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4. S0jef He

B Qo] ALgE)E fold] Ui goli vhest 2

DAl RS fEl vibanE Pl Hol Sol7he wrte A, IRl
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5) A Ye(free leg, lead leg) : WPES & w] AW B o e, 5 SHNE I
M= 92 velrh 2Avelv) 9, UgE 5
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FO|H7 = EwB7]e] Y SEE vl gHE olgdte 4 S nhro] Zk=d(il ban)E
HojdFomm Aot mgdr|osh Bg, 7% T35 AXAA Fo] T8I 84% UE F=
7ol Hlsl wolH7ell e Ade ¢ Q= 7lee FR7F Uik 2olH1Y Zlas 2719 AR
& 71915 7 (scissors) 7zl A] AlRksle] A57H4] H4 6719 B Vles 5, 797, BEE )
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She Aoz A2 Al 2 Aol Selshl
A, AAH 0= 2] 23 WlaLd §X7) 11 Agtololel 8,
S, 214] Msle] Aol WA Ae do| felo.

91 9-11nEA BARe 12 el e . UTE ZRE 5-Adeg? R

7 wapow WE gk wews)e) 4L eule) SRS wrEshs U AY & Qi v14%
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2olH7)i W57 ANS Wik 3k B49) Fol, Ang wik ek ok 49 Hol, B4
o) H31 %ol v} o] Aole] Aol ofa) FelAAL Y4shn Y, BE A= FHARAS A
FNL AST BER BEE wol LHN vl £4 A5 S0k O A WAE YHS o)§
s ST, B3 R e 2 eMAY 34 A4S ge] 34 sels Bek vibanslel Al
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3. =0[F7ef EHA

=o|9H7] 7|ee TE Eop|ed wIVHAE AZHERQL $Aldl 9d E227|(un-up), UTE
(take—off), &5%5%Hbar clearance), #A(landing)®] 4714 AF @AZ BF + 9J=d|(Dapena,

1980, Ae, 1900), £52719h BTE FAL 3717154 AQH9 G T LFAH 4200] WAl
o Gtk & 715 B AN BN BEE BH0E e QuAE deht

=)
A o2 AAANT|=717) F oA Ecker, 1976, Dapena, 1980, Dapena et

al., 1988; Ae, 1990)%]+
A, BRElSIE e BE SULTS ASEE, UTH TUINE FAEEL SAEE, 1E

O

1, ZA1 Al Aol w2 AAlFA ] FolHst TElal oFE FRTR S A 3 w4 Fo] Fa8
Ol(Muraki, 1984; Sloan, 1984; Hay, 1985; Jacoby, 1987; Hackett, 1987; Bothmischel, 1990)2. = 283}
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oA vkE AvEs R0l £ ETEOR $7 4 5 Y= dEe] P Tasith BolH)E B
@70l 23|27} gz Aol kANt xolE dond T AR A/ sh= Ho| fEjdth =
#2719 ST AEgo|E Zo|e AErto|Ee] Zhkd] oe| AR, viX|T ~EEto|ne] Hol=
T HA A FATA wol R 7RI A 4] ARl g 7 gk v 7 2
Efol=e] Zojol] gk duiAel o2 A1 g 2Eo|n F Zox] F WA 2Ezjo|=e 4

oVh Eg7] sEROIE F by Zolok s, ehAT 2Egelzo e sER|=Y ZolE okt

Bothmischel, 1990). ©] Sl Dapena, Feltner, Bahamonde(1986)7} #-573F F-A4] 48 w3 3y
SO, M5 d9 238 AAE WAL vixT AEo|EA FA FAE FolE

SHe 202 B 4 9om TEY A A S ST P AR BPE A 54 £F WS 4k
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2 ai7e] g S/RLE # SRN% 1R 19 olgel wolny] A b Qs 37
Bgom g oSe] AAH BHE <E 153 2k

