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Kinematic analysis of success strategy of YANG Hak Seon technique

Joo-Ho Song', Jong-Hoon Park’, & Jin-Sun Kim®*

'Korea Institute of Sport Science, *Catholic Kwandong University, *Yonsei University

[Purpose] The purpose of this study was to compare Yeo 2 vault and YANG Hak Seon vault to
verify the possibility of YANG Hak Seon vault. [Methods] The YANG Hak Seon vault and Yeo 2 vault
performed by five Korean national gymnastic athletes, and the photographic images were collected
using a high-speed camera and their kinematic characteristics were analyzed by 3D image analysis.
[Results] The main variable of the post-flight phase S1, S4, and S2 were similar to YANG Hak Seon
vault. S1 showed the largest at shoulder angle and the highest body center of mass at horse take-off.
54 showed the smallest shoulder angle at horse take-off, slow twisting at the post-flight ascending
period, but faster femoral rotation during horse contact. S2 showed the slowest twist velocity in the
ascending period of the post-flight and the smallest rotational distance and twist distance at the peak.
S3 showed the slowest horse take-off velocity, the least time in the post-flight phase, and the hip joint
was flexed at the peak. [Conclusions] S1 is required to increase the twist velocity by narrowing the
shoulder angle during post-flight. 54 is required to strong push-up and an increase in the twisting
velocity in the post-flight ascending period. S2 is required to shorten the horse contact time and
increase the horse take-off angle through powerful femoral rotation after board take-off. S3 will have to
get enough power from the preparation phase.
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Table 1. Characteristics of subjects

Subject Height (cm)  Weight (kg) Age (yrs)
YHS 159.9 52.3 27
S1 166.8 61.1 28
S2 167.3 66.6 27
S3 171.9 65.0 23
S4 165.2 62.7 23
Mean(SD) 166.2(4.3) 61.5(5.6) 25.6(2.4)
N
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Fig. 1. Layout of camera and control point installation
(Song et al., 2016)
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Fig. 2. Events and phases of Yeo 2 and YANG Hak
Seon techniques (Song, 2017)
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Table 2. Phase time (unit: sec)

PoF PoF Vaulting

BC Prf HC ok Asc Des time

YI’;S{G Mean 0.10 0.1 0.14 105 041 064 141
Seop (SD) (0.01) (0.01) (0.02) (0.03) (0.03) (0.01) (0.01)

S1 011 0.15 0.14 1.14 040 0.74 1.66
S2 010 010 0.17 121 042 079 158
S3 010 0.12 0.18 1.05 038 0.67 145

Yeo 2
S4 010 0.13 0.15 1.10 042 068 143

Mean 0.10 0.13 0.16 113 041 072 154
(SD) (0.0) (0.02) (0.02) (0.06) (0.02) (0.05) (0.08)
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Table 3. Horizontal and vertical displacements of the center of mass (unit: m)
Horizontal Vertical
Displacement Displacement
BTD BTO HTD HTO Peak BTD BTO HTD HTO Peak LD PoF PoF
PrF PoF
Asc  Des
Ygka Mean 00 06 12 1.8 30 50 06 33 0.9 1.1 1.6 2.1 3.0 1.0 09 20
Seon (SD) (0.0) (0.0) (0.0) (0.1) (0.1) (0.1) (0.0) (0.2) (0.0) (0.0) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1)
St 00 07 16 21 36 63 09 4l 1.0 1.2 1.7 23 3.1 09 09 23
2 00 07 12 18 28 48 06 31 1.0 1.1 1.5 2.1 3.0 0.5 1.0 26
S3 00 05 11 17 28 46 06 29 1.0 1.2 1.6 23 3.1 09 08 22
Yeo 2
S4 00 07 14 19 32 53 07 34 1.0 12 1.6 22 3.0 07 09 23
Mean 00 07 13 19 31 53 07 34 1.0 12 1.6 22 3.0 07 09 24
(SD) (0.0) (0.1) (02) (02) (0.4) (0.8) (0.1) (0.5 (0.0) (0.1) (0.1) (0.1) (0.1) (02) (0.1) (0.2
Table 4. Horizontal and vertical velocities of the center of mass (unit: m/s)
Horizontal Vertical
BC HC
PoF BID BTO HID HIO LD
BTD BTO AV  HID HTO AV  Mean
YANG Mean 7.7 53 24 5.0 29 21 3.1 -0.1 4.0 37 39 5.3
Hak Seon (SD) (0.2) (02) (02) (0.1) (03) (03) (0.1) 0.3) 0.2) 0.1) 0.2) 0.3)
S1 7.6 57 -19 5.5 32 23 3.6 -0.1 34 3.0 39 34
S2 7.5 55 =20 5.0 2.1 29 25 -0.5 32 33 43 -1.7
Yeo 2 S3 7.2 48 24 44 24 20 2.8 -0.3 3.6 3.0 37 54
S4 7.8 55 23 49 29 20 3.1 -0.4 32 34 39 2.7
Mean 7.5 54 22 5.0 27 23 3.0 -0.3 34 32 4.0 33
(SD) (02 (04 (02 (©5 (05 (04 (05 0.2) 0.2) 0.2) 0.3) (14)
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Table 5. Change in hip, knee and shoulder joint angles

