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Abstract

This thesis describes the process of Recognition of printed music note by find the
characteristic of music note such as number and position of cross point, branch point and end
point of music note. The Recognition of printed ~music note can be application in music by
computer receive picture of note from scanner. Then use image processing and pattern recognition
to analysis and convert to MIDI code for control MIDI instrument. Aimost subject in this thesis
that mention to analysis principle and printed music note and a few mention of midi system.

Recognition of printed music note is the method to analysis the structure of music note
by extraction the staff line. Then separate each of music note by framing in order to find it’s
meaning. The image’s data has to be reduced by Thinning method and used that to find out
characteristic and encode. When we know pitch and length of music note. These would be used

to make database for convert to MIDI code in order to control MIDI ‘instrument.
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raunamafeesinumnsn Tunnsldnunislszunananinanisninisdssunaazsies livaeA LA

' 3 o oAl 2 v = “ 1 I °
N “u']EJﬂQ’)NQWHﬂﬂﬂ’thlLWFJ\JW‘B‘NFI‘E]\]NQIJHTIUWQWQQTWYI'N’WLL

2.3.4 qﬂnsr&ﬁ‘ui’aga (Storage device)

Fayanmaunn 512x612 Aintga usasAnmaiinsacenlad 8 In avsiedlduianmnndn 0.25
wnzlus safiudeyauaniler 3 gliafe LHUWMAN (magnetic disk),NUUNIUEN (magnetic tape)uaz
WHUUAY (optical disk) WHBLMMANEIATINA 700 N lUYMEENANNGT (MU UNIMANULLAINIILLNGS
(6400 luisatia) aunsaufiudeyanmlandszans 4 W winwavinulssendoiageSlumseuvie

Frusansnqdeyals 4 Aincluivdedszunns 16000 deyannsousiu

2.3.5 gunsnlusmana (Display device)



L o J S - « -
guUnsnffusioRlflunsuasnanisdszinananinihe saneiimefuuuululasuszand
uafimefarduioninndaliinan  douuaasnadayanisluilsanauanm  Agygyrniaanann
awnsn i lfuiuiin3Fugnsaiiuindynnoaty eladnmoirouacien gunsniuaminadi

i RBUULMAaAAL0A (cathode ray tube) uazqﬂn?tﬂm?ﬂq-?mﬁ (printing device)

o & >
2.4 YANNITILDIBAUYDINITUTEHIRHRMN

Tuindeusnazuaaiannumunureefisegitflunsdszunananin

2.4.1 WnLTR (pixel)

nsuasdayanmARRaaansnes U ddanwsEng - Nxv uazliqasw e lussind

o« . ~ . ~ .

uas xy a7 Sadudoulsznausenan luusazan xy a7 Bundy Rusavzeqann uazluusas
FAnaaazuans Weuilasnaiefuassanudueu®  (eedsznauees  pij) ) Wewliey
Fuuszwinanmuasinigaiszng (pixel metrix) fegildi 23 axziudiqeniinzasninazagiiyuans
v ' ° - - !d‘ % 4’ o -
d1o ussenuilazeefinimaszegiynunday  Bendudnssmnlszunananmlunsmines

AANNIURADT

o n R :
NRNIAD ir=aciNEL] <= i <="N .
j=M-y<=j<=M
j—>—1toM
D, T A i WM
j |
-4——-0,—*——%— —- RG] ‘ fe — — i+~ — —- —M pixels = —— — =
D] Y N piixels
! 1 :
{ to !
g ; NIV 1] ot N, M
0 Dy
e
a) ANEUTTEIFUNN b) AN DLzTBIRNITANEINT
alfi 2.3 Anduiuszesnmiaevialfufinisasing
o
D x = Dx/N

y = DyM
N = STUIUGIARTBIRNITA UUWIFR

M = R1UIUGAATEIANIIA TWLUIUE Y



AN

i
e HymFUUNEN Lﬂu"pif?fj'ﬁm

0 j =M

|
pl0, O) | p(0, 1) | plO, 2) | plO, 3) | plO, 4) /

!
pl1, 00 | p(1, 1) | p1,2) | pl1,3) | p(1, 4)

p(2, 0 | p(2, 1) | pl2,2)| p(2,3)

p(3, 0) | p(3,.1) | p(3.2)

il pl4, 0| pl4, 1)

2119 2.4 sigtlsavinuaalusEng

[ = S .l/ - vy U v Al 1 v
ANTBIRNITAYTERITU pli.j) m."‘lﬂlﬂj QzLLﬂmd‘lﬂﬂ'}Uﬂ’mﬂ\lﬂ’ﬂNL‘BN‘D’[‘]\?LM\?'EQ’B')QLLU\“@

o - ' ~ & ' o
naEsTAY BNNUA 2 staunasiduLA 0 Y 1

2.4.2 WUNAN (windows)

A‘ P Il -~ = t £ % ' 3 ;53 v '
WuRungutiagsasNIwvzaizand wins uﬂzmmﬁ‘nﬂ'mum’lmmagu 4 HHUAmnLAN

aasfiniza P(3 .0 LP(B.y LPra 8P o Y ) uasslasiagy 2.6

0347

l) l)

o
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i) Y
T 1
| |
i |
| |
Pla, 5) | Flees 5
Y2 b—— G s ==
Pixel
window |
Yip—— Bif== == T
| I P(B, o) PB. )
| |
[ |
| ;
| |
| |
| ]
X1 X2
a) WA E9NN b) MR BIANLTR

217 25 uamniIA TN INILAT MRN8 RNLTA

2.4.3 FIUMUIIBINNLEN (pixel position)
o ; a4~ v . & 4 P - <
AT ERANRITERNLTANNARATFeatn e ULl NXM laisfiansiunanngli 2.6 (a)
< i 1l a 3/ a d’ 1 lﬂl ld‘ 0 dl -l c‘:
aziui ldfugn 130 omuundtn . 1as F eI 4a oy ANNANTNTRINTHTNTLIA 10x10 19
A’ |l 1] (e x | ! ' ! 2 % - d‘ < b %
Hun i bifiuseuanalsisogud douiiuf Radnafgauaaslddneuile uaznmauivlsfe 5x6
e i 2 \{ : 1B
WFINT (5 U025 ABANY) UARATRINTNAZNAN 2.5 T UTninuudoasiduguel uasui 2.5x2

Tzl TebwndouiuasEndlinegy 2.6 b)

BLACK
10 inches " No illumination in this area

WHITE

y
Maximum [
illumination in 2 0?2 2?2 01
this area

5,47
0
.0 e X 10 inches
a) NN b) wlaadunnisawsizng

o a -
a7 2.6 nsutasn i uRnisawszng

gy o b RN ETTE
A nEENg g 2. 6b) BfissAum (gray scale) 1 16 szAUATeRinga nuFnfadiigaasil
AN 15

- ' - ; [ 4 < 3 . .~
ANHOLENITUAAINA TULRIREANERYTEAN WAL UR LU TuITe Fileg 2 ANy



- LAPNNALRNIEANLTA
- WAPNAMRDNML

Touannegi 2.7

a) WAANNBLANISANER b) UAANNAINADNNY

UM 2.7 NMsuAAINATESIANN

2.4.4 sEAUNN (gray scale)

sz durfiuenivpuedvassaann mmm?nL?v'mmmadﬂm%?:ﬁuLm‘lﬁﬁmm
nnldnamszdy Tnamafindiusutesinlunisinaueriresinigs fhethadu Fesnasciumn
a1 4 oAy fisealdiniayadnuan 2 I, 16 szeiumesld 4 Tnuss 256 szauid 8 Tin Auaruzes

SLAUAMMNAT NN IFRIN 2 BNNIGIRRB_RNauTN

SLALINA ANEIUTBNTEALINA
o1 2 A 0 uaz 1
53 8 AN 07
24 16 A" 00915
-8 256 £ 0 i 255




217l 2.8 FRBENTBISLAUIN

2.4.5 gdlaunsy (histograms)
falaunsuiunsmuvisiuantivasudresuARs AT NTDIUES (gray scale) TBANIW ’ngy

Tuuuauny x (WUANT8TZALINT UaZUNW Y URIUIUTBNAAN T ANTEAL N FINT

raunsnaiiedalaunsulilan
1) v biduszaufiuansnafi
2) ﬁuénuaugmmwﬁiﬁ?zﬁum’nﬁmﬁu NNIZALINN
3) wé’ﬂrﬂmmﬁl'neq'ﬂmmwﬁwia:?:ﬁmm

Tnesamnsavipihasidugesqanan adssaumaniie linuannis
Plb) 144m ixy) AWM = A1299 b / AuouzesRnsarieunalunan

o4 o ] - "
\TU NTEAVINT 6 ﬂﬁﬂlﬂ\lﬂﬁiﬁlllﬂ?ﬂlﬂ'\ﬂu 7 ‘?516,1’

12
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p(6) = 50

=035

Frequency

Grey level

Ui 2.9 Balaunsuiil 8 szaung

' a .: e o « - ~ v o o’ o U

sUiwaesBalaunsuarausgiuaniantmrsnn  Ustlmivesdalaunsupelddmiudiuan

wealaa  (threshold) Reaazulavsssuinaeen mIiidun n 2 szauvzaldainiuliuusadiuae
allnmiuszaLing

Fnati N aIN NN NsEAU AR et R aF i TuEa launss

15 15 15 15 12
15 0 7 15 156
15 0 7 0 12
15 0 0 0 3
7 15 15 15 156

& Y
a)fun1 b) 4% 2
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16 |
14 —
12 +
Value Number of Pixels 10
0 6
3 1 8 -
7 3
12 2
15 13
Total 25
1 : 1
8
¢) Tuh 3 d) Ui 4
d‘ v =
¥ 2.10 nsaiwdalpunsuannn
ad
A8N3

1) MIRTUIUTAUNATBINNTAINFTAT M x N

QUUIT M =10 N =10

ANLTAYIIMNA = 10 x 10 = 100

A‘ ! < « L I} -~ « © = ’:/
2) 51NN UNT RN INUNUALNNFTNT AINFA28ENAZ 1S WFBNT 5x5 [SIUIUTBIANLTAYIY
NN lULFI TRz ARANRS 25 RNLDq
3) NIFANITNATHANNUSTZNINAITZAUINIAZINWIUTAINNLTA
v a (T v e < o v & o ' o

4) g5 wdalmunsuidunsanurialae Wssiumunungs 1 s2ouluiuine  x UASEEI’RINANTLALNA

FeanAe 156 AeRsTALW MR 16 seAvTuuuuny y

2.5 N15318849
RINANRINAANINTEY BUINA (image) MBI WeFuA T aediadlussuy 2 35 Ao fixy)

]
A '

Harngee f Reguulpoamun xy) ReANaduuIw uaaiu uaeazeglugdosanawu A

'
o

P . . a < oo
U fx,y) qqmlﬂuﬂuﬂuﬂz”ﬂqquu\luuﬂﬂ

0 < fi(xy) o ... (2.1

N neeing Wlaunisendunisasfisusasuaai unssnudng - Jeawnsnaduiaiedu

fixy) Ioenpdaudseney 2 g€y douilsznaudui 1 Ae uashidealUadsg Gilumination component) U
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doutleznaud 2 Ae usiasfoundunaIndng (reflectance component) wazarsnsnd@suuiadule

A9 ilxy) WAL rixy) AANRIAY Wadu fixy) (IRRINNIIAIITIUIENIN ixy) URZ rixy)

