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ABSTRACT

Long jumpersathletic ability isup to body shape, coordinate ability, sport
technique, physical and psychological quality as well as external training
conditions, its performance judgment is measured by jumping distance.
Now, athletes’ scientific selection proportion and statusin physical training
technique has become more and more high, itsway also become more and
more advanced, and human body athletic ability comprehensive evaluation
method also gets more and more close to athletes themselves actual
potentials. This paper makes research on long jumper performance
correlation factors, extracts four indicators and analyzes each indicator
factor effects. Apply grey mathematical model, solve indicator and
performance correlation degree, and initialize data based on Matlab
software. And accordingly solve weight and establish performance and
factors equations. By comparing Chinese and foreign different excellent
athletes’ parameters, through analyzing and researching, it gets each factor
importance in performance that is weight and verified. By mathematical
model establishment, it further analyzes performance influence factors,
and proposes relative training suggestions.
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INTRODUCTION

Current excellent men’slong jumpersare mostly
fromAmericaand Europe, they repestedly exhibit abun-
dant strengthwith advantageousphysicd abilityinworld
level competitions, and their performanceand play are
remarkable. Chinesemen’slong jump hasmade con-
stant progressin 1990s; seen from recent 20 years’
performance, Chinese athl etestake the leading posi-
tionsinAsia, but they till keep paceswith American
and European countries by comparing, and they still
not yet arriveat world advanced level. Inthe 19" Olym-

pic Games, athlete Beamon created 8.90m men’slong
jumpworldrecord, inthefollowing, in Tokyotrack and
field world championships athlete Powell set anew
world record with 8.95m performance. World long
jump overd| performance has been constantly climb-
ing, Since 1990s, by above 20years’ devel opment, Chi-
nesemen’slong jump performance hasremarkableim-
provements, and kegpsAsian|ong jump records, which
takesleadingpostioninAsia.

With application of high technology, researcheson
long jump go more and more deep, expertsand schol -
arstake how to change techniqueslet long jump per-
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formance movetothenext level asresearch direction.
By searching documents, it findsby consulting that there
arelotsof scholarshave maderesearch onlong jump
performanceinfluencefactor analys's, through numeri-
cal andyd's, datacomparison, regression analysisand
other methods researches, they get some conclusions.
Among them, Sun Qiang concluded after andyzing and
comparing Chineseandforeign excdlent longjumpers’
parametersthat further increased absol ute speed abil -
ity on the basis of improving stepping and jumping
strength wasoneof effective methodstoimprovelong
jump performance; Li Yi-Rong regarded long jump as
oblique projectile physical movement, by kinematic
analysisof horizonta speed and vertical speed aswell
assoaring angleto long jump performanceinfluences,
shethought takeoff speed and takeoff anglewerethe
key factors; Liu Yan-Qiu analyzed and handled with
Chineseandforeign excellent menlong jumpersper-
formances and speed parameters, established perfor-
mancesand parametersmathematical regression equa
tion. The uppermost two speed parameterswerefina
two steps speed and soaring vertical component speed,
the conclusion provided guidancefor training. Lv Guo-
Dong analyzed long jump four motions: run-up, take-
off, flight and landing, which provided certain theoreti-
cd basisfor athletes’ performanceimprovingand long
jumptraining.

By previousresearching, this paper onthat basis,
further researcheslong jump performanceaswell asits
relativefactorsconnection. Based on previousresearch,
defineresearched factors, and go deeply into theoreticd
anayss. Onthebassof traditional numericd andysis,
regression equation and other mathematics, apply grey
methematica theory establishingmathematica modd, and
definedifferent factorsaffect long jump performanceto
which degree. Define each factor and performance cor-
relation degree, by normalization, it getsfactorscontri-
bution ratein performance, and by exampleverification,
it definesmodd feasbility. Factorscontributionrateszes
decideathletestraining direction aswell astrainingindi-
catorsemphasisproblems. It can providebasisfor fur-
ther improving ahletes’ performance.

