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At L2 HUYZx AU|oA EIE=E 2ERZTd= AH GgSow A7
s Agsts Fad ekow, AU Fel g W
R R C

1o (748, 2002; Johnson, C. D., & McHugh, M. P., 2006). &

MAEEo A7l HBE7F A FeAs A48 2 B9 #Helgdow
A3, AMHeo F3 AFE= 2EZ I B/ AFHT} T
A &P E o] gkth(Elliot, B., et al, 2003; Reid, M., et al, 2008). &}x]qt
Hyze 7|24 0% #& Fi e 2y zoly Al FEC ¥&
HUle d9E TI= ~2ERAE S 7P HIHE o] Foxg

S 53], ¥9= =Y (forward
oA UgH 2ol dA&%w  FZH(Proximal to distal
sequence)?] FEIE HAY. sl of7]el B FAYIRroR A9 S

k= Aol obd, AW REHE o] &3&t7] ¢8| (Shimokawa, R., et al,
]

o= wEel ol g A
BAE0 Tas sERac BAGRHoR SUHM, 27 @
AR gA9do] oFoAA ke F& AseA BAZ & sivk
EPE 2ERI RS 0l Bgsy ewE A 2w
oFUHAE A owslA e ANE zdsty] wEel, A FaT
H5E A SRS dgols B7aa, 2 458 W
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Al 1 A interceptive action

Interceptive  action<  UXA]¢} 5]  AA(perception-action
coupling)e| ™, AejAlg]stzE2] AH A, 43 interceptive action=
e ds  AHHe wWgle g dgrs F 43+
Aot} (Savelsbergh, G. J., & Van der Kamp, J., 2000). o} = &<
HAY, A= dq9e £LS  interceptive actions A3 ZXHOZ Fl7
A= TR A 4 SA-d s & ol sfst |
A4S dsfjof strh V|EA R Foluf &8 FI Fa de EAY
A A o] ol = =49 o5 AAF nxtsfof st
et4 247 AN oz A"S A Yool &

Eﬁ]ro]l‘ii E]Wi solghe= A Wste we ~29Ys F -

\:ﬂ-z

’\]xdoﬂ EHI_ LA EA7F #ZAOA Egete=d P2 AEE
Zlwto g udEEr. o]#3k M=  AA  interceptive actions
A ZFaf okl =2 AAs=d AFEo] HuHBeek, P. J, et al, 2003).
Interceptive actions °lallsl7] 93] ©gst HgEeo] AA A=,
a5 = v FEEA FEEHE 5 AdZEe ‘predictive’ A
‘prospective’ o]t}

SEO] dojd A
= 3} = 1 d2s 5 A4
gt T8 AR dzste]  ojn] AAE(pre-programmed) B E =
AlZstoh= Aot (Tyldesley, D. A., & Whiting, H. T. 1975).
23} 7+o] interceptive action©] WEA] o] Fo] ok =

A% A% 2AL vl Fold Aol Es] wEe] ol

o
Y
2
x
o
o



HAeFo]l ALgE Aozt AAEHAL(Beek, P. J., et al, 2003), dH=
A3 A= ATE AZE Fekdwk Fe] A A tid Az AHARES
FAS W= HAE FPTS HAIBrouwer, A. M., et al, 2002).

o
=9 Aol wet 1 v A E
Prospective A2 EAo] thst dAl FJHE WolEoA PF&
5l st Al A+ A¥Es e wE
interceptive action®= = A Z} AR o] AL JgFS
HE=t}= Aot (Smeets, ., & Brenner, E., 1995). Prospective
AEgFS AAste Az Ex F7ow Jdolo= TS A= wA =
TP o, £o] ¥ FHe= A v fAEH dYHE, S 37
e L fjAelA HloWurE wUA] Eolle EEs E‘?_Tjr“i
ZloltH(Montagne, G., et al, 1999). ©]i= interceptive action®] <14
AS T3 oln AAY d=Folgl= predictive HEFo R = AWEL7]
ofelE Zd¥telty. oF# interceptive action°lA  1Zke] 1A - F <
AZF ofH HdeFS e /\}9“3}*”‘X]°ﬂ gt A= A PFolvh, EF
Aol #g Md Ao ABE B§AY we o dHE 244
u] Fof | prediction Z2FHE.T} perspective HEFe] AFE W] Fo] Il
g Aol gk o] BSFE, Fol gk ARE FTE3 A7 A7A
29 AIFS RAAN T = AES Bl ¥ th(Sarpeshkar, V., et al,

