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ABSTRACT
Kinematical analysis of Yurchenko Streched at Horse Vaulting

Yoon, Chang,-Sun* - Kim, Tae-5am** - Yoon, Hee-Joung™*
(Korea National Sports University)

C. S. YOON, T. S. KIM, H. J. YOON. Kinematical analysis of Yurchenko Streched at Horse
Vaulting, Korean Journal of Sport Biomechanics, Vol.13, No.3, pp. 67-79, 2003. The purpose of this
study is to investigate the effective skill motion through the kinematic analysis of the Yurchenko
Streched motion in new horse vaulting. The subjects in this study were 3 male gymnasts who were
ranked as national athletes. After the 3D motion analysis , kinematic variables were analyzed to
comparison with the difference between this study and the previous study(Yang, D. Y and Lee, C. 5,

1999). As a result, the following conclusions was drawn;
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1. In the board contact phase, this study showed a shorten contact time to maintain in condition
highly extension of hip and knee angle than the previous study.

2. In the pre-flight phase, this study appeared more shortly flight duration time and horizontal
flight displacement than the previous study.

3. In the horse contact phase, the contact duration time and horizontal displacement of COG
shortened than the previous study, but appeared to the fast horizontal and vertical velocity and
highly extension of shoulder angle.

4. In the post-flight phase, a stable horse contact appeared to the increase of the flight duration
time and the apex height during the post-flight. And it showed that these results have a stable
and good landing.

KEY WORDS : YURCHENKO STRECHED, HORSE VAULTING, BOARD CONTACT, HORSE

CONTACT
1.4 &
Erhe s AZBINN A e Azl drlE sdske 2oz olEuge FTucth
ERRLE aﬂaL We Zz8a do E0keE V149 2§82t AY Aodsl, & 32
o Eol J7l, € A ¥ Bo} gy, A 18 A 13A vjE ] o8 & A3 gr), A 9

bl 33370
EoheEe UE F531 2o AU Aed dd A%E) Yelsln, A994ErE w1
FUUES B A2 A4EE FUAYS READ AAIHL T IV A1 Wl

oai 23S 2T Qe R0l ol Ve AT AFIST Ne5E0l 43 430
$9¢ 77t FdAD Qon, $UEE BY F7HkD Qe Aot old A
cﬂva(F L G, 2001)& 2001438 AHE B2 A7 FHAA 7149 FAE $olsbA 31

Asu 7 7o) RolE A5 HYEY HUL TP 3 AA At LAY FIA o)z

AR dF BAE Ao, FuHA G AARA U 2AL wAA = ED

B89 PR 7168 A9 1 mehunh BHES B3, £ Wow, 2o)E ol

A2 Y Eoks s 24 A Sl

& HEo & A3 ,g 719 o] OAl 1A 842 FRHD, dhte] T 1w} E‘#Gﬁlfﬂr 2



ToleE REMI & o 35SV B2 2N 24 69

=9} Yurchenko & ¥ ¥3E7] $4& & 7|&9 2§aLde ‘?—_}E] Round-offo] <&
A5ol & Fa 97 gE S Fof FL FH TrtdlM Eo] ojgHE o] ey ]—E‘ aakl
AAzte] Ao® =8 FeR Qg =9 dojzgle @ AYx AN 'l]' 131‘4 E"P:
o1 HES taun H28 5§17 WE) s 2o 3%
3 mokgol Frlete] A 2u|Y §F HALFAAN FHAHYA Adk 7]
3 o]Fold AoE Alg¥th watA ¥ xuld] HE5}y
+Et

Trp2Fo o APATRA, Takei(1989)= TEHY Trlelx] A BAse FHFE 43
o Tr} o}§ A FALE7} JFAA A F8F YL viAt dgen, 199139 AT
AE A 1847 HurdleFaos & $HEx9 #A% 34 HAse AFrEoe
Blockingg A3 sk Ao T3ty Rudyry. 9435 (1993)L FE% HA A FHEE
9 v Hzx Zx e ¢ =& AndArs o Budgs, Kwon, Fortney,
Shin(1990), Elliott and Mitchell(1991), $31%, A4, WEX(199%6)L o} ofF A AAZF
9] SEE £ AAUR BAD Aok Uek, ol A 2ty AR A} Azl A3
 #Ao] ldn HuEon, uEF(1999)¢ g9 3 wge] An &l FXATMo] Fo}
AL2 A 2093 AFANTG Ao 181 FAAY Fvld £& FFE vXe g BHY
AT, T uEF F(003)& AT AF Foly Fvle wEY) B FUt 2RH I%
& VAE A0 BudNn, #3F, 4%F, AH4H2001)e FER HTE A A 7HE
=9 FAEEE 37 39 29 w2 FF Eol7t ZA JYEETL Budgen, FEdd oA
AH1999)2 Yurchenko F&dA FEF HE Ade AAE A&3A MY 78R olF A A
FAY FHEEE FIAA AP AA ARNGS ojFojof A v 2 AA FA FAS
2< & ddy Bu3P
olge] M3 AFEC] ot = dAY 58, TFIFF 299 Fold wat A 26|
3% JALT 9FE v AL & F Aok AR =k g A7 2 Y
H1 YAT hREE 7F Tupd AP ‘i‘?"]‘q, Y oo Mo dF7E ofd vEg Aol
t. et A EoloM Yurchenko & ¥ F35E7] 4& 33493 QA A% 25344
A& B8t xof @A 58 EAS 7_1“9 3a A 2ueky HEAH FTF HALEE W
ZH A3 FHASE AFsted 1 EFE Fu B A7 FFaad
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o] Ad79 JYHPAE Yurchenko & ¥ FFE7] & £ 4 e

