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ABSTRACT
Kinematic Analysis on Giant Swing Backward to Handstand on Parallel Bars

Ahn, Wan-Sik*(Dankook University)

W. S. AHN. Kinematic Aﬁalysis on Giant Swing Backward to Handstand on Parallel Bars.
Korean Journal of Sport Biomechanics, Vol. 14, No. 2, pp. 2740, 2004. The objective of this study
is to identify the kinematic variables of giant swing backward to handstand as well as individual
variations of each athlete performing this skill, which in turn will provide the basis for
developing suitable training methods and for improving athlete’s performance in actual games.
For this end, 3 male athletes, members of the national team, who are in CICTHOO University,
have been randomly chosen and their giant swing backward to handstand performance was
recorded using two digital cameras and analyzed in 3 dimensional graphics. This study came to
the following conclusion.

L. Proper time allocation for giant swing backward to handstand are: Phase 1 should provide

enough time to attain energy for swing track of a grand round movement. The phase 3 is
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to throw the body up high in the air and stay in the air as long as possible to smoothen
up the transition to the next stage and the phase 4 should be kept short with the moment
arm coefficient of the body reduced.

2. As for appropriate changes of locations of body center, the phase 1 should be comprised of
horizontal, perpendicular, ~compositional to make up a big rotational radius. Up to the
Phase 3 the changes of displacements of vertical locations should be a good scale and
athlete’s body should go up high quickly to increase the perpendicular climbing power.

3. When it comes to the speed changes of body center, the vertical and horizontal speed
should be spurred by the reaction of the body in Phase 2 and Phase 3. In the Phase 4, fast
vertical speed throws the body center up high to ensure enough time for in-the-air
movement.

4. The changes of angles of body center are: in Phase 2, shoulder joint is stretching and coxa
should be curved up to utilize the body reaction. In the Phase 4, shoulder joint and coxa
should be stretched out to get the body center as high as possible in the air for stable
landing.

5. The speeds of changes in joints angles are: in the Phase 2 should have the speed of angles
of shoulder joints increase to get the body up in the air as quickly as possible. The Phase 3
should have the speed of angles in shoulder joint slow down, while putting the angles of a
knee joint up to speed as quickly as possible to ensure enough time for in-the-air

movement.

KEY WORDS : GIANT SWING, HANDSTAND, PERFORMANCE
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B 71&¢E 19763 Montreal Olympicths] o] % 3] WHaaly] Al#ste, 19784 Y&
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A A3y BEe A¥ 2 dos we kS v Auly HAFHE o)Fn
JE Be IS VA Az7|e gy 47149 s AL o2 Q8 ¢ ?‘301 £7F
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BYPEY o 7l& FAM H $E87)(Giant swing backward to handstand)F3- HlE F4)
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1. o1t Cif &
o @72l 2AL e ekl BTN F HEAY) TAE AN & Y& HIS ¥R
7t EF A% 338 9 FE3el APsgon, o159 A4 F4 2 $54YL <E 1y
2}
E 1 DEK AHE BN U 254
FE
(CH’:) AR As A A2 AE A dF b g A E
b @ e @ @ @ @ @ @ 6w
subj. A 172 62 74 32 24 % 53 38 11
subj. B 160 50 72 30 2 992 51 %! 8
subj. C 158 52 71 30 21 88 47 33 9
2 NE M}
1) 8=T
£ A7 8% AYETE <E 29 gk
£2 4YET
2% %o 2 2 43 5 A ¥
Computer Pentium [ 700 Intel
Software All Basic Software
- Capture Module
- Digitizing Module ARIEL
- (3D Transformation
Video DVL-9800 Digital

Camcorder - Selectable 60Hz, 120Hz, 240Hz JvC

- Camera Light (250 Watts)
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335 45 ARE 1bm BolA APl AHsch 4 A sl BE ST Gframes/sec, 7}

gl =E A 1/250secE 35T}
A4S 987 A Y A UwoEs

% 2mx3mxIm2 MY e FAFH  E(control
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APAS(Ariel Performance Analysis System)9] E2FEA =z 788 0]43)
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(Ariel Performance Analysis System) was
57_4}HA4 Z2IAS AFR3}7) _?,]3}
oq tAE 7ivetet AAsle IEEE
1394 ¥ E 9] Firewire board7} WA
Intel 33 7]%9) Pentium I - 700
S 449 AFHE AL

