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A 1A #HAA A 1A AHAA

1 R. Toe 17 L. medial Epicondyle
2 R. Heel 18 L. Thigh

3 R. lateral Malleolus 19 L. Asis

4 R. medial Malleolus 20 R. lateral Wrist
5 R. Shank 21 R. medial Wrist
6 R. lateral Epicondyle 22 R. lateral Elbow
L R. medial Epicondyle 23 R. medial Elbow
8 R. Thigh 24 R. Shoulder

9 R. Asis 25 L. lateral Wrist
10 Sacrum 26 L. medial Wrist
11 L. Toe 27 L. lateral Elbow
12 L. Heel 28 L. medial Elbow
Jsy L. lateral Malleolus 29 L. Shoulder
14 L. medial Malleolus 30 Chin

15 L. Shank 31 Nose

16 L. lateral Epicondyle

£ A7) zAmA2E= KWON 3D verdl FAZZa#ls gt AAaAgagL H719 EA8E
ol-gsto] A %t 2AE7F ARME ¥ A Fxgho] A=EH, Soll g Foe WaAES Y5, 113
Wefll ik #FEEe X5, A sHE)Uee Z50% 49 sidirk 3] AR Abdel-Arizét
H, DLTHHS ol8sto] 3xkle] Hxghs Ae ) tx[et
ol oatel 7IAIMQl QA o A7 o] E(noise)E AT 18 Butterworth A% ZE(low
pass filter) & ARt Y ARE FEY & Fo|w, o]uf A3 (cut-off frequency)™ 6.0Hz=Z A

Asto] ARg3EITh
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2 o ol MRee] ASE P4 ST (0% Ao A 2 Sus) MRS e
S(t) = Gt + Gt + Cit +Cy
S’ (t) = 3Ct* + 20t + G
S"@t) = 6Gst + 26,

(S& W9, t= AR G, G, G, G 238 Al

_?__
product)& °l-&-ste] TRTE S WA Aol oJaf F Wy UX, X; Xk VY, Y; Yo7F olF

vV XY +XYEXY
R R D A R

cosO =

= AofHug AN cos0d] Fe xehal a3 © = arccos x= T-3SATE

el B e 5 (X, X, Xosk atEle) A 2 e -8,V Y, Yook olse 7}

‘S}o .‘S;h

| 5 | - 18l

= arccos

* FEWEZe] AR
shle] 3 e} 5 (X, X, Xosh oiEe) 2 2w -5, Y, Yok olse 7t
Sn * S

N

= arccos
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* Az A

tEe] 24 wE S (X, X, X0k Aol 24 wg 8, (v, Y, Yo7t ol 7t

7y = arccos S0 * S
| S |+ o] S
5. O[HE & EM=H
B AFoNA oWEE T Uz A4 & Aoln, &4 I Iz HAsAh
1) o|WlE(event) : 2=3to]a A H A] 47]9] olwWlEZ FLEFF T}

O =% Start(St) : ko] XA Hojx = &1t
@ ZF Jump(Ju) : Faro] AW A WX = =3+
©® Y E Impact(Im) : Eo] w753 AAE 5= £3F

@ #A| Landing(La) : &do] XHe) 2= &7

2) &A= H(phase) 2=3tola A B Al 292>y ol 379 o R S5

O W2 (Approach run) : Stoll A Ju7bA
@ dHE A7) (Pre-impact) : Juoll A Im7}A
@ HWE 3 7] (Post-impact) : ImellA La7}A
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6. SANE|

A7olA S JAAFA S xS ate] Kwon3D(ver 3016, ADF) 22135 ]85}
Tl Ag 472 Ef= 2309 FE 148 33 AZepael SR 0014% (HAoE Rkl B2
AF3L, DLT(Abdel-Aziz & Karara, 1971)%241 0.2 32k 1S A&tk A4 oake} 7144
Al @Al ofs) AT o]z QI oS AAS] fgtel Butterworth®] 2214%5 32 E

AZE YAElo A e S58HA Wele EFESHnormalization) A A oH, H Aol A A F el
o2 25+ SPSS ver 1208 ol &3t He9 7 xFAZE] Hd 9 ZTAAE
ArEE T F oA Wl W zolE rH s ] 98 t-AsS AAsy 94
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V. 97234

stola HE AF} HalA)e)

= X
— =

@)

2 a7

thet 2k

L
R

st9om 1 Az

ajo|a ME A|

A

1.

