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BILlI

LA SR = ) 5 ST BRI ST  SRR  ARIE R S T
J/?*,E‘“”{[J” it 2002 @ﬁ [EHIELERZY B N R 5 ST B ALY A SR
ST 2004 8 RGO BV NG e AR O B
B IO £ T 2006 ] PEASRRES G FELIS G - P e
FTEA IR Al = VAR RN R R R AR R LA R
PR ERE D~ 1V 2006 S RVVAEER T BIEE SEFH 0 NENSRE SEEERHE
HIRY E R Efguﬁ i ’1LIWF} EE"#*%EI@ gﬁguﬁfp o AT R
LR | RN i YT e ) SOUR LR ol o Ra e SR TUE 272 Bl
%F‘TIEIU%EJ%’ HipL s AP B - SEEFESHpAT R P P PPN BEE |
SR BRI  » &2 Hf ﬁﬁﬁjf“ fe S T = 65%]] - (Woods,
Hoctor, & Desmond, 1995) -

ASRE IRV EIRE - s JEJJEF'“ Fr > T SRR S PR ] g R
(Richer, 1995) > ,iwwwjﬁmﬁ SRR R o ATE ﬁi‘ﬁﬁ‘ﬁwaﬁi‘ﬁ?ﬁ“%*
AP A Pl > TRV SR EARYE e puse = o 3 el A
PR PV S F[PUE = SRR SRRl A BRI S SR
SR TS R PO = ] [N LA BRI R - ssm P I 7L
VBRI > PR B ER > T Pl o~ IS A OB PSR I (A4
L] > 2005) o PIETRERE TRV AT SRR I BER A > (f P R A
B PO AT AR o T A I’QE&?ﬁ%’ﬁuﬁrfﬁ?ﬂ‘%H%iﬁié felfiY
FIE (EPE AR 0 1999) o ST RS ST B AL R T
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7 I SRR Y S

THGE S )T PR R P PR R O 0 SR ST 2
ST‘*E'I (Fernadez, 2001 ) -

BSOS TS DM RS © SR - R~ T
R BRI« (AR R S R (R L = S i Lﬂ‘ﬂ& FIER]
T R REE o SRR e A - VRUSIBIEE (split step) RiagfET ALl
SPERET e B HRCRIRI R [t YOS S ERER T J B SR (Elliott,
1994) - REF J“%‘WTE%;“%‘?EF“W? Rk ORI e Y g i AR el R 12 i W%‘ﬁﬂ
AP [T A A ST B RS - R
EZE@@E&E;@ (P IE E'MQ:E_&[' SRESpR %F:—J; o~ EIEREIfOS %Eﬁéﬂ@& , ?sr
FFEEIp PRI QJK’LLL%@ I > RIS j‘«F e IR chj[gtl%%‘jﬁh@p szﬁjﬂ =% (FF
P~ S > 2005) o PREERIRAU [ ~ R R ST IR AR UL E
E&Eﬁﬁ%??vg@ E ~ JuEl b”ﬁpguﬂ%ﬁ‘f

Al _EF VR AR AR g o S SRR R TR L D
Y E] E"'IE*'?F#JEJ*W%J@E&EKJQ1%['[*_%51’?%4 (o PPl BB Sy = 10 i
?ﬁﬁ%gﬁﬁ’%" T A A E R 25 Wﬁﬂiiﬁ%i* TEHAUE ) > HURERLSLE < {EERAY
ﬁ*i%ﬂ 'H::?‘?,_/Fljﬁlj B2 FT,J 0] T IR R e = S B S R

i J}k'Sf]E'IfJ?'YEEL? 5 (Chow, Carlton, Chae, Shim, Lim, & Kuenster, 1999a) - §[14 %t
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PSR (511 + B BT DI IS T BBy 5
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LRS- HES (Split-step phase ) — 7 BVERES (=0 ijAY— [ ST B (S
R EV R ZPRIPEE R o g PR -

2B W HES (Ipsilateral side step phase) — kLTt 1= (=, [y [l (1)
[OTa-RBER T RIS P M P

3. VA FEIIEE (Pushing phase) — LS G IESRFIRIA T |1 410 (et 2
Ealis RN slRl N SILIE

4.5M P IS (Backswing phase ) — B s B IESRT IF'ﬁJﬁF’rE | EF A
B A SR [l i Y T 2 RS T P R -

