HREFHIE 59 1 133-147, 2014 133

BEROFTEEIC I B 15154 O L BIRFMIC %3 %
FARIT 4 7 ARG :
Pl K UAERICEHL T

2T R N U] 2 S - - N
BH =&Y I §52

Tetsuya Kanahori!, Yukio YamadaZ2, Hiroshi Aida2, Kazushi Shimada® and Takashi Kawamura?2: Analy-
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Abstract : The purpose of this study was to clarify the viewpoint of a well-experienced baseball coach
when evaluating batting skills using kinematics indices.

Method: First, three baseball coaches evaluated sixteen baseball players in their own teams. The players
were divided subjectively into a first superior (FG) group and a second superior (SG) group according to
batting ability. Next, the hitting motion of all sixteen players was captured using a VICON system (9
cameras, 250 Hz). We measured the speed of the batted and pitched ball, or the timing of release by the
pitcher, using three synchronized high-speed cameras (250 Hz). From these kinematics data, we calcu-
lated several kinematics indices for each batter, focusing especially on the indices for motion of the lower
extremities and trunk. In contrast, a well-experienced expert coach who had never met these players
evaluated the hitting motion of each player using only motion films without the above kinematics indices,
and similarly divided them into FG and SG. The evaluation of fourteen players agreed between the team
coaches and the expert coach. The FG and the SG each comprised seven players. We analyzed these
fourteen players using the kinematics indices, and clarified objectively the differences in hitting motion
between the two groups.

Results & Conclusions: The speed of swing, batted ball speed and physical index were approximately
the same in the two groups. However, players in the FG group showed a significantly longer distance of
center of gravity migration in step than those in the SG group. This might have been attributable to the
hip abduction movement on the pivot side on the basis of kinematics indices (p <0.05). Moreover, play-
ers in the FG group took more time in step, and swung in a shorter time after landing on the stepped foot,
relative to the players in the SG group (p<0.05). These results suggest that the well-experienced expert
coaches paid particular attention to the above hitting motion rather than the speed of swing, batted ball
speed and physical index as coaching points.

Key words : coaching, coaching point, hitting motion, subjective evaluation
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. (VICON MX, VICON MOTION SYSTEMS
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(Fig. 1). TV ) —2DWM &, 4V /37 |
BB LOBEBEOR—IVEE LT 57-0, 3
HOEMEE VIR /1 A5 (HSV-500C3, NAC #)
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SORBMRNICIE, N AST EhAST TR
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D LI L DITo 7 RO BRE
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SHM%EY W, SHEHM A ZE, Yk kU Z
HCEZ L, 2O » BATTHARP D XY
FVa Xl & L CEFRORBIEERERTZEL

1.8. Hand

2.9. Wrist medial

3.10. Wrist lateral

4.11. Elbow medial

5.12. Elbow lateral

6. 13. Shoulder front

7. 14. Shoulder back
15.24. Toe

16.25. Distal of first metatarsal
17.26. Distal of fifth metatarsal
18.27. Ankle medial
19.28. Ankle lateral

20.29. Heel

21.30. Knee medial
22.31.Knee lateral

23.32. Centers of hip joint
33. 34. Lowest ends of libs
35. Vertex

36.37.Ear

38. Sternum front

39. Sternum back

40. Bat head

41. Bat grip

Infrared Camera

I:I 18.44 m

9
l Synchronizing lamps

Camera IT

Fig. 2 The experimental set up.
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Odeg
(b) hip flex.(+)
ext.(-)

(a) lower torso

8
8+

(e) knee ext.(+)

flex.(-) dorsi.(-)

(c) hip abd.(+)

(d) hip int.(+)

add.(-) ext.(-)

 Right shoulder,
90deg | Right hip
1

Odeg

'
Left shoulder, |
Left hip

1
-90deg]

(f) ankle plantar.(+) (g)posture backward.(+) (h)ankle plantar.(+)

forward .(-) dorsi.(-)

Fig. 3 Definitions of the moving coordinates and joint angles.
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SR FIVEEANT PV ay, LED, LB
P OERBEEANRP DN PV 2y il e L, #l
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7o, WAROAEL, £RBREERO xy T Lk
T, EWRBASID SERBIEI NG DD X7 VTR
LCx 379 mEs L. EAVThOKE
fid, NREIE, HerBtrznthne®kL 7o
(Fig. 3(d)).