S Al 152#0672=

&l

L
[¢)

0

A

Aslug B AT wy

2 et 29 A w9 EE

L

1.43+0.08

He A

on, A

Ehgo

A3

0.95+0.07

te

AR 1010522 Yehton] As S Al AQ4)

8

o/
—

031100822 uUehgon A S A9 4284

]

O
.

Al A8 A7

oju

033400822 e}

£ 0.15+0.06

s

020:002% % Etom Agf e Ao QA

1

A7

oju

2 Rt AAAQL 2 AR

=
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¥4, 29o]lg AB Al ZHE QA7 (&4 seo)
7 & 3 Approach-run Pre—impact Post-impact z A8
1 1 0.316 0.2 1.516
2 1.067 0.366 0.167 1.6
Je 3 0.95 0.366 0.167 1.6
°e 4 1.067 0.3 0.216 1.583
5 0.983 0.3 0.217 1.5
M=£SD 1.01+0.5 0.31+0.03 0.20+0.02 1.52%£0.67
1 0.917 0.383 0.05 1.35
2 1 0.3 0.133 1.433
25 3 0.867 0.3 0.2 1.367
= 4 1.05 0.317 0.2 1.567
5 0.934 0.35 0.2 1.484
M=£SD 0.95+0.07 0.33%x0.03 0.15%x0.06 1.43%£0.08
2. 20p0|3 NE A MRS Hol
1) AASA $A wst
sesfol 2 Au A AAFA 917 WHE ekl ke < 559 2, A T3] AR 9 sl

T <Id 3>

eyt a, Hd e 53 w 94.08cmE YEWoHW AF
Astola HE A 2
, Hdig2

91.05£2.64cm% Y EFSET.
gl 87.01+8.80cmz U EY L
A owrE 2w gEge
NHE o Aol 7 e

< 13] w| 14051+8.78cm= U EF YL

% 9o,
u, A ke
T HEGe

<# 5
sjo)2 QB 4T A WTE S

Al

178

X CERI

A 22k 28] ) 8794+8.61cmZ 1}
275 Fde
TN Hage 23
53] w] 94.01£8.78cm = UYE %O
91.21+3.03cm 2 YE N Avolad AH WEE Iy
43 A JIE Q7] FRolN Hagk
43 W 145.99+8.16cmZ U E oW,

7 3t &

B, A9

A A JdHE A7 143.31+241cmZ YES T, AFtola A H
A A JHE A7] FHAA HAgeS 13 v 127.89+743cmE VEFY I, o gt
< 53] w 149.10+7.34cm = UYEIR oW, A A HE A7 He HA g

138.33£9.07cm # YEET. 23tolA

R

HH odE

_19_
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svtola B A Al JHE F7] A HagS 28] ) 12332411.07cm 2 WEFEE AL, H

gt 33 o 13850+9.06cm= YEWom A A JHE

133.63+6.15cm = U EFuETH

astola Au A9 A YAE

oo 9

SHA A A A g
2 13 w 104.66+258cm= YEMSEaL, FH ol k> 53] wf 129.99+13.15cm 2 U EFR S
o Ay A dHE F7] FHY HF g 122.06+11.84cm = e T Ado] =

NB gAE F7 FHAA F9% Aol G
¥ 5. 2Fo|3 AME Al AAFTA fX #H3} (49 cm)
4 = 3 Approach-run Pre—-impact Post-impact

1 88.96+7.76 140.51£8.78 132.70£10.46
2 87.94+8.61 141.34%£6.92 123.32£11.07
o 3 93.24+8.77 143.34£7.30 138.50%£9.06
i 4 91.04+8.88 145.99£7.74 136.39£12.19
5 94.08+7.91 145.40£7.74 136.39£12.19
M=£SD 91.05£2.64 143.31+£2.41 133.63%£6.15
1 90.52+7.95 127.89£7.43 104.66+2.58
2 87.01£8.80 130.55£3.80 114.82+7.99
RE 3 94.35+9.00 144.88+6.34 131.75%£10.83
= 4 90.16+6.79 139.23£8.77 129.09£10.93
5 94.01£8.78 149.10+£7.34 129.99£13.15
M%SD 91.21£3.03 138.33£9.07 122.06£11.84

P .884 .001 .001
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160
140 \
120
2 100 ¢
\EE’, 80
5 60 [
a0 F Approach Pre Post
o0 | -run —impact | —impact
0 L b
1 10 19 28 37 46 55 o64 73 8 91 100
Al ZH%)
Hd4E e 2 of

O 8. &3ola A B Al AAFA fA ¥

ssfol2L An Al MBI A7 AAFY SE wshs <y 4>sh 2ol vehgh a9e
23] Wyl FeTE A B4 SRS S 7E SThh Axa SR AN Folut 3
g o & glom] oju FOJE AT SEE WAFY FASEE Sy A8HE Aoz 2

