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G4 6% 5D Az} 43502 Hol e NANZEEAM A7 HFHRE g
A, G752 dolxd A4 4, FHE A ol A7E ANEeE R AA, BEF F
g4 281 JA, 353 AFadReltt. 53] o EooWA o A A2 7o A
Ho) 871, JARNZEFAMNY ey 553 4349 T3S £39E 58] A% "
A 842 1O o] Z2HY, /ANZREEY o= FEBAME FFF| glo] riReHoAE
dA7le gtk oled FFERY T84S 545y T S Az ¢4 AAe £88 7
2 2 He EFHLEH olFojY Bk AEHQ FFEFHE Y§ AT wgtez F4,
M FREHe ndols T dFd £5EH - YT FE wHE B T 529
718 $4L2 O TR g FEI Hrprt o)FolAok 3 EA, HA P HEE £ Qe
APe 703 o7 AFWH 59 ko] 87N AA, MFE A 72X agln AL
Age] ol F2ol thet AY3 o} Fuwy Fol ddfo] Hojopgt k. FF()HA A
drel JAHZ T AuRE, 4FFA FHFHE A ey Ny 54 dEe 9%
g B&HQ E58Y - £5AHNH J|x dolely AFo] &FHAY, ¥FELY HS &
FERY 339 IAH BAE Bt A AR W F2AAe 89 F9 shrl Azt o
€ Zx9 W3tE a7dled, 53 3 589 B AeFH BEY Yo HE4E A% A
#8759 fE7t R FEHKwon, 1993; Yeadon, 1990d). HE-o|A Tdo|x ey 2352
BEAL HBM &2 v AMT goldd A FEY A4EF5FE YA F de AN F
g Y Az mE A&E AT I o|FXNe 297 FF HALF T WY A
€ € 4 UtHAdrian & Cooper, 1995; Hay, 1985). ol&igt FFF=elA Wake] HEe N2 3
AY AlFo] ohet ZAEFH BES YA ¢ FEFY FH(axis)d MO B o) FojAriy &
4 Sth(Yeadon, 1990c).

194358 eve}l S7R Ao std 9 Fuld HE9 Fuld viEo] vt Hx
7 HOIRE dolx)2 28T (ETD, 19%). dA fEuEte] 4% E Yoz sigste
9 5 A HEH 3 HE Wy e E¥H F ¥ HEY Fod B W) 3354 e
s FAF £ e My F3] L5 Bt & 4 gtk ABEREAAM 71 AEAHQY
A E9 3 HEol vy B4L dAHcE BAY B, $84FH9 BH F ¥ HEo W
1% 9 F ¥ FEN @9 HEo] U2]r] §&e BAE FYsle F5ERY FaF ¥ 2
=9 wgel HAYS AYAE ALFHY €& PHS HEHE IAEEY 2AYS 5%
HZ S B Wgly] 353538 2R 712 A8 Ad $8tHQ 2AY AFo] P
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2.1 AE %t

2 A7 A% WY HYASE WA Kojstae) AEols e rASA 31 JIAA
Ay 7Hoz AASEon, WUASY AAHA B AF 590:43%g A4 1667593,
g 10413904t

z
73

22 BEA Holefe]

221 2SE%9 #Y

FRAEE 271 A A¥L Kgnd 7AANz AgFdM F80] Hlow, 4384 38 F
AL EH @ FHEor Hely], F9 F W HEct gyl 281 E3 F d HEW 9 vlEol W
27] FRE YA APl ALEE FEY Fole AR AlfA ALEsE FYE 1A SAHY
294 98 H5S AEEReH, ojff ¥ Folw 250m, £& 245mE sttt AW 2%E Y3l
1200We] 2 7] 2008 ¥% WA FE55Y AF9E ) wFAor 2019 16mm HTL Jlv|e}
o] %83 (optical axis)o] T AFH WABEE FAFY AW #FHeFe 42 AU o
o 2tje] HltQ Fiwigtel F2E st Y Aste BE UAE WA 2 elo|(TIMER)E
AHEE G FAE g 4 AR WYL FEre Arle #F 1320m, ¢F 1450m e
B, o] Wj F FiuE Alole) e MEZR Sk EF Fivlete Eolv HEY Folg 2& 250m
2 HXEAT FYA] AR T BEL SARY 16mm H|TQ Ho]ZE AMRE}G 0w, o] W ¥
e Fhuzte] #YETE 30 frames/secd] H#YEEE AL AT ol¥A £9€ 5= vy
L W37 B8l AT F3-E iomegarle] Buz- motion capture card$} Ariel capture 219§
AHEEH 608 = (flelds) 2 AF3te] EAEATE fReH A 33 F3 HRE AN A
8712l &A% (control point)g ZE 3x+9Y FHFEZAul(three-dimensional calibration frame)E 53+ 4
FAHel 1.00m x 400m X 500me] HAFHA Fzho] o]Fold F URE MXste 98 F AH
37 4=

