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ABSTRACT KEYWORDS
Since flog technique emerged, through constant improvement and Flop;
innovation, the flog technique becomes more and more important in high L ogistic model;
jump competition. In flog technique, curved run-up and take-off are the Grey systemtheory (GST);

most important parts, especially for final two steps run-up and take-off Influencefactor.
perfect joined that plays an important role in improving performance.
Through researching motion skills, analyzing take-off instant state changes,
it provesup what isthekey to affect high jump performance, in the hope of
getting higher results. To explore high jumpers high jump performance and
physical qualitiesrelationships, it adoptsgrey systemtheory grey relational
degree and blockage growth model to analyze, finds out connections
between the two, from which standing triple jump, run-up hands height
touch, 4-6 steps run-up jump have significant influences on performance,
then further define which indicator has bigger influence on high jump
performance and based on that it carries out moretargeted training in high
jumpersdaily training. © 2014 Trade ScienceInc. - INDIA

INTRODUCTION erdly straight-linerunning-up. Earliest high jumptech-

niqueisstraddle, British athletejust created earliest

Highjumpisoneof jJump eventsinathletics; it can
be subdivided into run-up, take-off, clear the bar, land
and other motions. Athlete performanceisjudged on
hisfinal crossed heights. Straddle, shear mode, roll,
prostrate and flog aremain bar-over waysin high jump
technique. Dueto different techniquesexigting, athletes’
competition fulfillment processisnot thesame. Athletes
let themsal ves have certain speed through running-up;
it canincreasereaction forcewhentaking-off and stimu-
late nervesto quicken motions. Among them, flog run-
uprouteisarc, which letsit have advantages of long
distance and fast speed. Whileother posturesare gen-

record by using straddle, hejumped over 1.67m. After
that, athlete Brooksin the same country also used the
method jumping over 1.89min 1867. WhileAmerican
athlete Sweeney jumped over 1.97mwithdifferent high
jump techniquein 1895, after that another high jump
technique appeared. First forma high jump world
record affirmed by international association of athletics
federationisAmerican athleteHollingjumped 2mmark
in1912.

Since 1950s, mass perspectives have started to
focuson human body potentid, soit startstoforminto
more perfect training system. Typical of themisformer
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Soviet Union athlete Brummell; hehasset world record
successvely for six times, final performanceis2.28m.
Whilefor flog records, it wasAmerican athl ete Fosbury
who jumped over 2.24m crossbar in 1968 and achieved
such sesson Olympic Gamesmen highjumpgold medd,
after that, such high jump way ishugely popular. Findly
in 1973, American athlete Stonesjumped 2.30m with
flogstechnique, whose performancefirst brokethrough
previous records held by prostrate. At present, men
and women high jump world record are respectively
2.45mand 2.09m, which respectively set by Cubaath-
lete Sotomayor and Bulgarian K ostadinovaadopted
flogl¥. Flog high jump techniqueis most popular at
present, so how to improve athlete performance by
adopting flog high jump technique becomesafocus.
Thisresearch metscomputer technol ogy and math-
ematical modeling thoughtsinto sportstraining, make
guanti zation of moredatato anadyze portsathletesad-
vantagesand disadvantagesin events, sothat hepthem
to carry out morereasonable, targeted sportstraining.

FLOGHIGH JUMPTECHNIQUE
BIOMECHANICALANALYS'S

Technology aswell asadvantagesand disadvan-
tages

At present,inmostly adopted highjump techniques,
itismanlywithflogtechnique; for flogtechnique, it can
roughly dividedintofollowing threestages:

Running-up stage: It meansthat starting from run-
ning-up, by running somedi stance (nearly 8to 12 steps),
control rhythm making final step enter into taking-off
point such stage.

Taking-off stage: It refersthat athletein taking-off
moment, controlsgravity center shiftinginsoaring pro-
cess by controlling limbs swinging. Taking-off stage
techniqueisespecialy important to high jump perfor-
mance.

Clearingthebar and landing stages: It refersto ath-
|ete after soaring, adopts correct technical motion cross-
ing over thebar and safdly landing technical stages.

Flog technical advantages:(1) Theway isrelative
smple, performance soon get remarkableimprovement
once used it.(2) It can better combine with received
dynamic energy when running-up.(3) Dueto adopt J
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type curved running-up, human body runsaong curve,
because of centripetal force effects, body will lean to-
wardscirclecenter direction that canincrease accel er-
atedistancewhen taking-off, | et taking-off more pow-
erful.(4) Adopt flog to clear the bar, when clearing the
bar, human body back turns downwards, human body
successively clearsthe bar in bridgetype, which can
better makeuseof soaring height.

