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The Evaluation of the Swing and Aerial Motion of
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Objective: The aim of this study was to investigate the swing and aerial motion of Kovacs, and
evaluate the skill level of Kovacs by Korean adult players on horizontal bar.

Method: The subjects for this study were 6 male top athletes participated in the 46th National
Gymnastics against Cities and Provinces. After the motions of Kovacs were filmed by digital
highspeed camcorder setting in 90 frames/s, kinematical data were calculated through DLT
method. The variables were computed in the lapse time, the joint angle, the position - velocity
of body COG, the inferred tension force of bar, and body COG path were simulated according
to skill level of Kovacs.

Results: Firstly, it was revealed that the lapse time was 1.19+0.03 s in the swing phase, and 0.83
+0.03 s in the aerial phase. Secondly, it was revealed that the shoulder - hip joint motions of S1
and S2 were better than the other subjects in the swing phase, and the knee joint motions of S1
and S2 were better than the other subjects in the aerial phase. Thirdly, it was revealed that the
horizontal - vertical velocity of body COG were -1.40+0.03 m/s, 3.80+0.07 m/s respectively, and
the vertical positions of S1 and S2 were higher a little than the other subjects. Lastly, the skill
level of Kovacs of this subjects was evaluated into 3 steps; excellent, advanced, normal. They
need to train the swing motion including a giant circle, and body motions in the air.

Conclusion: It would be suggested that Korean domestic players should improve to increase
the vertical velocity at release instant and train to control the limbs elaborately in the air.

Keywords: Kovacs skill, Horizontal bar, Men's gymnastics, Aerial path
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Kovacs 7|=2 CHXkgiant circle)® F|E0t 25718

ZO|A 13} 1/4817 §IS7| &FEtD
e 7|20|CHFIG, 2018). 1979H0f H7t2| Kovacs
S He AMAISHO|E S 24 MEEL
o2 ARSI 9T 2012 HE 22W oMY

29| 40% O|&0| 0] 7|

20 ABHS

=2 Ty Ht UCkHiley

Kovacs 7|52 &g 32 2 gHS 27| W20 %2
20| OfR SQStCt A0 B M52 7|Et0| SHE
of dE ST o MF7|0M Kovacs| =IFH7| dSER 84%

O| U Ct(Hiley & Yeadon, 2016).

H2b 2|1 H71E Amfists = |Ql2 FAF AlS] d2sEut
Z2 =20 MEZEQ| 9282 (Holvoet, Lacouture & Duboy,
2002; Hiley & Yeadon, 2012; Hiley, Yeadon & Buxton, 2007) CH
A 2S7|0MEE HAo| HEof FAS| A|-ES FESHA
OfslioF otCHHiley & Yeadon, 2016). H|E 247t ZEHE(|0] R
oLt EAF ASEQI Tkatchev 7|Z20|M A A E HE 20

Noxomaorot

& Yeadon, 2016). H|Z @2 (flight elements)?t 23 &[0 U Z 1 (Holvoet et al, 2002), CHAIE 7|2 A FZHO| A Tkatchev
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Of AT} HerEo| 3| ERO|UO| KovacsE Ot HF2CHT
5|2 RACk(Irwin, Exell, Manning & Kerwin, 2016). 2tH0]| Hiley
S (2007)2 Tkatchev 7|E0A =& ES5H7| RISiM &
AHE HEA Stz A O|YRE iXtE7|7t FeshoF oot
SHRA, TkatchevE SS3HX| Xot 42 Ol= FA A|IEE &
X7t Qs Z40| otL|2tn S Ch(Hiley & Yeadon, 2012).

2|t 20| Mo H|H @40 &5 A= TkatchevZt F
FE O|F1, Wz2|7] %ol ot 2M0lM HI A5 =3t
A7l HE=0|H KovacsOil Cig At FE5HX| 2 HO|CH
Kovacs THEE Kovacs 7|&2| FAF AI-Q| dE2
T(Hiley & Yeadon, 2016), Tkatchev@t Kovacs2| 7|
Hlmsk AT (rwin et al, 2016)7t 10, H|Y 24
ovacs, Cassina2t Kolman2| &85 HolS Che
T(Yoon, Kim, Kim & Han, 2000), 12|11 piked Kovacs
Holg 243 A (Lee, Back & Chung, 2006)7t
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1653322 2&5HRACHYoutube, 2016). 0|2+ ZH0| H|H Q49|
71EE8 MES| ZEA|FA AEKFoR s A2 MAX
2l F=M|O[CE. O|E %M Tt HAE7(Q| =30 XM
O|C}. £3| H& OtHE Sorg mf HAH A
IR WE K&V n
Yeadon, 2016), A X|2t
EANZL 2, 3BOIM =5 A7|7t
o BE ZIE7IE EHIsHOF Bt KovacsOlM MY 5838 A
2 EHEVIE d3%te Ao, tAE7|= FA| g2 0|
K|, B FAS| £E0f XK= E&7|0f F=E D|EICh

