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{Table 3-1>%Tt}.
(Table 3-1) =] AASA

997 S 2 % A % 73
NGC 22 175Cm BKg 11d
HSD 21 178Cm T2Kg 104
LDS 22 174Cm 65Kg 9d

2 Ao AHRE A JI7le ZA AR FES 5 At § 2HESH

# 9 3l+= Panasonic Video(2W] 60=Z g )3} o] tpr] A 317 3t vy

tlo

to

+417](Sanyo, Sony) ¥ #4 2% Kwon 3D #4] #H7|X2 43

Ad Aabs A syl dell 7 s dAeitt 1970 A AF-91el Landmarkers
FFete] gAEolHA eAE FolE= Stk FE FhvlEel A= @A)
sk el el Al Sz Aztow AAg - ghHeke] Fol

BseE 9oo) $R9 248 ARE 259 ol sveke] 2¥=E 60

ZYQl/z20 % ¥a, AHAYEE /100027 HA 9ot
7hlet Alg el 5 @ 5 Aso] webd Zhzt 2gEUR S AAskdt

et olu ool B AA stHAJoAY A9} AA AFEA] 9 WSS =4
st7] 98l ~ElEgE AR FA

B2 3 RES A2 5 A &

N

] E-(Object of control point)S WA &3}

Ak 2 AFAHE <Fig. 1 3 2o
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Photograpy
'l{ape encoding
Digitization
Interpolation
Linear variables
Aégular variables
éOG variables

\
ANOVA

/ 1.S)l\l?’*amﬂ

View Field
A
|
Al
NPT
% View Field o
| ___viewree

Cam=1

e

Kwon 3D Motion Analysis System

Camera=panasonic Viedo
Shutter speed=1/100sec
Cam speed=60frame/sec

Reference ruler 150cm

<Fig. 1> Ad x4

AAELDL AA el £dEe] 2171 Bl

A E - A= (BSP)

o3 AAd" A A~ (Rigid linked

O

body system)©o = A eJstil, w oA = THAE R A

Qs s ol gshrk s wAH e

Fo] Aok A B4 FA FAHA g A EEAEE Yeadon-Kwon(1994)
g olgaela, o5 AAl HAA 9 EAL Aot F tiAeeld HAEE: @
mejelel 2370% sk Wl Zeleleieh tAete] el @A s BARE  (Table
3-2) o]al A=A ARE (Table 3-3) # 2t}
(Table 3-2) #HHdd 3} x| Elol A=A
= A # 4 3 il #+ 4 3
J1 Rference Point J 12 Right Ankle
J 2 Right Hand J 13 Right Knee
J3 Right Wrist J 14 Right Hip
J4 Right Elbow J 15 Left Toe
J5 Right Shoulder J 16 Left Heel
J6 Left Hand J 17 Left Ankle
J7 Left Wrist J 18 Left Hip
J 8 Left Elbow J 19 Top of Head
J9 Left Shoulder J 20 Chin & Neck
J 10 Right Toe J21 Nose
J 11 Right Heel




(Table 3-3> <1A=AHA = (Body segment parameter)
Segment CM(%) Mass(%) |11(kg . cn) |12(kg . cnf) |13(kg . cm)
Upper body | 0.00 63.71 0.00 0.00 0.00
Lower body [ 0.00 36.29 0.00 0.00 0.00
Whole body | 0.00 100.00 0.00 0.00 0.00
Trunk 58.46 45.56 10564.00 11372.36 2966.58
R.upperarm |47.76 2.79 140.78 140.78 19.64
R.forearm 43.14 1.77 70.68 70.68 8.65
R.hand 39.09 0.79 13.41 15.11 3.12
L.upperarm |47.76 2.79 140.78 140.78 19.64
L.forearm 43.14 1.77 70.68 70.68 3.65
L.hand 39.29 0.79 13.41 15.11 3.12
AT BiE B A AHEHE AASFA AEE Yedon-Kwon(1994)] 2
5 AREstT AdESAY A= B s S ® FEY FAS on
shaL, T = BEdo #AA HEdEZ ouith
4. A58
1) A eteld B A
#9d vde 255 Hde 24794 WA Encodings ¥ th& ©]E Kwon
3DEA] Alz=®Ele] LA wEl  Body modeling(BSP : Yedon-Kwon), Master

file(Data collection information, Event & Phase definition, Data processing, user

Zy 7}

Z) 2 A

o

angle), Subject file(BSP estimation), Trial fileZ
NAeEE 2L
el weba TAEelde stk UXEeldE Aui )
AE2A @ Eetolde] UArel o] gudw 4F FAz AFHA g

