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Objective: The aim of this study was to analyze the pattern of Kolman technique by five Korean top gymnasts
including the three national athletes on horizontal bar.

Method: Two digital high-speed camcorders were used with 90 frames/sec and their Kolman motions were

filmed in sports science secondary school gymnasium at U city. After the kinematic and kinetic variables
were carried out by Kwon3D 3.1 motion package during the whole phase, the optimized release motion
was investigated by simulating the body COG path during the aerial phase.

Results: Firstly, it was revealed that the average changes of hip, shoulder joint angle were 84 deg, 53 deg
respectively during the functional sub-phase and the average swing phaseal time was 1.21 s. Secondly; it
was revealed that the average body COG positions and velocities (Y, Z) at release were -0.65 m, 0.48 m,
1.65 m/s, 3.97 m/s respectively and the average release angle, peak height and flight time were 67 deg, 1.29 m,
0.79 s respectively. Thirdly, it was revealed that the directions of somersault of whole and lower body, tilt
of lower body were counterclockwise, whereas the directions of tilt of whole body, twist of whole and lower
body were clockwise at the ready for re-grasp. Lastly, it was revealed that the body COG paths were different
from each other during the aerial phase followed by the different body COG velocities.
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Conclusion: Korean gymnasts of this study controlled their motions well in terms of the timing of hip - shoulder
joint, body position, body angular momentum especially during the functional sub-phase, but their motions
were different during the aerial phase. Nonetheless most of them made the adequate body position at the
instant of re-grasp. It would be suggested that Korean gymnasts except S3 should increase the vertical velocity.
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INTRODUCTION
1. A9 2o/ 3 54

HE Kolman 7|&2 19904 /& HZ MHAHI [0 S2HL|0}
HZ= M2l Alojz KolmanOil 28 XS A= UCkCuk, 1995). HI°H

22 (flight elements)?t ZHEl 7|&(FILG, 2017)2A, HEUAM 27|
£ o 2, FIS0 LEWAM HIE 51, 3F2E o HiF 2|’.‘j(somer—
saul)StEA 17k2 3| F(twist)St0] CHA| HIE & 7|&ZA(Song &
Park, 2011; Back, Park & Yoon, 2009; Park, 2007; Cuk, 1995; Shen & Tsai,
2005; Youtube, 2016) giant circle #2F-2 backward2 Kovacs?t ZCt
(Lim, 2020; Yeadon & Hiley, 2000).

DE HY 245 zasts HE 7|2 H 57(9F HE =T 7|0 A
SI{7t 7} X| 22 (Irwin, Exell, Manning & Kerwin, 2017) CHx} =M
(giant circle)ol| 2ot =257|2F FAF /1A ® £k O2|0 250
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012 SR3SICH (Arampatzis & Briiggemann, 1999). M=52 7+ CiX}
< Hf StCtof 2Ee U o 2HEat A 2Rl 321} Elo|YS
ZEYCEMN St LMol AR S A5 FLHoIMe &
Hof| CHst #EE HES| M Ojslof StoHHiley, Yeadon & Buxton, 2007).
Irwind} Kerwin (2005)2 O|2{gt Of7f 223t A 2HE9| %’%'%IOI 0l
20X S 7|55 FZHfunctional phase)O|2t Ho|st D, =3
Sh= 7|0 mat o 2E A 2HEel FXYUY2 ME CHECR
TS HCHIrwin et al, 2017).

0”9 & Park (2011)2 F7|7|(=0| Hio| EEE HEjAIM =57
= A8 "WO| oF AFEEZ|TER Q] FZho M MK 7t Hf._
st 2 &5 FUOM MM oS T
-?—|X|01|)\‘| 0| FAHZ|O{OF SHCFA S}
FOZo| Mgt A|FHO| HxETH ZT
HE &717F Of 24 TICED BRACE Back S (20092 &5
7171 &2, & Hio| =89 = =50 3 o A &
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ol ot Al S 2577t OrRE|E = M| 2TS 0|83t A
H sd2 50 32 FARte S22 i1 383517 ZdX5t%1, &
SOM MHZE X|Hat =20 E|= AEO| WEFF ZCt 245U
Ct Park (2007)& Kolman S22 3 HCE EMSIHM =57|9|
2 20 FAF ATO| EO|YE =& Fuf FAF &7 MH 4
O #IX|7} OtMM SF0AMe HIEZ| A 20| 2etEO Kolman
7129 25+ ZH0| ZOIMCI g2l HE ULt EE Shen & Tsai (2005)
= 4350 Kolman 7|&2 Y2lote{H S57| = Hio| 2|NTE &
WSt w=7H0f| HHE HF Y% FOtE7|H QF EICED HAISHHA, HE
O FEO| CiA| HX|= &t0| =8 JIEEIF B SItEE JAL =
SB0M HE E|ES If L IS OjRICkD $hict

