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ABSTRACT

In this thesis, a printed score is read by using handy scanner and the recognition process is
executed in parallel, finally, on Mesh-Connected Computer. What is read is classified into certain
patterns and is recognized, based on knowledge. The preprocessing steps are minimized and simple
operations are used in the algorithm proposed in this thesis. The score symbols on a printed score
can be recognized irrespective of their sizes but their diversity makes it difficult to recognize them
all, so it is programmed so as to recognize some symbols that is used necessarily and frequently.
The recognized result is transformed into the- MIDI standard file format. It is required to use a par-
allel processing system with multiprocessors because the high speed image processing is required.
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A digitized t wo-dimensional image 1s appropriate in processing on the SIMD Mesh-Connected Com-

puter(MCC). Therefore, we explain this architecture and present parallel algorithms using SIMD

MCC with #* processors that achieves time complexity 0 (n).
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FE ] o] aFddel wal chadel diojgr W
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o dloletE dYHAIFI7] A= o7 Hejel w¥
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22 Zlol s A Hol &, FAF FH 2
A BN T 94 ARE Qe ~7hvi(scanner) &
ARgRE & Utk 2E)v ol g 8 g 9 #
M2 Adeste 29 7MXE 2R £ oA
S &3 doletz w@stedof stol, upabA] o]t
o4&l o g A a) 719 (image processing techniques)
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degslo] o1 glow 1 HeE ks wWoh CCD
Fh e}& o] 83} 9j & 14 2t (printed score)
@ dlolelE 1A ste] 5F Al 2ol A a7
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Atk ¥ =FoA AAstaiz) sk A ote =
3] WY ez HE & dvkm rpA g o 7}78
Fgo Folzx FEI olmds] JA4L A
(image rotation)A| HeF st ket Hyh& A A&
At
710l A A oty o] Q) A A" E of
Bl 2717} A AAY Y FAad Solrhke
ot 713 o] 7F A AS[5]% don F3 Azt
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&) 4w (resolution) & 2te P AU E o] 8314
otez ?ojEdoaM Hul gL o VIEE A
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a1, HE QAo glojM e dnelges £x8
FAAAT, EF FEE olF e 25 JAE
L2 sk o4k 7B e FFe UG A& &
T 7138 AYEe A ofHE Yol A AL
NERvE e 2ol 7138 A EES St o
Q1A E ARE #xjel HAxbr] AlzEQl wh]
(MIDI : Musical Instrument Digital Interface)A]
zzeoll A R3] 98l vt 5 9 # 2 (MIDI
standard file format) . ¥ &3l 1 ARE 32l
&5 & ghot,

E3|, oty 4ol AA B9 1 Ml Aol F71
sy o]lF dAshy] YshrE dFEIAME 3
= 84 Ay A adl10]e s P or gk wakA
A4 Mg A% HE AFH X (parallel com-
puter architectures)[ll] F B =FolA fdEe

ebare]Eof e SIMD w4+ #3F€ (Mesh-Con-
nected Computer.MCC) TFoAe] WEH sl
tha) Arabs Al Mol A SISD A 25 2} v

i, H-Alehot,

2.1 2 A

#HE A =751 M+ CCD 7lvgtz ¢olgxl
237192 ;712 g4 dlolelE M sl g 3t
nqo“ 5870 7157 Y= ot FE SH(GE SE, o
G, dedld o F, oY 3 8RS AAst
Qom f1 312 ge 90% ol 4-g e T o7l N
e A7str] 9lsh 3%3 42 vhAA(mask) &
Apgstgod, RE FESAM I 2EIWE ALE
st =86l AE shdlale A4 ot E 1y s
v 4 A& Z8l(sharpening) 7] $3 @A) &A
E AAAM g BE FAUolM sl2EHe] &
7] A (separability )& o] &3 7R Y B/
(coarse classification) & %}, o]2igt Al 7}
gl el EHo| LaHe AIHe Zhzh 7R 30%
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2.2.1 Q1A THSE 7| & A M ALR

Q4 A5g A NE(2Y DE oM B54H
A SH HE T 2E) Ut dRE Y
o 270 ) s ol whet Fel A E=(HA 33
7o) ztol) 7} vhEH), 270 B% 100DPI(Dot-Per-
Inch)oll A} 400DP1 E=+&= 1 o] 4 9] sl A4S S 7R 1L
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A Eo] ol & el Me dE=AE 7
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&