222 A=Eate

A2el $RAYAAN dojd A HoJHE avislYE AEAZ) F Ariel Digi4 Program® AH§
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3t Argsih Bde 84718 F3 AFES dFE EUE o GAA AAEHAA &

A& F Ae 17719 AREd FAEDR UhY 714 e £8Pt &% vt FhdgeM &

o0l AdARY #REH AAH 22 HEHRT 2 FHAAN HFE VIEHY FAHTE e

o MeE 8/l EAY HEY 283 849 FAHY HEFXE ]88l DLT(Direct Linear

Transformation)¥} ¥ (Abdel-Aziz & Karara, 1971)& AM83te] s|28}4 ZAAMe 3349 F3F FF
€ 4tk ol W} BAA G TAY F& 5 S o] HHHe AHsgTh

223 BEs ¥ A2t 22| Ysl

ol dojA FEEAE AAHY 33Y FY ARYE Second-Order Butterworth Low-Pass
Filter(Winter, 1990)& o]&3}o} % &3}(smoothing) 31t} o] w, Y(raw) ElojEl gko] 7153 W H
g7 FE& 4 ZAEY HNEEE GEY ITAYHE FHEUA AYHE AH AR FHS
(sampling frequency)9} A& F3b4=(cutoff frequency)e] Hlgo] 713 FAslda Yepd vj& 100)
HEE 6Hz o AGFaeE gyt 2R W7] T34 JAFNRE FAERHA FHA
7H1.66+0.006sec)o] ztZ ttg 79 RS ARG ME NE U g FAANTE »Y
l66secE 7102 3a} 2EE}Q] H7F(cubic spline interpolation)g o©]&3ld A7t & A3}
(normalization) &} t}.

224 HFE SZE SO{E O|BF 2 Xtre| §5

oy #HBPL AHA d& 339 HE P LabVIEW 51 (Laboratory Virtural Instrument
Engineering Workbench) graphical programming (Johnson, 1999)& Al-&-8led A3 23 =2y
< o]88d £FEH A8E AU

225 8AXe|

B Ao Me] A¥AT Hele SPSS 80 for Windows £4| package® Atg-3tgon], 2438
9 RE Aue YUTH FTUAE LA FE HE7] 539 4 §¥¥ Hols ANOVA
repeated measure FAE Tl AFSAE olw BAY FIFEL =058 HAHI}HeH 7 &
E ARAFT S QA 7 B8 Aol AHgol Bl Scheffe WS A8l

226 Qlx el MY

AJA T2 Zatsiorsky9} Seluyanov(1983, 1985)0] AL&3H 16719 EAHZ o]Fojd JHRLE A}
&34k
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23 AEEA

& A7oM AHRE FRAE SHEY YA e 4B Y5t U siX9 HEAE AL
A0 Ade BE AAHEY Y& #A Cartesian FHA X, Y, Z(ZE L $Foz 9= g3
thel Wi FxE AHAEA X Y, 22 ZAEgY g4 A ZAZAA BAHEAE o
FAIA A& v #AFE A (non-inertial reference frame)24 BARTA S H3 L oA ok o
A A7 E9 wEre BARRA S} HHYg o)FA Hu, E5o] A& A E A (local frame)s}
w2 Hed o] AE AAFA FA AL vEdEARAE FFHE ANE o olF Fo3}
A AR AAe AAY Fdol He olHFEd AL IHste vIRIHEA (rotating
non-inertial reference frame)2 AAFAFAE 7AIRE &1 glon, H|E ol A EH
148 & oA AA e ALY o] FAE &4 k. AT NAEEY FAFHY(6)
AL B BAFRRAZA 24 7123 RAGY BE0 AYREA (local Cartesian ( G, ,, ) 2L
A FAH AL 3 W2 (rotating reference frame)E The T & 7MY HAHAY Z,
MAREL B VAP )9 BX(D)E AUe Z3F0] 3T, o] FHE FALE BHL A7F
o2 E§ Aol Y EXHYTDT /HREAT ety FAFAH(G)R °) FF ol ¥
A9A gtk #E A9HRA G, © FHY FAFHHAGA AN 1, v,z T F
WA FF A (principal axes of inertia)9} YAEM, 53] 2% & F&HF YAsHA ot olHF /1
WEA 9= I°,=1, I°.=10°] 498tk 28 g 93}AAY B4 Cartesianz {7
of e wWake Cardan 2 ¢, 6, ¢ 2 BENE 34k WA 649 HE (2 3, 2 6 6, ¢)
2 BAe fAFEAY A X9 g A

