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ABSTRACT

Triplejumperssport abilities” are up to sport technique, psychological and
physical quality, as well as training conditions. Present excellent triple
jumpersare mostly from Americaand Europe, Chinesewomen triplejump
has made constant progress in 1990s, seen from around 20 years
performance, it has ever always got close to world advanced level, broke
though Asian women triple jump record for times, Chinese athletesarein
Asian leading position,, but they keep paces with American and European
countries, which till needsto further catch up withworld level. The paper
makes research on women triple jumpers’ performance and parameters in
sports relations, by theoretical exploring and discussing, it defines
parametersindicators. Apply grey mathematical model, solveindicator and
performance correl ation degree, and initialize data. Inthree phases’ jumping,
it respectively establishes parameters and performance correl ations, solves
weight and establishes performance and factor equations, By comparing
with excellent athletes’ parameters, it gets each factor importance in
performance by analyzing and researching that isweight, and verifies. By
mathematical model establishment, it further analyzes performanceinfluence
factors. Finally it proposes that improve horizontal speed, and takeoff
vertical speed istheimportant way to improvetriple jump performance.
© 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

Triplejump, oneof theathleticsevents, isfrom Ire-
land. It has higher requirementson physicd qudity, es-
peciadly inphysical ability, legsexplosive power and
coordinateahility. Itishigh difficulty sport combining
techniquewith physica quality. Intheend of 20" cen-
tury, International Association of Athletics
Federations defined women triple jump as formal com-
petition event. Chinahasever achieved splendid records

inthe aspect of womentriplejump, womentriplejump
world record was established by ChineseathleteLi Hui-
Rong; Since21% century, Chinesetriplejump level has
been gradud |y fdl behindworldleve, except for phys-
ca differencefromforeign athletes, themainreasonis
lacking of triplejump theoretical research, no correct
theory to guide training. With application of high sci-
ence and technol ogy, research on long jump has be-
comemoreand moredeeply, expertsand scholarstake
how to change techniques so asto movetriplejump
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performance to next level asresearch direction. By
searching documents, it finds by consulting that |ots of
scholars have made deeply research onlong jump per-
formanceinfluencefactorsandyss, they get somecon-
clusionsby numericd analys's, datacomparison, and
regression anaysisaswell asother methodsresearch-
ing.

Amongthem, JangJu-Jiang madedatistica andy-
sisof Beijing Olympic Gamesmen’s triple jump long
jump performance, anayzed and researched on triple
jump kinematic features through data handling, he
thought that three phasesjumping distances proportion
isthekey to achieve high performance. Zheng Xuan
researched on 11" national gamesmen’s triple jump
topeght ahletes’ performance, by mathematical analysis
and other methods; he anal yzed kinematic parameters
and triplejump performance rel ations, and revealed
triplejump interna features. Comparing with foreign
excellent athletes, hegot that Chineseathletes’ muscu-
lar explosive power arelower thaninternationa level,
which provided theoretical basisfor training guidance.
Liu Tao by statistic data, he analyzed speed and per-
formance relations, and established parameters and
performance correl ations, solved correl ation degreeto
parametersimportance and ranked them, the conclu-
sionwasthat improving horizonta speed could largely
improvetriplejump performance. Dai Li-Ping, by sta-
tistica method, andyzed secondleve, third level women
jumpers’ sports levels and physical quality correlation
coefficients so asto define main influencefactors, her
research result showed that 30m and standing tenlevel
jumpeventsarecruad totriplejump performance, which
providedimportant referencefor triplejump sport train-
ing.

This paper based on previous researches, it will
further reveal long jump performance and itsinfluence
factorsrelations. Onthebasisof previousresearch, it
definesresearched triplejump technicd parameters, and
makesdeeply theoreticd anaysis. Intraditiona numeri-
ca anayss, it appliesGrey Relaiond AnalysS(GRA)
into establishing mathematical modd , definesdifferent
parameterseffectsontriplejump performance. Define
each parameter and performance correlation degree; it
getsfactorscontribution ratesin performance by nor-
malization. Factors contribution ratesdecide athl etes
training direction, aswell astrainingindicator emphas's

problems, which providestheoretical basisfor further
improving athletes performance.

