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AT 284

1.

Njo

(Jump)e] A W
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(Hop), 2=¥1(Step), #
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=
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=

=
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A 7|
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sttt
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Ads|ojof Hae] F7H S
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= =2

1988 A2+

o

Foh(Susanka, Jurdik, Koukal & Velebil, 1987).

AT

ot 3(three) ~Ego]=, = d3= A 5 m oo &%}

tA=HA FP
o]

A
glof o}

2
Nixdorf & Bruggeman(1990)

mae

Nd
min

4qr
o

2)

=7t

qr

7 1029 m/setal Btk Hay(1995)= =w27] 3%

HA e 105 m/sell E=gstar

3

3

2 3}
g}

ki3

:ll

_\:H
[e)
L

* 11.1 m/sehar

(2011Db)

2.7
= o
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1
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=
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A 2 o2 19923 1=
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=
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}ith. Koh & Hay(1990)

°

T -0.60 m/s(6.0%), -1.36 m/s(14.4%), -1.10 m/s(13.6%),

T 12.54°, 12.80°, 18.83°¢tiL B
19867 1987 2 &<t TAC A=A (M= W



Athletics Congress)oll ztodal A9 169 AT E Px AdH 7] AFES
fgdow g AqolA F, 28, Az FHEE 7HEo] 069 m/s, -1.25
m/s, -1.50 m/s#}al B stk Aus, A-871ek whAA(1992)= AA ¢
FAFE &, &9, AZ o]FEtY Y - FASEE 7
2.1 m/s, 82 m/s, 1.7 m/s, 647 m/s, 2.3 ,
7+ 13.1° 12.1° 185°%¢|n. &, &8, Hx FHEE &S 77 Hd 064
m/s, -1.0 m/s, -1.4 m/se}il B 133t

b mHol Ao B E AAAREE FHERS} FASER G vA =
2921024 Hommel(1998)S M A7]5 S4HAFQ) Jonathan Edwards 7d-%-

zF = A& A 7ko] 0.10 secol A 0.12 secol#til s al, Hay(1992)= 7+

= PG XA A7 HA7E 22 0.12-0.14 sec, 0.15-0.18 sec, 0.16-0.19 sec
o, 7t AA=W Fot] A&HE Wi FPEE WL 247 59%,
7-15%, 13-20%ehil Haskdth FATY FF5201De EA dmUE
BRAE Al 2 ww A} Azke] 011 sec, 014 sec, 0.15 secol ki
Hasgl ol A= %?Jr 28] AR A 7ol BO AL o] &

o
S
v
rlr
s,
ftlo
Lo
=)
ol
i)
)
o
=
o
iy
ol
ol
v
K
s
K
ol
R
O,
D)
d
-,
4
2,
2
=2
o
Mk wo ux

5]
k3] zstE o]E Wi 33
4(20 d UM Alol=g sle A &¥ 3 B 7]
= 7E5E %Jﬂrf& 5o AFE oz 3 Aol F 28, HE o)F
£ 9 - 45 ZHE "9 933 m/s, 267 m/s, 8.23 m/s, 1.95

5 2.76 m/selH, =Rt = Z47F b 16.0°, 134° 217, Bt
FEEE EE AL 071 m/s(76%), -111 m/s(135%), -1.28
m/s(184%)et B sl 4 5(2011b)> 2011 oAl A S 34 4
Adislo] #A7tet oxk 8w e AgE e Bug F ~F HE o] F
vel 9 - AL E zhz Fd 814 m/s, 1.98 m/s, 7.38 m/s, 1.59 m/s,

6.24 m/s, 221 m/solH, =kt = ZH7) ot 12.3°, 13.2°, 189°% 11, %ﬁ

s



Hay(1992)= &, &4, Axo @AY E d7/2 wHulE AEste] Al
KeN

A AR

N, F3 J=Z2 Fx3 wdA(Balanced) 7] Eolth. F3F HEZ Fx7]1%9
Hre Hd b 2} g BjAbo]l Holk 29 Afol7b vpof shal, §3 A
H 2= (Balanced) 7l =2 2% ©]% zkol7F WA= ¢F HtkaLl §)
3 th. Brimberg, Hurley & Ladan(2006)2 X 7ZFz7]<4o] tha9o 7p4 &
TAHRET A% 4% © Aok rhal s}l
Hay(1995)°l ¢Jstd AA A AHE HAF52 37 50dFH A=7-A
T AxVes 2 Aadged, AAVISS 493 Jonathan Edwards
A 7150] 1829 m=E = HH|7F 31.7% : 32.0% : 36.3%% HiIE X3
Ao Z UeET o] wio] A7AFNA F Ax7IEe] dAlE o F 1
RAARE 718 SHolA HE FxT|so] HAY VleR FHEWI QUTH
Panoutsakopoulos & Kollias(2008)+= “HA= Y 7] 20087l Z7}Fsk o2} At
H71 A 108S dew & AedA & 29, Ax Ft g8z 77
36.5%, 29.3%, 34.2% = #HAHAY RSP Ul FF5 o} FA
(2010) 20091 ﬁ%%’b‘%‘ﬂﬁ??ﬂﬂ]ﬁlﬂlﬁ g A7 5& ¥ KDH
Aol AA B7143s #FEA sl T 4319 A3 Asja 7]l A v

s

=
B Ve 782 § dxe Eds TS 3idna e = A7)
5 Y 3 BEs Ues AR Adow a4 5(2011ab)
< 2011 WrAAS G E e dY AlgH 7] AdeEel AHER e
ol Fa drsel 4% F dx7le 6%, 32 Axrle 2%y, oA A
TE AT ¥ AxTE 49, Bdx UE 28 3 AE Fxr)e 2%l