ARste] AP, AAH 543 +F YL ol <& 1># 2ot

E 1 mEXel Ay M

o ga Az85E

Subject A%{cm.) A% (ke.) L}o)(yrs.) 738 (yrs.)
51 169 58 23 13
32 168 57 23 13
S3 169 60 2 11
M+SD 168.7+0.58 58.3£1.53 22.67+0.58 12.33+1.15
2. Ald A

o] d79 TAL Ad AHSE APl FgAuIg I BRI ERHEE, I AAT AR

< <# 2>8 2.

E 2 dyyH|e £

7171 AF AZAL
Video camera Panasonic Panasonic
ey Control object Variable control objecvt V-TEC
Time code Horita SR-50 Horita
Video tape S-VHS SKC
VCR AG-7350 Panasonic
= Analysis program Kwon3D Ver2.1 V-TEC
Conputer 486-DX LG
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A g oL Adlete UE G AATA, 712H 257 SeleES sy A28 23
sech o 489 F99 Solbs] A, 3649 FAYel EAY FAY Bkl H0em, 2o
1200cm, % 200cm)& o 283+ Fsgon, A ¥4 44 4Pz A% + U=S 3
23 944 N7 ¥ 2 499 Solzt

AL #937) Sste] 4u)9] Panasonic 456 HIT}2 Fdjets AW 10 - F9 1d), 58 20€
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4. Atz Xz

o] d39] 28 X e]E Kwon3D version 2.1 motion analysis of package7} AH&-= 1tk 25 A 2} 43
2 36719 BAHE ol g3t A T FHF AL F 9AY 3344 A7t FojAck oy = A=
B9 WEe X2, &5 A 1S YF, 53 e 7502 A9RAT, /IEHL NS 7€
o2 BAA 14 Fohe A ol H(point) 2.2 AAHTHH

AR 9] B & 21709 BAH o3 1A AA FHE dFE AA A2Hez s, 4
A BAZAR AA FAFAY A4AE A % A4 £F EFA(body segment
parameters)© Plagenhoef(1983)9] A5 & o] &3tk

7 749 FivjEl2 RE A2 23y AR E 33 2ZHQ) F4E o), 0012 BF0E Bl B
A#HTh 3 3319 X = Abdel-Aziz¢} Kararah(1971)7} 7§43+ DLT(direct linear transformation)*
W o8 A=, oluf t)Aeto]q T3} & o /A A ) kol=r} B s o
8 olzo] o 23t AAS Y8} Butterworth 23} A E3} HE(low-pass filter)g ©]-8-3te 2F
Q(smoothing) 3933, A FI4+ 60HzE A3
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1, 478 39
U7E FUEY Yurchenko & 7 FFE7) F4Y $55H WAL Y A& <T Ho} 2

E 4 E3E o 2SEH Hel

Vatiables Subjects A B C M:SD

Board contact time, s 0.14 013 0.14 0.14+0.01
Horizontal DCOG, ecm 1478 120.3 1529 140.3+17.54
Vertical COG at TD, cm 119.7 121.7 119.8 1204+1.13
Vertical COG at TO, cm 159.9 151.7 1528 154.8+4.45
Vu at TD, m/s 109 11.8 138 12.2+148
Vi at TO, m/s 8.56 7.37 791 7.95+0.60
Vv at TD, m/s 0.89 042 0.60 0.64+0.24
Vv at TO, m/s 3.36 3.73 343 3.51+0.20
Body angle at TD, deg 217 202 174 19.84218
Body angle at TO, deg 9.8 859 823 88.3+755
Right knee angle at TD, deg 1398 154.2 158.4 150.8+9.75
Right knee angle at TO, deg 108.0 118.8 104.2 110.317.57
Right hip angle at TD, deg 141.7 157.1 156.0 151.68.59
Right hip angle at TO, deg 136.7 1469 1472 143.6+5.98