231 M =FA (Global reference Frame = Non-Rotating reference Frame)

B dFoA o]gd #AARA = LES A EA (right-handed orthogonal reference frame) 2 ]
A5 7hed €& A, 43S FHE 40 He VY FL& ¥H X Y, Z2 Fsg.
XZ & 9 gAY H-(medial-lateral) 3k, 252 X8 whakol YZ & A X (anterior-posterior) 3, 23
& F¥(vertical) WaFoZ VepITE HYPALY $AYLE FE T A dAZog Z 737 YR
A WA E AAe(sagital plane)olx] #30] ST Hebd SAe £ W BES Y
%9 ¥ WFo g HANYL VY 3o He A%E ZFe] FHY B APty A v
$¢ 71202 225 X539 FHel WO AR,

24 24z 3 2ABKTof AY

DAY EHYE dEE Fdxe BEHEACN AT A AAEEY YL ¢ & U 9A
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uhgkzhexternal orientation angle)#} iZHEES] AAEHA g LS dehie HANEFH
(internal orientation angle) 2|31 AH¢|Edo| i /HMEHY SHAE & & AT BAHY A
o2 e & ok gAwee nyE v AsFEA N e AAEEA 42 AH2EA (ocal
frame)e} W3}S wimgozA AHd £ led, ojuf AHHH Y (rotational transformation
martix) & AH&ste] ZtEo] A4ke] o|FojAw, AW G FHEH A HEAYG ANE
Heo] ARATAE HANUG PP L ALEeto] AdsiA ot FHY Fd4e AHEEY AY
Zo) i ANEE NGHRAY Wshe JAAY PHAE A3t AYeA Eot

FAHEA

3FHBEA

<3 2-1> 7|EREA

24.1 Cardan Anglesg 0|88 X|gHoll oist KT

1 R.(#% Cardan Angle ¢TF x,F(= XF)E FTAU2E JHANA R, (0 : Gx,, v, 22
(Unlt ‘ﬂ]E‘] ig, j‘) )E tCE}'

J= ji=cos ¢j,—sin ¢ ks
K= k=8I0 @73F 008 B Ry cioriiiieieeeiiee oottt ettt (1)
R:(®) RyaSl BE)N T #5528 0020 Qo= ¢ BO1% @

2 R, (08 y.&& FHez F WA ¥ Cadanz  owE  HIAA
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R.(§): Gxy yy 24 (Unit vector 44, jy, k)8 et}

IHW i, = cos Giy+Sin Ok,

kg = —sgin 0i1;+COS 6/@3 ............................................................................... (3)
RApel ROA WG AEE Qo gy @

3. R.(PE 2,522 viAY AL Cardan 7} JytEaly 8 £ REE BA)9 9=
(R : G,,. T 4 j, HE 78 4 Yo}
a8W iy=cos ¢i—sin ¢

js=sin ¢ i+cos ¢ j

R = Qpp = Lpyt 2ap+ Lus

=kt

g () (1), 3) 0)F A8 Y3t Feeiw

@ = ( 4 cos 6cos g+ , Sim o)i+

(g cos 9= 4 cos 6sin ¢ )+ (gsino+, )e

Z R | S (8)

Y &L E AYHAEA RE FAsY
Q= Qi+ 2,7+ QA7 BUE e e 9)

