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ABSTRACT

This study conducts dynamics analysis on accel eration phase and uniform
phase of the sprint, finds that athletes whose physical condition is not
dominant can compensate for this deficiency by changing angle 6 between
the reaction force F and the ground. Build nonlinear regression models
according to the scores of thetop three of the past 30 years’ track and field
world championships men’s hectometer. The research results show that
the top three time and annual of men’s hectometer are in negative
correlation, indicating that men’shectometer scoresare steadily improving.
Conduct scoresforecast on the top three of the 2013 track and field World
Championship men’s hectometer, the performance is 9.84 seconds, 9.97
seconds and 10.01 seconds respectively. This study helps athletes to
strengthen the key proj ectstraining on the basis of comprehensivetraining,
to improve their physical fitness, and thusimprove competition scores on
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certain degree.

INTRODUCTION

Hectometer war, especially the men’s hectometer
war always getsattention with thefastest speed of hu-
man sport. In recent years, coaches and athletes re-
search on hectometer technology isgetting sma ler. Hec-
tometer scores also have steadily increased. Especialy
withtheriseof Bolt, headvanced thehumanlimitintoa
new level. Each of hisappearanceswill bring oneof the
biggest questionstothe audience: “Can hecresteanew
miracle?’ Hectometer movement asthe human extreme
sports, eventhe 0.01 secondsupgradingisaquditative
changeprocess. So morerationaly usetechnica move-
mentsand accurately measurethevarious stepsinrace
that may affect the performance help alot for the per-
formance enhancement.
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Inrecent years, related scholars have conducted a
lot of forecast research on hectometer scores, such as
Prendergast oncehave stated whether the human speed
limit exists. Peronnet got the conclusion that thelimit
time of men’shectometer is9 secondsthrough study.
By studying the data of 50 years hectometer world
record, obtain that the speed to increase the sprint’s
performanceisannually increasing about one-thou-
sandth, also point out that thereisno limit for men’s
hectometer speed. Seile Hazel wood even predicted the
men’s hectometer time of 0-5038 years, but therewas
acontradictionintheresults. Some scholars pointed
out that the Hazelwood prediction mode isinaccurate
through theoretical and practical research.

Thisstudy first conducts dynamicsanaysison ac-
celeration phase and uniform phase of the sprint; then
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establishesanon-linear regression model accordingto
the 1983-2011 World Championships Men’s hecto-
meter performance and proceeds prediction on future
hectometer performance. Theresearch intendsto pro-
videguidancefor thetechnique perfection of sprint ath-
letes, and offer certain basisfor coachesand athletesto
make |long-term practice plansthrough future perfor-
mance prediction.

SPRINTER KINETICANALYSIS

Thefirst stepfor dynamic anaysisisto set param-
gers:
: Themassof theathletes
. Gravity acceleration
: Thereactionforceof theground

m Q 3

: Ve ocity of buildup running whentheright pawing
foot leavestheground

v,: Theinstantaneous speed of buildup running when

theleft foot landed on theground

v, Velocity of buildup running when theleft pawing

foot leavestheground
|: Athletessteplength
h: Thehighest point of theAthletesgravity center
t: Athletesflighttime
k: Proportiondity coefficient

Athletesget reaction force E by theground when
running. Part of thisforceisthemotivepower that makes
athletes run forward, part of it appliesto the height
change of itscenter of gravity, sothedirection of reac-
tionforceshould obliqueupward, havinganangle g with

=

theground. ThedaticfrictionforceF, = F cos@ namdy
motiveforceF, = F siné. Suppose: Thevelocity of
buildup running when the right pawing foot |leavethe
ground s v, ; theinstantaneous speed of buildup run-
ning when theleft foot landed on thegroundis v, ; the
vel ocity of buildup running when theleft pawing foot
leavethegroundis v,. Themagnitudeof g determines

theathletesfight time, effect thevaueof v, , findly de-
terminesthetimethat athletes accel erateto the maxi-
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mum speed. When the athl etes go through steady run-
ning and body forceexertion g decreases, the speed
can bereduced by changingthesizeof g.