222 B YX| o4

HE o] YRE Q1257 o] Mo, A <tw F4
of Z3E F S AAslY 2qae HRstH T A

=& olHe AP vs) B =EdAe olajd A
A AF g dasta) FOovME A Fol e v
22 FeE )

ot 715 1A o deolA] =] HHe Mg Fa%
atul el 7 e 2ol RE e YAl A4 Hol
o} B RE AN EAM FHY AA(SY ¥
wol)ot 3 W H4HEES ARE A Q4 F A
o 71Ee] AF-=F[56]0 M= nEY YAE U
28k7] 3 e g FAEIY VHE AHEEL
A R e Al E RS kAl 2 =5
A A olejdt Al REE HAspElezo] Fadh
A F 9] shtoln, ol & s} B2 7HE A}
£3hA] a ©edt A g 9 A gAE AFRES
th 94 HEF 7 REe F4AHEE 298 (2™
2)oll X2} o] idel HAS Aol ofef wrEko
2 A 3-8 933t scanning down ¥t} Al H((x1,
v), (22, yi), (x3, yvi))< ¢z FJ4ZF(Image-
Width) el 1/4, 1/2, 7/8%! AH& M s 343
ok, Al M-8 ¥adted scanning downd}H Al black
pixel & & H @ag HAEta, A Helld black
pixele oW 21 A Mol A4 gl Aerte YT
ko 2] (2.8 w3 A H((x1, y1), (%2, v2),
(x3, ¥v3))2 A4 A= Aoz #RAsln 4] (2
2} o] &3t 7]-&71(Gradient) & #AAFgich,

ImageWidth
(x1,yi) (x2,y1) (x3,yi)

] T
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!
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1

] 4= |—te—

1
}
T
X

— 1 3+ |-

2 2, ¥ 8 scanning downo 2 R H ] 9 214)

X1 = ImageWidth * %

X2 = ImageWidth % %
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7
x3 = ImageWidth * ry

¥V3—y2  y2—yl
x3 —x2 x2—x1

< Delta (2.1

Delta: 71&712] & & 3

o ¥y3~—yl .
Gradient = m (2.2)
ory of Are] Qe A x-]]t‘s]—El AdHo g 77l
3] 0% 7}7tefof § &717F AlbsH 5 F
(x1,y1) 3 (x3, y'%)7¥ ﬁ@.%l AER7E gl gty
(719 3)el A 2 7127l upel 243 e B
3%3 FE$E $H0% o]FAIEA M g A
Alste] % el black pixel o] =& Alibsto] I=
A (x1, y1) @ (x3, y3) AFe] 2] black pixel®] 4-(Con-
tinuous) 7} A Al 7} 3+ black pixel (x3—x1-+1) ¢}
ol AR (oF 70%) o143 (4 (2.3))e] ¥ AA¥
Aoz HEFo st 7hedch k8 o
2 umza v 7he] B R & AE& 35 4 (24),

7} 7he

(2.5), (2.6), (2.7)& o] &3l ] Bl (HA
o Aaslal, QLA e wE e AR Apole] thzo] W
T HE (A 2ol &8 e xpel ArvhE
ZA}ET)

e

T e e

083 e AN Held e

] -~ MT

(M2_y—MT_y) — EB;JLZ—!;X < Delta  (2.4)
] —MT

(M3.y —M2_y) — MZ—J < Delta  (2.5)
] — MT

(M4_y — M3 y)— —KB—J}—Z—‘Z < Delta  (2.6)

962

MB.y— MT_y

(MB_ y—M4.y) — 1

< Delta (2.7)

Delta : 7+ 2} 814 Q 2}

MB y—MI y
4

5

Delta =

(MT.x, MT.y) : 308 =) w33 Ao} S4 4
(M2x, M2y) :5wa R Ao 343
(M3 x, M3y) :A#sh wit Aol 44
(M4 x, Mdy) ) B3 J&o F4H
(MB x, MBy) 1 u}xul B E Aol 243

