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Abdelnour (1983) 2]

72 Kwon3D 3.0 tjAEfo]d Al~BlS o] g3l FHitsls)
o]t}
Evans &
. HAEel A ZAEE AlA BAH 217

.z vttt

21700l &

rir
(@)}
=
o
i)
N
M
jui)
flo
—_

Plagenhoef

>y

a9 6. A "AEeld 2l

3E 3. A HEAT YAE) A A

el A A A A HEA
1 R. Finger 12 R. Knee
2 R. Wrist 13 R. Hip
3 R. Elbow 14 L. Toe
4 R. Shoulder 15 L. Heel
5 L. Finger 16 L. Ankle
6 L. Wrist 17 L. Knee
7 L. Elbow 18 L. Hip
8 L. Shoulder 19 Vertex
9 R. Toe 20 Neck
10 R. Heel 21 Nose
11 R. Ankle
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2) 3xHE =tESl AN

34 At== Abdel-Ariz®t Karara(1971)9] DLTWH S o835tk DLTWH &
o]-§ste] 3xkd e HEHUS AT wf o] Al oste] wo]=rt WA
He olHd wolzm Q% eAE Fol7] Hdte] HEYE AY9Ed YA
ZE (Butter Worth Low-Pass Digital Filter)Z AF&3}ow oju A3}
F~(cut-of f frequency)v 6.0Hzo] A&z I¥ W (low-pass filtering)<

AHg-3t9e.

(D A 1513 5=1) ¢ FH(RE)-3FA Ho A4 (RC)

)
(2) Al 2= (F=9) 0 akA A A (RCO)-FX1(PP)
)

;27 (PP)-37 F 2 (BG)

5°)

(3) Al 3= (&=

e il 7
Al 1= Al 2
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del 2 A go(xi’ Xj, X)¢F stEe] ¥4 4 ¥E _§sh(Yi, Yi, Yool
o 7}
S. .S,
o = arccos———2 Sh_ﬁ
| Sf0| : | Ssh|

seel e e §5h Xi, Xj, XoéF e 4 +4 ¥y ‘§m(Y1, Y;,

s —

3 = arccos S * S
EAREA

e A e S, 6, X, X0k A B e 5, (), v, Yo7t el
2e 7

7y = arccos

> 2§ zhe] AR
4% dEe B4 A" S, X X, X0sh eesdEd A A g
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| Ssh | ° | Sth |
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St o] 45.64%2] H| &

2.483% =2 3| EZH] 30.87%, FZEHY 23.49%,
2 0. ° 0.136% 9 A28

= Yelen dAEgEyg g 574z, FA=HE
stolon e 0.183% o 40% o0& Yeyth. Alel= 7§39
A5 AA 28R 3.3172% 35U 41.71%, FA5E] 24,626, 25
el 33.67%0 WES uEhlom dA FHHTh 3EIue 0.043%, F
28 JoR e

HE Aved 29y 7 799 45

7]
2.967%2 3| &EH] 58.43%, FX AL 24.72%, EF=H] 16.85%% YE}

P

o

A

A 28T

om G 0.45% & A8¥ ZAow yewr. =9 7] 39 4% A
T4 HF P e TUE 2047
(9] frame, sec, %)
SHE B! 2] g F 2= gt Total
Flutter 86(1.434) 52(0.866) 78(1.300) 216(3.600)
Skill  Dolphin  46(0.766) 35(0.584) 68(1.133) 149(2.483)
Side 83(1.383) 49(0.817) 67(1.117) 199(3.317)
Flutter 39.82 24.07 36.11 100
H]-&  Dolphin 30.87 23.49 45.64 100
Side 41.71 24.62 33.67 100
Flutter ~ 104(1.734) 44(0.733) 30(0.500) 178(2.967)
Unskill Dolphin  49(0.816) 41(0.684) 58(0.966) 148(2.466)
Side 118(1.917) 39(0.650) 40(0.666) 197(3.283)
Flutter 58.43 24.72 16.85 100
H]&  Dolphin 33.11 27.70 39.19 100
Side 59.90 19.80 20.30 100
81.00£28.90 43.33+£6.35 56.83%£18.33 181.17£28.02
Total (1.34%.47) (72+.11) (.95+.31) (3.02+.47)
H] & 43.97 24.07 31.96 100
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Bop d5ados 25 o BAY Hld Fde] AATAEAE Bl AR

F 5. AFGFW) oA & 2] Fel whe = A T4 He

(F] : cm)
Sdn #8  FHEwwW FAwW @Fww R+ e
Flutter 0.77 43.74 73.40 117.14
Skill  Dolphin 31.28 34.47 72.00 106.47
Side -10.33 27.96 53.67 81.63
Flutter 59.01 40.81 30.24 71.05
Unskill Dolphin 33.01 36.87 47.01 83.88
Side 39.55 33.20 34.78 67.98
TRRL]
13ur
81
Ho
Bl &3 5050
L md ) .05 ik
wErni B0 [ .'ﬂ.ll.l T
sk PERI L]
FT
L W] F “NTET £
L ” AR 1
T S Disiphin il Sk ek Fultes Livaial Csiphin T E
Rl

[mAHEE REeEE gdiae |

ad 9. APFW) AN F=d, e AT He
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-6.61£1.50°
2.41+2.65"
4686.10
.000
15.29+2.26"
14.09+1.68°
5.57
.005

-.69£.79°
118.56
.000
-6.49+.35" 15.37£1.51"
3.03+.88°
53+.95"
1357.04
.000

1.25+1.87°
-2.48%1.44" 24.21£1.53"

-7.21+.63"
-13.06+2.63"
20.2142.36°
3631.33
.000
10.36+1.19°
5.66+2.49"
11.27+1.15°
125.147
.000

5.39+1.52¢
-3.28+.83"
56+.25
747.80
.000
-4.60+.99°
3.29+.96°
-1.03+.65"
841.83
.000
— 31 —

-4.61+1.97°
54+4 .42
6.15+4.91°
164.87
.000
2.8242.09"
6.2342.84°
.96+3.50°
58.32
.000

.000

Flutter -1.06+1.56"
.000

.25%.60"
26.74
a, b, ¢ ; significant difference among group.