‘ f(x,y) = i(x,y)r(x,y) ..... (2.2)
e
0 <i(x,y) <o .. (2.3)
0 <r(x,y) <1 ... (2.4)

aunsh 2.4 Wuiiunsasiounduaeuas niam (xy) TAITEUIN 0 (AeIRNEANRULAIMY
Mo % o -~ S [ £ % o :’1 1= - ] al/ " b
wun ldasvaunduise) M 1 Fedpgasieunainauimug lifineganauuas) douiedu ixy) wls
anunasiiiaues douiedu rixy) mldanausuiinegauasresing luiuiluasunndn
ananfmdasliAuaIw 9000 usisugesunteinlan BT la i aNINANINE IR T AAGIINAD
1000 usaifieulpeysoanny ANTeY  rixy) RZRAN 0.01 A mFunNevE,0.65 AnFudlAueg 09 awmiu
Ruuas 0.93 aniunns

v
podaasauL i iulpsn Gundn ssaun (gray level ; 1) 284N WL AR A2l6

VAV (272N

max

el

Lrnin = imin'min

Lmax = imaxfmax

Taeinly Ly, SsfiAnssanty 0.005 uas Lo, NANUszuany 100 dwuldiunmsdszuna
HANN
199 [ LineLmax | 38097 5200 1era@ougaalvadliidu (oL 1, e | = 0 TuRedsn

uae | =L ﬁuﬁﬂﬁmamumnmm?zﬁuwn

& - o o o ’
2.6 L §5EUINNR

Tudauiiazuaaaliiuiepnudiiusssudnaanm  lussuunisdssunsuaninsases #a
Furacdayanmuaslisnaiedu fixy) uarazunusousanEFoanAe p LAY q AIUTRALEETEN 9

AINTBINQTY fix,y) REUNUAILFR S



2.6.1 aﬁiﬂuiﬁqﬁnlﬁa (neighbors of a pixel)

Ooa

1 v v
Anira p ulAeefiun (xy) sclnuAsNsaUAMERNITABUNINUOIUBULAZILOAY HUAD
x+1.y), e1y), y+1), (xy-1)

AeLTRTEIRNIES FENIN NM9RANTAUNG 4 AUTEIRNLTA p ( 4-neighbors of p) Tauaaelsilae N 4(p)

UUARAATY 4 azagierinan xy) Wuszar 1 wice Tuuwamia 4 an Tasasns 4 Sinesniunsail
X+1y+1) X+ 1y-1), (1y+1), (=1,y-1)

lunstlisAnqndansay

2 = i

Tunuanueesasaswivinaannvaiinigass laudessausiosannIna ] 8 Wntgaseeiu AaFenad

8-neighbors 184 p W38 N glp) TauamlasagLl¥ 2.1

hit| Ny L2 [0

(X-1Y) -ty |ty | Xty
wz W3 W4 wd Ws Wﬁ
(XX-1) (XX) (X.XY+1) XYy | (XY (XYe)

W
e Wr | W 0
[X+1Y) (ReAX-1) | (XetY) | (XY )
a) 4-neighbors b) 8-neighbors

¥ 2.11 uamqananhlawasnnisauladansay

2.6.2 ANABLUBIIBIAANIN (connectivity)

'
o a

st . Mg ¢ & 3
A laessndwinigalundnnisdrAnfiaslimaauirnseeinguasdoaulssneuiug
2990 Riniga 2 AnigasieDaniulfuansinfingatuassiesagiionu W v idusrgessiumitiue
RLANNNADLILENTBIRNITRNANINITN 59,60,61 azls V = { 59,60,61 } 131G INITINAIFUIANMHADIILEY
161333
o ) e - it | 2 o o~ v '
a) ANNFIBLTEY 4 (4 - connectivity) NLTA p WAY g ARANRINLERA V Aadaiy 4 5ia 61 q aglu
N4(p)
il 3 - adat i o “ v "
b) AEBLTla 8 (8 - connectivity) ANLTA p WAY g AANAINLER V Aaliariy 8 6in 61 g aglu

Ng(p)
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¢) ANNABLEAIULLLNEN (mixed connectivity) RNLTA p WAT g ARNANRINLTA V [LFaULLL

NN o1
(i) q 2t/lu Nylp) Ve
(i) g 21 Nplp) uasldRannanluis Nap) [ Nyla)
0 1 1 0 1---A 0 1---1
0 2 0 o 270 0 20
0 0 1 0 0 ™ 0 0 1
a) b) )

gﬂﬁ 2.12 LAAIRNEMUZANNABLILAITRINNLEA
a) N3EERALIEIRNLTR
b) ANITANNIELAT 2 HANITNAaNsEL 8 A7

ol ANgAUULRENa L NANT IR NI TR T IALALIANU

2.6.3 NMTFIATTHSTSUINANLES (distance measure)
WHnga p,g use z ﬂfﬁ?ﬂﬂﬂamﬂ xyl . (s8) WAY (uyv) RAN&SY Fen D daflatusras
(distance function) ¥#e WsENg &1
alDp,g) =0 (Dipg)=081p=q),
b) Dip,a) = Dla,p),
c) Dlp.z) < Dlp,a) + D(q.z)
svzyARR (Euclidean) $XMIW p UGT g FB
Delp.a) = [ (s} + (y1)2 /2
diuszasiiandrssRnmaasiiszuslesninidanintiumes 1 aan - aa (y) viesmieg)
vudarisases r wel¥an y) uaerudnans
sLuy D4 sEwiN p LAY g gninvusiag
D4pgl = x—585 + y—t1
Tunseiiszazing Dy uszay (xy) Saduszositenninidawinfusaes ¢ ANAAAUEINATN

FaIRNITRIUINDT DLAR (xy) RINFRALW ANga D4 Ascazdaundaviaiy 2 a0 (xy) ¥Feaaruinas

2
2 1 2
2 1 0 1 2
2 1 2
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astfuinfnadensey 4 fassinaiie 0 a1 vde D, =1
AmFuszar Dg EMINAA p UaL g Qninuualag
Dglp.g) = max( x—§ , y—1 )
lunsdiifneefifiszer Dg anan ky) axiimmdenndwidaniniuAnaes « anangudnan

2eeRnTagUAMABNIL AR (xy) anshatwAna Dg Rszuseundwiniy 2 anam (xy) videqnguel

Naw
2 2 2 2 2
2 |l
21 0 1 2
N MN\\M [ (V/ /2
222N\ 22

< @ 1 a v o a A o
FIRLIVUNMNKNIRRDNTDY 8 RITDINNTANNAT 0 Q:Lﬂu 1 %79 D8 =L

f . M - g
2.7 naSFUMLUADLUDY (uniform sampling)
Tumsinnisszunananniviuaasdaya fixy scseawaiiifuianeanawsauss
a © a&.2 . - o < v %
wan1agm naeMn  digitization ulAesRAiunaliiuaeqn (xy) semansdenisduaayanin image
sampling) 49UTUNATEINNT digitization RENHNETNAIINAI N BITLAUINN (gray - level quantization)

auuR i fugaenweeilevdnFevegylugdaoamsing  NxN

[£(0,0) E)| f(O,N-1)
£(1,0) RN f(1,N-1)
Y = AN 900, @A L (2.5)
| f(N-1,0) fIN-1,1) ... f(N-1,N-1) |

qziiudsueassunsaesaNmsiiunmpaRes (digital image) lTuusiazanviadauiaz
Fundn ANEaYde Ine AINTUIUATS digitization 121ALFENRRALIARENTUIATEN N UATRTUIUTEN

2 : s Sl
seaumnInasuanlansssiuluumasings 16lgaunis

N=2" . (2.6)

LWas
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e 6 Aesuaueassssun lmnuanlasaus 0 Y L anaumsh 26 Uaz 2.7 1518 m1snAIuand

° a. al a ) v R 5 v
AuauiinnlElunsiiunInALIuNNg digitization UWAR
b=NxNxm ... (2.8)

d' -y © -~ d‘ -3 d’ ' W P
We b mmuauuww'l‘ﬂum?mumwwmum?dlgxtuzanon

N\m 1 2 3 4 5 6 7 8
32 1024 2048 3072 4096 5120 6144 7168 8182
64 4096 8192 12288 16384 20480 24576 28672 32768
128 16384 32768 49152 65536 81920 98304 124688 131072
256 65536 131072 196608 262144 327680 383216 458752 524088
512 262144 524288 786432 1048576 1310720 1572864 1835008 2097152
AN5eT 2.1 Aauautiniseelidalinsiasuulaetanses N uay m
N\m 1 2 3 4 b 6 7 8
32 128 256 512 512 1024 1024 1024 1024
64 512 1024 2048 2048 4096 4096 4096 4096
128 2048 4096 8192 8192 16384 16384 16384 16384
256 8192 16384 32768 327€8 65536 65536 65536 65536
512 32768 65536 131072 131072 262144 262144 262144 262144
ANS NN 2.2 Sunnaeslu 8 On) Asedldileinnsilasuudaunaees N uas m
2.8 n1suUaININ_ (image transform)

x5 & ,
2.8.1 ﬂliﬂ%ﬂﬂﬂﬂﬂﬁéulﬂﬂdﬁu (concept of the fourier transform)
Wofx  uiedusiaiflowasiuisaie x  YFummuaneduresivin ik  uaadlalag

J{f(x) azgnieulnpaunig
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3{f(x)} = F(u) = ]Ef(x)exp[-jZﬂux] dx ... (2.9)

e j= -1

-

HeduinayFosauadefuliuds  ansoudsanduunduieiumnls lneldgunefaydaimem

u

anasu (inverse fourier transform) e
SH{F()} = f(x)
= J[F(u)exp[-ijrux] a5 —.. (2.10)

RINANNTIN 2.8 UL 2.10 AxENdn AaumsyFusnsanasu (fourier transform pair) TAz¥INMNg
neuanasuld BNt fix) WuRF UL s HaUREANNTONINISERRINN 6 RS F(u) #7N190B URA
inslgsnanitazidniilaannnazifialmielus Wea i ) idussasasloGafemuans Sy

RUUTNEY (complex) YuAE

F(u) = Ru) +i@) 4. (2.11)

18 R(u) wae lju) 1DUEUS39 (real component) WASAILAURANIW (imaginary component) 89 F(u)

ansndengunsh 211 WeflueSuraasndliun@es (exponential form) 167

H§ = F(u) e* .2 (2.12)

Fu) = [R*@) + P ] .. (2.13)

Uae

_ ol 1(w)
#u) = tan I:R(u)} ..... (2.14)

wNnTiqA (magnitude) TEIWGU f(x) Fundn WEus aulnafu (fourier spectrum) w8% fix) uax @(u) Ao

:‘INLVM (phase angle)
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AUnNAFUNAQ

F(u)®
R*(u) + I*(u) ... (2.15)

P(u)

P(u) eaLUNMFNAAY (power spectrum) 2aIReTU f(x)
pauds u AlFluyFuimeusnefuFundsaudsannad (frequency variable) e ldgrsaevasiaaslum

auaodnfudsa azianuiy

exp(-j27ux) = cos2mwux - jsin27ux ... (2.16)

FsauBINIManni1sh 2.8 a<leen Flu) Usenausinguauinatius@as sin WAL cos UWASALBARTANTEY U

Q:Lﬂummﬁ‘nmm?mﬂuauﬂwﬂwj sin-cosin

fix) [F(u) |
i
AX
A
, e/11 T
0 X AN AN AN X 0 8 2/% /X
(a) (b)

77 2.3 uamamsinyFufmauanasumeeiiedu 1 5 f(x)

WEufmeuanafuaasosenelydoiedu fixy) Suiuiedu 2 8al 1 fixy) dufeduuny

FallaauazamnsnduRnem e uas Flu) awnsndubinem s ldyFaimsuanasuaes fixy) fe

S{E(x,y)} = F(u,v)

= j f £(x,y)exp[-i27 (ux +vy)ldxdy ... (2.17)
uardunafayGuimmuanaiuie

FHEW, V) = F(x,)

= [[£u,v)explj2z (ux +vy)ldudy  .....(2.18)
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- o <
e u uay v usaulsam

R iunuyGeimeuanadn 1 85 19aele
YiEuF aulnmin

F(u,v) =[Ri(uv) + Pw)] .. (2.19)
yuwla

= af 1(u,v)
®(u,v) = tan l'R(u,v)} ..... (2.20)

(=

waz alnRFunnas

P(u,v) = Fu,v)’ = R*u,v) + P(u,v) . (2.21)

f(X,}') |F(u, v)|

X Y

(a) ()

a) W f(x,y)
b) §Fuf aulnaiy
o sulnaiunuaseglugtaasiviupanadnsocuas

U7 2.14 uaman ey Fufmemanafusoaiady 2 J5
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2.8.2 ﬂut‘%ﬂénﬂuﬂﬂaéuuuu'lﬁvimﬁm (discrete fourier transform)

aunAleTY fixy) uidusedasgnduesniduasiy { fixg)fixg+Ax)

fixg+2A%),.«.. fixg+IN-11A%) } Tave N Hudnuausheglunsguuasanunsn@auieduls

f(x) = f(x, + xAx) ... (2.22)

f(Xo 4 2A/\)

fxo + 380 flxg + (N = 1)Ax)