High jump performance basic influence factors
analysis

High jump performance basicinfluencefactorsin-
cludeH,,H,,H;.H, refersto figure and body pos-

tures when taking-off. H, Refersto vertical speed

when taking-off, the speed including landing moment
verticd speed and vertica impul se(Taking-off moment

vertical forceand taking-off time). H, Refersto body

postures and bar-over motions when arrives at top
point. From which, running—up isone of themost im-
portant highjump techniques, for flog running-up stage,
especidly important isrunning-up last two steps.

Dueto flog is athlete clearing the bar with back
towards the cross-bar, but people can’t run-up with
back towardscross-bar, so it adopts curve running-up
to turn body direction. In the earlier stage of Jtype
running-up, athlete can get rel ative higher speed and
momentum, when it getscl oseto take-off moment, uti-
lizes curverunning-up to let body turn so that back to-
wards cross-bar.

Running-up radian sizesand speed when entering
the curvedecide ahlete body downwardinclined angle
inthemoment of running-up last two steps. When run-
ning-up route radian becomesbigger, enteringinto run-
ning-up curve speed gets s ower, human body down-
wardinclined anglewill besmaller. When running-up
routeradian becomessmdler, enteringinto running-up
curvespeed getsfaster, human body downwardinclined
anglewill bebigger. Whenenteringinto running-up curve
speed getting faster, generated centrifuga forcewill be
bigger, inthisway, rotational dynamic energy gener-
ated through taking-off will bebigger.

Analysis of taking-off legs grounding instanta-
neous state

In human body soaring process, gravity center ini-

Hn Tudian Jounual



BTAIJ, 10(2) 2014

Zhiyong Jiang

39

tial speed V isone of important factors decide high
jump performance, it can be known from speed com-
pounding that V isjoined speed of taking-off moment
horizonta speed and verticd speed. Running-up speed
provides horizontal speed for V. Intaking-off moment,
horizonta speed part transformsinto taking-off vertica
gpeed. Inthetransformation process, it will losepartia
horizontal speed. Therefore, improvetaking-off mo-
ment horizonta speedwill begrestly hepful for improv-
ing highjump performance. Thefaster running-up speed
is, thebigger human body momentumis, in taking-off
process especially in buffer stage human body gener-
ated action force to ground will be bigger, received
upwards accel erated sped will be bigger accordingly.
When taking-off |egsbuffer, taking-off legsareforced
to bend, extensor isforced to extend, onone hand, it
soreslotsof eagtic potentia energy, ontheother hand,
itwill stimulate nervous system generating myotatic re-
flex, meanwhileextendsmuscleinitid length, which cre-
ates good muscle exert condition for pedaling and
stretching motionsand will surely producebigger ped-
aling and stretching strength and speed.

————, FyurL PAPER

decisive. Speed up running-up speed can get bigger
horizontal speed, corresponding stimul ate athlete tak-
ing-off moment upwards accel erated speed will bebig-
ger, upwards soaring effectswill be better.

HIGH JUMPPERFORMANCE AND EACH
PHYSICAL QUALITY GREY RELATIONAL
DEGREEANALYSIS

At first establish high jumpers’ high jump perfor-
mance and each physical quality indicator system, as
TABLE 1.

Make O-1standardization of TABLE 1 data ac-
cordingtoformula(l),itgetsTABLE 2:

_ x(k )—minx
Fixk) = max X —min X @)
For each physical quaity indicator and high jump per-
formancerelationships, it can adopt grey rdationa de-
greeandyss, further makeclear their mutual relation-
ships, asformula(2).

min mkin\xo(k)— x; (k) +pmiaxmex\x0(k)—xi (k)

i b= [Xo(k)=x; (k) +pmaxmaxxo(k ) - x; (k) 2
Thereforein high jump process, run-up speedis 0 ' Pk 0 '
TABLE 1: 15world men high jumper shigh jump perfor mance and each physical quality indicator
o ) Standing Running-up 4-6 steps Back
Highjump  30m running ) i ] Squat Barbell
) ) 100 triple hands height running-up throw Snatch
Performance in marching ] o bar bell squat
m(s) jump touch high jump shot (kg) o
(m) (9 (kg) coefficient
(m) (m) (m) (m)