-1.89+.96"
99.51

.83+1.23°
1.18+1.42°
-.84+.56°

Flutter
Skill Dolphin
Side
Dolphin
Side

n
skill
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1% RYAW FEAS FH 7 §3 Aol FAF AolF oA ¥k
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1
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rlo
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N
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A7re) §oln SRt AolE Avud EdH 7, £9 7, A= 7]
58 LF HRTY, FARY, W LT EAMCR fo)F Aol2
ulrh,

R 7. AP0 AFDNA Seme] mE FAE HF AR

(29 : cm)
oo an EEER F75 e
X 7z X 7z X Z
Flutter Skill  .83%£1.23 -4.61£1.97 5.39+1.52 -7.21£.63 1.25+1.87 -6.61£1.50
Unskill -1.06£1.56 2.82+£2.09 -4.60£.99 10.36£1.19 -6.49+.35 15.37+1.51
t 9.17 -25.19 37.32 -92.60 22.49 -68.16
p .000 .000 .000 .000 .000 .000

Skill -1.89+.96 .54+4.42 -3.28+.83 -13.06%£2.63 -.69+.79 2.41%2.65

Dolphin
Unskill .25+£.60 6.23+£2.84 3.29+.96  5.66%+2.49 3.03£.88 15.29+2.26
t -13.27 -7.59 -31.68 -31.83 -24.99 -29.08
p .000 .000 .000 .000 .000 .000
Side Skill  1.18+1.42 6.15£4.91 .56+.25  20.21+2.36 -2.48%+1.44 24.21+1.53
Unskill -.84+56 .96£3.50 -1.03+£.65 11.27£1.15 .63+£.95  14.09+1.68
t 14.08 8.82 15.65 21.72 -11.74 31.96
D .000 .000 .000 .000 .000 .000
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2) M SA <
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AYGZFV)AM 2 =dd & 7

& <E > 2 <9 12>, <19 13> 7).
AFLFY) A =dxte] § 2 Fo e VATHEEE Ay 3

SHAA AZHA FFAA felgk zpolE wolth. ¥ 7] &
=7 Bt 40.38cm/soll ol2a Z#E 2 §Fo] 0.52cm/so]H
& -7.57en/sQAtk. FAEHAAME FelEH 7] 8% =29 7 §32 SAH
2 ot zolE Holx| grolr Z4ZF Wt 51.42em/s9F 59.83cm/s9]
FHE A F 7 {8 BAHCRE it Aolg B

HAA G rlol= 7] 7]
oJHAl Ht 35.0lem/se] Adidoz W £EE5 Yepltt,

A 7HA 8 BEFolA frest zolE HEY =3 ZF f3o] A
63.34cm/s2] == 7HF wglow I thgol E¥H Z fIo= HAt
56.33cm/se] £5E BT nxo g Aol= 7l &3 o] Ht 47,819 £LE 2

® 8. WHLI(Y)NA Foll e g A FHY £
(FY : cm/s)
a0 IES F5w g5
= ° M£SD Max MSD Max M+SD
Flutter .52+10.29" 99.22  51.42+35.97° 9445  56.33£19.48"
Skill Dolphin 40.38+21.11¢  89.72  59.83+14.13" 100.57 63.34+14.77°
Side  -7.57+6.79"  78.07  35.01£30.66°  68.47  47.81£10.08°
F 236.86 7.76 16.95
p .000 .001 .000
Flutter 33.88+13.73°  82.03  56.32+15.75  84.31  59.99+13.64"
skﬁl Dolphin 40.04+10.39"  68.26 54.09+6.30  68.45  48.58+9.23°
Side 20.05+14.91°  80.17  51.09+20.62  76.03  51.98+11.84°
F 48.02 .86 10.28
p .000 426 .000

a, b, ¢ ; significant difference among group.
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T 59.99cm/s2E =3 7] F3o] HF 48.58cm/s¢F Alol= 7 f¥el HA
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. %9 3 5= F3=d |
= M=£SD Max M+SD Max M+SD
Skill  .52+10.29  99.22 51.42+35.97  94.45 56.33+£19.48
Flutter Unskill 33.88+13.73 82.03 56.32+15.75  84.31  59.99+13.64
t -18.72 -.84 -.94
P .000 404 347
~ Skill  40.38+21.11 89.72  59.83%+14.13  100.57 63.34%14.77
Polphin Unskill 40.04£10.39 68.26  54.09+6.30  68.45  48.58+9.23
t .10 2.35 6.59
P 918 022 .000
. Skill  -7.57+6.79 78.07 35.01+£30.66  68.47  47.81£10.08
Side Unskill 20.05+14.91 80.17 51.09+20.62  76.03  51.98+11.84
t -15.85 -2.95 -1.94
P .000 .004 .055
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=
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szl v 742 @ 20. &

H FA N sExkeh visEa 747) Fe 10.16%=9F 13.90%8 Ho] &
AR et zfel7h QAR GFmol s A Het 24.55%, V&
A Wt 32.525F Hol TAAOR {3 AolE Rl Alel= 7 {9
ol A Iu=d, FAIH, FFE] BE SN FAHCE fod A
olg HEAwd =M= St vsdA Wwel 747 10,2059
14 44%2 depdal FA5AAE SHAeh vs@al Fo] 47 11.03%=9
15. 562 UEpon] g

(9] © deg)
za__ EEE FAad 5o
T 6 _ _ -
= AFA7 B9 ARAY /94T AFAT A%

Flutter 15.54%4.72" 101.13+2.39° 7.48+1.41° 96.68+.97° 9.69+1.59° 93.41+1.43"
Skill Dolphin 20.18+10.16° 90.28+2.01" 10.16+3.44" 87.16+1.54" 24.55+5.54° 90.30+2.60°
Side  10.20+3.98* 94.31+1.89" 11.03£2.87" 92.75+2.31° 12.02+1.33" 94.37+.60°