!
|
I
!
|
I
!

|
|
I
!
!
1

X0 X1 X2 X3 XN =1

217 215 uameiedusie lashgnguiutaeniningiu

09 u = 0,1.2,..N-1 Uag

f(XNS %F(u)exp[jZ:rux/N] ..... (2.24)

u=0

58 x = 0,1,2,...N-1

989 U = 01,21 Tugnsh 2.24 azawnforurfiguan oiqn 0,Au2Au,. DAL T v uay x

QrdNAUsIU
Au= ... (2.25)
X

Tunsdhfuiedu 2 suls aunnsgaeaFoimauarefuuuulisiedesscimualédlay
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M-1 N-1
F(u,v) = I\;NZZf(x,y)exp[-jZﬂ(ux/M +wyIN)] .(2.26)
x=0 y=
Lijﬂ u=012..M1 ., v=01.2,..N1 uay

F(x,y) = %gf(u,v)exp[jZN(ux/M +vy/N)] ... (2.27)

u=0

Lf;ﬂ x =01,2,..,M1 , y =012,..N1

ﬂw?dmmﬂq'ﬁuiumfau'ﬁqxtﬂuunu 2 75 Tapasgnuuiady Ax use Ay msuuwiunu x uae
WU y doutlety 1 D Heduliseiies fxy) %qn@'uﬂﬂmﬂuﬂﬁu fx0xAxyAy) d iy x =
0,1,2,...M-1 uaz y =0,1,2,...N-1 e ldAnudiidaeeRinao (frequency domain) WASAWAANIW

(spatial domain) pratl

Au = A Ay (2.28)
MAx
Uas
Av)= BARSD (.25
NAx

L;‘j@nww‘[muq’uLﬂugﬂamﬁuu%ﬁﬁmﬁ‘wz‘lﬁ M=N
1 N-1 N-1
F(ww < NZZ f(x,y)exp[-j27 (ux + vy)/N] ... (2.30)
x=0 y=0
Lfl"ﬂ uv =01,2,..,N1

N-1 N-1

F(x,y) = > D f(u,v)exp[j27 (ux + vy)/N] ... (2.31)

u=0 v=0

W xy = 0,1,2,...N-1
anlnaiuy Fof yuidauasnasuresalnaiugeaiedy 1 usr 2 Fhuuyliseiies wls

o < « < o o ¢ o -
[INANNITN 2.13 0N 2.15 URTAUNITN 2.19 TN 2.21 m'?”ﬂ'\ﬂulWUQLlﬂﬂQkLﬂ?ﬂ@?:qumudN

2.8.3 prurntiprasyFasnsuanesy 2 IR
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2.8.3.1 n1sangAILRsALNR (distribution and scaling)

A nTiENTen e fuLLRaifisaznisnsuan e fuuu L ldse e

S{f(xy) + ()} = &Y+ L&)} (2.32)

uazlmevialy

36 (xy) - By} # )} - EEY)P (2.33)

- < .'/ [ = 5 & ' nI/
WFumauanasueauanaesieiu sswiniuraunresFeimruanefurausias ety

AIULFNIUAINENTEN a LR b
al (K@~ @=2F(u, P —-$ (2.34)

f(ax,by) < le(u/a,v/b) ..... (.38
a

2.8.3.2 ALQAEY (average value)

AsvAeATT ey lse led 2 SR azuldlng

- -1
1 N-1 N

fx,y) = szzf(X’Y) ..... (2.36)

%
w

WNUANIAN U = v = 0 'Luaum?ﬁ 2.30 Q:‘lﬁ

N-1 N-1

N DIT@y)° - (2.37)

F(0,0) = ;1

>
«

Faduisaziu f(x,y) duiusiuyFuimeuanafuaes fixy) feaunig
- 1
f(x,y) = NF(O,O) ..... (2.38)

2.8.3.3 a1ua1 (laplacian)
anangaaiedu 2 sauds fixy) Nvualag
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d*f G
V(x,y) = ¢ TG 2.39
( :Y) é, x2 ﬁ y2 ( )
uazazldyFusmemanadi 2 IR
VA(x,y)} © -Q7) @ + v)F(y,v) .. (2.40)

nsutasartarmas ldunninaatuGesnisudainn

2.8.3.4 msaaulagdu (convolution)

nemaulagiuaseiedi 2 Medu i) uaz g Ae fxlsglk) azgninvualag

f(x)*g(x) = j fla)g(x-a)da ... (2.41)

W o dushulstuseanisiufinem anshatvasiansaeuligiussuinaieiu i uaz
glx) FagLf 2.16 (@) UAY 2,16 (b) PNAIRRBURARINNFBURINSNaEsawin it Iiag lugilaes gk )
rieu sndumnewlugili 2,16 (o) uas 2.16 (@) AnUuAIANEY gha) fae o) udBWANTa  HaRTY
R7N 00 T - 00

A o 1% »

HARTUTAY fla ) UAY gix-a) Aadaufiusnlugli 216 () el 0 < x < enaR
Fuguddwiudn o faguandas 0x wRenudn F(x)*g(x) = x/2 &miulug 2.6 ) 7 x
azeglugos (1,2 unediiiazlf f(x)*g(x) = (1-x/2) dnduudadn  fa jghea) aziilugud

A mFuen x fieguandas [0,2) a¢ls

x/2 re e J
f(x)*g(x) = <1-x/2 ¥ I
0 otherwise

naldazerlugUi 2.6 (@

m?ﬂfau%ﬁwnfaqﬁﬁu ) TilufeduBaniad impulse function) & (x -x,) A=ilEulagANNdELE
[£608 (x-x0)dx = £(x) ... (2.42)

z ? B D
Hedu 5 (x-x,) ssfinuiwiai 1



f(a) 2(a)
[
1
PZ)
> -
1 1
(a) (b)
2(~a) B x «)
| :
va
-
—— : —enl
-1 —1 X
(c) (d)
fla)gx = @) flaiglx — a)
i
0<x < [ x <2
1 i
P
{ —— a
S X 1 x -1 X
(e) ()
f(x)g(x)

ol g . o o & o
21/71 2.16 neuanIninAeulagu douiiusnuansfiaiunnnagadlaivindumils

aad
wuy 1 WRAe

f(x)*g(x) & Fu)G(u) ... (2.44)

27
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uae
f(x)g(x) © F(u)*G(u) ... (2.45)
ile Fu Ae y3uimsuanaunes fi)

Glu) An YFufmeuanafuzes gix

gitefudunoy 2 ﬁﬁ%'lﬁng‘nmm?ﬁﬁmuTqﬁuﬁqﬁ
f(x,y)*g(x,y) © F(u,v)G(u,v) ... (2.46)

f(x,¥)g(x,y) © F(u,v)*xG(u,v) .. (2.47)

2.9 NN wIMEaLRu Y (image enhancement)

° ot & ao P 2 LR - ° et i el
nainWtaauulinguszaeAnifesieantsidinamaasionagszuoons - Guadnsinzas
g e a0 y 24> 2 \\ AP > oy o p
Auewiasinlldsegns — uasmstiinaiialamaianiaeininmandazufissmansivemuming
Wintiu nngRanstunazutaiy 2 dnwuche 95 lulawni@ennnud (frequency-domain method) WAYAS W
Tounaulifius (spatiakdomain method) naliaduusnazlfinalinrasnisudasyEos (fourier transform)
gaann douinallpetiaigesasldmedreiieszununiwresrnduiesuarnsUfiEntsinansaiuin

TIRTBINN

2.9.1 A8 lulanugings (spatial-domain method)

° 1 < < o a ac I o<t
A1 Tawuaines  wueien92aNiuIaIRNITR 1IN uazas laudiinaanaans

UATRnsTaumseiuRnes Hedurasnialszunanatayanmlulauaniusangoulsfe

g(x%,y) = TIf(x,y)}  ...2(2:48)

o ) L
) fixy) PEMTUIBINTHEURY

a a Y

gixy) ABNINREUNTSENIANALAY

T AesufiRnsinssinfuiedu fixy) Teazdfim nsluduresuianes ky)
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. x.y]

v
x

217 217 pandasrunn 3x3 Ainiaahilan (y) ilugamudnas
' ol o S~ 8 (o . o - al by

Autawegfii (y) Seauansieglfi 217 sagudnaneiivesnmessazidouainfinmaniisldeiin

< o o - v == < & N O 4y
TRV uanlum?muum“n'auwmm x,y) TﬂﬂW"i']Tm’\ﬂ'WWUﬂEJYllﬁuﬂlﬁﬂﬁu@ﬂ?ﬂﬂ?'ﬂﬂL'MﬂEIJJN'LAN'\VI
o JA o AR —t e ook
fmavile TmeGuRnmausngafiyuuuiieuionsinfiuge ky) uiavqamerlirnmes g numumis

) ) < o = P & A s
(xy) i dougiivladuges Tillanmiizuwn 1x1 Tunsiliidn ¢ avgusgniuAgesieiu { 1ae (xy) uss

T aznaneiuRefuaaessiumna (gray level) WnAD

Y/ RSN (2.49)

dle 1 use s Wusuds I FunussRumaes fixy) Uas gixy) H8m (xy) T wassiegy 2,18 (a) Nazes
) o o ' ] 1 \ P =l : i ala
msutaeasrinWssAuANadINTaIn HgunanuLeeenidu 2 dou Radiuhadng fight) uasdiunim
(dark) TEQnuLivfias m doufiFn r egiulieqn m azadne uazdauiidl r mndnea m azila ellA
FUTAZBENTT NTULLNARINUANGNNTEIUAY (contrast stretching) Teaziiiuasgyl 2.18 (b) Tae T() azlv

nweanuu 2 $2AY (binary image)

z = |
S0 ! £ |
3 ; - |
! |
1 NG 1 ~T)
i |
i Y |
: : '
8 ! S S L,
m m
Dark ~ —=—e— Light Dark  —s=—— Light
(a) (b)

a1lfi 218 Wedumsudasszaumidmininbinawiu 2 szeu
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angd 219 sl wiw2,.. w9 (udnysz@ngesndn (mask) uariansnneuseu)an

(xy) 8 am

Wy | W, | W

(X-1Y-1) (X-1Y) | (XY

(XeY-1) | (XeAY) | (Xe1Ye)

207 2.19 giinlilaesindn 33 FazlunssinfuRinsasesn manusasi s iams§iTan 7l
Tif(x,y)] = wif(x-1,y-1) + w2f(x-Ly) + w3f(x-1y+1)

+ waf(x,y-1) + w5f(x,y) + wbf(x,y+1)

+ wif(x+1,y-1) + w8f(x+1,y)+ wof(x+Ly+1) ... (2.50)

eddudnaunsalunindt swwngseleiuisslsnyraioivindnuiy. 33 aunisit 250 Az

wanudussAns iedusasndn
2.9.2 ’Jﬁu‘[ﬂmuﬁqmwﬁ {frequency-domain method)

= < ad e yo ad - < v = o o
nunisreulagiumdunged i diuaslulawudnrad W gy Aefeduinims

paulgiulaeieduaes fixy) uazsufimnnsf ldidRuusinumie (position-invarent operator) TuAe

g(xy) =h(x,y)*flxy) ... (2.51)
f-‘nrmqwﬁmmmm*w‘[oq%m:‘lé‘iﬂLuut%\sﬂfnuﬁ"luzﬂmﬂqm'\uﬁ’uﬁuﬁ'
G(u,v) = H(u,v)f(u,v) ... (2.52)

- a o ¢ « 0. Y :
e GH uas F ﬂﬂ'dl?ﬂ?ﬂ?'\uaﬂﬂ?“'ﬂﬂq g.h URe f AINKIaU Fl’)tlﬂm (transform) UWNANLIENINNIIU

AUNBFNNTY (transfer function) T9NFUTENIRRA AL

g(x,y) = 3'[H(u,v)F(u,v)] ... (2.53)