TRIPLEJUMPTECHNICAL GRA MODEL

Triplejumpisaso called threelevelsjump; main
jumping technical waysare:(1) positivetake-off, (2)
verticd, (3) surface-piercing, (4) running. Itiscomposed
of hop, step, and jump three parts distances. Athlete
runs-up aong straight line, he useshop beforetake-off
board and after moving along straight line, after take-
off leg landing, it then usetaking-off step, swingingleg
landing takeoff jumping, use two legs landing into
sandpitsthat iscomposed of run-up, takeoft, flight and
landing aswell asother mations. Incompetition, jump-
ing distancesdecideranking. To better take-off, gener-
aly it needsto go through some distance accel erated
running, let human body achieve maximum horizontal
speed. Tripjump three phasesjumping arerespectively
hopping, step in take-off after take-off legslanding,
jumping from swinging legslanding take-off, usetwo
legslandinginto sandpit. AsFigure 1 show.

Triplejump performanceinfluences parametersef-
fectsarevery complicated, their each factor and per-
formanceinternal relations, structure, aswell asfea
tures, wecannot fully understand them. Only establish
their relations by someunclear connection. Itiscalled
systemwith partial known information and partial un-
known information as grey system. The paper starts
from grey system origina feature grey, researcheson
information greatly lacking of clear corrdationssystem.
Grey system can better fit and find out thingsgrey rela
tions, establish parametersand triplejump performance
correlations, and accordingly solveand handlewith per-
formance and parametersrel ations. Calculate param-
eters and performance correl ation degree so that ex-
plorelong jump performance and influencefactorsin-
ternal connections.

Correation analysisand solution

Corrélation degree analysismethodis put forward
by grey system theory. Different from regression equa-
tion, it hasunique advantages. Grey correlation degree,
according to factorsdevel opment statessimilarity or
difference degreeto judgefactorscorrel aion degree, it
revealsfactorsdynamical correlation featuresand de-
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Figurel: Triplejump motionsdisplay chart

grees. Corrdaion degreegeometric Sgnificanceissimi-
larity degree after factor converted into function im-
ages. Itscal culated amounts areless and not proneto
gppear correlation degree quantization result and quai-
tativeanayssincons stent status.

(1) Research objects

Sdlect nationd gamestop 8 womentriplejump per-
formance and speed parameters as research objects,
top eight athletes’ performance and parameters are as
followingTABLE 1.

(2) Correlation analysis

Intriplejump, performanceinfluencefactorstend
to be heavy and complicated. We tend to need making
analysis of the performanceinfluencefactors, soasto
defineduringthesefactorswhichisthemagor one, which

isthe secondary one, which needsto be devel oped,
which needsto berestrained, whichispotentia, and
whichisobvious. Toimprovetriplejump performance,
factorsimportanceisproblemswith great concerns. In
fact, how dofactorscorrelationslike and how to quan-
tify correlation degreeand other problemsarekey and
gtarting pointsof sysemandysis. Corrdation andysis,
whichisaso system’s each factor relative statistical data
geometric relations comparison. Asadevel oping and
changing system, correlation andysisactudly isdynami-
cal processdevel opment trend quanti zation compara
tiveandysis. Athletes’ speed parameters are as follow-
ingTABLE2.

INTABLE?Z2, x,, x,, X, respectively represents
hop, step, jump landing speed, x,, X5, X, respec-

TABLE 1: Athletesperformancetable

Name Chen Yu-Fei XieLi-Me LiuYa-Nan LiYan-Mei XuTing-Ting HuQian LinNv-Ai Qiu Hui-Jing
Performance 1411 14.08 14.04 13.7 13.69 13.59 13.58 13.58
TABLE 2: Triplejump speed parameters
Name Performance x1 X2 x3 x4 x5 X6 X7 x8 x9
ChenYu-Fe 1 1411 895 867 216 789 727 145 6.87 6 246
XielLi-Me 2 14.08 8.8 856 203 786 714 123 664 573 247
LiuYaNan3 14.04 868 825 198 75 672 117 625 537 254
Li Yan-Mei 4 13.7 866 823 217 741 685 125 6.2 514 231
XuTing-Ting 5 13.69 859 821 203 732 672 116 587 474 224
Hu Qian 6 13.59 863 819 209 726 666 109 591 494 251
Lin Nv-Ai 7 13.58 877 82r 214 729 673 116 6.02 493 243
Qiu Hui-Jing 8 13.58 855 818 212 719 656 118 578 476 236
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tively representshop, step, jump liftoff speed, X, X,