F 42.61 449.16 25.37 328.50 398.33 102.15

p .000 .000 .000 .000 .000 .000
Flutter 9.69+1.25° 96.78+2.23° 5.97+1.17° 94.39+1.01° 542+.45° 93.51+.72°

n
il Dolphin 22.42411.15° 89.59+.78% 13.90+11.62"° 90.74+.81° 32.52+1.45° 88.91+1.31"
SK1

Side  14.44+4.41° 91.47+£2.01° 15.56+1.94" 89.34+1.94* 17.15+1.21" 87.33+.80°
F 87.48 312.21 24.01 162.86 5305.03 312.75

P .000 .000 .000 .000 .000 .000
a, b, ¢ ; significant difference among group.
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rlr
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i
D)
rlr

Afolo] Al R mEO|A EAH o=

[e)

o

= A Wit 00.28%, U Bt 8
%

= LA it 94.31%, vSAER Hit 91.47%, FAFHANA SHA Ht
92.75%, WA Het 89.34%, I HANME sHA Ht 94.3

T 11 HuEe] mE Fud SA9 AFF2s 4347

(9] : deg)
3 5o FR=H il
ARzt J/9A7 ASAZL AL ASA7 FJ9A7
Skill  15.54%+4.72 101.13%£2.39 7.48%1.41 96.68+.97 9.69%£1.59 93.41+1.43

Flutt
YT Unskill 9.6941.25  96.78+2.23 5.97+1.17 94.39+1.01 542+.45 93.51+.72

£
ol
H
e
k1

( 12.21 13.03 5.64 11.34 14.44 36
P 000 000 000 000 000 718
~ Skill 20.18+10.16 90.28+2.01 10.1643.44 87.16%1.54 2455554 90.30+2.60
Dolphin  kill 224241115 89.50+.78 13.90411.62 90.74+81 32.52+145 88.91+1.31
t ~1.03 2.27 184 T12.96 1064 3.70
P 305 025 071 000 000 000
"~ Skill 10.20+3.98 94.31£1.89 11.03£2.87 92.75+2.31 12.02£1.33 94.37+.60
S kil 14449441 91474201 155641.94 89.3441.94 17.1541.21 87.33+.80
( ~7.03 10.16 ~8.42 7.39 ~20.00 51.52
P 000 000 000 000 000 000
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2) SR HE = (LME, FEHE, YsHE

A7) #Pel mE T SAwAl YEE <E 1>, <E 1P, <E

14>, <% 15>, <% 16>, <% 17> % <18 16> <18 17>3 2. o 7)o A

o

sdate] fyo wE FEd A Rde] Aoiznes Avrd vgat P
AEaoM e QE% TR et Asta RE spxRdodA F
AH o Folgt Zfol7h Uehstmdl #-shA2tell ] mvl ZH 4 §92 3
7 50.65%, =¥ 7] §39 7) 7

33.13%5 dEHaL e SE=dA e SHY 7 ¥l FF sAE A
stz Hujg dA Ha =9 7
Hr Apel= 7] el A¢

Ve FA9 Aol BHOE ¢lstel BE SARAAA Friziee] Holzh

rlr
o2
IR 2o
o
N
Ll
Y
o
o
o%
o
fr
BN
> o =
o
e
Ach
>,
it}
i)

12, | ETAEAA FP o W& dir= (32 : deg)
ey ) ) LR leg
p= R hip R knee R ankle L hip L knee L ankle

angle
148.10  151.74 144.60 157.22 135.46 115.88 50.65
+17.65"  +9.05 +4.61°  £14.74® +15.33*  £19.33*  +£37.41°
161.52 152.79 131.59 161.90 150.14 134.67 7.24
+15.93> 42880  +20.63° £12.35° +£25.56° +16.50°  +3.36°
161.39  153.13 118.94 153.57 163.16 130.83 33.13

Flutter

Skill Dolphin

Slde b a a c b b
+14.96 +7.00 +8.95 +12.74 +6.22 +16.87 +28.74

F 17.53 .19 107.80 5.80 66.00 22.64 32.80

p .000 .825 .000 .004 .000 .000 .000
167.90 169.26 157.36 162.60 169.11 155.53 21.85
Flutter b b c b b b b
+5.67 +3.16 +10.70 +9.44 +6.64 +8.03 +21.36

n Dolohi 160.80 164.55 130.90 158.92 164.50 125.20 9.72

in
skill CPM 47190 £15.04°  £14.98°  £8.05°  £12.21°  £845  £4.46°
Sid 163.84 166.61 149.68 156.84 168.38 152.59 19.26
ide

+9.83"  +11.18" +18.67° +6.51° +9.99°  +1511° £19.67°
F 15.03 4.23 50.29 14.52 4.35 125.13 7.34
P .000 .016 .000 .000 .014 .000 .001
a, b, ¢ ; significant difference among group.
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o] Ao A FAAHSE {3 Aol YElREH FXaHA A EHYH
7] §32 Aotz HuUg d9d 4 A E HolE sola 3 7 {39
e FEIAY FRAYD FE2E AFEE BHoln Al= 7§ A9
Aa A P A E RolFE FRoolA RE sHnEY At £
3 bt oz ARG W, FFEIAE RE Flo] 9R¥I
grate TWolnz Al §389 WA AjtEe] Ffolyo] v]giriy
AtgEo] FFEamo e F8d uE A AAe] ANgrE AHBEoyr.
FEPAE RE SRR Aol EAHeR fold JolE nAt
o HdAe] 49 FEolA e dudes Z9H 7 §380°] Ho 168.09% ()
o} 167.37%=(%), 53 Z F3o] He 174.59%(F) 9} 173.36%=(F-), Apo]l=
7] o] Wit 17382 ()9 169.15% ()2 Ueh} 51 7 §3, Abol=
7 3, e 2 #99) SAR 2ol WA gk Ao yed w4,
¥ 13, FAFHAA F3o w2 A= (T4 deg)

I . ) LR leg

= R hip R knee R ankle L hip L knee L ankle

angle

158.07  168.08 143.41 144.54 148.49 152.66 50.42

Flutter b b ac a b b b

+20.06"  +6.50 +7.53 +11.92°  +2054° +15.75" +36.17

. 14766  125.36 165.57 150.04 121.97 164.84 3.86

Skill Dolphin . . b b . . .

