Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.2.167
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 2 pp. 167-174, 2020

Tu} Lopez 529 &5t HA:

o™

YHS Aol A3 Ao A vl

1

=]

48|
Mt ASmS s

Kinematical Analysis of Lopez Motion in Horse Vault:
Comparison between Successful and Failed Trials

Cheol-Hee Park

Department of Physical Education, Chonnam National University
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Abstract The purpose of this study was to investigate the kinematic comparison between successful and
failed trials of Lopez vault techniques in male gymnastics. The subject, an Olympic gold medalist, was
YHS (age: 27 years, height: 1.6 m, and mass: 53 kg) and fourteen high speed motion capturing cameras
were used for data collection. The 26 reflective sensors were attached on major anatomical positions and
15 segment-body model was used to calculate the kinematic variables. According to results, the contact
duration of the spring-board for successful trial(ST) was longer and that of failed trial(FT) and the range
of motion of knee joint for ST was greater than that of FT. The movement times during pre-flight
between ST and FT were same, but the movement time of horse contact period for ST was shorter than
that of FT. The ST showed a longer movement time during post-flight and the longer horizontal distance
than those of FT. Conclusively, YHS needs to approach the horse with a higher position of the body and

higher incidence angle, as well as make faster twist angular velocity in an attempt to achieve ST.
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A Erf S5 BT, A9E, ¢ A7, 3%
4, A FEoR EEY o] thil FAe] X3t &
o|FolAolt 7|&& HA 58 4 A1l tE &
I tRWHRZ d(difficulty score)day E A
(execution score)d5 g2 FE3o] o]Z Al HHA
ojt}. £7] knf FE2 T 71e A7l Hsl 42
77| wio] =g Aol 4THoE 49
sk Zo] SHE Aot Al aRlo|tH2].

AR ZAY(FIG: Federation Internationale de
Gymnastique, °Js} FIG)}Z AEF2E SHLZ 571
2 4duit} Zigsta glon, Aeso] WS 717
s A-E= 1 Qick 2017499 ARE =9t F59 OF
3 T 7R EREH, &1 $E7] 32 11
&, AH[S=HolA 1/4 = 1/2 ¥E0] & 7R3
275, EFA7|00A § Bt & A7H8L 305,
T3 A7101A 1/2 ¥l & A7) 40F, E=2d7100
A 3/4 = 1/1 H1E0] & AV 50528 BRH
ATH3I.

T 45470 Edske BE g HEA] 47
84 IFT A2HIY=HE FFAAY FEi7 Detof gt
o} o E= FHY 9k A, &9 w97, F7), g F
FE7], v1E°] 3557 € T HgoA &1, HIE7]
7} &4x 1/2 oA} Zo)7} lojof grtal PAIsHaL 9}
ALE9] A71del B BSkE A&stATH3l

7HE 2] gshd YHS A47t AR 4= Q= &
Eo} H[E7]|(YANG Hak Seon, %= 6.0) 7|&

¢ Eol ¥E7|(Tsukahara 1260°, 4=
IF /8% FEEUS B vt o5 &= &
F3 A vE7)E FHECR A5t F 7]eS FAl0l
ARESEA] B HATH3, 4], o3t ¥tz E-5}
I X YHS Ag= FAdE oA Lopez(ti, 5.6) 71
&g ARt B 15.266720F2 53t

wEbA 20208 =F2HTS EHShs YHS A5
A= A8 HAsbehs W= oo Agor & 4
Q71 zol[5], dE=HS 0438 SEs5] At M=
71& MR WSy 23 Al7|oA] HsHA A
5I3d Lopez 71&& AAsts = SHEES0] 3
FHor g3 Zo7 HRITh