S.[PIFAHFIRTES (Forward swing phase ) —bkit:ss b FESRAT ffIZ ] BRRe) =
5L R LT B BRSNS B PR -

6.9 BAEFE (Stroke phase ) — B35 L IESRFIRAS # |1 471 (g =5
R PR -
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Synchronization

Initial
Hich d Ball Racket Ipsiateral Ipsiateral ~ Contealateral End of Ball
Vilc%e(_)spee Release Movement Foot Off ~ FootOn  Foot Off Backswing ~ Impact
(250Hz) @ e @
Critical v l v
Instants

4
|<_>| Forward
; : swin,
Ready Split Step Ipsilateral Side Step g
Phases <_Pushing
47Backswing
t=0 ¢ Stroke

>

I T PR T 7 B

( f%d%F IChow, J. W., et al. (1999a). Movement characterlstlcs of the tennis volley. )
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VR [ R oA B e
CI'PY) W2 feeyR] >V iF)
' Kwon3D B (&5 fr 2 i =
[l (DLT ) Q’Q"*E]F
FYSETET > ELF[ 1= 4 ] ﬁﬁ;;[}_]t@[
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o AERE RS AT Y
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7 I A ST 5

Zero Lag Digital A= (B 6Hz) » SRUFPRLE TS 8 i i 2 i
PSS Rre TR o
APHOEEE PRI VAR %ﬁ%’f?’l‘%ﬁ’?ﬂ:’ Hak V EEREA [ > [T1 Kwon
3D EEVINE 3 R/l (FEE > 2 FApHIRD REEREEE S R R RSN
S8 R IIFE RIEERE] « SRR A © o R :@{;J&?Jfﬂﬁ!ﬁ@ﬂf? ’
7 Kwon 3D I B {854 B0 07| ~ SRIVEYD> (=1 BV & [ iovp)
FIR R Pree BRI SURTFy RSB = JIEHR 2 I ARRI < Ebs et 2]
o e RIRCEIPVREAR N - VTR (WSTR[ o B TE R IE{KETFQW‘:’*‘%
32 £ SRS P PR L G S OB PR B 0 P 5 5 — TR AORRIEEL - ) Al
RIECRIIOVERELE o FPRI IV IS S LAY A S f AR BISTR L TR R (Raw
Data ) » [i]/FU%f @ﬂ%ﬁillﬁ fl SFEE|T B (noise ) » ag e VIR SR ERY RV R
B~ Bt (SRR S R AR R LA p Py RS REE 5 (Winter
1990 ) > Hel'} > F[H R T 5T Bﬁ[C‘%a:fi%ﬂﬁﬁﬂda%@rﬁﬁ'ﬁ'{gl{% °
FFIEER P 3 RL Kwon 3D ({00 M Al ST 00 FER T i
( Butterworth Fourth-order Zero Lag Digital Filter ) }H B =i JFF’U;[H TrR e Ty
IRV S 5 Fa =9 DIRES PVEGE 6% i o Bt yeik (- E P | pv (Hoisk
(Cutoff Frequency ) kL 6 Hz ; [/ [ShRLI RS [Eﬁ%@“ S (3) TR =
Fel IHirE— o RLER T [ XGpRGY (Butterworth-type low-pass filter of second order ) »
i ilﬁ}{ T E T ELE 90 g@zﬁjﬁf‘ézﬁ% (phase lag) > jfiji& & A4 (phase
distortion ) » Fvl" ] 54" iF"B?LHﬁ*I’%ifFE'%E@‘[‘?E B JIF PR IS = S frie = pais s
~ R i lnLH%/ 90 H » [P ERFA S PR IR (Winter, 1990) o

= BRI AEEEEE S L A

I]q_

I'} Microsoft Excel » SPSS for Windows 12.0 [[1- s/ i fRiaE = VR g
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KRR ST+ B B g s S

IR R B A e E"”f 77 rp SRS CRSEANGR) 5Bl TS
T [ﬁﬂélﬂf‘ F, = (right ~ right-middle ~ middle - left —middle * left) FIfJE\JJ‘ Féﬁ’ﬁj (N
I ~ IR - G AT SR E B

