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2 AE 2 24 my
B8] FF58E #Yste] o 7HA HQlS BA45] A% AR A AME T e AA 2
T2 YH, ol ZgAgn|e} BN 2 tg3 2
T W 2 g & =
o3 ] High Speed Video Camera, Peak HSC 180-NM E3=A A7,
=% °" |VCR, Time Trigger, 5414 &| Panasonic AG-7400 B2, FNREEH
23] Video Dlgltlflng System, S-VHS VCR FEh ATAN L A4E
ZAFH (Panasonic AG-7400)
3 A8 HA
B8 51 #Ysl] e wA3Q A4S ZFA e BAY SEHAAA 180frame/sec
_]

Az 22 AAste] A9 oA Ad AAsgon olme] vk Bz e o 5M ol
A 2o ,z% A4 AAvee] gl FpAvel & TARE wold 14L AR A
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@ 29 A]:ds(down swing)-2=93h= o] Th2a9

@ 3DAl:x](release)-2=Y3t= Fo| EEAY Hol Eo] Hjx &
2
=

@ 42A:ft(follow through)-2~9 3}

Boodgo 28 B4 Wy =3}
Analysis Package Version 2.1 Programe AMg3t4iom, #4€ WHAEY A5AE st MS
Excel 7} SPSS(8.0) programs AHE-3t%ith.

A mEe AA RHES x3ste] 107)9) B Hoz AZAE A (rigid body)S9] A7 A~
H(link system) 0.2 7HFe}a, we] BRole s BHARAN 25 ¥ o
Al &tk

)
reE
r o
il
Lo,
_|>~_1,
il
i
g
i
ol
N
o
)
=
g

)
w)
5
[=o
o

5

o
Ho

o
£ #(Control point)?} 29 ErFAos TR EAY £ Y TAES

$4%
QYF A0 el 53 W el HYL, AARAE FrE A0 we tiREeld 59
o A BA9 WA Wage) B Yoy Bo| Lol sol £5u Ylo] &
ol @ W7o Zalglos gk FAF AL 20 Ay AL 247 Held o
s FYal a9,

B ATAE 528 Folnz 248 2 Avee] A Atreaktime)e o851 37 spline
B

2 ®ZKinterpolation)ste] F FpHgtell ] B2 AEES TXAIFTH

¥ 23 FHugo Ry 33 FHAALS Abdel-Aziz®} Karara(1971)9 <J3f 7)o
Shapiro(1978)5-¢ll ©]3 221% 31 Walton(1981)l ©]3] 4A-8-3}¥ DLT(direct linear transformation)”]
WS ol&sidinh 3akd A3 HAEHYY 924 AAE Butterworth A 9F 3 BE|(low-pass

filtler) S o] &3t] 2~FY(smoothing)dtA o™ FF52te] 2w T34 (cutoff frequency)=

FPEAE #YE 2019 Hibe FlvigtelA de ARE 33 2FER] §F4(cubic spline
function)E ©]-&-3te] 0.005% 7H4°S.2 B ZK(interpolation)3t®] & Z(synchronization)3}%]t.

AZAEHZ A A FEAY VEH(EH) S FAH 29 1H Di(pole)E st oH T
A7F £E AHOE Fste WIS YRIPWPH SR o, #elol tate] A% Wik Z
HFoZ stk E ZFoA YHoZ ] WEY €F(cross product)s XZH(F)EEFo =
o 3k A AREs 4SS § FEAE £497] 918k Kwon3D 21Z 2085 o
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o
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2 a7 2o ATzl Uid 140 F5aage dd Lue oldE sl 29 £7%
4GBz REHE Azaen oS 0P £E G WS RATOEA Els

E ool Bd BAL $2PR FY 220 M50 g Waas 43 A
Ag] HaEAS Fafol olFolHom BAY N WA et MaEHS skl AW
a o

=
A(one-way ANOVA)S AMHE-319 01, AREHAZS Tukey§H

Wagel FHo] o]FAAE AH FH £F0] AWy $£Ho] He AFNAE FA816eH 7+
Z+o] gAE 7EHS dHOE st Ay HEgeE HASIATE TS 7 gAY I g
Hels Aol Fxghel] disk Adl Axg o= st