2.8.4 [RRAER

JEBAE 20 O B BAfT A~ 22 D X7 L & R
ORI ONBPOINT PV AEE L L
(Fig. 3(e)).

2.8.5 REE

FEBAE 2 OB~ 22 D X7 N L & BB
LOERDPOLNBPINYT PV AEEE L/
(Fig. 3(1)).

2.8.6 TH, KEBR&LUTROXEH

HRER R, BIEEERO ZER 7 VR
BEIERERD Zpg 8N 7 PV &L, Zpa il & IR

BEE 2> & IRBAET R 70 S HHBI X7 )L apg DFF
DD yoa X7 P V%, yoa fill & 2o BHOSE D
D Xpg BiN7 P VEEDZ. COXDITERL
HREERD yz FHEIC B \WT, Zpg N7 FIViC
L CHiBIET O S SRS RO A
oY Bb, RS2 O RBRT N[ 2D N7 T
W, BRI BIERERT N2 5 X7 MV T A
BEr, T, KRB IUOTROBSMLELL. W
ThbkExIE, BitHx & & L7c (Fig. 3(g).

2.8.7 Nv b+, B, BEOREGAHE

Ny P27V v TmbNy PNy FANEPD R
PV, ER»OEBNR»DNT B, R
P OAERBIEI N2 D N7 VD, #iEEERD
Yo L CadmELERLC. ARED,
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WMy dTHTEICEIDERLA. WINLEGETED
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FO 1 %R & L7
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3.1 FHBEEELIURM L VIEEB, &HBGRE
(Y d: 33

Table 113, & #lnss o5 Ak I L UFHEHE
H & BRI Ol & BEERAE AR L7 DT
BH5.

AA VT HREONFHE A T 5 &, FG B
32.7(£2.1) m/sec IZ® L, SGH#332.7(£1.4)
m/sec & FIFERMUMEAERL, AA V7 KEHICD
Wb FG#£130.18 (£0.03) sec IC%f L, SG B
(30.17(+0.02) sec T, MIHICHEZETRD DL
Nixhoiz. £, FIKEZICZOWTL, FGHF
7538.7(+2.9) m/sec TH - 7= 7 SG H#E i3 38.0
(£2.6) m/sec T, CCThHARLEZIAONK
Mmooz,

BEREEIZOWTIE, FGHEA25.0(+£0.2) m/

Table 1 Specification of the subjects, and item of
swing and ball speed

Variable FG (n=7) SG (n=7) defference

199+1.1

Age (yr) 20.1+0.6 n.s

Height (cm) 172.7+2.6 174.9+2.0 n.s

Body mass (kg) 69.5+6.6 72.8+5.3 n.s
Swmgﬂw%;“aﬁ 32.7+21 32.7+14  ns
Swing time (sec) 0.18+0.0 0.17+0.0 n.s
B“mdbﬂagﬁﬁi) 387429 38.0+26  ns
Pitched bal(llil/’segg 25.0£0.2 252+0.6  n.s

Mean = SD

sec, SGH£1325.2(£0.6) m/sec THELETA
5, Levene DESHUIEDHIE 21T - 7o/ H,
F=0.000TC, 0D+ ZOFEMEKIT0.993 (p<
0.05) THETH AL >72Z &b, Foattn
A7 L Tz BT L 7.

3.2 Eh{ERF R HIRRRR] & S

Fig. 4—Fig. 9 IC BT, EfRT FGHOFY
iz, ST SGHREOFHEZRL, TF5—/\—
TEHEREZRL TWh. £z, *HIEMmREREIC
BREEDD 15 ThH 5.

Fig. 4 1%, #MELEKICETS4 V7 FOE
T2 B A 7= BB ERE M O H B R O P51 & B dE
REZRLIZODTHSH. FHETAL L, FG
BEO R OHBEEXIE —0.63(£0.01) sec, SG &
£ -0.61(+0.01) sec TH-7=. RICFSOHHL
K&l % A5 &, FGHEONF¥EIL - 0.62 (+0.09)
sec, SGH13-0.47(£0.22) sec THV, R kD

(time)
0.0
-0.2
-0.4
-0.6
-0.8
-1.0
-1.2
-14
-1.6

——F[G =456

FR R FS FC IM

Fig. 4 Analysis of variance for time of each event.

(time)
10 ——FG =dieeSG
0.8
0.6
0.4
0.2
0.0

backswing step aproach

(FR-FS) (FS-FC) (FC-IM)
* : p<0.05

Fig. 5 Analysis of variance for time of phase.
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LEWZ A IVTICAEL .