° > - o o - s .
2.9.3 nMsM lunwiissAUNTILFEY (image smooting)
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2.9.3.1 N1sWIANRARLTALEU (neighborhood average)
maaasAsautuiumealialaanseildlulaeuaunliios e lidygnudeyaninia
ANSIUEEL NN fixy) HTUIR NxN URT glky) ABNATENNIINTERA NN L GaLRszALmMITeS

ANBA (xy) TeaelfAuEuRus

g(x,y) = 1\14 > f(n,m) ... (2.54)

(n,m)es

159 xy = 0,1,.,N-1
] v
s 710 11A7N1ABDALUNIBIRANBLTALTAN (xy) TINVNRA (xy) A0E

M A9 HATINTENRINIUTEIqAlUTa LUy

2.9.3.2 Hawmasunuisagiu (median filtering)
4 4 po e " -~

nmmitiaannuuasfiraunanuasiidyansunauenaut el launissnAnsalaa

(threshold) Telapminlilazl435ns0asRnaneQn (rial and erorl wsitgnMiWamafuuydas gL
o A & . o o ay = o a aa & .

seALImMTRdLARERANIEATOYIRUNtNUNUMAeAY  axvinlWnmildss@nsnmAENay.  nMsuiAn
o % -~ y o < & <y i el a4 . o
J5u§74 (median;M) AgigmaavARidaludEnAzninnnd M usztnpzevintoandt M gungain
IilaeGedayaantierhiuiman udniAiagasanarannlfunuer M auudlitugun 3x3 Iie
4& (10,20,20,20,15,20,20,25,100jazanx1sndERdayandes iy vsnnlsidu (10,15,20,20,20,20,20

25,100) azlgiAniseguRe 20 1ules

- 14 - o
2.9.3.3 WalrasuuuANnsn (lowpass filtering)

°I]ﬂ'Uﬂ'WWLlﬁxdquﬂﬂuﬂﬂ\lﬂqwgulu‘?:ﬁuLﬂ'\“ﬂﬂQﬂqquﬁﬁquﬂﬂq vfuﬂé']mﬂq'\ﬂﬁ"ﬁ@‘ﬁ@\iﬂqﬂlﬂ
e & R ¢ v B, \AA\Y & A iy a
ﬂ\ﬂﬂl?ﬂ?ﬂf‘} 'ﬂ\"‘iz'ﬂqluﬂqWLUﬂﬂT ﬂquu‘Q\lmﬂ\iﬂ"ﬂﬁ'ﬁ’JJﬂquﬂQQﬂhﬂﬂQﬂ'ﬁﬂﬂﬂ1ﬂ qqﬂTﬂLNul‘ﬁQﬂqu‘
o
0

G(u, vy==_H(u;wF(u;v) . (2.55)

e Fluy) AanmiisiasnsminiGuulaonmsulas]Faf Tomegiimadeniedu Huy) Wnadilsiean
iy Guy) Taunnssaneudandssnausesanalgeaes Fluy) sanlunsudasdunesay Gusres

v e O - < 1Y
Glu,v) qglﬂ aix,y) WNF\’]'UJ?WUL?Ull“ﬂuw\iuﬂl'ﬂ?q:’,dquﬂ?:ﬂﬂufﬂ'ﬂdﬂqquﬂﬁﬁﬁzimuﬂ?ﬂ\’@ﬂﬂiﬂLlﬂ:"ﬂﬂﬁﬂ@

]
a

Pl fasiiudaeresdygoianadian audamnd il fas ilausaneuas  3583FNIN

N19N3A9ANNDRAT WeT Hiu,v) MuneienedunsdetneAneanisnsas (filter transfer function)

2.9.3.4 HamasuuuaauAf (ideal filter)

Howmas 2 T5 wwuganaRnaziinsdsitaieiy Taplaoudimiug
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e Dy AsAd iy
- L= ° a d‘
Dlu,v) ABszEzNWAINAA (uv) Teaaruiinlussunuanud
3
uufe

D(u,v) = (u* + vz)“? ..... (2.57)

A miufetu 3 f5 avawnsonfenAmee Huv) Nuuiy u uas v waassgl 2.20 (a) My

ganmRAD launseeazagluiall Dy Tevnandepnad ludnilasiuldilaelilauasnay

daupnudiaguandaeialisavnnanasinuaanauzalausinesn

H(u. v)
H(u, v) A

0 —— D(u. v)

'
aacd e

a) Wedu 3 DAMINNANTENAIND
(b) gLuTINGR

77 220 RamafurugauAsnessnusn

2.9.4 NV NN HAMUAN (image sharpening)

2.9.4.1 mavnnmlnianuaulaaldavinalsuidas (sharpening by differentiation)

e lunslE3san e udaalunisdssunananinasldmsininsmeus’ (gradient) 1Wnn

T .‘/ - « .I/ dl a a <
AaNaTU fixy) INFlABLYTaaRedy f Riraakiun (xy) sxtisuinanamas



AUANLTRT2INEINARWYAS

1. wawed G[f(x,y)] auiurnezesdnsanisiingegarasiedu fixy)

2. awmraannwmed G[f(x,y)] azgninmualng Gifixy)) uazazls

Glf(x,y)] = mag[G]
_ 1 of\2 Ot 2qn
= [(5)() + (é’y) | - (2.59)

winiugmsnsingegnreewiedu fixy) sleszpznie 1 miselufiAnwees G lumsuszunananiw
ayURUTIIANNTT 2,59 azszinndlmel

GIEf(x,y)] = {If(xy)-fx+LyYP + [fxy)-fxy+ DY .. (2.60)

e ldaziupduysnl Wupe

BIf @y E BTRY R Y, yokf @ Iy &) -2 (2.61)
Jx.y) —a—f=— fla.v i) Fxow) e I v 1)
| DA
i /}\\
f(x = _A\y) fix AL y) I« .y
a) (b)

21lf1 2.21 uasansinnsRsuYiTeeiedy 2 5

AINENWUSTEMAWANITATENANNNT 2.60 URY 2.61 uanwgU 221 (@) Wlinvdaus
NN ienasliamnsoininsdawunngadine  x=N) visredulgaving =N} nsldemauqiag

UsenmuUNARIEHNGN Roberts gradient 1nN1sANIBISMTHANUEN (cross differential] wamasagy 221
b) Teazldmanduiug

GIf(x,y)] = {[f(x,y)-f(x+Ly+DI’ + [f(x+Ly)-f(x,y+DI}'* ....(2.62)

vizaldrnduysal
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GIf(x,y)] = f(x,y)-f(x+Ly+1 + f(x+1Ly)-f(x,y+1) ... (2.63)

- J . .
2.9.4.2 ﬂam’aa‘uuunsaqmwngq (highpass filtering)

ANMINININIBIULLANNDIANAN N NILAeS (blurred) THdUTiBINNRINIERANE WA

o P e " o & -
Usznauaasaiudgeaasmaulasyizefeasinirennanvifianiswasuudaeressiumn  nasinli

- - < ad < o

nmipnanlulawudaunlagisnisnsesuuuaudgrasiinsanne udaulssna v 209
dyoyruannuien  nenlsAsannisnssnunsmieusadyoauenaige  luntsuwlasGedisnas
RNTUEIUNAININANNAGE  AOUALNNITNANTUINRANTRDUINAAUE  (zerophase  shift)
e IR saunmsuasinlianysallslnawizsinasaanefeiurassuenwainaanuiinaaenisuy

X [E

2.9.4.3 Hawmasuuuanuns (ideal filter)

W 2 ARTeIN1TNTBULLGANARATINNTANI AR INAMNENRUS

0 D(u,v) <D,
BOGA N CX ST \ L AN (2.64)
1 D(u,v)>D,
= - <o o o a <
1lle Dy AeszrushnnlasinanaanailazesssunuAoaD
TaouasmesagUi - 222 - nisnsavutupNdgaiANsuRvinsiuduiunsnsestuuAautafng

Anunaguanialisennad Dy sskullislaglilausanen  doupnnuiiegludosmesiananas

eyl

H(u, v) H(u.v)

= D(u. v)
0 Dq

(b)

s gl ' .
(@) Wedu 3 FAMINNNIEIAIINDG (b) gUwiineim

A « Ll dl
UN 222 RawmefuuugaNARNTaNANNIE
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&
UNN

n1spanLULLATaanasnalunnsandngluly

asutunimintasssuiulynusnsuseil

image
acquisition

¥

Binarization

¥

Staft
extraction

¥

Noie and symbol
extraction

v

Thining

v

Printed music
pattern recognite

v

Database

o 08 . 5 o m s
21/ 3.1 FumeumsiansandngluuLFaRaTn

>
o °

313U sapdngu
Bl 5
dumaun 1 MAfUAM
mafunnasfiunafudeyasesnnsafieitindun  Tanldaunuiuef viandes CCD

AUl uuduAarT wie Frame memory fils



& W v 3 o v 4 - '
dumaud 2 madfudeyanwlil 2 szay Fayanwhaglu Frame  memory vizaluuniu
- < ' ' 3 ‘.’« ° yal 1 - o ° > '
AarazgninadlumianAINRn anuszgminmsuladlifiAdies 2 szaulaginnisanmm threshold
e, ° L% Ay yal o« ] ] - «
7 mnsgnssin WA MR LARANTAIRLLATIIERANTIATIEN

v 1

dumeufl 3 nsuBNUEEYIA 5 WU

¥ v b

nnsaRuHTIRATHL9A 5 Fuftedusiuenssiudomesnlin ludunoull uyssin
:I/ 1% ° & Y & Al'd a - o
5 mwﬂ:qnmnnﬂﬂn‘[nu'lwnnm?m?auLf‘fuwummmmﬂmé{umwmLumnu'tuumuﬂuua:
#NNNER

1’, P <2 [ « o L% <

Fupeud 4 memdtydnenluaziinhinauss

mensdrudnsaluasnlinausilunameanuuiudan aRazianwineenu i
nmamﬁua'ﬁnnm:ﬁnaiﬂ m?mﬁmanﬁmunvmhnnun‘ﬂumw@ﬂnmm‘la’ﬂnﬂmﬂm'ﬁnnnm
geugeeiRQIUAN Fanmns s aEnseunEuAnE LAz SN IRAUFTTEUARTHY LIS
'v°1'mﬁ?n'mumvnmﬂLa‘n\unumummmwLLmn~mwv1mannm‘lm el ndumeunsiinsely

v M4 Y.

dumgufl 5 Mania

rsrrliunaunsanTunnssdayan A ndune i 4 aaie W IMAB s TATIT9INH
Tmﬂi‘fﬁ%ﬂﬂiﬁ’l Thinning

Funaw 6 m?gmmﬁmanﬁmuavm‘iummun?