2, = ¢ cos 6 cos ¢ + 6 sin ¢
2, = écostlf—‘; cos @ sin ¢

2, = sin 8 +

5 , ° gt (10)
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m A3 9 =9

31 A& 27| &xte Azieel ¥ H2(ee

311 Azl & Helegl

<E 31> vehd A Zo] A7EA Wyl & F8o W Alztacle AAvF e £AE
% ko) ojgsE £ FUE FYFE o=05 FFEAM F¥ W FHECH WE]
o] HF 005sec BE W £8EHE Ao Yeigon, AAFAFY HugdM 2AAF17A
T ¥ HEol WerlRt ¥E 017sec 282 B3 £ ¥ FHEo} igv|Eth H7 0.23sec o
g Ao yeydd. A4 5370 HEEE JehlolRW E9 @ HEor a7 #3
ZH| ko] 29%, BT 4%, AR FIhe] 46%F AAFL Jow, ofd BE £ TFT
& 0% A% He AoE vyt 29 F o st Wyl 3 EHlFzte] 4%, FATF
ro] 20%, #A| 7o) 54%E AX| s 9o ol WE £48 FEFFUL PR HE AR
velgth a2l B9 F W HE0 3 uEo] ] §3e Fulpzte] 4%, $3F7e] 17%
) 77bo] 58%E A& dor ol wWE 4 FFTE 76% B He AOE YENT
&30 WE & 29N 27 YF 143+0.08sec, 1.53+0.10sec, 18] 1 1.55+0.09sec .2 e
th <a¥ 31> EY 5 W HEH @ uE yer] 889 F70e 4% Ay F
Z YelE BoF1 gl

1% 7l &% & 1 nE AAEAFAHY YT & $Fo] AYPse WFoRY o|F AT
2 U Aoz AZHA f8d mE olEAZY wWE EAFHQ zeole vEiAe %A, &
H g HEo W7 2S¢ B 331£03m, §3 F H HEo} Wal7] A% 3732020m, 1¥
9 F 9 5180 3 S0} hglv] A 3661040m Ax9 AolF £9& BHolu it

2
ot

o

A fe prodd do
ko

N

¢

=l

<E 3-1> HE Uz7] % fEol utg A2l 3 AH2l29 (Chel = sec-m)
SE7HE FH|-ofg O|&-%1 X 2-&X| ol sHe!
1 0.4210.02 0.34+0.09 0.66+0.07 331034
2 0.37£0.07 0.32+0.01 0.830.00 3.73%0.20
3 0.37£0.05 0.27+0.05 0.89+0.08 3.661:0.40
F-value 11.9155 1.94 6.84+ 2.92
Scheffé >0, >0, 1
1= B §h FlEol Y27l =80 F ¥ FEol U217 3= FH FH HEM 3 d|E0] Hz2I7|
p<0.05, ~~p<0.001

£ 490 BE AATAZAY Fngole A BHGY 7 F9F FelE vehix 3
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A BAT %ﬂ% e FHEoL )7l A HE 3381020m, EH F W F Eo} Wr]e H$
351£013m, 72237 F9 5 ¥ HEY ¥ HES Yelr)e) A9 358+012m2 Yebyh

<J8 31> &0 F ¢ FE0 B u|E Wzl7)

313 UM FAH B FARE ¥ BASE

RN olg4EE deolA gezde o FASEHEY s8] WE Hoz 4
Hoixed, & 479 2% AAFAFHY FALEE B8 4 HEOL WelvlY AS ¥F BT
THBE, FH 5 W ot v AS YE 8041259%, 1ln B F oyl FEY W wE
of Wgl71el S 82617002 Yeh fo5F a=0504 A 712 48 7to] §28 x}o]E Ho)
I Qe H AR AFcheffe) 25 B3 £ W HEY 9 HEo Yy §80] 29 3 5Eo}
wel7l fFERT FAEY) 37 7E zé57l' A veider 53 F ¥ HEo} Wlrly A9
E BT 5k A% A dehdth E#, gEo) BN ojg & we] AHRAZAY EAER
I 3R 45 %E *@‘*a}tf—ﬂ TR 29 Fo R oled 32 AR o8t
of 32 FApgEke] A% Ao

<E 32> = 7o e 3% FASE (EH2] : mfsec)
7Y X FAET Y BASE I FAST
1 095x0.79 1.68+0.66 7.78+0.63
2 11710134 1.70=0.30 10.10+0.87
3 170115 202074 10.58+0.60
F-value 0.71 0.54 28.14%
Scheffé <11

1= B3 fHetR| FlEot Wal7| 2=BH Sl FlEol Wa|7| 3= B0 £ ¢ BN s 5B Wa|7)
*xp<0.001
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v d7e) 23 Avkd 4309 394 FASEE B W 580 9w Bl galv) A%,
29% & FAYORY FASEI BF 10582060m/sec2 e} ThE #3o] Blste] frol%
2 o=05914 BAHOE §o% Ao} Q&S UET gom, BE g TASEAA 2
280 blsle B Qe VBT 298 FASEE geo] ARAN ogdE 7 3
036secg 71202 Bof uh2 AH) FASES HnYHT 689m/seq)ol o] FE RO2 ehgrh