= <E 653 P} Avold AH AR A HLE I
oA 53 W} 15848+40.71cm/sec® 7} w2 A JEba, AE A W2 oA Bk
149.38+9.04dcm/sec®  UEWon Anlolm AMEy Ay S wE= 33 o
202.74+40.49cm/sec® 53] ZF WFE ZH A 7 w2 A JElyt A Al irE 2y
ol A H ke 175.20422.95cm/secE WEby L, A3jo]lm B AFa Ay A @pE Iy
of AAFA HrE et Aol7t YErR:

_21_



2atol= B A Al JHE A7) A 23] W) 17746+34.52cm/sec® M4 w2 A VERE L
AE A GHE A7) T A HFFS 160.74£1898cm/secE LEFEOH | Amola A H
7F Al e w23 u) 249.84+22.74cm/secE 53] T JHME A7) Aol spE w7
E A7) FdAA Hi ke 200.41+50.13cm/secE LFERSEIL, A 3)o]
A AE AF A A A9E 7] AW AAFTA £E= {Fos Aolrt YEbg &
o]l NE AF Al YHE F7] Iwdl|A 23] uf 16748+23.98cm/secE 7FE w2 A LERREL,
43] | 127.66+8.35cm/secE 71 =2 Al YEYTH AF Al dHE T7] WA H gk
& 14959+15.08cm/secE UYEykomw Auolm AByE Ay Fe = _33]
227.05+26.18cm/sec® 53] = AHE ZF7] =W 7% wzZA el Ae A 9=
Z7] oA HFFES 188.68+42.21cm/secE LEFREIL, Adfolm A H AFat As] A 9

AE F7] 2He) AAFH SrE K@ Aol7h e

(¢}

300
250

& 200

-

L 150

W -

77100 1 Approach Pre Post
50 F —-run —impact —-impact
O LLAd b bttt rerrrprvperrerrprrreerrroepnrrerproarnrrnrrrrrrrrrerrerrrrarrrrang

1 10 19 28 37 46 55 64 73 82 91 100
Al ZH%)
HE - Al

% 9. 2stela Hu Al A 4 S= W
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¥ 6. 2Fo]3 AMBE Al AAFTA £ W3} (9] : cm/sec)

4 & 3 Approach-run Pre—-impact Post-impact
1 137.87%£23.67 158.47£43.73 142.64+£17.58
2 153.54%+48.73 177.46+£34.52 167.48+£23.98
Je 3 155.33%£34.01 168.47£29.30 155.14£29.52
¢ 4 141.69%+31.99 129.03£30.97 127.66%+8.35
5 158.48+40.71 170.28%£43.73 155.03£22.86
M=£SD 149.38+9.04 160.74+18.98 149.59£15.08
1 184.50+36.12 203.38+10.28 201.23+2.73
2 181.91+44.05 249.84+22.74 217.05+13.39
23] 3 202.74+40.49 242.71+£35.79 227.05+26.18
= 4 141.79%£42.33 127.25%£42.47 121.19£7.93
5 165.08+35.88 178.91£41.63 176.91£17.40
M%£SD 175.20%£22.95 200.41+50.13 188.68+42.21

R .001 .001 .001

k2
—{
el
H

2upola MB Al FHAY AT <a¥ 5>, <F >3 Zrh 2Fola AE AT Al
WA 23] W) 14914+14deg = 7F¢ ZAHSIZE FA YElReH, dTE
145.82+3.83degolth. 23to]la MBI Al P& we= 23w 156.73+£25.80deg®
A vEbsa, A9 Al BE S Herghke 150.68+3.95deg® LHEFSE oW, F 3t
TE FHAME foek Zpol7t vehA] okth 2dtela AH ZE Al JHE 7] S|
33] W 90.58+16.86deg = 7H& AWVt A dEtHon, UFE wWo e
83.28+7.45degelth. 2utola ABE7E A9 & we 23w 92.81+18.31deg® 7HE A
A vebsta, A9 Al OE g Frgke 88.05+4.03deg® YERSt oM, FaH Q1A
E 7] oA s frolgh Apolrt vEhA] dth AHE 7] qHAE e Al 23]
) 160.36+9.26deg® 27 7Hd Al e, 43] @) 149.2649.16deg®= W $]7
7Hg 9 dEbRgth HME $7] 5o HghS 157.20+6.28degolth
AME F7] oM Ao A 23] u] 181.78+8.01deg® 2897} 714 AA YEbaL,