A o 3 et

mumum:mmmunummﬂamqmwumavn'\wn‘lnu'mnwm'aun 5 (aunanetusLsaunil
ﬂgj’tumwﬁnmﬁnLLw_iqun:?]nmwmmﬂmww

o & v v

JuRaUN 7 AINFIUTEYR

duemansianludumeui 6 sufuiflugsesgrudoys Werindayad Il aeu iy

v
sP@AIL ammu?\nﬁn

Iunnsfundaesidaununed  aunugddtdadnn anufiinmssia - ingalas

: : Y o o .
(threshold) LWﬂﬂW’lﬁﬂ’\Wﬁﬂ'}’m‘ﬁﬂLW»ALL@&NLLF& 2 ?:mum'\uuuﬁﬁqmmm’lumumunn'\ﬂ

3.2 N1g guu’iiffﬂ 5 \&U (staff extraction)

L.J'r]l.?’ﬂﬂﬂ"lw 2 ?:nu"nmm‘[umum “nun'aunﬂmnﬂn'mmnm‘[umnfanmnm?wn 5 waulat

NNSRULITNA & Lﬁu"hQﬁ?:%nﬁ?wﬁmwu‘nW?nmqu
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Ae9LS SR 5 1A
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AL I55VR 5 LAULARE
IR Ude g INaTmL
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& udnufi T usinlds

AULRUATL 1414
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. < 1 Q' v v d‘ J dl Yy g 3 1
AaNTSRAzLiUIN BAn LA S EaUNUMIEUNENINAA TULUIUAN  IIBIRBUANINUA UM
v 2‘, -3 y.’z : -l v oa v al o v ] al % v 4'
8118 anufaunuliionanm  lunmsdsusnRuntinauszsnlinunudusslidulsuagnanmam
v ° % v 1 ) o o/ 1 |

avdaamnnisauidutianseniudan Taouanszosvissninadunssia 5 1&u fusetLv1esEninaLdu
HatTaLuLATANaTTssEsarate Aeldudnnnsunszasiessndnndureasusaia 5 Eunauuan
waniisld 2 Aieanniduussie 5 Wuduangs uazauesn 2 pRvanduussin 5 @uduungn an
Fauusera 5 duiasdutionfeuuussansuas 2 & Wairsuidussnudtaziiuiminlidiuses
salimlausmeanildnnisndesieeninnnsAudruaassialin meninmnunisraadunauiufunaunu
nfinsaReguuuazaraiiy 1 vieRnualafnsantiadu o vialidudu 1 AlAudauressainvie
Audnuiaulylunfousnuitinuaieguuiazarady 0 waavirdauinlilidoureinlinflisies

a4 a | L
AunnEanaylumAiawsn
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T T ]
] XXX |
x| || ||
sl x| | XXX |
|| XXX |
DPXIX XX IX| ] =
x| o | XXX |
x| ] X
XXX X XXX |
XXX XXX X
X XX XX
<X | X1 p 2 H
RIXRXRX XXX e
x| X | X
x| = X
- x| * X
XIX] X ] =
X XX xxx%_
2 BRRIXIXIXIXIX]
X N X XXX Z%%_
XX XX
XX XXX 111 X XX
B X L [XIX X XX
XiX] XX XX XX _%x XXX
XX X XXX XXX X
X X
X XX
I I [
(a) QUL A & 1&UBAN (b) AudINRIRNUA
-l o - v oy a
U7 3.3 LAAINITALLSING 5 Euusznisandauresmalianiauay
o ¢ "
3.3 N153LATIEVMNABUNIN (Edge detection)

AM9AATILYMNT LN UUALATI S FHLINTBINTIASINN Wavannaaugsaniwiduie
T " o d Lo
YARATYNNN IMANN TN N H T ULTATENIAY U LIIFATBIUAT DU Teannuaduilaninligne
N ; i .
AT IR 8N URn (surface contour), IATNEFaNINENd (texture) setleNNLATaNALUsENaLINNE

Tuzeedpnlunin Tamsiesinaifouiusuannnsiiemsinreuaesnnidy
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3.3.1 BB TE LA NN AAADALALARAANEAS N T IUNITIATIZIN IR TALNN
2OUTBIN AN WNAARES (edae in digital image) HWANHANEOLE 1TW FBUNMULLMAIAT (roof
-~ o | o o o w1 A e e . 0w . "
adge) Vaagaun RSN anuLLseuuLiuiiule (step adge) AMUAIIANANTAAINTDN IBUNTH
i -~ e o o v . e v oo
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PROG# | TONE |Ptl#| |PROG#| TONE |[Pil#| |PROG#| TONE |Pt1z| [PROGZ| TONE | Pul:
1/00H| AcouPiano 1 4 33/20H. Fantasy 3 65/40H | AcouBass 1 2 97/60H | Brs Sect 2 3
2/C1H| AcouPiano 2 2 34/21H| Harmo Pan 3 66/41H? AcouBass 2 1 98/61H| Vibe 1 3
3/02H| AcouPiano 3 1 35/22H/| Chorale 3 67/42H! ElecBass 1 2 99/62H | Vibe 2 2
4/03H| ElecPianol | 3 36/23H | Glasses | 2 68/43H | ElecBass 2 i 100/63H | Syn Mallet 1
5/04H| ElecPiano2 | 2 37/24HE Soundtrack 1 4 69/44Hf SlapBass 1 1 3 101/64H!j Windbeil 3
6/051—!3 ElecPiano 3 1 2 38/25H1 Atmosphere [ 4 70/45H | SlapBass 2 ' 2 102/65H | Glock 2
7/06H§ ElecPiano 4 ; 1 39/26!—1] Warm.Bell E ! 71/46H | Fretless | 4 103/66H | Tube Bell 4
S’O?H% Honkytonk { 3 40/27H; Funny Vox ] 1 '“/'47}{} Fretless 2 2 104/67H | Xylophone oL
9/08H| Elec Org1 | 3 11/28H | Eeno Bell\ |\ |3 73/48H{ Flute 1 N 105/68H | Marimba | 3

10/09H | Elec Org 2 3 12/29H | Ice Rain, | 3 74/49H | Fiute? INZ 106/69H | Koto Lo

11/0AH | Elec Org 3 2 12/28H| Oboe 2001, | 2 "5/4AH| Piccolo1 | 3 107/6AH | Sho ol

12/0BH| Eiec Org 4 ) -14/'281—1}1 Echo Pan 2 76/48H§ Piccolo 2 ’ 2 108/6BH ‘ Shakuhachi ‘ 4

13/0CH| Pipe Org 1 3 15/2CH | DoctorSolo 2 77/4CH | Recarder 2 109/6CH | Whistlel | 2

14/0DH | Pipe Org2 | 3 16/2DH{ Schooldaze /| 2 7844 DHy Pan Pigess. {4 3 110/6DH | Whistle? |

15/0EH | Pipe Org 3 \’ 2 17/2EH| Bellsinger 1 79/4EH! Sakil I 4 111/6EH | Bottleblow {\ 4

16/0FH | Accordion | 2 4§/2FH| SquareWave | 2 80/4FH/ Sax2 Y 112/6FH | Breathpipe | 3

17/10H | Harpsi | 1 19/30H | Str Sect 1 4 $1/50H | Sax 3 BY 113/70H | Timpani | @

18/1 1H§ Harpsi 2 ! )O/SIHi Str Sect 2 ¢ 82/51H 1| Sax 4 [ 1 119 70H ‘ ‘MelodicTom i

19/12H | Harpsi 3 1 31/3’211‘ Str Sect 3 2 83/52H| Clarinet 1 ‘ 3 115/72H | Deep Snare ‘ 2

20/13H| Clavil 3 52/33H| Pizzicato 3 84/53H | Clarinet 2 ; 2 116/73H u ElecPerc1 ; 2

21/14H| Clavi 2 2 53/34H| Violin 1 3 85/54H | Oboe b 117/T4H | ElecPerc2 | 2

22/15H| Clavi 3 1 54/35H| Violin 2 2 86/55H| Engl Horn g % 118/75H | Taiko ; 3

23/16H| Celesta 1 4 55/36H | Cello 1 3 87/56H | Bassoon 2 119/76H | Taiko Rim |

24/17H | Celesta 2 2 56/37H | Cello 2 2 88/57H | Harmonica 2 120/77H | Cymbal 2

25/18}{[ SynBrass 1 2 57/38H| Contrabass 2 89/58H | Trumpet 1 3 121/78H | Castanets 2

26/19H | SynBrass 2 3 58/3SH| Harpl { 3 90/59H | Trumpet 2 2 122/79H | Triangle 25

27/1AH| SynBrass 3 2 59/3AH | Harp 2 2 91/5AH/| Trombone 1 3 123/7AH | Orche Hit 4

28/1BH | SynBrass 4 2 60/3BH | Guitar 1 2 92/5BH| Trombone 2 2 124/7BH | Telephone 1

29/1CH| Syn Bass 1 2 61/3CH| Guitar 2 2 QEKSCH Fr Horn 1 3 125/7CH | Bird Tweet A

30/1DH| Syn Bass 2 2 62/3DH | Elec Gtr 1 4 94/5DH| Fr Horn 2 2 126/7DH | OneNoteJam 4

31/1EH| Syn Bass 3 2 63/3EH| Elec Gtr 2 3 95/5EH | Tuba 2 127/7EH | WaterBells 3

32/1FH| Syn Bass 4 1 64/3FH | Sitar 4 96/5FH | Brs Sect 1 4 128/7FH! JungleTune 4

PROG # : MIDI Program Change Number (decimal indication  hexadecimal indication).

'Ptl # : The number of partials used for a sound.
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/*************************************i*t*t********k********************************/

/*

/* PROGRAM FOR : RECOGNITION OF PRINTED MUSIC NOTE
/'k

r* COMPILER : BORLAND/TURBO C/C++

/*

i
*/
*/
*/
*/

#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>
#include <malloc.h>
#include <graphics.h>
#include <dos.h>
#include <mem.h>
#include <conio.h>
#include <ctype.h>
#include <io.h>
#include <bios.h>
#include <standard.h>
#include <screenf.h>
#include <mpu401.h>
#include <filefunc.h>
#include <string.h>
#include <fcntl.h>
#include <drvrfunc.h>
#include <play.c>
#include <mouse.c>
#include <drvrfunc.c>

#define offset1 2
#define offset2 3

#define NTRACK 8
#define NUM_EVENTS 999  /* must be even number */
#define HIGH_NOTE 72
#define LOW_NOTE 60
#define METER 4

#define TICKS_PER_BEAT 120
#define NTRACK 8
#define TITLE_WIDE 51
#define TRACK_NAME_WIDE 9

#define NBYTES 30000 /* default track data buffer */
#define META OxFF /* meta event codes */
#define TEXTEVENT 01

#define SEQNAME 03

#define INSNAME 04

#define CHANPREF 0x20

#define ENDTRACK Ox2F

----------------------------------------------------
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#define SETTEMPO 0x51
#define TIMESIG 0X58
#define NOTE_ON 0x90

#define MIDI_DRIVER 0x10

void convert(unsigned char *buffer);

void display(unsigned char *buffer,int strow,int stcol,int notecolor,int background);

void inverse_pic(unsigned char *pic,unsigned int size);

void getdata(FILE *f1,unsigned int *data,unsigned int offset);

void thinning(unsigned char *buffer);

void clip_bounary(unsigned char *buffer);

void set_neighbor(unsigned char *buffer,unsigned int row,unsigned int col,
unsigned char neighborf]);

void set_neighbor1(unsigned char *buffer,unsigned int row,unsigned int col,
unsigned char neighborf]);

void set_neighbor2(unsigned char *buffer,unsigned int row,unsigned int col,
unsigned char neighborf]);

void del_fing(unsigned char *buffer);

void co_or(unsigned int point,unsigned int *r,unsigned int *c);

void checkline(unsigned char *buffer,int position[15][4]);

void delette(int position[15][4],unsigned char *buffer);

void delline1(unsigned char *buff,unsigned int row,unsigned int stcol,unsigned int

endcol);

void checkedge(unsigned char *buffer,unsigned char *address[101][2],
unsigned char *numpice);

void sort(unsigned int *buffer[101][2],unsigned int n);

void markblock(unsigned char *buffer,unsigned int min_row,unsigned int max_row,
unsigned int min_col,unsigned int max_col);

void drawblock(unsigned int min_row,unsigned int max_row,unsigned int min__col,
unsigned int max_col);

void addr_to_coor(unsigned char *address,unsigned int *row,unsigned int *col);

void detecNote(unsigned char *address[101][2],unsigned char numpic);

void detecNote1(unsigned char *address[101][2],unsigned char numpic,int

position[15][4],
int Note,unsigned char Line,int _row[3]);

void detecNote2(unsigned char *address[101][2],unsigned char numpic);

void detecNote3(unsigned char *address[101][2],unsigned char numpic);

void adjacent(unsigned char ne[]);

void savespk(void);

void convert_mid(void);

void playspk(void);

void guide();

void box(int startx,int starty,int endx,int endy,char mas[30]);

void box1(int startx,int starty,int endx,int endy,char mas[30]);

void massage(int startx,int starty,int endx,int endy);

void menu(void);

void botton_ok(void);

void border(int startx,int starty,int endx,int endy,char mas[30]);

void printfxy(int startx,int starty,int endx,int endy,char mas[30]);



void shadow(int startx,int starty,char mas[30]);

void convert_spk_sng(char spkname[13],char sngname[13],char midname[13]);
void write_event(FILE *stream, int nbytes, int b0, int b1, int b2, int b3);

void putc_to_file(char *addr, int size, FILE *stream);

void puti_to_file(int *addr, int size, FILE *stream);

void putl_to_file(long *addr, int size, FILE *stream);

void convert_note(int a,int b);

void convert_sng_mid(char sngname[13],char midname[13]);

void write_buf(char *sp, char *ep, FILE *oulffile); /* function prototypes */

void put_to_file(void *addr, int size, FILE *stream);

void put_len(long n, FILE *stream);

void write_mthd(int ntrack, FILE *ouffile),

void get_from_file(void *addr, int size, FILE *stream);

unsigned char *addr(unsigned int row,unsigned int col);

unsigned char step1(unsigned char *buffer);

unsigned char step2(unsigned char *buffer);

unsigned char mark1(unsigned char *buffer,unsigned int row,unsigned int col);
unsigned char mark2(unsigned char *buffer,unsigned int row,unsigned int col);
unsigned char num_trans(unsigned char neighborf]),

unsigned char ppp_chk1(unsigned char neighbor(]);

unsigned char ppp_chk2(unsigned char neighborf]);

int opengraph(void);

int CrossNum(unsigned char ne[]),

int stringin(int startx,int starty,char *s);

char *copy_var_len(long n, char *cp);