X, respectively representshop, step, jump liftoff in-
stantaneousvertical speed.
(3) Correation solution

By investigation on excellent athletes, it achieves
long jump performance and parametersstatistical re-
sult. According to correlation degree calculation, it
makesfactor analysisof long jump performance. At
first calculateforeignexcellent athletes’ correlation de-
grees, usematrix toexpressTABLE 2 parameters. And
thenitismatrix A:

8.95
8.67
2.16
7.89
1.27
1.45
6.87
6.00
2.46

8.80
8.56
2.03
7.86
7.14
1.23
6.64
5.73
247

8.68
8.25
1.98
7.5
6.72
117
6.25
5.37
2.54

8.66
8.23
2.17
7.41
6.85
1.25
6.20
5.14
231

8.59
8.21
2.03
7.32
6.72
1.16
5.87
4.74
2.24

8.63
8.19
2.09
7.26
6.73
1.16
6.02
4.93
243

8.77
8.27
214
7.29
6.73
1.16
6.02
4,93
243

8.55
8.18
212
7.19
6.56
1.18
578
4.76
2.36

Inmatrix A , row represents x,, X,, X;, X,, Xs,

Xs, X7, Xg, Xg . Performance usessequencep to ex-
press, and then:
B=(1411 1408 1404 1370 1369 1359 1358 13.58)
Atfirst carry out datatransformation. Because col-
lected origina datawith different dimens onsthat have
no comparahility, to ensure modeling result accuracy, it
should proceed with datatransformation. Methodisas
following:
Define 1 Ordered sequence
x = (x(1),X(2),---x(n))
Andthencal it asmap:
fixoy

f(x(k)) = y(k),k=1,2,---n
It issequence x to sequencey datatransforma-
tion. Itsdatatransformation has: initiaization transfor-
mation, mean transformation, percentagetransforma
tion, multipletransformation, normdizationtransforma:
tion, maximum rangetransformation, interval values
transformation and so on. Here adoptstransformation:

f (x(k)) :& =y(k),k=12,---n,x(Q) =0
X(D)

Thatis f initidizationtransformation. Makeini-
tidizationtransformationonmatrix A , adopting matrix
formtransformation.

Definetransformation matrix C : Let originad data
matrix A convertintoinitiad valuematrix p ’s matrix is
cdledtransformation matrix. Relaionshipis:
CeA=D

Matrix C generd formis:

a, O - 0
co| O We 0
o 0 1/a,

Thenutilizetransformation matrix C tocarry out ini-
tia vauetransformationon A , B , it canget matrix:

0.983
0.987
0.940
0.996
0.982
0.848
0.967
0.955
1.00

0.970
0.952
0.917
0.951
0.924
0.807
0.910
0.895
132

0.967
0.949
1.00
0.939
0.942
0.862
0.902
0.857
0.939

0.960
0.947
0.940
0.928
0.924
0.800
0.854
0.790
0.911

0.964
0.944
0.966
0.920
0.916
0.752
0.860
0.823
1.02

0.980
0.953
0.990
0.923
0.925
0.800
0.876
0.821
0.988

0.955
0.946
0.981
0.911
0.902
0.814
0.841
0.793

1
1
1
1
D=CeA=|1
1
1
1
1 0.959

B=CeA=(1 0998 0995 0971 0.970 0963 0962 0.962)

Make graphic with dataafter initiaization, observe
speed parameters and triple jump performance geo-
metric shape, preliminarily judgeits correations, and
parametersto performance correlation degrees. Re-
Spectively makereationship Figurewhen hopping, step-
ping and jumping, asfollowing Figure 2, Figure 3, Fig-
ure4.