+7.20° +38.56°  +6.15 +8.03 +38.71 +6.26 +1.64

cid 161.77  162.55 126.14 151.66 169.18 125.51 46.28

9 41410" 4649 41298  +16.19°  44.27°  +18.00° +32.25°

F 8.82 51.55 172.31 4.19 41.31 79.45 29.64

P .000 .000 .000 017 .000 .000 .000

169.60  174.75 159.82 160.23 165.60 166.08 16.67

Flutter b c b a b ab

+5.45 +3.07 +2.95 +6.08 +7.03 +5.45”  £17.51

Un Doloh 159.94  161.56 162.84 158.52 161.65 163.54 9.74

(6] mn
skill " +8.48°  +16.34°  +8.54° +5.85  +10.76°  +6.75 +4.98°
G 159.21  168.81 138.85 160.48 171.71 150.58 23.56
1ae

+10.63°  £6.55°  *+15.71° +8.18 +4.26°  +£10.33°  £20.63°

F 20.85 17.59 65.13 1.01 16.65 47.21 7.62

P .000 .000 .000 .364 .000 .000 .001

a, b, ¢ ; significant difference among group.
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7} f@ol W 6.63%=, Ael= 7} {0 Fy 8.5l et ZHE 7,
=4 7, AlE 7§89 aXE ¢F s & e FdoE yEwt. 7|
sAAte] Afols sdaehs 25 e e Boled FEA Y dud
= EYE 7 §3, Aol 3, B9 4§39 w42 FEo] 34 9l
B A0 YEgal At elA didEe Aels 7], EeE 7], 541 7
fFR3e eA= te7h & Ropd Aow vt

14 FFowolA g e Yot (9] deg)
o EE
Toed . . LR leg
= R hip R knee R ankle L hip L knee L ankle
angle
175.75 168.09 155.48 168.49 167.37 151.53 4.45
Flutter

+2.53° +3.84° +2.74° +4.42° +1.68° +3.02° +3.09°
158.75 174.59 140.49 162.96 173.36 138.25 6.63

Skill Dolphin a b a R R R b
+15.05°  +£2.79°  +£10.24° +11.00°  +3.39 +6.03 +2.75

S 17412 173.82  152.83  168.13  169.15  157.07 8.51

e 1500 +.65° +327°  £2.14°  £245°  £3.84°  +2.08°

F 81.57 116.76  113.95 14.14 10226 32492  41.15

P .000 .000 .000 .000 .000 .000 .000

17270 17774 16519 16191 _ 173.80  156.54 161

Flutter c b b a b a b
+2.18 +57 +.79 +9.56 +2.16 +4.32 42,65

Un o 16027 17483 15093 16615 16875 15480 1047
skill OP™M 4661°  +1.62°  4370°  +6.67°  +2.61°  42.00°  +1.81°
“ 16479  177.36 16465  171.07  169.73  167.66 251

1ae +1.72° +1.09° +5.29" +2.08¢ +1.89° +4.99° +1.52°

F 69.52 7054 20406 31.68 43.93 14922 216.26

P 1000 1000 1000 1000 1000 1000 1000

a, b, ¢ ; significant difference among group.
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~

9, vE#EAE Hoh 164.55%(2)9F 164.50%
Aado A dAE= Ho 125.36% () 121.97%(%),

()2 FF AolE ngn

&R Wit

XY

161.54%(2H) 9} 161.65% (%)=

N G

()8 el

UEelgo] folst 2ol &
174.59% () ¢} 173.36%(%), nE&dA=
% H2oAe] Au7t=

/
o7

174.83%

Helom oo
(#)9} 168.75
qME EAHCR Fo3 o] =

Holx| IR WF © BE& ILZ=of A 9] o M= ot ato]lE B, A
ol= 7] F39] A§ F9tA o] s aHoA s¥AE Hit 33.13%, v
dAR= 192652 FAA LR o3 AolE HYI FaHN S
o 46.28%, "< AE 23,5652 UEY o] §93 xpolE B o dEay
AA SHAE Hit 8.51%, PR 25155 HERY fold ol K
ATt
% 15, 3 aHAA s mE gt @] deg)
3] 5=
03 ZEE ) ) LR leg
e R hip R knee R ankle L hip L knee L ankle
angle
o B0 151.74  144.60 15722 13546 11588  50.65
OK1
Flutier +17.65 +9.05  +4.61  +14.74 +15.33 +19.33  +37.41
utte Uney | 16790 169.26  157.36  162.60  169.11 15553  21.85
nskKi
+5.67 £3.16  £10.70  +9.44  £6.64  +803  +21.36
t ~10.85 ~1854 -1053  -3.06  -20.32 -19.13 6.69
P :000 :000 .000 003 .000 :000 .000
oy 1612 15279 13159 161.90 150.14  134.67 7.24
OK1
o +15.93  +£28.80 +20.63 +12.35 2556 +16.50  +3.36
op Uney 16080 16455  130.90  158.92 16450  125.20 9.72
n 1
S +7.19 +£15.04 +£14.98  £8.05  £12.21  +845  +4.46
t 29 —2.54 19 1.42 ~3.56 3.59 ~3.09
P 771 013 850 159 001 001 .003
oy 10139 153.13  118.94 15357 163.16  130.83  33.13
OK1
- +£14.96 £7.00 4895  +12.74  +6.22  +16.87 +28.74
¢ Uneiy | 16384 166.61  149.68  156.84  168.38  152.59  19.26
n 1
S +9.83 £11.18 +18.67  £6.51  £9.99  +1511 £19.67
t “1.41 —9.77  -13.99  -2.39 ~4.24 ~9.63 4.08
P 160 1000 .000 018 .000 1000 .000
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%16, FATHAA FHZ wWE g = (48] ¢ deg)
e sd= =a=a
) . LR leg
R hip R knee R ankle L hip L knee L ankle
angle