o

TUe

b3

N

i
o
z,

-
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33] oj 163.31+£6.32degZ ZFW9I7F 7FE WA dEiwth JdHE 7] o] H gk
169.72+£7.05degol™, 2=3to]H AH A FHAe] AHE 7] FWH|A {23+ z}o]7}
E}stt}.
250
200
o)
S 180
- X
1100
i
50—f Approach Pre Post
—-run —impact —impact
O LLUL b ettt rrrrrrrrrrrrrrererrevrerrerereeeeereeirreerrerreerriinrerriritaitll
1 10 19 28 37 46 55 64 73 82 91 100
Al ZH %)
A—I_g_ _______ AIEH
I8 H0. &Aupo]g AE A 37 S
X 7. 23to]a AB Al F3HE 7S (9] ¢ deg)
4 = 3l Approach-run Pre-impact Post-impact
1 148.24+28.02 73.36%£20.95 160.36£9.26
2 149.14+28.11 89.36+13.97 164.15+7.83
Je 3 148.41£28.91 90.58%£16.86 160.25%+6.65
¢ 4 141.01£28.94 85.29%£19.29 149.26%+9.16
5 142.32+30.40 77.85%17.53 151.99+5.82
M=*=SD 145.82+£3.83 83.28+t7.45 157.20£6.28
1 147.67£26.71 91.76x24.62 169.03+6.84
2 156.73%£25.80 92.81£18.31 181.78%£8.01
23] 3 148.49£27.05 85.86+14.67 163.31£6.32
= 4 152.69£30.20 83.47+£22.31 167.47x£7.71
5 147.86+£30.91 86.35+14.37 167.05£7.07
M=£SD 150.68£3.95 88.05+£4.03 169.72£7.05
P .031 079 .001
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2) A Awd Zh=rs)

~gpola B A AR ZHHYE <F 8>, <19 6>3 2l Avfola A AT A LTE I
oA 33] ) 5509+36.35deg = 7F¢ ZtWA 7L AA YEbtoH, 43] w] 44.50+34.47deg®
7 @A debgth g S kS 49.21+4.52degolth. A3tolg MBI} A9
P& W= 33w 55.65+36.40deg® 7Hg A YEREa, 13] W 45.03+£33.58deg® 7H3
S gebgh A Al 2rE Sde) 7 ahe 51.1244.06deg® UEG o, Add o
TE FHAAME Ko Aol7t YERA kTt ATtola AMB AJF Al JHE 7] A
33 w] 13317+8.32deg = 74 ZHASI7F AA debgen, 43 w 122.72410.31deg®
Vg A e adfel g M H AF Al AFE Av|=ie] H gk 126.87£4.02deg
ojt}, ~xola Murt Ay & vl 13w 137.69+12.53deg® 7 AA ERRa, 2
3] wj 125.67£9.59deg® 7P¢ A YERETh Ad Al AHE 7] wW] HFAHS
130.98+4.53deg® UElow, A#d IHE 7] jWAE Feofgh ztel7h e
AANE F7] FHME AF Al 23] w) 116.44+21.96deg® ZHW 7L 7 AA ey
i, 53] Wl 75.46+39.14deg® ZPW 97 M A dErsETh ISE $7] e gk
© 93.50+16.05dege]t}.
AWE F7] Fwo| A= A Al 13] W 151.46+7.55deg® 297} 74 AA e,
33 wj 101.34+33.57deg® ZW 7} 71 A YElEth fHE $7] e Higk
121.28420.15degel™, 2=3to]a AMB A FHHY AANE $7] FHA Fo3k Z}o]7}
LHERSE T
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% 8. &vtola ME Al AE Zhwe (9] : deg)
4 = Approach-run Pre-impact Post-impact
1 46.14£33.92 128.15%7.43 101.61£29.36
2 47.53£33.92 124.66£10.26 116.44+£21.96
- 3 55.09£36.35 133.17£8.32 83.22+33.07
© 4 44.50£34.47 122.72£10.31 90.79£34.84
5 52.82+£35.68 125.65£8.66 75.46£39.14
M=*=SD 49.21£4.52 126.87£4.02 93.50+16.05
1 45.03+£33.58 137.69£12.53 151.46£7.55
2 50.66%£36.59 125.67£9.59 122.29£19.47
25 3 55.65+36.40 131.56+£10.14 101.34+£33.57
= 4 50.41+31.51 128.15+£10.35 104.42+£29.74
5 53.88+31.33 131.83£10.03 126.93+£20.33
M=*SD 51.12+4.06 130.98+£4.53 121.28+£20.15
124 A77 .002 .001
160
140
120
100
80 r
60 | X
40 T " Approach Pre Post
20 I -run -impact | -impact
O ‘||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| Lot t e e ierrrerrinnaetl
1 10 19 28 37 46 55 64 73 82 91 100
Al ZH %)
N e Al
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3 ETE e oA ZH=wist