By abovethreequalitativeandysiscurvegraphs, it
isclear that in hopping phase, by Figure2, itisknown
that maximum correl ation degree to performanceis
speed when landing, and minimum correl ation degree
isliftoff ingantaneous vertica speed, by ordinary times’
experience, wecan know thet triplejump gep onemainly
relieson horizontal speed to increase hopping distance
that bel ongsto flat jumping, horizonta speedislarger.
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In stepping phase, by Figure 3, itisknown that maxi-
mum correl ation degreeto performanceisstill landing
speed, but liftoff speed and vertical speed correlation
degreesto performance haveimprovements by com-
paring with hopping phase. It provesthat steppingis
still thelanding speed takestheleading positionin per-
formance, meanwhileliftoff speed and vertical speed
contribution ratesto performance have been increased.
Injumping phase, by Figure 4, it isknown that maxi-
mum correlation degree to performance is vertical

speed, the secondary islanding speed, thethird isliftoff
speed, due to hopping and stepping lose horizontal
speed, let landing speed contribution rate to perfor-
mance reduces; in case speed reduces, increase take-
off angleiseffective method toimprovejumping phase
distance, which meansincreas ng liftoff instantaneous
vertical speed isthemethod to makeupfor speedin-
aufficient. Therefore, find jumping phaseliftoff ingtan-
taneous vertica speed becomes maximum correlation
degree parameter. Onawhole, landing speedisinre-
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Figure4: Jump parameter sand per for mance curvegraph

ductiontrendinthreephases’ correlation degree, liftoff
vertica speed correlation degreeisintherising trend.
Andiftoff speed corrd ation degreeisinfluctuation Sate.

(2) Correlation coefficient solution method
Select reference sequence. In the paper, reference
sequenceisathletelongjump performance x, . Other

sequences are compari son sequences.
Reference sequence

X = X (KK =1.2,-nf = (% (D, % () %, ()
Amongthem, k representsathlete, assumeit has

m piecesof comparison sequence

X = (k=120 = (% (1), % (2% (M),i =1,2,---m
Andthenitcdls

min min|X, (t) = X (t)] + pmax max|x, (t) — X4(t)
S t S t

& (k) = \xo(k)—xi(k)‘Jmeax mtaX‘Xo(t)_xs(t)‘ @)

It iscomparison sequence x; to reference sequence
long jump performance x, at t moment correlation co-
efficient, fromwhich p < [0,1] isresolution coefficient.
formula,

In above msinmtin|x0(t) - x|,

max m?X|Xo(t)—Xs(t)| are respectively two-level
minimum differenceand two-levd maximum difference.

Generdly speaking, thebigger resolutionratiois,
then the bigger resolution coefficient o would be; the
smdler resolutionratiois, and thenthesmdler o would

be, herethecalculationtakes p = 0.5.

Correlation degreesolution method

Corrdation coefficientisakind of indicator describ-
Ing comparison sequence and reference sequence at
sometime correl ation degree, dueto each point hasa
correlation coefficient, thereforeitisnot convenient to
compare, it givescorrel ation degree definition:

(=23 & K) @
k=1

Itissequencex; to reference sequencex, correla

tion degree. Correlation degreeis concentrating each
time correl ation coefficient into amean, whichisaso
concentrating handling with excess ve scattering infor-
mation. Utilize correlation degree the concept, it can
anayze and research onlong jump performanceinflu-
encefactors.

Thesolutionistoinput initialized TABLE 3 data
intoformula(1), (2) and get each sequencecorrelation
degree by calculating, similarly input TABLE 4 data
intothemto calculate.

