ISSN : 0974 - 7435 Volume 8 |ssue 9

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(9), 2013[1222-1227]

Satistical analysis of triple jump’s dynamics and its grey
forecasting model of result

Yongkui Zhang

Second Dept of Physical Education & Sport Sciences, Tianjin Univer sity of Sport, Tianjin 300381, (CHINA)

E-mail: zb58@163.com

ABSTRACT

On the dynamics and mechanical problems of triple jump, using statistical
software to analyze the raw data based on mathematical statistics, this
study finds that when the speed conversion rate > 0.6, the resultsincrease
with increasing of the conversion rate, generally higher than the speed
conversion rate. Speed conversion rate of 0.6 as the cut-off point, the
analysis result shows that the speed conversion rate significantly affects
thelong jump results. Theregression curve showsthe rel ationship between
the horizontal velocity and vertical velocity (force), which is a quadratic
function, and lays foundation for the reasonabl e allocation of forcesin the
horizontal and vertical directions. Besides, this study also explains why
the jump result is the best when the triple jump proportion is
0.382:0.236:0.382, which provides certain theoretical basisfor the selection
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and evaluation of jump athletes from another point of view.
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INTRODUCTION

Former studies on triple jump techniques are
mostly focused on the special qualities, that is by
studying therel ationship between specid quditiesand
gpecid achievements, identify themain factorsaffecting
the specific performance, in order to strengthen the
training of corresponding special quality. Some
scholarsa so establish the eval uation systemof triple
jump athletes’ performance with the comprehensive
evaluation method, which guidestheathletes’ training
through thevalue of each evaluationindex. Thereare
not many researches on the speed conversion rate of
triplejump. Performanceof triplejump athletesisina

stableimproving process. Only by accurately mastering
thefutureresults, can the athl etes set goalsand make
efforts toward the goal in the training process.
Therefore, it isnecessary to predict thefutureresults
of thetriplejump. Scholarshave carried out alot of
researches on performance predicting of triplejump.
Some scholars build the prediction model of the
performance and time with regression model, and
othersusegray prediction modd to forecast theresults
directly. However, thereisnointring crelation between
triple jump performance and time. So the result of
regression analysis is not very believable. More
accurate forecast of future performance can be
obtained by utilizing grey model. But thereare certain
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difficultiesin theimplementation of such methods.
Theresearchfirst conductsanaysisof mechanics
and kinetics characteristics of thetriplejump. Utilize
gray forecastingmodd to predict thefina run-up peed.
And establishtheregresson modd of the performance
and thefinal run-up speed, in order to provide certain
theoretical basisfor thetriplejumper’straining.

DYNAMICSAND MECHANICSANALYSIS
OF TRIPLEJUMP

Six maleathletes participating in the 1997 World
Athletics Championshipsand the 2000 Olympic Games
aretheresearch objectsinthisarticleand are numbered
asA1-A6. Thesymbol explanationinthestudy isshown
iINTABLE 1.

TABLE 1: Symbol explanation

Symbol Explanation
0 Conversion coefficient of the horizonta
vel ocity to vertical speed
Bl Horizonta velocity increment
B2 Vertica velocity increment

X Thefinal run-up speed

TABLE 2 : The relations of 6 male long jump athletes’
performancetothehorizontal velocity and vertical velocity
conversonrate

- Lon
Athlete o Hop S\t]rdg:gg Jum pri)g?'gon jumg
distance
A6 0.366 579 475 6.39 34/28/28 16.93
A5 0408 6.28 526 543 37/31Y/32 16.97
A4 0.837 492 447 6.69 30/27/43 16.36
A3 0924513 568 752 28/31/41 1833
A2 0946 491 526 7.36 28/30/142 17.52
Al 1299548 548 7.31 30/30/40 18.27

Conversion of horizontal velocity to vertical
velocity

SeenfromTABLE 2, wheng > 0.6, thelong jump
technical featuresisto emphasizetheproportion of the
third jump, and the optimal results can be obtained.
Andg = 0.6, can beused asthe sdlection criteriaof the
tripletechnical movement, When g <0.6, thefirst stage
performance has the maximum proportion, and the
technicd featuresisto focusonthehop of first phaseto
achievethebest results.

