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ABSTRACT KEYWORDS
Hurdle has already developed for more than one century until now; it has 110mhurdle;
great improvements both in rules and hurdle structures. Chinese sports Grey correlation degree;
undertakings devel opment have al so made greater progress since opening Matlab software;
and reform, from which in athl etics competitions, now lots of scholarsare Sport performance;

striving for exploring so asto improve hurdle running performance. Apply Influencefactor.
each kind of science and technology ways, analyze and research hurdle
running performance influence factors, and explore theoretical basis for
hurdle running training. The paper does research on 110m hurdlers
performances correlation factors. By establishing athletes sport ability
indicators and performances relationships, analyze their correlation
coefficient and solve correlation degree. And according to that, it solves
weight values and establishes 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 isweight, by mathematical model establishing, it further
analyzes performance influence factors and makes relative training

suggestions.

INTRODUCTION

Chinese sportsundertakingsdeve opment havea so
made greater progress since opening and reform, suc-
cessfully host Olympic Gamesin 2008 gresatly propel
to Chinese sportsundertakings rapidly devel opment.
And Chinanow isunder realizing conversionfroma
major sports country to aworld sports power. Hurdle
running belongsto one of athleticsevents, isakind of
the ol dest sportsevents, 21% century new erahasstarted
anew chapter on Chinesehurdle, Liu Xiang outstand-
ing performancelet people excited. In Greek Athens
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hosted 28" Olympic Gamesmen’s 110m hurdlefind,
hewonthe championwith 12.91s, the performancewas
tied to Colin Jackson created world record of 12.91s
in1993.

Tofurther guide hurdletraining, and achieve bregk-
throughin performance, in theresearch of hurdletheory,
Chinese schol ars obtained some resultsthrough lots of
researches. Among them, Deng Wan-Jin etc. by ana
lyzing performanceand rel ativeindicatorsrelations, he
got that thekey to performancewasupto athleteshurdle
and running coordination, which provided training di-
rectionfor further improving hurdle performance. Zhou
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Jian-Lei etc. inthearticle of “Research on domestic
different levels 110m hurdlersrhythm differences be-
tween hurdles”, gpplied mathematica statistics, carried
out anadlys sand research on data, they thought flat tech-
nical directionismodern hurdlerunning technical de-
velopment, and “speed |0ss” existed between athletes
hurdle running and their flat, the key to improve hur-
dlers 110m hurdle performance wasreducing “speed
loss”. Wang Hai-Bo by discussing sport speed special
qudity factorsrelations, herespectively maderesearch
on specid strength training, specid technical training,
specid quality, and proposed that improveflat wasthe
direction of hurdletraining. Wang Yong took foreign
excdlent hurdlerstechnical festures asreferences, made
comparativeresearchon Liu Xiang 110m hurdletime
features; hethought that in timeallocation, devel op-
ment towardsbalancewas effectivemethod toimprove
gport performance. WangWei by comparing Chinese
andforeignexcdlent athleteshurdlewholejourney time
distributionsand dataanaysis, heresearched hurdle
running timefeatures, and found out Chinese athletes
andforeign ahletesdifferencesaswell asmakeup short-
comings, which provided path for further improving
hurdlerunning performance.

Thispaper will further anayze hurdlerunning per-
formanceand ahletic ability indicatorsreations. Onthe
basisof previousresearch, it definesresearched ath-
letic ability indicators and goes deeply into theoretical
anayss. Onthebassof traditional numericd andysis,
regression equation and other mathematics, apply grey
mathematical theory exploring indicatorsand perfor-
mance correlations, definedifferent indicators affect
hurdlerunning performanceinwhich degree, defineeach
indicator and performancecorrelaion degree, and verify
mode feasibility. Influencefactorscontributionssizes
decideathletestraining direction and trainingindicators
emphasi sproblems, which can providetheoretica ba-
gsfor further improving athl ete performance.

110M HURDL E SPORT PERFORMANCE
AND INFLUENCE FACTORSANALYSIS

Inour lifelotsof practicd problems’ inner relations,
structures, parametersaswel | asfeatures, we cannot
fully understand them. Only establishtheir relations by
some unclear connection. Wecall system with partial
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knowninformation and partial unknowninformationas
grey system. Thepaper sartsfromgrey sysemorigind
featuregrey, researcheson information greatly lacking
of clear correlations system. Grey system can better fit
and find out thingsgrey relations, and accordingly solve
and handlewith practica problems. Especidly for prac-
tical problemsthat things relations cannot be exactly
known.