Zupo| A A B Al MRS ] Z9E < 9>9F Atk Ame]a AH AF Al () ZHHS)
ol Hge 13] v 154.83:9.05degZ WERF oM, H4ghe 43] ] 130.71+1843deg 2 LFERSITE A
HAAF Al A9 HEgS 14348+9.37degoltt.  LTE FHolM 1pbA($)9] At AA]
ol Aok vEhom, FERAZH(P)NME Tl Aol7t YEhbA] &gl dEEAE (el =
svpola ME A S w9 Hitgho] 150.66+5.75degE el o, Ad S weo] AF
2 114.12+8.83deg® A= WET 2P 97F AA v, dE53E()A = A
T A Al Felg Aok vt 1@ EE) ] dE Al HAES 136.11+4.15deg®
APAC)Y] F Rk 2ha9vt AA debgton, As) Al L rEelA abEEh e Bt
2 151.04£2.95deg® YElGow, WpE Al (oA {8 o]zt YERE L
2xtold B AF A FE23AF) 338 w 130.25+22.45degZ AWl #S e, 23]
m 124.29+17.52deg® H2gks YElHlew @yE IwolA FE@AGEHO] Hdite
128.41%2.41degelt. A3A] FE3E(F) 53] o 143.75£20.66deg= Hh #< LHEhi
i, 23w 126.35+17.12deg® H g yeplon A Al BE oA FEdd
(FHe] Fat ek 135.54+7.56degol™, W5 =wolA FEJAEHAM v} Ao A
frolg ako]7b vhERRTE

2yfold AH AF Al HEJHE(FH) 33 ¢ 106.12£15.19deg® Al 7S JEIRIL, 2
3] wl 94.71£11.27degZ FHA2#S Jelion A5 WA REAH (e HHE S
101.2614.83degelt}. oAl F=2d () 13] ) 104.09£11.95deg® A & e
AL, 23] W 93.08%15.72deg® HAS uguleon Hdsf Al A5 oA wdEyd
(#He] gk 100.11+4.28degol™, B75F F@olA TEALEHANA AF3} Ad A
frolg atel7h vEbhbA] okt

mﬂ‘.
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. 2=folA B A BAE e 7 (9] : deg)
HE o
LA FETEG) | EEAEE) LG FEHEEH | EEEED)
154.83+9.05 | 137.46+17.77 | 96.56+14.59 | 142.13+16.25 | 128.30%£16.84 | 97.68+£9.96
149.15+10.01 | 137.11£19.11 | 96.98%£16.40 | 135.39£18.18 | 124.29£17.52 | 94.71£11.27
144.41+11.85 | 133.60%£20.96 | 100.16£17.08 | 134.75+£20.42 | 130.25+£22.45 | 106.12+15.19
130.71+18.43 | 137.09+20.75 | 104.64+15.63 | 130.77£27.86 | 129.74£21.63 | 103.97£14.69
138.304+12.71 | 136.92+18.96 | 91.34+16.63 | 137.52+£20.54 | 129.48+£19.82 | 103.85+£12.61
143.4849.37 | 136.43+1.59 | 150.66+5.75 | 136.11+£4.15 | 128.41+2.41 | 101.26+£4.83
146.01+9.86 | 135.08+15.48 | 118.60£15.55 | 150.00£18.72 | 129.54£16.68 | 104.09£11.95
149.56+9.86 | 132.17+£14.98 | 116.54£16.98 | 156.06£14.37 | 126.35%+17.12 | 93.08+15.72
147.504+7.46 | 145.79+18.38 | 122.37£17.48 | 151.19£16.29 | 141.91£16.34 | 102.01£17.08
144.34+9.85 | 138.59+17.54 | 113.75£13.26 | 149.13£18.79 | 136.16%£16.21 | 100.19£10.37
153.40+11.41 | 139.93+£18.29 | 99.34£14.99 | 148.83+9.93 | 143.75£20.66 | 101.20£20.49
148.16+£3.50 | 138.31+5.16 | 114.12+£8.83 | 151.04£2.95 | 135.54£7.56 | 100.11£4.18
.001 275 .001 .001 .001 .328

)

55!
©

-
e
oy
B

2,
o

H o |co| o | —

=
%)
O

oot —

=
v
&)

jao]