Adz = u G Ao A JAE Fxrlec] 4
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HA(Touchdown; TD): A|He] o] Y= =1k

o] Z|(Takeoff): o] A WA "olx|&= 1T,

o] F(Takeoff; TO): 7 ¥ 57 o] A H A Holx

A 2EZbol=(Last Stride; LS): mhA9h 18 o] ofx|sh= &Xbell A
= Sste] gl JA e =1k

+(Hop): ¥rF 3ol A o] whgo] F-53o| A oA st ~8lszts 3

71 e 27 ks wel Wil

fr
o
o

Aot &7

Ao & =3 (Maximum knee flexion; MKF): @G53+ thgle] vtz
e FEo] AWS AAS e FTE v FEH AR FAE

T1boll A Ak vhele] FEo] AR == H &1k

71 % (Official distance; OD): 753 & 7MA2l =258 A57F AL

of A& 7 7k A A e =3 A .

A Agl(Measured distance; MD): &5 3 A4 F582 TEA
=

o
@

I\
O

YA FAIZ MR ke A AR 9] HAY.

F v (Phase ratio): &, 2%, HZ APE 34 ALz Yo AAMEAR
#A

& Z%(Hop-dominated)”]&: & HAE| A7} Az A AEA BT Ao 2%

A2 ZFZ(Jump-dominated) 7] &: X ¥

2% © 2 39 7=

W 2 (Balanced) 711 7Hd & =W HAE A7 vgel 7B 2 = 94l
B AR Aol 2% ¥ AA &S F39 7=

S

AEN A 7E 5

=)

AEA BT} Aol



719 Hurlsel opd A 15 A Agetith 1 ol i 3W A

7b 53kst 67 A7l A BEE] AR Aste] Bo] olFolAA B

wolth 6789 A7t 5, 62 Al71lA F=H 3] Har|E3 A 759
Aol += 9.8 cmolth.
A7 AAA 543 FATIEE GE 1) 3 2ok
X L A7 AAA 543 7S
Subject Height Weight Age Trial Official
Rank Nation
(trial) (cm) (kg) (yr) distance(m) distance(m)
1 XIE(4) CHN 175 55 19 14.24 14.38
2 YUR(3) uzZB 173 56 24 14.14 14.14
3 HUA() CHN 170 58 25 13.66 13.75
4 PAR®4) KAZ 171 54 31 13.40 13.45
5 KIM(1) KOR 167 53 28 13.15 13.43
6 YOS(2) JPN 165 55 24 13.20 13.20
7 MUA@)  THA 168 53 22 13.08 13.16
8 RIT(1) THA 168 57 29 13.09 13.12
M+ SD 169.6£3.2 55.1+1.8 25.2+3.9 13.49+0.4 13.58+0.5
2. Ag 7

of Aol AGH HPAUE FAAYG Fulsh BA Ful= profAn



1) 94Fd A9 &4 A
(1) ¥ g 7}t 2H(Video camera)

AT A AR T2 s ZGsk7] & JVC v Y 7hH 2
(GR-HDIKR) 4ti¢} Kwon3D 3.1 424§ Z2a9s ARSItk ol
Fhelele] Z#d %+ 60 fields/sec, MEH =EA7F2 1/500 seco. & 114
sto] #odetqitt. o] Fhugte] 542 HD, SD, DV # REE B3 i
AMFER F37t Jheste] =EFAIEE 1/1000 sec7hA] 28T = QlojA A

A

=<
wek sdS A5 vk 1Ea 60 Hzo AER TR

(2) A% E(Control object)

DLT(Direct linear transformation) WS o]&3lo] 3x3¢Y FIHFFE 4
=ot7] f1ste] V-TERAF #2375 7Isd 2ol Ads g4+ ==
AMEH 7] s2to] FdEE H99E 29T F AEE 72 1 m, AE 2 m,

=0l 2 m AAAYEor Ysto] ARG o] FAF "ol 20 cm, 30
cm, 30 cm, 20 cm AR FAHC] FAFHI 33 3 W AAHRE

dZsl=t ATA 2 xHReconstruction errors)E =Y & o 83}

4o Py ertvigtz e H9d A 53 A" A7+ Kwon3D
b}

ol
=~
AEF Qw7 Zde T oAje] BEZ o] s
3
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9tk Cam 12 ZEaAE o2 A7)
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o Fohe
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=2

60 Hz A1
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=

7} 2H(GR-HDIKR) 4t}

]

e

A7

=2k

Aste] TEW o FolA w1

S|
=

o

bk 4t Ao

)

FHE=F 2A

=
=

FA Tt

S

Al 1/500 seco.2 A

72709 &A%

18.30 moll ¢

=
<

A AT AL 7EA]
ldom <23 2>9F 7}

=
-
‘]_(_S

-
.

