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Abstract : The purpose of this study is to analysis the horizontal distance of COM and COP and
the movement patterns of COM and COP during the badminton high—clear of woman middle school
student. The select variables used in the statistical analyses(independent sample T-test) were the
horizontal distance of COM and COP at (E4), and the maximum COM displacement of the back-,
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forward—, whole—swing phases between expert and novice groups. Based on the results in this study,
it was concluded that: First, expert group showed the shorter horizontal distance between COM and

COP in anteroposterior axis (X—axis) at Event 4 compared to the novice group. Second, expert group
dominantly used COM vertical movement while novice group actively used COM horizontal

movement during the badminton high—clear stroke.

Keywords : female middle school student, high—clear, stability, COM, COP

1. M2

=" A7|= AufA(smash), E&]o](clear),
E&(drop), Egto]E(drive), FAl(push), doiH
(hairpin) % ThFet AE29E AL85LHA A
Het o] FAE S0l 7Y RIHS] AR
= 7le 39 styeltl]l. 9], 280l AER
FoflA stolEgol= dlojHolut YE goa A
30| dopgks = Al =98 &
go] o2 FAFGHS o HEFS =4 =4
sto] Adire] welle] £~2]o2 Yolsles 5t
= 7l&olth o8 Fof AthE ARz @
H7H THE Afo] AL EFSE AAE AFgH]
stal H| O] A E 2R H= HiENE A7
oA uf-g- Fa3t Z]Eo|tH2].

HIEYIE 2 22 AE F, A4 239 &
Lot 7P wmE Axx AR 9RF A4t &
AS & o 4EFL 320km/h o] £E2
Aol A Foltet3]. E3F Hji=d" F
@ g ¥lo] ~EEgHOE 71 EE F

oo & % 2

Qo] WA Wkgsiol ¥ WAt okl ofmgt
F5o ~E23Z Ak AR AAeIA Ht
2 g AT Ade Fo AY ZAHL
489 zoz YNAAE FrHaS). ol Sl
A4Ee e §2go] Waroln, BE 290
2 A% vggAe 2o gAddels E7stn
AAe] BAZHE AR Yol AHAPRA

gAdoR A8 54 AR Ao] At
th JgolE Bskn AgATE 4719 S

e FFeHe] Aolo] gt dellM A o
Fedel Higt Apolg ASsIAH]. E oE Al
P vi=rd Adeso] FAQ dHA &
< 2RHHYIEY: ATAM7], COP sR)5<
Ediz #3e8s g0l dit S4de 24
AFAee AAStIITH8]. HiERE AE=R

Aot #AE RES A= AuiA FEREA
=RtEo] $om[9-11], ol& AmA} Sto]Ze]
o]9] Fzfo] wie tEA FPH7] wze] sto]
Zejo] FFol|l dutel A7l A ERE ofHrh
HIERE g81g 9he ojglo] TFo] £E W
2 92 Fel Hlel FAHE sEol FIEHIA

+ AFATE HEvs A7) a5 w2t F
A d@so] o7t & & AUrke AS UE
wWeH12].

XA AFE A (center of mass: COM)T e
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o AAAQ HEAE B 434 BUHE 99
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kg, A% 161.3+3.7 cm, €%: 15.5+08
years), 1 F #iERIE o] st Q=
oukekAl  10W(AE:  1.5+0.7 vyears, AFE:
544+4.7 kg, A 163.1£51 cm, <!
154£0.5 years) 22 F 20%o] A=A &
AFE SIRE dolH el dA Ao =X
Axe odAEolA A=A eH, udd od
AmEE 2P A o] FolAet SR 5
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T2 ZJ5H] A&l A2 A A ghERz|of
Aolg #AEstaom, 33t 2o F 497h¢] wF
Ab BFAZE FAEAE13]. ZHl2h &k (sampling
rate) 250Hz<1 8t]¢] VICON 7hd|gt A 744
Al2~®l(Centennial, CO, USA)& ©]-g&3dte] ut]
o] 32k XFEE FASIACH, AR T
olelE 5517 flsl 2thel AMTI A|HEHH7]
(Model OR6; Advanced Mechanical
Technology, Inc., Watertowwn, MA, USA)7}
AHEEQTE dlolE 3ol A FET EHlE
AAStgoH, stolZ o] eA- tiet A
ol F2E dHol 8= A A A
go]d- dlole 3 Ao FPE o, o
ol AGxtEA (global reference frame)e] #
(XZ)2 B g W, AUReDe 2
o2 Aot wEty AGztEAe] FAeE(Y
)2 Tl AFoJA QEZE Wgoz A9