HEHERE S ORNICE I AR TH % R
DOWCH AL TAa 5 &, Step BEICK W
T, FG#130.42(£0.08) sec #HE L 7=DIZxF L,
SG #£130.28(£0.09) sec T, FGEDIF > NEW
Rl 2L TR Y, TOERBHFEETH-72 (p<
0.05). L»L, ZOfoFmic>wTid, o
AHEICB VW T AERERET AN - 72 (Fig.
5).

(m)
——FG =@=5G
0.20 *
0.15
0.10
0.05
0.00
backswing step aproach
(FR-FS) (FS-FC) (FC-IM)
* : p<0.05

Fig. 6 Analysis of variance for length of CG-migration
in each phase.
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3.3 BARELOBRHEMLIBSLIUVEDH
B - ARE

Fig. 6 {3, #EWER®EICHIT 5 XY P bic#
LI HRELOBEIERE A & TR L /ZEOF
Bl L EHERFAEZ R L2 b D TH 5. Backswing
JAENC W THFHC AR ET A D NG - 7oh
Step AT Tl FG #:130.14(+0.02) m TH > 7=
DXL, SGEE1X0.10(+£0.03) m T, FGED
EOMAEBICKEPL -7z (p<0.05). VWoIlED,
Approach Ji i IZ 5\ CTid, FGH30.10 (£
0.02) m iIZ%f L, SG#£130.12(£0.01) m T, SG
BOIF > BEZICKE AR LA (p<0.05).
Fig. 713, ®EERES COE EEOAE L LU
R EE O » R RE L R L2 DTH 5.
BOMBEIZOWTASL L, FRESICE W THEERIC
FEAEERALNT, BOMEIZK VT,
FS 512 35\ C FG BEA — 25(+5) deg, SG B
17 —30(+4)deg T, FGBEDIT DN 5deg T ¥
BFHANANTNSE SO0, FELZEZADN
ot —J, AEEICOWTARL L, KOR
HICBWTHITEAEEZALN P 72D,
FCRRICH T 2O AL TlL FG #2211 (£
102) deg/sec TH - 7=DITxF L, SGHEMT2(+
86) deg/sec T, FGHDIZ > PAEBICKE WHE

Shoulder Hip
(deg/sec) Cets -ae  (degfsec)
400 S
5 700 300
S 500
g | 200
Z 300 100
& 100 0
< I b | .
oo -100
R FS  FC M meooRoe M
(e (deg) j
o Shoulder ——f5 -&-56 100 Hip
80 o
s / 60
- 40
: 5 20
0 t ' ' ' ;
2 ‘ - -20
40 0

Fig. 7 Angular velocity and angles of shoulder and hip.
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L7z (p<0.05).

3.4 TROBEAELSLUERERH

Fig. 8 %5 X ' Fig. 913, HEHIERE S TO FhL
OB AE & £ DREER, 8 XUEBM[OFE
il b EHERE A TR L 72 b DTH 5.

B S C LI A D &, FREFCIIMEICEE
ENLAONGE LT, FSEICOWTASL L,
R A CIEmBICEBRER A LNTIL D > T2,
HE I C I IR B R AR A IS 5T, FGREIE
81(x19) deg TH - 7=/ SG B1359(£17) deg

lg“) ——FG - 8-3G ‘(orkg) ——FfG 836
240 - s *
100 » J’\ R
-10 e
60 i ~ 40 N
» 70
20 | backswing step aproach
R FS FC L] (FR-FS) {FS-FC) (FC-IM)
(a) Step hip-flex.(+)/ext.(-)
“(geu) P 16 036
w0 so
100 »
-10
60 *
-0
20 zevesewns: . 70
a0 | e backswing step aproach
FR FS FC M (FR-FS) {FS-FC) (FC-IM)
(b) Step hip-abd.(+)/add.(-)
1::") ——fG -8-5G sgk‘) =G -85
140 so
100 »
o -10
-40
» _mﬂ_; -7
20 backswing  step aproach
R s FC M (FR-FS)  (FS-FC)  (FC-IM)

{c) Step hip-int.(+)/ext.(-)

—— 3

backswing step aproach

R 23 FC M (FRES)  (FS-FQ)  (FCAM)
(d) Step knee-ext.(+) /flex.(-)
(deg} (deg)
180 ——5G -#-56 gp
20 50
100 »
10
0
40
0 -70
~20 backswing  step aproach
FR 133 FC IM (FR-FS) {FS-FC) (FC-IM)

