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ABSTRACT KEYWORDS
In this paper, through fitting, logistic model (retardant growth model), Logistic model;
multiplelinear regression models, nonlinear regression models, it conducts Simulation;
analysis and prediction on high jump using computer software, obtains Nonlinear multiple regression;
the corresponding function, and according to the function predicts the Jump performance.

achievements for the next Olympic. Study found that due to human body
function and other factors, the men’sultimate achievement will reach 2.4024
m, and women will reach 2.1173 m. We establish the scatter diagram of the
domestic elite male athlete’s various physical fitness indicators and high
jump performance, and finds that it does not meet the linear relationship.
Thus we use nonlinear regression models to analyze the domestic men
jumper’s physical fitness, wherein we also use the stepwise regression
model. From the stepwise regression figure, we can clearly see correlation
between the high jump scores and the run-up reaching height is very
strong, while the correlation with other factorsisweak.
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INTRODUCTION Thisarticle blendsthe computer technol ogy and
mathematical modeling ideasinto physical training,
guantizesmoredatato andyzetheadvantagesand dis-

advantages of athletesto help them carry out amore

With the devel opment of scienceand technology
and the continuousimprovement of competitive sports

standard, theapplied research of “Mathematica Modd”
inthe sportsfield ismorewidely. Through the estab-
lishment of mathematical model, precisonandysiscan
provideascientific basisfor trainings athletes. Many
high-level sportsteamsarequitevisionary, through the
collection and analysison athletes’ physicdl, technicd,
psychologica and athletic ability level indicators, train-
ing methods, training load, training volume and other
information, for supporting training and decis on-mak-
ing, anditishighly effective.

rational and moretargeted sportstraining.

ANALYSISAND MODELINGTO SOLVE
PROBLEMS

Performance pr ediction model
Retar dant growth mode assumes

We assume that the athlete’s jump performance
growthrate| isalinear decreasing function of jump
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origina score x , that is, withtheincreasing of thehigh
jump performance, the high jump performance growth

ratewill gradudly decline:
I’(X) =l —X @

Athlete’shigh performanceathleteswill eventualy
reach saturation, and tends to a constant x,,, when

X = X, thegrowthrateisof O:

r,—sX,=0 @
From the above equation we can obtain:
-rl1- X

r(x)—ro[l X,nj ©)

Subdtituting the aboveformula(3) into equation ex-
ponential growth model, and using theinitial condi-
tionsx(t0) = xO wecan obtain:

% =T, (1— XJX
X @
x(t0) = x0

Wehave solution of formula(5):

X(t) = Xm

1+ (1‘8 —1]e"“‘*0> ©)

Symbol definition and description

I , Thegrowth rateof athletes’ jump perfor-
mance
X , Theorigina scoreof jJump

X, , Limitation of jump performance

Modeling and solving

TABLE 1: The champion scoresof men’sand women’shigh jump in each session of Olympic Games

Sessions 1 2 3 4 5 7 8 9 10 11
Years 1896 1900 1904 1908 1912 1920 1924 1928 1932 1936
male(m) 1.81 1.90 1.80 1.90 1.93 1.93 1.98 1.94 1.97 2.03
female(m) 1.59 1.657 1.60
Sessions 14 15 16 17 18 19 20 21 22 23
Years 1948 1952 1956 1960 1964 1968 1972 1976 1980 1984
male(m) 1.98 2.04 2.12 2.16 2.18 2.24 2.23 2.25 2.36 2.35
female(m) 1.68 1.67 1.76 1.85 1.90 1.82 1.92 1.93 1.97 2.02

Sessions 24 25 26 27 28 29 30
Year 1988 1992 1996 2000 2004 2008 2012
male(m) 2.38 2.34 2.39 2.35 2.36 2.36 2.38
female(m) 2.03 2.02 2.05 2.01 2.06 2.05 2.05

Theprediction mode of men’sperformance x(14) = 1.68 formula(8) can be obtained:

Usngtheinitid conditions x(14) = 1.98formula(6) dx «

can be obtained: — =TI, 1-—|X
dt X @®
ax_ . (1_LJX x(14) = 1.68
da  °7 x
m (6) Wehavesolution of formula(9):
X(14) =1.98
. X(t) = X2
Wehavesolution of formula(7): . X2 )z )
x 1 1.68
X(t) = m . - .
x 1 We can usethe existing datafitting and obtain the
1+| 0= —1 e ) _
1.98 solution X,1=24024, r1=0.20934;

Similarly, for women, usingtheinitia conditions

X,2= 21173, r2=0.15309. We can predict the
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champion scoresfor maeandfemadehighjumpinthe3l
Olympic Games in Rio de Janeiro respectively are
2.3845,2.0707.