A Efolgo] ghuH o17] e u) =gl whrh

o

zkol % 7] 8k (Initilization) Al 71

F a94 2 A4 oA F
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°] ®Zk(interpolation)& A%l th& & A9 EAo] Zad AR W9, £
—

HAEE)I RS, AEE, ANEE)S HEF

= 7oL, =% #ARE "AEelol slo vl RedigitizingE kol 7hs sk
248 e AAY
i3]
Hread Y
20 Uppor [orgo
Fright axm .
I af arm
7
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1 13 18 §
Right leg LeM leq
12 17
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10 _Ig\?ymzeq paint
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<Fig. 2> QIAZHEH
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OAEel Y B HEE AR AN 2 AN oxe WAE Foly] s A
=

4% A F3}(cut-off freqquency)= 6.0Hzol A 2 E & (filtering) < 4%} t}.
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(1) RZFH (interpolation) : TlAElo| A= Z+2be] FHEE HIMAF|7] $3F Al7F
HAL v ZYdd 001G A,
] At

t = ALy = Al E #HxE, ASA 74 A-Fx e e, vi)

’

O

—

oA (ti+ 1, vi + Delehk & wf 3 fild)E AEFE AT o
y(t) = fi(di)
=C3i - di3 + C2i - di2 + Cli - di +vy
AN i <t £ ti + 1
di=t-t
C3, C2 & C1 = ==l AF

vio, —X =

Franje i+1

j Liel

Fig. 3> (i +yi) ¢ H + 1, yi + D& A8+ =& &

>

Frye 2399 g ALS A, e AR - FHEA

o Azl A BAE HE vit g v FFEYEH T8 5 Aok

)
=2
>

o
Ipr
ax
o

Yi=y(tg) =C3i - (G -t +C2 - (f —t)>+Cli - (g -t)+ y7} F}h

@) &%, A%E, AAFAY 94, %, &R BE

>
2
Sh
i
ety
10

2 #F3x Piol "igk Hx (Ve
Vi=(®Pi+1-Pi-1/24t

TFEE AlE

Ai = (Pi+1-2Pi + 1)/ (41)?
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Eod &2% AR i 0.306+0.01(30.50%) %, WekEA 7} o] Ak &7HRE
AF7HA 2w Az Fit 050040.16(43.75%) 2 2 et 3
Aol Al Al 28 A2 F 3t 1.000+0.01(1009%) 2 VFERE T
Zezetd o] 49 38 APAA FHIAANA B FHEATF o] A kE &3F
7HAl AL AIZRE Bt 0.322+0.39(30.83%) =%, WHE X7} o)A sk #IHEE
dFA b oA st H AQW AHE Har 0.280+0.019(27.64%) %, WA 7} o]

of
1o,
i
)
it

)

AsteE S H JF7EA A8 E AIRFS Wt 0.433+0.033(41.53%) 2 = WHEFEL T
389 Z= oA HA AQARFS "t 1.04420.038(100%) & = hEFSE
%

gol Yol Hlgte]l ¥ B2 Ate 2%
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o| Ao} WSk R] o]z wWHol A o] B AIFS AAS Aoz YEFHE'=180.26
DF(2,2) P<F'=0.01)ZAz}ol]l v]3tH =7} disigo]l & A8 A7k dia)] 255 o]
A Hzp dekit ] o] x|l A

Age % 28470 30% FFFRANA AFA
7} 40%9) £8F etk AF

o| A= o] 36.90%, WekE A o] A=

M\
-3
>
By
2
>
i3
40
o
o
x
N
>
L P
ol
ofy
59
=
>
W d
i

<Table 4-1> Elapsed time(%) by phases from start to entry between flat and
fold style of Grab start

Phase Ready-heel @ Heel start- toe

Subject start(%) takeoff(%) takeoff?Eoﬁtry(%) Total(%)
N flat 0.300(30.0) 0.317(31.7) 0.383(38.3) 1.000(100)
fold 0.300(30.0) 0.267(26.7) 0.433(43.3) 1.000(100)
I flat 0.300(29.5) 0.300(29.5) 0.417(41.0) 1.017(100)
fold 0.367(34.4) 0.300(28.1) 0.400(37.5) 1.067(100)
D flat 0.300(30.0) 0.300(30.0) 0.400(40.0) 1.000(100)
fold 0.300(28.1) 0.300(28.1) 0.467(43.8) 1.067(100)
flat 0.300 0.306 04 1.000
Mean a +£0.00(29.8) £0.010(30.5) +0.017(39.7) +0.01(100)
+SD d 0.320 0.289 0.433 1.044