MB.y—MI_y
4

Stave Width = (2.8)
crE)an 7z wige] xhAe) (A (2.8)) & scale fac-
tor (Stave Width) & AR&-sted oef7bx] 727])9] ot
Qe Y M 7 Y F gk

vl s A Yo L il HEASES E
e AAst7] otel 7 nge] SAHEH  (MT x,
MT y))oliA 1A% W8 ol &ale] Tl AN
& FAFSR=d], 3%3 9 -g-uie black pixelo] 312
vl #9h ol AL vpH Ao g (FREie] 1
N9 ’V} #9-Eo R o] FAF - A Mg d
Alsted 29 #4 ((LTx, LTy), (RT.x, RT.y))&
Agsvi(zdd 4), olde] FuE o] §3td g
Aol K 1= o 7p=) ek 71E g B, 4sA |
=23

o —R .
LT MT

RT

a2l 4w gel 5 28 AR 98

223 2HO| AtH|

oti gl QlojM bt Fad 247 Bitolw
Wi )lAel v The of vl ek 14 &
jopgich el REE WA AN S AN B
=S A dAl A HagiAl He) =3 gale
27 E R AoV HMEE AHFshs Blo] Foh
BE s S3e mee g i, d¥5He a2
421 Wako} black run length(BRL)7F #te.r 2 <1
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/o) ebn el Q1A W g Bol wal ot

e BHES AE FAo g Astel FHAM sl
A} 1 run length7} 32 ZHAMEG M4 dlc) =8
(6] M =7 waog JdAAE A8 FHA 2
ul2 1 H4do] black pixelo] A} ofe] F Halo]
black pixel, == 219 W] 43} o)) ] HAF o}
A7) o] 4] black pixelQ! ol gt A 7}x] %-$-7} o}
Ud BEQ 9¥gl Roz Bekalil o] B a4
A "ot ol g BE A4 duFs 2 74
&t B =80l L3k BRE o|FE Mo s}
o] Fao] obd sl HAZ o|FoiF F 97
) F-olf (270 o) s dmol wel) 1 Absle] Aol
M= W A Gl &S ’ﬂ%—f\f}ﬁ}

Stave Width=8 <} (1% 5)9 (a), (b), (¢
A 7FR - YA 0 & scale factor‘?}%’“Q] & é%%‘
. &, y'=Stave Width/2] ol (x, y—vy'), (x,
y=y'+1), ... &x y-y+Hy-1D) 283 (x
+1), (x, y+2), ..., (x, y+y) BAS 7AAS} —
= 1 g4ol ’Hr*ﬂ?lxl %3 o]l P9+ 2tAld
otk HE7E oA AY BEH R FATF AL
A & Age] de FAFe &dd] Mg gu

"x.\_._,

of

ol lAE e Aos (119 6) 3 2o,
Al
Al AR
AlS) = Al6) =
ADI | AmjeBLack  [AB
Al Al4: SUM m A1} + A[2] + ... + A[S]
Afi}= 1,1f A} s BLACK
A=A AlS] AlS] 0,i Afi] ia non-BLACK
- - 753 1
Al[4) = BLACK :::J] :{:
A8} |
SUM a4
) ®) ©
8 5, 24 5] & Yo 23

=

(a) B3 24 &

S B,

(b) B AHA| &

J8l 6 BE Al e daf

2.24 B|~ETY

o 715.9] Q14 whgel ebA) I1 1 Ao A& 5=
F2 7'Ml 8 4 19 (histogram) & AR}, 3
2B g4 Ei G ake] Uyl i3k Ha
=gkl B 'IEH“O]U? Qg Al Adel o] =
FHoZ HES mol),

o m ot 715e] Y ANoll= £ AR
it 32 S| AEYE 2t 1 HEA ol wal nf
] M (bar line), 2% th(note stem), % ] (note
head), &% 222](note flag, note beam), 41 & (rest),
Z % (sharp, ﬂat) 2 Vgl E4 7] &(special sym-
bols) & QA& & sk}, ’, B OI 228 213 (horizon-
tal histogram) - $1x] A HE o] &3
o zpZell A §- %23’. Ol‘g(eft to-right scanning)

atHA #Axfe X A1 REY AT ((x, v,
{xi, v1), (%i, y2), ..., (X, vu-1)) 2| black pixel 9]
TE e (2.9)

wpper
Hist [ x; Ldensity = Y {color(x;, y;)) (2.9)
i Tauwer
1:black pixel

olor(x;, y;) = :
color (i, 3; 0 non-black pixel

o A Aol x| &bz ]%(upper-to~lower scan-
yatH A Aol Y BHHEAMAM mE X

YJ)v {xi, v, (%2, vi), .
o & zz}omr(“ (2. 10))