(e) Step ankle-plant.(+)/dorsi.(-)

Fig. 8 Joint angle at each events,
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T, FGHOIE > NAERICHEML T/ (p<
0.05). KBIEPNsMRAEREIC W Tid, FGHIL 6
(£7) deg Iz L SG #£1317(£9) deg T, SG #
DIED H91l1 deg MRFZICH D, BEBED A
bz (p<0.05). F/, BEMEICI WM
KEEOME & A, FGHEI57(+14) deg TH - 7=D
IZxF L SG #£1339(£15) deg T, FGHDIE S H»
KESENTED, FEERENLALNI: (p<
0.05).

FC Ryl <13, BPIEIPIIMREEEIC W
TFG#i318(£5) deg TH » 7zDITxf L SG #F

(deg) {deg)
180 ——fG =856 20 ——iG c®3G
140 s0
100 2
o -10
¢ $ i\ 0 | \\‘
20 20
2l . backswicg  Step  aprosch
R [ FC ™M (FR-FS)  (FS-FC)  (FC-IM)
(f) Pivot hip-flex.(+)/ext.(-)
0 e
0 50
10 2
10
60 =k 40
» R N P AN )
a0 | hd backswi step proach
FR FS FC ™M {FR-FS) (FS-FC) {FC-IM)
(g) Pivot hip-abd.(+)/add.(-)
13“) ——FG -8-5G a(o*ﬂ ——FG 856
40 50
100 e PR
10
0 o Ty
20 M‘ 2
20 g step proach
R S FC M (FR-FS)  (FS-FC)  (FC-IM)
(h) Pivot hip-int.(+)/ext.(-)
u(:eg) ——fG -&-56 .(odu) —-—tG 836
10
100 S S ;
60
2
-20 backswi step proach
R 3 [Z Y (FR-FS)  (FSFC)  (FC-IM)
(i) Pivot knee-ext.(+) /flex.(-)
“(:e‘) ——FG -8-56 3(0“‘) ——tG -8-3G
140 50
1 .—-—B""/ i j
e .10
" " |
b -70
20 8 step proach
FR FS FC ™m (FR-FS) {FS-FC) (FC-IM)

(i) Pivot ankle-plant.(+)/dorsi.(-)
**; 0<0.01, *: p<0.05

and amount of change in the phases.
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88j = * ——FG -8-5G 8(()“‘) ——FG-#-56
50 50
20 20
(deg) -10 -10
80 ——FG-#-56  _40 -40
50 -70 -70
20 FR FS FC M FR FS FC M
-10 (l)Step femur (n) Step crus
-40 (deg) (deg)
70 80 —FG -=-56 80 ——FG -#-5G
FR FS FC M 50 so | .
(k) Lower-body 20 20 S _
-10 -10 g
-40 40 ‘
-70 70
FR FS FC IM FR 3 FC ™M
(m) Pivot femur (o) Pivot crus
* : p<0.05

Fig. 9 Segment angle at each event.

(25(+£8) deg T, FGHEDIT D 73§13 deg /ix
fricd v, FRkENALN: (p<0.01). B
BN 35Tk, FCRFLAE CHliFfIC AR 22T
AN ro 7.

FEERE COARELMICOVWTAS L,
Backswing R CHEHICHERETAON R
Mo,

Step JHTAIIC OV T A5 &, H A T BES
Hi R A A2 3\ T, FGBEIL —47(£10)
deg TH 7D L, SGHEIE—29(£16) deg
T, FGEDIF> AHil18deg KX < HMEL TH
D, HERENALN (p<0.05). EEIAI/ R
AEERIC T, FGEHI16(£7) deg TH
S 72DICK L, SG#E 5(+8) deg T, FGHD
F50F11deg KEL AL TEBY, ZTDOEI
HETH-72 (p<0.05). JEBIENJEAhfEEZE(LIC
BUWTIE, FG BEZ40(+24) deg ThH > 7=DITRF
L, SG#314(+13) deg T, FGEEDIT S H¥
26deg KELMRBLTEY, FOERIEETH
>7c (p<0.05). HhMICIE, BB E AR
fZICIB W TDA, FGHEIZ16(£6) deg ThH - 7=
DOIZH L, SGEEE 8(+9) deg T, FGEEDIE S
DRKELNEL TR, ZOERFFEETH- T
(p<0.01).