X(medial-lateral) =
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EEE!
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Y 20 AgA e wiA =

4, AEA Y

Kwon3D 31 44§ Z2a1dg olgste] 4the] vr)estuete] o
A4 #9E YHARE DLT B82S 5o 349 AugS AWsn 52
A& sk

1) 3A=

A T HEFE 209 BAAE 1088 tAElo] e AESH AL,
sk 4o viviezmlere] ZFH Fdoll A 2070
tA ol stdvh. AAe Rdege 2070 A
AAE o] 9= A A (Linked rigid body system)Z A

_12_



o staa, 7 B FATAS AN FAFA AHE L] 9

(Body segment parameter)i= Plagenhoef(1983)2] A& E& o]&

e
2
x
5

2} 3 8}

-0,
2
r o
i)
ol
>,
o,
1o,

to
il

B
)
&

+(right finger)
S

wH

7}

+(left finger)
pZS

o

7

© 0 N Ok W N

fo o o o o o jo jo
oo e b O e b or

T o A

)
=] (right heel)

[ S —
o
g,

4 M

=

0

5

=

(@)

—
@

(left toe)
2] (left heel)

—
b

o

G gy BRI
=
<]
R

— =

JALCTR = = 1 o o

%
=
4 (left hip joint)
ot

E(vertex)

—_
©

Do [—
S >
M H oo o o o o fo o fo o

o
=}
2

(2) 339 HES] AR

4 o] WY @7t Etel A &

Hx

A(right wrist joint)
4 (right elbow joint)
A(right shoulder joint)

A(left wrist joint)
A (left elbow joint)

H(left shoulder joint)

4 (right knee joint)

i
& 4 (right ankle joint)
¥4 (right hip joint)

4 (left ankle joint)
4 (left knee joint)

Me <29 3>3 2

48 G AA AZol

A

Al

O
AR



Habel Al 94 B3 FE A (Comparator coordinate system)@} 3 A}
Aol Ak F7re] FEAQ A FIF HFEA(Space coordinate system)ol]
71E5H R Atelo] APEHE A5 FEske WS DLT WS o83k
Karara, 1971).
aga FAAES &8sty mlE A 3k Axgs ek, o] AxRUE
bkt AlAt® DLT 32 AlS=<}
2219 AR ZHE AA #E A 32U FHu ALbE AT 32k F
x o

w
3
(o
Y
=5
Ll
e
o
o
&
£
>
o
a.
o
i
N
S
R

EL g
EHe WEeE HPAM DA At g oy shx ULl @
o] Z(noise)7t WAFEE, oled wol=E AAFI §lste] 2Ry

(Smoothing)S &} %1t}

o] A= WE Y 2(Butterworth) 42 A9 &332 E (Low-pass filter)
E Algegon ol AuFubgE Yuol 9d] Al¢tE ool 2& o]}
AHYu & Andrew, 1998).

of AT e AdFusE 7422 HF A

1
F.= (1.4845 + 0.1532 F2 )? [1]

2) % Z(synchronization)

At el wiY) e stvlgte] A4 FxE Kwon3D 3.1 GAEAE Tz
of WAYE B% 7155 Abgste] 7z Fivgte] 28 GAtelA ZF =2 &
ok=7FS %% Z 7 9 (synchronization—-frame) 2. & A A & v}

_14_



5. WAL

1) A

AA Ad)E FEBAN Qolwd Azleh BAAL Fow Hojw
o A Aels GA F AW, 29 A, AE AR e 5
itk 2ga 2t =9 Aels ol KAL), N8 Add,,), FA A

(dgg), )= Wizt
AA AY= Al = AR o xd"E F Jdow e 2

3
da,: 1:21 di (7’ = ]-: 273) [2]

1=hop, 2=step, 3=jump

A2l A 4o A7E ggn 2 A8 Abgste] AAE)

di = dyoys t o dyns t daay. [3]

[4]

v .
Z(m)ﬂ + \/“;Lm).z - 29(7«\1(1).1 — Z(m)‘y)

g

= Uy(to),i *

_15_



(5]
[6]

8l Aqke e

S

(i=1.2,3)

g A o

1

T

Vy(ld),i — AU:WT

V2 (1d),i + sz,i

Vy(to),i
UV (to),i

(41N AT v, 101, % 040,021 271

&

2) &%
Al

dr

A<

)
3,

p=S

ot} 18]

i+ 1A AR ] A AT 417 2] T ol A

)
It

ISR Av, ;i

S

[7]

At

Yud).i+1 — Yio).i

i+ 1A A = E A

Uy(to).i —

[e)

(Id),i+1*—

A ];],

i

i A 2] =57 of] A

S

A A=A A o

of <]

4714 o
R B e PR

-

R

At

Vy(to).i o}

—~
0

E(Uy(ld),iJr 1)

qr

jfuse]

13

file)
el

Ho
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AR A o] Fezgke] A4 o FH EE(u g, )% i+ 147
oA AA &) WA FAFA
& Axrec.

—}f:"l éu\“E(UZ@o)/_,;Jrl)% ‘jr% é]loﬂ ‘O/]

2
2(ta)i+1 — (to),i T 0.5gAL

VU, (to),i —

Va(id),it 1 = Vs(to), — 9AL [9]

AN oy B AATEAA ol Fagkel A
Z(ld),i+1% i+ 1A AT A 2 X1k %

2 Jl& o),

_17_



3) 4=

Trunk vector

)

bol ol 2z,

A

=
T

]

(e}

A e ok thE e )

}E]_

Apele] 7,

o] 512

R

S

CEREE!