32 Zzegl

321 ARG

FEABEY Zdxe A7 HE7) §F BT o] FEoA olgd o AAFAFH Hu
g AVEA MA8 2 Z4Ert Faste BEE Rolu Ao wEAWH 4xe Hazo] yehy
B AL g&o] BEAA olgd F Ao £YE] Adel Ry, TS AHR I 4
£ 44 59 $d 5En @9 uEo e F¢ BT 18352 AMFAFTAH] HuHd o2
7] A(0.02secH)ol] B R LD, FH F H HECH 7Y F§ 155252 AAFAFTA HuH
o ol27] M(006secH)ol LA 12|31 FH H HEF Hel7]Y Bf FEo] BRAM o
& F QN3 Zade 4TS Rolu o <a¥ 32> dWbAQ BEA] 4 A4k W ¢t
vehlz sk oiAdddEE A7 283 £ He £ FulTdAE AZEA Welr] F
A58 ZF BT 17428 BFen, g&ol ojxe dez £33 oude] 4rr) s
AAFAFAA HG HFo AR HaZE B, o)F T AdHe Aos vedth
FEol AgoA ojgHE etedE A7 W7l FF F3L FAFE ¢=0500H FAHLE £
& Aolg Holx Slvk FH F¥ HECH 7] §3 B BT 13761915%, 53 F ¥ HEo}
eyl f8e B 101223385, 223 F3 F W HEY 3 wEo] ely] §3& 115522133
=2 et F8 F 9 FEoh vy 8% 3 F W A8 @9 vlEe WEy) 7% ¥4 &
H e 2y FEED AL ofARAR AAVF FAER e AS & Ak AVHA WEr] F
Z F¥o mE AubHl F2e FE2 <y 33> yehidth

P
o

80 200
170 o0
180
160
140
S 160 .
g g
2 i k1
5 2 w0
® s .
20
120 0
10 )
100 r T 2
o 20 40 80 (1] 100 120 [ 20 40 00 0 100 120
fram fram.
— Typet JE
ceos Typat s Type
o T ypo3 — Typad

<08 3-2> EEXBHEe 2t <08 33> o EEe 2T
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322 3ARAL4

YUBEY Az HIE YAV HEE AU £3E o]F o FF 195 AEE AAo] HYY
7b e 2A] B 164 FEE oA FFEH AAFAFA] Huyd =EPL o YT 208%
AR A(FT B Ax)He A2 Yeigth HE7] 7MY SR EY ALgubHo| m
HA HE7) FrEol ZAHRO YHHAY 4 #il= HEV FF 9 FAYL U] 99
#7171 2(Whip swing)g #43te 7€ 89108 A8 24 Fo@He FuFndA U
of %A olgHe dej2R9 Zxe] WaHS 4HE 23 PFEud 4dxe YT 174%9A
16722 7% AL, o8l 4xE BF 145N 11852 605 A%, TE28d e BT 166
EAM 175722 95%, 121 YBEE Axe] WilFe Ful7hdA T 19544 da=e
142 Bt 31=E Jehd oARE AR syl ¥7 05 7MY A vehgen, dyad
x| Wiyl 022 F WAZ 2A JEtgcth gty 8] 73 39 opuEe 307 51
3 JuEe F717] 2ol HEV 7Y WYL A= M FE BHE A8d Aoz
4% F Aok 79 FA AV dEr) f80 e Jdyude e Wie FuT
A EFH 5 oW FEY @ HlEo] Wy B §39 duBEY Axr) BT 1984638 1]
I B3 I HEOL ey B8 f¥o] BT 1902144852 Yeh) EH T ¥ HED Y )
o Hel7] 52 R¥o] FY5FE =054 BAHCE B} 2 ouad 45 g $X51 g
o] Uetgtom, o] RN odHe e B9 F W HEo s B8 £80 y7
157814715 182 29 % ¥ HE8 ¥ uEo gy 53 £33 BT 1634128652
Uttt F3 F ¥ 5ot 7] 3§80 B & JuAdLE Uehiich

<E 33> HE W27 SRy e 2E AZ(FY)

(EH2l - deg)
g Fu 72 HEES k] 3% 22}
1= 190.2+4.48 1706 +9.17 20421733 1072+31.32
2 195.2+t4.41 15781471 206511468 98.2:26.21
3 199.8+6.38 16341 12.86 200.1 £3.91 102312594
F-value 421 1.70 047 0.15
Scheffé I < H<tli,
1= B9 StF flEol Wal7| 2=8H FuiR F&OF Wal7| 3= 8H £ W SEH 3 8|0 2|y o
<0