+0.039(30.8) +0.019(27.6) +0.034(41.5) +0.038(100)




W9l <Table 4-2> ¢ Zomn, WA ZFu2erde] 495 SAsd 72 S4=d

o FERE FW BBA BHEAI olAsE #1, WIEAL oAsE #1,
Eol Yot o TRl RAsArh 390 PN FulAAAA
ABA7} ol Aste A AWom LAFA W= B 9433+5052m, W

i)

WA 7 o] A Bk =RHRE Wekw A b o] A st A WAoo R W=
it 38133+13.024cm, LHE AV o] A sk #=1HEH JEAA AW Fgow
AFAel WeE HF 114600£13648cm= A A FgPrdgoge] W= Hi
162.166cm= YRS FAISA S xgWeFowel v Z WE H FHe
TETH, WH A o)Al A Wk oA 7kA], FH|AFA Al W 3R] o] X 71|
o] FOo & UErR

FRAA A A FA T o)X st E=AA ARG r FAFAY W
B 84.300+2.945cm, WA 7b oA Bk EXHRE O EHEA|TE o)A g =11t
A AWML= it 115.067+6.929cm, HAw X7} o] A sk &IHEE JFTA F
Apgro 7 RLAFA S W= HiF 110.700£1.389cm = zHzE YEbd b A A
AkgFo g o] 7hg & WYE Bl S BEE A o] R oA ek X] o]
T, SR AA A E A o] A kA & &0 2 eI

o
N
X
i
z
gt;
o
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<Fig. 4> Stick figure from start to entry between flat and fold styles of

Grab start

U IHPXEES] ZE2EYAS A e 74 BATHY TR S E544

HHEA7F oA st =1k, FEwA I o)A sk w1, Eo] dgste we® T
ote] A stk 3o JFAtell A Fn[AbAel A EFE A7} o] A ek =XE7RA
Aoz FAZAS W Hit 10.033+3.436cm, HFHF X 7F o] A& =7
2 W9 Hit 41.267+3.121cm, HoE
A7t olA sk = H YAl Ao s FASA W= Wit 97.367+
3.153cm=E ZHzF v uf FAFAS e ore] g & WeE Bl 9
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2
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D
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ot
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o

Tt 84.667+5.000cm, TF X 7F o)A sk #AHREH O Eekw A TE o)A sk =1t

)

FAWLIE Fr 112.300+1.992cm, TE A 7F o)A dh= E=HEEH YA
o g WAFAY WMeE HF 116700+3.195cm= Z7b vk, A A 78
2 A9 E 148667cmA k. FATA ] FAWgo o sh
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<Table 4-2> COG displacement by phases of flat & fold style of Grab start

unit ‘cm
_ Heel start-toe .
Phase| Ready-heel start takeoff Toe take off-entry
Subject flat | fold flat | fold flat | fold
N Y 12.30 8.00 23.10 37.70 130.00 94.60
Z 86.00 78.90 123.00 113.50 110.00 119.20
I Y 12.40 8.10 46.00 42.60 104.00 96.70
Z 86.00 87.30 112.00 110.00 109.80 113.10
D Y 3.60 14.00 45.30 43.50 109.80 100.80
Z 80.90 87.80 110.2 113.40 112.30 117.80
v 9.433 10.033 38.133 41.267 114.6 97.367
Mean £5.052 +3436 +13.024 £3121 13648 £3.153
+SD 7 84.3 84.667  115.067 112.3+ 110.7 116.7

+2.945 +5 +6.929 1.992 £1.389  £3.195
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<Table 4-3> COG velocity by phases of flat & fold style of Grab start

unit : cm -+ s

-1

Phase Ready-heel start Hee% ai‘[eagftf—toe Toe takeoff-entry

Subject flat | fold flat | fold flat | fold
X -86.30 38.10 -314.40 569.80 -1409.50 -52.50

N Y 218.10 91.50 725.90 139.80 164590  170.50
Z -88.20 16.70 79.50 13050  -934.70  -69.80

X 39.20 13.30 57.90 -41.10 -48.70 -41.10

H Y 70.30 72.40 137.90 133.70 222.20 160.50
Z 30.00 1.10 101.40 124.50 -89.80 -63.60

X 24.10 40.10 55.80 28.30 -20.40 -28.30

D Y 96.00 90.80 151.40 129.70 115.20 132.90
Z 34.30 26.70 106.80 150.50 -63.20 -67.80

< -7.67 30.5 166.9 -40.63 446.8 -40.63

+68.52 +14.92 +21434 +1211 4833.84 £12.10

Mean v 128.13 34.9 338.4 134.4 661.1 154.63
+SD +78.97 +10.83  +335.65 +3.09 +85454  +19.47
y =797 14.83 95.9 13517 -36257 -67.07