_\L_‘_tr:'l o=

2 P

j:]ﬁlljm‘ IHE«T’*IEEEF:[B;‘? JFT’?&Q’%%\ZH’, - I%[ﬁ[jﬁgj‘\@ﬂ&j [SE‘E&EJE}JE
010 2 e (R S BRSO S T OB 5 M TR AR

gjiﬁfij:ﬁﬁu;gug&ﬁ@ ;T I—Ejirj,da‘*%p,jkﬁ[ ,igﬁfjkﬁdftf pJE 2 S NN }@ﬁ@&;ﬂi

’?i}'ﬁij“ s T‘j\ UE/\H [F E;jﬁﬁ IE[FI E JIE/ Fl i;”ﬁ:'v'vé& FJ"R:EF'%J v[ﬁ\
- PRREEL RHESED (s)
Phase Time (s)
Ipsilateral . . Forward .
Later.al Split-Step Sidg: Step P}:{jﬁ;{;? B}%cll;s;;;g Swing SEroke gglll[;;ég;
Location | FiEFHIEE ] IJI%W i ESETFS s (flj%gﬁl JTEAEE T s
Ball F* F*
Velocity F F (a=.002) F Fo (a=006) F
R 0.31 0.15 0.32™ 0.39 0.13 0.52" 1.09
(0.09) (0.09) (0.08) (0.06) (0.07) (0.05) (0.20)
[15] [14] [15] [15] [15] [15] [15]
Rm 0.36 0.15 0.36" 0.39 0.13 0.52" 1.10
(0.08) (0.08) (0.12) (0.13) (0.02) (0.14) (0.16)
[14] [9] [15] [15] [15] [15] [14]
M 0.33 0.12 0.24™% 0.34 0.12 0.46" 1.03
(0.10) (0.07) (0.08) (0.06) (0.2) (0.06) (0.25)
[14] (3] [15] [15] [15] [15] [15]
Lm 0.32 0.14 0.387 0.40 0.13 0.53™ 1.03
(0.08) (0.09) (0.13) (0.09) (0.02) (0.10) (0.16)
[15] [10] [15] [15] [15] [15] [15]
L 0.33 0.27 0.417% 0.45 0.16 0.6271%¢ 1.15
(0.06) (0.19) (0.13) (0.12) (0.36) (0.11) (0.24)
[14] [12] [13] [13] [12] [12] [13]
F: Hu%ﬁ" SOS R
Roppg2 > [4 Rm 812 A0 M) Lm s 31 2L g2 AL

* R AP EETE AR

*EEROIIRRE © T AP (R AV RS R
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7 I SRR Y S

27 WA EF R EY (s)

Phase Time (s)
Ipsilateral . . Forward
Lateral Split-Step Side Step })l}l_srl%rﬁj B;t;ck?rv;r%lg Swing Stroke Ar[g Ir[l:{lge
. [ Y= : EUIrt=aY [ 1% 7 ! 1% 1Y s R = l
Location | Ff5FHTFFE ] Lg%%é$ FB s %E%% T HMETRS éﬁﬁm
Ball o S*
Velocity $%(a=003) S S S S (a=.017) S
R 0.25%!234 0.27 0.46 0.43 0.20 0.63*! 1.41
(0.14) (0.08) (0.19) (0.15) (0.05) (0.12) (0.66)
[8] [9] [10] [10] [10] [10] [10]
Rm 0.12%! 0.20 0.35 0.34 0.18 0.53%! 0.26
(0.07) (0.11) (0.12) (0.6) (0.11) (0.12) (0.50)
[14] [9] [14] [14] [14] [1]4 [14]
M 0.10%*? 0.14 0.30 0.35 0.20 0.56%% 1.17
(0.04) (0.03) (0.14) (0.16) (0.06) (0.14) 0.18
[12] (3] [13] [14] [14] [14] [14]
Lm 0.16* 0.16 0.39 0.38 0.27 0.65%% 1.24
(0.08) (0.03) (0.11) (0.13) (0.10) (0.08) (.19)
[11] [13] [14] [14] [14] [14] [14]
L 0.11%* 0.26 0.40 0.45 0.21 0.66* 1.37
(0.006) (0.18) (0.16) (0.11) (0.07) (0.12) (0.90)
[11] [12] [13] [1] [13] [13] [13]