FILE *open_file(char *filename, char *status);

unsigned char *picdataref;
unsigned int maxrowf,maxcolf;
unsigned int  maxrow,maxcol;
unsigned int XX, YY,YYY,
unsigned char Line;

int g1,g2,g3,94,05,06;

int position[15][4];

int Note,_row[3],_col[3];

int s[999],d[999];

int numnote;

int GraphDriver;

int GraphMode;

int maxx, maxy;

int note,lenght;

struct MOUSETYPE m;



/**********************i********************i************************/

3 */
r* MAIN FUNCTION e
a */

/**************************************************i****************/

void main()

{

FILE - ~fp;
registerint ir.cy;
unsigned char pic;
unsigned int staddr,datasizef,datasize,filesize,n;
unsigned char *picdata,notes[10],*address[101][2],numpice;
unsigned int r1,c1;
int graph,Note,step=0;
int  botton,loop1,loop2=1;

char filename[13]="",
clrscr();
graph = opengraph();
if(lgraph)
{
printf(" Can't open graph ");
getch();
exit(1);
}
menu();
maxx = getmaxx();
maxy = getmaxy();
if(fmouse_installed())
{
closegraph();
printf("Error resetting mouse\n");
getch(); ‘
exit(1);
}
setregion(0,0,635,475);
g1=1;02=1;g3=1;g4=1,95=1,g6=1;
do{m = getmouse();
guide();
if(m.status == MOUSE_LEFT)

{
botton = 0;

if(M.x>20)&&(m.x<120)&&(m.y>40)&&(m.y<80))
botton = 1; /*OPEN BOTTON?*/
else if((M.x>120)&&(mM.x<220)&&(m.y>40)&&(m.y<80))



botton =2; /*STEP BOTTON*/

else if((M.x>220)&&(mM.x<320)&&(m.y>40)&&(m.y<80))
botton =3; /*SAVE BOTTON?*/

else if((m.x>320)&&(mM.x<420)&&(m.y>40)&&(m.y<80))
botton = 4; /*PLAY BOTTON*/

else if((m.x>420)&&(m.x<520)&&(m.y>40)&&(m.y<80))
botton = 5; [*EXIT BOTTON*/

else if((m.x>520)&&(mM.x<620)&&(m.y>40)&&(m.y<80))
botton = 6; /*EXIT BOTTON*/

switch (botton)
{
case 1 : mouse_hide();

box1(20,40,120,80,"Open");

mouse_display();

do{

m = getmouse();

Iwhile((m.status == MOUSE_LEFT)&&((m.x>20)
&&(mM.x<120)&&(m.y>40)&&(m.y<80)));

mouse__hide();

box(20,40,120,80,"Open");

mouse_display();

if((M.x>20)&8&(m.x<120)&&(m.y>40)&&(m.y<80))
{

loop1 =1,

fclose(fp),

dir("*.bmp",filename);

/Icleardevice();

mouse__hide();

seffillstyle(SOLID_FILL,BLUE);

bar(0,120,639,479);

mouse_display();

setregion(0,0,635,475),

if((fp = fopen(filename,"rb"))== NULL)
{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(200,230,450,330,"Massege");
seffillstyle(SOLID_FILL,WHITE),
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"Can't open file ");
outtextxy(360,248,filename);
botton_ok();
setcolor(DARKGRAY);
outtextxy(154,58,"Step");
setcolor(BLACK);
shadow(54,58,"Open");
shadow(342,58,"Convert"),
shadow(454,58,"Play"),



shadow(554,58,"Exit");

mouse_display();

loop1 = 0;

break;

}
mouse_hide();
setcolor(BLACK);
shadow(54,58,"Open");
shadow(154,58,"Step");
shadow(554,58,"Exit");
getdata (fp,&filesize,2);
getdata(fp,&staddr,10);
getdata(fp,&maxcolf,18),
getdata(fp, &maxrowf,22);

datasizef = filesize - staddr,;

if (staddr == 118)
datasize = datasizef*2;
else
datasize = datasizef;
maxcol = (datasize/maxrowf)-1;
maxrow = maxrowf-1;

if((picdata = (unsigned char *)malloc(datasize))==NULL)

{

free(picdata);
closegraph();
printf(" _ram error ");
getch();
exit(1);
}
picdataref = picdata;
fseek(fp,staddr,SEEK_SET);
/* read data */
for(n=1;n<=datasizef;n++)
{
pic = gete(fp);
if(staddr == 118)
{
*picdata = pic >> 4; /* high byte */
picdata++;
*picdata = pic & OxOf; /* rowbyte */
picdata++;
}
else /* staddr == 1078 */
{
*picdata = pic;
picdata++;
}

}
YY = 200-(maxrow/2);
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YYY = YY+maxrow+100;

XX = 320-(maxcol/2);

picdata = picdataref;
inverse_pic(picdata,datasize);
convert(picdata);
border(XX,YY,maxcol+XX,maxrow+YY filename);
display(picdata,YY,XX,BLACK,WHITE);
mouse_display();

loop1 = 1;

loop2 = 2;

step = 0;

break;

}

else

{

loop2 = 1;

break;

}

case 2 : if(loop1 == 1)

{

mouse_hide();

box1(120,40,220,80,"Step");

mouse_display();

do{

m = getmouse();

}while((m.status == MOUSE_LEFT)&&((m.x>120)
&&(mM.x<220)&&(m.y>40)&&(m.y<80)));

mouse_hide(); .

box(120,40,220,80,"Step");

mouse_display();

if((m.x>120)&&(mM.x<220)&&(m.y>40)&&(m.y<80))
{

if(step == 0)
{
mouse_hide();
clip_bounary(picdata);
checkline(picdata,position);
border(XX,YYY,(XX+maxcol),(YYY+maxrow),"Del_Line");
display(picdata, YYY,XX,RED,WHITE);
mouse_display();
}

else if(step == 1)
{
mouse_hide();
border(XX,YYY,(XX+maxcol),(YYY+maxrow),"Markblock");
checkedge(picdata,address,&numpice);
mouse_display();

}
else if(step == 2)

mouse_hide();
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thinning(picdata);
border(XX,YYY,(XX+maxcol),(YYY+maxrow),"Thinning");
display(picdata,YYY,XX,BLUE,WHITE);
detecNote2(address,numpice);
mouse_display();
}
else if(step == 3)
{
mouse_hide();
detecNote(address,numpice);
border(XX,YYY,(XX+maxcol),(YYY+maxrow),"Detec_Note");
display(picdata, YYY,XX,YELLOW,WHITE);
detecNote2(address,numpice);
mouse_display();
}
else if(step == 4)
{
mouse_hide();
detecNote3(address,numpice);
mouse_display();
}
else if(step == 5)
{
numnote = 0;
s[0] = O;
d[0] =0;
mouse_hide(); 4
detecNote1(address,numpice,position,Note,Line,_row);
mouse_display();
}
loop2 = 2;
step++;
if(step == 6)
{
mouse_hide();
setcolor(BLACK);
shadow(254,58,"Save");
shadow(342,58,"Convert");
shadow(454,58,"Play");
setcolor(DARKGRAY);
outtextxy(154,58,"Step");
mouse_display();
step = 0;
loop1 = 2;
loop2 = 1;
free(picdata);
fclose(fp);
}

break;

}

else break;
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5

else break;
case 3 : if(loop1 == 2)

mouse_hide();
box1(220,40,320,80,"Save");
mouse_display();
do{
m = getmouse();
}while((m.status==MOUSE_LEFT)&&((m.x>220)
&&(mM.x<320)&&(m.y>40)&&(m.y<80)));
mouse_hide();
box(220,40,320,80,"Save");
mouse_display(); >
if(M.x>220)&&(m.x<320)&&(m.y>40)&&(m.y<80))
{
savespk();
break;

}

else break;
}
else break;
case 4 : if(loop2 == 1)
{
mouse_hide();
box1(320,40,420,80,"Convert");
mouse_display();
do{
m = getmouse();
twhile((m.status == MOUSE_LEFT)&&((m.x>320)
&&(mM.x<420)&&(m.y>40)&&(m.y<80)));
mouse_hide();
box(320,40,420,80,"Convert");
mouse_display();
if((M.x>320)&&(M.x<420)&&(m.y>40)&&(m.y<80))
1
convert_mid();
loop1=1;
break;
}
}

else break;
case 5 : if(loop2 == 1)

mouse_hide();

box1(420,40,520,80,"Play");

mouse_display();

do{

m = getmouse();

Ywhile((m.status == MOUSE_LEFT)&&((m.x>420)
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&&(mM.x<520)&&(m.y>40)&&(m.y<80)));
mouse_hide();
box(420,40,520,80,"Play");
mouse_display();
if((m.x>420)&&(mM.x<520)&&(m.y>40)&&(m.y<80))
{ q
mouse_hide();
setcolor(DARKGRAY);
outtextxy(154,58,"Step");
outtextxy(254,58,"Save");
setcolor(BLACK);
shadow(54,58,"Open");
shadow(342,58,"Convert");
shadow(454,58,"Play");
shadow(554,58,"Exit");
mouse_display();
playspk();
loop1 =3,
break;

}

else break;

else break;

case 6 : mouse_hide();

}
}

box1(520,40,620,80,"Exit");

mouse_display();

do{

m = getmouse();

while((m.status == MOUSE_LEFT)&&((m.x>520)
&&(M.x<620)&&(m.y>40)&&(m.y<80)));

mouse_hide();

box(520,40,620,80,"Exit");

mouse_display();

if((M.x>520)&&(m.x<620)&&(m.y>40)&&(m.y<80))
{

free(picdata);

closegraph();

exit(0);
}

else break;

Iwhile(m.status != 8);
free(picdata);
closegraph();

exit(1);
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r .
I SUB FUNCTION */
/* */
) i b i el /
int opengraph(void)

{

int graphdriver = DETECT,graphmode=1,ErrorCode;
char *driverpath = "c:/language/borlandc/bgi";
initgraph(&graphdriver,&graphmode, driverpath);
ErrorCode = graphresult();
if(ErrorCode != grOK)

{

closegraph();

return O;

}

return 1;

}

void inverse_ pic(pic,size)
unsigned char *pic;
unsigned int size;

int row;
unsigned char *buffer,*buffref;
unsigned int maxC;
buffer = (unsigned char *)malloc(size),
if(buffer == NULL)

{

printf(" ram error "),

getch();

exit(1);

}
buffref = buffer;
maxC = maxcol+1;
for(row = maxrow;row >= 0;row--)

pic = addr(row,0);
memmove(buffer,pic,maxC);
buffer += (maxC);
}

buffer = buffref;

for(row = 0;row <= maxrow;row++)

i



pic = addr(row,0);
memmove(pic,buffer,maxC);
buffer += (maxC);

free(buffer);
}

void convert(buffer)
unsigned char *buffer;

{

unsigned char check;
int row,col,y;
for(row=0,y=maxrow;row<=maxrow,row++,y--)
for(col=0;col<=maxcol;col++)
{

if(col < maxcolf)

{
check = (*buffer&0X0F);

if(check == 0)
*buffer = 1;

else if(check==0xF)
*buffer = 0;

else
*buffer = 1,

}
else {*buffer = 0; }
buffer++;

}

void getdata(f1,data,offset)
FILE *f1;
unsigned int *data,offset;

{
inti;
*data = 0;
fseek(f1,offset, SEEK_SET);
for(i=1;i<=2;i++)