2017).
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Interceptive action®] Z Ao o3t F 7}#x] =dlo] Qlt}. Short-
route - Q1A W FF WA AAd dal] WA A FH
ol At} A7k o] RElE interceptive action®] F7% EAE0]
o9z tFojx]=Ae] dsiAeE vFx &=t A% long-route R
g2 #Ad S AAe Fxe #Ae uis] gtk sk YE opF

interceptive actione ¥l AW long-route &S TSR A &
Jt}h. Long-route 2%7] Rd& VITE Edolt}, o] R A= <l7to]
A7t AR E FEll FEkE 249 A getsia g4 FAeke] HRAE

ayete] SAde 2dsts WHe Hdual olopr]git. o7l Tc



(time-to-contact) 2F+=
AF A, o yolrh e vE4 &=

+ RRVITE 292 HF @it o] mde
of £ F ¥ol g =9 wWeE A

o]
IR

%3y 3 F(coordinated action)e HE50| Z3tFA A3 H o
A

ezl A FEES FAHYEC] ezl Aolrt. 53] ofFtol A
FTU B4, T B4, s=NE sfo]lEgo] w32 =AE B4 Y
HAE 235 7txa, AA¢) A9 xstre £ wEojof )
oluf o AlA F U9 EH(distal segment)S F oA A& A
wAd g e, olys A9 BAe b wpg A H(distal end)>
q5o HFT AxE wol=d 4 UdtH(Putnam, C. A, 1993). HUY X9}
ol #Ale B dte 2FxzodAs dHlE Aladd ZIAE S
ATH o] A Alz="olA THE bpg Al 7Hd wbg §Eo]
2 Zlojth
%

A AFIY FHELS TYFAA dYgRrE  dAds =
S H (proximal to distal sequencing)E HolE w2 YEOIH. 53T
A (multi segment) 2L, ol FHO Aol JHA=
old& AT, £x9 FF(summation of speed) Y& (Bunn, J. W,
1972)e w=d, 7Hd oubg xFel £EHe FHuskstr] M=
w2 9ol 7HE STl Az, s F-919] &£¥Ho] Hdrt HIAS
W, 7 tFow upe gl AlAl 919 Aol AlFrEojoF &b,
e wpEE A B9 = ol AlA F-9fol HlE B & £ =g d
T Atk olefg Aol FEjol tisiA st oy M AT
&Y= At (Joris, H. J. J., et al, 1985; Elliot, B., et al, 1986).

535 #A A& E o)y TN dFE EHste 9

_10_

J’—-! : ‘~‘,3| T



T

T

tH(Zaj
(Zajac, F. E., & Gordon, M. E., 1989). & <0

==
i

el

Ars

=)
=

N N B dNTE T ;
o B8 Y AT s R S s
0 | BN f -5 ol N © o
@.mg%%%ﬂiLM%%@MHT%W m_wmgwm%
= 2w g ® ﬁr%Uvax@rﬁ.aﬁm{mﬂom oom e w y
2 T - T N X
= ﬂmEETMﬂﬂEamLﬂauxmo%,ﬂ ML%QEM -
T = W o W ﬂaﬂ,e_ﬂ_ﬂ@ Huummq R of .
o0 %Wo_wxﬂl TS Y T m N T L o= Aﬂ%ﬂ%%
To = %o L i Wog . ® W o g P2 er EXCH s
T, EeTED PR AN e
SRS ‘oH mm a, — % o . % | o7 ! o0 ot o T X o5 =
ﬂmwamogﬂTBmﬂ%@% o L E R
ﬂ2%0%.Aui%m(.%%zoam@ﬂ -y 5 2
— SN S o} E M T TO Ho =) = ) oF
= © % B o o o F B = T B X R TR I
s P ER B R I ] TR =g Yo T
S Bw 2K o % Y e R v T 3 g M e
. — ) x = m° T e o XX oI —_— X
%lﬁ \ o - ot e MM M o T m o XT ol = b ) < ° % =
X W m o ~) O W omo e’ o il oo o] X My bl 50 omouw
= 3 o < AR E%ﬂﬂiﬂ@ﬂ_@ % o = ol |
mﬂu,plsﬁq%l #ﬂﬂeu'ie_ﬂuonv} - ~ qﬁi —
,m% /T\ :l m AT HE X ﬂw R ﬂl HLE . d_ﬂ jo o Lt 1& ,_H_Vl EE .1&1_ AT_ “m/r o I
LT S aﬁaﬁmﬂa%i%%%% oW e AR
N T _ % o, w Gyl Yy B/ ~r _EE dﬂ OW o ~
VI ﬂﬂ B m ‘Mﬂ 7L ;OL __AX ED PUZ—— X -~ —_— EO
e Coa N X do W N w~ S ol
@ﬂoﬁqnﬂﬂ%%f g LE AT < R
S - I JMEEHEHT%H ) of Ao o
0 P Egw e deET o re T B X MR T T
me}%uofmo_zd%%ﬂRE% . 4w = T W o
N o ) ] X — JL ‘Iﬂ [onyl E.—O 0 ‘Ul
%;.édrmurml o = g W & 9 BT = Wm0 1
JMLquPﬁ_.ﬂAww.@mﬂ%ﬂﬁﬂul HTMO of HRoTo R =
ﬁywa.m@aogvmr =P ERE i L S
R @ S i = % W £ o IR 0 3 o o
o g Mo o dro+ Bo o T W X — =
NOB TR oM oI ke B oF o) mr o) W T R
S = <0 =