SAMX| Kovacs 7|=2| Cheh =Ll HTFS2 Kovacs2| H|
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S S0 =TS X3 MBI, Hiley & Yeadon (2016}
2Fo| 2 B yeE HdY AFE, Irwin & (2016)2
SgTo] 83t 18Ye| M= 50 Hz2 ZFst0] sz o
TE TSI d2|1 Yoon S (200002 A 23| SOFA|OHE
7|CHz| 7ol BEt ZS5E7|0| X 40| 24 ME U4
OF HHE HAE Lee § (2006)2 3HO| 24 ME M
E AY dAE T¥sidoL, i 54 AY(9] =W {FEO|
CHist HETF Q10| Kovacs &2 249 Z1t siAof B2 X
O] H2LCt
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(2019. 8.16~8.19) H& HtNZE7| A T5E Z547I0A
al A |

o
Kovacs 7|22 d358oE 23|
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Kovacs 7|&& CHAIE7|2F 20| THY HEHOIM =R
A Hed7| B3=22 2Xt| 2410| Jtsdict gr7|8HE &
Ast7| I8 12l digital highspeed camcorder (VFC-300)7}
AFEEIRA, 60 m X 54 m2| control pole, SOKKIA EZS21S
theodoliteZ} 242} AFEE|RALCE Sampling rateE 90 frames/s2
2SI HE 25717t At HE HTHOIAMQ Z XA
2E £#g81, Kovacs 7|29 E&7|7 S22 & A2 &
EAMTER] 2SR B717F B 2 =00 control poles &
St A= 5 ZHSIQCE FAl QAE F0[7| ) =57
o] 5Lt Kovacs 7|&E MBI L, global coordinate?
HE 3Y9 BAECE,

rir
or

|
rl

origin% Kovacs 7|&0| O|FO0{X|

i
—
S = S = ol
J2|n 257| HY YHES XS, 4N WS vE5oR 4N

=
LCk.
3. Xt& A g|

CHXFE212] =&lEl KpA| © 5 frame £ A|ZSH0] AHEE
710l =®I17t BEE = O Z8E XM = 5 frameTlHX|
o 107§ body landmark(222, LELE QEIEK| 2
o, LEY, QEYS, QERE, REYH0|, HZE, H)9
Xl E#EE Kwon3D 3.1 SHEA Z=IWMZ AESH
DLT &4l(Abdel-Aziz & Karara, 1971)22 AHESIQICE BSPE
Hanavan-Kwon Xt2& AMHESIRA L1 (Visol, 2005), cutoff frequency
= 80 HzZ 3IgiCt
2 g3o| ke E57] 2 M FUeE RS
=7 2 UXE7|29] =8 E XHMOIA AIZFSHO 2

29|
0] X&& XILH= 1Q (First Quadrant) =7t 2LESITO| &

=
=
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Figure 1. Important instants during whole interval in Kovacs
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Table 1. Descriptive statistics of lapse time at each instant and in phase during whole interval

Time (s)
R w ko g e 2o
S1 042 0.68 1.06 114 1.57 1.74 1.97 1.14 0.83 3.16
S2 042 0.69 1.10 115 1.56 1.83 2.04 1.15 0.89 317
S3 0.50 0.77 1.16 123 1.62 1.86 2.04 1.23 0.81 334
sS4 048 0.76 1.15 1.21 1.61 1.83 2.04 1.21 0.83 353
S5 047 0.74 114 1.21 1.60 1.86 2.03 1.21 0.82 341
S6 045 0.75 114 1.21 1.62 1.88 2.03 1.21 0.82 3.54
M 046 0.73 113 1.19 1.60 1.83 2.03 1.19 0.83 336
SD 0.03 0.03 0.03 0.03 0.02 0.05 0.03 0.03 0.03 0.15
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Figure 2. Changes of shoulder angle (L) and hip angle (R) in the swing phase
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A LrsHRICt 45 =
= Y M-S simulation

al
arameter2 AL +

]
pe/atel
StICt O] BOAM ALt 081 m/s 0|4 Ql(Hiley & Yeadon,
2016) gt= ME4StD £ RG &2to| MHITY fIXlet HE 2t
o 2|7t 0.75 m O|&Ql &9 47§ XN2E XHO| MKS
HEoz FA|ISHALCE