Figure 1 showsthat, within acertain range, long
jump performanceisinoverall upward trend with the
increase of the speed conversionrate. And it reflects
that when g > 0.6, thelong jump resultsare generally
higher than the long jump distance when 9 <0.6. So
speed conversion rate of 0.6 can beasthe cut-off point
for andlyss. Speed conversion rate significantly affects
thelong jump results. Appropriateimprovement of the
speed conversion ratewill bethefuture develop trend
of triplejump.
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Figurel: Thereationship of speed conversionrateand the
longjump results

Caculatethe horizontal velocity increment and
vertical velocity increment of six athletes, and the data
iIsshownin TABLE 3.

TABLE 3: Therdationship of horizontal velocity and vertical
velocity

Horizontal velocity Vertical velocity

Athlete ; .
increment increment
Al -2.959 -2.263
A2 -1.876 -1.18
A3 -1.666 -1.453
A4 -1.619 -1.053
A5 -0.18 -0.614
A6 -0.157 -0.348

Withtheverticd ve ocity increment asthe dependent
variable, and the horizontal velocity increment asthe
independent variables, conduct correlation andlysisand
regression andysisof thedatain TABLE 3. Theresults
areshowninTABLE 4, TABLEDS.

TABLE 4: Corrélation analysisof horizontal velocity and
vertical velocity

. Correlation
Variable coefficent "
Horizonta velocity increment 0.952 0.003

Vertica velocity increment

Judging from above TABLE 5, quadratic curve
esimation Rz =0.939isgreater thanthelinear regresson
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equation= 0.907, so the relationship of horizontal
velocity and vertical velocity tends to quadratic
regressonmodd.

Themathematical modd is.
B, = —0.437+0.252(B,)* - 0.122B, @)
Speed conversonrate:

_ B,
=0+ 0.252(B,)? - 0.122B, @

TABLE5: Modd summary and estimated valueof parameters
Estimated value of

Model Summary

Equation parameters

R? F P Constant b, b,
Linear 0.907 39.064 0.003 -0.312 0.596 -
Secondary 0.939 23.207 0.015 -0.437 0.252 -0.122

The aboveanalysisshowsthat thelevel of speed
reduction and vertica velocity increment isin quadretic
regressionrelationship, seeninFigure?2.

-1.000

-2.600
=3,

T T
=1 oo oo

Figure2: Regression relationship of horizontal speed and
vertical speed

Resear ch ontherdationsof distribution of power
and sportsperformance

Supplement the proportion data of three Chinese
eitemdetriplejumpers’ performanceandthetriplejump
distance, and conduct statistical process of the data.
Theresultsof first, second, and third jumpisnumbered
asrespectively a, b and c. Calculatethe percentage of

thetota resultsof thefirst and secondjumpintheoverdl
results.

Ascan be seen from Figure 3, long jump results
increase withtheincrease of (atb)/cwithinacertain
range. Exceeding acertain limit, thelong jump results
decrease with the increase of (a+b)/c. According to
TABLE 3 (gppendix), it showswhen the proportion of
(at+b) phases to total results reaches 60%, the
performance is the best. Based on the mean value
analysis, the ratio (a + b) phase to ¢ phase is
goproximately doseto thegolden section point, theratio
as0.618:0.382. On thisbase, thisstudy putsforward
the hypothesisthat technical development in modern
men’striplejump hasthetendency that thetriplejump
proportionisreaching thegolden ration 0.618. When
the proportion reachesto 0.618, the optimal solution
can be obtained.

19 g

18 —

v k —— g
17 - - t

16
15

57 o8 54 Y] fid 64,3 6T 68

62
(atb) fe
Figure3: Therelation of the per centage proportion of the
first and second jump to the perfor mances

Modd improvements: based ontheassumption, first
select the dataof world elitemaletriplejumpersfor
more accurate discussion and introduce the concept of
thesamedegree, L. About the calcul ation of the same
degree of thetwo data, according to the provisions set
pair anaysistheory, thelarger datadividesby thesmaller
data, i.e. L=min(x1, x2)/max(x1, x2). Onthisbasis,
describe the approximation degree of the two real
numbersx1and x2. (a+b)/c

Seenfrom TABLE 6, theratio of thefirst twolong
jumps’ distancetothetota result for Edwardsis0.6162,
whichisonly 0.10018|essthanthegoldendividing point
0.618, with the same degree of thegoldenratio 0.618