Tl Lopez 71&& W95 & ot &2 dog &
I FE0t 58 H AHRE Al BH HlEo] Aol 52
o|tH6]. Tsukahara 1260° 7|&dE E8] E0bE ops
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o ZR|5p7| wfjiZof] diiFor FA 8/do] ¥
A7} =dsto] FASA B2 HA4Eo] AEstL
ATHS]. Zvte]l FE A2 ATEA HE T3P
o o3t =2 FAYPA7T ez dolH, 28|24 AlF
AlZE 591 B2 3334 BlEE £ & o4
St 27} dAo|ti7, 8, 9]. YHS A5 digo=z
Tsukahara Triple 71&2& 2431 Lee 5101 434
2 2ol A2HerY] AlF Eol7F 2.98 m, AFAIE
o] 1.02x7} 871%™ A|1H|ef AZhE AA sHHA Zrt
AEAE HA4537] wiZolet siltt. T3 Oh 5151
9] dAtof o5t Lopez 71€9] 4% ¥ = 5% 4
EAIZME 4A skl Eut o] BAIF A FAZRE RASH
W BEARESEE w24 sfjolgittal shoitt.

ol% Fotd A dider §F A2, 11, 12, 13]
= W& A7|&ol 20| WA ok wEtA 2 AT
= 2 FAAE 22 A7 FAREL QA= Lopez
71&0] s AFAL5, 6, 10] FRE viFog kst
HelS Ao 24 2] A4S Eol1 YT E =0l

7] SIet g ARE AFShed 222 Folh
2, A+ Y
2.1 917 CHAR}
£ 97 299 ok 35 Fol2 el YHS 4
52 tgo= Slgick gHte] Auks 4L o) 27
Al A4 160 cm A% 52 koIt Algo] A AT
28] Ao Al Helo] AAHH BE FoAe

AT ol SIS WSkt

2.2 HEEH|

s = [e)
& 4L

Lopez 7] s sl HAH et
(Osprey®, Motion Analysis, USA), 6t9] HJA 11
<712 Raptor-E®, Motion Analysis, USA)E A&
SHATE FAFHEES 200 Hz2 AAste] EYFstaict.
Zh| s WA T3 E7] 7t FH) H-s] A6t
Top &0 FAsHs WAL vk AH A Has)
sielth. ok & 245 A9 19 mm B
(Motion Analysis, USA) 26715 dl¥8td FQX]H0f
FZAF 1570 24 A RIS ARESte] A9 HHE
Ae AR APLEFS XS, IAFLF 52 Y5, &
2] QAYFE 750 = FYsioitt. S4E 33 vHA 9
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AFE viEo 2 ZZ Il Matlab®(ver. 2003,
MathWorks, USA)IA 255+ Wol AL sFch

2.3 HEXt

A= AU T AA 8 FEHo] WA E F
25ttt YA = HEER] 919} 1] fe] E%lo™ 5&
Zol WolRAR] %A 457do] U= HdoE IPAF T
A RS Al el AEHA R B4 HA
£ 99l Lopez 71&2 2AH Al=qF 5191, IX}EﬂL et
A3t 22 (success)’t koH 1= Aoz &

HAcH(Fail). 2] o] digt k2 A7 it 51*7}

B 18, AN A2 247 28, S
A2z a4 1300 del 233 1 Ane 3
5o} el B0 Fashech

2.4 OJHIEQ} £A 77t

E AFoA B2 B4E Fstr] Yol &S ol
E, 37t Zwo] Aol o2t 22, 131

2.4.1 OHIE

» BTD(board touch-down): T-S3to]| o] Y&}
- —'_7]-
* BTO(board take-off): 7-E5%o]A] o] o]Fsl=
&7t
« HTD(horse touch-down): Zrlof| Y&0] HZ3}
= &7

« HTO(horse take-off): TujojA] @ E40] 0|53}
= =7t

 PH(peak height): A2 8] & AA|FA0] $2] 0
2 o] o2 &1t

+ LD(landing): WEQ] o] H&3]

2.4.2 F¢t

* BC(board contact): @o| F-E30] H&sta
s 1t

¢ PrB(pre-flight): A1¥]foz FEoA L5
o|F A|(BTO)RE Zulo] o] HFEst= &7t
(HTD)7HA]