=t

o of | o to

AN

2 o8 o4 Fohuel stoldelo] B4 Hlw B 3

2.3. fjolg xzl

A A AA"EE SO 3% v 33k
HAAFE+= Kwon3D Motion  Analysis  Suite
(Version XP, Visol, Seoul, Korea)E& ©]-&3}o]
dolg A7 9 EARGM. " #HE=
Butterworth 4th—order zero phase lag low—pass
filter T2 WAl 2 e =t At ot
“(cutoff frequency)= =l ©HAES] H¢
30Hz2 AAR=a, Fol F2E npA FH¢-
15Hz2 AA= ot I8 85 §5 2 &%
/9% oAE, e, QLEZ/AZ A AL
=, otE, ¥ F 1584 9 2Hlor FEE
Qo AA AHAilel AZFAl(Whole  body
Cener of Mass)= AAFst7] 91s ztzhe] o]
Aol =Hoh 7+ 2EY AHOE Kwon et
al.2012)0ll4 AHEH HHET FUsHA H8H
AtH13]. Event A8 SIs AMSH EHof i
A9z EA (local reference frame)= |HSHA QI
ZHE 712o2 AYHUH. X5 249 %%
Z(mediolateral axis)¥} AFE1 YL HFZ=
(anteroposterior axis), 181 ZFH2 FEAF
(longitudinal axis)¥} 2=},

2.4, HI0|E 24

2 AFoA sto]Zee] AEZT FF COM
7 COP9| olF &g EAsty] 3l <Fig. 1D
ot Zro] 5749 Al (Event)t 27§9] F7H(Phase)
1 o=t &6 ZA|(ED), Wag)o] B
ZHE2), JHE(E3), AT & 2] AH(ED), o
HE o Hebo] AWy} FPS o|FE &7 F
BARESR AHS AYstqon, Elo|A E27F
S HAYPDLR, E294 ES7HAE EHEA
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Fig 1. Five events and two phases during the high—clear stroke. Abbreviations: E — Event and

P — Phase.
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2,5. EAEN

A B4 AREH HQIS slo]Ed|e] AE
23 o] ] AHEDHANA COMI COPL X
=3t YEONA Y FEARet MAY, ZEAY,
2GgH8A19 X&F, Y5, 182 ZEFA COM
FjolgHId o, nE fojg B 53
HhE S5 dolele HAgkE TA B4 A
43519tk SYEE T—rese= o2} Z5H8 wj=w
o ARAget WU & o dyrey OE7R)
COMS} COP HIE9 HFE Hlwstr] 3l
AHEEQTE B AT MY EEEL =05
2 dAste] HAE fodS AEstdth BE
EA BAL SPSS V.23.0(SPSS, Inc., Chicago,
IL)& AH&ste] 8= gl

3. Eut ¥

2 A= A% S AEH(Exper) et B
I & HjERE Sdol] Folshar gl drehy
(Novice)?] ZHE slo|Zalo] AERZT =2} A
COMS} COP9| ofF me #olE FARSHL, #
Astedl F2o] ek olF f8f HE & A
A EHNA COMSF COPO| X&) YZof A <]
g7, wAgy Euag AAFEZHIA
COM?9| Hdf &5 7FsR$IE Axtote] Hlwst
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k.

3.1. COM—COP Z|tf4m7z|

2 AFoA ozt FsY ARAAeet dutshy
o] sfo]gElo] AEZIA HIL & 2] A
Edel HEEX:)T  FHFeHYHR) o
COM~-COP Atolof £=H7jg] zlo]E& BN &
= (Table 1) Zth & 1% 7+ COM-COP
¥ A2 9] Aol HFZXEH)ANA (p=.013, A
AL AY) BAAE [t Aol (p.05)E
Uehgon, Fe&(YZ)HE (p=.149, HEA
(LreAY) = Aok o folgt 2ol e}
S ptiiaiy=

2 AFel AWE & uf, F & Afoldf st
Zelo] AER3 AHE o]|F x| AH(EH)
EX% COM-COP 48779 AZZ(X%:
BAElem, LEFSHEY Tem)o AT H ol 2] =
oIgt ol oAt FSHY MRSt UREsHAY
AEZT o]& x| Al AT wreolA g
o] zolE Qulgitt. MEAMSC] AH¢ COMEeL
COP9] 127} A2] LX|sHA|T dwtelAgo] H-¢-
Tem oAl £HAEE Hol COMIF COP9
Aol A tha Eolx Ut AFH Wk
A COMe] COPZHE Hz| Hojtt £:HAZE
YeRHH COMel dis TAste M5 e
AW E37F AA KA A% ek kg4

o 7V Belshl 28T 4 G a7l
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Table 1. Maximum horizontal distance between COM and COP at E4 (unit: cm)
. Expert Novice vl
s (M+SD) (M+SD) prvaiue
X -0.76x£8.77 7.23%£5.31 .013*
Y 2.17+3.47 -4.31+14.17 .149