7} vpgke] g £59 JAE B¢ Ae <i 1>
I 1. £3(R. knuckle)el 2% unit : m

28], X Y z 2 X Y z
N/ =N M SD M SD M SO || M SD M SD M SD
ts | 0.67 | 0.10 | 0.04 | 0.06 | 1.49 | 0.01 0.6210.030.03]0.03]|1.49]0.02
flds| 076|012 | 1.77 | 0.03 | 0.25 | 0.05 0.6710.09 | 1.77 | 0.03 | 0.22 | 0.01
= | 077] 009|198 | 008 | 028 | 0.04 0.68 | 0.07 | 2.02 | 0.04 | 0.26 | 0.02
ft | 0.77 | 0.09 | 222 | 0.11 | 0.39 | 0.01 0.69 | 0.06 | 205 | 0.54 | 0.36 | 0.02
ts | 058 | 0.11 | 0.21 | 0.10 | 1.53 | 0.03 0.4210.02 | 0.34 | 0.04 | 1.49 | 0.02
S| ds| 067|007 | 187|015 027 | 0.05 0.56 | 0.03 1190 | 0.03]0.23 | 0.02
2| | 068 | 0.06 | 202 | 0.08 | 0.27 | 0.00 0.60 | 0.03 210 | 0.04 | 0.26 | 0.03
el ft | 0.72 | 0.04 | 210 | 062 | 0.41 | 0.02 | & | 0.65| 0.04 | 2.38 | 0.05 | 0.37 | 0.05
= Hi ts | 059 | 0.01 |-0.08| 0.02 | 1.24 | 0.03 | I | 0.59 | 0.02 |-0.09| 0.04 | 1.25| 0.02
o | 08| 073|002 | 15 | 003 | 0.27 | 0.01 0.72 1 0.02 1 1.58 | 0.02 | 0.28 | 0.00
I | 0.76 | 0.03 | 1.88 | 0.06 | 0.31 | 0.00 0.7510.03 | 1.86 | 0.01 | 0.31 | 0.01
T ft | 081 ] 002|180 | 054 | 0.49 | 0.03 0.80 | 0.03 | 218 | 0.06 | 0.49 | 0.05
= ts | 0.60 | 0.07 | -0.02| 0.15 | 1.42 | 0.22 0.5410.11]0.08|0.22] 140 | 0.20
v ds | 0.72 | 0.05 | 1.75 | 0.16 | 0.20 | 0.05 0.651]0.08]1.74|0.16 | 0.24 | 0.06
| 0.73 | 0.05 | 201 | 0.07 | 0.24 | 0.04 0.6710.08 212 |0.12 | 0.28 | 0.07
ft | 0.77 | 0.05 | 2.30 | 0.22 | 0.44 | 0.06 0.7110.08 227 ]0.17 ] 0.41 ] 0.10
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#0891 91X MR kS U 15 ¢ ts~ds, 23W ¢ ds~rl, 3T rl~ft
&5 A 2554 WA A 5e4A B ol S s AR st FAsG,

& £ % 29 FHol 9FE AL & e Htum) A v FR3 2424 28

ﬂ% 7 Al M EFol td f1X= <& 1> v wheh 2,
Ao} g Ao #9929 Aole ejne} FR2Z4AN 4T 47} 950
= 0.09m9‘r 0.08me} AN Fe] dojitty. HAFAX A= A FrHE HS
o dejadt ZRAR A 5T 010me} 042m FEo7 UoslE AX M FrEH el o
ofghor], 53] Pejxgt 2R Aol 032mEA SFREE ej2rt dojd F 2 9K
o} Aol HehfiE] GO R o= A02 YERTthp<O).

B v Aea AuA 2R dF AF9A] Zole 017mEA AFAE AA
o Hlste] &0l EOR Fol olgH® AR UEor, o= &5 AFAAE 2 ol
o2 e SVl FElE AR AlRdn.

5381 Aol Frddd v gue] AeeX S22 504 fxAe]7E 010mEA of=
FEATY &9 Yol T Ande TS Ukl glow ofd g4 ZE zE ti
o] 9] 3] wf§ & FFL A= F2E ALEHTHp<.001).