Figure 1 bel ow showsagrowth curve of champi-
onshipresultsfor both genders:
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‘The Otympic Games

The Olympic Games

Figurel: Theperformancegrowth curveof maleand female
champions

Theimportant factor affecting men’shigh jump
performance

Theimportant factor affectinginter national men’s
high jump performance

() Stepwiseregression

Accordingtothedatagivenin TABLE 2, weana
lyzeand obtaintherelevance of physical fitnessindica

————, FyurL PAPER

torsaffecting high jump scoresand high jump perfor-
mance. Draw scatter diagrams2-9of Xi (i=1, 2, 3, 8)
andY, and determinethelinear correlation of X and Y.
From Figure 2-9 we know that X1, X8, namely the
scores of road run 30m, 100m run have no correlation
with jump scoresY, at |east therelevanceisnot strong
asother factorswith the high jump score; so whenfit-
ting the regress on equati on the scores of road run 30m,
100m runwill not be considered. Thefollowingisthe
scatter diagram and residud andysisdiagram of thetop
15 international men’sphysical fitnessindicatorsand
high jump scores.
We obtain theregression equation (10):

y~=0.38+0.19999* x2 (10)

(2)Generaterandom number sfor mode checking

Thecdculation of highjumper’ physica indicators
arecong stent with uniform random distribution, and we
can usearandom number generation method to detect
themultipleregression equation that we get.

Random number generation method: Firstly, usethe
rand functionto generateaset of 0-1 evenly distributed
random number R, and to generateauniform random
number inthe(N, M),Y =N +R* (MN), to produce.

The use of random numbers generation method:

TABLE 2: Variousquality indicator sof thetop 15 inter national malehigh jumpers

Barbell
) ) Run-up
High Jump 30m Triple Run-up Backward deep Barbell

_ 4-6 steps ) 100M

Performance road Long reaching high throwing squat half squat s

m run Jump height (clear mp shot M kg coefficient X8

Y X1 Mx2  height)Mx3 M x4 X5 X7
X6

1 2.4 2.6 10.1 1.25 2.25 16 200 2.55 10.7
2 2.31 2.9 9.65 1.18 2.18 15 177.5 2.32 10.9
3 2.39 2.7 10.05 1.24 2.24 15.9 197.5 2.52 10.8
4 2.33 2.9 9.75 1.19 2.19 15.3 182.5 2.37 10.9
5 2.37 2.8 9.95 1.22 2.22 15.7 192.5 2.47 10.8

6 2.27 3 9.45 1.16 2.15 14.2 170 2.2 11
7 2.35 2.8 9.85 1.2 2.2 15.5 187.5 2.42 10.8
8 2.34 2.9 9.8 1.19 2.2 15.4 185 2.39 10.9

9 2.28 3 9.5 1.16 2.16 14.4 170 2.24 11
10 2.32 2.9 9.7 1.18 2.18 15.2 180 2.34 10.9
11 2.36 2.8 9.9 1.21 2.21 15.6 190 2.45 10.8
12 2.3 3 9.6 1.17 2.17 14.8 175 2.29 10.9
13 2.29 3 9.55 1.17 2.16 14.6 172.5 2.26 10.9

14 2.26 9.4 1.15 2.14 14 176.5 2.18 11
15 2.38 2.7 10 1.23 2.23 15.8 195 25 10.8
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Figure7: Thereevanceof barbell deep squat and high jump
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Figure8: Theredevanceof barbell half squat coefficient and can beconsidered asoutliers)

high jump score bring it to our regression equation and use MATLAB
24 + . . : : : softwareto get agroup of athlete’s sports performance

showninTABLE 4 below:

Theimportant factor affectingdomesticmen’shigh
jump performance

UseMATLAB drawingtoolstodraw the X-Y scat-
ter plots11-17 of various physical indicatorsaffecting
athletes’ sports performance and athletes’ jump per-
formance. It can beintuitively concluded fromthe Fig-
ure: thereisno obviouslinear correl ation between high
T jump performanceand jumper’sphysica fitnessindi-
cators. Thus we cannot take advantage of the linear
regression equation to give prediction models.

The scatter plot of various physical indicatorsaf-

¥ ¥ # * F

2351

231

* % ¥ ¥ % #

2»25 1 1 1 1 1 I
1065 107 1075 108 1085 109 1095 11
Figure9: Therelevance of 100m run and high jump scor

TABLE 3: Thecomparison of original dataand predicted data

No. 1 2 3 4 5 6 7 8 9
Original score'Y (m) 24 231 2.39 233 237 227 235 234 228
Predicted scorey™(m) 2400 2310 2390 2330 2369 2270 2349 2339 2279
No. 10 11 12 13 14 15

Origina score Y (m) 232 236 23 229 226 238
Predicted scorey™m) 2319 2.360 22999 2290 2259 2.379

TABLE 4: Thehigh jump resultsobtained by usingthemethod of gener ating random number s

No. 1 2 3 4 5 6 7 8
Score 2.365 2.295 2.3308 2.357 2.38 2.394 2.336 2.279
No. 9 10 11 12 13 14 15
Score 2.280 2.296 2.377 2.295 2.373 2.294 2.390
fecting athletes’ high jump performance: ure 13 showsthat inthevariousphysical fitnessfactors