e WA TRHEAS ORLI Mo R T [T PO T R R e
(EHRIH > REAR SR H R B AT e (IS o 0 B
ORI IFIPETFR 53 30 o A6 SRR 7 PP Sl ™ 7 BRI (Stroke phase ) L
FRERF A ERY > IO o PO R 4 A P PEEE (Pushing phase ) F{HSGHE v B
BH TS (Split-step phase ) Eﬁgﬁ? [EEREE B FERIP] LSD Hy i Ptk iU AR
L R SRR BT A1 2m AR (0,62 s) FOTT{L S LS
oM ER S (R ©0.525 5 Rm 3 0.525 5 M : 0.46s 5 Lm © 0.53s » P <.05)
Pl R o L e R T e R L e R R o 2 R
BT B APk N (10.25s ) PR i fRA o TR, 0 f Pt ][y O
(R:0.1253 M:0.33s; Lm: 0325 L:0.33s> p<.05) * A FIFHHZ Chow (1998)
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BT T

[ AL o e Pt S S R TRGHUS [ T~ 41 3 R T TR R D
PHRHRY I Chow (1998 ) FURdiN - {H: SR KU Ese [ 1~ 3p e 1 RS A
TR T LRL PR (347 Chow (1998) fusdiful -

= fiple el aFrEr (n/s)
Right Right-middle Middle Left-middle Left
F S F S F S F S F S
Ball 1652 254 1895 240 1893 23 17.54 376  14.63 25
a
. (6.04) (0.94) (3.98) (1.24) (3.32) (0.84) (2.81) (4.83) (4.78) (1.27)
Velocity

[14]  [10]  [15] [14] [14] [14] [15] [14] [12] [12]

ez HRET ARLTE (R[p O AV ERSRSRE > T BASRUE iﬁjﬁﬁﬁi IEAp2 g
Bl PN LRSS T Iﬂfaﬁfﬁﬂé FVIUE fTFS 14.63m/s~18.95m/s » [T
e Mgl SR RBERBER S FILRL A 07 2.3m/s~3.76my/s i -

AP P [PIER Ry R = A5 (2001) fliplBRE EER YT TS[RISR
@@:le’ldujﬁl[[} ) E]%)ET&EIUE{L‘EIE@ 15.82+5.00m/sec > "~ {fi£E 21.62+6.68m/sec > [EI 7
AP SR IR o P 3 (2001) F1 BB R TS P IS
%’!F%?ET&EUE*TEIF b 7.27+3.56m/sec > F 1K 8.94+2.40m/sec

2w pple R ¥FR3 R (cm)

Right Right-middle Middle Left-middle Left
F S F S F S F S F S

1097 7569 1068 8048 1168 9062 1221 9214 1225 97.57
Ball Height | (42.5) (33.16) (32.1) (27.66) (39.1) (51.7) (186) (2092) (34.7) (3447)
[14] [9] [15] [14] [13] [14] [13] [14] [13] [13]

AP AR PORL T P O fEAp Jﬂg‘ﬁ‘*ﬁ > PRl FERSR T 115cm [
@ﬁnﬁ Eﬂ‘ ) {“:Jﬁfﬁtﬂ‘*ﬁ F,J £ 87.3cm o i ERS T‘ﬁ @ﬁ”iﬁlgﬁg jx@ﬁf« ﬂ;ﬁwgéj
AR B A PHGHN T B5RE (2001) ~ FELE (2005) 1 Wrisberg, Hardy,
= Beitel(2002)ﬁffpll‘4l‘éfll’?[’?le_H IR | e SRR SO RACECTENER {H‘ITF Eﬂﬂ .
I e 2 RrEE i%‘?ﬂr TERYE T FIERUAR o NI A R SR
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7 I SRR Y S

PR + S P ORI S S R - 0 SRS
FENBEY T S 0 N OB TE]  RE PTRSRTIS A T S [

=

# 3  pwidpfe¥ska et R (n/s)
Right Right-middle Middle Left-middle Left
F S F S F S F S F S

Backswing | 4.64"%5 494 373" 385 322" 351 4947 545 545 476
F*(0=000) | (0.77)  (1.08) (L.17) (726) (0.73) (0.85) (1.0%) (121) (L12) (0.63)
[13] [15] [15]  [14  [14  [14 [I15]  [14  [4  [13]