240 2.6 10.7 10.10 125 2.25 16.00 135 200 255
2.39 27 10.8 10.05 124 224 1590 1325 197.5 2.52
2.38 27 10.8 10.00 1.23 2.23 1580 1325 195 2.50
2.37 238 10.8 9.95 1.22 2.22 15.70 130 1925 247
2.36 238 10.8 9.90 121 221 15.60 130 190 245
2.35 238 10.8 9.85 1.20 2.20 1550 1275 187.5 242
234 29 10.9 9.80 1.19 2.20 1540 1275 185 2.39
2.33 29 10.9 9.75 1.19 2.19 1530 1275 1825 2.37
2.32 29 10.9 9.70 118 2.18 15.20 125 180 2.34
231 29 10.9 9.65 118 2.18 15.00 125 1775 2.32
2.30 3.0 10.9 9.60 117 217 1480 1225 175 2.29
2.29 3.0 10.9 9.55 117 2.16 14.60 120 1725 2.26
2.28 3.0 11.0 9.50 116 2.16 14.40 120 170 2.24
227 30 11.0 9.45 1.16 215 1420 1175 170 2.20
2.26 30 11.0 9.40 1.15 214 14.00 115 167.5 2.18
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TABLE 2: Dataafter original datastandar dization

30m

Running-up

o ) Standing 4-6 steps Back
High jump running . hands . Squat Barbell
) 100 triple ) running-up throw Snatch
performance in . height o barbell squat

) m(s) jump high jump shot (kg) .

(m) marching touch (kg) coefficient
(m) (m) (m)
(s) (m)
1.00 0 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.93 0.25 0.33 0.93 0.90 0.91 0.95 0.88 0.92 0.92
0.86 0.25 0.33 0.86 0.80 0.82 0.90 0.88 0.85 0.86
0.79 0.50 0.33 0.79 0.70 0.73 0.85 0.75 0.77 0.78
0.71 0.50 0.33 0.71 0.60 0.64 0.80 0.75 0.69 0.73
0.64 0.50 0.33 0.64 0.50 0.55 0.75 0.63 0.62 0.65
0.57 0.75 0.67 0.57 0.40 0.55 0.70 0.63 0.54 0.57
0.50 0.75 0.67 0.50 0.40 0.45 0.65 0.63 0.46 0.51
0.43 0.75 0.67 0.43 0.30 0.36 0.60 0.50 0.38 0.43
0.36 0.75 0.67 0.36 0.30 0.36 0.50 0.50 0.31 0.38
0.29 1.00 0.67 0.29 0.20 0.27 0.40 0.38 0.23 0.30
0.21 1.00 0.67 0.21 0.20 0.18 0.30 0.25 0.15 0.22
0.14 1.00 1.00 0.14 0.10 0.18 0.20 0.25 0.08 0.16
0.07 1.00 1.00 0.07 0.10 0.09 0.10 0.13 0.08 0.05
0 1.00 1.00 0 0 0 0 0 0 0

Amongthem, X, isreference sequence; X, iseach
factor sequence, from which all numbersof sequence
dementsarek pieces, p €[0,]] isresolution coefficient
that thebigger p is, thebigger resolutionratiowill be,
thesmaller o is,thesmaller resolution ratio will be;

minminfx,(k)—x (k) and o maxmax|x, (k) (k)
arefixed numbers, which arerespectively two-level

minimum difference, two-levd maximum difference.
Relationa degree computation formulaisformula

3):

__ﬁ

1]

| =
M:
g
—
=
—

©)

k=1
Amongthem, n ismaximumvalueof k. r; isse-

guence and reference sequence relational degree. By
MATLAB softwarecaculating, it getsTABLE 3:
FromTABLE 3, itisclear that sandingtriplejump,

running-up handsheight touch, 4 to 6 stepsrunning-up
high jumpthesethreeitemsare morecorrelated to ath-
lete high jump performance.

HIGH JUMPPERFORMANCE INFLUENCE
FACTORSBLOCKAGE GROWTH MODEL

Assumethat athletehigh jump performancegrowth
rater isoriginal high jump performancex linear de-
creasing function that iswith high jump performance
increasing, highjump performanceincreasing speed will
gradually slow down. Adopt bl ockage growth model
formula(4):
r(x)=ro—s« 4)

Athlete highjump performancewill findly arriveat
saturation, and tendsto aconstant, when; growthrate
isO, asformula(5):
rg—X,=0 (5
From aboveexpressions(4) (5), it can get formula