}}'}3:_( (X(),
, (Xa-1, v3)) 2] black pixel

, right ‘
Hist|y;ldensity = S (color(x;, y;)) (2.10)
et

1 :black pixel

color(xi, 3;) = 0 : non-black pixel

22544 7|8 FE

224004 MY 3 HLEIAD 57 3 AR
WS o] g3k W) Eh}E oelsha) oy
Nze 5dE 328 7+ e, 339 5W& o

Q) obrol A UEhbe B3 wastel vy

R OSE VE HE SRS ANE 4 AL o7
A7 AR Hrhetel the w7140 ohy 715 2l
£ ¥+ U
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2.2.5.1 OfC| A oAl

Az A} 715 A2 o) oA 7]Ro] ¥ alr) A
(bar line) & % 3| 2EOWE o] &3t 1A
24 3 e etz o 5 ok wiel e p
& A4 o F& QE & vire) vhxie) o F
(7 ek AY 238t A9 E JAFE ©
Aol £A 34 (music syntax error correction level)
ol Al Al 4 ik G H Aol Yeluis sty ilel
EAL, AA R Fol(d] (2110 HAM A4 1
Ztell black pixel® Vel a1 Adshebel (19 7
(HAYE A5z A4E 5 v

Heiwght=MB_y—~ MT_y (2.11)
T 1

—+— T
B S 1
] f

= 1

(@) 24 ®ol9] mtrl M (b) 24 Astel]l A nic)

22 7. okad el e

ag v de HolEduiel 2l el & 4ol
we} SA (thickness)”t otE £ 3lew, orjAde
FTH2E F939 A 7F2(4] (212), 4] (2.13)
= A Hed AT E ERAY

H&E A4 Fe = ti:: (color(xi—q, ¥;)) (2.12)
upper
& g4 2y = ';‘ (color(x;+a, ¥;)) (2.13)

d . [ Stave_Width/4 1

2252 SF l4

(1S3 Ch 914

Add £98 S EaPA oM 2R &1
o o REL I 7% (black pixel9] ®1% )7} vl
st 1 99 S AETYH HEe dad Jed
. F 23 HE F4H07 HF92 Jdd& &
o el 2 HAd Rerteirdel aR e dekA o
Eldch viod 2R 0 S8 B g £ A
Eaflg vui(ay 8)# goh

964

T
4 4

a2l 8 4 dl gy

Yol A} 3 & tHo] X MR8 ¢33, &
Feol o] 52 QAN E 3%3 Y5 ¢ 5 o] &3l M
gAag o Y #ge st sehg 3o o
71| 9kx &l scale factor Stave_Width& o] &3}
o SR R GG A A A48 49
S (g 9) 9 gt o) A& X, YRR 4= 5
& Haig Aoz =26l sl HE
o dagle 498 AAE 5 Uk

4 —
e
r

‘H

OB 9. &% 8 99 ¥4

(2) 3E2| ofa| olA

ol ol E AN o =E[6lM = BEd A
HE AR FEol od e/t HAY 5
Aizdl o1& glol7] s FaHel g M & dv
7Fedel sl el Aol M el ol g8 dAjgte

(Crgd 9)oll A Hg® FoAdollM 4 sl2eal
(19 10)& At o) Ag ol &3t 2Rl MY
PEE WgHez 228 5 A3, B A4S
flaf Hio] ARG 8 o] Hx FRE o
B3kl e v ye AA g (29 1) 2ol &
Hoviefe] # g ol thal sl i Y-S AT
Hele] 78 A4E F Aok

% 10. 73 A xE1Y
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WX/AA Gl A B B Fol e A7

a8 N HY e ol g 1 viee] AN

&Y AFE Beed ANsed aHou &
EgNE @ SE tol SR ealsl F A of
4 3le F Qe BH(ESE oRE)AE A4ty
S$=% slgom @, SEMe AL SEA F
2 EE 30 go] EASE AR Mgt o
o Q14 SEAS ool M P2(SHES| viel7t of
o #2ol Y B9 EE AlA olAZ(LE) v
U7t el SEol g A9) A A me) %
wol dhalx ge w¥oz WY vhyS ANFeR
W 7h5seh,

(3) BES| 12| i4

8o ne FHE F AR UYE F Aded
A el (flag) 9 A4 Hel(beam) 7} 1R 0lth WA
4 oo §FE nel g A5 A WA o
(edge) & #2Z3l+= Sobel edge detection ¥ite)
[12]-& A}-&3tc). Sobel edge detection @1e] &
(28 12)014 Y &% 999 &2 4o £
5 e AR AF9E s $&A HEo
2 g3t} black pixel S #ow 1 H4AE F4)
22 3%3 998 AT A9 HE&E AN
ot £R 9 melrt A=A e AFE 93 black
run length& A 4tgHo},