£ 1 P4 444 54

o] 3 =} 1% (yrs) A1 (cm) A& (kg) A 7] % (cm)

Q- A LSB 25 182.3 734 195
LAY 20 173.2 64.2 150
Akt MSH 34 1745 61.1 150
Y.HS 15 180.6 67.4 150

MzSD 23.0£9.84 176.10+£3.95 64.23+£3.15 150.0£0.0

2. AEET

B AT Hadt Adne < 2>9F Z2o] o4 F Aot AR AR AT

il 2day Al £ 3| AL ] at
H A =78 525 (Mini DV) HDR-HC7/HDV 10801 SONY 44
HAEAaE A2 055XDB MANFROTTO 474
TARE 2m>2mx1m VISOL -
A/D sync box VSAD-101-USB-V2 VISOL 1)
LEDE.Z MP-20B MATIN 370
=R - VISOL 474
Motion Analysis Package
Kwon3D VISOL -
ver3.016
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}9h0.1,

B

HA REeA] Alglol
A

2700 7V Al 2

Tl SONYARS] HDR-HC7¢] v €78

o

9

[e}

Fod B0frame/secE 233}

=

o

oJAF o]

+

5

Aol 34+

ul
HESEE 2508 44

2]
=

Z=27

9] Kwon3D Motion Analysis Package ver 3.016

JHI&E

Z
-
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3l
jm

SER

Fo|71419)

O
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J) 3170 A4l
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[e]
Rl
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=
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=

2

SEEER

5

¢l DLT(Direct Linear Transformation)-2]-S- o]
fod 72l glo]

o

3|

A7)
A ) dRfol Al

A

A
=
iy

Z}-'

=]
-7

=

=

EAAECmx2mx1m)S

v} (landmark)

e
(exposure time)< 1/500
Y=

ol



Cam 4 Cam 1 A

2 ATl AA 2E A FA A oigk ARE AEE Plagenhoef, Evans &
Abdelnour(1983) 2] A=E o435 1, tXEfe] EIEE <19 3> 3} Zo] A4 #4217 <
72d 10702 236l 3 Zy o 31709 LAEE tjx|elold hgict oA #AA I} tx|Elo)A

TAE <E >3 2
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L.asis

L.thi

L.epicondyle

L.shk

L.malleolus

L.Toe

3 5.} Bt tAEld A

nose

chin

shoulder

elbow

sacrum
asis

wrist
thi

epicondyle
shk
Heel

malleolus

A QAA AAH A AA AAH
1 R. Toe 17 L. med Epicondyle
2 R. Heel 18 L. Thigh
3 R. lat Malleolus 19 L. Asis
4 R. med Malleolus 20 R. lat Wrist
5 R. Shake 21 R. med Wrist
6 R. lat Epicondyle 22 R. lat Elbow
7 R. med Epicondyle 23 R. med Elbow
8 R. Thigh 24 R. Shoulder
9 R. Asis 25 L. lat Wrist
10 Sacrum 26 L. med Wrist
11 L. Toe 27 L. lat Elbow
12 L. Heel 28 L. med Elbow
13 L. lat Malleolus 29 L. Shoulder
14 L. med Malleolus 30 Chin
15 L. Shake 31 Nose
16 L. lat Epicondyle

Collection @ jeju



2) 3x-daate] AR

B o) AEAgE KWON 3D ver3] #4282 138 Algalgl 1, A d4-e 36712 E44
S olg3l A 7 HUL At § 339 Hugho] AEEY, Sl g o= Jadeks Y,
Aol vjgk F9Uae XF, A - HFA)U S 2502 4] 319t 33 A= Abdel-Ariz
& Karara(1971)9] DLTHWE o833, DLTHW S o] &3] 32k419] Hmghs ALtd w tjx|e}
ol 2o} 71AIAQ Aol s A7) olA(noise)E AAFH] $18 Butterworth A% ZE(low
pass filter)& AHg3te] 9 ARE FHE 3191, ofwf A=< (cut-off frequency)™ 6.0Hz= 474
atod ALgSFSATE