(2) We use the stepwise regression function in  affecting theathlete’shigh jump performanceonly X3
MATLAB softwareand cometo thesameresult; Fig- namely run-up reaching height hasalinear correlaion

s BioTechnology

An Tudian Yourual




1544 The relational model of athlete’s physical fithess indicators and jump performance BTAIJ, 8(11) 2013

FULL PAPER o

TABLE5: Thevariousquality indicator sof domestic malehigh jumpers

. . Barbell Barbell
. Standing Standing Run-up
High Jump ] ) deep squat half squat
No. Long Jump Vertical reaching 100m 30M
Performance ]
m Jump €M height kg kg
1
1 2.19 3.15 90 3.6 155 320 11.4 3.7
2 2.21 2.9 80 3.6 165 320 10.76  3.45
3 2.18 3.2 90 3.5 145 260 11.2 3.56
4 2.2 3.11 86 3.43 110 260 10.75 3.44
5 2.39 3.11 94 3.71 125 200 10.9 3.43
6 2.12 2.95 75 3.52 140 220 11.8 3.65
7 2.2 3 80 3.52 110 300 115 3.7
8 2.18 3.2 95 3.43 165 310 11.5 3.7
9 2.12 2.86 84 3.4 140 290 12.1 4
10 2.08 2.9 85 3.35 130 280 11 3.6
11 2 3.2 90 3.25 150 305 11.3 3.6
3 ; . ; : : . 3
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Figure13: Therelevance of run-up reaching height s and

Figure11: Therelevanceof standinglongjump and domestic  gomestic men’shigh jump score
men’shigh jump score
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Figure17: Therelevance of 30 mrun and domestic men’s
high jump score
with thehighjump results. So for thedomestic men’s
highjump results, we can usenonlinear regresson meth-
odsto predict.

Nonlinear regression equation: (1) Non-linear re-
gression is one function fitting prediction method
adopted when thelinear correlation of moreindepen-
dent variabl es affecting dependent variable and the
dependent variable is not strong. We can use the
MATLAB built-infunctionsto give predictions. (2)
Regression may use one of thefollowing two com-
mands: © the order to determine regression coeffi-

TABLE 6: Thepredicted model generated by nonlinear regression model

No. 1 2 3 4 5 6 7 8
Original score 2.19 2.21 2.18 2.2 2.39 212 2.2 2.18
Predicted score 2.2313 2.1923 2.1741 2.1686 2.3982 2.1257 2.2023 2.1485

No. 9 10 11
Original score 212 2.08 2
Predicted score 2.1041 2.1046 2.0198

cients: [betra, r, j] = nlinfit (X, Y, ‘model’, betr0)
whereintheinput dataX, Y are[n, m] matrix andthe
n-dimensional columnvector; betrOistheinitia value
of theregression coefficients. Betraisthe estimated
regression coefficient, r (residual), Jistherequired
datato estimate the prediction error. @ nonlinear re-
gression command: nlintool (X, Y, ‘model’, beta0,
aplha). The prediction results generated by nonlinear
regression modelsareshownin TABLE 6.

The parametersare as defined above, alphaisthe
significanceleve, thedefault valueis0.05. Command
produces an interactive screen; the picture hasthefit-
ted curveand the confidenceintervasof Y, asshownin
Figure 18. For somenonlinear regression into wecan
asolinear regressionto predict; the comparison of do-
mestic men’sprediction performanceand therea per-

formanceisshowninFigure 19.
Stepwiseregression chart:
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Figure 18 : The stepwiseregression chart of the domestic
men’squality indicatorsand high jump performance
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Figure19: Thecomparison chart of domestic men’spredicted
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CONCLUSIONS

In this paper, through scatter diagram and multi-
variatelinear modd anaysis, international men’svari-
ousqudlity indicatorsaremainly related with triplelong
jump, run-up reaching height (clear height), run-up 4-6
stepshighjump, backward throwing shot, barbell deep
suatsand barbe | hdf squat coefficient. Domestic men’s
variousquality indicatorsare greatly related with the
run-up reaching height, whilethe correlation with the
high jump, standing long jump, standing vertica jump,
sguat deep barbell, standing barbell, 200m run, 30m
runarereatively not obvious.

According to theanalysis, the physical indicators
affectingjumpersalso haslimitsin theory. We can use
thelogistic retardant growth modd to predict thevari-
ousquality indicators, predict thelimitsof variousqua-
ity indexes, subgtitutetheresultinglimit valuesinto the
regress on equation, and obtainthejumper’shigh jump
[imit value. We simply call thismethod asthe multi-
dimensional logistic retardant growth model. Dueto
space issues, this article doesn’t write the specific
model, but givesthis prediction method, whichisin-
deed effective.

But thissituation does not always happenin real
life. Though athletes attended high jump areworld dlass
athletes, thelimit values of the physical indicatorsaf-
fecting high jump achievement can hardly bereflected
to one person. When sel ecting new athletes, we still
need to seeavariety of physical indicators.
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