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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 two-dimensional image is 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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(440) GO 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
- $HUZ (XHE), §9) Fol, #9 Lol¥
CEdETER S8 5 St T e
9 A§e who FEE EA

WA Sof dlojet shel S ot ¥4 (& phehy o
UG AR e 2ok sk 9 grew
o 5771 471 295 *gzmoq RS

3 el w9, %%EPJ U]C\’l’-‘i, ILFJJ—
el vl golnt 53k 7l[13]dl o ¥

ro) Azt &3 Aale) Solo] WastE o8
o] §-ghch,
330/C| 78

u)t][14,15]%= Al A A}o) A (synthesizers) ¢} o} &
2} g-oF AH|7Ee] AE HES BHow wgo]z
%A1 Fe¥(communications protocol)o]t}. o]l &t
] it 4-g AMEEHE V)71 A &of doletE dAF
ah7] 18] 4A A B Fele d S vy &
= 9 dAl16]e 2 HghAl A of Sk}



WX/ otr o) A WY due) B By A7

3.3.1 0iC| BEE el &4

o)t} dlojel 2EYL JHe nolER AE M
AA 4= vlolE(status bytes)®} Ho]E} BlolE
(data bytes) 2 olFojzlt} 2z} wlAMxl& Aef wjo)
E9l 11 HE wZ = dlolgl vle]E(glAY s o)
Y A2 A9 v 3Ye gy ¥a
(header chunk) ¢} E# 33 (track chunk(s))2 1}
FolAled Y HAae dugE EAsles BA
(‘MThd’ : 4D 54 68 64) &} &t S5£2] Zo], 5o
A &, dde] Ed Hz HE, agn def A7
(delta time) 2] &&-& HA| 3l RECE AR,
EY Fas 443 3 dojehE BAEE »E
o 24 3} ol el EY oWl E(track event(s)) 2
o] §olz] Aot

332 &2t #Ej male| o|C ol HE

F g U2 &g drol thE o olebytel
ooz oM 3o RES HE AY o g
71538k, 3 tgol BEd Y EE dehle #31
(‘MTrk’:4D 54 72 6B) 9} 7]E} o2 3le Er1R
HEE A 715 (29 16) e AEEo] o7
IS AL Joz MA & Fuh 28lm S A7)
= Y4AF 27(40h) 2 A7 FEE olF:
89 dolv FUsitta st ste BAlof go
HBEE sl3 EE 9] AFEE FAlY dojuyrE
3o},

%%ﬁmwmwmwmmwwnmﬁ
00 00 00 19 00 FF 59 02 00 00 00 FF 51 03
0A"67 5A 00 FF 58 04 04 02 18 08 00 FF 2F 00
4D&nww%%£ymm
00 00 91 30 40 00 91 34 40 00 91 39 40 3C 91 30 00
00 91 34 00 00 91 39 00 00 91 34 40 00 91 37 40
00 91 3C 40 3C 91 34 00 00 91 37 00 00 91 3C 00
00 91 34 40 00 91 37 40 00 91 3B 40 81 70 91 34
00 00 91 37 00 00 91 3B 00 00 91 00 00 3C 91 30
40 00 91 34 40 00 91 39 40 3C 91 30 00 00 91 34
00 00 91 39 00 00 91 30 40 00 91 34 40 00 91 39
40 3C 91 30 00 00 91 34 00 00 91 39 00 00 91 30
40 00 91 34 40 00 91 39 40 3C 91 30 00 00 91 34
00 00 91 39 00 00 91 35 40 00 91 39 40 00 91 3E
40 3C 91 35 00 00 91 39 00 00 91 3E 00 00 91 30
40 00 91 34 40 00 91 39 40 3C 91 30 00 00 91 34
00 00 91 39 00 00 91 30 40 00 91 34 40 00 91 37
mmmqugggmmmm
00 00 FF 2F 00 00 91 3C 40 5A 51 30 00 00 91
3C 00 00 91 F4 40 05 91 F4 00 00 FF 2F 00
8l 6. vl By YA Ae

V. o4 HFE 7= Q E8 2025

4.1 HY 3| Hey

B Aelek HHFEHANM = dnbFo gz oy
olelte} wieh gk Hal a9 B atgto) s Mz Al
7to] dolxE g HAIZE Hal7l YEINL 7Y
£ =7A stk olg #dshy] daldeE waE 2
E£5E e Z2AAM7E destn ts Z2AME
Zte wE ZAHg 721, 17-1918 AHesd. ge
A eFol G4 el A4Hlow-level image-proces-
sing operations)-& F7F3 S0 28 thr) 52 9
AE B R FREgH HFH LR (spati-
ally oriented computer architectures)oll #] &k ¥
2 (massively parallel) #& o) 7} 38}c},

4.2 SIMD Oi| 3 ZIFE =

2w A AlAE Aol WA zhgals da
AHE-E T 9l4= SIMD W4 %55 (Mesh-Connected
Computer : MCC) ol M o] i &dnegl&EL 7|5t
a3z 3le g SIMD MCColl sl =3}112} i}, 2
AlZ e WE xe) A A0 2 = Connection Ma-
chine(CM)-& AF§-8tof 13 o} & 21431 Ho) )
= CM2 16K Zz MM 9} 8K vl el & 2zt SIMD
#AiFelolvi101.