>

X

rlo oy

Ey=(A2+ 2% A3+ A4) — (A0+ 2% A7+ A46)
Ex=(A6+2%¥A5+A44) —(A0+ 2% A1+ 42

Edge 37]: E » Ex+ Ey
A0 | Al ¢ A2 Edge 94 @ = arctan(Ey/Ex)
AT (XY A3
A6 AS A4

13 12. Sobel edge detection ¢} E & o] £ 4 A1
2] 914

FohE e Hegl A4 el o] 22l black run
length& ol &3kct (27 13)o A 27 YollA] olef
2 (= ofdiollM #2) g43HAM I5¥ black
pixel?] 4=(run length)& A43lm ol BHHO F
AR FH7ld AN (RF Stave_Widthe] 1/3 o] 4})
mE 22X 4 o] 7tz

¥ ¥
P
Jﬂ Tf'

718l 13. black run length& o] &8 A 21g] 214

7hx) gee) g Rm2 S ANY o % Py

_Er._
o B mEle] 92 9 71&7], Bl o8 o] %
o]

(O)H SH 24

SE2 AR-24 H(dot)2 FHe| ZFY 1A
el f1 27 e g3 gol ul vhH R UE
T At SR 28] ol At gl wet
X} o)go] i, 2H v ol BE
Aol A7t old BE Atelol] drtel e} zhzt
RS vE &9 K &0 X 8HA "k
ez (29 199 vepdoh 3 S8E 2 2
HE SH9 128 e as 1S9 dolrt drt
Ty A o] mali: nevt Qe &, S48
1.9} go] X& o]Fo] gt

9]
I~
oy

-& ol :
ES
- .

ol F

PN

4
ot

&

A B c p

3714 91X FRE o] &3 39 14

T
3

g +

E F
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2.253 & E QA

A H(rest symbol)E HFEANA AHE 2 x|
Ve, S-3e] of gy o] 4 WA B E
el Ay e ofhgto] 73 3| 2B W
B9 A% HARE olfsted AF d o] HAHY
2 G 9el el o] BEAoll ofall Fie] FiE

& 4 ek

2254 ZH 2lY

%% (key signature)i= 7} M 3E(stave)o] #&
o AN BIEF Falw IRl YERH, (2
EH 210 3 A ol AEH o R 1fo el
9z &tk ol A FAES upAIIAIR A PR} A
Blo| B2 9 &3 gl oa) o] vHgatrt

2.25.5 X2l 24|

£ate) Fclef)+= wife] w 2ol vhehb ¥
& Abe]l H(Gclef) 2] 3§ 21 Fo] vhiE '/1 85 W
4y Yoo golw ®3 A vehdrh we S4t
2l S (Fclef)y= il =& SAelist & 01—%01
vhebve #e X AR E zhvh

rlo

lu!
-~

2.2.5.6 BFX} TA| 244
S abe) 3, 2& vhgol vehuhs o] Wbk B4
(tlme signature) 71& (=zb)olv}, 7pd HIE(Q
Aol ARl E FHos Bapel Eri thyolx)al
2,3, 4, 674, 801 zk7} Q)& 5 dom, Earh A
=X (holeS ztyE7he] oyt gl 1 A4 ol et 5
1=

2257 7(Et S5 7|&

9le] 1A BFPo g EAstA] e gkl ofn
o] Q14 o} shEahd F v BET 55 715 91y
S 9siE o go B 9 ol dieFel Hot
sojob &tar, ol ols] olalo] ¥ ga AlHe ohAF
Nz ol Mz so nastal F7H8E Qo Aol A

% A7 ofok & Folnl.

B =24 IBM PC 58 386-DX ol A1 +8
stgom 1 Avbe He FA(LEAA -’\Sﬂ*l
ZF 23 o] 250l Hit 12 & U%oltt. # -
3 AP A o} F Holdg el 4 ek o]
E} ZE & G4 dlolelPCX ot &4)ell th gt <l
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A Ae] F F of 27 (ASCID HIO]E}S’/] Hl-&
(byte7=) 2 4| <} 6% 2 dloleld S &Y 4 o

ll. Zot tlojet A4

31 B2 o) g 4y

s
z
o
O
A=
o
oL
~
;q.
ar
10
-
T

“’ﬂzﬂ:o‘ 1 9sl Ha=w

sol, gt 4
E.E’J ’;iol, e 'é‘—%?r*— \"\]' deoletz W, 4
olof FeH(I19 15).

p—— !