Resear ch objects

Thispaper takesworld excellent 110m hurdlersin-
formation and sport technical features asobjects, re-
spectively takes Oliver, Payne, Noga, Robles, Thomas,
LiuXiang, Arnold, Doucoureand othersas samplesto
do research, staff samplesindividual informationisas
followingTABLE 1.

TABLE 1: Athletesinformation table

Athlete  Nationality Height(m) Best performance(s)
Payne America 1.83 13.08
Oliver America 191 13.06
Robles Cuba 1.92 12.87
Noga Poland 1.89 13.16
LiuXiang China 1.88 12.88
Thomas Jamaica 1.85 13.12
Doucoure  France 1.83 12.97
Arnold America 1.86 12.90

Resear ch methods

Corrélation degree analysismethod is 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-
grees. Corrdaion degreegeometric Significanceissimi-
larity degree after factor converted into functionim-
ages. Itscalculated amounts arelessand not proneto
appear correlaion degree quantization result and quai-
tative andys sincons stent status.

In hurdlerunning, thereismoremovement indica-
tors affect performance. We always need to analyze
eachindicator to defineintheseindicatorswhich are
major onesfor performance, which arethe secondary
ones, which needsto be devel oped, which needsto be
restrained, which arethe potential ones, andwhich are
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the obviousones. Toimprove 110m hurdlerunning per-
formance, indicatorsimportanceis problem with our
great concerns. Infact, how dofactorscorrelationslike
and how to quantify correl ation degreeand other prob-
lems are key and starting points of system analysis.
Corrdation anaysis, whichisa so sysem’seach factor
relaive atistical datageometric relationscomparison.
Hurdle running in the whole process, it is constantly
deve oping, asadeved oping and changing system, cor-
relation analysis carries out quanti zation comparative
analysisof instant speed wasterate, flat speed userate,
and hurdle running coordinate ability dynamical pro-
cessdeve opment state, and analyzesthelr correlations
with performance, it further researchesonworld excel-
lent 1210m hurdlerstechnicd features, and providestheo-
reticd basis.
Corrdation solution methodisasfollowing:
(DAt first carry out datatransformation

Because collected origina datawith different di-
mensionsthat have no comparability, to ensure model -
ing result accuracy, it should proceed with datatrans-
formation. Method isasfollowing:

Define 1 Ordered sequence
X = (X(), x(2),---x(n))

Andthencdl map
fix>y

f(x(k))=y(k),k =12,---n

Itissequencex to sequence y datatransforma-
tion. Itsdatatransformation has: initiaization transfor-
mation, mean transformation, percentagetransforma
tion, multipletransformation, normdizationtransforma:
tion, maximum rangetransformation, interval values
transformation and so on. Hereadoptstransformation:

f(x(k))=%=y(k),k =12,--nBx(1) # 0

Thatis f initidizationtransformation.
(2) Correlation coefficient
Sdlect reference sequence. In the paper, reference

sequenceisathlete hurdle performance x, . Other se-

quences are compari son sequences.
Reference sequence

Xo = {Xo(K)k =1,2,-+-nf= (Xo(1).X(2)+Xo(N))

Amongthem, k representsathlete, assumeit has
m piecesof comparison sequence:
Xj = (xi (k)\k = 1,2,~~~n}= (X; (1),%;(2)---%;(n)),i=1,2,---m
Thenitcdls

min mtin\xo(t) = Xg(t)] + pmax max|x (t) — X4 (t)|
S t

g k)=—

o (k)= ()] + pmax maxo ) - xo(0] (D

It iscomparison sequencex; to reference sequence
hurdle performance X, a t moment correlation coeffi-

cient, fromwhich p e [0,1] isresolution coefficient. In

above formula, msinmtin|x0(t)—xs(t)| ,

max mt6\X|Xo(t) —X,(t) are respectively two-level

minimum differenceandtwo-level maximum difference.

Generdly speaking, thebigger resolutionratiois,
then the bigger resol ution coefficient o would be, the
smdler resolutionratiois, and thenthesmdler o would

be, herethecalculationtakes p = 0.5.