A 253 o] F

CEREE

=21
H)

A

EA 753 o) F

EREEEE

=21}
H)

A

_18_



om. A+24a3

1. 5497 spu 2Eo=g F 29, Az AP Fuy)

EaR7] v AESelEek & A8 o) A B o] ek dab=

E 2 Eaey] vpAe AEgo|=st F 2AE] FEo] 7je] 3 wwH (39 m, %)
RETE

Subject LS WE 8(%) Hop Step Jump MD
1. XIE 2.20 26 5.25(37%) 4.05(28%) 4.99(35%) 14.29
2. YUR 2.15 24 5.30(37%) 3.63(26%) 5.22(37%) 14.15
3. HUA 2.09 23 5.24(38%) 3.89(28%) 4.80(34%) 13.93
4. PAR 2.23 30 4.97(37%) 3.73(28%) 4.65(35%) 13.35
5. KIM 2.05 23 4.94(36%) 3.76(28%) 4.88(36%) 13.58
6. YOS 1.89 15 5.15(39%) 3.49(26%) 4.60(35%) 13.24
7. MUA 1.89 13 4.91(37%) 3.73(28%) 4.65(35%) 13.29
8. RIT 2.26 35 4.73(36%) 3.81(29%) 4.77(36%) 13.31

M+t SD  2.09+0.1 24.846.3 5.06£0.2(37%) 3.76+0.1(28%) 4.82+0.2(35%) 13.64+0.4

HOP-DOMINATED

J30NYvE

HOP PERCENTAGE (%)

Q3aLvyNInNoa-dnine

1 1 . 1 i = 1 x 1 s 1
30 32 34 36 38 40

JUMP PERCENTAGE (%)

2% 5 F AEA O A= AAEA 2o 24 A7 AR TE 7 E
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=507 npx e AEglo]lE HES A AH
H Woﬂ )\/\1_ MeEe 75‘713_'30] f%_/r:z:;l_ Aoz

BE Hgo] 30% ool A 15% olakd 7

Zk7 5.06+0.2 m, 3.76+0.1 m,
4.82+0.2 m®} 37%, 28%, 35% = A§1e] IHH|= Adgg b 2 AolE B
ojA ko A or v mepAY et wyulel nls] A Zol7k i}
Ebyk ot

)

2. E¢@7] HhAY 2EF|EG §F, 29, T FPEE

SRR mhAY sEge|Ee §, A9, 2| FPEE Av= <E 3>,
<9 6>3 2
E3 EREr] upAu ~edol=g 7wy FyLwe} S W (9] m/s)
LS Hop Step Tump

™D TO 4y TD TO Ay TD TO 4y TD TO  Av
XIE 919 906 -013 929 817 -112 845 7.08 -137 754 665 -0.39
YUR 968 974 006 866 915 049 897 830 -067 805 634 -1.71
HUA 844 895 051 865 734 -131 699 784 08 729 571 -158
PAR 848 831 -0.17 884 783 -101 740 703 -037 628 562 -0.66
843 9.65 122 905 844 -061 854 775 -079 746 661 -0.85
YOS 876 863 -013 766 750 -016 714 717 003 7.02 6.29 -0.73
MUA 787 804 017 858 721 -137 737 696 -041 640 58 -0.55
RIT 795 885 090 832 784 -048 774 787 013 7.05 6.07 -098
872 890 030 863 793 069 782 750 -032 713 614 -0.99

+053 +059 +052 049 +0.64 +063 +0.73 +050 +067 058 +0.39 +0.42

0 NSO A WD
~
2

_20_



MUA

Ll

YUR  HUAS PAR KM ¥OE
Subjects

XE

YO5 WA

TR He

" PAR

VLR

YOS MUA RIT

KM

HuA

Subjects

...;...‘.
TR
SRS

]

s

YE

PR

Sul

{5/} ABoien, (BUOZUOH SpLIS 158

{spw) fpoe, [euozEoy deig

RIT

FM

PR
Subjects

XIE

T

M

K

bjects

"

1
Ar

ol

XIE, PAR 1%

my %O
Ay s
w )
o] ay
L ny
o g
ey w
~ o|
Njo "
=
H ©
4r o
PO
- I
ol vy
iji] 4qr
AJ ~n
< 2
X 1
£ 4r
) (=
o A=
% £3
o =z
— B
0

< i
ol i
T 5
Woo"
drom e
B 3K

Agrre]l 049 m/s

o] A|¥F YUR

&+

%)

A

| XIE, HUA, PAR¥ MUA

= =]
= ©

ol Hgont

0.85

z+

HUR, RIT, YOS

ol M=

TE

- 21



m/s, 0.13 m/s, 0.03 m/s& Z7}8t9 1, Ur A AF-E5S gEEdr. E9)

XIE d+7F -1.37 m/s= AA &5+ o2 YEyT

HEZ A5 FAAME i Ao F3&E] e Fo] Hqt
WEE Q] 099 m/s Bk A & EA oY, YURY HUR AFE%
o] Z+z} 171 m/s, -1.58 m/s& & FHEE &0 vEbgth

2 =W o)l Feite) SR R dibe <F 4>, <Oy >3 7
t}.
¥ 4 7 oA o] 557k FHE&EE 9 RO (49 m/s, deg.)
. Hop Step Jump
Subject TO Angle TO Angle TO Angle
1. XIE 2.06 14 133 10 1.90 15
2. YUR 2.09 12 1.06 7 2.02 17
3. HUA 2.10 15 155 11 2.30 21
4. PAR 2.08 14 145 11 253 24
5. KIM 171 11 127 9 167 11
6. YOS 2.39 17 127 10 228 19
7. MUA 2.19 16 136 11 2.15 20
8. RIT 1.88 13 1.30 9 2.10 19

M= SD 2.06£0.20 14+2 1.32+0.14 10+1 2.11+0.26 18+4

F olEE FH&EE
o RIT AsE FAE5E7F YUR ARt W Een =z =r}
1° o =A%t
2w o A o] 4= 7 132 m/s®E F3 dzRo AgzRos =7
A A = w3 11° ost® WAl e
HEol A& EE XIE9 KIM A5 247 1.90 m/s¢F 1.67 m/s& v
o okt w7} 15°¢F 11°% 7h wA| YERkth
oA E Aurd KIMS Id 7F 2oz
ol7} 2°& 7Fg Al vEtwEd 9% FZe 11°2A4 = ETE