158.07 168.08 143.41 144.54 148.49 152.66 50.42

Flutter Skl 10006 4650  £7.53  £11.92  £2054 1575 43617
Uney 16969 17475 159.82  160.23  165.60 16608  16.67

e +5.45 +3.07 4295  +6.08  +7.03  +545  +17.51

t 2373 2623 -1358  -7.90  -527  -538 5.65

p 1000 1000 1000 1000 1000 1000 1000

oo 14766 12536 16557  150.00 12107 16484 386

— ! +7.20 3856  £6.15  £8.03  +3871  +6.26  +1.64
Uney 15994 16156 16284 15852 16165 16354 .74

+848  +16.34  +854  +585  +10.76  +6.75  +4.98

t 26.74 2547 158 7532 -6.29 87 26.67

p 1000 1000 119 1000 1000 389 1000

oo 16177 16255 12614 15166  169.18 12551  46.28

Side ! +14.10 4649  +1298 +16.19  +4.27  +18.00 +32.25
Uney 15921 16881 13885 16048 17171 150.58  23.56

e +10.63 4655  +1571  +8.18  +4.26  +10.33  +20.63

t 94 “448 416 -3.10  -276  -7.74 3.82

p 349 1000 1000 003 007 1000 1000
%17, @FaddA sk g ddzds (9] deg)

T==u
O = 2~

e S R hip R knee R ankle L hip L knee L ankle LR leg
angle

oq 17>/ 16800 15548 16849 16737 15153 4.4

Flutter ! +9.53 +384 4274 4442  +168  +3.02  +3.09
Geeey 1727017774 16519 16191 17380 15654 4.6

s +2.18 +57 £.79 +256 4216  +432  +265

t 581 C13.68  -19.06  7.66  -16.45  -6.80 - 25

p 1000 2000 1000 1000 1000 1000 806

gq 1575 17459 14049 16206 17336 13825  6.63

Dolphin oKl +1505 4279  +£10.24 +11.00 4339  +6.03  +2.75
ey 16027 17483 15093 16615 16875 15480 1047

s +6.61 +162 4370  +6.67  +261  +2.00  +1.81

0 -7l =58 736 -1.92 842  -20.09  -9.09

p 477 566 1000 057 1000 1000 1000

gq 17412 17382 15283 16813 16915 15707 851

Gie ! +1.59 +.65 +327 4214  +245  +3.84  +2.08
noey 16479 17736 16465 17107 16973 16766 251

s +1.72 +109 4529 4208  +1.89  +4.99  +152

0 28.40 221.06  -1429  -6.94  -127  -1233 1591

p 1000 1000 1000 1000 206 1000 1000

_46_



=== F3=e e

10000

2]

o]

TR ez

4000

i}

i)

FIEITE §]

s bl Flplien asseas. S il Duipon Sl Tiete —— Uil Fugier —. .- Lingdd DiolpFan - - — Limiki :=....|.|

1 16, W 2g-5hx] 7h )

& ML &

S a2 gr=

bm

i
a 15 i} ki) ) -] 1] b1 i o e
L%

| =5l Rlutter ———Zkill [iodchin —— Skill Side —— Uiresill Aubter ... Lireskal Dofphin = - ~ Lirekd Sida |

a9 17, FWE P

_47_



recovery event® end of gliding evento]lA 3o wWe <Hx=d x4

o] Ariztes <& 18>, <3E 19> Z

recovery eventolA Z2{H 2] @9 AF FEH9 AE HUF Fotm W

g A0 SHed FeoiAds AuEY syAE 112.305%, Hs5HEat
!

= 56.79%5 % <=Hx 7 vsERRT 55.51% ¢

.

7+ ZdA7) 4.64%, S AEATL 70852 WA} SEAET 2. 4% F
Azbo] AYA d= Aoz Yeuth, &3 Z) 39 45 recovery eventol
A okz LS JH ol sl Fzkoly s gz 2o A 4b

_‘?_

HH o SdxE 81.29% (29 79.10% (%), wEHEAE 131.77%(F) 9+
5.93% ()& YEtdo]l sdAE nsdxne 29 Z42F 50.48%=9F 56.83%
O F8s 7 AR YR AF474E suAt 11485, vsdart
17952 &dA7} v&EAR 9.60% S47t0] A4 dd Aoz ey

A9 recovery eventoll A U4z FAEZ Hus H$=E
Hels wAld sdRd oS A EE SdAE 86.655%, vsHA
T 63.10%% SH7F wjEddn 23.56% o HY Zo® vEbdal 157
7Z+e SEATE 6.19%, vEEAT) 20,3028 vSAAY} SEART 14115

end of gliding eventolA] =88 Z] 39 29 recovery eventol| A Ast=

(9] : deg)

recovery event

¥ =dx ) ) LR leg FR
R hip R knee R ankle L hip L knee L ankle
angle angle
Flutt Skill  123.30 155.05 132.94 126.29 111.93 114.01 112.30 4.64
utter

Unskill 158.40 173.61 165.53 144.70 159.18 148.91 56.79  7.08
T Skill 157.09 81.29 172.66 162.45 79.10 168.94 508 11.48
POIPhIN 5 kil 157.54 13177 157.90 157.51 13593 151.84 19.89  1.79
Skill 139.20 152.28 108.33 135.76 162.25 98.61 86.65 6.19

Unskill 139.53 176.81 142.76 151.71 175.59 147.08 63.10 20.30

Side
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Hefgh HHH 4 SHAE propulsion evento X FEopFil 1 Hopg ¢
A5 frAstAA EFete sAQIY F9okA S sHAv)F 3,455k, HsH
A7F 9.37TEE wsEArt SEARG 5,925 O HojA] gl Ao Jeiyga
SRS a7 6.52%, WA 51852 H#HA7F vSEAET
4% ATl AYA d+= Ae®E YENT. end fo gliding eventoll A &