(3) Correlation degree

Corrdation coefficientisakind of indicator describ-
ing reference sequence and comparison sequence at
sometime correl ation degree, dueto each point hasa
correlation coefficient, it isnot convenient to compare,
so givecorrelation degreedefinition:

(=22 & K) @
k=1

Itissequence x; toreference sequencex, corre-

lation degree. Correlation degreeisconcentrating each
timecorrelation coefficient into an averagevaue, which
isasodo collective handling with excess scattering in-
formation. Utilize correl ation degreethe concept, it can
andyze and research hurdle performanceinfluencefac-
tors.

Thesolution, input initialized TABLE 1 datainto
formula(1),(2), it can get each sequencecorrdation de-
greeby calculating, similarly input TABLE 2 datato
cdculate.

Caculated MATLAB programisasfollowing:

clc,clear

load x.txt

fori=1:15
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TABLE 2: Correlation coefficient and correlation degree

Athlete Payne Oliver Robles Noga LiuXiang Thomas Doucoure Arnold Correlation degree
Correlation coefficient 0566 0589  0.612 0552  0.668 0576 0.622 0.608 0.599
X(i,)=x(31,:)/x(1,2); ishurdlerunning performance. Usematrix to express,
end then:
fori=16:17 B,=(1308 1306 1287 1316 1288 1312 1297 1290"
X(1,)=x(1,1)/x(1.2); According to above correl ation degree algorithm,
end apply program caculating, it can get every hurdle speed
data}:x; lossand hurdlerunning performance correl ation degree,
n=size(data 1); after sorting, usematrix to express, it has:

ck=data(1,:);m1=sze(ck,1);
bj=data(2:n,:);m2=sze(bj,1);
fori=1:ml

forj=1:m2

t(j,.)=bj(j,:)-ck(,);

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

r(i,)=rt;

end

r

[rs,rind]=sort(r,"descend’)

I ndicator sand performancecorrelation degree

Speed loss and performance correlation degree
when hurdling

Analyzeworld excellent athletes speed lossand
hurdlerunning performance correlaion coefficientsand
correlation degree, athletes speed waste rate statistics
usematrix to express, thenit has
0.38 028 026 0.48 050 0.32
0.28 032 0.16 0.18 036 0.22
0.26 020 028 0.24 0.32 040
0.18 0.33 0.26 0.30 0.26 0.32

0.34 020 0.18 0.15 0.16 0.20
0.26 034 024 040 022 0.32
028 025 034 026 028 028 022 020 0.16 0.26
030 034 011 022 022 014 026 025 0.18 0.18

In matrix, columnrepresent thefirst hurdle, thesec-
ond hurdletill thetenth hurdle speed lossthat isgrey
correl ation degree sol ution’s comparison sequence; in
matrix, row representsathlete Payne, Oliver, Robles,
Noga, Liu Xiang, Thomas, Doucoure, Arnoldtechnical
parameters. At thistime, selected reference sequence

0.28
0.32
0.30
0.20
0.24
0.23

0.26
0.32
0.25
0.20
0.26
0.26

0.20
0.28
0.20
0.18
0.24
0.24

0.20
0.19
0.32
0.16
0.20
0.20

R,=(029 028 023 028 029 028 026 024 020 022

Hurdle waste rate and performance correlation
degreecdculationindicatesthat correlation degreein
thefirst, second, fourth, fifth and sixth hurdleisobvious
larger than other hurdles’. It showsthat first, second,
fourth, fifthand sixth hurdle speed wasteratehaslarger
influenceson performance; in speed | oss, reducethese
hurdles speed | oss can more hel pful for planning and
estimationimproving. By practica traininganayzing, it
isknown that thefirst, second hurdleisstarting phase,
starting speed and status are crucia to performance;
thefourth, fifth, and sixth hurdledueto belongstomiddie
phases, which should ensure connectionswith previous
phaseand a so adjustsrhythm for later phase hurdling
that serves asalink between past and future, better
speed control isimportant guarantee of former and later
connections.

Flat speed userateand performancecorrelation
degree

110mflat speed isdirect related to 110m hurdle
speed that ispositively correlated. Flat speed userate
inhurdleistheimportant indicator for flat converting
into hurdlerunning. In statistical matrix, column repre-
sents athletes” hurdle speed, flat speed and userate,
from which the last one isregarded as reference se-
quence.
13.08
13.06
12.87
13.16
12.88
13.12
1297
12.90

10.62
10.52
10.52
10.74
10.90
10.70
10.76
10.50

0.81
0.81
0.81
0.82
0.85
0.82
0.83
0.81
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Reference sequenceishurdlerunning performance,
use matrix to expressand then:

B, =(1308 1306 1287 1316 1288 1312 1297 1290)"

Accordingto grey correlation coefficientscalcula-
tion, it getscorrel ation coefficient and correl ation de-
greeTABLE 2.