4
gk AA WGBS A WHAE 20 e Aolw, b B AolE B

_22_



ol PAR A9 13° Hu:= =4 & FHolt F31 ~®He woztn=
YOS A7F 709 Apol2 Jbd AA vEREedE ozl Fo FALKET}
239 m/s® 7FE AA JErS] wiEelth 2§93 A Z= PAR AU 13°

o] Zolg HAEH oju Fxeo] FHEET 253 m/sE 7MY A YERS

t}.
B @ ge MEE F meptE noh 288 %A R e fE A
o7 YEu
[ ~1Hop vertical velocity
26 - [ Step vertical velocity
2ol _ 221 Jump vertical velocity
g L ‘. [(E5 Hop takeoff angle
T 22+ ; [E57] Step takeoff angle
) - o . Jump takeoff angle
5 20F | -
c 3 - i
< 18 |
5ol 0 -
% 12 | q \ i |
0 i \ R NE A [ Q :
é 10 |- 1 "'_ — y |
~ g N - Nk
G i R 5 -
E 6L i
> 4 W 1
= L
S 2malh
9 o WHl .

XIE YUR  HUA
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N
Al
=)
o,
A
M
Y
o
2
—_&4
-
x,
ofN
>
s
o,
rlr
A
=5

% 5>, <19 8>3 7t

£ 5 7 %W ol Hwzre WARAFA Eol (291: m)

Hop Step Jump

Subject 1 MIKE TO TD MKF  TO TD  MKF  TO

1. XIE 0.92 0.92 1.04 0.97 0.94 1.00 097 0.96 1.05
2. YUR 0.95 0.97 1.08 0.99 0.96 1.00 0.96 0.96 1.06
3. HUA 0.97 1.03 1.09 0.95 0.93 1.00 0.95 0.94 1.08
4. PAR 0.95 0.97 1.08 1.00 0.96 1.06 0.98 0.99 1.18
5. KIM 0.95 0.97 1.06 1.01 0.96 1.02 0.99 0.96 1.05
6. YOS 0.89 0.94 1.04 0.93 0.89 0.93 0.90 0.89 1.04
7. MUA 0.92 0.94 1.05 0.99 0.93 0.98 0.92 0.96 1.05
8. RIT 0.95 0.97 1.07 0.98 0.93 0.99 0.92 0.91 1.04
Mt SD 0.93 0.96 1.06 0.97 0.93 0.99 0.94 0.94 1.06
- +0.02 +0.03 +0.01 +0.02 +0.02 +0.03 +0.03 +0.03 +0.04
EZZTD
[IMKF
12 - 710
10 ool oV et A ZErE T
£ os
= 04
02 / 7 / oA 10 %7
0.0 i N 77  PEAAY A | AR A o N e R N A
‘g 12 XIE YUR HUA PAR KM YOS MUA RIT
S o 08 ; £ -
© 3 o8
= 04
0.0 | L | s 0 ' L P 2 Ml " 1 M o i I
12 XIE YUR HUA PAR KIm YOS MUA RIT
10 7 N ol cbd ol Fl 7 e
0.8 - 7
o 06
2 04
0.0 Gt o P 2 T o L L A L 1 1 {58 B L

XIE YUR HUA PAR KIm YOS MUA RIT
Subjects

29 8 7 FHelA HA, AUTEEF 2 o Fagt AATAZHY Fol Wil



F LT EE B XIE AFwe A9t BE AU AR Hy)
n Al Eol7b EolA = WEE HAT 1Y
U 2 B pEets Fohe FART HYFEFo] vl o Fw7t
A =

oot WEHSs Btk shANE A A Eshs kol HAS ojFe=
A)
=

3T

>r=

[e)

2 Fw7F =olxlE ¥ (XIE, HUA, KIM, YOS, RIT)#

YUR A5 HAA 9 HAFE=39] 2AAFASH =o|7F 21 o] F7t
e B upxjgto 2 PARI MUA AFEXHH HA o]F olH54

WA AATAFA ) o7k A wobA = drol tehg

AQFE=4S AHEd, XIE AF5es &, 29, X5 F3siia] Al
FAFA Eol7F 2 em® A58t A2 YERal, RIT Ags volA
= Ao® uehdoh HUA A5% 3 299 AMRE23 e 243
AFA e Eo]l #o]7F 10 ecmE K.t} whdeo] YUR¥ KIM 4552 7t
T A AAFAFAEY o] zol7F AL glo] dAgdt wolE Rt

g, 28, Az A F 187

Zb o o]l F7ke] A FH - 9 72V E <HF >3 Y
¥ 6. 7 = o] F547+e] AA &9 V]S 7] (9] deg.)

Subiect Hop Step Jump

ubjec TD MKF  TO TD MKF  TO TD MKF  TO
1. XIE =) 5 11 11 12 10 5 6 6
2. YUR -9 12 -15 -1 10 -10 2 0 1
3. HUA 15 -18  -19  -10 -7 -3 12 12 11
4. PAR 10 -1 13 -13  -12 -9 3 4 5
5. KIM -4 -5 -6 -6 -6 -4 4 5 5
6. YOS 10 -12 -13  -14  -13 -9 9 11 10
7. MUA 8 7 8 17 15 10 -1 -9 -3
8. RIT -9 10 -12 -1 -11 -8 1 0 -9

M= SD 3+4 10+4  12+4  12+#3  12+3 8+3 6+4 6+5 5+4
* ol Al MUARE -5 2ol left o]al, wpvix] A5 right 9.
* AANE (L eE (AR Vg,
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Azol A GA %} o] Hegk A - s1ev] W] wHE Aow U
2=

Wk 7 1ol 71SV1E BW HUA A5+ § ol Al 3753

6. &, &9, A2 A A - F 717

b o o] FEte] A A - F vlevle <& >3 2.