—

7] 4389 A9 recovery eventolx TEHAW $Z 2S5 propulsion
eventol| A HF11 &35t FAJY FF T2 A= AR 167.35
S=(F)9F 166.03% (), wlEAAF 178.81% ()¢} 172, T4%($)E v]&HAz}
7b @At 24 247 11.46%, 6.71% t] A o2 Yeika #9-8x7
o AL 6.15%, "&HAY} 8.83%RE wEHUAAI} AT 2.68% T
1z xS WY Aow Uegten AFPze &Szl 13.13%, vEdz
7} 28 125 % 1EHEATL SEAEY 14.99% ¥ B4 Z0] AYAY Aow

s

o

Byttt end of gliding eventol A Alol= Z] F3& o] A9 recovery event©l
A #F9-2 Hogk HHY 42 S1AE propulsion evento] A Folaal 1 Ro}
T ¥F A E fFASHAA EFste sAAY FshA A2 sEA) 8.59%,
v EARTE 31952 FAAF vSEAEY 545 ¥ 4 s E Hy Ao
2 YJega AZ Az &£dHA7 10,955, HEART) 18,3482 u|sd Ay
SEAET 7.39% O sAZto] AA dd AL E YEST

-

!

¥ 19. end of gliding eventollA] @ =] W& stx|A4de] Azt

(9] @ deg)

end of gliding event

SdE 79 LR le FR
N me R hip R knee R ankle L hip L knee L ankle &
angle angle
Skill 176.17 169.69 150.92 170.17 165.30 156.34 3.45 6.52
Flutter

Unskill 169.83 177.85 164.67 163.26 169.81 148.17 9.37  5.18

T Skil 173.11 167.35 151.66 164.44 166.03 14540 6.15 13.13
Dolohin kil 17147 178.81 144.57 177.04 17274 14920 883  28.12
Skill  174.03 171.25 147.04 166.74 168.19 152.36 859 10.95

Unskill 165.29 178.35 152.91 168.95 172.81 156.89 3.19  18.34

Side
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3) SR HEN MY dUAE=(FEHE,

@l wE
20>, <3 21> ¥ <19 4,
SEzte] 3o mE gl A RA(FERE, FFoiA) Y dUaER
E AHEY 53 g, 3Eadox
7HA 8 Afolol BAIK R Fodt Zol7F ypElRLEH
G- W3t 4.65deg/s®] AEEE FES FFEHL =34 7 FFY E5 H
111.96deg/s® &%=
8.46deg/s® AEERE FES THHY. £ ZYE 7 739 A5 HA 64,
19deg/s®] Z+<

=
0.54deg/s®] Zt&EE=w % FAE R9ton
)
=

S SR (FEEA,

53.02deg/s9] ZtEL R UGZE FAE HSE

3E 20, FEA mE g FEAE5ES JFeAdEE (P 0 degls)
o B Fd=d F55a
T ooy LR leg LR leg LR leg
= e Knee Knee Knee
angle angle angle
-4.65 64.19 8.89 -110.62 5.73 -8.68
Flutter b b a a b a
+39.98 +89.98 +61.47 +99.66 +23.83 +31.51
. . -111.96 -.54 148.64 -10.59 =-7.49 3.79
Skill Dolphin . . b b a b
+97.10 +49.86 +170.04 +28.59 +19.09 +27.63
Sid -8.46 53.02 26.90 -89.85 -2.96 -3.90
1 . .
¢ +27.02° +72.01° +18.07° +105.62" +7.98* +22.66%
F 69.85 11.67 25.36 13.75 9.63 3.71
P .000 .000 .000 .000 .000 .026
) 2.89 28.60 6.21 -71.19 -.14 10.98
Flutter b . b
+22.85 +50.28 +21.76 +80.80, +17.29 +23.40
Uns . -54.09 18.92 64.61 -13.34 3.03 -2.24
... Dolphin a b a
kill +70.21 +40.83 +62.87 +48.21, +24.56 +23.10
Sid 1.20 28.15 -.57 -93.83 2.50 1.37
¢ 153.96° +47.93 +64.44° +73.12, +23.21 +20.76"
F 27.28 .803 18.90 14.61 .20 3.45
P .000 449 .000 .000 817 .035

a, b, ¢ ; significant difference among group.
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wat FpotAzt R ol Al AZEAL i+ Abelell SAIM oR frof gt Afel7h e
woh. ZeE 7§89 A9 it 8.80deg/se] AHER TS AL B9 7
T8O A Bl 148.64deg/s9 AHER TS How AbolE 7 Y] B
F W3t 26.9deg/s0] AHER FEE Ao BF 29 4 £39] A5 dd
110.63deg/s®] Zt&= otz MW % A5 Boka 54 7 §39] %
- @t 10.59deg/s9] AERE FH SAE Hokom Afelm 7] o) A
A2 dEHY % s o 89.85deg/sS] ZEHER Eolth FEE o
A FEASES ASAAERAN AZEA {3 Aboldl FAM R fold
AelS mgledl Su=della FHE 71 e B9 At 5.73deg/se]
R FEe A =W 7 G99 B9 W 7.49deg/s9 AHER FES T
FRow Ael= 7 o] 44 W 2.96deg/s0] AEEE FES AT
we, ZUH 7 §39 49 Bt 8.68deg/s9) AEER IFE XS Bk
£ 2l sdEd WE FHE FEASLES Ao aE R

(4] : deg/s)