LONGJUMPEVENT

Longjumpisalso called asrunning broad jump; it
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waslisted asforma competition event in 1896 thefirst
Olympic Games Athletesran-updong straight line, used
hop before take-off board and after moving along
straight line, through flight phase, and then used two
legslanding into sandpitsthat was composed of run-
up, takeoff, flight and landing aswell asother motions.
In competition, jumping distance decidesranking. In
order to better takeoff, generdly it needsto go through
somedistance accel erated running, et human body get
maximum horizontal speed. Takeoff leg’sthreephases
inpeda arerespectively footing, buffer, pedaling and
stretching. When takeoff leg pedaling away from
ground, meanwhile swinging armsand swinging legs
should coordinate and cooperate to make swinging
motion, itskey pointsareraising head, chest out, lifting
shoulders, protruding peplum. Air posturesgenerally
dividesinto 1.hang style 2.knee-tuck type 3. Stride-in
—the-air type. Graphicisasfollowing Figure 1 show.

GREY MATHEMATICAL MODEL CORRE-
LATION DEGREES

Inpractical life, to apractica problem, we cannot
fully saizeitsinternd relations, structureand other fea
tures. Only establishther relationsby someundear con-
nection. Wecdl sysemwith partial knowninformation
and partia unknown information asgrey system. The
paper startsfrom grey systemorigind featuregrey, re-
searchesoninformation greatly lacking of clear corre-
lations system. Grey system can better fit and find out
thingsgrey relaions, and accordingly solveand handle
with practical problems. Especially things cannot ex-
actly awarerdationspractical problems.
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Figurel: Longjump air techniquesgraphic
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Correlation analysisand solution

Corrédation degreeanayssmethodis put forward
by grey system theory. Different from regresson equa-
tion, it hasunique advantages. Grey correlation degree,
according to factors devel opment states similarity or
difference degreeto judgefactorscorrelaion degree, it
revea sfactorsdynamical correlation featuresand de-
grees. Correaion degreegeometric Sgnificanceissimi-
larity degree after factor converted into functionim-
ages. Itscalculated amounts areless and not proneto
gppear correl ation degree quantization result and quai-
tativeanays sincons stent status.

Correlation analysis

Inlong jump, performanceinfluencefactorstendto
be heavy and complicated. We need analyzing which
factorswill affect performance, and inthesefactors,
which factorsarethemaininfluencesthat cause perfor-
mance changing, and which factorsarethe secondary
ones. And which needsto be devel oped, which needs
to berestrained, whichisthe potentia one, and which

istheobviousone. Toimprovelong jump performance,
factorsimportanceis problemswith great concerns. In
fact, how dofactorscorrelationslike and how to quan-
tify correlation degreeand other problemsarekey and
starting pointsof systemandysis. Corrdation andysis,
whichisaso system’seach factor relative statistica data
geometric relations comparison. Asadeveloping and
changing system, corrdationandyssactudly isdynami-
cal processdevel opment trend quanti zation compara
tiveanaysis. World excellent athletes’ rel ative move-
ment parametersrefer to TABLE 1, inthefollowing, it
makesrelaiveandyss.

In TABLE 1, X, represents long jump perfor-
mance, x, represents absolute speed, x, represents
jump angle. Athletes respectively sort from left to
right1.2....10.

Accordingto TABLE 1 data, Exce drawsFigure
2asfollowing.

From aboveFigure?2, itiseasly seenthat curvex,
trend is relative smooth, and equal to curvex,, two

TABLE 1: Sportsperformanceand parameters

Name Powell Lewis Beamon Amy Yang Mannix Huang Geng Liu Yu- Huang Chen Zun-Rong Wang Shi-Jie Pang Yan

Xy 895 891 8.9 8.86 8.74 8.38
X, 1161 1205 1141 10.78 10.7 10.64
X, 231 181 24 249 221 20.1

8.14 8.01 8.01 7.99
10.59 10.47 10.59 10.71
18.7 194 19.2 19.1

30
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athlete

Figure?2: Performancerun chart
curvesdevelopment trendsarerel ative smooth, while
they havebigdifferenceswith curve x, aswell asother
two curves, therefore we can get conclusion that the

performanceisaffected by absol ute speed, andit should
abovefactor jumpangle. That isto say, geometricgraph
getsmoresimilar, correlation degreewould also get big-
ger. But it cannot provide defined quanti zation val ues.
Therefore, it needsto get factors correl ation degrees
sizesby calculation.