TABLE 6: Theworld’stop athletes’triplejump proportional relationship

Hop Striding Jump Jump
Athletes Results(m) Resultsa Proportion Resultb Proportion Resultsc Proportion Proportion (atb)
Edwards 18.29 6.05 33.08 5.22 28.54 7.02 38.38 61.62
Conley 18.17 5.7 31.37 5.47 30.1 7 38.52 61.48
Harrison 18.09 6 33.17 5.02 28.75 6.89 38.09 61.91
Average 18.18 5.91 32.54 5.3 29.13 6.97 38.33 61.67
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as0.9971; theratio of thefirst twolongjumps’ distance
tothetota result for Conley is0.6147, whichisonly
0.0033lessthan the golden dividing point 0.618, with
the same degree of the golden ratio 0.618 as0.9947,;
theratio of thefirg twolongjumps’ distancetothetotd
result for Harrisonis0.6191, whichisonly 0.0011 less
than the golden dividing point 0.618, with the same
degree of thegoldenratio 0.618 as0.9982; the above
factsshow that one of the significant technical features
among theworld elitemaletriplejump athletesisthat
percentage of thefirst two jumpsdistanceto thetotal
performance has been significantly optimized, whichis
aready highly inthe samedegreewiththegoldenratio
0.618.

Figure 4 showsthat theresultsincrease with the
increase of closenessof two spansgrades’ percentage
to the golden section point. As can be seen, 0.618 is
thelimit for the proportion of triplejump. When the
two spansgradesreach to 0.618 of thetotal score, the
performance can show the highest level. Inthetriple
jump for current worldtop-leve triplejumpers, thefirst
two Jumpsdistance hasreached 0.618 of thetotd score.
The next optimization stepistoimprovethe proportion
of thefirst jump and the second jump distance, to make
thetriplejump distance proportion in accordancewith
the golden sectionratio 0.382:0.236:0.382.

18 osoo—

Figure4: Therédation of thesamedegr ee of two jump scores’
per centageand thegolden dividing point to the per for mance

Thegap of Chinesemen’striplejumpwiththeworld
advanced level mainlyisthelack of optimization of triple
jump proportion. Essence of thedifferenceisthat the
comprehens ve optimization of thetechnica leve isnot
high. It needsto improvethe run-up speed, increase
the vacated and jumping forces, shorten support time
and coordinatethetriplejump proportion. Increasethe

first jJump distance percentageinthefina result toward
0.382; appropriately decreasethe second jump distance
percentageinthefinal result toward 0.236; and after
thereasonabl erd axation and energy savinginthesecond
jump, dothemaximumjumpspedimentinthethirdjump
toaccomplishtheremaining 0.382. All these contribute
totying theworld advanced level intheworld men’s
triplejump.

TRIPLE JUMPPERFORMANCE
PREDICTION

Linear regression model of run-up speed and the
performance

Severa excellent foreign triplejumpers’ run-up
speed and the performanceare shownin TABLE 7.

TABLE 7: Several excellent foreign triplejumper s’ run-up
speed and the performance

Performance Thefinal run-up
Athlete (m) speed(m)
Markov 17.92 10.62
Conley 17.61 10.42
Edwards 18.29 119
Wellman 17.62 11.63
Henriksen 16.92 1111

With the final run-up speed as the independent
variables, and athletic performance asthe dependent
variables, establish the regression model. And the
Goodness-of-fit test results of theregressonmodd are
showninTABLES8.

TABLE 8: Fitting test resultsof regression model
R
0.841 0.707 0.414

The standard error of the
estimated value

0.386

Adjust the determination coefficient and conduct
the goodness-of-fit test of the regression equation
accordingtothetable. Thentheadjusted determination
coefficientis0.707, whichiscloser to 1. Thebetter the
goodnessof fitting of the regress on equation, themore
explanaory variablesthat can beexplained by themodd,
asshowninTABLEDO.

The significant test statistics of the regression
equation F=2.412, the probability p=0.43, whichis
lessthan the significant level of 0.05, indicating that
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regresson coefficientsarenot smultaneoudy 0, and the
interpreted variablesand interpretation variablesare
significantly related and the established model is
appropriate.

TABLE 9: Significancetest resultsof regression model

Sour ce of Sum of M ean :
. df F Sig.
variation squares square
Return 0.718 2 0.359 2412 0.043
Residual error 0.298 2 0.149
Total 1.015 4

Ascan beseenfrom TABLE 10: the probability P
value of theregression coefficientsarelessthan the
significancelevel of 0.05. Theregression equation of
thefina run-up speed X and the performancesY can
be expressed as: Y =15.022+0.238X . The
relationship between thefinal run-up speed and results
canbeseeninFigure5.

