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ABSTRACT

In order to improve the achievement of high jumpers, this study first
approximately launches a jump height model based on the three stage
model as the run-up, take-off and crossing bar. In the take-off stage, to
accelerate the run-up vel ocity and strength athlete’ the power to jump are
two main directions to enhance the performance. And to increase the
take-off velocity in the crossing bar stage plays an important role in
enhancing the results. Then based on the men’s and women’s high jump
champion achievement datain the Olympic Games, this study establishes
the block growth prediction model of men’s and women’s high jump
performance and predicts that the scores of men’s and women’s high
jump champion of the 30th Olympic Games are accordingly 2.3845m and
2.0707m. The predicted results are highly in coincide with the existing
30th Olympic Games results of men’s and women’s high jump, which are
2.38mand 2.05m respectively, indicating that thismodel issuitablefor the
prediction of high jump performance and can provide areference for the
training work of high jump coaches and athletes..

© 2013 Trade SciencelInc. - INDIA

KEYWORDS

Highjump;
Block growth model;
Dynamic model;
Prediction.

INTRODUCTION

After 100 yearsof deve opment, thehigh jump has
reached avery high level. Whereas, studieson thedy-
namicsand mechanica characteristicsof thehighjump,
aswell ason predicting athletes’ performancetill have
great sgnificanceto promote theimprovement of the
jump highlevel. Therearealargenumber of scholarsin
the past studying onthedynamicsof thehighjump, but
mostly they focuson theanays sof thekinematic char-
acteristicsof all aspectsof highjump. And studieson
thevariousstagesof movement of theathleteasawhole

arevery rare. Infact, different technical stagesof the
high jump are closely linked. Therefore, to conduct
mechanicd andyssof thehighjumpers’ heightingen-
era isvery necessary. Highjumpresultsareinarising
processand scientific predictionsof futureachievements
can specify the day-to-day training of athletes. Inthe
past, prediction onthe high jump performanceisusu-
ally about the game time and scores based on there-
gression model and gray prediction model. However,
with the gradually slow growth rate of the high jump
achievements, thepredicted resultswith theabove meth-
odstend to havelarger differenceswiththeactua stua-


mailto:tiyuxi@qq.com

1338

Prediction and dynamic model of high jump performance

BTAIJ, 8(10) 2013

FULL PAPER o

tion.

Inthisstudy, first create adynamic model of the
highjump height and andyzethevariousfactors’ effect
on thejump height. Then establish block growth pre-
diction model according to the men’s and women’s
championship resultsinthe Olympic Games. Thisstudy
amsat providing certainreferencing basisfor thetrain-
ing work of high jump coachesand athletes.

RESEARCH ONTHEDYNAMIC
MODEL OF HIGH JUMP

Fundamental analysisof thehigh jump processand
height
TheFosbury Flop can bedivided intothreesteps:
(1) Run-up: run-uplineisgenerdly “J’. The prepa-
ratory segment of therun-upisastraight lineor asmal
curvatureline, and then graduadly transfersto arc, with
thearc curvaturefrombigto small, togradually increase
thebody’ interna frequency. (2) Take-off: the horizon-
tal velocity obtained from the run-up can berapidly
transferred to vertical upward movement vel ocity, so
that the body i sfully upward Jumping and ready to cross
thebar. Take-off action can bedivided into thejumping
leg’slanding, buffering and stretching, three stagesin
general and the coordination between the swing legs
and arms. (3) Crossing bar and landing: the crossing
bar isto makefull useof thetake-off flight timeto change
body posture, and take advantage of therange of mo-
tion of the body and rotate over the bar.
High jump height 4 iscomposed of threeparts:
(1) H,: Theheight of body center of gravity before
vacation. It depends on the athlete’s height and leg
length, and apparently the athleteswithtal height and
longlegshaveadearly advantageontheheight of gravity
center. It can be decomposed intoh,, h, . h meansthe
height from the ground to the body center of gravity
when thekneesbuffer to the greatest extent sincethe
take-off foot’slanding. h, meanstheresult that theheight
of body center of gravity at the take-off moment mi-
nush . (2) H,: Theverticd disancefromthehighest point
inthevacation to the height of body center of gravity
height beforethevaceation. (3) H, : Thevertical distance
from thebody center of gravity to crossbar inthe high-
est point of vacation. It dependsontheair posturewhen
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theathl etereachesthe highest point and thebody move-
mentswhen crossing therod.
H=H,+H,+H,