ER ATt AuiAe) A, Aetelx et FAGA A Aolk Al et on djaA £, &
5 ' TAY A A= B84 0.73m, 075m, 0.67m ©JeH A= 0.61m, 049m, 054m ©]
ATk

o
¥
o
s
A

& 4N BYzN B HAL ZAY] Aol £50] Burk $F02 oFHE Fu
2, A(um)o] oFOIAAT 5 e BHG RZ)N D2t TP oA BF 89

ojufe] AFA B2YL 059m, 0.60m, 0.56m ©| AsAl= E2Yo] 047m, 0.33m, 0.45m=

934 2 3 ojglon] AsAE £BE LS

ol 4FA B2 FT Ut WA P 99K e LY BuTE &5 $30] K8
QAT AR £50] H2d fAekn A7) W] 2o glwelol} e Ao Belg 290
24 a%em He) 2o] Y7 27| Z7l] AFE WAA 2o 2 Aoz Aedy

T g 4 259 FAAE 23] 001m, 0.00mEA FH$-2 o]FH o] A9
UrEMX Aoz wg g FFEAES e ok ST AFA A3A e 279
o] 0.21m, 3=7H0] 024mo| o™ H-¢-F FHTe] AFAl AW 25590] 0.32m, 35H-2 -0.08m
22X ATAE 254 3R HolgwA Z Fo7 Z7HE Wst YA v JEE 2
slg] ZAaEe ZA0E yeyth olgd £EIHe dyidN ER2ESE AEHE FFA
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M5 PRe FFOT FEI WohA Rshe FUES Ushin Yok F A48Tl HeFO
2 X9E o) 29 LEFE Fwd FHsede 2T 89002 A8d Ao Fhdr;:

EF S50 As 35S 08mEA 2o 2 $EFE Y] A3 FHoAE BAE A

z2E54

FC}EW de|aiy EEZ2EQ7F HIMAY FAAE &50] AR olFHooF HE AL
2 B2 2 9t}

18 DA ST M G A9 AAMRE Jen U, £54 g 499
A7k BFANE SERET 195 GULe] Aot A Uehia gk 3 AFAA Wl
Qo $4AEs) Ws Hugle] Fzazeoa Aolg JENT e 2 dgd @ 94
Wslel Bie $5Au WSS el M HHew et

T3 <aY 2>& FX7F AFAlel Hlste] Azt ZA YEhda °‘2“1 ol AFAIZE A
Ao Hlgte] BE DAY QlofA] 54 FFEAo] dojue FEE & 5 Qloh
. EEelasRIE) L eselmeHeINE) 5ol zisHel )
2 1.0 30
el 080t L —3 —
1.0 & 08 122 A
0% P m——— | 0w /
0m : b rhesd| (0D [ » i & i t
ts fe3] fl ft 00 & 100 phase
s o il [
[ =% —edies | =%  =oms [ wups |
3% 1. 59 2t wael thet MBA| FAMEHDEb2%)
£52| HPEA) L5 TFER) mo 5l
1.00 250 1.50
080 200 1.00
060 150 -
0.40 1.00 - 0.50
020 050
o 0.00
R & f N o & f f s ® ! e
oaz nay | naz Al [ oz i |
a7l 2 PaEckel 2t el e 259X (ME-A)
2. =2 fIx|eist
2o 03 AAE <E 2ol Uk wish 2ok Deag) $5AEe e 4B BTG
JAE 183molH B9 ADe 1emeA T ARTE $3 Aol7h UErtp<0s).
T3 G2 NNE AR AFAE 206melH B4 AWL 195me Yesn E2s
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l

FrAEe AFAZE 230melH vl AT 182mE YERTh Asjae) syl
1 185m, B2E 211m, FE2ZHE 21ImE UEon A3AY $538e 2o
AFLFe AA7E AGSHA GO A AN e el FRARS AL 22 X
A FAfel olFeiA= o2 vEhta stk

wEA olefeh AujAe] wAd FEle 29 2FFY SUMIE
gzEe] aAAoz ojfoj)x] RgogH due aQow Add:

AT At AuA ARl A AR §3]9 Apol= AEA7E 0.04m, 0.02m, 0.02m
T, ATAE - 0.0Im, 0.02m, 0.02mE YERRT HAYRH GeEAR ofsHe &9 AX7}
Ale AlESIA 502 olgs sl

A

o

oX,
ok

2 29 = unit : m
Z2| & £ X Y Z 2z X Y Z
o & M SD M SD M SO M SD M SD M SD
ts | 0.61 | 0.13 [-0.03| 0.05 | 1.39 | 0.01 0.56 | 0.02 |-0.03| 0.04 | 1.39 | 0.02
€ | ds | 065]|015] 183|005 017 | 0.04 055|008 | 185|004 | 0.15 | 0.01
2|1 | 067|014]205] 011|016 | 0.04 057 | 008 | 211 | 0.08 | 0.13 | 0.01
ft | 069 | 0.13 | 230 | 0.18 | 0.16 | 0.04 059 | 0.08 | 211 | 0.65 | 0.14 | 0.02
ts | 0.48 | 0.10 | 0.12 | 0.07 | 1.43 | 0.03 0.38 | 0.02 | 0.25 | 0.04 | 1.38 | 0.02
= ds | 0.59 | 0.05 | 1.91 | 0.00 | 0.16 | 0.00 0.49 | 0.03 | 1.97 | 0.07 | 0.14 | 0.02
| 060 | 0.04 | 211 | 0.02 | 0.15 | 0.00 052 | 0.02 | 218 | 0.07 | 0.14 | 0.05
el ft | 0.61 | 004|217 | 074 | 0.14 | 0.00 | & | 0.53 | 0.05 | 2.49 | 0.05 | 0.14 | 0.05
= ts | 0.59 | 0.08 |-0.14| 0.03 | 1.17 | 0.03 | I | 0.57 | 0.02 |-0.15] 0.04 | 1.17 | 0.02
HI| ds | 0.67 | 0.02 | 1.62 | 0.03 | 0.17 | 0.01 0.66 | 0.00 | 1.63 | 0.03 | 0.18 | 0.01
2| 1 |068]|003]19 |006]|0.16 | 0.01 0.68 | 0.02 | 1.94 | 0.02 | 0.16 | 0.01
ft | 0.70 | 0.03 | 1.82 | 0.71 | 0.16 | 0.01 069 | 0.03 | 233 | 0.09 | 0.15 | 0.01
& ts | 0.60 | 0.07 [-0.02| 0.13 | 1.42 | 0.22 0.51 | 0.11 | 0.01 | 0.21 | 1.30 | 0.20
v ds | 0.72 | 0.04 | 1.75 | 0.15 | 0.20 | 0.05 056 | 0.09 | 1.81 | 0.17 | 0.15 | 0.05
| 0.73 | 0.04 | 201 | 0.08 | 0.24 | 0.04 058 | 0.08 | 216 | 0.12 | 0.14 | 0.04
ft | 0.77 1 0.05| 230|025 | 0.44 | 0.06 0.60 | 0.08 | 238 | 0.19 | 0.14 | 0.04
¥ W9 X9 HIHE ZhE ou|sh x 13 : ts~ds, 25 : ds~1l, 379 : rl~ft
2e AR DesdRAds 202 oFL @ F YsAdE B $202 o5E @
o ZA Bt F5A o] o|FolXA HY ole HFEJA 9 FAHe] LA 9102 B F
AT
o) e S5HR 1S5 FAUe Aol YA 02me] B AoIF HIA
O thead, Yo, E2an BANAE AAAO) SE 20T Yt ol $5uTdly

ek
B teagd EgEe AAE A A geEn AR dUAY F7HE 7HHLA 5
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W oot Avd Qo fUTE Qe & US Ao ARP e A9 43n A
A0 Aol AL RoT vehdoun $4HUe AF AANY AAANE 2ol