DCOG = Displacement of body COG, Vi = Horizontal velocity, Vy = Vertical velocity, TD = Touchdown on board
TO = Take-off from board

ol oot B1E FUF TER HHA AL 014100122 JebdEd] o) APAF(H
243 so]3)d A Yehd 0.153.40022 (%5 9 7o) 441, 1999)«1 ARt & 202 eyt
AAFHY % WHe 1403:1754emE JEpton, AMFAe] Eole TER AHE A
120411.13cm, ©]5 A] 1548+445cmE vehd) wa AxFAe] $HETE Afpy P28 Y42
Al 1224148m/s, o}F A] 7.95+0.60m/s2 A {33 mHo]7 7 1%(0]15 A| 2.8310.48m/s) Bt} W2 A)
Uehgon, £34&5s TR HE A] 064:024m/s, o]F A) 3512020m/s2A $E3: 3 so)a )
£(°1F A] 347:023m/s) Bt} w27 urg}\,au} SIH FEH HE A] AA AXZLEE 198+218%, 9
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HE A] 1516859%, 0| § ] 143.6:5.985 24 S22 3 TolF 7|&(HE Al 12485, 0| F 4] 15947
E)RY 22 ZHx #3E Holx gl

ool Z3jo] o, wyE IS &3 z}zq Hole] Aol AATY $2A2 shol2 $43
£ 78R AFRA)N, TER 01F A SUSE, SAEE, £BAZ, 1AL 2 Ao)F Roln
ik OIEM B4 o} el geldo s & o]%%_ 2& RPE Yo] Fo] 347} goli7]
2ol A4z Sl AR BTE0] FUHE AR B & Utk TRV 0|5 A £AZEE AAT A5

zte] §7)

713, FHEEE AA Y Ao TS Foi(cl¢F, 2000), Tof HE Al PR E2F
e & $4S FA7 QAT TR ol F Al AT LR 2718 Frdor & Aot uF

&, 2003). o]z & #H M, Yurchenko & ¥ FFE7] 522 Round-off(FH)E 3luA FEHS FE

3t7) Mgl g 2§Y F7ERT FyuEy SAuE S 34 44 Zuch gebd 2 ErE i

= Q71 M FER FF A AAFAY olFE&EE B33, 1@AR 34 42 IA FA8
AAE =4 AYFEA Trjo] HIee] 488 E27 5& fEdhe o] uiEAE Aotk

2. H 18/ =

A 142k FHFQ Yurchenko & ¥ 35E7] 334 583 WS e & <& 5> 2tk

Fo o, A 18 FHEG AFATL 015:003%F Jepdoz A, A1 f2a3 go
3 71X vehd 0174:0002%(FF G Fol A4, 199 Heke g2 Ak etk 753 o)AR
B =rtEA71A] 9 A 54 # H9E 46.9:202em2 A F2A 2 gjo]3 7]4(5836+213cm) 8] 2}
Bohe 27 Ve, AAESAY FAHYR 40243 5ecmBEA S22 gho)3 7)&(47.44+2.13cm) 2
AFRHT g 2o JEyit

TH A 1 2E F AA FA 9 *ﬁﬂé:-E Hgte T o]ARH TupEA7tA Y S Y
3 Ao, B 0.23109m/s Z7stE Aoz e, S 243 go]a 7]£(283:048m/5)9] ATH

o 7 A 37, SR Bii}l‘- 081+0.03m/s Z7}3}= AoZ Jeptc) AR 7
T2 AWEY, $BAY 56116605, nBHLL 205475752 7HAsE Aog et

olg} & Adte] o3&y, A 1%} ZHES Yurchenko & ¥ FFE7] 53¢ #F& AFANH +
YolF Azl AWFTY FEFZ go]a T2 Hg] s & A9 vlgo] o]FofA1 Yt
A& ¢ F Utk ol Er AF A £27 4E BT gut V] dEelga & & YA,
Zrt A e WA mE ol teh ane g #AE § ok § &} ol HoF o RN &l
olgd 7 & RIS 9ol ] W] AAE TE5 A3 WwFog PutA dol Fo24 B2
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Variables A B C M+SD

Flight time, s 0.13 0.18 0.14 0.15£0.03
Horizontal DCOG, ¢m 44.3 49.1 47.3 46.9+2.42
Vertical DCOG, cm 36.4 439 404 40.2+375
Vi change at phase, m/s 123 -0.68 0.15 0.23+0.96
Vy change at phase, m/s 0.82 0.84 0.78 0.81+0.03
Right knee angle displacement, deg 491 57.1 62.2 56.116.60
Right hip angle displacement, deg 29.2 15.8 16.4 20.5+7.57