O|lMH 2&57| = HIE 51 3% %2 ¥ T HE ==
Kolman 7|& 4= 052A 5ot @47} ESHEl Kovacs 7|&2| 04

BCh =7 "®otstn RACKFIG, 2017). Ol 330M & =712 13
5= KovacsOll H|8 Kolman 7|&0(M= HIE7|7} F7tE|QU7] T2
O|Ct. Kovacs 7|&2 Mt 3| F(somersault) Bt +=&stE 2 7|&9o| &
MNe gloLt HE &S IY7HX| HIE XL A|7|'O| BH=517| &
o] M52 72 2|H(twist)S StCEEtE H
7t E&2% Kolman 7[&2 O Mdzstn 0, %
Kolman 7|&2| H3&2 1t Hls{ 0 =2
2 Kolman 7|&2 EHEQE A5t QUCt
=_1*'-H e ool K HE 2T I 7|1 s¥s A
=44'(Song & Park, 2011), M= H& STt 7|%
AT BTV (Back et al, 2009) 12|10
e HILE 23t 2538 24 (Park, 2007)01|A‘|
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Kolman 7|&& EHst7| sl 20Hel ZAC(digital high-speed
camcorder; VFC-300), 40 cm ZtH2 2 EX|H S EA5t 56 m &£0|9]
EXAN ol 400452 m < 528 m X 560 m), 12|01 Zt= =F7|
(SOKKIA EZS21S5)7} 22} AR EIRACE BT & 14704 & 56702 A
HE 4=EY7|2 &35t H#IoIen, #Y {25 90 frames/s
HH|(Cartesian coordinate)2| & Ho| F7t

2 MYt 28 =
to] 1% Zo=o| A HIEE x50=,

AHez MHSt, d =0|
EAEE £ Qe yE02 HYslYon, £E5g 7502 4y
SIUCE MHE2 HET YUHS ot = 2H19| Kolman 7|&S AlTf
glo] MY HE =L 2oz & AI|E FHBA I
Cl. Kolman SZH2 2t £, M5S0 280 £3 F FUCID T
Chot S3t2 EAMrja oz MysiQlct

3. X2 Nz

Kwon3D 3.1 &% 24 Z2MZ ALE 2|
F[3t7| 5 frame TEEH JHAISIH ST XM = H £|EI|E 2tEst
5 frame77tX[ 2| 187 & (body landmark)S ZHEZ}S
Al(DLT; Abdel-Aziz & Karara, 1971) 22 @|X| ZtHE
H 23 24X|(BSP)= Hanavan-Kwon A2 E At23S
Jde|n X2 E H'sksmoothing)e 2| XFEH FI=(cutoff frequency)
£ 80 HzZ IR0, At= E Zh(post-interpolation)2 100 Hz= S}RALE,

2 oqo| p7g 57| FZHSP; swing phase)dt H& TFZHAP;
aerial phase)22 FEotD, EE7| FUH2 HO| ZEE =ZHHS,
handstand) R Ef Y& ZHEO| &K= &=7HHE; hyperextension), 214
FAO| =0|7t &[BIEHOl =7HLP; lowest position), YE ZHEO| Z&l
£ 7F ZCHQl &=ZHMF; maximum flexion), S0{' HE7L & Q|X|st=
#=ZHOP; original position), 12|11 0| 3522 FAtLl= =7HRL
release)7tX| 2 HFSIGLCE E NI Tt 30| ST2E FAEE=
=ZHRL release)REH AMA S4Q| =0[7F X[HHQl =7HPH; peak
height), MZ|e| B4 F4 75 £7t B#HZE SISO 79
AYSHH = =7HRR; ready for re-grasp), 2|1 HIE QELO=Z
ZHRG; re-grasp)ItX|2 EHSIFICE £ =
O] H3{X|= &=ZHHE)FH =0 H7F A X

|
£ =OPHXIE 7158 FZHFS; functional sub-phase)2 HF SR
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£ wztot FZto Ml Alzkat MH| Sl YK A5, FAF
L= FAN 232EA0| CHRSHO] XY AbESH, MK S| FA
22 A LHSHACE EIT7| &7te| AN S| IX|et HE 7to] AHZ| 2|
Hatg2 A £ X (radial velocity)E Al AHSHY O (Hiley & Yeadon, 2016),
BE7| FtolMel A BEZN(EES HWEt & S| HETE o|F
= 2, o7 2EZHQ NE HEHet 58 HWEIL 0|R= ), dE &
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i