Approach JRHEICO\WTAH S &, BHEAICI

Jids B £ JEE AP A FE ZE OIS 55\ T D &, FG #1230
(£5)deg TH o 7-DITKF L, SGHIL37(£6)
deg T, SGHDIZD> B Tdeg KESHRL T
B, BETENRLALN (p<0.05). HHEIT
(d, BRBAEE AL\, FG#EL 67
(+£8) deg TH o 7=DITHR L, SGHEIL—-57(£8)
deg T, FGHDIT S 2#10deg KE <R L T
BY, BELTERALNK (p<0.05). BEREHIs
fEAREAEAIC 35\ T, FG#flE—1(+5) deg T
Ho DI L, SGHIX19(£10) deg T, FG
BEIF LA EEBRLL T o 72DICxf L, SG
BIMMREL TRY, ZOEIFAETH-7- (p<
0.01).

4. & ®
4.1 EEEOFHICET B ER

AIFFENE, FEEIC L > GEESNFTHZOH)
TE"RINA X A K = ZAPNCRHiid 5 2 & T, H¥
DOIFGEFEREEANCH 2 T 5 EHIFEE % & 8l
POBMEIICH BT S0, EFH 2 B
S GEE L. L DICF—LAHBEE3
B> TEBEINA-FGH 84, SGHSHD
16 DOREF %, S HICHE=FHlFICEEL C
b Do kbR, WRE 7 4 (87.5%) P EBROML,
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T b HITREEOBMEDOA TF—LAFEELEDE
Re—FH L. TOZEhb, BEOIREELNIT
F AT AERICIE, FEFORKOERF L L8
BHYELIA O % e BRZE IR L 75 < & b ITHEOE)
TEO AR BE T 57200 T, B\ IKEE T % i
TEBHT Ehbproile. 12720, AR %E
DORFDIEF AT e d— LT AITIE T4
TiRB A, T TORNGEDHEED LB
WHZ L DFHIE L 72356, FTBBFICST y—< v
ADEHIZBID B 5 OB R H BN S EM
LWz h. koT, ThHED2FOBEL K
T5HI LT, IHEESEFE LBNCEE L /@
HAEBRBRHEE L L THOLPICTES EEZ DN
5.

4.2 ZA S TEBOLE

IFELOIC, REFHEFOA /37 MEFTO A
A7 O E L 25—33 m/sec UVNHIED,
1991b ; SPEF, 1984 ; =94, 2005) LGN T
W5, AMFEOREFL, Table 1IZRd XD
FG 3 LU SG O PHEATRE & $1232.7m
[sec TH-72T Db, ITNHLOWHBREITK
FWMERET O T BT 5ETR2 W2 5.

T/, AMETERAILF—LICET 58HE
%, F—Lba—F 8 LUHZFHEE O ZBRATRHT
IR OBED T 2T 72, JEROHETIE, ALV
TIRE L TERRE IR E W S WO WG A
n<Tw5A UhHEIED, 1991a; BE - Hhily, 1997)
72, TNHORMEITITRONT y—<VALHE
LR TWIREL L TRbN A L2834 (B
iEA, 2010). ko T, EFABEWICH TR
FRICB\WTh, FGRELE SGREOMEIC I S DOfE
WERABND Z EBFHRINLZ. UL, BE
FHWE—F— LICFTE T 2 KETEREF 5V
NIV D EHIM L 72 FG R & SGRICH W
T, A VHER LUFTEGERE, AEERICS
WCHBORICAEEREIAON P72, Th
i, IBEBSCIEFONRT ¢ —~< v A%l
LERELT, A V7 HEESLHREE V-
AA VSRR TAER LD S, EFOXA IV
TDEDFROMEOERE ERFHEIL ThB T &

DRI ND.