B Qio]ne) e Ahiele Zzte) Zalel 7o) A o] 0017z0|nE 7 T ol
AAARE oME FXTRWIA) ZeAASE ARSI 2t Ze|dd] 00172 F Falol T

HE £8A7F = (D-D)x0.0172

cg =P+ (O -PP /100

(B (9 249 299 RE, D A 29 A9 RE PIe B4 dojo) MPER FAY &
Jetoze] AN AR 78 % glor] A Al vhat 2 4 FA9 9 veel A
x, v, 2 2ol O3 FA 54 9%

Mz
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ot

CG=VNg.m)/M

<
r
o)
=
T
2
o,
—d
X
of¥
o>
O
N
g
rir
L
2l
i
ol
o,
=)
Mz
o
il
=
>,
i,
=)
=
Mz
i
o,
i
o
=
rlo
ro
2l

o] "ol o8] Ak Ao AA Ao Aol disle] 3x ~ZEl $r(cubic spline
function)& o] Alzkell dlgl] ¥l g S(HE AEsht ol#jdt ¥ig S8 A} nlRdle A7k
3 $29] Wske-s vehllE S g ST (1) & ek olxk sl Gk o ST (E 9
=M A T4 EE8 TGRS AT

=

_11->«

S(t) = Gt + Cot” + Cit +Co
STt = 3Gt + 20t + G
S”(t) = 6Cst + 20,
(S&= ¥9, t7 AL Gy, G, G, G 2E2R] Al

kil
H ol#dh Ao diete] AEEE ARG A 4 @A 4RE Ak 7 He WA (dot

product) ©1-&3te] TTE S WA Aol ofs) MY UK, Xj, Xk<k VIYi, Y, Yk)7F o F+=

U-V X, Y+ XY, + X, Y,
R/ BT R ) T

2 Ay n A cos0 FH& xekil 3 O = arccos xE 7L

* A7 A

gEle) B wE S, K, X, Xosh ARe) 2 we 5L (Y, Y, Yoot ol 7}
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* Rzt AR

o) B vy S, (% X, Xo9 dlEe) 24 51wy -5,(Y, Y, Yook o 7
0B = arccos S+ Sin
1S, - | Syl
* UEpAzE] AR
0|2 2}

e #d e 5 (X, X, Xosh he) 2 2 el -5, (Y, Y, Yok o

S;‘o ‘sth
‘ f0| i | sh|

G/ = arccos

Booql= <adg 49 o] Folyy| WE A k|
719] olHIE ¢} 67)9] TWEFFo 2 HABY T FEA0 W LR e

2 SRS <17 559 gol 3o $E WAL Bt

o Eeu] WS o B9t 3o ollER TR He

J

1) =97 o]MlE(Run-up event) : BHA]

@ Left Foot - Touch Down(L-FTD) : 1% wlto] wo] ©i= &=71
@ Right Foot - Touch Down(R-FID) : &.&

@ Left Foot - Touch Down(L-FTD) : 9%

@ jeju



HCM

Run-up Take-off
L-FTO F & S~ -
L-FTD R-FTD L-FTD 2 o
' L y,
- P, (i
L
o
t}
—

Phase 34,5 Phase 6
8 4, olHE "W Iyl

2) =w27] =9(Run-up phase) | =w'27| oMIES 3h= st 2719 SH R 233tk

@ Right Foot Supporting(R-FS) : 1%t

@) Left Foot Supporting(L-FS) : 922
3) W5 oW E(Take-off event) : 753} o]F 3554 GHEols <17 5>9F Zo| 47)1¢ ol
EZ 3 3Tk

@ Left Heel - Take Down(H-TD) : H&=X)7} &= <7¢

@ Left Toe - Take Down(T-TD) : ¢HEx|7} @= £7F
@) Left Heel - Take Off(H-TO) : H%=x|7} Woix|= £7F
@ Left Toe - Take Off(T-TQ) : 2HEx]7} WolA]&= 471