3.24 YA W&z} x (external orientation angle)
TN A B T AL BAFTAY Wk Ade AU J2n w3
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A we AFHAA s, WAHRFAc BHEF IFE AAY & BEFEAM sy
(Ramey & Yang, 1981) QtEo2 RFe) BHolH dod 4 910 (Yeadon, 1984), 7 HEAE

E& W] A8 A5 Ao He EHHEHE I "ot wekd ddd Qo HiA
Eolsl By HuAY wike 4% ¢, 6, 28 1,9 08 EANE FrHYeadon, 1990a).

B33t A (grobal reference frame)oll thgh FA 9 LAY S UelE AN SdEE F553
FHEA AAFAZHY FAES FAAEE AH3e 8008 RE3 Hed 339 Wik
4% &, JEv|(somersault) A&, E7(twist)ZE, 28l 7] &7)(HING =8 dwe] =l

X9 wigo g AYse AEVNARE AATAFH] HIHE olFe AHAN & 3 5
ol a7l 5afde A9 P -295275852 W F A HECL WER /8 HF 515
tl62x 12y €3 F W HER W vEo] Wy ¥4 §¥ ¥F 690154 B} He
e Uehol 9 $2 o=0594 EAZLR BT HE HEVNZEE Ui H9AEQ g
74 A8 <ag 34> YT

A Y 71&71E <a¥ 35> Yehd AR o] 088 ISR 3 A7A WElr] B3 &4
EF A2 74k ¥SE Uiz Aok g2 A F9H @ HEol WElY] g8 BE15
=2MEE Ueht £9 3 HEH 3 vlEo Jgy] §% £3 ¥T 84+590% Ry 2L 7
= H3E Uehin den AHFAFAC] HnHd edhe AHE AFdY M2 dtdpiate
2w #WEE Bolx ok A9l 3 H(chest rotation) 0.2 Ao ElE AR EHS BV A <ad
3-6>o A vtehd A3t Zo] F3 ¥ HEDW I vlE W] T KEY F FulEieA
FH AFEe AAFAFAl HuYe] Teie AYE AF3d A&Hog FURe FAHE U
Bhle] 4957 o=050H EAACE 498 AolE Ueted, AAFAZA0) AW 24
Qe W) B 5024282158 el glck

angle(deg)
angle{deg)

20 40 a0 80 100 120

e Ty 1
ceeeTypea
e Typa 3

<3 34> FIE7 A4RS <3 3-5> 7|87] 428
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ABSTRACT

Kinematic Analysis of Airborne Movement of Dismount from High Bar([)

Ji-Young Choi’ - Youg-Ee Kim" - Young-Wan Jin™

The purpose of this study was to investigate the relations between the segments of the body, the
three dimensional anatomical angle and the angular veloicty of the air born phase and understand
the control mechanism of the high-bar movement, the somersault, the double somersault, the double
somersault with full twist. For this study seven well trained university gymnastics volunteered,
Zatsiorky and Seluyanov(1983, 1985)'s sixteen segment system anatomical model was used for this
study. For the movement analysis three dimensional cinematographical method(Arial Performance
Analysis System : APAS) was used and for the calculation of the kinematic variables a self
developed program was used with the LabVIEW 51 graphical programming(Johnson, 1999)
program. By using Eular's equations the three dimensional anatomical Cardan angles of the joint
and angular velocity were defined.

As a result of this study

1. As the rotation of the body increased in the air born phase the projection angle of the CM of
the total body increased, this resulted the increased of the max hight of the CM.

2. In three dimensional angular velocity the Z axis(vertical direction) projection angular velocity
increased as the rotation of the body increased in the airborn phase, but the Y axis and the X axis
projection angular velocity did not show significant differences.

3. As the rotation of the body increased in the air born phase the angular movement of the
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shoulder and the hip showed significant change. These movements act as the starter in the
preparation phase.

4. The somersault angle, the twist angle, the tilt angle of the upper body related to the global
reference frame in the releas phase the average somersault angle of the three types of high-bar
movement was 57.7°, 388", 39.7°, the average tilt angle was -15°, -54°, -84°, the average twist angle
was 134°, 106°, 23.3°. This result showed that the double somersault with full twist had the largest

movement.

key words : High bar, Airbone movement, Kinematic, Angular movement