DQOG = Displacement of body COG

3. o} ¥& =H

=t HEF ZUF Yurchenko & B FFE7] $84¢ £584 WS ved A2 <& 63 2
Fo 3, ©r} & TRt FZ(AA)ALS 018:0.00%F Uepi oz AgdTe] fE2H=
sto] A(FFFFol A4, 199)9] 02392 Rt ¢ BA VEsT

NAFA L FHHAE B4447mEA F2AF ho]F 7)£(1955047.11cm)] FAFHRG uﬂ -

A Uvehton], AgEAe] suols Tul A& A] 195.0+163m, ©]F A] 2452+1.78ecmZ A &
il ﬁlfo]a 71&(FZE A 16861+1438cm, o] F A] 203.377.64cm)e] AFHRTH 2A Ve

N ZA Y $HETE Tul HE A] 774036m/s9 A 0] F A| 442+046m/sE ZH&8t9 0, o]
FEAR o] 71E(HF A 283:048m/s9 A o]F A] 21320.57m/s)9) éﬂrﬁﬂ & Az 2 A
o2 Yehgth 3 Az $A&TE Tt HZ A 269:018m/s0l A 0)F A 222:043m/s2
Z&stn QAT 243 go)F Je(Ert HE Al 1.77:0.24m/s9 A o] & /q 238+2001n/s)4 A3}
AE olF Al F7kske @48 Jeilth o AF FEE A AAGEE 99+22552M 72
AR go|d 714(3947%)9] PRt W2 & Yetd, olF A AA Y AAZEE 4810052
Uebgt) 398 2498 A58 AHEE Tak A2 4] 1675:112%, o)F A 1219524 F2A3F 3o

1% (Zrt HE A 152495, o) F Al 153+9%)9) AR & A=sE Ho|x glow, ndd 7
TE Tul HE A 164141655, ©)8 A] 1568+122124 of7te] ¥iglE Ho|x Uk

g



76

o
ok
rx
hit
Ly
o>
o
ot
o

E 6 0t HE I R2IEH Hol

Variabes Subjects A B C M+SD

Horse contact time, sec 0.18 0.18 018 0.18£0.00
Horizontal DCOG, cm 1039 %5 9.9 98.4+4.74
Vertical DCOG at TD, cm 1963 1.6 1932 195,0+1.63
Vertical DCOG at TO, cm 2446 247.2 2438 2452+1.78
Vi at TD, m/s 733 8.05 7.76 7.7+0.36

Vi at TO, m/s 451 482 39 442:046
Vv at TD, m/s 254 289 265 269:018
Vv at TO, m/s 247 172 247 2221043
Body angle at TD, deg 117 74 107 9.9+2.25

Body angle at TO, deg 476 491 475 4814090
Right hip angle at TD, deg 1659 1627 1636 164.141.65
Right hip angle at TO, deg 1612 166.2 1430 156.8+12.21
Right shoulder angle at TD, deg 16722 1665 168.7 167.5¢1.12
Right shoulder angle at TO, deg 136.1 130.1 9.4 121.9+19.69

DCOG = Displacement of body COG on horse, Vi = Horizontal velocity,
Vy = Vertical velocity, TD = Touchdown on horse, TO = Take-off from horse

o4y A ey, Erl HEF FUFL AAFHY 28 AFETY FEAS go|A9
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0|29 ARH vf¢ WA deith o3 @ qAL Toke) Fo] YA Il wet Round ft ¥
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98< 3= B2 T A&H2E oFAN UsS ¢ 4 Atk WA Round-offz) 7]
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A 2919 FWEFY Yurchenko B 3 3587] 529 $584 ¥ Jehd AL <& >3 2.
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Vatiabes - Subjects A B C M:SD
Post flight time, sec 096 0.88 0.%4 - 093:004
Total time of whole phase, sec 1.56 148 1.55 1.53:0.04
“ Post flight HDof COG, cm 403 4219 426.7 429.619.54
COG peak height, cm 2785 m2 285 277.7+5.19

HD: Horizontal displacement

®o A&, A 28 H(TF HALE) FUEL AFAHL 0930425 Yepdogy Aydy
A FEAR o2 7|EdM Yehd 0.664:0059% (%SG o|xjA}, 1999) 8.t} wf-$& A4 Jehto
o, FER AEoA FA7AY A I 2QAYMET 153004224 F2AI vol3
712(1283100712)9) AR 7 28Xk vk £F A 2019 2EY wgAlE durd
4296:954mz Jehton, ANFAY HYAY Fole 2777519maN f2AD oz s
(213.64:1027cm)9] BB} oj$ £ & Ao eyt
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