4) I75 = H(Take-off phase) : W75 &2H& 3k &¢F <I§ 5>9F Zo] 37)9] sdos 7+ 3t

ATk
@ Left Toe Supporting(L-TS) :

Collection @ jeju



Take-off

Heel - Take Down Toe - Take Down Left Heel - Take Off Toe - Take Off

| Event 4 |

Phase 1 Phase 2 Phase 3

@ Left Heel Flying(L-HF) : 9153 eHeA]7} &= £ H5A71 goid o
@ Left Toe Flying(L-TF) : F5HA7} WA= £1HH oHax]7) Wojd uf

5) 35%2F (High Center of Mass - HCM) : 9FE2]7} Wolzl & F=5ap4] A4,

6. SANE|

=

re

TollA TAEY QAT FHEslE Y3t Kwon 3D(ver 3016, A9%) L2138 o83}
of YAElelF3 AHE Edl 22 1S 32 23] R 0014x HHoR nilksle] X
ANAIL, DLT(Abdel-Aziz & Krara, 1971) 2102 3344 HEZ A=s19ct 192191 9448k 71413
QL ool 95 WAFE wolzz Qle 0AE AA3] $13k Butterworth®] 2244 %EILE
(low—pass filter) & ol-&sto] ~FH(6.0Hz) 33T
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V. 943

wols7] U7E A Ao 30N FFER AP 2 T FAFHADE <E 43

==

<19 63 2rh FA8AH T (frame) T A7 0.9840.09sec(B0 frame) = R-FS =1
oA 0.23sec(15 frame), L-FS 8L 0.19sec(1] frame), 75 =He] 24]7] 00lsec(l frame)9t *|
2171 0.08sec(5 frame), ©157] 0.06sec(4 frame), °15 ¥ 552t AA7H] 04secd frame)o]™ HHE
Aes T2 1024007sec(62 frame)Z2 RIS =HoA 03sec(19 frame), L-FS =HL
0.21sec(13 frame), T2 =49 2=#]7] 001sec(l frame), *1*7] 012sec(7 frame), ©157] 0.06sec(3

52 A7 032sec(19 frame)Z UEREIL AAAQ] AQA7HS 243 & o

=
|
aC,
i
-
ol

L-TF, L-TSEo.2 Ve,
F 4 7HE F AQATHES: frame, sec, %)
Run-up Take-off HCM ES
T =9/
R-FS L-FS L-TS L-HF L-TF HCM A28 A7t
.z frame 15 11 1 5 4 24 60
. Sec 0.24+0.01 0.19+0.01 0.01+x0.0 0.08+0.0 0.06+0.0 04+0.07 0.98+0.09
=T % 24.48 19.38 1.02 8.16 6.12 40.81 100
o)y frame 19 13 1 7 3 19 62
j: sec  0.29£0.04 021+0.01 0.01+00 0.12£0.04 0.04+0.01 0.32+0.02 1.02+0.07
=T % 29.29 2121 1.01 12.12 4.04 32.32 100

NOTE: Run-up: =&Y7] Take-off ¥7& HCM: FHZFF=o]
R-FSiuA A A~ Egfel = -FSwpA g ~Egle| = L-TS:EA 7], L-HF:A A 7], L-TF:e]57].
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W

—E2 E2-E3 E3-E4 E4-Eb E5—E6 E6-E7 24

ko

i

A ZE (%)