*Significantly different between Expert and Novice groups; Negative values in X—axis and
Y-axis mean COP position is farther away from the origin.
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3.2. COMI} COP 0|5 &

A Zo|A & 1F° COM olF = Fig
S B dEAget dutshy OF BF WA
o FA COM2 o2 o]Fstirt. 24
29 FoA HEAS IF2 COM2 947
dAsHA FAEE HHE, dRreY dEdAE
WE(E3) o|F Aoz olFsiqlrt. =t
AZzoMe T 8 BT HZEF COM ol
HS BHoFa gt
sto]FeE|o] AERT F&F Al £ I1E9 COM
o S5 Aol BN b= (Table 2
& Fig 2>9t Zt}. sfolgdlo] AERT F2&F A
5T 59 COME o5 HelolA wiAag) 7t
M Qo2 (p=.000, AEAS(UEEHAY), I
ey FHME HFZH(p=.000, HEAS
(guretl)  29E(p=.001, HEAF(LHISHAY),
T2 Z(p=.000, HEA5>LHshY), I8l sto]
Zelo] 2~ER3 HA A=
(p=.001, HABEHFETTET} F2Z(p=.000,
ARy duteolx  SAH  fogt Aol
(p<.05)E HEct.

2 AFo|A sto]Ee]e] AERT Ft HMEH
XF)ell el ZY= AYFTtolA dutds 1
§ol © & COM HdeFHHEAS:
2.12cm, AuRASE: 84lcm)EdFTh E3t
FEYF)NNE HAYEEAS: 5.58cm, LR
M4 9.79cm), ZHJEAYEHEAS 2.04cm,
ARkAL 5.68cm), HMATFICGIEAS: 6.92cm,
AkA4=: 10.18cm) EFoA dutdLrt o &
COM 2+&HSE HoFot. ¥ £3%(Z%)
AAE EJEAYCEERAS 12.90cm, dutd

o
3
Z[\_
3
EY

21O =
=

P

0Ol

2 olgg o Foh stolelol FA Hw BH 5

0 7.52em)T AR EAS 14.13cm, 2
X 8 56cm)ollA ARAL7E o 2 COM

SEHUNE BTt o2 FEel £ u, slol
Sejo] 2ERA A ARAGE 57879,
Ast $BeAYL AFHoz Ve UL
2 b,

sto]Zelo] AERT F& Al F 179 COP
ol =¥ <(Fig 3> Ztt. COPL 7pHA o]
55 IHAS "ojmels ddle] Hoa Bu
HTH14]. X9 COP 13z Hgg &
AR 289 COP olF Hee Fa(ad=
o Aol AL flol dH)7F vEhtA] =
HhH, ekl IE0] COPe AAZez Fa
(Tefzo] Ho] A1z S5H)7F Yeht=d
ol COPY| 7MH4S =olv ZATE =it
ARGl A AeFoA COP9 F8E FHAa
SR 2H, AL stolFEo] S 49
g 4 Qe W, gRishy
oF E5goz olg] Bot
Acty TeHEch siEdEe )
of olsff At o] LAY, o
A4 FASA dsll SAA7]+=
S Edlo] AEFoz Adsi= Ao
StTH15]. etdsEo4] Bofz= C
8= AHyE

ol
lo
te o

ox,
ol
<
i

g o
foh O BN T
—S%N O
ko ML fol o Hy
o ©ow ool 9,
rloroh 2 % oft kIO O oo kI

o
S
lo

Table 2. Maximum COM displacement (unit: cm)
Phase Axis G\F;[Xip (ér]g) (11\\1/[0;65%> p-value

X 10.60+0.37 9.22+3.45 197

Back phase Y 5.58+1.98 9.79+2.17 .000*
Z 5.37+2.23 5.37+3.70 997

X 2.12+1.66 8.41+£2.02 .000*

Forward phase Y 2.04+0.39 5.68+2.83 .001*
Z 12.90+3.71 7.52+2.29 .000*

X 11.82£0.30 12.51£3.28 .480

Whole phase Y 6.92+2.80 10.18+2.45 .007*
Z 14.13+2.98 8.56+£2.37 .000*

*Significantly different between Expert and Novice groups.
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Fig. 2. Ensemble—average patterns of normalized COM: The E1-E5 phase was used as 100%
time. Group abbreviations: ECOM-Expert COM, NCOM-Novice COM.
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Fig. 3. Ensemble—average patterns of normalized COP: The E1-E5 phase was used as 100%
time. Group abbreviations: ECOP—Expert COP, NCOP—Novice COP.
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