+69.52 +12.90 +14.46 +13.61  +495.66 +3.16
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<Fig. 5> COG velocity of flat style

Time(%)

23 -



E.N.T

78

H.T.O

22 29 36 43 50 57 64 T

200

150

o o
0

100

(09S/WO) TR -8

—100

Time(%)

<Fig. 6> COG velocity of fold style

oF
ol
N

Gl
‘B

R

~N

ezl
——
file)
T
i
]
oF
ﬁo
o)

<]
=i
i

A

]

%
HAwA 7 ol

<Table 4-4><} 7t}

A=

94

S|

al
=

ol A

H]

=
R

o] 4
111.33+25.12%,

5%

94
51)4

tol =5 48, 39

S

i

L.
.

7

3

pu

1395041241 =5 1}E}

E RN

3

o
K

249

al

%, 1

vt 158.47+10.99

3

M
= 3
— ¥

o] A Ayt 22.846.16%,

el

)

g
a

It 68.27+42.23

H

e

_24_



= 2 H9E B EFEA oA oA ek A o] A7 = A 158.47+10.99%= A

v FFoEe] 137.2045340%, FR[AFMOlA EEE X 7F o] X sk = H A
11133251259 A2 F& 29 a71& BRIt

oz
fuj
i
>
L
ol
0
ui
>,
e
=
ol
(!
4
-
ui
>
ok
ofy
N
=
o
>,
ins
¥
)
N,
rlr
ui
B~
(4
4

H b el
goR Fusude] 49E RAsE FulpAdA wHEAL ol s

o

&

A ESEE A oA ZAA Sl 162.40+4.50% 5 e, FHl AR A R A7)
ojAlskE Il Wit 11240+1473%, T5Ho 29.07£11.08%=9] A2 F&

Aol Ar71E Bt FEAEY] e SHAAdAE va A =

2 B QA AUt Faagel 4w Awe] AdH AAZ WE F 9

= AL SdF =aAAE AstuA A Aom AlgEn

aBAel AG FEFHA 13800149058 7 2 A HES ¥ ar, =4 AHA

ol A WE A )X 7X] Bt 135.40+12.21%, LHFA] o] x| oA YA o] X
oA 330348985 Rl Hh, AS FLA= awEe] AATE A Ao

G R AlFste] FAAANAN 4 =5 F HA F

ofy
>
=
2
>

o
&
N
x
fr



a7
Sk

S

}

kel
o

=

=

1 sl

°©

7l 9]
Aol o

=

=

3

A7} 4]
/‘\_]_
3 Z=a A

fs

4

7S
LA

s

]

Al
Ho

=

=

] 2 g
el Aol ¢
154 A&E F71
7} o) whebq oA

A

Wel 7o

Ao ARET
s
A

A

N

i

hul
R

pu

ot 4 o A" AZAA
te 2] aade] FaxA =

Ao ArEc mekA

shgu
A7) A

©

AE AAS FH
A

]

A
!

43]

S
Ll

4l

= 1

00

‘mno

—_—

0
'

&t

S

el

=

=

o]

S

Els

el
o= et FFolA

b2t

Z}

=-2.69722 P<.055F A

Al ARA A A 9 =7k
T=34345% P<.05FF7 T

o
W
7u

|

SEEEE

pud

g AAT & = Sl

el

o A97}

_'_F_

2k A

ul ok
o 46.70+33.22

=oAL =

g
_,

[e]

]

7 =

-
It

I 119.07+18.07

e}

A
I 68.27+42.23%, Al

]

Rz

Hol
=,

it
[}

E|

o

 22.80%6.16

} Ao Aol7b gl Aoz yehyth we

_26_

A%
o 4%

=
- .
b
-
it

]

8

Hol

139.50+12.41
574 F7h

3

i

H ol

-
3t

(1998) ¢]
ol A=A =7

[e)

7}

A 3= TH o] A
T 58.47+27.98

=



AR ATl E AHsd FEAMA BARAEe] 27]% FaANE FAL
s o] Basirh

<Table 4-4> Angular displacement by phases of flat & fold style of Grab

start.
unit : cm
heel start-toe take
Phase Ready-heel start off Toe takeoff-entry

Subject
flat fold flat fold flat fold
N r + knee 32.80 98.20 160.80  165.10  174.90 16.30
r - hip 150.40 128.20 18.90 32.20 28.80 150.70
H r - knee 130.10 127.60 14650 15720  160.60 36.20
r - hip 126.00 128.50 29.90 42.40 63.20 121.60
D r - knee 121.10 111.40 168.10  164.90 76.10 34.70
r - hip 142.10 149.50 19.60 24.50 112.80  141.70
111.33 1124 158.47 162.4 137.2 29.07