AE Rel+E 050M HE H2 2M5IRULY.
RESULTS

1. 27| &+

S

(LPOIAS] AN S22 Y& 91X, YE 2Eo HHT =HHE)t

o ¥ fIX| =zHOoP)OIM2e| TAlo| 242 FEF o o

7| 55 A|ZH2 (Table 1)t ZHO| LIEFGED, AK|

2 (Figure )2t Z0| LtEFGCE

(Table 1)IF Z0| HEOIAMQ| AT 2E2t1} o7 2FE2H2 242} 208
s

o
S =
OPO|M= 123+5 deg, 131+4 degZ
Z

+3 deg, 1844 degZ LIELG
242t A4S0, O HEt2 212t 84 degt 53 deg2 AHEE|UC
Ay BEZto| HBHHO|A S37t 72 deg®E ZHE EQD, Of7f TEZ

’ 00 @ Bar

-05 A

....... S1 .% -1.0 A
momoeS? -m. L
- o e»S3 HE \\ﬁ
- = S4
— =535

15 m 1.0 0.5 0.0 05 m

Figure 2. COG path of body during FS

Table 1. Descriptive statistics about kinematic and kinetic variables during the swing phase

Hip angle (deg) Shoulder angle (deg) PY (m) AM (s Cumulative time (s)

HE LP MF oP HE LP MF OP LP HE oP HE LP MF OoP RL
S1 210 206 165 122 181 180 163 134 -0.19 39 29 074 081 095 110 121
S2 212 212 181 121 183 183 166 126 -0.07 39 28 076 079 092 112 121
S3 205 201 163 133 181 181 157 131 -0.11 44 3.1 072 078 093 110 118
S4 205 203 175 120 185 183 162 128 -0.04 38 30 074 078 091 111 119
S5 207 204 172 121 191 190 168 136 -0.15 36 29 076 081 094 111 126
M 208 205 171 123 184 183 163 131 -0.11 39 29 074 079 093 111 121
SD 3 4 7 5 4 3 4 4 0.05 0.3 0.1 001 001 001 0.01 .03

PY = position (Y) of body, AM = angular momentum (R) of body

http://e-kjsb.org
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O| BBt = S10]| 47 deg2 7HE ZRQULE LPOJA S| LK SAQ]
= 2XlE -0.11£005 mZ LtEFGET, S47} -004 mZ 7HY =QACE 7
SH T2t HEQ OPOMLl FAlol 2SR 22 3.9+03 57,
FAL ZHQl OPOMe] ZR28EE 29+0.1 s'2 LtEHD, S3= 2
2t 44 57,307 T2 71 ZACE E57] F2te| HA AQA|ZH2 1.21
+0.03 s& LtEtRD, 7|8H F749| ¢9A|7F% 036 s2 AHEL|RACE
S39] EE7| AQA7H2 118 s2 7HE HQOLL 7|5H F7to| AQ

AlZ+2 038 s2 7 ZiCH
(Figure 2)2| 7|s% FZto Mol A%
A

Sojct OhE 222 29t rg% N 7rx|1 ol 539l 2 1pof
Mol M B4l va QK7 11 m= ATIEOR 37 LiErgCY, of

NFS R 2 A5 20N *LUHI S0l 0152 Hiof 72 o
SOIXT ST & 4 UM, s52] FL AFO| AHK(173 m) LK F
MOl & 2 Xl A & & UL

M FoMel AA SHe| fIX[2t +H
o| AlX| ZAlo|

Azt EAF 2ZHRLOIA
S (RAF &) U SAZE (Table 2)@F 20| LIEFG:
1, FA @7k ETT| =R AlK| FAO| K|
ot Z0| LtEFRLCY.

