> MOt=0

To human body movement rules, it should meet:

L . . . + =
At this time, it enters into soaring phase, asshoraan body meets:I 164+ 1,0, =0

In addition, it should also meet that human bodates aroundlla)l , so the movement form is lengthwise
relative movement, during dunking process solve gbhen of human body momentum to be &@ccording to
correlation rules, we are clear that human body suiffer ball exerted an reactive force that lebgle generate
momentum, so that reduce dunking process strenggh %0 it is bad for dunking stability, but if dg dunking
process, due to body each part suffered activeefeftects, it causes rotational inertia increase famther will
generate an advancing momentum effects, accordirenérgy conservation law, we know that now humadyb
similarly will generate an reactive force effeas,that human body moves relative to ball so thereiase swinging
distance and concentrate whole body strength odestr

In the whole dunking process, each limb will gete@posite directions but same size moment, aad/eair can
offset, when athlete lands, sole part rapidly latedsupport the whole body, meanwhile it will ocdarabdomen
contracting, knees bending and others to buffelidag strength that makes preparations for nextions.

Air angular speed changes, in case that momentumins unchanged, rotational inertia will reducehwangular
speed increasing, when athlete takes-off and saéitkiete himself can further control rotational alag speed by
changing his rotational inertia.

Twist dunk is smashing by changing upper body fagieection when athlete takes-off and strokes; whtete
takes-off, it should increase athlete himself iotsl angular speed, so, athlete takes-off, legseamt flat and
straight, let gravity center and body rotationalkkacome to terms so that can reduce rotationatitgeand further
arrive at increasing rotational angular speed tffeand, at the same time of taking off, twist uplpedy can also
continue to increase himself rotational angulaesdet dunk more rapidly.

When athlete takes-off and arrives at top poiftled¢ should try to adjust body stability, let tadgaal angular speed

try to reduce; then, athlete should raise legs Wwaat, let gravity center to be far away from raiatil axis. And
arrive at stable dunking state.
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Analytic hierarchy process model analysis

Establish hierarchical structure

Establish target layer, criterion layer and projager relations.
Target layer: basketball player dunking requiredligy
Criterion layer :( Project influence factor)

C is speed. C. is experience G is passing, dribbling experiencec5 is cooperative ability

Project IayerA dunk technique A self -physique A awareness

Construct judgment (paired comparison) matrix
With Figure 1 showed19 scale table as evidence, it proceeds with weightysis.

2 7T5 3135729
« -+--+--+--£—-+-—+—-+--+—-+—

3:1

1
a; =3.a, =§

Figure1: 1~9 scalegraph

At first solve judgment matrix, according to abgwinciple, reference +9 scale setting, and according to expert
and author’s experience and refers to lots of d@rig) it gets paired comparison matrix under faitergons that
are respectively as Table 2-4.

Table 2: Comparison matrix

G G G G G
o 1 8 5 3
c, 18 1 12 16
C, 15 2 1 13
C, 13 6 3 1

Table 3: Comparison matrix

G Al A A G A A A
A 1 5 1/5 A 1 3 3
A, 1/5 1 1/5 A 1/3 1 3
A 5 5 1 A 1/3 1/3 1
Table 4: Comparison matrix

G A A A Cy A A A
A 1 5 3 A 1 1/5 1/8
A 1/5 1 3 A 5 1 13
A 113 113 1 A 8 3 1
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Hierarchical total arrangement
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Similarly, it can calculate judgment matrix:

1 5 1/5 1 3
B={1/5 1 1/8 B,={1/3 1
1/3 1/3

5 5 1

i

1
1/5
1/3 1/3

5
1

-

1 1/5 1/¢
5 1 1K

8 3

Corresponding maximum feature value and featuréovét successive are:

0.252
0.08
0.66
0.575
0.28
0.139
0.624
A®  =330w,={0.24
0.136
0.185
0.24
0.575

A®  =3.310",

AD  =3120,

A® =405,

Utilize hierarchical chart drawing out calculatim@sults from target layer to project layer, as Fég2 show.
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The athlete has ability to dunk

0.251 0.555 0.097 0.097

Speed Experience Passing. Dnbbli Cooperative
ng ability
Technical level Physical quality Consciousness

0.258 [ 0.87 0.67 0.45!
0.049; 4 0.15 0.2504, 0.26:
0.637) | 0.18 0.13 0.57¢

Figure 2: Hierarchical structure chart

Calculation structure is as following:
0.624 0.185 0.252 0.57!

W = (P, WP, wP) ={0.234 0.240 0.089 0.28
0.136 0.575 0.66 0.13¢

w = wOW©O
0.587
0.245 0.635 0.624 0.1 0.3
0.056
=40.058 0.286 0.250 0.2 =< 0.2
0.145
0.77 0.445 0.121 0.5 0.4
0.253

According to weight result, it is clear when basledit player uses dunk technique, it is required #thlete should
firstly possess good awareness, secondly, athieteld be adept in dunk technique, and the thirsei§physique
requirement.

CONCLUSION

The paper adopts mechanical knowledge, mainly @ealylunk technique, he smashes by changing uppisr bo
faced directions, when basketball player takes4odf,should increase himself rotational angular dpést legs
arrive at flat and straight, make gravity centedl &ondy rotational axis come to terms so that it eatuce rotational
inertia and further arrives at increasing rotaticaregular speed effects, and, at the same timakarfig-off, twists
upper body also can continue to increase selfiostak angular speed, let dunk to be fiercer.

From result, it is clear that good awareness adsoian 43.7% of basketball player dunking requicednpetence,
when basketball player uses dunk technique, itiregjthat athlete should firstly possess good awes® secondly,
athlete should be adept in dunk technique, anthihe is self-physique requirement.
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