4

=

S

f._ -

R-FS L -Fs L =5 L -HF L-TF HCM Total

DN
I
Hl
re
e
>

o
eswel

D) AAZA e s}

FolH7]9 I7E A v 3EFH TS AAA ol 74 S AATAAAY &, 74
Hshs <E 5>E <Id T3 A2k AATANA 2 olFHshs =eR7]Ed Al RFS, L-FSEY
ol A A 42.1142.30em, 2959+7.29emet AHFASE 56.844951em, 29.86+12.87em(p< 00D E <)
3 Aol7h vEhtn IR B LHFFHeld SN 385#57lem,  QubAe
-2.39841em(p<.05), L-TF SFAollA] <A< —7.324377cm, YubAls 151643 64ecm(p< 0019} 0§
3554 HOMFHo A 924 -34.96£147cm, YRHASE -294241.19em(p< D) F2]3 Apo]7} 1}
Epih

Collection @ jeju



AAFEASIA ) 2 S

e 82751 T6cm, (45.A47+097%), FWHT

AN ol EHES) A%

HE S427] §4 A RTS FHeA $<¢

.9B+4.23cm, (51.06£1.161%)2Hp<001), L-TS =]

Al a9 791240.60cm, (4347+0.33%6)9F YubAlS 8370+1.3%m, (47.71+1.03%) Z(p<001) 218t 2}
o7 YR EgE LTS FWA A= W30:033cm,  (4402:021%),  YWkAE
82.1240.72%m, (4362:0.05%) Z(p<0l) f)sh ztol7} vpepton o] WFEE [-HF, L-TSHHo|A]
Fogk Aolrb vfehA 29km, HuAAHmo] HOM=WIA A5 173.33+23.37cm,
(95.23£12.819), 14893+13.07cm, (84.76:0.96%)Z(p<.001) frl8h zfo|7} LIef}
3#5. THE et AAFAS fAwEL A (Hefem, %)
o Run-up Take—off HCM
= R-FS L-FS L-TS L-HF L-TF HCM
X 4211235  2059+7.29 13.89+431 385571  -7.32+377 -34961471
fgi Z 75176 79.12+060 7830033 8535:538 109.62+822 173.33423.37
Z(%) 4547+097  4347+0.33 4402021 46.89+295  60.23t452 95.23+12.84
X 5584+951 20.86+1287 91441122 -2.39+841 -1516364 -29.42+1.19
if‘_i‘g Z 8993423  8370+138 8212072 90.35+7.23 110.83+6.08 14898+13.07
7(%) 51.06+1.161 47.71£1.03 43624005 51.35+404 6333349 84.76+0.96
X -7.882m — 095 548 2.135¢ 4,352 -2.375*
' Z -9005%  -15060"*  -6729** -1.953 -.346 6,804

*P<05, *P<01, **P<001
NOTE: Run-up:

=587 Take-offt ¥7& HCM: g =]

R-FSipA BAl A 2 Egfol = L-FS;upAl 2 Edtol =, L-TS:ZA 7], L-HF:A A4 7], L-TF:0] 571,

@ jeju



E6 E7
E
Lo
o-
2]
~
; n TTTTTRELT TTT I T IT T T TP L T T P T T TOr TT T T T T T TTIToIrTT TTTTTNRTTTT IR TR T T T TT R PRI T TTITITITTITTTT
oF 1 11 21 31 41 51 b 81 91 1401
0 -20 :
Kio
= -40 -
el
e B R R R | ot
Run-up Take — off HCM
-80
Al ZH(%)
El E2 E3E4 E5 E6 E7
250

50 +

Run-up Take — off HCM

U TTTTRTTTT T T T I T I T T I T T T I I T T e I T T T T T T T TR R T T TTT T TT T TTTT T T T T ITT T T T ITTITITITTTITTT

1 11 21 31 41 51 61 71 81 91 101

MHSEAX /=% (cm)