* HC(horse contact): =0} F&77t02 o] =
utof] HESH= $IHHTD)RE Q2E<80] Luks o]
53t <THHTO7HA

* PoF(post-flight): A2 H|efoZ @E240o] Luls

oL
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0153H= +7HHTO)RE ZA|(LD)7HA]

2.4.3
« A8 Z(shoulder angle): AL} 50| o]F=
A 7he

187K hip angle): &4He] 4=
F= A4 4x
TFE= A X ZA(relative angle to springboard):
5 ¥ A3 YA AAISHE LR Fol=
HEE XZ HHAIA)O FYot XS(FEH2
EHE YPE= 242 FYgt Aoq 5T FA|
243} o) 52t

Tob XX Z(relative angle to vault table): Y&
AFFAANA AAFHOE Fol= HEE XZ F
HAVSH)o FFoto] XSHGBH) 025 E P
= Z+2 AHogt Aow Tuf 27k} o|F7F

A B]E7]1Ztorso twist angle): A7 XY BH
599 Z=(X&3 o|F= ddizh)

‘l"o\__
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7+ Table 13} k. AR £28A7F
5%, T27} 14122 T1 5&0] 0.04% 2t
AQAIZto R BEA9E Ay BCHZIA T1o]
T27} 0.05%& Tlo] 0.01% ZYew, PrEzt
Zpol7k Giltt. HC7olA= Tlo] T2HTh
&okow, PoF F#7tolA T1 &) 0.04% ¢

Tie]
T8
0.06z,
oA
0.01z%

A3

Table 1. Phase time comparison (unit: sec)
BC PrF HC PoF vT
T1 0.06 0.16 0.11 1.13 1.45
T2 0.05 0.16 0.12 1.09 1.41
T1: Success, T2: Fail
3.2 HNEHe +38, &R, #5 £IX| Hat
zt *W% AAISA 4, 2, SRR WSS UE

2 Table 29} 2t} 5492 AwHEH BTO}
AR Uehgon, HTOOAE Tio]

1__
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0.07 m ZgtTh. LDOIA: T10] 5.78 m, T27} 5.60 m
& T10] T2Ec} 0.18 m A3tk T1 -9 PrFollA] 0.84
m& T2 0.88 mEt}t -2 o5& UE L, PoFolA=
0.25 m o ZA ol&st3rt.

Table 2. Comparisons of horizontal, lateral, and
vertical displacements of the center of mass

(unit: m)
D
BTD BTO HTD HTO PH LD
PrF PoF
T1 0 036 120 169 329 578 084 4.09
X
T2 0 034 122 176 332 560 088 3.84
Tl 006 008 001 -0.03 0.05 0.10
Y
T2 010 0.10 0.08 0.07 0.13 024
Tl 090 100 162 204 293 0.70
Z
T2 092 097 158 203 292 073
T1: Success, T2: Fail

X: horizontal, Y: lateral, Z: vertical, D: displacement

FO-AE AwH A BTOS} BTDOA F H&o] &
Z03F o]Fol¥rt ¥HH HTDREHE T19 A 0.01 m
=032 olFo] ZAsIHA HTONAE -0.03 m F
0 29] o]5& YEAAY T2= 0.07 m =02 o]F
o] §A =t o1% PHe} LDOJAE T1EEF 0.08 m,
0.14 m 71 & ol3HAE Yttt

AAZH FR RS AHEH BTDAA T1°] 0.90
m, T27} 0.92 m& T1o] thh ¥okow BTOS HTD
o A= T10] 1.00 m, 1.62 m, T27} 0.97 m, 1.58 m&
T10] A Yepdtt. o]% HTOSF PHOlAE FARSHA
Uebg o, LDoAE T1o] 0.03 m WA Yebstch