Correl ation coefficient ca cul ation result showsthat
Robles, Liu Xiangand Doucoure userateishigher, es-
pecidly Liu Xiang’suserateisthehighest, which proves
LiuXiang hasstronger stability inhurdle, hehasn’t ex-
cessively wasted speed dueto hurdling, therefore his
performanceisrédative outstanding. Hat speed userate
correlation degreeis0.599 whichindicatesashigher that
peed userate haslarger contributionratein performance.
Increase hurdling ability, reduce peed lossistheimpor-
tant pathtoimprove 110m hurdle performance.

Hurdle’scoor dinateability and perfor mance cor-
relation analysis

Hurdle’s coordinate ability isacoordinate ability
that reflectsflat motion and hurdling motion combina-
tion, better coordination can let athletesplay flat speed
to greater degreeand get higher hurdlerunning perfor-
mance. Hurdlerunning coordinate ability indicatorshas
connectionswith beforehurdling speed and during hur-
dling speed gap aswell asflat speed userate.

Defining hurdlerunning coordinate ability quantiza:

tionvaluecomputationd formula: Y = ay, + by,

Informula, y representsathletes’ hurdlerunning
coordinate ability, y, represents before hurdling av-
erage speed and after hurdling average speed ratio,

y, represents 110m hurdle performance and 110m

flat performanceratio. g, b respectively expresses
two indicators weights, respectively
takes.a = 0.6,b = 0.4. By above definition calcula-
tion, the smaller thevalueis, the better coordinate

ability is. Athletes’ flat performance, hurdle running
performance, before hurdling average speed, during
hurdling average speed, aswell as y,, y, , Y value
asfollowing TABLE 3.
Reference sequenceisperformance, use matrix to
express, then:
B, = (13.08 13.06 1287 1316 1288 1312 1297 12.90)T
Comparison sequenceishurdle running coordinate
ability, usematrix to express:
A;=(114 115 115 114 111 115 113 1.15)
Accordingto grey correl ation coefficientscalcula
tion, it getscorrel ation coefficient and correl ation de-
greeTABLEA4.
Resultanalysis by TABLE 3, TABLE 4, it canget
Liu Xiang hurdlerunning coordinate ability isstronger;
correlation coefficient ishigher, which reflectsbetter per-
formance. It showshurdlerunning coordinateability 9zes
play crucia rolesto performance.

TABLE 3: Hurdlerunning coor dinateability calculation table

Performance Speed Indicator _ . -
Athlete - - - Hurdle running coor dinate ability
Flat Hurdlerunning Beforehurdling Hurdling Y1 VY2
Payne 13.08 10.62 8.28 8.16 123 1.01 1.14
Oliver 13.06 10.52 8.40 8.24 124 1.02 1.15
Robles 12.87 10.50 8.34 8.12 123 1.03 1.15
Noga 13.16 10.74 8.16 8.00 1.23 1.02 1.14
Liu Xiang 12.88 10.90 8.26 8.18 118 1.01 111
Thomas  13.12 10.70 8.30 8.10 1.23 1.02 1.15
Doucoure 12.97 10.76 8.42 8.22 121 1.02 1.13
Arnold 12.90 10.50 8.48 8.28 123 1.02 1.15
TABLE 4: Correlation coefficient and correlation degree
Athlete Payne Oliver Robles Noga LiuXiang Thomas Doucoure Arnold Correlation degree

Correlation coefficient 0.42 0.41 0.40 0.42

0.45 041 0.42 0.40 0.416
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CONCLUSIONS

In 110m hurdle, starting phase and middletransi-
tion phase are most important. It needsto strengthen
athletes’ explosive power toimprove sarting phase hur-
dling speed, meanwhileit should reasonable alocate
speed rdlations,; ensuremiddle phase speed smooth tran-
gtionwhich devel opstoward balance speed. Hat speed
userate and hurdlerunning coordinate ability istheim-
portant path toimprove hurdle performance, increase
athletes’ running, hurdling coordinatetraining, and pur-
suitimproving speed userate. Especidly hurdlerunning
coordinate ability exercise, coordinate ability increas-
ing, and then athletes hurdlerunning and hurdling per-
fect combined which canimprove 110m hurdle perfor-
manceto great degree.
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