(Table 2)2t 20| RLOIAS| MM M| Y, 75 fIXl& 22 -065+
0.02 m, 048+0.04 m& LIEFStT, PHOIA Q| AKX SA0| Y, 75 Q%]
= 22} 0.05+0.04 m, 1.29+0.06 mZ LIEFStO O, RGOAQ| AlK| =

= (Figure 3)

KJSB

MZ H|=g A2 LIERRD, ZE7|

N2 LIEtRCL AP =20 MA| 34 Y, 25 <Xt

oy, z5 fIX| Zof g&ENS o 21t BF 40|

Slip> 05), FAF &2t| 75 UKt =TT &2t Y, 75 /X 2t
S

Ole % 25 M= -42 -2 &

Regrasp
- R RS
R
Figure 3. Release and re-grasp position of body
3. E[F7] =] A E|E7| =2
&7 EH =URROIM | SHA[eE HAlo] 225, £ B2
Jdg2|3a He 2| &7| &ZHRG)AIML] MA Sl 74 £E& (Table 3)

ap Z0[ LIEHRCE

Mol y, 7z XK= 22 068+0.05 m, 0.64+0.02 mZ LIEHGICE S39] (Table 3)2t Z0| RRO|AC| BR[| Zt2&2 X, Y, Z S22 &4&4
AL RLOJM Q| AMH F4o] Y& X7t -068 mZ 7HFY 31, PHOIA -043+0.04 s7, -0.3520.07 s7, 040+0.02 s'2 LtE}LED, HAO| 225
o MK FAOl 7= K= 139 mZ 7t 2 Ao =2 LIEFGICE RLO| XY, Z 822 42 -1.12+006 s, 049+0.15 7, 0.80£0.05 s'2 L}
Mol AH| MOl Y, 25 £ 22 1.65£0.07 m/s, 3.97+0.14 m/s2 EFtCh S39| B2 SiX|2] Z42a5H Z 422 044 572 7t A1,
LIEtR OO, EAZ2 6711 deg2 LIEFRICE S39| 2 FAF SER) HAlol Ztezako|l v 22 066 s2 7HE ZiCh 2|1 M550
7b45 m/sE 7HE 30, BAF ZEE 70 degE 7HE 2 A2 E LtE RROIAM S| 25 %é%% 10917 degZ LIEFGT, RGOIMQ| AIX| &
SCH M A2 079+003 s2 LIEFET, S39| A2 HlE Al7tat © deol 7 HE= 148+027 my/2 LIEHGDE S32| 42 B 2EZ2
TZhol AQA|ZH0| Z+Zh 0845, 202 s2 7HE 2 A2 Z LIEFRLLY, 118 degZ H|1H 5.71| LIEMSD, A 2= 196 m/s2 7+E ZiCH
(Figure 3)1F Z0| S5& HMQIstn M= & MK SH FA fIXl=
Table 2. Descriptive statistics about kinematic variables at release and during the aerial phase
COG position of body (m) COG vel of body (m/s) Angle c o
v . v . 2 (deg) umulative time (s)
RL PH RG RL PH RG RL RL PH RR RG  SP+AP
ST -067 008 069 043 122 066 174 394 431 66 043 055 077 1.98
S2  -062 005 069 047 122 061 163 384 417 67 041 049 076 1.97
S3 068 000 061 048 139 062 155 422 450 70 044 060 084 2.02
S4 064 011 077 046 128 066 170 401 436 67 044 052 079 1.98
S5 062 002 065 056 132 063 164 386 420 67 039 053 077 203
M  -065 005 068 048 129 064 165 397 431 67 042 054 079 2.00
SD 002 004 005 004 006 002 007 014 012 1 002 004 003 0.02

Vel = velocity
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Table 3. Angular momenta, knee angle at ready to re-grasp and radial velocity of body at re-grasp

AM of lower extremities (s

AM of body (s

Knee angle RV of body
X Y z R X Y z R (deg) (my/s)
RR RG
S1 -0.40 -0.30 0.39 0.63 -1.11 0.53 0.81 147 95 146
S2 -041 -041 0.38 0.69 -1.11 0.53 0.81 147 98 1.19
S3 -049 -0.34 044 0.75 -1.11 0.66 0.77 1.50 118 1.96
S4 -047 -044 0.38 0.75 -1.24 0.20 0.89 1.54 139 1.27
S5 -0.41 -0.23 0.39 0.61 -1.06 0.54 0.73 140 9% 149
M -043 -0.35 0.40 0.69 -1.12 0.49 0.80 148 109 148
SD 0.04 0.07 0.02 0.06 0.06 0.15 0.05 0.05 17 0.27
AM = angular momentum, RV =radial velocity
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Figure 4. Body COG path during aerial phase (L) and during whole phase (R)
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e 20 M=S0iIct BAF /K= =3 CH21, BAF $E7t gat
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9| 100 deg, 100 degdt Back S (2009)2] 99 deg, 64 degt &
HYCL E Irwin & (2017)°| KovacsOlA2| 101 deg, 84 deg®?t X0
2o, Y Rd+52 7185 FU0| B4 BIIF E fIXSH=
ZHOP)OflM AE 2 —| =o|7|e o7 2=l I{7|E A 5t
Ol Chot Hilo| 2HERHEES FIIAAHAM FAF FH|E o AC=2
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SO RIXE Z=HED ACE WEED, M=50| 23| Hot= o)
HE|Z| XtME & dHS|ECL 2|0 oPe| Z2SH0|A S37t CtE
M=EECH 37 LEMEDE ), I M9