N

X 7.7 5 ol FEe] AA A -5 &7 (F$]: deg.)

Subject op Step Jump

TD TO TD TO TD TO

1. XIE -4 9 11 20 8 11
2. YUR 3 15 14 13 3 19
3. HUA 5 11 4 3 -11 2
4. PAR 2 2 0 4 -2 12
5. KIM 11 -2 0 4 2 -4
6. YOS 5 4 5 12 8 14
7. MUA 19 18 -4 12 12 -1
8. RIT 9 14 8 16 11 17

M=+ SD 7+6 946 65 10+6 7+4 10£7
# (+) 1A, ()FHOZ 7]Eo4F.

0 oo

o] HA 9} o] A AL H-F 7]&7] W= XIE, KIM¥} YUR A
FEo] Z+7F 13°, 13°, 12°% 713 & Ws3tE ®m9dvh 18y PAR, YOS$

i

_26_



ol

rr

MUA H552 1° o3tz 4419 4-F £49 flo] 2782
vhebseh,

zglel HAS ol Aol A A-F 71E7] Wsk: WA Aol PAR%
KIM A45< 49448 #5931 MUA A5E F24495. MUAE
YA A 40 FARANA olF A 120 ABAA 16°¢) = A A

717 zZolE Bt 2 o] FEitle e Agrt AAAAE 6t

e Aow

il
fz
2 Lot

K

o]
A

e
=
=2
rlr
o,
=t
<
L
<
2
o
D)
X
i
e
ol
k=l
%0,
rlr
po
o
fr
i
Au)
x
)

2 5 B Eske et 2Yste ARvEe] nwE R Wstel
st tele ndddx Wwale 474 <F 8>, <F 99 2y
¥ 8 7 W wrEehs Bok 29dE AR n@ddE W (H91: deg)
. H St
Subject op P Jump

XIE 197 163 113 84 184 156 106 78 204 166 123 81
YUR 192 158 103 89 173 154 111 62 189 158 105 &4
HUA 180 152 143 37 190 176 139 51 200 174 123 77
PAR 173 149 125 48 191 165 124 67 18 157 104 77
KIM 174 150 127 47 194 172 134 60 200 163 137 63
YOS 196 161 115 81 178 161 118 60 18 163 117 68
MUA 156 127 109 47 190 156 114 76 171 149 121 50
RIT 179 153 117 62 199 173 124 75 187 160 120 67
181 152 119 62 187 164 121 66 190 161 119 71
+14 #1113 20 8 9 11 10 £11 7 11  *11
# WE dho] MUAWRE left o]z, U x| M+E5-S right 9.
* AQ @ TD9 TOZ n¥d ZWe) 2ol

O N U W

M=+ SD

F3b 2golAe) AREA 295E vl n@ddEe Ao Ay
g A sofglolof $EAW BFoz P ~YnteE AUA PR
Bojg 4 Aok F FAE MUA A5wbo] 156°% 2ston] o)% Ay



FEZFANE 12°2 27 debgeh § o Hw7k ~9ste s nud
75l A 2 %c%?Eﬂmq—réza%ﬂ%ﬁawwlaQM@ﬂ
A 43z A 2 e

o
Jo
b4
ol
rlr
po
[o
L
E
X
=
s
c
.’J>
r 1[‘

HolA FA o] Fégh
PAR, KIM, MUAS} R
Ebst ot

Hzol A AFE7 29k vhele] A H3k= XIESF YUR A=
7} 7h7k 81°9) 84°% Jb 2 Uk, MUA A47F 50°% 7b4 2 7
He WaE Bl
¥9. 7 W wTE el nauAs (e5l: deg)

Hop Step Jump
MKF TO 46 TD MKF TO 46 TD MKF TO A0

Subject

1. XIE 154 172 200 46 158 161 193 35 138 157 191 53
2.YUR 132 138 176 44 136 145 195 59 140 148 172 32
3. HUA 154 164 175 21 155 170 201 46 161 173 196 35
4. PAR 148 164 205 57 160 164 206 46 156 161 187 31
5 KIM 144 161 207 63 158 169 203 45 151 160 204 53
6. YOS 135 147 171 36 148 150 182 34 136 149 182 46
7. MUA 118 127 171 52 157 156 188 31 152 165 199 47
8. RIT 143 150 18 39 155 168 201 46 138 151 18 48

141 153 18 45 153 160 196 43 146 158 190 43
M+ SD

+12 +15 +16 13 +8 9 +8 +9 +10 +9 +10 +9
* WL who] MUATRE left o] YW X] A4EL right Y.
¥ A6 . TDS} TOZ n#Ad 79 =)o),




oy
™

PR A vebskon, Zingle] Wk 4302 §F w3y
Cagal AUFEERAA olFE7A awd el Wsl= YUR
50°% 74 Zow HUA A<R7) 31°% 7 Ak,

o

A wrEes dee nuAdEs QA% o|FawiA g 2

o o

o
(g uZi 4y 0 A
~

o

Lil

ZbH 9l W3tE He MeE XIEY KIM A2 53°¢9 Wals Byt 1y
I HAYFEZF TN o) FEA @ EZt =] W= KIM A7) 44°¢]
Hol WhH X[E A4E 34°Z 10°9 o] & Bt}