Al ZH(%)
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FO|H 7|9 wpA|o} 3uAA FEAEA ol VA AATAERSY HF %, 2l FA%
Hsh= <& 6% <13 8>,<ad 99 2k AATHEES ks =527 4 A RFS =
Ho| A A= 677242 9emy'see, GRS -5568+4053cny/sec(p<.001), L-TSTHA] =41
v 12354445 Remy/sec GRS -154.09440.43cmy/sec(p<ODE 918 xfo|7} YeRdal -5 &2t
Al L-HE 5ol A 24 -186.17+23 45cmy/sec, YRHA ~157.03+38 73cmy/sec(p<.06), L-TF=Hel
Al M4 E-1131641089cmy/see, YRPAT ~7380422.29cm/sec(p< 009} o]F Fe&244d HCM
A A ~120,02+21. 84cmy/sec, —93.06+388lemy/sec(p<001) 2 9] 3+ Zo]7} LHERIT

WAF GRS 3T Wdhs B2e7] §2F Al R-FS =HelA ¢4 66088425 5lem/sec,

b
o,

WA 49008448 24eny/sec(p<00D), L-TFFHA M5 66127431 09my/sec,  GRHAFE
464.64422.40cny/sec Z(p< 0D Frof 3k zfol7} vetar BE F2 A LATSTHA il

64899431 7eny/see, GNHAF 446.57+10.10cy/sec(p<0D)9F L-HF=H $=pA479.89+85.02cm/sec, ¥

HRAE 36138447 Penysec, L-TF=H FATE 33462415.38cn/sex, b=
296.10414.82cy/sec(p< 0D Z Foek zfo|7} Yehdal o]% 52 HCM=doA A9

AWkAG= 351.72452.53cmy/sec, 278.88+37.97cmy/sec(p< 00D E 257 f0]8 2lo|7} LpEpyIT]

FAETHIRE T3} w2 S22k A] LTS, L-HF F®eA] f2]3k zlo]7) vt ¢k
Fi olF HFE FEY L-TF a3l rdeE 40382+2369%cm/sec,  HEHAE
300.27+21.23cny/sec(p< 00Dt F552 A#%o] HOM=lA 415 190.90+99.13cm/sec, LHHA
= 13231483 52emy/sec(p< 0D E 213 Zpo|7} Lhebyit)



o Run-up Take-off HCM

R-FS L-FS L-TS L-HF L-TF HCM
- X 6774297 -12354£4592 -201.37+12.87 -186.17£23.45 -113.15+10.59 -120.02+21.84
jY 660.88+25.51 651.27£31.59 648.99+31.72 479.89+85.02 334.62+15.38 351.72£52.53
;r Z -580£44.60 -1260£17.89 35694594 212.09+91.02 403.82£23.69 190.90+99.13
d X -5568+40.53 -154.09£40.43 -202.32£16.36 -157.03+38.73 -73.80+22.29 -93.06+38.81
EY 490.08+48.24 464.64+£22.40 446.57+10.70 361.58+47.69 296.10+14.82 278.88+37.97
;r Z -1519%48.29 -20.60£26.99 16.77+27.36 170.03+84.18 300.27£21.23 132.31+83.52

X 5204 2.733* 068 -2.199* —4.545% —4.200%

t Y 18333 27147 10.928* 5.125% 5,253 8.312%%

VA 894 1.331 ik 1.288 9.506%* 3.227*

*P<05, *P<01, **P<001
NOTE: Run-up: E#97], Take-off ¥7& HCM: Hi273dd=0]
1

R-FSo1A 87 4 2B o] =, L-FSispA| shaB o] =, L-TS:# 7], L-HF:AA 7], L-TF:0] §7].

E6 E7

150

100 -

50 4,

-50 -

-100 -

MEZe /2 (em/fseq)
[=]

Kb _150 -

<4 200 -

-250

61 71 81 91 101

7~



E1 E2 E3E4 E5

E6

E7

800

700

600

500

400

L=/ 48 (cm/sec)

300

200

100

1 11 21 31 41 51 61

Al ZH(%)

E1 E2 E3E4 E5

71 81 9 101

EG E7

500

= /4% (cmfsec)