Forward | 481 459" 429 334" 445 39 458 507 507 420
swing 057  (10) (075 (L13) (076) (0.86) (1.00) (L.12) (L12) (0.68)
S*(0=000) | [13] [15] [15]  [14  [14  [14 [I15]  [14  [4  [13]

o AR T I AP BRI = AR U RS AR PO R
@ﬁzﬁlﬁf TR E R 2 BVE [ERRL T IR o 7 DO R

W2 B PURLTE [ e 16 (Backswing phase)  (p<.05) iy 1ol R PILRL T i
FHEAT S (Forward swing) (p<.05) - PI9t » ASH e PR o ROl g > et
TSRO IO AT AP EY (Backswing phase) f (== Uk 2 ]
FI0 ;07 5% ST [ B MR 9 it > LR » 0 T AL
TP ~ A ffekin ~ PR e R LR R T T e O %
AT HE (2001) FOPEGEN S E - U PO BB R AL
*'}%‘f"fiﬁéiéﬁﬁiﬁﬁ.' > T BB [ BIFELRLE B e o 7 R AV e
L—TEI&#E:E&EP‘J[HIJI% ol v BRI gl - B SRR OB B A
R o T I R S A SO ] o ST R PR
B AR ] ijdéﬁﬁi@}é g AR ESTE o Y ik R 2R ﬁlj-.‘iqfﬁ;ag
AR b o H 2 RIPRE KA TN AR T A e~ qurjﬂg.gﬁﬁ
FPRCNEE Y o 2 RO B D R A R AT e
AR ) AR A A BN S F  E R
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LTSI T

7 Pl S qorkdp A FREREF O E R
Lateral Shoulder angle Elbow angle Wrist angle Racket angle
Location |~ 500) (a:S.OOO) (a=004) ((x:S.OOO) F S F (ajo40)
1007712 82.94"2 152.1°2 149.07" 163.5 166.58 134.9 138.46"2
Right 7.2) (22.6) (25.8) (1026)  (1L.1)  (7.53)  (233)  (10.09)
[14] [15] [14] 9] [14] [9] [14] [9]
Right- 72178 51.0"3% 142.5 143.22" 158.48 147.08 120.9 120.22"
middle (31.7) (24.08) (20.0) (1235)  (13.8)  (3201) (174)  (17.77)
[15] [14] [15] [12] [15] [12] [15] [12]
52.37346 5547% 13243 142.2°7 156.9 152.28 115.7 117.85
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Kinematic Analysis of Tennis Volley Under Different Conditions

Hsiao-Wen Chao, Chien-Chih Wu, Chen-Fu Huang

National Taiwan Normal University

Abstract

Purpose: The purpose of this study was to examine selected kinematic variables of
the elite Taiwanese male tennis players when they performed the volley under different
ball velocities and release angles. Methods: Fifteen elite male players (age 21.3 + 1.5 yr,
height 180.3 + 5.5 cm, mass 73.1 + 6.61 kg) participated in the study. One Prince TE38-
11 ball machine was positioned at baseline and projected the fast (21.3 m/s) and slow
(10.9 m/s) ball from five different angles (2 m Right, 1 m Right, 0 m Center, 1 m Left, 2 m
Left) into the count. Two Inline high-speed cameras (250 Hz) were genlocked to collect
3D kinematic data. Kwon 3D software was used to analyze the data. One way ANOVA
was used to test the differences between fast and slow ball velocity on five positions.
Results: The fast ball volley has a lower successful rate than the slow ball volley. For the
fast ball volley, the 2 m Left position has the lowest successful return rate, and for the
slow ball volley, the 2 m Right position has the lowest successful return rate. When the
fast or slow ball was project into the subject (0 m), the subjects use more forehand
volley than the backhand volley. The fast ball volley has a higher return ball velocity
than the slow ball volley. Conclusion: No difference was found on return ball velocities
for five positions (both fast and slow ball). The slow ball volley has a greater successful

rate than the fast ball volley. The player chose more forehand volley than backhand
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volley when the ball was projected into the body.

Key words: tennis volley, biomechanics
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