Mean r - knee

+25.12 £1473 £10.99  +450 534  £11.08
139.5 1354 22.8 33.03 68.27 138

£12.41 +12.21 16.16 898 #4223  £14.90

+SD r - hip
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<Fig. 7> Angular displace pattern by phases
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<Table 4-5> Angular velocity by phases of flat & fold style of Grab start.

unit: deg/s
Heel start-toe

Phase| Ready-heel start Toe takeoff-entry

Subject take off
flat [ fold flat | fold flat | fold
N r-knee  -33220 21480 47860 42290 5920 -108.90
r - hip ~14410  -20590 40530 16510 6740 1630
- r-knee  -18480 -181.40 -166.00 512.00 -8950  277.40
r - hip 25780 -101.50 -81.10 -385.00 -495.70 -253.20
b r-knee 27750 -251.80 34220 42140 19380 119.30
r - hip -337.10 3040 -149.30 -298.70 -113.20 -291.50
. -264338 216 21827 4511 545 95.93
Mean = °C 17451  +3522  +3397 5188, +141.71 +194.21
+SD - hip 24623 2038 -2119 -17293 -22543 -176.13

+96.99  £101.27 =*170.93 29592 23518 =*167.75
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<Fig. 9> Angular velocity by phases of flat style
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ABSTRACT

Kinematic analysis between falt style and fold style in Grab
start technique of Cheju representive swimmers.

Lee, Tae-Gil
Major in Physical Education
Graduate school of education, Cheju National University Che, Korea

Supervised by Professor Ryu, Che-Cheong

The study was undertaken to analysis kinematic variances between flat
style and fold style in Grab start technique of Cheju representative swimmers.
For this the study analysis technique was 3 dimension cinematographic
method to 3 swimmers participated in the study.

The conclusions obtained after analyse were as follows.

1. Temporal variance was not significant difference statistically between two

styles all phases, but showed rather shorter in flat style than fold style.

2. Displacement variable(X,Y,Z) was not showed significant difference
statistically between two styles in vertical(Z) and side direction(X) but showed
significant difference statistically between two styles in P<.05 level. Therefore
flat style was more desirable

technique considering forward direction.

3. Velocity variable(X,Y,Z) was not showed significant difference statistically
between two styles in side(x) and forward direction(Y), but showed significant
difference statistically between two styles in P<.05 level in vertical
direction(Z).

4. Angular displacement showed significant difference statistically(P<.05
level) in knee and hip joint between two styles. Flat style was more desirable

technique Considering moment of inertia of lower leg,

5. Angular velocity was not showed significant difference statistically in
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knee and hip joint between two styles.

6. Factor influencing to velocity variable was showed very high positive or
negative correlation relationship in vertical and forward direction in ready phase
commonly in both styles. The correlation was showed very high negative
relation between COG velocity of vertical direction in air phase and vertical

displacement and COG velocity in forward direction
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<Tabled4-6> Correlationm matrix among variables influencing to velocity from ready to entry phase in flat style of Grab start technique
29l x1 X2 x3 x4 x5 X6 X7 x8 x9 x10 |x11 [x12 [x13 |x14 |x15 |x16 |x17 |x18 [x19 [x20 [x21 |x22 |x23 |x24 |x25 [x26 |[x27 [x28
x1

