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ABSTRACT

Thispaper usesthe theory of mechanics and mathematical software, studies
the farthest horizontal distance of the shot throwing. It uses genetic
algorithm to obtain the best parameters during the throwing process, and
conducts sensitivity analysis on the influencing factors in the shot
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throwing process, determines the primary and secondary relationships
between the factors. Then on this basis, it discusses the factors affecting
the farthest horizontal distance of throwing, establishes the farthest
throwing models; the athlete can calculate the best throwing angle
according to the height and throwing habit. It tests the model by taking

world-class Shot athletes Randy Barnes as an example.
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INTRODUCTION

Shot put isone of the athleticsthrowing event, it
hasan extremity significant to enhance physique, espe-
cially to devel op the strength of thetrunk, upper and
lower limbs. It appeared in Britaininthe 19th century.
Shortly athletesfrom other countries a so began prac-
ticing shot put. In 1896 thefirst Olympic Gamestook
men’s Shot put asan officid event, and theresultswere
11.22m. In 1948 the tenth Olympi c took women’s shot
put asan officia event, and theresultsare 13.75m.

Athleticssportsdeve op scientificaly, and thethrow-
ing techniques of shot put are constantly improving.
Coachesand athletesstart from themost important fac-
tor that determinestheresults, reformtechnol ogy, change
the oldest method of lungeball pushinginto theside
diding ball pushing, intheearly 1950stheball pushing
fromthesdedevelopsintobal pushingfromtheside.
During the devel opment process of back throwing tech-

nol ogy, therotation method of ball pushing appeared.
Thisway completely changesthe nature of thebd | push-
ing fromthe back in asense, changesthelinear motion
to thecombination of rotary and linear motion.
Thisarticleaimsto get thefarthest throwing model
by studying theinfluencing factorsof shot throwing, ap-
pliesthisequationto thespecific caseof athletes, inthe
casethat athlete’sheight and weight are determined,
anayzestheimpact of throwing ve ocity and throwing
angleonthethrowing distance, and it hassomesignifi-
cancefor theimprovement of theathletes’ performance.

GENETICALGORITHMSANALYSISOF
SHOT THROWING PROCESS

Geneticdgorithmsiscong stent with thetraditional
optimization agorithm ontheideaand applications, but
theobjectivefunction of geneticagorithmusesonly the
fitnessfunction, doesnot usederivativesor other auxil-
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iary information. Therefore, genetic agorithm hasa
stronger adaptive capacity for theproblem. Theitera-
tive processof genetic agorithmsinthecaculationin-
cludestheencoding, sdlection, and crossover and mu-
tation process. Crossover and sudden mutation main-
tainthedivergty of the search space, potentialy hasthe
ability to adapt to the environmental change; genetic
agorithm simultaneoudly search many pointsin space
through eva uation and dimination process, and canfully
search, thusit can quickly globa convergence.

The encoding process of genetic algorithm uses
mathematical coding, the crossover process encodes
by formula(1) and formula(2), the mutation process
encodes according to formula(3):

X1=X1+(1-2)X, @
Xo=X,+(1-A)X; @)
AtY)=y-ra-2)° )
Wherein e (0,) tisthenumber of iterations, T isthe
termination of algebraandp > 0.

Intheiteration cal culation process, the crossover
probabilityise - 0.3, themutation probability isP, = 0.1
2=05, thetermination algebraisT = 1000, and the
populationsizeisN =10 b = 1.5. Thispaper takesthe
internationa women’s4kg shot put competition for ex-
ample, obtainstheresultsshowninTABLE 1.

After throwing out the Shot is aramp throwing
motion process, Ascan beseenfromtheresultsinabove
TABLE 1, under preconditionsof certainbest shot angle,
shot timeisthe process of accumul ation and sudden
release of human biologica energy; and thistimeistoo
short, energy cannot be accumulated, the sudden re-
lease of energy cannot makethistimelong.

Thenthispaper conductssengitivity anadysisonthe
influencing factorsin the process of Shot Put, deter-
minesthe primary and secondary relationship between
thefactors. Sengtivity andysisisthe s zeof theimpact

on the throwing distance when each factors changes.
Factorswith big influence are called sensitive, other-
wiseitisknown asinsensitive. Themodel hasfivefac-
tors (shot angle, shot height, shot power, thetime pe-
riod from beginning to push the shot to shooting out
and the shot speed); dueto thedifficulty of sensitivity
andysisby usingandyticd methods, sowhenthesefive
factors changewithin their respective constraints, the
change range of the throwing distance can be calcu-
lated by numerical method. By comparing the size of
thedifference, determinetheimportance of each factor
onthethrowing distance.

Shot timeusually dependson theconversontime
length of the musclefrom the conceded contraction to
therestraint contraction, subjectsto the constraints of
thetransmission and transformation rule between hu-
man internal kinetic and the potentia energy of muscle
eladticity and other interna reasons.

By comparing the averagerange, intheremaining
four factors, shot speed isthe most important external
factors affecting throwing distance, followed by shot
height. Althoughthevariation range of thethrowing dis-
tance caused by the changes of the shot angleisgreater
than the shot height, thetolerancelimit of the best shot
angleisgresater, i.e., whentheprojectionangleiswithin
acertainrange, the effect on thethrowing distanceis
smdll; dthough theadjustment of thebest shot angleis
important to the stahility of thethrowing distances, but
it does not need to betoo accurate. In practice, differ-
ent athletesshould determine the best throwing angle
suitablefor himacoording to their specific drcumstances.