{
if(i==2)
*data |= (getc(f1)<< 8);
else
*data = getc(f1);
}

}
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unsigned char *addr(row,col)
unsigned int row,col;

{

unsigned char *address;
address = (col+row*(maxcol+1)+picdataref);
return(address);

}

/***************************** M EN U *********************************/

void menu()

{
box(0,0,639,120,");
massage(17,37,624,83);
box(20,40,120,80,"Open");
box(120,40,220,80,"Step");
box(220,40,320,80,"Save");
box(320,40,420,80,"Convert");
box(420,40,520,80,"Play");
box(520,40,620,80,"Exit");
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
settextstyle(1,0,3);
setcolor(YELLOW);, ]
outtextxy(122,4,"Recognition of printed music note");
setcolor(BLUE);
outtextxy(120,2,"Recognition of printed music note");
settextstyle(0,0,0);
setcolor(DARKGRAY);
outtextxy(254,58,"Save");
outtextxy(154,58,"Step");

void box(int startx,int starty,int endx,int endy,char mas[30])

{

mouse_hide();

setcolor(BLACK);
rectangle(startx,starty,endx,endy);
rectangle(startx+1,starty+1,endx-1,endy-1);
seffillstyle(SOLID_FILL,WHITE);
bar(startx+2,starty+2,endx-2,endy-2);
seffillstyle(SOLID_FILL,LIGHTGRAY);
bar(startx+4,starty+4,endx-5,endy-5);
setcolor(DARKGRAY);
line(endx-2,starty+2,endx-2,endy-2);
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line(endx-3,starty+3,endx-3,endy-3);
line(endx-4,starty+4,endx-4,endy-4);
line(endx-2,endy-2,startx+2,endy-2),
line(endx-3,endy-3,startx+3,endy-3);
line(endx-4,endy-4,startx+4,endy-4)
setcolor(BLACK);

printfxy(startx, starty,endx,endy,mas);
mouse_display();

)

void box1(int startx,int starty,int endx,int endy,char mas[30])

{

mouse_hide();

setcolor(BLACK);
line(startx+2,starty+2,startx+2,endy-2);
line(startx+2,starty+2 endx-2,starty+2);
seffillstyle(SOLID_FILL,LIGHTGRAY);
bar(startx+3,starty+3,endx-3,endy-3);
setcolor(BLACK);
printfxy(startx+1,starty+1,endx,endy,mas);
mouse_display();

void massage(int startx,int starty,int endx,int endy)

{
seffillstyle(SOLID_FILL,YELLOW);

bar(startx,starty,endx,endy);
setcolor(DARKGRAY);
line(startx, starty, startx,endy);
line(startx+1,starty+1,startx+1,endy-1);
line(startx+2,starty+2, startx+2,endy-2);
line(startx,starty,endx, starty);
line(startx+1,starty+1,endx-1,starty+1);
line(startx+2,starty+2,endx-2,starty+2);
setcolor(WHITE);
line(endx,starty,endx,endy);
line(endx-1,starty+1,endx-1,endy-1),
line(endx-2,starty+2,endx-2,endy-2),
line(startx,endy,endx,endy);
line(startx+1,endy-1,endx-1,endy-1);
line(startx+2,endy-2,endx-2,endy-2);

void border(int startx,int starty,int endx,int endy,char mas[30])



}

void printfxy(int startx,int starty,int endx,int endy,char mas[30])

{

setcolor(LIGHTGRAY);
line(startx-2,starty-22,startx-2,endy+2);
line(startx-3,starty-23,startx-3,endy+3);
line(startx-2,starty-22,endx+2, starty-22);
line(startx-3,starty-23,endx+3, starty-23);
line(endx+2,starty-22,endx+2,endy+2);
line(endx+3,starty-23,endx+3,endy+3);
line(startx-2,endy+2,endx+2,endy+2);
line(startx-3,endy+3,endx+3,endy+3);
setcolor(BLACK);
line(startx-1,starty-21,startx-1,endy+1);
line(startx-4,starty-24,startx-4,endy+4);
line(startx-4,starty-1,endx+4,starty-1);
line(startx-1,starty-21,endx+1,starty-21);
line(startx-4,starty-24,endx+4,starty-24);
line(endx+1,starty-21,endx+1,endy+1),
line(endx+4,starty-24 endx+4,endy+4);
line(startx-1,endy+1,endx+1,endy+1);
line(startx-4,endy+4, endx+4,endy+4);
line(startx-4,endy-20,startx-1,endy-20),
line(endx+1,endy-20,endx+4,endy-20);
line(startx+20, starty-24, startx+20, starty-21);
line(startx+20,endy+1,startx+20,endy+4);
line(endx-20,starty-24,endx-20,starty-21);
line(endx-20,endy+1,endx-20,endy+5);
seffillstyle(SOLID_FILL,CYAN);
bar(startx,starty-20,endx, starty-2);
setcolor(WHITE);
printfxy(startx,starty-20,endx,starty-2,mas);

char *spt;
int font,width,high,printfx,printfy;
font =0;
spt = mas;
while(*spt)
{
font++;
spt++;

= endx-startx+1;

high = endy-starty+1;

font = font*8;

printfx = startx+(width/2)-(font/2);
printfy = starty+(high/2)-2;
shadow(printfx,printfy,mas);
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void shadow(int startx,int starty,char mas[30])

{
setcolor(WHITE);
outtextxy(startx+1,starty+1,mas);
setcolor(BLACK);
outtextxy(startx,starty,mas);

}
dir(char type[6],char filename[13])

{
struct ffblk ffbik;

char _filename[44][13];

char temp;

int done,i;

int nfile = 0;

int Ipx = 1;

int Ipy = 1,

mouse_hide();

setcolor(DARKGRAY);

outtextxy(54,58,"Open");

outtextxy(154,58,"Step");

outtextxy(254,58,"Save");

outtextxy(342,58,"Convert");

outtextxy(454,58,"Play");

outtextxy(554,58,"Exit");

seffillstyle(SOLID_FILL,BLUE);

bar(0,120,639,479);

mouse_display();

done = findfirst(type,&ffblk,0);

while (done)
{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(200,230,450,330,"Massege");
seffillstyle(SOLID_FILL,WHITE);
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"File not found "),
outtextxy(370,248,type);
outtextxy(360,248,filename);
botton_ok();
setcolor(DARKGRAY);
outtextxy(54,58,"Open");
outtextxy(154,58,"Step");
outtextxy(254,58,"Save");
outtextxy(342,58,"Convert");
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outtextxy(454,58,"Play");
outtextxy(554,58,"Exit");
mouse_display();

break;

}

while (Idone)

sprintf(_filename[nfile],"%s",ffblk.ff_name);
nfile++;
done = findnext(&ffblk);

;
if(nfile>0)
{
mouse_hide();
border(110,160,560,440,"File Open");
seftfillstyle(SOLID_FILL, WHITE);
bar(110,160,560,440);
for(i=0;i<nfile;i++)
{
setcolor(GREEN);
outtextxy((118*Ipx),160+(lpy*20), filenameli]);
Ipx++;
if(lpx == 5)
{
Ipy++;
Ipx = 1;
}

}
setcolor(BLUE),

outtextxy(190,425,"Enter file name :");
filename[0]=0;

mouse_display();
stringin(350,425,filename);

}

return O;

}

int stringin(int startx,int starty,char *s)
/* string() :Read character from keybord */

{
int xx,c;
unsigned char oldchar{1],ch,chex;
setcolor(BLUE);
sprintf(oldchar,"%s",s);
for(xx=0;oldchar[xx]!=0;xx++);
for(c=xx+1;c<20;c++)
s[c] = 0;
do{
seftfillstyle(SOLID_FILL,WHITE);



bar(startx-10,starty-10,startx+120, starty+10);

outtextxy(startx,starty,s); [*Put string to screen*/
putch(0x20); /*Put space follow string*/
outtextxy(startx+(xx*8),starty," "), /*Move cursor to edit location®/
ch = getch(); /*Read first character*/
if(ch<0x20) /*Coltrol code*/
{
switch(ch)
{
case 0x00 : getch(); /*Read scan code*/
break;
case 0x1b : sprintf(s,"%s",oldchar);/*restore oldstring*/
return O; /*cancle editing*/
case 0x07 : for(c=xx;c<11;c++)  /*del character<g">*/
s[c] = s[c+1]; /*Move character leftside*/
s[11]=0; /*Clear most right character*/
break;
case 0x08 : if(xx>0) /*del character<del>*/
{
XX--; [*Like case 0x07*/
for(c=xx;c<11;c++)
s[c] = s[c+1];
s[11]1=0;
}
}
}
else 1 o
{
if(xx<12)
{
for(c=10;c>=xx;c--) I*Insert character*/
s[c+1] = s[c];
s[xx] = ch;
XX++; /*Move cursor location®/
}
}
}while(ch!=0x0d);
return O;
}
void botton_ok(void)
{

box(300,280,350,310,"Ok™);
mouse_display();
do

{

m = getmouse();

if(m.status==MOUSE_LEFT)

{
if((Mm.x>300)&&(m.x<350)&&(m.y>280)&&(m.y<310))
{
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mouse_hide();
box1(300,280,350,310,"Ok");
mouse_display();
do{
m = getmouse();
Iwhile((m.status == MOUSE_LEFT)&&((m.x>300)
&&(m.x<350)&&(m.y>280)&&(m.y<310)));
mouse_hide();
box(300,280,350,310,"OK");
mouse_display();
if((M.x>300)&&(mM.x<350)&&(m.y>280)&&(m.y<310))
{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
mouse_display();
m.status=9;
setcolor(BLACK);
shadow(54,58,"Open");
shadow(342,58,"Convert");
shadow(454,58,"Play");
shadow(554,58,"Exit");
break;

}
}
}
Ywhile(m.status!=9);

}
void guide()

{ {
if((M.x>20)&&(mM.x<120)&&(m.y>40)&&(m.y<80))&&g1==1)
{
seffillstyle(SOLID_FILL, LIGHTGRAY);
bar(5,85,634,115);
settextstyle(1,0,3);
setcolor(YELLOW);
outtextxy(122,84,"Open file *.bmp");
setcolor(BLUE);
outtextxy(120,82,"Open file *.bmp");
settextstyle(0,0,0);
g1=2;92=1,93=1;g4=1,95=1,96=1,
}
else if(((m.x>120)&&(m.x<220)&&(m.y>40)&&(m.y<80))&&g2==1)
{
seffillstyle(SOLID_FILL,LIGHTGRAY);
bar(5,85,634,115);
settextstyle(1,0,3);
setcolor(YELLOW);
outtextxy(122,84,"Image Recognition");
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setcolor(BLUE);
outtextxy(120,82,"Image Recognition");
settextstyle(0,0,0);
g2=2;91=1,g3=1;94=1;95=1;96=1;

}
else if(((M.x>220)&&(m.x<320)&&(m.y>40)&&(m.y<80))&&g3==1)

{
seffillstyle(SOLID_FILL,LIGHTGRAY);,
bar(5,85,634,115);
settextstyle(1,0,3);
setcolor(YELLOW);
outtextxy(122,84,"Save file *.spk"),
setcolor(BLUE);
outtextxy(120,82,"Save file *.spk");
settextstyle(0,0,0);
g3=2;91=1,92=1,g4=1,95=1;g6=1;

}

else if(((m.x>320)&&(m.x<420)&&(m.y>40)&&(m.y<80))&&g4==1)

{

seftfillstyle(SOLID_FILL,LIGHTGRAY);
bar(5,85,634,115);

settextstyle(1,0,3);

setcolor(YELLOW);
outtextxy(122,84,"Convert file *.spk to *.mid"),
setcolor(BLUE);

outtextxy(120,82,"Convert file *.spk to *.mid");
settextstyle(0,0,0);
g4=2;91=1;g2=1;g3=1;g5=1;g6=1;

}

else if((M.x>420)&&(mM.x<520)&&(m.y>40)&&(m.y<80))&&g5==1)

{

seftfillstyle(SOLID_FILL,LIGHTGRAY),
bar(5,85,634,115);

settextstyle(1,0,3);

setcolor(YELLOW);

outtextxy(122,84,"Play sound out speaker”); -
setcolor(BLUE);

outtextxy(120,82,"Play sound out speaker");
settextstyle(0,0,0);
05=2;91=1,92=1,g3=1,94=1,06=1;
}

else if(((M.x>520)&&(m.x<620)&&(m.y>40)&&(m.y<80))&&g6==1)