J1A A =} A AH(solid state electronic devices) 7|
o] ol os) HFE sl=sgoiel v SR}
A4 28 e AT dhEo] o] 2 84 Abgo] F
7imj ol Bl &K} 28 A]7Hexecution time)S 7F
A7l 84S Fol ¢4 duelss ¥y 941
ZFoz Wgsliz sy

o2t Ml tjxgstg 942 SIMD MCC &
Bl Azl g vlol HEEi, o] A TaAME
Bl zt HAol diel 2 dH(BUFH)ANE FA
oA F3E Y& AT A7dMY L nkn
HA o4& pixel(i,j) 7} PE(,j) ] RAMd] 7]19¢
=3

43 0% M4 HFEIMOIMS) WY YDalE
AH o Fise dnaES SIMD MCC 4
o gER S4st7) falA, dAxtel Aoty e e
st WA MY el A5 dReEL BRI »
Hol 9% Q14 (2w Fhd W He BH), u
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%%, SR e #5¢ SF v HES Y, B
B (3 geo)me AH, 3 9‘&-4 S
ol 3 At BHALE W& £ Uv dudEe Ve
Cidss

43.1 22| AtH|

T el 2E PEAA B0l 23 AA ANE F
W AR E o]l g3la] F4 AlZhel HE] ¥ 4 At

(ebAI)- (S #H4) oA sl PE2] $lo Sl PE&
(PE(x—1, v), PE(x—2, y), PE(x—-3, y), PE
(x—4, y))o] HE = 21z} o & U= PER g
& dgate sl PES A4, A3, A2, Al ®5 &
Mz A s G o g (BAG)- (AR &
Faisto] A5, A6, A7, Asol A Fatar (gHA9) ol A
sl PES] Al g2 43 (abA]) sho},

Al:PE(x—1, v), PE(x~2, y), PE(x-3, y),
PE(x—4, y)o "43d& 72tz PE(x, vy),
PE(x—1, v), PE(x—2, y), PE(x—3, v)
2 3%

GA2 . PE(x—1, y), PE(x—2, y), PE(x—3, y)
o} A ke 7+7t PE(x, v), PE(x—1, y),
PE(x—2, y)& %

dA3:PE(x—1, y), PE(x—2, y)o HAgg 2}
7} PE(x. y), PE(x—1, y)& #4%

@A4:PE(x—1, y) o fdgE 244 PE(x, y) 2
qE

A5 : PE(x+1, y), PE(x+2,v), PE(x+3,y),
PE(x+4, y)o #4zk& 2tz PE(x, y),
PE(x+1,y), PE(x+2 y)& 7‘4‘)6\'

GA7:PE(x+1, y), PE(x+2, y)o| Az
747y PE(x, v), PE(x+1, y)i qE

GA8:PE(x+1, y)o H4gts 717t PE(x, y)
2 4%

@A :PE(x, y)o Sldgk oba) =

k23

7ol wheh A4

A obaie| Eoll M 2 o vist 2 gl ot
J}?}C’i Olmxn)2] A7t BREE 71AW, B
2@ &L 2& PEZF (GAD A (&A8) 714
03_1% *loﬂ FAgtozH 0(1)9] At BAE

Zdetim: B3 999 & 7 B8 99 ¥

O ot © ol ooy
w4

~—

968

432 2 H S|AET MM

Hiel % ¢ A8 2H(LT x, LT.y), (LB_x,
LB y), (RT_x, RT_y), (RB_x, RB_y))olA scale
factor Stave_Width& ol &3] s|AE 1Y S YA
3o g A e X ABA) REY AF G
of el WH Faste] AAghg vhxut Yo 2+ 4
ol w3 AAGE AFNEE g F (SA)
(A2} 7F 112 oA 5] Fo9e] o] vhE ¥ E
2 FYHEZ $3 daFY omkn) g Yo
On) o] N BAEE 2hv-tim: B do9] =,

TR 9l Eol m>n).