Y
L i X & T ) ol

Fre—— S ryitye

(57) 60 12 (57) 64 12 (57) 69 12
(102) 64 12 (102) 67 12 (102) 72 12
(143) %0482 (145) 67 48 (145) 71 48

(357) 60 12 (357) 64 12 (357) 69 12

(440) 60 12 (440) 64 12 (440) 69 12
(484) 60 12 (484) 64 12 (484) 69 12
(530) 65 12 (530) 69 12 (530) 74 12

(571) 60 12 (571) 64 12 (571) 69 12
(614) 60 48 (614) 64 48 (614) 67 48

(14) -1 -1
- eNAZ (XHE), g9 ¥l &9 Yol¥ BN
- e AEY g8 8§, &9 Fol7t 2500 F¥E 4E,
SRl A%e v FEE A

2T = e
3 el w9, ’?:’E‘E:-Q’] ojly, 1yl
el vl gol 3t Mry[13]el ofs §¥

ol Al FE ARG Sl vAstEg o8
o] &gt}
33 0|C| 73

u)t][14,15]+= AlA|A}o) A (synthesizers) 9} ©}&
2 2o xl-ﬁ] 7}01 & @_zz\__o_ 11&1 o7 WMEA
2 Al fre¥(communications protocol)o]t}, o]#] 3t
] it 4g AFEEhE V)74 &9 dioletE dF
ah7] 18] A A B el AYE vy #
= o dal16]o.2 ¥ ga) Aok o
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3.3.1 0iC| BE ol 84

o)) dojel 2EYPL JAe] njolER pAYH
AA ‘4= vlo]lE(status bytes)9} Ho]gl vlolE
(data bytes)2 olFojzlt} 2z} vlMxl& Abe] wlo]
E9l 11 HE wEx dlolg vlo]E(gAY st o]
4d A2 A" VY Y e §ig da
(header chunk) ¢} E# %A (track chunk(s)) & 1}
FolAled Y HAas duE EASE Bz
(‘MThd’ : 4D 54 68 64) 9} &l H22] Zo), 5o
A &, dde] Ed Az wE, 1gin def Azt
(delta time) 2] &3-g g A3l BE2E FAH T,
EY Fas 44A o diolelg EAsleE v
o 24 3} ol4e] EY oWl E(track event(s)) 2
o] §olz] Aot

332 37t HEj melol o|0| mel HE

T3 Fel A e =5 ool e dloletnte]
glorg 4 3 #ES EFE A Yo gEg
71583, 2 gl Ed FEE dehle &3
(‘MTrk’: 4D 54 72 6B) <t 71et Doz 3w E7ix
BEE B 715 (24 16) shd) &5 o7
T2 AL ez A% Foh 2 Fe A7)
E 43¢ 271(40h) 2 nBZA L 3L olRE
89 dole sdsivta hgste] Sl So] @
AT B EF S 28T FAlO dojUEF
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S
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3

V. o4 ZHFH 7= ¥ 98" g5

4.1 WY 80| LR

G4 Aelet AHE VA= dw"or I
olebel weN gt st A2l 49 B3tetol ols) Mg A
ol olxmz AN Helrt WS m N2
s wrlA #rh olg Ads] AsME wa M
58 2t ZzAMY) Hesn oF TeANE

W AFe $£(11,17-19]8 AHgs 2o

2 B )

Ly

F&9 94 Azl diblow-level image-proces-
sing operations)-& F7+3 EA0] o&) /] H& =
AE 7B FAEgHA HFE LR (spati-
ally oriented computer architectures)oi] A o & &
2 (massively parallel) #8o) 7}%3s}c},

4.2 SIMD Oi| 3 ZIFE =

2 mEdA AlAE pAdo] vl 7harelin] e
AHEE 1 13 SIMD ®l 4 3% 8] (Mesh-Connected
Computer : MCC) goll M o] i gae)&8 7|43
Az} e g SIMD MCCol| thal] =3tz g}, 2
Az e HE xe) A A"0 2= Connection Ma-
chine(CM)-& AMg-8tof 3 o} & Q23 Ho| ¢}
= CM2 16K Zz M A9} 8K rl v el & 2t SIMD
#AiFelolvi101.