2zto]a AB A JHE A7) FHY] ZWE<HE 10> 2tk Azola A 4F Al JHE A
7) oA nRA(F, PFe LFE FHED 7L A JERgen, JHE 7] A 1
()] HEae 1341846.71degs UEhton] uha(zh)e] sk 141,23:6.16deg =
A, PEE ZA fojat 2po|7h el AB dF JdHE H7] |
ol FERH($)9 Hitghe 171238 14dego] 1, 29 P& W= 16096+1042deg 2 LERTE YHE
A7) 9 Al FERERAME Fols Aol7k UERdTh dHE A7) oA ¥ Al FEHA(ED)
k2 169.693.62dego] a1, ke 16688:539deg® YERITh Au) & v FE7A(FHe 33
wj 17768+321deg® i3k WL, gk 1635149.03degolth. ~Tto]a AE. A
TR A FEIE(F) froldt Zho] 7t vyttt
sujola A AF Al YHE A7) Fol A uHEE($)9] Hitghe 150665 75degol 1, Au) WS

T 15465+15.11deg® YERSTE YHE 7] 0 Al BEE ()N E Folet 2oz} ehtA] &

jniss
18
{m
L
N,
H
2
é
}11



H. Qe A BRI AT A BERAGEDY HATGE 1840:5%degol T, TGS
1419247 2deg . vER), 23] S o) BERAGEE 13 v 13099:626deg D H7GHS epia
HHhe 13122:546degolth. 2710l 2 A A QJAE A7) FolA HEAA) FoF Hol7} o}
Epdel

N

F 10. &=9fola AB A JHE H7] i el Z4hias] (¢ : deg)
THE A7 =a

TR 3x | 29A®) | REwd() | BR9A) | and@ | PEdAG@ | IERdaE
1 132.86+8.88 | 167.49+3.11 | 145.01+3.54 | 147.66%+6.88 | 169.69%£3.62 | 131.99%3.49
2 131.32+9.52 | 160.20%£4.25 | 157.01%£2.89 | 144.76+£3.90 | 157.48%6.54 | 136.52+5.75
Jer 3 133.88+13.88 | 171.09+£3.19 | 148.52+9.24 | 132.22+5.67 | 168.29£4.98 | 148.40+5.86
°° 4 145.38+14.80 | 181.70£2.35 | 156.62+7.04 | 143.66+9.27 | 171.02+6.39 | 147.10+4.04
5 127.49+13.35| 175.71+£1.78 | 146.15+£9.78 | 137.87+4.20 | 167.94+5.01 | 145.59+2.97
M=%SD | 134.18+6.71 | 171.23+8.14 | 150.66+5.75 | 141.23%+6.16 | 166.88+5.39 | 141.92+7.24
i 127.66+3.50 | 153.73+£8.08 | 166.34+3.10 | 150.43+6.78 | 157.23%+9.10 | 139.99+6.26
2 135.38+19.38 | 148.72+£1.90 | 153.32+7.75 | 149.79+3.82 | 155.33+4.40 | 127.27+3.48
25 3 141.18+10.57 | 175.74+£5.43 | 162.35+£6.34 | 154.73+4.53 | 177.68+3.21 | 133.22%4.19
= 4 138.15+8.04 | 162.05%£4.42 | 162.25%£4.30 | 148.73+6.98 | 166.76+3.75 | 127.74%£3.12
5 126.42+6.65 | 164.56£8.73 | 129.00£8.39 | 139.37£2.56 | 160.556+8.68 | 127.91£5.17
M*SD| 133.75+£6.48 | 160.96+£10.42 | 154.65+15.11 | 148.61£5.64 | 163.51+£9.03 | 131.22+5.46

P .660 .001 .107 .001 011 .001

Ayfola MHE Al JHE F7] o] 4] e <HE 11> 2u) Avjo]a ME AF Al a1
(%) zZhgloll A Hhzke 13) v 161.80:8309deg®™ UER oM, HAgke 43] wf 14951£1592deg =
EPtth AE A Al 23E(9) ] Higke 156.03+4.63degolth.  EE wddA A9 A
o A Al el 27F JeA] ggkon] FERRZ )M T f2) gt 2fo|7 vERtA] ekolt.
EWA(P)elAE 2dbola B AE s o] Hrtgto] 136.19t682deg® Yo H, A5