4.3 HKEMERMICEKIT D TERENEDLLE
FTEOBFEEIC, B AN | &%
% EE% 1T > Backswing &y, HHHIANCS] &%
el EBEFHICEHL T < Step Jm (Z
NOOEEEITDIR N ) — AT v TEL B HH
AMETEEEPBEHEESE LS Twio), B
gz A A V7 % 4T - T\ < Approach B
o TRER TN TN 5. £ 2T, AR
FEHICHIL TEIER o+ A C LN HITH B 7
O, INLOREAEE2 TEEL T\,
4.3.1 Backswing (FR-FS) Fm
Backswing JSTIC DWW T & % &, Fig. 81TR
T LD, FRIFTIE, SEGEHIL /2 OHIEHE
HICDH, MECBWTHERELRZERAON LD - 7
Z ¢ 75, Backswing IC A BB TII AKX /m%
Rahrotcb\vwasb. FSEEORMLMIC OV TA
Hr, FGHEDIZ S PR O 2» K & <
(Fig. 8-(a)), PIMEIZ I\ THIMER A HF10
deg lZ X N8 Tz (Fig. 8-(b)). Zhix
S (K, 2002) TWS THHBE OS] &M
| %, FGHDIZ D> BB POLICkELfT-
TWAZ EaRRLTEY, I OBYWESEHHIKRE
DORKERBEICERL TS EEZONS.
Backswing EjfEIC D\ CTFH (1992) 1%, AA
V7RIS S5 < 2 & THEG ALV
TRAREICT 5 L XTW B kDI, FG BT
HHEZ EEEC s | 2 S 5B FA KE<fT5 2 &
TAA VT DD I FINF - KELLTWAH
LEZOLNL. —T), REETR 74713y 7
D/NZIVEIEE, By E D70 8T — 3 E v
DNT VA K ES S (BAR, 2004) | LN T
W5, ZOZ EpBIREER, BHEOS S0
BEOKNL, NT—ENRSGUADFV—F A7
DBRICH HHRE L L TR A T\ 5 T EARKBS
N5, koT, KPFFRICEWWTEEEX, FGHf
7 Backswing RAIIC B W T OS] £ FTE)
EARELLTWAI LEFHIIL TWA EEZD
n5.

AN >\ T A % &, Backswing fHfiIC 3
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WTEDHEBICOLWEICEXAON oo B
HEOBIEIC S\ W THERENRD bN/ZIC LB
P oE, AELER A AT HEEEO X BIAifHE
WERAICIT & A E BB IR 7o, 1HEETIR
[Ny 7 ALV TING VAT & 1% R T
v (R, 2006) | LR RxBNTWS T &
5, Backswing [REIIC BF AT EE 4 5
ETCREAZR > TWD ERBEINS.

4.3.2 Step (FS-FC) Bm

Step J&)1H Tik, Fig. 6 17T LHI1C, WEE L
LIZHABELOBBEHEAKEVLOD, ZDE
X FGHOIE > PAEBICKEN 7. £ Tl
O RS 5 &, EEfRREH O (Fig.
8—(2))BYEA FG BEDIE D DAEEICK E o 72
T7o, WHEREFsIOMmE (Fig. 8-(1) BLURE
BfioEE (Fig. 8-(G)) iKW Th, WHICH
BER L5723 DD, FGHDIIE S NEIEL K
E AT Tz, EBHFEICIS WV TFE (1984)
3, FTEMEIC T 2 EH OMBEIEAEOLOBE)
Pz > T LG LT, 361, fBE
LB VTER (2002) &, TEEBATHZR VK
DUTELD BB Z & T, hEABEHEALL IO
BEISE S| LTS, AFFEOREIC W
Td, FGRI AT v 7D b O E) 7F
IO LT, RELERESBIHSE TS
CEDPTRBEINAS.
BHEIC OWTAS &, AEEMIZE VT
FG B3 RBIE OfE (Fig. 8-(a)) ¥ kU4
(Fig. 8-(b)), MBAfiOME (Fig. 8-(d)) »FE
Bllk&Eho7. LrL, INHOAEIT FCH
ICIEEFFICKEREN L, TLAITITFEL WHE
L7, FOERIL, FGEIIFSEICHWT
REAF DR A K E <, BESOIES LUK
HOMBP/NSWEEE L o> THehDHTHY,
FOBAT v T B TRESOMRE S LU
Hin, BRI OMBEIIEY K& {fT- 2R,
FCHICRRAZSOAEIC - 7-DTH 5. Ok
B, /EEOHICE FGRHOIT S AR HHA K =
KEPL TWABEDICHSs/2E 26N,
¥/, AEER L -72bDD, FG#ILFC
R0 B BAET A ST f BE A FRALAL CTds A DI L,