x2 -0.866 [-0500 [0.491 0500 |-0.999 [0.991 [0.977 |-0.436 0987 |-0.999 {0.999 |[-0982 [0.998 |-0.999 |-0.983 |0.761 [0.148 |-0.845 |0.611 [-0.809 [-0.782 |0.911 [0.663 [-0.979 {0.028 |0.581
x3 0866 [0.009 0.000 [0879 [-0.794 |-0.952 |-0.071 [-0.936 {0.850 |-0.880 [0.757 [-0.833 |0.852 0941 [-0.983 |-0.622 |0.893 [-0.134 {0.407 [0.989 |-0585 [-0.949 [0.948 |-0525 [-0.911
x4 0509 [0500 [0523 |-0.383 [-0.672 [-0.561 |-0.634 (0473 [-0517 |0.320 |-0445 [0.477 [0.647 |-0.942 |-0930 [0.998 [0.379 |-0.104 [0930 [-0.100 |-0.980 [0.663 [-0.880 |-0.995
x5 |xL:Z Y 2EL A7 0100 |-0.468 |0.600 [0.295 [-0.998 {0.343 |-0518 0474 |-0.645 |0.545 [-0515 [-0.327 |-0.191 |-0.789 [0.459 [0.990 |-0.909 [0.157 [0.856 |-0.325 |-0.308 |-0.856 |-0.422
x6 |2l (Ready-heel start) -0.477 (0608 [0.305 |-0.997 |0.352 [-0527 0.428 |-0.653 (0553 |-0.523 |-0.337 [-0.182 [-0.782 [0.450 [0.990 [-0913 [0.147 0811 |[-0316 |-0.317 |-0.851 |-0.413
X7 |[x2Z P AEFY A 7Sl -0.988 |-0982 [0.412 |-0.991 [0.998 |[-1.000 [0.997 |-0.996 |0.999 [0988 [-0.778 |-0.175 |0570 [-0590 {0.793 0799 [-0.900 [-0.684 [0.985 |-0.055 [-0.603
x8 |(Heel start-toe take off.) 0941 [-0550 {0957 |-099 [0989 [-0.998 |0.998 [-0995 [-0.952 |0.670 0018 [-0.435 [0.709 |-0.879 |-0.956 [0.958 [0.561 [-0.946 |-0.101 [0.471
X9 X3 FHAEFLAZEHQ] (Toe take off- -0.235 [0999 [-0.970 {0.981 |-0.920 [0962 |-0.971 |-0.999 |0.881 [0.355 |-0.714 |0.429 [-0.666 [-0.897 |0.804 |0.807 [-1.000 {0.240 [0.741
x10 | Entry). x4:ZF R~ AIZHE QD (Total) -0.284 [0.464 [-0418 |0597 [-0.491 |0.460 |0.268 [0.252 [0.825 [-0.513 |-0.979 |0.881 |[-0.218 |-0.767 |0.383 [0.248 |0.887 [0.478
x11 |x5:F A=A 1A EF 4 Y ¥ ¢ (Ready-heel start) -0.981 |0.990 [-0.939 {0975 [-0.982 |-1.000 |0.856 [0.307 |-0.677 [0.475 |-0.703 |-0.873 [0.833 |0.777 [-0.999 [0.191 ]0.707
x12 |x6:F A=t A H F 4238 9] (Ready-heel start) -0.999 10988 |-1.000 [1.000 [0.978 [-0.740 |-0.117 |0522 |-0.636 [0.827 [0.763 [-0.924 |-0.640 |0.973 [0.002 [-0.557
x13 |Xx7:ZE A2 =Wl F A Y 9] (Heel start-toe takeoff.) -0.978 10999 [-0.999 |-0.987 |0.773 |01682 [-0.565 {0594 |-0.797 [-0.795 [0.903 [0.677 [-0984 [0.049 [0.598
x14 |x8F A=l d A H F 4 ZA 9] (Heel start-toe takeoff.) 20992 [0987 0993 |-0.626 10039 [0.382 |-0.748 |0.905 [0653 [-0.972 |-0.512 [0925 [0.158 |-0.420
x15 |x9:FA=E L T HE Z YR (Toe takeoff-Entry) -0.999 [-0970 [0.719 {0.086 [-0495 |0.660 |-0.844 [-0.743 [0.936 [0.616 |-0.966 |-0.034 0.530
x16 |x10:ZFR2~EF D5 HEFAHZHM S (Toe takeoff-Entry) 0979 |-0743 [-0.121 [0526 |-0.632 [0.825 (0766 |-0.923 [-0643 [0.974 [-0.001 [-0.560
x17 |x11:Z P2l oA ¥ F A4 S =Y 9] (Ready-heel start) -0.865 [-0.322 |0.689 |-0.460 [0.691 |0.881 [-0.824 [-0.787 |1.000 [-0.207 [-0.718
x18 |x12:Z P 2EfY oA E T4 & =7 9] (Ready-heel start) 0754 |-0.960 [-0.048 [-0.234 |-0.999 [0.427 0990 |-0.875 [0.670 0970
x19 |x13:Z P 2EFY o H R T A S =Y 9] (Heel start-toe take off.) -0.908 |-0.692 [0.460 |-0.731 |-0.720 |0.838 |-0.342 {0.992 ]0.890
x20 |x14:ZF At A FA S EZH 9] (Heel start-toe take off.) xI5ZFA~EL A FAESE 0326 |-0.047 {0.949 |-0.157 [-0.989 {0.704 |-0.851 |-0.999
x21 |YWH 9] (Toe takeoff-Entry) x16:F Rt d 1 HEZFAEH 7 9] (Toe takeoff-Entry) -0.960 [0.013 0882 |-0.186 [-0.441 |-0.773 [-0.288
x22 |x17:Z A2t =l kneeZ'H 91 (Ready-heel start) x18:ZFH=eld =W hipZhiH ¢ 0268 [-0.979 {-0.098 [0.676 [0564 [0.006
x23 | (Ready-heel start) x19:ZH=Eld =AY kneerZt(Heel start-toe take off.) -0.459 |-0.985 {0.891 [-0.644 [-0.961
x24 |x20:ZF P ~epd = Ad Wl hipZi(Heel start-toe take off.) 0208 [-0812 [-0.384 [0.197
x25 |x21:ZF P Aepd =l kneeZd W $1(Toe takeoff-Entry) x22:Z A ~etd =Wl hipZh A 9] (Toe take off-Entry) -0.800 [0.767 [0.995
x26 |x23:Z PRt =F W kneeZ & =W 9] (Ready-heel start) x24:ZPW2eld =W hipZt4 =1 9] (Ready-heel start) 0227 [-0.732
x27 |x25:Z P 2epd il kneeztSs W 9 (Heel start-toe takeoff.) x26:Z P 2eld = hipZt4 = (Heel start-toetakeoff.) 0.830
x28 |x27:Z A2t F W kneeZd & =W 9 (Toe takeoff-Entry) x28:Z A=Wl hipZd& =¥ ¢ (Toe takeoff-Entry)
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<Table4-7> Correlation matrix among variables influencing to velocity from ready to entry phase in fold style of Grab start technique