-0.11 m7} Shen & Tsai (2005)2| -0.17 mELt ooz =E7(0A{Q]
4S5 SH2 MY dTED HEA FHWJASS L 5= AL
TZHe| £A A|7h 1.21 s&= Song & Park (2011)2] 1.22 s, Bac
9| 117 sot 2 Xto|7t 1D, S39| £X A7t 118 s2 CHE M
HI3H 004 s ZIULLE, 7|SH FZH0|AMQ| A2t 038 s CHE M
Hisl 0.02s & ACE 2ME|AULCE,

FAL &=2te| AA| Ao /K| Y, Z M2 -065 m, 048 m2 Back &
(2009)2| -0.67 m, 046 mt H|==3 1, Park (2007)2| -0.99 m, 042 met
= A0|E ERULCE I M=F2| 0| }|X|= (Figure 3)0AM{QF 20| HJ
Lot LIEHSE D, S58F =E] X7t 2F EUCHO.56 m). Ot AX|
o |IX7F =[F7] fIX0 F=E DIX|X| ZSHX|2H FA =2t
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O] EIF7VIE H3HoE £ n &% HAY|IE HEJUSEE 2
Aol CHARFE | Kolman 7|&32 EQUCtD FHCHSHTH

£ 79| ZNE EME ZE ME0| JjMsof & F2 a4E
AEEH 19| Z2 75X F240l LPO|MSl =8 2IX|E E00f 3}
o, SAF =7ke| AN BHo| =7 K=& Z7HA|A E™HHE AXIE
=O0{OF BICH £ S20| ZS OPOIIM O A2t <zt BIMAZE E
27 AW, B2 FAK|Z F Hiof oDt 7o £2E 3 " F Ye
AH B4lol 0ls HEE THS0{0F BHCE S32| B S57| TFLOA
o E&0| £0F 2 FAI HE(45 m/s)E TUSUEL, FAL =749 =
H K E of¢t ZUMAIZICHHE ET7| =H X7} Hio|A oM F
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CONCLUSION

2 04= g M8 ZEst I M 582| Kolman 7|&2]
Tt Azt S57|] FZtoMel A BEZ o 2HEZ, Ao
ARt 2SS, HS TLOIMe AKX BHO| /AXIQ 2HA B FA
&k, DR 7tolMel S| W Tl Z2EE R B4 ¢
o £k, 2|2 HF FLoIMe X HotE MM SHo| ol HES
2A% A0 O30t 22 222 ALt

AW, = eM=52 OP 2= AF 2Eo| 229l Eo|Y
ot A Balo| 9K, Q2| MAle| Z2EEE HMESHH ZESHHA
BE7|E ¥, 78X FtE Y| EH|Ste HHE EQCh

=M, FAF =200 M52 AH S22l Y, Z |X[(-065 m, 048 m)
QF £&E(1.65 m/s, 3.97 mys) 12|10 FAFZH67 deg)2 THEO SEO0IA
HEOl Z0[(129 mE YU, ZE2TH MS AlZH0.79 5)= ZHESIRICE

MR, Y feMd=52 HTYIIE FHIE O SHX|QF HAo| 22
ST X F2 A YHOE Z1, 7 F2 gt AA Yo = ZUS
L, YREOME SEXI7 AlA 2ek-035 0|, M2 b Al @t
(049 sO|RALCE O] =7t0f| M+E2 T 109 deg HEol 25 =&
Zt2 RXISHIACH

R, I LSS FAF £7H0 X SAo YKol HEd
O] giAeL}, MH a9 =8 £=of =% K= 7t F2tM Chdst O
S HAEE HEQ ZTE AXoe HEM0| AUt
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