THE FARTHEST THROWING MODEL

Modeling

Thisarticlesmplifiesthethrowing processof ath-
letesasshownin Figure 1 bel ow.
The maximum throwing heighth of shot put

TABLE 1: Relevant parameter sof shot

Name Shot angle Shot height Shot force Shot time Speed
Value ranges of independent variable 0-46 1.8-2.15 0-226 0-0.25 0-2.3
Vaues of independent variable 35.77 21 225 0.24 2
Shot speed 14.09
Throwing distance 21.78
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Figurel: Thesimulation of Shot throwing
ish=n+h,=2g*, the flight timet of shot put
. vsing . . .
ist= g thetota flight distance sof theshot is.

S=X +X,
X, =Vvcosf*t,
X, =VCcosf*t,

vZsin26 v?sin26, v®cos’é
g ( )+ ( )
g g g
When thethrowing distanceisthe maximum, we
havethefollowing reationship:
g
g+v?/h

Namelys=

Cc0s20 =

Whereino < 26 < 90°, cos 26 hasamonotonoudy increes-

ing trendinthedomain of definition, wehave:
(1) Heightisconstant, throwing angleandthrowing ve-

TABLE 2: Throwing Shot data

Throwing Throwing M easured
Order

speed m/s angle results
1 13.81 37.6 20.95
2 13.96 38.69 21.34
3 14.01 38.78 21.24
4 14.15 37.75 2254
5 13.89 39 21.41
6 14.35 36.57 22.85
7 14.24 40 22.45
8 14.08 394 22.01

365
13.8

1 1 L 1 1
139 14 141 1472 143 144

Figure2: Scatter diagram

locity ispositively correlated

(2) Thethrowing velocity isconstant, throwing angle
and throwing heightisnegatively correlated
Then throwing angleformulathefarthest throwing

g
g+vi/h-

distanceiscos20 =

M odel application

According to the above model, apply it into the
shot put of world-classathlete Randy Barnes (with height
of 1.94mandweight of 137kg); assumingthat hisinitial
throwing velocity isgenerdly 13.8-14.5m/s. Measured
resultsare between 20m-23m (, themaximum distance
of theworld record holder is 23.12m) and thedatais
showninTABLE 2.

Accordingto TABLE 2, taketheinitial throwing
velocity asthevariableand fit out the equation onthe
throwing angle, and draw ascatter plot of thethrowing
velocity and throwing angle, the proceduresand results
areasfollows:.

The scatter diagram code (resultsareshownin Fig-
ure2):
p=[13.81;13.96;14.01;14.15;13.89;14.35;14.24;14.08;];
u=[37.6;38.69;38.78;37.75;39;36.57;40;39.4;];
plot(p,u,™**); A=palyfit(p,u,3);
a=A(1),b=A(2),c=A(3),d=A(4);p1=13:0.1:15,
ul=polyva(A,pl);
plot(pl,ul,p,u,’0’)

Thefitting diagram code (resultsareshownin Fig-
ure3):
p=[13.81;13.96;14.01;14.15;13.89;14.35;14.24;14.08;];
u=[37.6;38.69;38.78;37.75;39;36.57,;40;39.4;]
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Figure3: Figureof thefitting equation

ul=polyva(A,pl);
plot(pl,ul,p,u,’0’)
Get thefitting equation y=-47.7794* x"3+1994.6* x2
+-27749* x+130000

According to thefunction formulaof throwing ve-
locity and throwing distance and throwing height, be-
causethethrowing height differslittle, theimpact on
the performance is not outstanding, soitisset asa
fixed value. Assuming thethrowing heightis2.01m,
set thisvalue asthe constant val ue, you can get the
corresponding rel ation between throwing speed and
throwingangle.

TABLE 3 shows that the throwing distance and
throwing velocity ispositively corrd ated; whenthedis-

A=polyfit(p,u,3); tanceisthe maximum, thethrowing speedis14.00m/
a=A(1),b=A(2),c=A(3),d=A(4); s, the throwing angle is 37.27 degrees, at this time
p1=13:0.1:15; Barnesget the best resultsthrowing the shot.
TABLE 3: Throwing speed and throwing angle
Throwing speed 1350 1360 13.70 13.80 13.90 14.00 1410 1420 1430 1440 14.50
Throwing distance ~ 21.32 21.63 21.94 2222 2247 2262 2256 2205 2072 1811 14.03
Throwing angle 3805 3850 3892 39.04 3858 3727 3485 31.06 2564 1836 897
chanicsAnalysis of Release Angle in Shot Putting
CONCLUSIONS [J]. Journal of Xuchang University, 24(2), 50-54

Themodd combinestheinstance of shot put cham-
pion Barnes, conducts adetailed study of the specific
impact of thethrowing speed, throwing angleand throw-
ing height on throwing distance, and by quantitativecal-
culation, obtainsthe best throwing anglesfor Barnes,
and how to throw in the training process should be
throwing, and provides areasonabl e and efficient ref-
erenceto Barnes. Different people should choose dif-
ferent training modes, so players should choosetheir
ownwaystoimprovethe throwing performance.
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