8.9 [x1 X2 x3 x4 [x5 x6  [x7 x8  [x9 x10 [x11 |x12 [x13 |x14 |x15 [x16 |x17 |x18 [x19 |x20 [x21 |x22 |[x23 |[x24 |x25 |x26 |x27 |x28
x1 0500 [-0.862 [0.500 [-0.487 [0.456 [0.370 [-1.000 [-0.183 [-0.976 [-0.999 |-0.922 |-0.119 |-0.679 |0.442 [0.948 [0.696 |-0.489 |-1.000 {0.903 (0557 |-0.953 {0.755 [0.875 [0.999 [-0.620 [0.809 [-0.398
x2 0009 [1.000 [0513 [0999 0990 [-0522 |0.760 |-0.678 |-0528 |-0.125 |-0.919 0.297 |-0.555 [0.748 |-0.274 {0511 [-0.519 [0.080 [0.998 [-0.738 [-0.190 [0.018 [0.487 |-0989 [0.913 |-0.993
x3 0008 0863 0059 0153 0847 [0.657 [0.730 |0.845 [0.991 |-0.401 |0.957 |-0.836 |-0.657 |-0.694 [0.864 [0.850 [-0.996 [-0.059 [0.668 [-0.983 [-0.999 |-0.869 |0.137 |[-0.399 |-0.123
x4 0513 (0999 (0990 [-0523 |0.760 |-0.678 |-0528 |-0.125 |-0919 |0.297 |-0555 |0.748 |-0.274 {0511 |-0519 {0.080 [0.998 [-0.738 |-0.190 [0.018 [0.487 [-0.989 [0.913 [-0.993
x5 |xLEZE=2AEYAZE 0555 0631 0465 0948 [0.284 0459 [0.788 |-0.809 0.972 |-0.999 |-0.187 |-0.966 [1.000 [0.468 [-0.815 [0.453 [0.201 [-0.940 |-0.849 |-0.500 |-0.381 [0.119 |-0.607
x6 [#12l (Ready-heel start) 099 [-0.478 [0.791 |-0.640 |-0.485 |-0.075 |-0.938 |0.344 |-059 |0.714 |-0.322 {0553 |-0.476 {0.030 [0.993 |-0.704 |-0.239 [-0.032 [0.443 [-0.980 [0.892 [-0.998
X7  |x2EZE=2AEYAEA 0393 |0.846 |-0564 |-0.400 [0.019 |-0.967 {0.431 |-0.670 {0.644 |-0.410 [0.629 [-0.390 [-0.064 [0.978 [-0.633 [-0.329 |-0.126 |0.356 |-0.958 [0.845 |-0.999
x8  |(Heel start-toe take off.) 0158 [0980 [1.000 [0912 [0.144 0660 |-0.420 |-0.956 |-0.677 {0467 |1.000 |-0.892 |-0.578 {0.960 |-0.739 [-0.862 [-0.999 [0.640 [-0.823 [0.421
x9 |x3ZEZEFL AR (Toe take off- 0037 10151 |0550 |-0954 |0.846 |-0962 0137 |-0.834 {0.947 [0.161 |-0.587 [0.714 [-0.122 |-0.782 [-0.636 [-0.197 |[-0.657 [0.429 [-0.829
x10 | Entry). x4:Z=2©etd A7 <l (Total) 0982 (0815 [0.334 [0501 [-0.235 |-0.995 |-0521 |0.286 ]0.980 |-0.787 |-0.726 {0.996 |-0.594 |-0.748 |-0.972 [0.778 |-0.918 [0.589
x1l [x5:ZF=2ed3HE A YH Y (Ready-heel start) 0909 0151 0654 |-0.413 |-0959 |-0.672 (0460 |1.000 |-0.889 |-0.584 {0.962 |-0.734 |-0.859 [-0.999 [0.646 |-0.828 [0.427