1.39mZA LA theagoA= Aofjald] 003m U ol =2 Weiztegn e AAE
i 2

o= 1Mol 1.86m, 20| 0.22m, 357Ho] 0.25m 153 = Ho|
1.88m, 2590 0.26m, 3=Ho] 0.00m= YERgth o] AsjA] Eo] AZHake tfst HYr} 3
Bl o554 9 oI £5Y b RISARG ER AFA W5 A9 47

=
1.76m, 0.35m, -0.13m& eSO H 33Wol|M Bo] gZoz AXEA R} 2 &
42 ez agdn. <ad oMe A el gk o ™t tiste] yehlar
At B9 AFAA= Ei*iffﬂm AtolE YERHAL glor g, Adske] fA= —‘%?%l%
Ioueg JAaolA vl HES el gnh B9 <ad e 29 A9 rﬂi , Hl¢
T A A A4S YEl glon ol &E, &5 Zo| $de] v o H

o 5o &9 F4Y0] Uehtal e A

Olr
oK

2| HE2x|(MD) =0| ZPRAR(MZ) w =2| A5IRIX[(A&3)
m 1.9
29 Pu— 075 - \
20 T o0 . 0 N
180 065 /]ﬁj
100 060 ;77/7 08
08
. . . 055
000  § 050 o 00 L L L phad
050 ! e " uphage ts ds rl it s ds fl ft
[ == =t

m 0| ALSHZAA]) 0| M(TIH)) SO ZR(TIAH)
1.50 30 m 080 m
1.00 200 ¢ 0o
040
1.0
0.50 020
00 ‘ o
0.00 ts ds i ft
s & i f —1.0 Phosel ts & 1l ft
n&z m Al (5] m A oY= | A
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Ao 9o o) BT FAYEY B =82 s10) glon odd FHE F7HA]
el $29 b e Fs 0FET Yo Suel ¥He 543 B8] ol A
= o

&£ v B9 R S FS v HH E50 thste] iAoz wE S8 Y

de g2 T e o9 &S HiF £EEE <iE 3> YEhsith

FoA AT AFA Hae 825 m/sec, EEARSE 775 m/seco]H

ol ek A e A v A deAde Fog
el 7t ‘/}E}‘X}‘:P(p< 001).

T3 AuA] ST AW = 797m/seco|l BISG AT £EE 797 m/sec,
7.64m/sec2A 23 2pol7t YERFO M (p<001), AT AEA BElig ERAR$Y] S5
7b 7P mE SREA ol &Y £id o] £ Y ST FodF AeE
7 7HAE 7] W Reder A8E & vk B9 s de See A3 §
oo dexe} ERAZSE 229m/sec, 3.98m/sec ©]i FFA HISF [ 214m/sec,
522m/sec® UEOr HaA] ST 232m/sec, 3.80m/sec ©]iL %
2.04m/sec, 4.72m/sec °] At}

SN
§
S~
w
o
0
a1
§
S~
92]
(0]
(}?u

=
iz
=)
>
R
o
&
N
mu)
rlo

ol 7t Fwe) Ayjel digt e Sxv & Ao|7t YEA] FATE E2AZ oA HS-
I Ay 2L ASe 343 £59 IUHE A A 2oz B FFsge] e ks
Aol =2 Aoz B 4 it
3 &89 &% unit : m/sec