(unit: )

BTD BTO HTD HTO Peak LD

YI’;;I(G Mean 109.1 143.5 1869 188.8 185.5 181.6
Seon (SD)  (6.1) (87 (82) (12.0) (12.0) (14.6)

SI 1053 1702 2272 211.2 188.1 954

Hip S2  117.8 1594 196.8 196.6 187.0 108.7
Yeo 2 S3 1160 1543 2142 191.8 159.6 127.1

S4 1112 1457 190.3 204.8 175.8 134.9

Mean 112.6 157.4 207.1 201.1 177.6 116.5

(SD)  (5.6) (10.2) (16.8) (8.6) (13.2) (17.9)

YgiG Mean 147.3 168.1 168.8 173.3 171.5 1349
Seon (SD)  (3.0) (33) (54) (26) (23) (14.8)

SI 1487 1772 160.7 171 172.6 124.7

Knee S2  158.8 169.7 171.9 1754 174.0 1263
Yeo 2 S3 1468 167.8 158.7 170.5 1650 156.2

S4  153.0 1679 1759 161.7 161.9 140.9

Mean 151.8 170.7 166.8 169.7 1684 137.0

(SD)  (53) 45) (84 (57) (59 (14.7)

| 1260 1276 1218 1467 296 99.9

YI’;:IkG Mean ~ (69) (12.8) (182) (11.5) (4.6) (24.1)
Seon (SD) g 1145 1332 1254 1495 644 531
(5.8) (7.5 (13.5) (13.6) (2.9) (7.9)

. L 1127 1123 1025 136.6 575 425

R 960 107.7 110.5 1479 373 784

© L 1161 122.1 1244 139.1 39.7 769

Shou R 110.6 119.6 118.1 1323 37.1 288
1der . L 1389 1347 1202 1642 349 19.8
Yeo 2 R 124.0 1255 107.8 117.8 219 429

“ L 131.5 1319 1192 1299 453 56.0

R 1309 132.0 1229 108.6 28.0 574

124.8 1253 116.6 1425 444 488

Mean  (12.5) (102) (9.7) (15.0) (9.7) (24.0)

(SD) 1154 1212 1148 1267 31.1 519

(154) (103) (6.9) (17.2)