x12 [x6:Z=2EdFHE 4799 (Ready-heel start) 0275 0910 [-0.755 |-0.752 |-0.920 |0.789 0913 |-0999 |-0.192 |0.762 |-0.950 |-0.994 |-0.927 {0.269 |-0.518 |0.011
x13 X7 Z=2ed 3 HE FAYH QY (Heel start-toe takeoff.) ~0.648 |0.838 [-0:427 |0.630 1[-0.808 |0.141 |0.318 [-0.801 |0.414 [0561 [0.377 |-0.105 [0.852 |-0.680 |0.958
x14 [x8ZE=2ed Wl H T 72 9] (Heel start-toe takeoff.) <0.959 [-0.412 [-1.000 [0.973 [0.662 [-0.928 [0232 (0425 [-0.994 |-0.949 |-0.689 |-0.154 |-0.118 |-0.404
x15 |x9Z= el i E T AYH ] (Toe takeoff-Entry) 0137 [0.952  [-0.999 [-0.422 0.784 ]-0.498 |-0.151 [0.922 [0.821 [0.455 [0.428 |-0.169 |0.647
x16 |x10:Z=2~eld oAb S AZE Y (Toe takeoff-Entry) 0433 [-0.189 [-0.956 {0.722 10.791 |-1.000 [0.510 [0.677 [0.944 |-0.838 |0.953 |-0.667
x17 |XIEFE2EYTHEFA S EYH S (Ready-heel start) 0967 [-0.680 {0.937 |-0.209 [-0.446 {0996 [0.957 [0.706 [0.131 [0.141 [0.382
x18 [xI2FZFE=2~E AT HEFAEE7H 9 (Ready-heel start) 0470 [-0.816 [0.451 [0.203 |-0.941 |-0.851 [-0.852 [-0.380 |0.116 |-0.605
x19 [xI13ZBE=2EfY U A FA & EYH 2] (Heel start-toe take off.) 0894 [-0576 {0.960 |[-0.741 [-0.864 [-0.999 |0.638 [-0.822 [0.418
x20 [x14:Z=2Ed U1 S AHLE =7 9] (Heel start-toe take off.) xI5:ZEE2EIAGHETA &S 0.148 [-0.732 {0963 [0.998 0910 |-0.225 [0.479 [0.034
x21 |Y¥H ] (Toe takeoff-Entry) x16:Z =Bt 5 H ¥ F A L7 9] (Toe takeoff-Entry) 0.782 |-0.123 [0.086 0545 [-0.997 (0939 |-0.983
x22 [XITEZEE=2Ed 58 kneeZtW 9] (Ready-heel start) xI18ZE=2~Eld=HYE hipZhd $ 0522 |-0688 [-0949 {0.828 [-0949 [0.656
x23 | (Ready-heel start) x19:EZ=2eld=AE  kneeZb(Heel start-toe take off.) 0978 0765 0044 0226 [0.301
x24 [x20:Z2=2eld = hipZH(Heel start-toe take off.) 0.8%2 |-0.134 [0.423 [0.096
x25 |x21:Z2=2Ed g kneeZ W 9] (Toe takeoff-Entry) x22:Z=2~€Eld=H Bl hipZhH 9] (Toe take off-Entry) 0610 |0.800 |-0.385
x26 [x23ZFE=2EFLd S kneeZtE =W 9] (Ready-heel start) x24:ZE=2~eldarHdE  hipZt4 =W 9 (Ready-heel start) 0.963 |0.966
x27 [x25:ZE=2efd o kneeZt 4 =W 9] (Heel start-toe takeoff.) x26:ZE=2E}Yd W™ hipZh4 % (Heel start-toe takeoff.) 0.861
x28 |x27:Z=2efd =Wl kneeZtE =W 9] (Toe takeoff-Entry) x28:Z =2t hipZtE =W 9] (Toe takeoff-Entry)

,39,
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