Zl 2 = X Y Z R =z X Y Z R

H=SH4 M SDIM SD{ M SD|/M SOD|H M SD|/M SD| M SOD| M SD

ts|-0.01]0.28{0.82|0.19| -0.62 [0.08{1.13]0.20 -0.09|0.76|0.97{0.39|-0.62|0.01{1.32|0.61
ds| 0.29 |0.66(8.50|0.91| 0.28 |0.15(8.77|1.23 0.31 10.25|8.09|0.08|-0.06 |0.29|8.12|0.06
-0.06|0.65|8.25(0.89| 2.29 |0.35|8.74]1.18 0.39 |10.18|7.97|0.19] 2.32 |0.10|8.35|0.12
ft|-0.08]0.85/7.75]1.09| 3.98 |0.82|8.98|1.05 0.49 10.29|7.64]0.61| 3.80 |0.30|8.89|0.38
ts| 0.27 10.27{1.12]0.19|-0.59(0.10{1.38|0.16 0.06 {0.16/0.98(0.03|-0.590.02(1.21|0.08
ds| 0.57 |0.18|7.21|0.14|-0.50|0.14|7.28|0.17 0.73 10.15|7.20|0.12|-0.43]0.11|7.29]0.11
rl| 0.88 [0.21]6.92|0.12| 2.14 10.33|7.37|0.26| | 0.87 |0.21|6.98|0.13| 2.04 |0.26{7.36|0.11
ft| 1.42 10.67(5.80]0.19] 5.22 |0.44/8.31]0.43 1.65 10.22]6.10|0.22| 4.72 [0.86]7.94|0.56
ts| 0.04 {0.58]0.92|0.35|-0.61]0.42|1.25|0.51 0.03 |0.56|0.91]0.34|-0.60 {0.41]1.22|0.50
&\ ds| 0.62 [0.76(7.64|0.57| 5.26 |3.49|7.73|0.53 0.60 |0.74|7.67|0.56| 4.84 |3.67|7.75|0.51
| | 0.85 [0.99]|7.47|0.74| 2.22 |0.77|7.93|0.69 0.81 10.97|7.48(0.72| 2.20 |0.77|7.94|0.67
ft| 1.29 [1.36(6.97]1.29] 4.26 |1.32]8.49]1.11 1.22 11.35]7.02]1.28| 4.19 [1.33]8.48|1.12

¥ 158 : ts~ds, 257 ¢ ds~1l, 35 : rl~ft
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AEA ERGT v Hugte] AJolr DElAE 133m/sec, ZEAESE 1.90m/seco]th &
3] A3 AA] STy dewdkl Ui skEEatols €827t 0.28m/sec, TEAE SV}
0.11m/sec?] #o]E Yeh)a 9le st ZEWE £E5 Yepal itk
= 29 A &xo FHH] dFS
PAA oM A FoE e 3t

Ak zE)o] SEolA ATAl $edo] dElie 229m/seco] il EEAZ = 398m/seco]
2k, H9-4= Ao P AE 214m/seco]dl ERZAZ 9= 5.22m/secE YEISITE  ojufo] EEA}
ol BN Tl 015m/sec MEAR FZAZSIME HP-F FHo] 124m/sec B M
EA vehgon, e Agd e A dejs o|Fd g4 £urt FUHoRA B
TEA golow Agd Folga & F oW £uFUtE T3 Y e Rue Fgst
I QMR Fsgte] A Eojok gtk
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ABSTRACT

Mechanical Analysis of throw motion in Bowling

Lee, Kyung-Il
(Cho-Sun University)

The purpose of this study was defined efficient throw motion pattern to obtain the quantitative
data and to achieve successful bowling through kinetic - kinematic variables on the throw
motion.

Subject of group composed of three groups : Higher bowlers who are two representative
bowlers with 200 average points and one pro-bowler. Middle bowlers who are three common
persons with 170 average points. Lower bowler who are three common persons with 150 average
points.

Motion analysis on throw motion in three groups respectively has been made through
three-dimension cinematography using DLT method. Two high-speed video camera at operating
180 frame per secondary. One-way ANOVA has been used to define variable relations. Analyzed
result and conclusion are the following :

The displacement of back of the hand must have wider difference of each right-left
displacement to increase the spin of the ball.

In high bowlers group, difference between the front-rear position of back of the hand in case
of success and that in case of failure in follow throw is 0.17m. That is to say, momentum in
case of success come to increase greatly, compared with that in case of failure. To increase the
spin of the ball, the potential difference should be narrower in follow through.

In case of the high bowlers, the velocity of the front-rear direction of the back of the hand
has been the fastest both in release and follow through, compared with those in other groups,
which has contributed to increasing the spin force of the ball.

The orders in the resultant velocity of the back of the hand has shown the this : the finger
tip—the back of the hand—wrist.
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These orders made the proximal segment support the distal segment. The distal segment has
provided the condition to accelerate the velocity.

In case of failure, the suddenly increased velocity has caused the failure in the follow through.

Acutely flexing the angle of the back of the hand has contributed to lifting to increase the
spin of the ball.