2

9l

nerve

719 (redundant) A] 2~¥l © & (Bernstein, 1967), & A#%=%5 712
B AR s ot ojA HY Alxdlom B 4 o9l
A AFEL o3 AHE7r F=F Al Al(central
AL (A A, 2011),

system)oll A A ojsfofsls F a3 FA|2 niglE 1

HogolAE Aol oleld A

ol
ol
r

o oZ o
o

o
b
™
o
=
Q
-
oy
¥0,

o £
>

3.
3
=1
o
U)

243 g2A, $ele 53 447 AAstE suri B
so] AT olgFri:
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9 sEe AT

DAyt 7Mool L/ E HAAA =
A4 (Harris, C. M., & Wolpert, D. M., 1998)ol A 9.3|& &
dEHor sty 93 A WHoeR digtE £ e
A A& (Latash, M. L., 2000).

=]

R 3N TF AGA} Lo oder & AFEE

_12_

o AT, B AfER

1 3}
=1

2

=ol A Aget=
et al, 2005).
< T %%%% A 3HA 7] 7] 9] @l
U Alagow W 9tk(Park

g Zo AHHY AT 2= U

L



Al1A AT FAR

oA Foats tig "y 3o AA sEH de Y
g By AeExpert) JHd 78 39 olste ZH AHNovice)
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Fstd xd= 2ERA 29SS @ F dojof g B A
oA =52 JAFY 7IE=E HUZ2 Z=E(Rowe, R, et al, 2009),
National Tennis Rating Program(Nielsen, T. M., & McPherson,
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<39 2> AT FAA WA R wAl whA 9

A, WS, L QS ZuA WS TR oS, &5 US, &5 95,
EsolH, &4 T ZHert st AE AR FYeA X3 A+E o
Hjsled zF - tracking markerE<S H-2slith o] olx= #A 3

Iy

o] 3Al, 6Al, 9A], 12A] FEe % wAE FATH2H 3). 2o 3
4708 mtAE £t T 60789 mHAVE AR E AT I T A
5 SAstr] s Tele A 2EAE FARESH. shvde
150Hz(150frame/sec) = Ho|HE FHstAal & 8the # 4 7hwet
(Qualisys, Sweden)ZS AF&3FATHLH 4).
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Abstract
Effect of ball velocity on the

strategy of tennis forehand drive

Yoon-Seok Choi
Department of Physical Education
The Graduate School

Seoul National University

The forehand drive is the second most important skill that often
dictates the outcome of a match, and the most frequently hit shot in
modern tennis. The purpose of research was to investigate the effect
of ball velocity on tennis forehand drive motions of two groups: a
varsity (expert) player group and a novice player group whose
experience of tennis was under three years. There were three

different ball velocity conditions (slow, medium, fast). Difference in

kinematic variables for four body segments - pelvis, shoulder, upper
arm and hand - were compared between groups and velocity
conditions.

First, the variables which showed a significant difference between
the two groups regardless of velocity conditions were the angle of
takeback of the shoulder and the upper arm, the angular displacement
of the upper arm during the forward swing, the timing of the

maximum angular velocity of the pelvis, and the maximum angular
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velocity of upper arm.

Second, the wvariables which showed a significant difference
between the three ball velocity conditions regardless of group were
the angle of takeback, the timing of the initiation of forward rotation,
and the timing of the maximum angular velocity of all four segments.
The maximum angular velocities of the pelvis and the shoulder, and
the angular displacements of the pelvis, shoulder, and upper arm
during forward swing also showed significant differences.

Overall, both groups made a change their forehand drive strategy
in a similar way to adjust to different ball velocities, although there
were differences between two groups. However, for the shoulder, the
expert group changed their swing strategy in a more linear fashion in
reaction to different ball velocity conditions as compared to their

novice conterparts.
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