= o

% 10. 2t =9 B3 ESE 5 23 AFrEe FEAE (2] deg.)
- H St

Subject o0 = Jump

TD MKF TO 46 TD MKF TO 46 TD MKF TO 46

1. XIE 45 35 53 8 121 101 93 28 127 113 120 7
2. YUR 170 39 35 35 99 93 103 4 110 105 102 8
3. HUA 74 81 133 59 130 123 122 8 123 106 118 5
4. PAR 50 42 56 6 116 114 112 4 120 105 97 23
5 KIM 67 45 50 17 101 92 105 4 134 101 101 33
6. YOS 107 81 49 58 102 97 108 6 101 104 128 27
7. MUA 75 46 73 2 103 91 9 9 113 107 96 17
8. RIT 71 56 34 13 128 128 124 4 109 107 111 2
70 53 67 25 113 105 108 8 117 106 109 15

M= SD
+ +11 +3 12 *11

+19  +18 #31 #2313 15  +11
# Foll A MUARE 25 Eo] left o], v =] 4l

#* A6 1 TD9t TOZF F+& 24 ¢ Aol

Fol A %};L%—a% ol ~getts thele] RE27EE HUAS YOS A%
4

AR s FE4E WsE net HUA A%t 349 o Fag

Zkzh 74°9F 133°% 59°°] 7P SIE Bolal, YOS A Ak ol Fait 7t
7k 107°F 49°= 58°°] AW SlE H Y]
2Eo A I Eshe e/t 2Yshe tEle FEARES XIE At A4
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YOS¢}t RIT A=

)

—_
o

(9] deg.)
Jump

46 TD MKFEF TO

i

=1

40
18
11

Step
TD MKF TO

176

40

Hop
TD MKF TO

161

2. YUR 160
3. HUA 150
4. PAR 146

Subject

177

148
135

159
152
162
160
175
167
172
153
163

172
171
171

173
145
150
141
165
150
140
167
154

15
12
15
21

176
172
165
167
176
157
157
168
168

176
158

1. XIE

163

14
10

157
161
171

10
19
14

172
179
161

147
160
148
156
152

177

166
170
150
162
176
167

155
175
151

179

179
173

5. KIM
6. YOS

167

18

168

16
15

177
176
171

170

134
175
163

7. MUA 142
8. RIT

23

145
149

170

167
160

13

169

12

M=+ SD

o] left o]al, v

=13
=

=
=]

# Foll A MUARE 2

il

H vetston 535 KIMZ YOS

S

7 Agheh oy

E=7F Aokl Ao ® eyt Ed HUASH RIT 4

211—

i)

4= YUR, HUA, RIT A5E24 2b2F 14°, 10°, 6°% 7% o=

2

N

Gehgth aE3 AgReEsdq o Fe

Aoz et

o] 14°% Folxo

)

S

)
~

o

ol A o]

2 yEhgon b & Z4we] W

31°, 29°, 28°Ath.

alL
-

|+ 5=

X

= S =1 A

RIT, XIE, YUR

-
1
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EwY] nhAu 2EdelEe RES FEB o|Fairl AATATAY
FRHEE) FAEE U SR 9FL ML LA0EA vl
A oQle &mEsh PRI AATAFAY AN RS AL v

9 8

o AR A3 H 25% % yER o] dAte] Akt wARSHAl WhERET
= A= 547 7]@ ﬂ"ﬂtﬂﬂ g9l 37 oA Ao FF- 8% W
Al % , 2012).

Hay(1985)
Wit 24% o AT A3t
= = AVE Y gA 22 (y(TI'XH:':'LJ’}' 535, 200D KAtk

Bﬂlgg(?mann(1990)b AGE 7] mpA e 2Egfol=o] BEWMIL AFE Y
Z1ef@el we g2, FATI oEH (20092 HERstE JdA8E i
o %i M47F Azsks Aol met gdsita sl

EEE7] v 2Egelre] HE L Ayttt 2 A YERYARE A1
e BE nlgR sty AgAF5e] AarE 22% 4 25%2] H 9ol
A o % ZAMHALL, o] Ao Ao ME Hr]Ho] 43 Mg
A din] B3 v)go] 23-26% HA A= AS=E YEEh

Hay(1999)2 Me# 719 AF4< 3L &, 2y, dxo add g
Al ebal itk kA AdgEo]l dEste 7t wet e #
HiZ7F - 2 FETh Hay(1995, 1999)e] <jgt 7&RdS HW, F 4x
(hop—dominated)”] %, 3% 7% (jump-dominated)”]<, & *(balanced)”]

2 BRAYD, o] NEFEES /g T FWusL T oAA Fwelnc A
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oJ& 2% © AAY Fotop i shlar, Wl X(balanced) 7] 2% U
AXE oF "Wcta vt 12y Brimberg, Hurley & Ladan.(2006)2 %3
Bx71ee] A F IHuEY Aok 4% ¢ o rhal kit

ol dele AESe B 50d%EH AAA F AE

1'
i, g s Aess A Hxs Axs dds Y
al
/\

N

€5 72 A58

o
>,

o

o
Ev)

~|
o

= 3} j”ﬂr(Hay, 1995, 1999). AlA 7155 4~H 3 Jonathan
Edwards(18.29 m) = 31.7% @ 32.0% : 36.3%= v M F & o
HH|H T 4% o] ¢ 3’—71] UehY} HEE Fxshe Ao2 YEyTth 94
A S@0a)e dHTFAASEATd Fa AdssEe] 49 IHRlE B
36%, 30%, 34%= KHistal, o] F 49le Christian Taylor 414(34%,
29%, 37%)<F Will Claye A147(33%, 31%, 36%)7} H2x Zrx7|&& AF-&3)
I 9dE Ae® Hasith o] wEo] AV F AERVIEe] dHAE

o] F1 YA, A7 FHAMNE AE FE7) &0l HAe JEn FEYD

siet.
o M5Bl A9 2000 WED AASFAFAYS NN 9] 8@l A
3 =5 AMgete Aoz HuEoh v 2011

}\/\ ==

o] A4 F Olga Rypakova 21<(35%,
28%, 37%)%} Yargeris Savigne A147(36%, 26%, 38%)7} AL ZFx7]&S
A&gh Fol FEgton V)i WSyt AlRHA S HAFATHEEA
S 2011b).