3.3 AFISAO| £ SHAE H
7 AR AAFY 28, FASES ekl A
Table 33 2t $H&ES Auud BE Ao

T1o] T2Eth W& S Yepith 15858 A&7 |
slEFol A= T10] -1.93 m/s, T27} -1.82 m/s& T19|
Al o] B A vehg o, Zrt JEgtolA= T1
o] -1.31 m/s, T27} -1.51 m/s& T200A Z&o] B 2

Al Vet

A4S AuEd BTDQF LDOIA Tle] -0.55
m/s, -3.99 m/s&Z T2 -0.78 m/s, -5.18 m/skEt} =&

A UERd ¥ BTO, HTD, HTOOIA: T19] APar
FAEEL T2 H2A Yepgeh 1538 3577
HolEFo| A= T1o] T2ETE 0.14 m/s & 7-& e

170

om, EU]— AEFZo| A T27F T1E 0.02 m/s £

7Mg Uit

Table 3. Comparisons of horizontal and vertical
linear velocities of the center of mass

(unit:_m/s)
BTD BTO 4B HTD HTO 4H LD
TI 755 562 -193 516 38 -131
Y TR 78 s i 538 387 -1s1
Tl -055 385 440 342 418 076 -3.99
- T2 -078 3.08 386 338 416 078 -518

T1: Success, T2: Fail, X: horizontal, Z: vertical
B: board, H: horse

34 1BH 2T

7 NHY 1 2 el AL Table 49 2
o 29 AwE AR 2E AA 2 Hol7t
A grote

Table 4. Comparisons of hip joint angles of major

events. (unit: deg)
BTD BTO HTD HTO PH LD
T1 107.09 127.08 15798 161.61 17289 142.56
T2 107.04 12642 15631 15847 17481 141.97
T1: Success, T2: Fail
3.5 &84 4w
ZF e eWd Ag UEhd 212 Table 59 &
oh. £ 455 AW EY BTDOA«= & Aol7F Uet
WAl gisked, BTOSF HTDOA Tlo] 149.11°,

170.47°, T27} 146.17°, 168.90°% T10] T2H T} thi:
2 74RS dehct. ol% the AgelsE 2 Rolrt 1t

A grolet.

Table 5. Comparisons of knee joint angles of major

events. (unit: deg)
BTD BTO HTD HTO PH LD
T1 142.94  149.11 17047  169.01 165.58  151.84
T2 14299 146.17 16890 168.61 16526 152.06

T1: Success, T2: Fail
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3.6 A 24

ZF AFE -9 ATE 48 Yeld A2 Table 6
I Zth. AWE Z4xE AmEd HTDIAE T1 &
A¥E Zho] 114.94°, T2 &= AWE7ro] 109.81°%

Tlo] T2Et} thah 2 Z&g Yerdon], HTOMA =
Tl 9= A%d Zo| 120.11°, T2 $= APAEZ o]
124.57°% T1°] t& & %= vepiict ¥ PHe}
LDoAlE= T1o] T2ET 2k -9 APEZE YER
=

Table 6. Comparisons of shoulder joint angles of

major events. (unit: deg)
HTD HTO PH LD

L 114.94 123.75 28.82 91.10
T1

R 131.68 129.11 71.88 74.53

L 109.81 117.92 34.38 103.12
T2

R 128.86 124.57 78.52 90.18

T1: Success, T2: Fail

3.7 7150, =0p XX

7k A e b XS UERd 2 Table
73 2ok 5 ARAZAY A9 Tio] 72.12°, 96.02°,
T2% 70.75°, 93.02°% T1o] T2HT} £ Z+e S Uehy
on, ZHHQlofA= & Zfol7h YEhA] gkttt Zat A
A2+ HTDOAE T1o] 23.37°F 19.65°9 T2Xrth
2 Zto g AAFA, HTOAE Tlo] &L 7Z+S
ER o|Fol= ACoR Uttt 2P QloA= Tlo]
T2HEch 22 ZHH9E et

Table 7. Touch-down and take-off angles of board

and horse (unit: deg)
B H
BTD BTO HTD HTO
T1 72.12 96.02 23.37 66.17
T2 70.75 93.02 19.65 67.67

T1: Success, T2: Fail, B: board, H: horse

3.8 Al HIS7|Zt
B4 01571219 B9 29 AEE Uehf A
s7leler Aol A SHoR Eukg H&3] wEol

o, F500A BHsk= Wk vES] viEdS ulgitH10].