61 LAt 81 91 101
HCM
Al ZH(%)
F 2l e Qs
SF 9. 7F FHEE AAFAE =Y, 2)
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FolH7] M E A vhAH 3RREH FEER R wol7A AT AW E <E DY <1d
10>, <a29 17 2tk #2415 ¥slE 5527] LFS WA s
12353+11.13deg, YHHAS  134.33:1559deg(p<OD9F ©]F HigHzo] HCOM=HAA 5445
133.60+17.34deg, YukAlsE 12450433 45deg(p< 0012 £-2]3h 2hol7} el

THAE) AEeE B BE A Al frels o7k vl A gkl iR ol
HCM el 92414 121.2120.88deg, LHFASE 150.7849.70deg(p< 00D 2 #-2]3 Ajo] 7} Lheby:
AZFZo) G mgdv|el BE, olF FE5d JuAEo/K BFE {93 Zjo|7} vt
A GFSkIL QF WHEo] Awwishs SR@7|er g FAeA] fogh Apolv} vEREA] E9kom o]

3 FEeAAd HOMTFANA SFHE 129431674deg St Yo 136.61415.79deg(p<0DE £ 3h

Run—up Take-off HCM

R-FS || i 51 L-HF L-TF HCM
knee(R) 100.56+35.46 12353+11.13 81.74#5.36  73.03+10.09 107.16+10.47 133.60+17.34
hip(L)  159.34#8.15 134.28+11.24 153.70+1.71 15533340 163.78+1.40 121.21+20.88
knee(L) 127.91+27.05 123.86+31.14 150.03£0.90 143.22+3.43 15769557 27.72+4.00
ankle(L) 101.19+9.04 105.39+13.23 114.91+3.12 109.97+2.938 125.23+891 129.43+6.74
knee(R) 107.69+40.67 134.33+15.59 97.68+12.89 83.04+19.91 115.38+31.22 124.50+33.45
hipL)  156.92+10.88 135.83+15.54 157.77+10.78 159.94+12.18 167.05£6.26 150.78+9.70
knee(L) 122.49+36.92 112.05£35.93 146.05+2.64 137.02+11.00 161.47+5.66 113.66+29.32
ankle(L) 99.60+11.98 100.78+14.26 114.60+4.22 114.44+7.02 131.90+11.01 136.61+15.79

Hexfdo

Pz

knee(R) -821 —2.908* -1.591 -1.499 =707 17707+
hip(L) 1.084 -.430 -.503 -1.168 -1.260 —0.617%
knee(LL) 7719 1.312 1.960 1.733 -1.382 603

ankle(L) 645 1.263 087 -.632 -1.362 —2.940*

P01, **P<00]
NOTE: Run-up: =&Y7] Take-off ¥7& HCM: FHZFF=o]
R-FS:upAl Al A 2 Eglo]l = L-FSirtA g ~Egtol = L-TS: &4 7], L-HF:AA 7], L-TF:o| §7].

@ jeju



R knee {deg)

Ty T S—
Run-up Take — off HCM
n TTTTTITTTI T I T I I T T T I T T T T I T T TR T T T I T T I T T T I T T T T T T I T T T T I T T I T T I T T I T I T T T T TTTTRERTT T
1 11 21 31 41 51 61 71 81 91 101
Al ZE(%)
E1 E2 E3E4 E5 E6 E7
3.5
o
¢
2
e
=
-l
1 =l
R S B e
Run-up Take —off HCM
n TTTTTPRRTTT I T I T T I T T I T T I T T T R LT T T T T T T LT e T TTT T T T T T T T T T T T T I I I I TITTTIITTTTT

1 11 21 31 41 51 61 71 81 91 101

Al ZH(%)
- R4Me oo duhdg
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L knee {deqg)

L ankle{deg)

Run-up Take — off HCM

n TTTITTITTTI T T I T T T I T T T T I T T T T T T TR T TT T I T I T T T I T T T T T T I T T T T I T T I T T T T T I T I T T T T ITT R T

1 11 21 31 41 51 61 71 81 91 101

Al ZH(%)