Construction of themathematical modd

Run-up stage: Assumptions:. The preparatory seg-
ment of run-up isuniformly accel erated linear motion.
The curvesegment isvariably accel erated circular mo-
tion. Do not consider theresistancefromwindsto the
body. Manistaken asaparticle.

Symbol Description: a-Acceleration of the uni-
formly accelerated linear motion; - Friction suffered
by thebody; r- Radiusof thecurve.

Theeventudly established mathematica model is:
Linesegment: v=axt; Curvesegment:\2 _FxR/m

Take-off sage: Modd assumptions, Buffering stage:
from thelandingto the hopping foot to knees’ buffering
to themaximum extent. Asthistakesplaceinaningant,
the dropping of the center of gravity can be regarded
asauniform dece erated motion. And the body receives
only thesupportiveforceinthevertica directionfrom
theground, gravity and theresistancein the horizontal
direction. Changes of horizontal vel ocity and vertical
velocity areindependent of each other.

Kicking stage: the center of gravity isonarapid
shift and thethighskick straight. Besides, the center of
gravity of thepersonisinthesamelinewiththereaction
force. Thehuman body isin upward swingintheverti-
cd direction. Thishagppensinashort timeand theforce
inthisprocessis constant force, so this stage can be
approximately regarded as a uniformly accel erated
motion.

Theeventually established mathematical model:
Buffering:
Horizonta direction: —f, xt, =my, —my[ Theorem of im-

pulse}

Vertical direction: v, =[(mg—f,)/m|/t,; aH :%gtz.
Kicking: Fxat=mv, —(-my, ) [Theoremof impulse]
Crossing bar stage:

Assumptions:

Theathleteisregarded asaparticle, i.e. the center
of gravity isthe particle. When people do projectile
motionintheair, the body only receivestheforce of
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gravity andtheair resstanceisignored.

Symbol Description: a- Flightangle; 4 - The
vertical distance of jumping-off point totherod; h-
Thetake-off vertical height; v, - Thetake-off velocity.
Modéling:

Horizontd direction: v, *cosa*t =d [Projectile
Motion]

. — . 1
Verticd dlrec:tlon:vz>l<s»|na>l<t—§>r<g>r<t2 =h

By themodels of thethree stages: therun-up,
take-off and thecrossbar, it can be approximately
established that:

H=H,+H,-H,= H1+[v2*sina*t—%gt2}+ H,

Anaysisonthemathematical modd of thetake-
off stageand the crossing bar stage:

(1) Formulafor thetake-off stage:

Buffering:

Horizontd direction: —f, *t, = mv,, —mv, [ Theorem of
impulsg],

Vertica direction: v,, =[(mg - f,)/m]/t,;

1
AH :E[(mg— f,)/m]xt5

(Thedropping height of the center of gravityisinfact
therising height of the center of gravity)

Kicking: F * At = mv,, —(-mv,,)
pulse]

Therefore, factors affecting the take-off
velocityv, andflight anglea arethevertica risng height
of the center of gravity AH and take-off timeat inthe
take-off stage. To increase thetake-off velocity means
toincreaseand.

Asfor, theincreasing ofwill increase. Sofast run-
up can increaseand shorten theimpact time. Judging
from, it can be drawn that increases.

As forv,,, the increasing of rand decreasing

[Theoremof im-

of v, will bothincrease. However, to reducewill bere-

duce, sotoincreaseisamajor factor.

In summary, to accel erate the run-up velocity and
the athlete’s power to jump arethemain directionsto
increaseH , . Inthetake-off stage, with thefast upward

swing of swinglegsand armsand stretching thejoints
of hoppingfoot, astrong kicking actionwill beformed.
Thiswill increasethe power of peopletojump and can
increasethetake-off power.