Ao A= g5
O & 2~ -
e s Knee LR leg Knee LR leg Knee LR leg
angle angle angle
e ~4.65 64.19 3.89 ~110.62 5.73 —3.68
Flutter ! £39.98 £89.98 +61.47 +99.66 +23.83 +31.51
e 289 28.60 6.21 ~71.19 - 14 10.98
e +22.85 +£50.28 +21.76 +80.80 +17.29 £23.40
t “1.64 3.46 28 =210 1.23 -3.10
P 103 001 784 1038 222 002
oy 11196 ~54 148.64 ~10.59 =7.49 3.79
Dolhin ! +97.10 +£49.86  +£170.04  £28.59 £19.09 +£27.63
Unai 409 18.92 64.61 ~13.34 3.03 -2.24
e £70.21 +£40.83 +62.87 +48.21 +£24.56 £23.10
t -3.38 211 2.94 30 =2.70 1.32
P 001 038 004 768 1008 191
oy 546 53.02 26.90 =39.85 =2.96 =3.90
Side ! +97.02 £72.01 +18.07  +105.62 +7.98 +92.66
, 1.20 28.15 -57 -93.83 2.50 1.37
Unskill
+53.96 +£47.93 +64.44 +73.12 +23.21 +£20.76
t “151 2.96 285 20 177 ~1.20
P 132 004 1005 842 080 233




&
ey
Oo
ﬂ
«©
(el
D
oQ
~
w
lo
1~
b
b
it
o2
IR
_O‘L
N
i
e
3
o
)
>
o

A A= H 64.19deg/s, VS HEAE Hit 53.02deg/s9] ZHEEE UERY
ol &% AE Aotz He=d oA AR Aolg Bl
AA] FEAELAME sHAg vsER} Alold FAHOR
o7t WAl A -k A& oA SRAE Wt 110deg/s, Vs EAE
Mt 71.19deg/s®] ZA&EEE B 4FAE RO QoA FAHOE f
ofgk apolE HOT. FFAWAAMLE I EFHY FEadAAMYE FEAEE
M= sEAket vlsAl Afolo] TAHCRE fojh Apol7h UERA St
ok #9-8A 7t mo A SEAE Hat 8.68deg/se AEHER FEHIAE Ho}
=70 ubs] & EAE e 10.98deg/sS) AEER theElE oA "HRHE Ao
2 Yt EAHCR fold AolE Bt =9 7 £33 B¢ 3 E=9
A FEAEES FaAAE A FAHORE folg AolE RAEY £
A Wit 111.96deg/se] ZEER F2S TR A7 0.54deg/sd) AEE
R OGH S o visdHals At 54.9deg/s8 AEHFER FES T
Sl S+t 18.92deg/so] AHFER FH SpAE R, FRHHAA H5-54A
AErs Fo3 Aols YEhlA FAT FEAEE
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oA E oA Fog abel7t UEhbA] AN FEAESRA A St
T Wit 7.49deg/s® AEHER FES FEYU] wke] mEdAxE Het
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3

of17] 9

o)
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o
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o #dA

!

—_
o

ojpy

ZF(r=.544(p<.001)), ==

=
5=

% (r=.565(p<.001)), ¥4 7} (r=.670(p<.001)), 3

3

o
3

(r=-.194(p<.01)), #

.375(p<.001))7F H-A 733

ZH(r=.737(p<.001))°]

ol

A5 2 (r

A2+ (r=-.636(p<.001)),
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TEZFE T (r=.156(p<.05) 7}

(r=-.385(p<.001)),

N
of

L
;OO

Bo

p—

0
N

O

e

I
T

-

o AFAZHr=-.168(p<.05))0] F-AAAS K
SKe)

SHA] ZH(r=.163(p<.05) ©]

A7 (r=.249(p<.01)),
[e)
A

}

233 - ZH(r=.545(p<.001)),

-
5

.260(p<.001)) 0]

-585(p<.001)), FEZ&%(r=-.159(p<.05)=

(r=.293(p<.001)), aL

601:

HHE- 7} (r=.220(p<.01)),

el

I

AbakaFak(r=.660(p<.001)),

F27H(r=.780(p<.001)), HFAZH(r

25

A}

OS2 YERT
HA1 2 (r

F(r=.359(p<.001)),

R b |

(r=.479(p<.001)),

7
E=(r=.610(p<.001)),

s

a
=

)

i

A}bo]