SG BEIX AR T - 7= (Fig. 8-(c)). AEEN
T hBHEWREE AL TOWBED, FEER RV
H DD FGHEDIED 7% 7 deg 1T E BB K E
St Fi, BREIURBOABREICOWTAT
&, WS b FCRICH W CREDOHEF S A~DIE
BEEIEIX A DNV S OO0, BOAEE T
MAZEHLTED, TOEIFCHDOIZD HERE
k&M -7 (Fig. 7). Tnosol b, FG
BEDIE > 7 Step HAICH W T FEHIC BT A
FHENAA VT BBOUED L > mEfFx & -
ThV, HEHEIITEO D XD hhfFr EE
HREELTWABT EBRBEINS. LrL, 8
BT, TELE2 I (K, 2001) ] <
MO ZE S (BT A e L 72\
21T GEM, 2002) | e DfREL LTI N
TE/. ZTNSOBEICOWTIE SG BOH A
FHICHFHRTETW 200, RELEOFN 5
Nisp - 72Did, fREOFREE L TEEIRRA
BWDH, HLKIFIDEDICTFEFNRETLT
AA VT INTOLSEIEOTTDEIETH HD0IE
HeBID A He w2, Stkitfa et it s
HERSERZ VW2 .

4.3.3 Approach (FC-IM) BmE

Approach BfIZH\WTid, &BEMOMELEA
TR IR S O JE A (Fig. 8-(f)) Wit
(Fig. 8-(g)), WHIHEEBIAIO MR (Fig. 8-(1))
ICHEBREDPD->T2HDOD, IM KA LT 5 &
MHFICKERET AN P>/ T, K
FDORR T HRFEEHEFIL, IMFFOLRET
DR L > TWBHLDD, ThuEllzb%
TO@EPRL > TWDHEWR S, Jo THRESE
%, IMKOIFHEDOREATIIEL, FNLURTD
Approach RN B 5 BIEOE R & EE /AR
BEL WA EEZLNS. £ CHMICABELR
(e 2% &, WA O MR (Fig. 8-(g))
I\ T FG BHIMERL A fERR L 72 IRBETH S5 D
IZx L, SGHREIERS R P DA V87 F %l
ZTC\W7z. ZThik, FGHEL Step B B8\WT
KRELNHEESH LT LT, BRICFCRETIIREAS
MEEfLE & 5 Tz Ay, SG BE(L Step FTITO
WAEEIEDS NS v 5 722 &6, Approach [&)H
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TREGINEINEER - b D EEZ LN, ZO
HEEENED SG BEOELOBEIEH O KA & 31T
KL TW5 ERBEn/z. Approach FmiiL, I
HEEE) T/ T IV F —w BRI 2 5 R
TH5 (PE, 1984). £/, fFEEICLEWTH
B (2006) 1%, A4 V7 HIZHR—)IVIZ[IP - T
WS ER—IVHEEPESEL, I—FERBPFH
L] LIRTWAHET EpDY, 7T /O—FFET
DEEF S RANDOWAEEF DK & XL, HHEFOFF
MixkEGL7-BRO 1 S>ThSEEZLNS.

4.4 IREENENI-FTELHETIER
AWFEIL, FFEEOH L, HIRD 751 b/
FOFTRE A L L 7of5 R, HEERRD KD
TEWDD, BFEERFHGL TWAC &b 7.
HENEO MBI 2 i L 7266, AT v T8
YERBRIAT B XA IV ZIC oW, BEEIRR
Mol DD FGHOF ML, FOU Y —A
O] LIZIERRFTH - /o, £z, AT v T
X FGHOTPERICEL, ABEEZRG»r-72d
DD FC KFLABENL SG B X 0 &\ RFf € IM Fr
Az Tz (Fig. 4,5). —J, AA V7R
ICOWTIEEBEARZEOMEEZ R L 7272, FCIHKf
DO, BOREAERS XOAEREICOWTARS
&, BOMER JUAEEIIME & b RSEOMEE
FRLDICH L, BICH\WTiE, AELRE%OM
TR LIcbOD, FAEER FGREOH P 3 5D
KEWMERERL/ (Fig. 7). £2 T, IMBEH»5
AT TB I K U ME D B F 5 18] 8185 % 1 & 7= IRy
JRED OSEYE & g L C A/ (Fig. 10). 2D
W, BOEEICH WTFGEIL, —0.19sec
(£0.03) T, SGH#ix—0.21sec (£0.02) TH
ST, —F, BopREEx FG A —-0.32sec (£
0.10) CFCHEX VLBV A IV T TH 72D
I, SGBEE—0.28sec (£0.04) TFCH X
DLEBNIA I VT TRFHAANDEERE IO T
B, ZTOEIEETH->7- (p<0.05). U LD
T EnD, KFEICEKT 5 FGEEL, Step BT
KEBWTHEEEFAANEERESE TR I &T,
Approach FTHICE T ARFHIZH L TW5 &R
wahb, £, B OSESBERFHEALITL

(time) Hip Shoulder
0.00
-0.10
-0.20
-0.30
-0.40
| | BFG OSG
-0.50 *
* . p<0.05

Fig. 10 The event that the hip and shoulder start to
rotate.