(2) Formulafor thecrossing bar stage:

v, koosarkt =d . vz*sina*tfé*g*tz =h

Ascan be seen fromtheformula: If the center of
gravity falsinfront of the crosshar, that may resultin
that the body will touch therod in the down process,

thatis. v *sna<g¢

Suppose v, *sina>1<t—%g=l<t2 =h<H,(Theheight of the

bar)

If the center of gravity fallson the upper back of
the crossbar verticd plane, thebody will probably touch
thebar intheup process, that is: v, *sina> gt

Similarly suppose: vz*s'na*t—%*g*tz =h<H,(The
height of the bar)

Reasonabletake-off vel ocity and take-of f distance
should sti sy thefollowing formula:

v, *cosaxt=d ; [V *sin’a]/(2g)=H,

Intheformula: H, =[v; *sin®a]/ 2g

Tomakew , aslarger aspossible should increase
at thesametime: (1) increasethetake-off velocity v, ;
(2) increasetheflightanglea. v; =V, +V;,

Theflight angleof high jumpisformed by the hori-
zontal direction and thedirection of theinitia velocity
when the body center of gravity vacatesand the body
isoff theground. It isrelated with theratio of theverti-
ca angleat thetake-off instant to the horizontal veloc-
ity (whenthevertical angleislarger thanthe horizontal
veocity, a > 45 , whenthevertica angleissmdler than
thehorizontal velocity, a < 45°). Throughthesineisthe
largest whena = 90°, itisnot possibleto usethejump-
ing angleof oo-. Themain reason isthat the main pur-
pose of highjumpisto crossthe bar and at the same
timeto take advantage of therun-up level velocity to
accd eratethetake-off action. Andthesenstivity of ais
not high, sothat thechange scopeof H,islimited. There-
fore, toincreasethetake-off velocity v, hasanimpor-
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RESEARCH ONTHE BLOCK GROWTH
PREDICTION MODEL OFHIGH JUMP
PERFORMANCE

Theprincipleof block growth model

Assume that the growth rate of high jumper’s
resultr isthelinear decreasing function of the origina
result of highjump x . Inother words, the growth rate
of highjumpresult will dedinewiththeincreasing of the
highjumpresult: r(x=r, -

Thereforeahlete” highjumpresult will finaly reach
saturation and tendsto aconstant x, . Whenx-=x_, the
growthrateisO. r,—s¢ =0

From the above relation, it can be derived that:

i)

Substitute the above equationinto theequations of
exponentid growthmodel. And based ontheinitid con-
x(t0) = x0

o X
ditionsx(t, ) = x, , it can be obtained that: {dt °[l Xm]

X
1+ (ﬁ—lje'“"*")
0

After caculation:

Symbol description

I - Growth rateof high jumper’sresult; X - Origi-
nal result of highjump; x,, - Thelimit of highjumpre-
ault
Data collection

With themen’sand women’shighjump champion
achievementsin the Olympic Games asresearch ob-
jects, the collected dataare shownin TABLE 1.

Model building

Prediction model for Men’s high jump perfor-
mance:

Usingtheinitid conditionx(14) =1.9s, thefollowing can

beobtained: F_t [ j

x(14) = 1.98

e P, S
Cdculate 1+ [il _ 1) o ri-14)
1.98

Prediction model for Women’shigh jump perfor-
mance:

Usngtheinitia conditionxus -1.s, thefollowing can
dx [ X J
. —=r|1-—|X
be obtained: { dt Xn
x(14) =1.68

X(t) = Xn2
Cdculate: 1+ (sz _ 1] o2t
1.68

Fitting using theexisting dataand the cal cul ated so-
lutionis: x,1=2404, r1=0.20934; x2=211%, r2=015309