1. L Toe 9.RToe 17 Upper Head
2LAnde 10RAnke 18 Lower Bead
3LKnee ILRKnmee 19 Nose
4LHp I2RHp

5. L. Shoulder 13. R Shoulder

6LEbow 14.R Flbow

7L Wrist 15 R Wist

S LK 16 R Finger
3. SAF2| phased 118 h

k

E29] phase® TR <12 3>3} : ag 2 oM
21,
1) B2 BarolA] Should7t 4 & o] AAlolA} Should7} 4% °|& W7 phase 10]2
stglon,
2) HyE YoM Bars} Should7} 48 o] F w7179 AME phase 28} &k
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3) phase 32 B E Baro A &o] Hojaj «7+HS Release(o}d} Rel)z}t 3t ow,

4) 13133t oA BB Bar YA Shoulde} Bar7l 422 & ©|8 W71A9) AHE phase 42}
3tk

5) Z} phase®] & eventZ #9j3}gt}.

Phase 2 y
| % ‘f
start event
- ] | |
Ph Phase 3
ase | event 1 event 3 Phase 4 event 4

38 3. SZH2] phased 72

AR BA 3] oI Foz
49 A5 SN $VIAAY AT SBHoA
@AM Aol olF Zez A7 Aelas

S houwulder

5 A2 Xz T8 4 MAERe 2t Ho

cAf

o A7 AzAe HHE Qoksle] WA 20)9 Y vt Eo]ZE RMd Bad FAA
o2 #Hse AA(Capture) AN 2089 FiojetE 28 (Synchronization)A]7]7) 93
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APAS(Arie Performance Analysis System)?] Dig4 ZZ1#g o]&3ta] 209 7hvjetdl AT
FHg AXANZT of | 2the] el y QT FAE FYS AA FUG AR HARHYS
Axret7) 98] 32k AZ29) F4+(Cubic SpLine)E ©]43F B IHH(Interpolation)S AME-3t3om 7
=YY FRADE 001722 oto] 2349 FERL TEAT o GAE AX 47 T YA
sjstd Ax AL AYske YA A (Digitizing) @A S Atk 281 YAeo] BACA
ARE Zze) 2494 A8E 3344w WsslFe EdF (Transform) GA M3 Fi 9|
AAHE Walton(1981)¢] DLT(Direct Linear Transformation)-& Ah&3tad TiA|E}o]] ZH¢ieA
AEAL 487 HFAZRE DLT wgh o) AFE AE3qck AR DLTASS dAdd 5
AFe JH HEE ol&ate] gAY 3L I FRE A&

TRl A A] e 4 Y 2K perspective error)E Z017] 9J3 W02 Butterworthd] #
9 23 Zej(low-pass filter)S A48 2FY(smoothing)s AAEHeH, AP Fup(Cut-off
frequency)= 10.0Hzz A A3tH ot

m. 23 9 2%

B A7 2HS &3y Y Hg% 5 358 7)(Gant swing backward to handstand)E4HS
<E 1>o] i < 29 HAPETE FA30 o %@;‘ﬁ% Faf Hlm A% A oed 2o

1. AlH SHef AlZHH

P

tolr

dAre] 7+ phasetd AQA|7HE <i 3>3 ok

E 3 AAZAC| phased ~2AI7¢ (CH : sec)
H
. T P1 ) 3 P4
subj. A 0.83 115 1.67 272
subj. B 1.03 135 192 285
subj. C , 1.00 132 1.82 230

YR 5 ey AASH] F A4S AU, subj. A7} 272sec, subj. B7} 2.85sec,
subj. C7} 2.30sec©. 2 ielstT