OF

2
>

t

o
(@]

4. 4 A&

= 7o HOlISE Excel 20162 O|8310| 7|& &7 (de-
scriptive statistics)SF Tt

RESULTS
1. =7t S=a} p7HE AQAZH
BE7I9 HE TN &7 SEa 17HE 2022

(Table 1)1 20| L}EFRECE.
(Table 1)Zf Z0| HAHE7|E St FAF RENX| | E&7|
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Figure 3. Changes of knee angle in the aerial phase
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3. BAF 1 23St Hol 9l HEo| I3

EAb #=719] MHBAH +HEE ot A& =HeX|et
FRQK|, =TT =7tel MMTHl L Xt =XIX| B
resultant ¥IX|, TMEE, HES AZOIA Q] MAo| 25T H
o, J2|1 HE ottt ga Ale] Bl EH F=HK|E= (Table

2)°f 20| LtEFktCt

=

A

)

(Table 2)2t 20| FAL =7t MAISH2

r

= 7I-7ﬁl-

1o

2\
SBQIXIO HLRIE 22t

— 17

Table 2. Descriptive statistics about variables of body COG at release - regrasp and tension force at 2Q

ATHA AKX
TlgﬁEgl' Tx_!_l

0.63+0.03 m, 0.52+0.04 m

Release Regrasp Aerial 2Q
HV. V.V, HP VP HP VP R RV A Momentum Tension force (N)
(m/s) — (m/s) (m) (m) (m) (m) (m)  (m/s) G 1%t Circle 2™ Circle
ST -137 387 059 058 065 055 085 201 1.12 2,946 2,395
S2 143 374 061 057 072 015 073  -005 1.31 2,842 2,149
S3  -142 376 064 049 044 034 056 205 0.93 3,093 2,172
S4 142 373 068 046 043 021 048 145 1.09 2,472 1,848
S5 -138 381 062 053 050 041 065 2.05 1.09 3,010 2,067
S6 137 392 063 049 048 046 067 1.97 1.12 2,627 1,831
M  -140 380 063 052 053 036 066 1.58 1.11 2,832 2,077
SO 003 007 003 004 011 014 012 0.76 0.11 218 195
$1:0.59, 0.58
% $2:061,0.57
§5:0.62,0.53
$3:0.64,0.49
S6:0.63, 0.49 0.0
S4:0.68, 0.46 12 m -0.6 0.0 0.6 12m
06 m 06 m

Figure 4. Body COG path according to skill level (L) and simulation of body COG path (R)
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LEEFRICE E|E7| =7to] MABS Aol +=H-eIX |t =22
Z+2b -0.53£0.11 m, 0.3620.14 mZ LIEtStD, MA|FZHO|
MEZE 158:076 m/s2 LIEHGQD, §3] 20| FAKE
-005 m/s2 LIEFRCE MEZL MYH SR BaESE |
ToMel el Z42SE2 1114011 s7= LtEHRD,
Kovacs 7|2 23 M1t T2 59| 2QOA{o| BEo| At =X
K& 22+ 2,832+218 N (4.8 BW), 20774195 N 35 BW)2Z L}
EFRtCE

I-J

oh FII' 4 FII' tu

4. 7|2 &0 ME MHISM| H=A1} simulation
23E Kovacs 7|1& &0 2 HE FZHOAMQ| MHFSA
O| HH1} O|Z simulationst HE & FA&E
72| H2|7k 0.75 m O]l 42| 47§ XAtE = (Figure 4)2F Z0|
LEEFSECY,
(Figure 4)2F Z0| S19] 22 FALIX|7t
T =2 MEOAM ZE8t H+) S