(1.5) (21.2)
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Table 6. Touch-down and take-off angles of board and Table 7. Rotation angles of the thigh and trunk (unit: °)
horse, landing angle (unit: %)
BTD BTO HTD HTO Peak LD
BC HC
YANG
LD
50 Bl HID  HIO L, Mean 4221051 1884 2612 4555 7700
G CSD) (43) (L) (54 (78) (4 (146)
g Mean 6341060 240 87 542 S 397 1196 2199 2782 465 s
o D) (L6 64 (O (100) (5 7 1196 219.2 2782 4365 825.
S2 510 113.1 1862 2584 4295 8228
SI 638 1135 325 82 786 Thigh
S3 452 1112 1955 267.6 4512 7877
2 652 1075 233 75.8 89.7 Yeo 2
TR TR TR TR S4 493 103.0 1944 2650 4566 805.0
© Mean 463 1117 1988 267.3 4435 8103
§4 623 1024 298 818 770 SD) (5.0) (68) (142) (82) (12.6) (17.7)
Mean 640 1078 286 817 787 YI’;:IkGMean 1127 141.1 1799 250.5 457.8 766.5
SD) (13 @y (69 @y @I o D) @D @7 89 (105) 68) (17
SI 1139 1293 1721 2486 4513 7418
TEET} £ot X|X|ZH Y REX|ZE #H5}
JWEY 233} wol X7 @ x|z Mahe Tk S2 1126 1333 1685 240.5 4369 753.9
<Tab1 6)o] UEhT). Voo S 1096 1366 1613 2539 4333 7297
T 719 5 AALLE 0.6° 2ol = FARH Y S4 1177 1369 1842 2412 4509 758.0

F/]'M Tolo] Adete 7—}55 YANG Hak Seon &
Aol 4.6 o] 22 7

Yeo 2 &2kl A F
i 84 B3 7}7% Z
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Table 8. Twist angle of the trunk (unit: °)

BTD BTO HTD HTO Peak LD

YQ:IkGMean 27 71 141 -114 2228 1049.5
Soon D) (133) (108) (62 (57) (170 @3

S1 13 23 1.8 84 2204 896.2
S2 0.3 14 84  -10.8 180.1 903.7
Yeo 2 S3 3.7 40 33 358 1532 8462

sS4 -02  -63 21 -125 2050 8777

Mean 13 -17 23 73 1897 8810
(SD) (17) (42) (@48 (L7) (294) (25.6)
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Table 9. Angular velocities of the thigh and trunk
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(unit:*/s)

BTO HTD HTO Peak LD BC PrF HC PoF  PoF Asc PoF Des
YANG Mean 7585 7419 2314 2123 ] 759.6  495.0 _ 400 4858
Hak Seon (SD) (302) (542) (104.7) 93.7) (374)  (75.9) (G5) (2.4
SI 5785 6708 486 - 2896 ; 653.5  407.2 ; 3915 5264
Thigh 2 6815 7047 528 - 2892 - 7020 4270 - 4085  495.1
rotation Veo o 3 7807 6821 1223 ; 576.8 ; 7236 3935 - 4734 505.8
S4 6920 5832 3682 - 3374 ; 6784 4714 - 4593 508.1
Mean 6832 6602  148.0 3733 689.4  424.8 4332 508.9
(SD) (82.8) (532) (150.7) (137.6) (302)  (34.0) (394)  (13.0)
YANG Mean 3026 5644 4405 2771 3554 4711 5065  479.8
Hak Seon (SD) (25)  (44.9) (G45)  (287) (356) (12.3) 470)  (13.2)
S - 3572 5987 - 2921 1378 2818 5280 - 507.0  391.1
Trunk 2 - 3069 5837 - 140 1964 3372 4295 - 479 3985
owon - oS3 - 2016 5256 - 4962 2555 2226 4934 - 4680 4448
S4 - 3511 4008 - 2577 1917 3537 3802 - 4981 4452
Mean 3042 5272 2650 1954 2988 4578 4865  419.9
(SD) (720)  (90.0) (197.7)  (48.1) (594) (65.9) 19.0)  (29.1)
YANG Mean 904 13088 6842 9977 5739 12782
Hak Seon (SD) (65.8) (1204) (184.8) Q44) (268) (14.2)
S - - 151 10270 1933 - - - 7913 570.8  914.8
Trunk 2 - - 26 10772 1369 - - - 7525 4603 910.6
twist
Veo 2 83 - - 2960 11959 4899 ; ; ; 8285 4903 10354
s4 ; - 209 12126 1425 - - - 7979 5250  976.8
Mean 698 11282 2407 7926 5116 959.4
(SD) (1520)  (90.5) (168.1) (G12) (475 (59.0)
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