T3 HE(FEIL, HEBRSICWT [Hh (F
I, 2006) ] LFENASEFL—HLTWBHLE
26N, HEHFIFGHOZO LS FHEHD—
HOBEZFHIIL TS EE 26N 5.

7o, WEFOBFZ L 7/ R0 5, HihE
DOBEFEHEA AL FG B Step FTANIC B\ T
BLAKEHo 728, SGEEL Approach [RTAIIC 3
WTlRLZEMT S EWSEWHEALN: (Fig.
6). ZITHLOBEIEMOZ(LICK L ZE
52 58FL LT, WK O (Fig. 8-
(2)) BLUBHMHERE OMmE (Fig. 8-(d))
DEBNREINT. 02 ODBFEDOMEL
f2id, FGHET Step mE T — 27 &l 2 72D
xtL, SG#tL Approach i cEY— 7 %l 2,
FEOOBEIEREOZN & FkOEN ZRLZ.
7t bH, FGHEIL Step iy fi T, SG#E (T Ap-
proach @I CEIZ, HHIKEMI s 5 C
ECHGREEF RN ESEE Y R L TR0,
B B A O MR BN L Z OB By A HlfH s L OF
Fik T A7 DOMEFEIIEE L TfThh Tn5 &%
Zbnb.

AMROEREE LDD &, IHEEHTAA VT
BYEICRAT T A LUETO PR TEIEDO X A 2
VI OENE, BFEFHETAERNOLI DL L
TRz WA EEZLNS. LaL, APFFETIE
ANz T AR ARDEYE A Mint T E e 7
728, %I BB OBIEICE L THaEE ORHfli 4
A LRI OWTOHMICHR A 0NERD 5
72AHD.
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5. #& A

KBFFEE, BFEROITEIC S W THBOEEE N
BFEO/NNT g —< U A% G HBRO R 5%
BT H72DIC, HEFOEBINFHEIC L - T
RO 5T ENIEFOEER/NA X AN =7 A
WCHEL L 7R, LITOZ SR 7.

O KFEHEROFGH L SGHICHEWT, AA

VR TRGEEE, AR KT K&
EIAOLNE» - 72

@ HFHHELOBHEBICS VT, FGHIZ
Step i CTix b A& S ERLL 7228, SG BRI
Approach I TR b KX KE(LL, ZTDE
BEECTH- 2. £, BB O/ MEE
TEIC IV Th FBEOMER 2 A B/,

® A7 v /EEREIL, FCREOIFS> AEEICE
»o 7.

@ BEXEILP-LLODAT v TEIEOR
RN FG FEDIE 5 R L, 1RITEFOY
U — A LFEKTH D, Approach J&E DK E
TSGHRLED LHED - Tz,

® MBEOMEEICHE T, WEEE I FCRL
i GEFHRNCEER L T/ DD, FC
FOfEIE FG #EOE D BRABTICKE 1o /2.

P EDORER LY, RAHEICET HIHEEE, 7
FHOAA VT HEEATERER, Kise EOHEA &
D LETF L ORHEER, Wb hr XA I VTR
ZHITHESEBEZRHMEL T3 2 EBRREI N
7o Fio, EOLOBEREEZMIC VT, FGHF
L SGRTRI A/ X —V AR L, U3l
BB O EEIED A E KBS L TV AT EAUR
Baxnic. 61, FGREIAT vy 7OmEh =5
O, AT v KRR EHT ETR—IV G| &
i, B R C AL v 7 T - T
Wiz 7eds, FGREZ SO X D #hfEa FCHEIC
SEARFHRNCEERZ S8 5 AL V7 BtgO#E
HENED L D% T & ®{TD T & THIBRICL TH
D, TNOOEEOERHIFEE TEE L ER A
ELTWA I ERREINTC.

pu
H1) B IUCEARFEHRANERZHO R EOR
ki, T EA EOWBRE D ARE OB IEAY
Rt e 5 RmEA T, BEFHRAIEL TW77
B, BRI 1deg/sec UL ETRE < HnL 2ok
meL7z.
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