Correlation degreesolution

By collecting data, the paper makesinvestigation
on excellent athletes, and getslong jump performance
and parameters tatistical result, performanceand in-
fluencefactorsareas TABLE 2 and TABLE 3 show. It
will makefactor analysisof longjump performanceac-
cordingto correlation degree ca culaion. At first cacu-
lateforeign excellent athletes’” correl ation degree.
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Atfirst carry out datatransformation. Because col-
lected origina datawith different dimens onsthat have
no comparahility, to ensuremodeling result accuracy, it
should proceed with datatransformation. Methodisas
following:

(1) Ordered sequence

X (x(1),x(2), x(n))
Andthencall map:

fix>y

f xk y k),k 12,---n

Sequencey data transformation is got by se-

guencex . Corresponding datatransformation arere-
spectively: interva valuestransformation, percentage
transformation, normalization transformation, multiple
transformation, mean transformati on, maximum range
transformation, initialization transformation and so on.

Here adoptstransformation:
O 2 1) 0
@) D () 12 @

Thatis f initidizationtransformation. Dataafter re-
spectiveyinitidizingandtranforming TABLE 2, TABLE
3origind dataasfollowing TABLE 4and TABLEDS.

(2) Correation coefficient
Select reference sequence. In the paper, reference
sequenceis athletelong jump performance x, .Other
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It iscomparison sequence x; to reference se-
quencelongjump performance X, at t moment corre-

|ation coefficient, fromwhich p e [0,1] isresolution

coefficient. Inaboveformula, minmin| o() (),

maxmax| () ()| are respectively two-level

minimum differenceandtwo-levd maximum difference.

Generdly speaking, thebigger resolutionra
tiois, then the bigger resolution coefficient p would
be thesmdler resolutionratiois, andthenthesmdler p

would be, herethecaculationtakes p = 0.5.

(3)Correlation degree

Dueto each point hasacorrdation coefficient, and
itisakind of indicator describing reference sequence
and comparison sequence at sometimecorrel ation de-
gree, thereforeit isnot convenient to compare, wegive
correlaion degreedefinition asfollowing:

n

1
oo ik @

k 1

Aboveformula(2) isreference sequence X, cor-

relation degree as sequence x; . Thenit can andyzeand
research long jump performanceinfluencefactors.
Thesolution, input initialized TABLE 4 datainto
formula(), (2),it can get each sequencecorre ation de-
greeby calculating, smilarly input TABLE 5 datato
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TABLE6: Correlation degree

Correlation degree Iy ry I3 My I's
Foreign 052 051 062 0.72 053
Domestic 058 034 060 075 042

performance main influencefactors have some differ-
encesdueto Chineseand foreign athletes’ differences,
the cause may betakeoff ways difference, but the ob-
vious point isthat speed useratio and | ast step speed
arethekey factorstolongjump performance. Besides,
it should also noticethat jump angleinforeign athletes’
factor analysishashigher correlation degree, therefore
intraining; it should take speed useratio, jump angle
and last step rhythm trai ning arrangement into account.

Judgeeach factor contribution rate

It should highlight onepoint that domestic and for-
eign correlation degreesare val uesduring respectively
relationscaculation, it can only make qualitative com-
parison, and cannot precise compare where Chinese
player’sgapwithforeign player isaswell ashow many
gapis. Therefore, normalizerespective correlation de-
greelet it can under unified scaleand further compare
factorsinfluence degrees.

Solvefactorsto performance contribution rate, and
make normalization, which takes correl ation degree
addingsum:

R=>r,
Call any correlation degreevaueand entirety ratio
ascontributionrate:

Ui:E

By calculation, it can get contribution ratetableas
followingTABLE7.

By TABLE 7, itisclear seenthat Chinese athletes
and foreign excellent athletes’ long jump performance
parameters contribution rate comparing, Chinese ath-
|etes have advantages over opponentsboth in absolute
speed and speed useratio, but their performance al-
waysareinlagging phase, mainly because Chineseath-

TABLE 7: Contributionrate

Contribution rate m no N3 N4 Ns
Domestic contributionrate  0.18 0.17 0.21 0.25 0.18
Foreign contribution rate 021 013 022 0.28 0.16
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