7+ A BlE7] 4% Yehd A2 Table 83 2
t}. HE7|ZS AuE™ BTD? BTOSIAE Tio]
-8.50°, -19.69°, T27} -4.16°, -13.76°% T1o] ¢ &
HIEYZS YePiATE HTDOAE SARE 2+ vehd
t}. HTOOIA T1L -52.68°8 HIDET} 2(-)2] HEY
Zto] Thh AP oY, T2= -55.86°2 72 A5t
Ao = Uyttt o]¢ PHE LD7HA] Tlo| T2E T 54
H[E7|Zo] A Yehgtt

Table 8. Twist angle of the body (unit: deg)
BTD BTO HTD HTO PH LD

Tl -850 -19.69 -54.84 -52.68 261.19 1047.28

T2 -416 -13.76  -55.71 -55.86 23242 1030.34

T1: Success, T2: Fail

3.9 SH| HIE7| 4&

Z ANFE BE7] 448 YERd 212 Table 99
2ty HEr] Z&LE AmEE HTOA Tio]
13.07°/s, T27} 2.93°/s& Tlo] wl2A UEhtow,
PHE} LDOJAE T10] T2HT} B}E HIEY] &8
Epuict.

Table 9. Twist angular velocity of the body
(unit: °/s)

HTO PH LD
Tl 13.07 1376.84 240.83
T2 2.63 1218.61 110.58

T1: Success, T2: Fail

4. k=9

22 7148 TS F wol] £ 2AH0E J
o8 W 5 5% 5 3504 ME712 she Solchg),
22 7147 2L WS 5 000 ulE0] Adske A
Astet AQe] NaEe Ao AYshs WAL
Al 7145 Hls) opelo] okspr] wiEe] vt
5 ] 9% o] sHg0] 94| A slel B o]
Y B2 4 o7t 43e) Moty ¥ 4 Ut
[14].
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YHSHA7E 595t 202 S2ol4 T5HS 3

17] HOP 129l 2AlE & o 7 35 383
7] & LA 2A|7} o] FAREA7E F27HH A
%zq- ;jq-;(] /\] A]xﬂﬂ_ o}i O]E 111/\—1 &8 z]‘:_ M
S5 oIt mEbA A2B|efoA HIET] 55 aEd

rulrn nE

59
=4
=
T

0% 5T 5 Y= AL Tl ¥ 2HL %
oF & Aoltt.

B Q7 A3 FpaE 43 FAI Al 54 Aol
2 % 4 otk FER ETONA 4T F2o]

HEAREE YRl S 59 77104 o
4 24 7HEESE AT 15 ASY4E

=
T =2

T &34 B30] A3 whE AlHo] o] R0l 1(15],
ESE/10] T $REEE FASER H5AIe 3
I of$- Fast}10, 13, 16, 17, 18]. &, 233 T+
251 B ABIRE B A0E B 4 %00, 45 4
410 AL Fo] HorgEo] ffalA A83t Ao
= Wtk vhe A 52 BTOSA 43 St