phase® AQA|7HS AH KW phase 1702 A9 A|7He subj. A7} 0.83sec, subj. B7} 1.03sec,
subj. C7} 1.00sec® el subj. Bet C7} 71 284t g2 Aadsl nad s AAANA & 4&F
o 28 A4E 1287 A Ao AIZHY, phase 3049 FE A£QATHE subj. A7} 0.52sec,
subj. B7} 0.57sec, subj. C7} 050sec® YEYTh o] subj. B7} ZHAEE WA 2IAA AAF4
Zo 2 A FoEA AAFTAL PR Bar A Fo] FANA ATAE 24 o of
= 524E H3 Aoz AlS¥Th phase 40049 P78 A2 QA7HE subj. A7} 1.05sec, subj. B}
0.93sec, subj. C7} 048sec2 VEPTh wabr subj. A% By 3% Bar HX A AAE Bar 92
BAAF A R3] BAY &5 WY} FAolFozM, FAAS A HA B¢ AN 2T
M71E2-E Fste 71 28470 YeRta, subj. C F8EE 24 A JedA HPF Barg 3
w224 uAg ETUTA7] 5348 o Alsdh

|

MK

2. A Flel flx|H

t

ol

AAFA 9l phased fAwiste <i 49 2tk

£ 4. MAEHS phased A3} (EF4:em)
subj. T start Pl P2 P3 P4
X 436 135.2 328 479 11.6
280.3 184.2 91.8 2325 285.0
subj. A
689 711 64.3 4.3 69.6
3D 0 132.8 188.9 1034 554
X 17.2 1190 278 372 15.2
Y 2764 196.8 95.6 2480 2772
subj. B
.8 66.9 63.8 60.3 657
3D 0 1292 1811 61.5 24
18.8 1267 23.6 368 15.9
Y 2740 190.9 98.7 2484 270.6
subj. C
68.2 66.4 625 66.9 69.2
3D 0 136.2 175.5 612 4.6

phase 16419} FHH = subj. A7} 1352cm, subj. B7} 119.0cm, subj. C7} 1267em2 Eb D,
FAMYE subj. A7} 1842cm, subj. B7} 1968cm, subj. C7b 1909emE vebon, F48% =



subj. A7} 132.8cm, subj. B7} 129.2cm, subj. C7} 136.2cmz el subj. C7} subj. As} B Bt} A
#A3 n@dE ¥ 24 ARANA AAFAS P2 By 2 AHY 4254 I 4L Hw A
oz AlgH”t}

phase 39]Me] SHwolel FAHAZ AW subj. A7} 479cm, 1034cmo]X, subj. Br}
37.2cm, 61.5cmo]®, subj. C7} 36.8cm, 612cm& Yepdth o] subj. Be} Ce A|AH Bare] u)s)
AA Y [AEH L olgate] 1HEE w2A FIANA AHAFAS w2 So] &8 Aoz Al
=, subj. A @A WE F2E o)fx] B AMFA Ha WU Aoz Algdk

phase 4949} £ g9l FHHYE subj. A= 11.6cm, 285.0cme] 3!, subj. B 15.2cm, 277.2cm
°olH, subj. C7} 159cm, 270.6cmO.2 VEbgth o] subj. Ax Z@do] ZaHo o AAe BY
=] AMHA Z A F2FUEA7 TAL S99 Aoz Agn, g B CE n@dg 4
ANA A F4E F83] B0 2Uo2H Fudo] 438 oA EPU4RAMs] B34S 4

5 MASAC eventd] £TH{3} (EH:cm/sec)
subj. T start P1 P2 P3 P4
0 72.7 467.6 294 368 -
0 451.0 33 231.2 16
subj. A
0 754 60.7 23.9 17.3
3D 0 463.0 471.6 2343 40.7
X 0 28.4 4589 159.4 34.8
Y 0 369.6 328 2145 48.0
subj. B
Z 0 7.1 21 46.3 524
3D 0 370.8 4601 271.2 79.1
X 0 17 504.2 114.8 30.8
0 3847 288 2171 51.0
subj. C
0 23,6 26.1 2.8 15.2
3D 0 3855 505.7 247.0 615
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phase 1o|A AAFAY 43 - FALEE subj. A7} 727cm/sec, 451.0cm/seco]il, subj. B7}
28.4cm/sec, 369.6cm/seco]™, subj. C7} 1.7cm/sec, 384.7cm/sec2 LJepyt) o]2]d Fi= subj. A7}
AAE AAAA BAEY] dolg F7HA7)7] Y8 & 9859 AFez 295e I AR
HojA) phase 20|49 FALEEE subl. A7b 33cm/sec, subj. B7} 328am/sec, subj. C7}
288cm/secE RGO, o) subj. Bot C7} AIAFHYY 1#HE FIAA AA Y S o §
st AAE FANFAIIEH Eo)d A2 BHYATh phase 3oAY FEHETE subj. AJ}
294cm/seco| 1, subj. B7} 159.4cm/sec, subj. C7} 114.8cm/sec2 WERETE ol subj. B C= phase
28] BRAER S o] &8 AAE FAGSAIIH Bar oM AxUA HE= RS HE UMY, subj.
As TR of @A Rela, A PEle g AAE FE3] 50 &4 Rdlo Helx B
e Ao Yehdth phase 4001A49] £ALTE subj. A7} 1.6cm/seco]il, subj. B7} 48.0cm/sec,
subj. C7} 510cm/seco.2 VFERTh subj. Ax phase 3olMe) Be Y= SHOE phase 4044 §
ALCE Fo|x £§ whd, subj. Ce AA7} $3apdate] S v Bare] 842 o]l AAZ

