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ABSTRACT

In order toimprove the short stride athletes’ technical action and increase
competition results, this research first establishes the optimal take-off
angle model of hurdles according to the gravity acceleration, resistance
coefficient and other factors. And according to the top three achievements
of the 1980-2012 period nine Olympic Games men’s 110 metershurdles, it
uses gray prediction model to forecast the top three achievements of the
next-two Olympic 110-meter hurdles. The results show that the top three
achievements of the 2016 Olympic 110 meters hurdles are respectively
12.82 seconds, 13.03 seconds and 13.07 seconds; achievementsin 2020
are 12.79 seconds, 13.02 seconds and 13.03 seconds; the achievement of
Olympic Games overall isincreasing year by year. The research result is
conductive to hurdler achievement’s improvement, and provides certain
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scientific basis for its day-to-day training.
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INTRODUCTION

Inthe28th AthensOlympic Games, Chineseahlete
LiuXiangwonthemen’s 110 metershurdlesgold meda
by 12.91 seconds equalling the world record. This
achievement shocked theworld; break thezero record
of gold medal in Chinaeven Asiamen’sshort stride
project. In recent years, more advanced technology is
applied to the short stride project making the
achievements of short stride project have a new
breakthrough. Therefore how to perfect hurdlestechnica
movements more precisely and how to accurately
predict the achievement of short stride project inthe
next few yearshaveimportant significance.

Previous hurdleresearch hasdwaysfocused onthe
wholeprocessof hurdles, and research on starting and

the stride between hurdleshasrd atively matured. The
study on optimal take-off angle of hurdlesare mostly
macro, therearerarely study that cal culatethe optimal
take-off angle according to athlete’s different body
characteristics, forecast on results of the 110-meter
hurdles are mostly predictions on the future
achievementsof an athlete. But for hurdlershenot only
needsto know hisfuture achievements, but also should
know clearly thefutureof theworld’stop leve athletes,
thus can heidentify hisown position and strivetoward
an established goal.

Thispaper first deducesthe optimal take-off angle
of hurdlesonthebasisof thegravity accel eration due,
resistance coefficient, air density, human body mass,
height of the body center of gravity, the frontal area
when the human body is upright, the instantaneous
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horizontal velocity beforetake-off, take-off distance,
theminimum distancefrom body gravity center tohurdle
top, average speed between hurdles, reaction forces of
backward kicking and action time of rear kickingand
other factors. According to the top three performance
of nine Olympic Gamesmen’s 110 metershurdlesin
the 1980-2012 periods, thispaper usesgray forecasting
model to predict thetop three scores of thefuture next-
two Olympic 110-meter hurdles. Throughthisresearch
it providescertain basisfor thehurdler scientifictraining
and for managersto develop along-term plan, making
modest contributionto the devel opment of China’sshort
stride project.

THE OPTIMAL TAKE-OFFANGLE MODEL
OF HURDLES

Theredization of thiswork supposestheavallability
of agreat number of repetitionsof samplesresponding
to the same known theoretical model. In practice, as
thetheoretical moddl is

At themoment of taking-off, thehuman body suffers
theimpact of theinertiaforcethereactionforceof rear
peda andair resistance. Thefollowingisdiscusson of
theimpact of theseforces onthe horizontal velocity.

Inertid forceand reaction force of backward pedd:

Before taking-off, the instantaneous horizontal
velocity generated by theinertia forceisv,, thereaction
force of backward pedal isf, the action time of
backward kicking ist, human body mass is m.
According to themomentum conservation law, we can
see the horizontal velocity of backward kicking
generated by reaction force of backward kicking is

V1= %cos a, a.istheoptimal take-off angle.

Airresistance: sinceitisvery difficult to accurately
describetheresistancein the cross-hurdle processwhen
the body posture constantly changes and the speed
changes. Therefore, it is necessary to do some
simplification®, Wetakethe average speed between
hurdlesV, to goproximately replaceair resistance speed
(the human motion speed). By thistimetheair resstance
to human body is|f = -co4,7;’ cosa.

Wherein A arethefronta areaof the human body,
0 =0001293¢/»* and theactiontimeof theair res stance
is
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Therefore, thefinal velocity generated by theair
resstanceis.

1 ,
i 2 a0s(S —h cosa) =— €LV (S, — hycosa)cosa
v,= coA " cos(S, —hycosar) R0 = ) (2)
my

Therefore obtain the average speed of theair resistance:

1
V.= —j—mepﬁch (S, —h,cosa)cos o ©)

From the above analysis, thetotal average speed
when the human body stepsover thehurdle:

V =V, +V,+V,

V=V,+

%(Eft —cpAV,S,)eosa— F‘LCPAUV_ h,cos’ & 4
1n =M

Thereforethetimefrom human body center to over
thehurdleis:

_ 2m(S, — hycosax)
2mV, + (2 fi—cpAV,S,)cosa —cpAVh, cos’ o )

Thuswecan obtain thefreefall distance i,:

L

1,
h; = S &t “(Strideover thehurdle) (6)

A-\ssumethat point P isthe center of body gravity,
then:

h+h +h-hsine

ts =
e S, — hycoser )
Namdly,
1 .
tana = —/(h, + h, + h)
an 5 h, + h) 6)

=i
Substitute equation (5) and (6) into above equation.
After arrangement the optimal take-off angle satisfies
thefollowing equation:

4 3 : 3 2 .
Aecos" e+ Beos  asing + Cecos” ¢+ Deos” asina +

Ecos’ o+ Feosasinag +Geosa + Hsina + Ttana + K =0 (9)
The above equation isthe optimal take-off angle

equation. ThecoefficientsA,B,C,D,E,FK, T arefunction

of human quality parameters m, h,, A,, dynamic

stereotype parameter v, s,. 4. .- and hurdleheight h,

they are:

A=—(h +hea’

B =S’
C=2(h+h)pa

D =-25,8a
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ACHIEVEMENT FORECAST OF THE NEXT-
TWOOLYMPIC11I0-METERHURDLES

Introduction togrey prediction modd

Thegrey prediction mode wasfirst foundinthe
book gray system theory of Deng-ju Long Professor.
Thebasicprinciplesof themethodis: first accumulate
raw data, form one-time accumul ated series, establish
the model based on the cumulative series, predict the
follow-up value of the cumul ative seriesthrough the
model, and do regressive restoration to the prediction
value of the cumulative series, thereby obtain the
prediction vaueof theorigind series. Specificmodeling
stepsareasfollows:

Suppose  original data  sequence
A0 (P01 A% Q). - %)), Nisthenumber of data.

(1) Conduct accumulationontheorigina datasequence
to weaken vol atility and randomness of therandom
sequence, and obtain the new data sequence
A0 =01 A%2). - 220, induding:

P} = Z xXP(k), t =12,

k=l

+l
P+ = z xP(k). t=12..n

k=1

(2) Egablishthefirst-order linear differential equations

of x®(ryon x® )
ar
(3) Therein,areundetermined coefficients, respectively,
cdled thedeve opment coefficient and gray actuating

guantity. The effectiverange of ais (-2, 2), and

m
+ax" =u

"
J

denote the matrix constructed by, a, uis a =! :
Aslong asfigure out parameters a, u then x® )
canbecd culated, and find thefuture predicted va ue
of (o,
(4) Themean value generation B and constant term
vector Y. of accumul ated generating data, namely:
[0.5(x (1) + x¥(2))
B=0.5x"(2)+xM(3)
05GP =D +2%m) | 7, = x@(2),x7 (@), X))
(5) Use the least squares method to solve the gray
parameter 7, then:

i I‘.
“|=(8"B)'BY,

\u )

(6) Substitutegray parameter  into %}] +ax® =u, and

dx'

drt

solve +ax™ =, Qet:

D)= 0@t
al a

As ; istheapproximation cal cul ated by the least
squares method, so @ (;+1) is an approximate
expression. In order to distinguish from the original
sequence @ (; + 1), thereforeitisreferredtoas @ ; + 1),

Discretefunction expression ;- 1y and (1),
and do subtraction of thetwo in order to restore the
origina sequence 3 and = (1 + 1) get goproximate data
sequence ™(;+1), which is shown as follows:
U +)=xP0+ D -3V

Test the established gray model, the stepsare as
follows
(1) Caculatetheresidud ;) and relativeerror ¢(x)

between ,© and @ (7):
¥ (t)= @@ (1)
P (1)
xO()
(2) Seek the mean value ;@ of origina data and

q(x) =
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variances,.
(3) Calculate the average value g of «“(r) and the
resdua variances,.

54

(4) Calculatethevarianceratio ¢ = S_1

(5) Calculate the small error probability

P = Ple(t)| < 0.6745s,}.
(7) Carry through predictions using themodd:

20 =[f91),50(2), -, 29 (n), 2% (1 +1),--, 7O (n+m)]

Performanceforecast of thenext two Olympic 110-
meter hurdles

Use MATLAB and gray prediction model to
forecast performance dataof the 1980-2012 Olympic
110-meter hurdlesgold, silver and bronze; the original
dataand predictivevaueareshownin TABLE 1 below:

TABLE 1: Theoriginal dataand predictivevalueof the 1980
2012 Olympic 110-meter hurdlesgold, silver and bronze

Year Goldmedal Silver medal  Bronze medal
1980 13.39 134 13.44
1984 13.2 13.23 134
1988 12.98 13.28 13.38
1992 13.12 13.24 13.26
1996 12.95 13.09 13.17
2000 13 13.16 13.22
2004 12.91 13.18 13.2
2008 12.93 13.17 13.18
2012 12.92 13.04 13.12
2016 12.82 13.03 13.07
2020 12.79 13.02 13.03
134
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Figurel1: Changecurveof successvegold medal achievement

Theoverdl changetrend of gold, silver, and bronze
meddist’ previous, present and futureachievementsare
showninFigurel, Figure2 and Figure 3 below:
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Figure2: Changecurveof successivesilver medal achieve-
ment
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Figure3: Changecurveof successvebronzemedal achieve-
ment

2010

CONCLUSIONS

(1) Thispaper establishesthe optimal take-off angle
mode of hurdles. Thismodel overal consdersthe
gravity acceleration due, resistance coefficient, air
densty, human body mass, height of thebody center
of gravity, thefrontal areawhen  thehuman body
isupright, the instantaneous horizontal velocity
beforetake-off, take-off distance, the minimum
distance from body gravity center to hurdlietop,
average speed between hurdles, reaction forces of
backward kicking and action time of rear kicking
and other factors; for different athleteswe can use
themodel to cal culate the optimal take-off angle
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auited totheir own characterigtics, whichisinfavor
of theincreasing of hurdlesathletes’ achievements.

(2) Thispaper usesgray prediction model to forecast
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thegold, silver and bronze medas’ achievements
of 2016 and 2020 two-session Olympic men’s 110
meters hurdles, finding that the Olympics
achievementsin general hasincreased annualy,
which requires hurdles coaches and athletes to
improvetraining effect in the day-to-day training,
andtoimprovetheir performancethroughavariety
of scientific approachesin order to have certain
competitivenessin thefuture competitions.
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