Judging fromthe aboveanalysis, thelimitsof the
men’s high jump scoreis 2.4024 m and the limits of
women’shigh jump scoreis2.1173 m. Based onthe
prediction modd, thisstudy predictsthescoresof men’s
andwomen’shigh jump champion of the 30th Olympic
Games, and the predicted results are respectively
2.3845mand 2.0707m.Andinfact, theall ready known

TABLE 1 : Men’s and Women’s high jump champion
achievementsin the Olympic Games(m)

Session Y ear Men Women
1 1896 181
2 1900 1.90
3 1904 1.80
4 1908 1.90
5 1912 1.93
7 1920 1.93
8 1924 1.98 -
9 1928 1.94 1.59
10 1932 1.97 1.657
11 1936 2.03 1.60
14 1948 1.98 1.68
15 1952 2.04 1.67
16 1956 212 1.76
17 1960 2.16 1.85
18 1964 2.18 1.90
19 1968 2.24 1.82
20 1972 2.23 1.92
21 1976 2.25 1.93
22 1980 2.36 1.97
23 1984 2.35 2.02
24 1988 2.38 2.03
25 1992 2.34 2.02
26 1996 2.39 2.05
27 2000 2.35 2.01
28 2004 2.36 2.06
29 2008 2.36 2.05
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30th Olympic Games results of men’sand women’s
high jump are 2.38m and 2.05m respectively. The pre-
diction datafor the men’sresult isquite consistent with
theactual data, and the prediction datafor thewomen’s
resultisdightly different with theactua data. It demon-
stratesthat the block growth prediction model of high
jump result hasafavorabl e prediction result and can be
used for the prediction of high jump performance, as
showninFigurel.
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Figurel: Thegrowth curveof men’sand women’schampions
achievement

SYMBOL DESCRIPTION

i, - Thetakeoff res stanceinthehorizonta direction

¢, - Thetake-off supportiveforceinthevertica direc
tion

t, - Buffertime

v, - Thehorizonta velocity of thehoppingfoot at last
strideintherun-up stage

v, - Horizontd velocity after the buffering

v,, -Vertica velocity after thebuffering

AH -Thedropping distance of the center of gravity

At - Kickingtime

v,, - Vertica velocity when the hopping foot isoff the
ground

F - Thereaction force of the ground to the body in
kicking stage

CONCLUSIONS

(1) Fosbury Flop isdivided into four stages: the
run-up stage, thetake-off stage, thecrossing bar stage
and thelanding stage. Thejump height cons stsof three
parts: H, : Theheight of body center of gravity before

vacation. It can be decomposedintoh, h, . h meansthe
height from the ground to the body center of gravity
when the kneesbuffer to the greatest extent sincethe
take-off foot’slanding. h, meanstheresult that theheight
of body center of gravity at the take-off moment mi-
nush . H,: Thevertical distancefrom thehighest point
inthe vacation to the height of body center of gravity
height beforethevacation. H, : Thevertica digancefrom
thebody center of gravity to thecrossbar in the highest
point of vacation. According to themodel sof thethree
stages: therun-up, take-off and the crossing bar, it can
be approximately established that:

H=H,+H,-H,= Hl{v2 ﬂksina*t—%gF}H3

Throughtheanays sof take-off stageand crossing
bar stage, it showsthat to accel erate the run-up vel oc-
ity and theathl ete’s power to jump inthetake-off Sage

arethemaindirectionstoincreaseH, , and to increase
thetake-off velocity v, in the crossing bar stage hasan

important roleinimprovingthevaueof H,

(2) Based on block growth predict model, the past
Olympic Gamesma eand femaehigh jump champion
achievement dataarefitted to obtain the corresponding
function. Accordingtothefunction, predict theresults
of thenext Olympics. The prediction results show that
thelimit scores of men’sand women’shigh jump are
2.4024m and 2.1173m respectively. And the scores of
men’s and women’s high jump championin the next
Olympic Games are accordingly 2.3845m and
2.0707m, whicharehighly in coincidewiththeaready
known 30th Olympic Games results of men’s and
women’shigh jump, that are 2.38mand 2.05m respec-
tively. Thisindicatesthat thismodel issuitablefor the
prediction of high jump performance.
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