Athlete’sbuildup running stage:
According to energy conservation theorem

mvz2 _ mvl2 __ k(V12 +V22)|

2 2 2
l+k|—
M m
Ve 1- Kk —
m

\ I
We know that V—l and m arein positive propor-
2

tiond relationship.
When athletesriseinto the sky, heonly receivesthe

resistance; it is a deceleration phase. Because v, is

accelerated on the basis of v,, the athletes hope the

I
closer v, to v, thebetter. Thevalueof m needsto be

smdl and hastheoptimal vaue.

8h
Athletesflighttimet= \/% , combinewiththeen-

2
mv,

ergy conservation theorem mgh= >

positive proportion.
Inorder to reducetheresistanceeffectingtime, and

,tand F arein

t

- | .
=Y+, compare — with theoptimal value, athletes

withalarger valueshouldreduce F, inorder toreduce
theflight time, i.e. reducing theintersection angle g.
Thereduction of theangle g will leadto theincrease of
F; ,theincrease v, will decreasethetimethat athletes
need to accel erate to the maximum vel ocity.

Athletes on the way-ran stage %_k\,z =a,

When v= /FCTOSH , ahletes speed reaches the maxi-

mum.
After asteady running, Athletes’ physical exertion
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F Wwill bereduced. Dueto F; = F cosé, appropri-

aedy reduce g to compensatefor the decreaseof F,
accordingly reducethe speed decreases

FORECAST MODEL RESEARCH OF HEC-
TOMETERSSCORES

Sincereltionship betweenthepreviousworld best
hectometers scoresand timeisnot alinear nor some
kind of smplecurverdation, thisstudy established pre-
dictivemodelsof hectometer performanceusinganon-
linear regression analysismethod.

Brief introduction on nonlinear regression

Nonlineer regressionisanonlinesr modding method
on responseand independent variables. It appliesfor
materialsthat even after variabl etransformation still
cannot be converted tolinear form. The nonlinear re-
gressionmode isusudly expressed as:

Y= F(X11 &1...lxm;ﬂilﬂ2!...1ﬂr)+8

Intheformula X,, X,,---, X,, represent theindepen-
dent varigble, and the number of independent varicbles
can beone or morethan one. Parameters 4,,5,,--, 8,
represent thepartial regression coeffident of themodd,
reflecting the quantity dependency rel ationship of inde-
pendent variablesand responsevariables. Y isthere-
sponsevariable, ¢ istherandom error term. Carry out
ntimes’ independent observation oneachvarigble, i.e.
whenthesamplesizeisn, theresulting detais:

(% X201 X V) =L 2-,N)

Substitute the above sample into the non-linear

model, wecan obtain:

Y% =F()Q:l.'xtzl"'1)Sn;ﬂ11ﬂzr"’lﬂr)+8t t=@2,2--,n)

Independent variables and theresponsevariables
inthemode aredll aready knownvarigbles, only par-
tial regression coefficient is unknown, so the above
mode canbewrittenas:

Y=F(B)+e
Wherein:
Y A &
v=|%| p=|%| E|
w ) la

We can obtainthe partial regression coefficients
Bu: B+, B, usingtheleast squares criterion, and can
obtain non-linear regressionmodel. Iterative process
of theleast-squares method starts from certain 5@ ;
accordingto X and Y calculatesA and selectsthe ap-
propriatek, so that thefoll owing equation holds:

L(B? +kA) < L(B?)

Inthenextiteration use g +kA instead g, re-
peet the above processuntil theerror squaressum SSE
reachestheminimum. Thefina valueof Bisleast squares
estimatevalueof nonlineer regression model; then build
anon-lineer regression modd.

Therearemany methodsto conduct iteration using
least squares estimation, such asthe steepest descent
method, Gauss - Newton method, Newton method,
Marquardt method and DUD method. Hereweonly
introducetheiterative process of Marquardt method.

The Marquardt method is also called the damped
least-squaresmethod, theformulais:
A=(X"X+Adiag(X'X))*X'e

Inaboveformulai. isdamping factor. When 4 - o0,
this method is the Gauss - Newton method; when
A - « , that isthe steepest descent method.