o] AFollA HeEe 7leFd2 58 44 XIE , HUR, PAR, YOS,
MUA)7} & Zzx7]+, 349 A4(YUR, KIM, RIT)E WA~ 7]&S AE
skal A &, 29, Hxo el Hab 37%, 28%, 35% % UERRET
APAFEo] HH] Aol vlus) B, 28] mHuH| v Fo] v AL
& g glom o= Fol B2 HTE

7+

7]’ ;ﬂgiﬂ' 7']7-4@ 1

i
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o

SFATEH FAlw 2 o] $Z (2008, 2009)2 L2 7| ulA T AEgo|=ef 4
=7F 10.36 m/s o]’Fololof 17 m FHkolA 18 me] #7]g S w3
thar 8kelal, Hay(1999)= =97 $57F 104 m/s-10.6 m/s7} ]
TEdel HA A 105 m/se] FHEEE =Y & 5 Qi B askith
= Srxslar 9)+= Jonathan Edwards A2 AA7 & FA9 FHEEE

105 m/s °olelgtal H st tH(Hommel, 1998). FAlv 3 5%
= F2 a7 KDH A7t g 21715 34 985 m/se] FHEEE

wol FREE P4 BaAe AHHIE W)

ok
2 2

¢

a1

Miller & Hay, 1986; Yu, 1999).
T4 F(2011b) 2011 t7-AASS A 3] o 2009 ¥ & A A 5%
FAU A F9 8o FHELEE 27 H 9.09 m/s, 814 m/s, 7.38
m/s, 6.24 m/s¢ 9.08 m/s, 8.35 m/s, 7.65 m/s, 6.41 m/sE H i3}

of AFoM e Zmwdy] vAlY 2Egto|=et 7} jH o] FHPELTL Pt
890 m/s, 793 m/s, 750 m/s, 6.14 m/sZ YEPg o A4A o A4 ZA
Fpo} vl A 0.19 m/s, 0.32 m/s, 0.01 m/s, 0.19 m/s¥ FHEE Fol&
Bt 2¥s ALfetal EE mHoA AA AYE oAz AlEH7] Aes
U FREE7E Ygka A5 A Zol7t gle A2 28 B ol F1E
(A EHA eFar Aol oa] AAZE "el delzkr] wEel =4 vEhd A

o2 dE) Olf—e— S e Adae 28 Ageds & 5

009 HIEAAAFZAFANS] o=z A
e ZhzE Ht 095 m/s, 0.76 m/s,

1.14 m/SS’Jr 0.73 m/s, 24 m/s?/}i’ RIEAHS4 5 2011b).

STk o] el A 5 0.69 m/s, 0.32 m/s, 0.99 m/s=

APAFo] Adrv XA 7ol 149%14. ol gt ztol= Aol A

dogt % Aol 7 W o|FEhe] &£ ztolE: uERA Aolal o] A

oo
NS
B
o

4}0



i Aol HE BE TE R £Ro &4 A4S F o =
Aol £4& 7 & F =
£ B & WS YUR A47F 049 m/s, 25 =dolA HUR, YOS, RIT
A5l Z17; 0.85 m/s, 0.03 m/s, 0.13 m/s® FHEE7 718t Aoz
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ABSTRACT

The Kinematic Variables Analysis of the Approach Run and
Takeoff Motion at the Asia Elite Women’s Triple Jump

Soo Yun Kim

Major in Sports Medicine & Science
Graduate School of Physical Education
Kyung Hee University

Advised by Jae-Kyun, Ryu Ph. D

The purpose of this study was to analyze technical variations of the
Asia elite women triple jumpers. The subjects included 8 jumpers who
placed in the final at the 16th Asian Track and Field Championship held
in Incheon. Four JVC video cameras were used to record the competition
at the 60 field/sec frame rate, 60 Hz sampling frequency. Data were
digitized and smoothed by wusing the Kwon3D 3.1 program. The

conclusions are as follow :
First, jumpers within the 23-26% rate of height to last stride during

the Approach run showed good results. Second, five jumpers used a hop

dominated technique, and three jumpers used a balance technique. Also,
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range of steps was lower than world class athletes’ such that the range
must be increased to 30% during competition. Third, reduction of
horizontal velocity was lowest for step compared to hop and jump such
that the vertical velocity and flight length must be increased for step.
Fourth, Asia elite women triple jumpers need to increase their vertical
velocity by 0.30 m/s, 0.20 m/s in order to approach level of world class
triple jumpers, as well as increase their take off angle during the hop,
step, jump in order to improve performance. Fifth, the CM of the athletes
showed a high-medium-high pattern, and this CM must be Kkept
consistent at the take-off. Sixth, upper body was tilted toward the
take-off leg during the jump, and except for PAR, KIM and YOS,
athletes’ upper body was tilted forward 9-18° at the take-off. High angle
of coxalarticulation makes low angle at take-off, and low angle makes
higher take-off angle by the leading free leg. The knee angle showed
steadly up after landing at hop, but it showed down at step and jump. In
order to improve their level to world-wide class athletes, Asia elite
women triple jumpers need to increase their horizontal velocity of CM at

touch down and take off phase.
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