Caculated MATLAB programisasfollowing:

clc, clear
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TABLE 3: Corréation degreevalue

Hop Step Jump
X1 X2 X3 Xq X5 X6 X7 Xg Xg
Correlation degree 0.29 0.56 0.07 0.58 0.36 0.13 0.39 0.30 0.58
Phase ranking 2 1 3 1 2 3 2 3 1
Total ranking 6 2 8 1 4 7 3 5 1
TABLE 4: Parameter scontribution ratetable
Parameters Xy Xy X3 Xy Xs Xg X7 Xg Xg
Contribution rate 0.089 0.172 0.021 0.178 0.110 0.04 0.120 0.092 0.178
load x.txt r
fori=1:15 n, = _|Iq
x(i, )=x(i, )@, 1); L I
end By calculation, it can get contributionrate Table 4
fori=16:17 ssfollowing
X(1, :)=x(, 1)./x(, 2);
elgd D) CONCLUSIONS
date=x; .. . o
n=size(data, 1); FromTABLEA4, itisclear thatinwomentriplejump,

ck=data(1, :);m1=size(ck, 1);

bj=data(2:n, :);m2=sze&(bj, 1);

fori=1:ml

forj=1:m2

t(, :)=bj(, :)-ck(, 2);

end
jcl=min(min(abg(t’)));jc2=max(max(abs(t’)));
rho=0.5;
ksi=(jc1+rho*jc2)./(abs(t)+rho*jc2);
rt=sum(ks’)/size(ksi, 2);

r(i,:)=rt;

end

r

[rs, rind]=sort(r, ‘descend’)
Cdculaionresultisasfollowing TABLE 3:

Judgeeach factor contribution rate

Normalizerespectivecorrelationdegree, letit can
under unified scae, and further comparefactorsinflu-
ence degrees. Solvefactorsto performance contribu-
tionrate, normalizationthat regard correlation degree
addingsum:

R=>r,
It regardsasan entirety. Call any correlation de-
greeand entirety ratio ascontribution rate:

maximum contribution rateisstepping phaseliftoff speed
and jumping phaseliftoff instantaneousvertica speed.
Thesecondary ishopping phaseliftoff speed. Andtriple
jump hasdifferent speed alocation in different phases,
reasonabl e all ocation on triplejump speeds can benefi-
cial to performanceimprovement. Thedetailed conclu-
sonis firgly it shouldincrease horizonta speedtoim-
prove hopping distance which isanimportant path to
improvetriplejump. Strengthen legs explosive power
trainingtoimprovejumping phasevertica speed or flight
angle. Ensure horizontal speed smoothly reducesso as
to providelanding speed for jumping phase, which can
improvetriplejump performance. In casethat landing
speedisvery high, it should focusonincreasing explo-
Svepower training.

REFERENCES

[1] LiYu-Zhang, Chen Min; Kinematic analysisof the
men’ s triple jump skills in the 12th IAAF world
championshipg[J]. Journal of Shandong Physical
Education Institute, 27(11), 63-67 (2011).

Ren Zhi-Yong; Kinetics Research on Three
Monment Technology Applied to the Steps of Our
National Elite Female Triple JumpergJ]. Journal of
Chengdu Physical Education Institute, 39(8), 63-
67 (2013).

[2]

BioTechnology —

Hn Tudian Jounual



BTAIJ, 10(3) 2014

[3]

[4]

[5]

Zhigiang Zhao

531

————, FyurrL PAPER

Yu Chang-Qing, Zheng Fu-Qiang, Li Yu-Zhang, Xie
Li-Mei; Kinematics Comparative Study onthe Take
off Technique of XieLi-Mei, China’s Female Triple
Jump Player, and the World Elite Playerd[J]. Jour-
nal of Beijing Sport University, 9, 124-129 (2012).
Huo Junzhe; Study on the Factors of the Speed
Changes in Different Stages on High Level Man-
triple Jumping in CollegegJ]. Sport Science And
Technology, 31(2), (2010).

Chen Feng, Ren Qing-Jun; A comparative study of
kinematics of the third jump of elite female triple
jumpers both in China and abroad[J]. Journal of
Wuhan Institute of Physical Education, 37(6), 77-
79 (2003).

[6] Zhao Xu-Hui, Li Li, Chen Yu-Juan; Gray Correla-

tive Analysis of the Performance and Length of
Top Triple Jump Athletes, Research between the
Gap of Chinese and Foreign Elite Atheletes[J].
Zhejiang Sport Science, 32(5), 106-108 (2010).

s BioTechnology

An Tudian Yourual