Barflz BAA FAARG02Y SET $o2n dids B4 FUT Aoz Ane
4 NAFM 2 e

A AR #EY 7 phased ZEwshs <i 657 2t

7} phase® ZA#{A AT # . $ BF $E A4HEW phase 1.2 161.1°, 1654'0]1, phase 2+
162.3°, 158.1°0] 11, phase 30] 107.8°, 108.4° 0|11, phase 49| A= 1454°, 152.1'2 jepytt)

phase 1948 A@A] & . 9 A= subj. A7} 157.1°, 1747°0]31, subj. B7} 158.9°, 151.8°¢|,
subj. C7} 167.3°, 169.8°2 yeldtt. b ZA¢A Zo] A veld subl. Ce Fo 93 9259l
NoYM ABEZ subj. ASH B Rrp AAAZoZR & 988 E ol LatErta AsRn €34
F - ¢ 4%+ subj. A7} 1652, 1609, subj. B7} 171.0°, 1694°, subj. C7} 1743, 177.9°Z subj. C7}
P 2 ZAeg 2RAEE AANA 2 AFY FAFoRY 29FAS ST o} A9
A 53 Bestq MEEE F7HA AR A€ phase 20|49 A@EY - ¢ F4EE
subj. A7} 164.6°, 169.3", subj. B7} 165.1°, 155.0°, subj. C7} 157.1°, 1500’9 ZA&& Ueidt. o=
subj. A% B d¥Fd oA NAFHo] ojgdle AFS Holu AT subj. C& FAE
d AAFAE £&87] A% THIGAZ ALgH ). phase 34 A@AHY & - § ZAEc subj.
A7} 924, 868, subj. B7} 12227, 126.2°, subj. C7} 108.7°, 1121°2 bt} o]+ subj. B9} C= &
AZe g 29FHOE Y= A ABHL IA AAANA AAFAHE E012 subj. A B}
vtk Aog Algdth £33 F - $ ZTE subl. A7} 855, 83.1°, subj. B7F 6457, 69.0°,
subj. C7} 978", 85.6'2 subj. C7} Pz A] £@de] & g Holn AYFHE w0 FAAA
subj. At B Bt} nighA gt 528 ¢33k Aoz Alg At} phase 40| n@Ae # - ¢ A&
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Az,
F 6. MM HHe phase ¥ ZtTuist (=H2l:deg)
subj TE start P vl P3 P4
left 1385 1571 164.6 924 1476
shoulder
right 148.0 1747 169.3 86.8 153.6
left 165.7 1780 163.9 142.5 160.8
subjA  hip
right 1674 171.7 170.2 138.5 157.0
left 1749 165.2 103.6 855 169.0
knee
right 1714 160.9 0.6 831 1701
left 156.4 189 1651 1222 1518
shoulder
right 143.1 1518 1550 126.2 151.2
left 159.6 176.6 158.5 138.6 160.7
subj. B hip
right 152.7 172.2 164.8 1437 155.9
left 1674 171.0 119.7 645 175.7
knee
right 1775 1694 119.6 69.0 1725
left 1433 167.3 1571 108.7 1369
shoulder
right 168.4 169.8 150.0 1121 1515
left 166.7 164.2 1777 1291 1629
subj. C  hip
right 166.7 166.6 1693 1343 165.1
left 1749 174.3 4.5 978 174.7
knee
right 1748 1779 94.4 85.6 1741
left 146.1 161.1 162.3 1078 1454
shoulder
right 153.2 1654 158.1 1084 152.1
left 164.0 1729 166.7 136.7 1615
M hip
right 1623 170.2 168.1 138.8 1593
left 1724 170.2 105.9 826 1731
knee
right 174.6 169.4 1045 792 172.2
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¥ 7. AAEE phase &3} (EH:deg/sec)
subj. TE start P P2 P3 P4
left 0 19.8 1248 314.1 1908
shoulder
right 0 698.2 133.0 1202 713
left 0 1583 116.3 1194 296.8
subj. A hip
right 0 16.6 128 115.0 1975
left 0 1831 383.9 321 219
knee
right 0 422 418.8 725 53
left 0 1117 2792 16.3 354.6
shoulder
right 0 152.7 83 197.0 160.6
left 0 84.0 120.0 176.0 356
B .
subj hip right 0 98.7 146.0 761 702
left 0 B3 3462 284 1322
knee
right 0 911 416.6 184.1 3311
left 0 197.3 284 753 3033
shoulder
right 0 529 188.1 615 175
Teft 0 54.5 55.9 723 285.0
subj,. C  hip
right 0 165 233 16.7 513
left 0 52 2250 3863 64.2
knee
right 0 11.7 1371 3387 276