wj o] gk 147.66+14.97deg® AT S WRh ZA9 7 =4 yeEryth 28

il

T

o

o
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Ap)ellde Aeat A Al Fog 27 debgy addEhe e Al gtk
& 14756+1.35deg® TLHA(F)0] Hatghneh 27t AA dEisiew, A A
Tl A wabd(EhH e B ike 150.6044.25deg® UERE oM, T E A wgkd
(FHell A frel g ZFol7h yepytty, 2stola B gy Al FERE(R) 43 o
181.71+4.73deg= HW #< vebWla, 23] o 16357+2.15deg2 HA S HEle
HoAdHE F7] S FEddEhe Hdghd 171.9946.71degel vk A Al T
SVA(F) 33 W 175.38+260deg= Hol #S WEFHL, 23] w 151.55+1.31deg =
HArgs deew A Al JHE F7] WA FERAEDE] HHd g
166.3149.39deg oI ™, AHE 7] wwlolA FEdd () et A9 Al FoF A

Avpola B AE A RERA(H) 43 ] 15247+4.07deg® A %S e

, 13] W 138.45+570deg® H A FS YElWon oHE L7 FHoA dEyd
(2] Firghe 146.4845.11degolth. A Al FE2¥A(F) 13 w 150.75£5.38deg
2 Ho e yella, 53 w 129.73+7.63deg® HAFS UElWHlon As] A] ¢
HE FT7] oA TEAE(H)e] HiFFS 141.16:7.96degel™, dHE F7| =
Hol[ A HE A (2ol A a3 Al Al Fo x7F vERs T

F 11. &30l ME A JJE $7] He| RS (9] deg)
YHAE $7] 59

T g5 | aEEE) FEEAE) | EEAE) B [C)) FEEAGE) | EEadEE)
1 161.89+8.39 | 166.48%2.32 | 130.37£4.00 | 147.56*1.35 | 168.56+3.31 | 138.45%5.70
2 156.68+£3.97 | 165.1946.00 | 140.30£2.64 146.16+.51 163.57£2.15 | 148.43%4.10
Jer 3  [152.31+14.76] 168.31+£3.24 | 135.92+2.61 | 140.994+3.89 | 173.76%2.72 | 147.04£3.14
°° 4 [149.51+15.92| 183.84+£3.07 | 145.36%5.21 | 137.98+2.02 | 181.71%4.73 | 152.47£4.07
5 154.76+6.35 | 174.02+£3.39 | 129.03+£5.92 | 136.56+1.70 | 172.384+2.70 | 146.03+1024
M=SD | 155.03+4.68 | 171.56+£7.64 | 136.19+6.82 | 141.85+4.87 | 171.99%+6.71 | 146.48+5.11
1 147.664+3.52 | 165.73£4.03 | 153.61+3.36 | 152.74+1.50 | 162.91+3.84 | 150.75£5.38
2 169.83£4.98 | 154.11+5.33 | 157.54%2.21 154.21£.88 151.5564+1.31 | 137.44£4.72
25 3 165.99+7.64 | 179.08+£3.83 | 157.80+1.34 | 147.92+2.55 | 175.3842.60 | 144.91£4.50
= 4 |151.10+13.93| 171.54+3.71 | 147.44+6.21 | 153.71+£3.54 | 171.20£1.10 | 142.99£8.49
5 139.75+1.24 | 177.57+.37 121.954+2.20 144.43+.82 170.53+3.00 | 129.73£7.63
M=SD [154.86+12.67| 169.60£10.14 | 147.66+£14.97 | 150.60+4.25 | 166.31+9.39 | 141.16+£7.96

P 488 125 .001 .001 .001 .040
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TE A 23] W 806+5.07deg = 7 ZAL 7t AA JER 33 w 1.43+6.37deg
2 7P WA delgten, BE e Hyghkd 5.63+2.76degolth. ~vtol A A HI} A
I e we= 53w 4.8148.19deg® 7Hd AA debwtar, 23 w -.16+6.50deg® 7+
A UEbgt. 2ufolE M B Asf A BRE ] Hghe 2.88+2.06deg® A Al
BTE =W Hoh HA Jegen, §A9 A% A BEE fldAE o 27t e
stk 2ufola ME Ay Al QHE A7) oA gk -16.34+4.98degolW, AW P&
e JAE A7 ZWe FFEhS -12.42+4.29deg®E YEbGon, HA 9 AFAHz A
E A7 F@oAE fod Art veERgt 9HE 3] FHdNE A Al 23] o)
6.74+.95deg® ZIH7F 71 A veEba, 43 W -11.03+£2.81degZ ZAW 7} 7HE
SHA GERR T 2dtola AE A Al AHE $7] o] HghS -2.89+6.94dege] th.
AHE F7] IHoAME Ao A] 33 w 13.82+2.26deg= ZHESI7F b AA e,
53] wj-6.27+1.46deg® ZIH97} 7P WA UEtEt ISIE 7] mwel Hagd
3.02%£8.60degel™, 2=3to]3 AH Al FAS AFAZ AHE $7] WA Fofgt A7t
LhERSE