TABLE 3: MATLAB softwarecalculated relational degreevalue

I Iy Iy Iy

I's I's I I's Iy

0.433 0.500 0.578 0.667

0.580

0.473 0.544 0.472 0.504
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TABLE 4: Previousolympic gamesmen high jump champions’ per for mance

Session 1 2 3 4 5 7 8 9 10 11
Performance 1.81 190 180 19 193 193 1.98 194 197 203
Session 14 15 16 17 18 19 20 21 22 23
Performance 198 204 212 216 218 224 223 225 236 235
Session 24 25 26 27 28 29
Performance 2.38 2.34 2.39 2.35 2.36 2.36

245
L (1_)
X
241 g m (7)
* i X(to) =Xo
+ T
i 7 It solvesformula(8):
KF(
23+ ,r/ X(t) — Xm
,‘f 1+ (Xm _ 1] e (t=Xo) ©)
225 oo to
[ Below carries out analysis of previous Olympic
25 / I o iy
W Gamesmen highjump champions’ performance, origi-
g nal performancerefersto TABLE 4.
R Makeuseof initial condition x(16) = 2.12, it can
1 » . . get formula(9):
g 0 25 0
Figurel: Previoushigh jump perfor mancefitting figure dax - ro(l—LJx
dt
©): Xm ©)
x(16) = 2.12

r(x): ro(lfij (6)
Input aboveformula(6) into exponentia growth model
equation, and makeuseof initial condition x(t,) = X,

it canget formula(7):

Solveformula(9), it can get formula(10):

Xm1

X(t) =
1+ Xm1 _1 |ea(t-16)
2.12

(10)

TABLES5: Men flogworld recor dsprogresstablesince 1980(m)

Time 1980 1983 1983 1984 1985 1985 1987 1988 1989 1993
Athlete Gerd Wessing Zhu Hua-Jian Zhu Hua-Jian Zhu Hua-Jian Povarnitsyn Paklin Sjoberg Sotomayor Sotomayor Sotomayor
Nationality Federal Germany China China China Soviet Union Soviet Union Sweden Cuba Cuba Cuba
Performance (m) 2.36 2.37 2.38 2.39 2.40 241 242 243 2.44 245

By MATLAB cdculating, it gets x,, = 2.4069 , and

makesfitting of each sessionhighjump performanceas
Figurel.

From TABLE 5 data, we can know that 20 years
ago Cubaplayer Sotomayer onejumping 2.45m by far
that no one can break throughiit, it seemsthat people
hasalready tacitly approved hisrecord ashuman race
highjump extreme. Thus, adopt bl ockagegrowth modedl

to predict high jump performanceisreasonable.
CONCLUSIONS

Through research, itisclear that international men
each qudity indicator mainly related totriplejump, run-
ning-up height touch (net height), running-up 4to 6 steps
highjump, back throw shot, squat barbell, barbdl | squat
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coefficient. Chinameneach quaity indicator mainly re-
lated to running-up height touch, which corrd ationswith
high jump, standing long jump, on spot vertical jump,
squat barbell, on spot barbell, 100m, 30misrelative
not sgnificant.

Fromgrey correlation, it isknown that high jump
performance and running-up height touch, 4to 6 steps
running-up highjump havelarger corrdations, their smi-
larity isin running-up; and by consulting athleticshis-
tory, itisclear that Chinamen highjumpin 1982 to
1984 exhibited higher levels, at that timefamoushigh
jump coach HuHong-Fel changed traditional training
mode, who insisted that center on speed, Striving to get
equilibriumwith techniquetraining guiding thoughts, by
many years’ training, it let Zhu Jian-Huajumped 2.33m
in 1982 and so became world rank first in that year.
And herespectively brokethrough world recordswith
2.37m02.38m and 2.39m performancefor threetimes
during 1983 to 1984. Dueto Zhu Jian-Huaglorious
performance, Soviet Union experts therefore make
deeply research on Zhu Jian-Huatechnique. Thenit
generated Soviet Union Povarnitsyn and Paklin respec-
tively got 2.40m, 2.41m performancein 1985 Japan
K obe held world university students sports meeting,
the performancebrokethrough Zhu Jian-Huaset world
record. Therefore, Soviet Union highjump coachesgot
following conclusions‘“Thejumping method focuson

speed ispowerful”.

So, in high jumpers’ daily training, it should
srengthen highjumpersshort distancefast running train-
ing and Jtype curve running-up training aswell asrun-
ning-up and taking-off joined training, by improving
curve entering speed, it further increases taking-off
moment possessed momentum, so that improvehigh
jump performance.
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