31 A A =} A AH(solid state electronic devices) 7]
o] ol old) HHFE sl=soje] Hlg =HB
A4 sZS e AT dEo] o 2 34 Alglo]
7im ol vl &K} 58 A 7Hexecution time)-& 7}
A7l 4E ol o4 dneEs ¥y 91
ZFoz Wgsliz sy

o2t HQl tjxgste d4-& SIMD MCC #+&
Bl A Azl g vlol AEsi, o] A 7 T AME
Fdol zt Hael sl AYH(FYFH AL FA
o &g HUg AFHY A7 MY L nkn
HA o4& pixel(i,j) 7} PE(i,j) 2] RAMd] 7]o€
=3

43 0% M HFEI MM WY emalE
#AF o FsE gduagES SIMD MCC 4
oA gER S4st7) alA, Aatel Aoty e 1o
st WA MY el 7bed Al FE BRAU B
Hol 943 Q14 (2 wEe Fd W He BH), u
Eo A, RES) HiETY 4, FHY 4
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SRS HE FRE SE vl el

43.1 2HL2| AtH|

Fgel & PEIAM Al 23 A4 Abs T
W AR E o]l gala] A4 AlThilel MalE 4+ Uk

(A1) - (2 #H4) oA sl PES] $lof v PE&
(PE(x—1, vy), PE(x—2, vy), PE(x-3, y), PE
(x—4, y))o] Bz z}z} ol & A+= PERE MGk
& dgate sld PES A4, A3, A2, Al 5l &
Mz A s e who g (BAB)-(HAR) &
Falsto] A5, A6, A7, A8l A&l (THAI9) oA
sl PES] Al g8 3 (ahA)) ghe}

Al :PE(x—1, y), PE(x~2, y), PE(x~3, vy),
PE(x—4, y)o H4g& 717z} PE(x y),
PE(x—1, y), PE(x—2, y), PE(x—3, vy)
2 3%

GA2 : PE(x—1, y), PE(x—2, y), PE(x—3, y)
o} A S 77} PE(x, v), PE(x—1, y),
PE(x—2, y)2 d%

dA3:PE(x—1, y), PE(x—2, y)o HAgg 2}
7} PE(x, y), PE(x—1, y) & H%

@4 :PE(x—1, y)o] HA%E 444 PE(x, y) &
qE

A5 : PE(x+ 1, vy}, PE(x+2 vy), PE(x+3,y),
PE(x+4, y)ol #43zg 717} PE(x, v),
PE(x+1,y), PE(x+2, y)2 7‘4‘)6\'

GA7:PE(x+1, v), PE(x+2, y)o H4z&
747} PE(x, y), PE(x+1, y)i qE

9A8:PE(x+1, v)o #HAghs 77t PE(X, y)
2 4%

A9 PE(x, y)o] HAg 2l 2

k23

7ol wheh A4

w2 el FolMe 2 e ek ZF Ao 4wk
Yo 2 O(min) 2] At BF=g 7FAH, ¥
i18]E2& L€ PE7F (GADAAM (EA8) 7HA]
Airg FAlO) FAF2ZH 0(1) 9] AIF HPE
Zrettn: B Foe] £ nidi F99 ¥

e

O ot © ol ooy

~—

968

432 B H 3|AE0M MM
Ho] #He 2 s 2¥(LT x, LT y), (LB_x,
LB y), (RT_x, RT_y), (RB_x, RB_y))oll A scale
factor Stave_Width& o} &3&le] | AEIH S WA
el g dAsich g X HEH 22 Y #E G
of thal WH Faste] Aapghg vixut Yo 2+ 4
o] w3 AR} AHAFEE o) = (dAD
(A2} 7F 118 el Al B ool wo] vhE ¥ Y
2 FYHE2 F3f daeFe omkn) g U
Om)el A BYREE 2t m: BE 399 &,
TR 9l Eol m>n).

AN PE(x, vi) HAZE PEKx+1, v) 2 A%
THAI2 : A2 b A o] gk o 3k

433 5N ME £

YR S| 2EIYE ol 83tal vy, S| of
o & FHY RS F2Y F Ao ole I~
B9 dagts 7HA e vhAe o R E PE
AA WH2 ST 5 Aok

AL kR o] 9 E PEA WHE wjrj4d)
b aEe hlstg 7R

w2 mhr) Mol Bl g 9l 49

GA3: 2H e g 71 PEAA M e S F ¥
72 A9 AN 79

(Al A wp=jet Bo] mE FHoll sig3te PE
= e Akl A g e ola, (SAR) AR iy
A ER1E s Abg ARl Fastt) (HAI3) oA
e WE 2t PEZE A6l #3E 5 9l
A A] AFS A7 zmg} £ otk adeg 0(m) 9l
=2 G Fg o) 2 N dHm: B FHe F).