Az

—c:;_]_,

ol

LERA

KeX
=

OS2 e

g vheks
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X 22, SR WA A
CHEE anz TN2® yaue apma csx wsx T msay 10N TE
B9l 25 5 X1t AsE Axg
X1 X2 X3 X5 X6 X7 X8 X9 X10 X11 X12
X1 O11xxx 565%xx  — 194xx  670%**  B4dxxx  737xxx — B36xx*x — 375xxx  — 023 -.024
X2 B68rxx — A4G*** 518xxx  5BBkk*x  539xxx — A0Qk*k* — 666xxx — 217*xxx 086
F X3 —.546%xx  710%**  608x**  B610*x* — 598xx* — 392xxx — 385%*x — 156%**
L X4 -.501**x —.068 218x*x = 187** 236%** — 510%** — 454xxx (079
U X5 —.152* —.080 -—.153***x 079 290%** 129 .062
X6 B690*x*  850*x*x — 971xxx (058  — 173%*x — 416%**
tl“‘ X7 B46xxx — BEQ*xx — 469*xx — 683**x 020
I X8 —.886**x 090 120 —.256%*x
E X9 —.238*xx 024 435xx%
R X10 45T xxx — 418%xx
X11 =241 %%
X12
X1 997 xx  4T7Q%xx  298%%x  249xx  3B5Qxxx  220%* 163+ .136 .024 132
X2 BS18xxx  237xx  244xx  31T7xxx 267 ** .146 .091 .033 157
D X3 -.094 .108 .084 310%*xx .060 -.168* .084 105
0 X4 79T xxx 102 .810(*x) —.547xx%  166%  .646%*x 112 -.162*
L X5 318xxx  735%xx — 755xxx  351%kx  T71%%xx 176+« — 503***
p X6 -.159 209%  703(xx) —.284xxx —.002 —.529%xx
X7 —.654xx*x  — 136 - .711**x 169+ -.014
H X8 085  —.88Bxxx — 235%x  255%*
I X9 -.060 —.007 —.505*x*
N X10 224xx - 126
X11 -.043
X12
X1 B24xxx  B610%*x  B660***  5A5x*x  T80xx*  8B21xxx — BBBxxx 260*** .023 —.159*
X2 T68xxx  OBB*** 257 rxx  T42%xx  TABxxx — 224xx 029  — 205xx  223%*
X3 785xxx  5QBxxx  B22#kx  7Q4kkx — 5BBkkx  AQ4xxx — 380x** 256*xx
X4 —.539%xx — 629%xx — 7H1#xx — B4B**x 568(xx) — 355%xx  233xx  278xxx
S X5 137 B90**x  B49*xx  — 069 —.008 —.304**x 384**x
I X6 B37xxx  BBT7#*xx — 94Q9%xx  BOB*** — 270%%* — 392x*%
D X7 835xxx — B75xxx  G42%xx — 338xxx 042
E X8 —.660*xx 470%xx - 057 .070
X9 —.745%xx 007 389
X10 —.289*xx — 199%*
X11 -.104
X12
* 1 p<.05, *x 1 p<.01, **x: p<.001
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3 23, vsEARe] HRAZE A
HHES ona YHBS Lhue nama 2ma wmxn T meyy ToOM TE
B9 e CIED daE Ang
X1 X2 X3 X5 X6 X7 X8 X9 X100 X1 xi2
X1 990%xx  714xxx 988sxx 076  .O12+#x B16%xx 041 -865¢+% —.134 030
X2 729%xx  Q76xxx 010 .912¢kx B5Twkx 028 —.852+xx —.163+ 050
P X3 B72%%x  213xx  Bhdwxx  BATwex - 1565 —564kxx 008  —.014
L X4 —053%xx 050 —.8Q5%kx —.612%xx —.004 89ssx 188+ 002
Uy X5 109 .894xxx  51Qkxx  —.091 —.882xkx —236+x —.002
X6 021 —.468x+x —968%xx —.100 025  .013
Ux7 584xxx 009 -.850%x —-.077 031
T xs 54Gxxx - 337xkx  256+x 045
E xg 073 -.008 -.015
Rx10 Bldxxx 026
X11 064
X12
X1 900wkx  324xwx  B5Gkxx 042 327xwx AQTexx 061  375kx 115  .196%
X2 343%xx  854xxx 067  .207xkx 4QTsxx 079  .337xkx 123 203+
D X3 125 009  -.079 .485%xx 088 —.271%x —208¢kx 191+
o X4 301%kx —379xxx  206x  B44exx 056 152  —.165% .419%kx
L X5 160 .446xxx 043 006 .564x«x 013  -.118
X6 —122 —426xxx —.075 - 287xxk —392%kx 323wkx
P 7 =123 —.7324xx 87Twxx 048 .09
H xs 218k —172%  -.040 .360%xx
I'x9 —427%xx —041  -.035
Nx10 136 -.147
X11 — 517wk
X12
X1 966%xx 717xxx  BBO%xx —.162% 482%xx 343sxx —102 350%«x —.155¢ 116
X2 763%xx  824xxk — DQdxkx 421xkx  305ekx 056  .256wxx - 179% 146
X3 586x¢x 054  .248%kx 358ekx 122 021  —.153% 253k
X4 A85%kx 380wk 288kxx 008 —.525%xx 285kxx 092 —.048
S X5 —250%xk 57Qwkx  —.125  —.026 .582+kx —396xkx —.129
[ X6 - 38Qkxx 168+ —.883%xk — 436kxx 126 260k
D X7 —153% 341xxx 870%xx 073 015
E X8 — 182+ —.442%kx 462ukx  55Gkrx
X9 398exx 011 -.074
X10 -077  -.126
X11 2085
X12
*1p<.05, ** <01, *kx : p<.00]
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<ABSTRACT>

Kinematic Analysis on the propulsion of COG

by types of underwater fin kick

Oh, Hyun-Su
Major in Physical Education
The Graduate School Of Education, Cheju National University
Cheju, Korea

Supervised by Professor Ryew, Che-Cheong

The study was to present more effective fin kick type in underwater activities
for SCUBA Diving instruction of 3 types. fin kick, that is, through kinematic
analysis of each flutter, dolphin and side kick.

For this aim, subjects participated in the experiment was consist of total n=8(
each skilled n=3, unskilled n=5), and each one subject was selected for 3D
cinematographic analysis from two groups. The variables analyzed was consist of
temporal, linear kinematic of COG, and angular kinematic variables. Statistical
treatment was performed independent t-test to verify the difference between two
groups and one-way ANOVA fin kick types(3) and then, pearson correlation analysis
among variables to verify influence for COG propulsion.

The conclusions obtained from the subject were as follows;

1. Temporal variable

Elapsed time ratio of recovery & propulsion phase to total time was showed less
in the order of dolphin, flutter and side kick types and gliding phase to total
time was showed more in the order of dolphin, flutter and side kick types.

2. Linear motion variable
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1) Displacement of COG

Forward direction displacement of COG was showed more in the order of flutter,
dolphin and side kick types.

2) Velocity of COG

COG velocity in propulsion & gliding phases was showed faster in the order of
dolphin, flutter and side kick types.

3. Angluar motion variable

1) anterior—posterior and left-right tilting angle of trunk

Mean trunk anterior-posterior tilting angle during proceeding of each phases was
showed positive effect to COG propulsion in case of forming horizontal angle to
forward direction during flutter & side and forming the wave pattern in dolphin
kick.

2) Relative angle of lower extremities(hip, knee, ankle, right-left thigh angle)
Relative angle of right-left thigh angle during proceeding of each phases was
showed positive effect to COG propulsion in case of forming as more up—down as
possible of kick in flutter, forming as more flex-extend as possible of kick in
dolphin, and forming as more right-left direction as possible of kick in side kick
type.

3) Relative angular velocity of knee & right-left thigh angle

Relative angular velocity of right-left thigh angular velocity during proceeding
of each phases was showed positive effect to COG propulsion in case of forming as
fast up-down as possible of kick in flutter, forming as fast flex—extend as
possible of kick in dolphin, and forming as fast right-left direction as possible

of kick in side kick type.

The result of this study was showed that Flutter was the most effective fin kick

type for the propulsion of COG in underwater.
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