TABLE 10: Significant test resultsof regression coefficients

. Standar dized
Partial Partial
M odel Regression . t P
o Regression
coefficient o

coefficient
Congant term 15.022 3.077 0.049
The final run-up speed 0.238 0.299 0.543 0.025

- Py IHIl l|"
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Figure5: Therdationship diagram of final run-up speed and
performance

According to the above model, predict the
athletes’performance of and athletes’ actual and
predicted valuesareshownin TABLE 11.

Adjust the model by constant plus the forecast
difference, tobringit closer tothetruelevel.

The regression model can be explained
&Y =15.007+0.238* X

TABLE 11: Thedifferencebetween theactual resultsand the
predicted resultsbased on theregression model

Results Run-up Predictive

Athlete (M) speed(m) value Difference
Makov  17.92 1062  17.54956 037044
Conley 1761 1042 1750196  0.10804
\éﬁ”eﬁ" N9 1751 1004 1741152  0.09848
SxinZou 17.31 1044 1750672  -0.19672
Edwards 1829 119  17.8542  0.4358
Welman 17.62  11.63  17.78994  -0.16994
Henriksen 16.92 1111  17.66618  -0.74618
Average 17.6 10.88 17.61144 0.014297143

Establish a gray model of the selected variable,
run-up speed V

Establish thegray model GM (1,1): Assumethat
the time set yohave number n observation
valuesx®={x2®,x (... x°n},generate a new
sequence by accumulation x® = {x®@,x®(2),....x*(n)},
then the corresponding differential equation of model
GM @) IS
dx®
T+ aX(l) =Hu (3)
Wherein, ameansthedevel opment grayscale;

4 meansthe endogenous control grayscale.

Assume ¢ isthe parameter vector to beeva uated
ands - °|. Calculateby theleast multiplication methoct
5=(B"B)YB'Y,

X+ X2

1oa . XO(2)
B= _E[X()(Z)"’X()(s)] B X (3)

Wherein: : =

Sxom-gexoe| O

Solvethedifferentia equationsand the prediction
model can be obtained:

X®(K+1) :[x<°>(1)—§].e*ak +§ (k=0,1,2...,n) )

Model checking and correcting: Gray prediction
model checking generally containsresidud error test,
association test and posterior error testing. Posterior
error testing isadopted inthisstudy:

The standard deviation of the original
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e I2IXO0)-XP
sequence:s - (20X T

3
S

Small error probability: » - p{

Varianceratio:c=

A% ()~ < 0.674531'} andif

& =[a®M)-4"|,s =067455 , thenp-ple <5} .

First supposethat x © @), x®(2), x©(3), X (4), X (5) A€
corresponding to the original sequencedata.
(1) Construct accumulated generating column:
XO =[X® @), X" (2),X(3, X" (4), X ©)] =[]
(2) Structurematrix g and datavectory, .
(3) Cdculaess,(B"B),B"Y,, then: 5 = (8"B)»BY,

(4) Predictionmodel is: Xt k+1) =[x @) ~“e* +£

As variables affecting the results only can be
statigticaly analyzed after thegame gtatistics, it cannot
be used directly on regression prediction of thefinal
performance. Besdes, gray modd prediction of therun-
up speed on time seriesis also needed to realize the
indirect solving of themodeling purpose.

CONCLUSIONS

Inthisstudy, acorrelaionandyssadgorithmisused
for the quantitative statisticsand analysi sof evaluation
index data. By andyzing the correl ation among various
evauation indexes and the correlation between the
evaluation indexes and long jump athletes’
performances, the concl us onthat thehorizonta ve ocity
decrement isin quadratic regression relationship with
the vertical velocity increment can be obtained.
According to the study on the relation of power
allocation and performance, thisarticle putsforward
that hypothes sthat thetechnical devel opment of modern
men’striplelongjump hasthetendency that thetriple
jump proportioniscloseto the golden segmentation

ratio 0.618, and the optimal solution can be obtained
when theratio reaches 0.618.

Variablesaffecting theAthletes’ Result, therun-up
speed and theresults of regression anaysis. Although
thefinal regression equation of the run-up speed and
the performanceisobtai ned, but because the run-up
speed can be datisticaly andyzed only after thegame.
Asaresult, it cannot beused directly intheregression
forecast of the performance. The run-up speed also
needsthegray model prediction ontimeseries, inorder
to achievethe solving of model purpose.
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