434 S8 me| o1y

A FA(S £ 8t F)olA 54 &
o} me(flag) g L43t7] siA ez BE &
#h g4 slgl PEo) A9 Sobel ditg 2t PEOA
Ha g sy

oAl 3l g e 2 Ed(right-most column)
off 9jx3F wE PEES Hds i
F2o g gAad Yritrt 4 H4ds #
o (HA2) & ¢l M4 E set
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R/ ohuel 943 28 Gne)Fel Be A

A2 (A oA W7} set® PES dhaf Sobel
ik 3

GA3: G 49 FHE 2gol 94X PEES
Bz e 203 Sobel WA A3t
e AE

GA4: 2 Bl M vpxg 8o = PE2 2
ke A, FHAZG

SAlS : HF 7] & 7] ALt

(gAD MM 0(m), (GA2) A= 0(1), (FA3)
& A G Eo e BEYREAIR SIMDA A o
o] BUALS 918l Sobel 4 Aghs 92 njx)
ot do| PEE2 A 437 $8) 0(m)o] Hasict (o
A4), (SA5)E dA HF 71&7]1& Al sl
0(n)2 0(1)°] Basle HANH2RZ 0(n?)7} 0(n)
o8 NHEG(m: dde & n:99q9 wol, m=
n).

4353 ST 24

SHY EH(SE v A7 A gl e,
A Atelo] elert, S8 mEvt der) doed 8%
thel $1% L ol Fo)] AFs o] slevhdl wa
AA Y 992 #HFH=9 (left-most column) 2] PES]
X HEs S0 gt olm RS Ao
A A& 92 (white-to-black), F& HAgA 7
2 ote ¥4 2 (black-to-white) ¥W3te- PEE A4
(count) 3t wtob=1, btow=12] 3}& &4 5}st o}
& nA% de| countE F4H(sum) shed A gh(mar-
gin) o] gold FAYo| Ho] EAste HOR UF
g3

GAL:2E Yol HEZ HBoM 202 ¢
A8t A4 white-to-black, black-to-white &
ANSRA ke BE

@AI2: H-$=de] PESIA white-to-black#} black-
to-white & HA}

@A3: A 9299 PE A#ge vixvt 3o PE
2 A4, 53

(A AA 2t el diallA FAl] 522 &
oz o(m), (&A2), (VA3 427 0(1), 0(n)
o] A7 BATE zted, 2B R 0(n?) ] AT &
AEE ze &3 gduddEol on)o2 "ok (m~
”n)

4.4 A2 B8x 24

43804 71&3 duYPFEL Y FndF
Z2Q8 REOIWAM AAoRE HAZ: L HFS
AR shed WA A GG AN 2 o £
Sdua]Ee] N7t Ears BHe oA, REe] d A
EOf A4, FAH AR 33, 239 18 914,
HEE Ay duaFol os AFEHY 0(nt) 9 A
2 BAEgE JpR o)g WSl 2N 0(n)ol
A=Y

v.d B

B oA 94 ofr Q4L 71Ee TN
T3t A HPg Ao, HEE Fe ¢
R Fo] 71ES £ I2EIYL AL ARG
HEe B 2RI FET g 2 A gy @
a2 Fo 14 AlZE gEEgn A4 ES FY
Al7171 s RBE AtAlEtE ) ol Qg Al »
do] ol Frhsla oy 2.2.63 2] ¢4 Aol A
H o™ A AIzte A &% BEo d94dy
of glojA BEdast 998 glola Heldde HA
3l 3, RES 93] ARE o8& X X
Ao oM E ZHE-e) 2t 2 FEF gl 7] sl
Bl A ALgsldel =3 7)Ee] Aol Al
2] 23 3374 SRR HYIIEE sk

oAe|vkx]) o4EE dYs Ans P AYEL
94%, <14 Alve Ha 522X 7]E9 A7 v
A HEdoM wERNE d 5 Ut d4E 4
g vt] BF gy on HEste vjr] AlAg
off A s wgtow, otw olao] HYF vl
Fe 7125 dusta 4.3"0 4 o) pRAFA HE
73 b dueiEES] W dngES vlest
I A EREE B

wEg 4 ES Pt A £ AHS vla
e AL dozo Aotk i 1Y shEd
7139 HHE 54 712 2 B2 gtn A4 E
£ Fook & ot}
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