AN PE(x, vi) HAZE PE(x+1, v)E A4
THAI2 A2 ke d Ao 84 gke o 3o

133 5EM HE £

BHE S 2ETGL ol §atel vhI M, SE o
St e FAN HES F2F 5 2on ok i~
B9 Zughe 73 9t wpxe o) B PE
oA Wz 2 F ook

AL bR o] g E PEol A WHE wirj4d)
b e Ee hstg T

w2 ohe) M) Bl 9l 49

GA3:2H e e 71A PEIA M S &
72 99 AN 29

(AN A wp=jet Qo] & Fofl siF3te PE
e Al A E e ela, (GAR)AME vy
A ER1E s g Alte]l dastth (EA3)HA
= e WE 2 PEZE Al #3E & QlolA
A A] AFS A7 zmg} £ 9tk a¥BE 0(m) 9]
w2 G g o) 2 HAGHm: 2 FRe &),

4.3.4 SH 112| QA

AP A9 e 3k FF)elA F4 I
of mel(flag)E AH37] AMAM FHf=2o BE &
Mzl A3 PEo A9 Sobel #4HE 2z PECIA
WA et

oAl 3l g9 $2 £d(right-most column)
off 9jx3t wE PEES #HAE e
Fz2o g gAad Yritrl 72 gds #
o (HAI2) & ¢la) M E set



R/ ohuel 47 2 E gne)Fo) By A

GAIZ : (GHAN) oA 57t set® PES dhal] Sobel
ik 3

GA3: AT F9y FHE ol 94X PEES
Hag )2 $%02 Sobel A4 A=
e AE

GA4: 2 Bl A o Q= PER 2
Fge A, FHAZG

A5 BT 7] &7 AL

(A NA 0(m), (SA2)ANNE 0(1), (ZA3)
& &4 G Eolre BY 23X % SIMDAA o
o] EUAAML 98 Sobel A4+ Aghs 92 npx)
ot dol PEE2 A487 98 o(m)o] a3t (&
A4), (SA5)E AAl H 1€V & AEA fs)
0(n)2 0(1)°] Basld AA Yoz 0(n?)7} 0(n)
oz NHEG(m: 49 & n:999 wol, m=
n).

4353 SH 4

SHY EH5(SE v 92 A gl A=)
A Atelol 9lert, 88 w7 deTh U &8
thel $1% L ol o] Ao Aerhol uhat
AR Y 998 #HF&EA (left-most column) 2] PES]
X HEs S0z g olm AR Y
A 7L 92 (white-to-black), He H oA A
2ot ¥4 2 (black-to-white) ¥ale- PEE AA+
(count) 3t wtob=1, btow=1¢] 3-& &4 8§ c}
& nA2 de] countE FaH(sum)dtel A gh(mar-
gin) o] ol FHuUo] Ho] EAjste AR UF
g3

GAL:2E Yol HER HEoM 2o ¢
A8t x4 white-to-black, black-to-white &
ANSRA 1 ae A

@A2: H-$=9e] PESIA white-to-black 2} black-
to-white & HA}

@A3: A 9292 PE A#AE viAe 3o PE
2 A4, 53

(&AM 2t el dallA FAl) 5322 &
gog o(m), (GA2), (BA3)L 2z 0(D), 0(n)
ol At BAEE zher)h 283 EBER 0(n?) 9] At &
FEE ze &3 daFol on)og "ok (m=
”n)

4.4 A2t B3 B4

4.3489A Zles dnFEL A e FY
ZQ REo|WAM ANHoER HAMEF gL HES
R k=t WA 1A dnE FHNA B o &3
gdnelEFe AT B3ee B A, B 3
EOfR AN, £ 4R &, SHY mg 44,
HEHE < g o AFHN 0P Y A
BFEE ARG oA HHHFLRZM 0(n)o]
L2A=3

v.d B

B mEdAg 4 ofr Q4L 71Ee QTN
T3t A AYg Ao, nEE R ¢
R FEo] 71&ES £ I2EIYEL AHRT ARG
HEe B 2R3 YET a2 A g &
A Fo R 1y AlZe gEslgn A4 ES 3
Al7171 s REE Al olg g AlZE 2
o] ol Frhst oy 22,632 14 Aao A H
H o™ 2 At Ao SF REY 9949
of slojA BEdast 99 glolla Heldde Ha
3l Bl RES $3 ARE o] 83 FHe| X
Aol AT FE-o 23t 2 FZ gl 7] sl =
Bl A ALgsldel =3 7)Ee Aol A 2 st
2] 23 3137 SR AH2IEF Yt

Aeivkx) oEE dYs AAnE: YT AHEL
94%, 914 Ave Ha 252 2H 7|29 A7t v
afM H5HoA MEZNE U 5+ Ut AAE
g v BF Yy oz HEste vir] A2
off A s wgtow, otw olajol 3 viH H
Fe F+2E dsta 43" A o] FRANA WE
73 b dusiEEe] WY dneEs vEst
I A EREE B

By 4 &S P AA 3 AIHE vl
e AL dozo Aol 13 Q14 shEd
7139 WYE B4 7l 2 £ ddstn Uy E
£ Fook & ot}
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