phase 1ojA HAdde && zZhEr = subj. A7} 698.2deg/sec, subj. B7} 152.7deg/secE F7}A17)
o2, AAE F A2 E02¢]7) 3 phase 294 subj. A 133.0deg/sec, subj. B 83deg/sec
o A%4TS WA V4T eh] FAPURo R TR0 T8 oA £T A0 U
et ole Addy FaAS A Z2ZFAZo0ZH Bar9 touchr] G428 T8 5z &
8 AE5e] ZAE olfx 23 Roz AlEHth subj. C phase 1904 -?—% )
529deg/secE ZA&EEE FHAhAZ 02 M phase 2014 714 T2 1881deg/secE Z/IAALH, 1

g >d
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S AAFAZLEZ ZIAA Bard] W w2889 o] fate] AAS Fo] FAAI| L @A
7t $£3F 233deg/secE Z7HA7) Ao 2 ApgHT:

phase 3014 subj. Ct ABAS) 2 ZA&EE 615deg/secE FAA L, cBEY 2 0= 7
£5 & 386.3deg/sec, 338.7deg/secE Huid WA ASAZOZH BIYR A KU 5FL F
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8 e 4L sugs 298 & dga A
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2 7= Y% F = 7)(Giant swing backward to handstand)E%}¢] -,?_—. T84 ¥es &
7 Azte] 7l E BAstY A5ge Fdd HEAA B G830
T U= £ AP 1 FHE Tk
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15 957 4 A 2a8E AZe Wehe Phase 1744 2 9859 2993 B9 &5
FE Q71 el Q) 28405 Phase 394 AME Eo] FAMIA ABARE 2R A%
9E 5 | ol

25 F]8H Phase 4ol M= A8 AZHS #A sl AA ZRE ¢S Zole Ao
o
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2
HARBE Phase 14 % - 3 - IS AAG A 2 HAWAE o=
A Aoz YeRon, Phase I7H0E $ANR S WSS AAstA AAS W) &
FeEE w0l Aol vigAd Aoz veyth

5 5R3h- Phase 29} Phase 3014 41719} Wia88& o] §ata 3 - 44
T o] MEAE RO el o, Phase 4014 B RS oste] A4
] BAAA 9659 B34S Hal= Ao uferdd Ao e
AF49 Zt=H3lE Phase 200M AL AHA7| L, n¥EL FIZAA AA 9 w4
°|-6-3taL, Phase 44 ABA v#EE 37 AAAA AAFAE o] Tl okyR

]
'

A BA -3{4? Bqli}“ Phase 201})~i 7&1_1,}{%4 ZErs A A B 5ol
o] ufgAe Aoz vehgon, Phase 3= A#AY ZAEEE 7hAA7)a S£3ne ¢
3 mEA FsArle Aol dide FAL e wgAE Aoz Yeh.
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