E1 E2 E3E4 E5 E6 E7

1.5 K.

OIS NP, '
Run-up Take —off HCM

U TTTTRELTT T T I T I T I T T I T T I T T TR L LT T T T T T T LR R e T T T TT T T T T T T T T T T T I T T T I ITTIoITTTTT

1 11 21 31 41 51 61 71 81 91 101

Al ZH(%)

t
o
-
[
I

f
ne
rT
mx
I
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2) B2 45757

wolH7] e A rPA 3R Faed AR ol S < 8> <Y 12> 2
=27]E 2 R-FS aHolA A -15525902deg, YN 3.065.45deg(p<001)E o] 8t x|

i 5

ol7F vERG AL E 4 Al L-TSHHLS A -131442.23deg ok B -7.1042.00deg(p<.06),

L-HF 59 A -1027427deg, YW -1.004448deg(p<.00D)9} L-TF oAl X4
-21242.84deg, YW= 8.39+4.67deg(p<001) = F-&J8t Zo|7} eyt
£8 7 3w Bald AFAZ(HS)deg)
o Run—up Take—off HCM
* R-FS L-FS L-TS L-HF L-TF HCM
fﬁi aggle -1.55+5.92  -4.20+578 -13.14+223 -1027+279 -2.12+2.84 46.24+40.07
%_ﬂ}g aggle 3.05+545  -2.14+681 -7.10£2.00 -1.00+448  8.39+4.67 58173422
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<Abstract>

A Kinematic Analysis of the Last 3 Strides of the Run—up

and Take—off Motion in the High Jump

Hyun, Seung—Hyun

Physical Education Major
Graduate school of Education, jeju National University

Jeju, Korea

(Supervised by professor Ryew, Che-Cheong)

This research was conducted to gain necessary information on kinematic variables to evaluate
and analyze movements of effective approach and take off motion that can increase high jump
record. To accomplish the purpose of this research, the subjects consisted of athlete 1 of national
representative level and athletes 3 of high school student.

Analyzed kinematic variables are average time by each phases, center of gravity displacement,
center of gravity rate change/standing height, and anterior-posterior tilting angle of trunk and to
verify the characteristics of skill in approach and take off motion. SPSS120 Statistics Program
was used to carry out the independent—t test, and the sigmificance level was set at p<(0b The

conclusion were as follows.
1. Temporal variable
In elapsed time by each phases from final 3 approach strides up until the peak height point, elite

athletes were proven to spend less time than the athlete of high student.

2. Linear motion variables by Each Phases

The representative level athlete continued shorter displacement(X axis) and lower COG in vertical



displacement (Z axis) than that of high school athlete. Also, the velocity of COG showed higher in
X, Y and 7 axis than that of high school athlete.

3. Angular motion variables

1) The Angular displacement of lower legthip, knee, ankle)

Angular displacement from approach run to take off didn't show significant difference statistically
in hoth, but national representative athlete showed more flexed posture in hip joint(left), lead
leg(right), ankle joint(left) than that of the high school athlete while knee joint(left) showed more

extended than that of high school athlete.

2) Titled angle of anterior—posterior of trunk
High school athlete displayed greater anterior-posterior angle and showed greater in final 3
approach strides prior to the take off up to the peak height point than that of the National

representative athlete.

When considering all of the above results, velocity in direction of left&right axis(X) and
horizontal axis(Y) of final 3 approach strides and the jumping moment has to be decreased
simultaneously, and velocity in vertical axis(Z) direction should be shifted and increased to perform

more effective take-off movement.

To accomplish this, the impulse has to be greater than that of the vertical impact force by
shortening the height changes of center of gravity and the moment of take off. Also, it is
considered to increase the efficiency in high jump performance when the angle of hip joint and
knee 1s flexed by greater breaking force. It was desired when the trunk is close to upright posture

in backward tilting and when greater angular is continued from inside to the external diameter.
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