4
Kovacs 7|&2 +&5IAL, S22 49 =2 XA T

7t 20 S

?9 F||I
>
L

a

FAAZICL}, E[&7] F=H| EHO|YO] £0f R2 =HEY| fIX|
oM £H(-) FAHER Kovacs 7| THOIRICE S32F 4
ol 37 2 XM HiS FAAZL HLH HE Al

= T
2ol 8H(+) FHEEE 7MY HEZ Kovacs 7|22 &5t

PN
oLt F& A EEXZt SX[=(Figure 3) AHMS| X

A

2 EFUiCt S52t S62| 2% MiEo R e X|oA ™Al
2 FAMAIZD HnE w2 AlZH] HX+) FAEEE TR
MEZ Kovacs 7|1&S T%'?ﬂ Lt 25 & ZEXIL 25K
(Figure 3) T|T7| RN BQHFEo R T4 SEE AHAA|Z|X]|
ROIQULE Simulation XtE2Q} Hlwsh 2H 2 Q7o M=52
SARIX7F HQkD, £|TT| FHTF MERoZE &2 o=
LIEH CHTable 1). EoF FAISEQL FAL Hake XIO[7} U=

Ao B LEILL HE & Z®7(Q XMoo F&2 ojfl Hez
=

BoIck Ao 27D 519 25 HY
AR 7Y 2 Ao LiERCh

o L Hdi

rlo

simulation 25

DISCUSSION

= g7e U522 2571 tXE7| 7le0 FEHeR
=H7t e A2z Eolty. 53| #& Sttt 81 =to] H©
HUE 2 YHli(closing)2 TSt ARES| =5 1t

=
o A EtO|YE LKIAIF|X| RSt RUCHHiley, Zuevsky &
Yeadon, 2013). &2t 22|9| CHAFZE7(0|AM HE St St &=2¢
of Hgol ¥ F=FX| X0[7t 1.3 BWE LEILL ME AT
SNE Hug = QoL =& HAV|E 6l 0| it &
AA|Z{0F & Ao 2 TTHEICE

Kovacs 7|=2| HEA|Zt 083 s Tkatchev 7|&2| 058 s
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(Lim, 2019)ECt ZA LtEHL, Kovacs & 7|
S (2000)2| 0.80 s@t H|=StA LtEFGCE A
Qo =HEE ZHO| i %RﬁF Z
M =22 MM B82S NO= I £
=7| WEo|ct. M==I} 7|CHHH
e BEHZO HX|L HE2 58 = Y= 7Is4

[

rx

4> Okl >
= gy Mo
g e Hr
o 1z
»m ™
2%
=2 5

ru|o i
=
2
o
i
n
s
=
3

(Hiley & Yeadon, 2016).

2 AT0|Me| EAF SEEEE -137 ~ -143 mys0| 12, =E

£ 374 ~ 392 m/s2 LIEIRLCE Hiley?t Yeadon (2016)2]
FHET T 144 ~ -1.90 m/sE, =ESTT} 463 ~ 48 m/sE
LIEFS T, Yoon S (2000)2] +=HEE -1.69 m/s, +=EE T 375
~ 390 m/sE2 LIEtHOEE B 79| M52 $HETHD
FAECE F7HAZ{0F & Ho2 TEE|1 O s CHA
719] 744do| Eesl EQICt ot FAF FE0| CHE FEE0
Tkatcheve| $+EEE 2144029 m/s, +EEE 270+0.
(Lim, 2019)H= 2 X}0|E& HQC} d2|n £ Ao FEA
Z7to| =1 =2|9X|= 242t 059 ~ 068 m, 049 ~ 0.58 mZ Lt
EtSt=0, Yoon S (2000)2] 0.73 m, 045 mOf| H|s| +=HQ|X|=
HEO| 7tZn, SERXe g2 AR LIEHRCH

2 o7o] HE RN HAlO| 2SI BRY 1.11:

[

0.11 s™2 Hiley2t Yeadon (2016)2] 098+0.11 st 3 A LtEt
Ha, Hes

H>

C|Rte &71o] BEDiEo| MM NMEE MO
Ct SRACHFigure 3). St MEZ LT 2710 TASEZE=
M==0tC} XtolE& EYEL (205 ~ -0.05 m/s) Hiley@t Yeadon
(2016)2] 134 ~ -02 my/sQ| AU}t ZH2 X}0|E Emtr eS|
2xozo| pAAEEZYL 9o 725%
Ol 7X| HE ®ZE Al He2 ¥
=& QH|E Rl tixE7|7F 8O
El:l()“ D“O‘Iﬂi :rI.AI_/.:Ei 7:4%% =
SO0X|= SB0Mel Eetgs
ixtE7|0 des oy 88 &

*._“:f(TabIe 2).
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