)

N}

H¥ 12, 2yfo]la MHE A FA9] AFAHZE 2 S (] ¢ deg)
4 = 3l Approach-run Pre—-impact Post-impact
1 7.80£6.36 -14.63£8.95 1.28+2.09
2 8.06+5.07 -9.10+8.19 6.74+.95
- 3 1.43+6.37 -22.71£6.57 -5.90+1.84
¢° 4 6.47%5.46 -17.85+5.64 -11.03+2.81
5 4.40£5.11 -17.43+7.35 -5.58+1.82
M=SD 5.63+2.76 -16.34%4.98 -2.89+6.94
1 1.95+4.06 -18.41%6.39 -3.35+.73
2 -.16+6.50 -9.25+13.17 9.96+4.78
9 3 3.14+4.72 -7.85+11.77 13.82+2.26
= 4 4.68+3.82 -11.67£8.19 .95+1.58
5 4.81+8.19 -14.96+4.61 -6.27+1.46
M+SD 2.8842.06 -12.42+4.29 3.02+8.60
p 001 019 .001
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¥ 13. 2=9ola B A BA9 F$Azt
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4 = 3 Approach-run Pre—-impact Post-impact
1 349.97+6.76 379.87+3.67 380.42+3.54
2 352.88%6.12 374.38%1.78 370.43+2.64
Je 3 352.43+9.61 386.22+1.65 382.59+5.25
¢° 4 346.41+7.74 374.82+2.71 369.82+3.44
5 348.36+7.08 375.64+1.56 374.17x£2.19
M=*=SD 350.01£2.72 378.18+4.99 375.48%+5.79
1 348.06x6.85 372.74x2.08 367.73+£2.40
2 354.05x7.47 379.20%£1.83 381.64+1.08
21 5 3 355.67x£7.56 383.47+£2.04 384.72+2.85
= 4 349.91+6.24 378.57X£2.77 373.20£1.58
5 355.06+£4.55 372.28+£1.65 374.05£.21
M=£SD 352.55+3.36 377.25x£4.72 376.26£6.84
P .001 157 .658
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<Abstract>

Kinematical analysis on the motions of the vollelyball spike serve

Ko, Seung-II

Major in Physical Education
The Graduate School Of Education, Cheju National University
Cheiu, Korea

Supervised by Professor Ryew, Jae-Cheong

The purpose of this study was to provide useful information for the scientific training of spike
serve and instruction by analyzing movements of the successful and unsuccessful volleyball spike
serve into three phases, approach run and pre-impact and post-impact. For that purpose, all
kinematical variables including the elapsed time, the displacement of C.O.G, the velocity of C.O.G,
the angle of the body segments in the upper and lower limbs, the titled angle of anterior-posterior
and right-left of trunk were analyzed. The results obtained from this study were as follows.

1. The elapsed time in spike serve was long in order of approach run > pre-impact > post-impact.
The total time in successful spike serve(1.52+0.67sec) was longer than that in unsuccessful spike

serve(1.43+0.08sec).
2. At the analysis the displacement of C.O.G in spike serve by the phases, it showed that the

highest phase was pre-impact and the displacement of CO.G in successful spike

serve(143.31+2.41cm) was higher than that in unsuccessful spike serve(138.33+9.07cm).
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3. The velocity of C.O.G in spike serve by the phases showed significant difference statistically.

The fastest phase was pre-impact and the velocity in unsuccessful spike serve was faster.

4. The angle variable of the body segments in the upper limbs at successful spike serve was

smaller in all phases of elbow and shoulder joint.

5. The angle variable of the body segments in the lower limbs, a hip and knee joint, in case of
successful spike serve was smaller than that of unsuccessful trial. In this result, it was considered
necessary to be stable and maximal jumping height. Also, the angle variable of the right ankle joint

was larger in success, while that of the left ankle joint was larger in unsuccess

6. The titled angle of anterior—posterior on approach run phase was larger in the successful trial
and also, that of right-left was smaller in the successful trial, which showed significant difference

statically

The result of this study was showed that the total time was longer, the displacement of C.O.G was
higher and the velocity of C.O.G was slower in the successful volleyball spike serve than in the
unsuccessful trial. Through the experiments, it was necessary to be stable and maximal jumping

height and to impact at the maximum height for the successful spike serve.
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