Lol Azdo] BEse] o] wee 325 B8
s Eo oz e
IR RS RER =D L
olEARI £ AAFH FAANE Uehgon, wut
Ak A Aelgich. ol Q8] ARFH - of
FUIPH AT Ao BekEh e A 5HL A
A Aol ¥Esle] 9508 Welt WAl A&E
A0R §5T 4 Stk ALHekolA FHol5ol 4L Al
5945 ol we) AYstel Eot B F5 @
o 4 QAN7), HF FAIAE £ A S
of 0t 2212 LRERACHI0L ol AgTES] Ak
L8 ddvel 43 54 Ang susilt,
£ GEPIAE 4T Faol 45 R4S B
o 27 W55t] tha FE HSAte] Uehget. o]
o 5242 o5 Agdgos Bo| W g 4
A&5g W] 9% AR B 4 9ok LEE S0/
Zvoz mole gt AvklEdE F49 A9 wrt
HEARHE 7129 il H93He St 2elol), &
HEA e SAUSE WEAE S SN 5
ofof gtk BaEw Qo] & A7 4 FA U
Soict. e WA Erl] B ol Fad
29102 Auloke] Al g vAITHIO, 20, E
3, Eokg Aok AA] AA] uet g Ato] Fot
A3 FUT FY HskRAA Ul 2 FAYS

S AAFA

1'_‘

2 4 9] W1l A Bae H3 AuALe
A WEStel 95 AW BFo] YFH] Aol

172

2A et
A 7FA7F
154 7187 =4
2 7o) et o
=LA shaA
WE o) vIE] 2 Uehiitt. ol & A 271
HIE7] Z4E30] %i“%?i e 9 BlEZ17E o,
SFAIGE, S(-)oA] QK+)e.2o] H|EY] HlgFo] AAsH]

ﬂl

AgEH 735t I9d BTt EAsta sEETH21]
2, 29 AAoIBel % EHHY BEHo] olFold
3300 YY) @ A0 BaErh olF PHe
LDHE -9AU%E 2 stol AAATS F
AT AAFHE B A9 I IS F 2
o B 4 Aotk ME ¥1E7|E SYsks Bl
oA soket WY AARHE 0] & AL} o)
# BATAL, 49 52 39 43 $aun 95

o] otk 7ﬂ‘z%%(Salto Twist)o] FZ35I 1L
et 22 Ao = AWAZRS A st él—’r‘E e
3t Aog metErh

TSR 2% o|yd] F&o] £ =|7] wfEo] wE

st 1ol YFFo] "asti17]. St 2
Z 7148 JEA o 235 QAL BlE S2X&E

£ 9% e WEANE ST B AT Aue 4
w2 o) S0 o5 Aol AWAL of| A= 7}
A7lok SH=A7t o Fag ol B 4 it

5 &2
B QT YHS 440) 2ul= 71ee 74 A 433
i B M EASel /160 HYEE Lol
ZoistiAl EAGHNAY 334 FAELS B A
aze oot g
A, BB BTN HF B2 A8zl
Al AR} Agon, 43 FAe Swa H5HS)

E

A FapEch 57 s,
A, AelkolA 3 FAT} A F2) £8AZH
o FUstt. 4% B v SRt Fe Sgo]

59 o, we AN Ert AAAS Bk
A, = ST AT B2 £a4170] A

W SR T 4 52 HTDOIA A 52w
o H2 Awane 27 s



Tt Lopez &9 584 £A: YHS A9 33 Asf AR B2

A, A28l N = e F2] 2841710 A 5
AE 7‘°*°U% 2 olES 3t e >
HTOONAM %5 A¥dzte 37 si9la, HlE7] 445

= *é% S22 PHe} LDOA 29 Add e
27 stelct.

# Al G ARLOR £4 YHS A4t 4
2W= 7142 FA] FEAE HID <70 & %
A2 QYsio] HTOOAE 95 AVEZS TA

ul2 H157] A4EES WEolop & Zolch. Eat PHe
LDEAIIAE B9 ATEZS Aol BYRAES
FolT AAFHS HHA LU BN 49T 5 9

+ 7| upsior & Aol

upAEo R & 7] AAM2 AW ATt WAl o
k= Aol g A% Qo 47] AdRlMEe 2u=
71eAt@rt ASleh Ee At 240] o]RoiHe A
oz Az,
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