Usudlly take 4 =102 astheinitia vaueand calcu-
late A. When L(8® +kA) < L(8?), take A=A/10 to
conduct nextiteration; when L(8 +kA) > L(8®), teke
A=A* 10tore-startiteration

Data collection

Select thetop three scores of the 1983-2011 World
Championship men’shectometer, thedataarelistedin
TABLEL
Draw scatter chart

Draw scatter chart on time and top three scores;
theresultsareshowninFHgure 1, Figure2 and Figure
3.

We can seefrom the charts abovethat thereisno
linear rel ati onship between the annua and scores, and
should use nonlineer regressionto andyze.

Nonlinear regression modd results

Takerespectively thescoresof al previouscham-
pions, runner-up and second runner-up astheresponse
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variable; takeyear astheindependent variable. Con-
duct non-linear regressionfit, thegpplied non-linear func-
tionis y = Ingamma(a+b* x) , fitting resultsare shown
inTABLE 2.

TABLE 1 : Top three scores of the 1983-2011 World
Championshipsmen’shectometer

time champion runner-up third place
SCcor es scores scores

1983 10.07 10.21 10.24
1987 9.93 10.08 10.14
1991 9.86 9.88 9.91
1993 9.87 9.92 9.99
1995 9.97 10.03 10.03
1997 9.86 9.91 9.94
1999 9.8 9.84 9.97
2001 9.82 9.94 9.98
2003 10.07 10.08 10.08
2005 9.88 10.05 10.05
2007 9.85 9.91 9.96
2009 9.58 9.71 9.96
2011 9.92 10.08 10.09
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Figurel: Scatter chart of all previouschampionship scores
andtime

Threenonlinear regresson model srespectively ae:
Champion: y = In gamma(14.97 — 0.003x)
Runner-up: y = In gamma(14.253-0.003x)
Thirdplace: y = In gamma(12.653 - 0.002x)
Ascanbeseenfrom TABLE 2, theyear and hec-
tometer timeof champion, runner-up and second run-

ner-up showed anegative correation, indicating that as
time goeson thefuture hectometer timewill be shorter
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Figure2: Scatter chart of all previousrunner-up scoresand
time
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Figure3: Scatter chart of all previousthird placescoresand
time

TABLE 2: Fitting resultsof threenonlinear regresson model

Model name R? a b
champion 0.875 14.97 -0.003
runner-up 0.832 14.253 -0.003
third place 0.837 12.653 -0.002

and shorter, i.e. men’shectometer scoreswill be better.
Respectively usethe non-linear regression model of
champion, runner-up and third placeto predict the per-
formance of thetop three men onehundred metersin
the 2013 World Championships, cal cul ate scores of
thetop threerespectively are 9.84 seconds, 9.97 sec-
ondsand 10.01 seconds

CONCLUSIONS

This study conducts dynamics anaysison accel-
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eration phaseand uniform phase of the sprint. Athletes
get reactionforce g by theground when running. Part
of thisforceisthe motive power that makes athletes
runforward, part of it gppliestothehelght changeof its
center of gravity, sothedirection of reactionforceshould
obligueupward, havinganangle gwiththeground. The

daticfrictionforce F; = F cos@ namely motiveforce
F. =Fsind. Suppose: Thevelocity of buildup run-

ning whentheright pawingfoot leavethegroundis v, ;
theinstantaneous speed of buildup running when the
left foot landed on the ground is v, ; the velocity of
buildup running when the left pawing foot leave the
groundis v,. Themagnitudeof ¢ determinestheath-

letesflight time, effect thevalueof v,, finaly deter-

minesthetimethat athl etesaccel erateto the maximum
speed. When the athl etes go through steady running
and body force exertion g decreases, the speed can
bereduced by changingthesizeof ¢.

Build nonlinear regresson mode susing thescores
of the top three of the past 30 years track and field
world championships men’s hectometer, and conduct
forecast on men’shectometer scores of the 2013 track
and field World Championshipsusingthemodel. The
results show that men’shectometer scoreshas steadily
improved. Predicted scoresof thetop threeof the 2013
World Championship men’s hectometer is9.84 sec-
onds, 9.97 secondsand 10.01 seconds respectively.
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