{
seffillstyle(SOLID_FILL,LIGHTGRAY);
bar(5,85,634,115);
settextstyle(1,0,3);
setcolor(YELLOW);
outtextxy(122,84,"Exit program");
setcolor(BLUE); _
outtextxy(120,82,"Exit program");
settextstyle(0,0,0);



g6=2,91=1,g2=1,93=1,g4=1,95=1;
}
}

/***********************t*** CLIP_BOU NARY

void clip_bounary(buffer)
unsigned char *buffer;

{

unsigned int row,col,x;
X = maxrow-1;
for(col=0;col<=maxcol;col++)
{
buffer = addr(0,col);
*buffer=0;
buffer = addr(1,col);
*buffer=0;
buffer = addr(maxrow,col);
*buffer=0;
buffer = addr(x,col);
*buffer=0;
}
X = maxcol-1;
for(row=0;row<=maxrow;row++)
{
buffer = addr(row,0);
*buffer=0;
buffer = addr(row,1);
*buffer=0;
buffer = addr(row,maxcol);
*buffer=0;
buffer = addr(row,x);
*buffer=0;
}

/***************************** C:F”E(:k(LIhJE

void checkline(buffer,position)
unsigned char *buffer;
int position[15][4];

{

unsigned int row,col;

unsigned int count,cen,sum,longline;
unsigned char ne[9];

count =0;

****************************/

****************************/
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longline = 0;
for(row =1 ;row < maxrow,row++)
for(col=1;col < maxcol;col++)
{
buffer = addr(row,col);
set_neighbor(buffer,row,col,ne);
if(ne[0]&ne[3] == 1)
count++,
else if(count > 0 && count > longline)
longline = count;

else
count = 0;
}
count = 0;
cen =0;

for(row =1 ;row < maxrow;row++)
for(col=1;col < maxcol;col++)
{
buffer = addr(row,col);
set_neighbor(buffer,row,col,ne);
if(ne[O]j&ne[3] == 1)

{
if(count == 0)
position[cen][0] = col;
count++;
}
else if(count > 0)
{
sum = longline - count;
if(sum <= 10 || sum == 0)
{
positionfcen][1] = col;
position[cen][2] = row,
position[cen][3] = count;
cen ++;
count = 0;
}
else count = 0;
}
else count = 0;
}
delette(position,buffer);
}

void delette(position,buffer)
int position[15][4];
unsigned char *buffer;

{

intcen =0;



int row, stcol,endcol,count;
int leger{4];
leger[0] = position[0][2]-(position[1][2]-position[0][2]);
leger{1] = position[0][2]-(2*(position[1][2]-position[0][2]));
leger[2] = position[4][2]+(position[1][2]-position[0][2]);
leger[3] = position[4][2]+(2*(position[1][2]-position[0][2]));
for(count=0;count <= 4;count++,cen++)
{
row = position[cen][2];
stcol = position[cen][0];
endcol = position[cen][1];
delline1(buffer,row,stcol,endcol);
}
row = leger[0],
delline1(buffer,row,stcol,endcol);
row = leger{1];
delline1(buffer,row,stcol,endcol);
row = leger{2];
delline1(buffer,row,stcol,endcol);
row = leger{3];
delline1(buffer,row,stcol,endcol);

void delline1(buff,row,stcol,endcol)
unsigned char *bulff;,
unsigned int stcol,endcol,row;

{

unsigned char ne[9];
unsigned int col,scol,srow;

// scol = 20;
/l srow = 30;
for( col = stcol ; col <= endcol ;col++)
{

buff = addr(row,col);
set_neighbor(buff,row,col,ne);
if((ne[1]ine[5]) == 0)

{
*buff = 0;
1 putpixel((scol+col),(srow+row),BLACK);
}
}
}
/*******i****t******t**t** D I S P L_AY N OTE **************************/

void display(buffer,strow,stcol,notecolor,background)
unsigned char *buffer,
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int strow,stcol;
int notecolor,background;

{

int row,col,y;

unsigned char pic;

for(row = O;row <= maxrow;row++)
for(col=0;col <= maxcol;col++)

{
pic = (*buffer&0xf);

if(pic ==1)
putpixel((col+stcol), (row+strow),notecolor);
else if(pic == 0)
putpixel((col+stcol),(row+strow),background);
else if(pic == 2)
putpixel((col+stcol),(row+strow),BLUE);
else if(pic == 6)
putpixel((col+stcol),(row+strow), BLACK);
else if(pic == 8)
putpixel((col+stcol),(row+strow), GREEN);
else
putpixel((col+stcol), (row+strow), WHITE),
buffer ++;
}
}
/*************************** CH ECKEDG E **************************/

void checkedge(buffer,address,numpice)
unsigned char *buffer,*address[101][2],*numpice;

unsigned int max_row,min_row,min_col,rnax_col;
unsigned int erow,ecol,row,col,i,p;

unsigned char *staddress,*lastpoint;

unsigned char ne[9],select,ready;

*numpice = 0;

erow = maxrow-1;

ecol = maxcol-1;

do
{
ready = O;
for(i = 0;i<=9;i++)

ne[i] = 0;
for(col=1;col<=ecol;col++)
for(row = 1;row <= erow;row++)

{

buffer = addr(row,col);



set_neighbor(buffer,row,col,ne);
i=1;
min_col = 0;
max_col = 0;
min_row = 0;
max_row = 0;
while((ne[i] == 0)&&(i<9))
i++:
if(i<9)
{
ready = 1,
min_col = col;
min_row = row,
i=i-1;
lastpoint = buffer;
co_or(i,&row,&col);
buffer = addr(row,col);
staddress = buffer;
do
{
if (min_row > row) min_row = row;
if (max_row < row) max_row = row,
if (max_col < col) max_col = co;
set_neighbor(buffer,row,col,ne);

i=1;
do
{
if(nefil==0)
{.
i+
select = 0;
else /* neli}=1*/

{
if(ne[i-1] ==0)
{
if(i 1= 1)
{
co_or((i-1),&row,&col);
if(lastpoint = addr(row,col))
{
lastpoint = buffer;
buffer = addr(row,col);
se_Iect =1;
}
else
{
if(i <5)
p=i+4;
else
p=p-4;
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co_or(p,&row,&col);

i++;
select=0;
}
}
else if(ne[€]==0) Fi==1*

{ ,
co_or(8,&row,&col);
if(lastpoint != addr(row,col))

{

lastpoint = buffer,
buffer = addr(row,col);
select = 1;

else
{
co_or(4,&row,&col);
select = 0;
i++;
}

}

else

{

i++:

1

select = 0;

}

else

{
i++;
select = 0;

}

}while(select==0),
}while (buffer |= staddress);
min_col = min_col;
max_col = max_col;
min_row = min_row;
max_row = max_row;
if(max_col < ecol)
col = max_col+1;
else col = ecol;
row = 0;
(*numpice)++;
address[*numpice][0] = addr(min_row,min_col);
address[*numpice][1] = addr(max_row,max_col);
markblock(buffer,min_row,max_row,min_col,max_col);
drawblock(min_row,max_row,min_col,max_col);

} *endif*/
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} /* end for */
lwhile(ready==1);

sort(address,*numpice);
for(col=1;col<=ecol;col++)
for(row = 1;row <= erow;row++)

buffer = addr(row,col);
if(*buffer == 2)
*buffer = 1;
}
}

- void sort(buffer,n)
unsigned int *buffer[101}[2],n;

unsigned int check,*buff[2],num1,num2,row1,col1,row2,col2;

int i,j,k;
numi =n;
num2 = num1-1;
j = num2;
do
t
check = 0;
for(i=1;i<=j;i++)

{

addr_to_coor(bufferfi][0],&row1,&col1);
addr_to_coor(buffer[i+1][0],&row2,&col2);

if(col1 > col2)
{
for(k=0;k<=1;k++)
{

bufflk] = bufferfi][k];
= bufferfi+1)[K];
buffer[i+1][k] = buff[k] ;

bufferfi}[k]

}
check = 1;
}
R
)
}while(check==1);
}

void markblock(buffer,min_row,max_row,min_col,max_col)

unsigned char *buffer;

unsigned int min_row,max_row,min_col,max_col;
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{

unsigned int row,col;
for(row=min_row;row<=max_row;,row++)
for(col=min_col;col<=max_col;col++)
{
buffer = addr(row,col);
if(*buffer==1)
*buffer = 2;
}

void drawblock(min_row,max_row,min_col,max_col)
unsigned int min_row,max_row,min_col,max_col;

unsigned int row,col,

int color;

color = BLACK;

for(col = min_col;col<=max_col;col++)
putpixel((col+XX),(min_row+YYY),color);

for(col = min_col;col<=max_col;col++)
putpixel((col+XX),(max_row+YYY),color);

for(row = min_row,;row<=max_row,row++)
putpixel((min_col+XX),(row+YYY),color);

for(row = min_row;row<=max_row;row++)
putpixel((max_col+XX),(row+YYY),color);

}

void addr_to_coor(address,row,col)
unsigned char *address;
unsigned int *row,*col;

unsigned int offset,stoffset;
stoffset = FP_OFF(picdataref);

offset = FP_OFF(address)-stoffset;
*col = (offset%(maxcol+1));
row = (offset-*col)/(maxcol+1);
}
/***************************** TH l N I N G ***'k**************************/

void thinning( buffer )
unsigned char *buffer;

{
unsigned char flag1,flag2;
do
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flag1=step1(buffer);
flag2=step2(buffer);
Ywhile(flag1||flag2);

}

unsigned char step1(buffer)
unsigned char *buffer;

{

unsigned char flag1;

unsigned int row,col;

flag1=0;

for(row=1;row<maxrow,row++)
for(col=1;col<maxcol;col++)

{
flag1|=mark1(buffer,row,col);
}

if(flag1==1)

{
del_fing(buffer);

return flag1;

}

unsigned char step2(buffer)
unsigned char *buffer;

{

unsigned char flag2,;

unsigned int row,col;

flag2=0;

for(row=1;row<maxrow;row++)
for(col=1;col<maxcol;col++)

{
flag2|=mark2(buffer,row,col);
}
if(flag2==1)

{
del_fing(buffer);

return flag2;

}

unsigned char mark1(buffer,row,col)
unsigned char *buffer;
unsigned int row,col;

{
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unsigned char neighbor{9];
unsigned char pass;
buffer = addr(row,col);
if(*buffer==0)

return C;
set_neighbor(buffer,row,col,neighbor);
pass=num_trans(neighbor);
if(pass==0)

return O;
pass=ppp_chk1(neighbor);
if(pass==0)

return O;
*pbuffer = 0x3;

return 1;

}

unsigned char mark2(buffer,row,col)
unsigned char *buffer;
unsigned int row,col;
{
unsigned char neighbor(9];
unsigned char pass;
buffer = addr(row,col);
if((*buffer)==0)
return O;
set_neighbor(buffer,row,col,neighbor);
pass=num_trans(neighbor);
if(pass==0)
return O;
pass=ppp_chk2(neighbor);
if(pass==0)
return O;
*puffer =0x3;
return 1;

}

void set_neighbor(buffer,row,col,neighbor)
unsigned char *buffer,
unsigned char neighborf];
unsigned int row,col;

unsigned char i;

buffer = addr(row,col);
neighbor{0]="buffer;
buffer = addr(row-1,col);
neighbor{1]=*buffer,
buffer = addr(row-1,col+1);
neighbor[2]="buffer;



buffer = addr(row,col+1);

neighbor[3]="buffer;

buffer = addr(row+1,col+1);

neighbor[4]="buffer;

buffer = addr(row+1,col);

neighbor{5]="buffer;

buffer = addr(row+1,col-1);

neighbor{6]="buffer;

buffer = addr(row,col-1);

neighbor{7]="buffer,

buffer = addr(row-1,col-1);

neighbor[8]="buffer;

for(i=0;i<9;i++)
neighborfi}&=0x1;

}

unsigned char num_trans(neighbor)
unsigned char neighbor[S};

{

unsigned char np,sp;
unsigned char i;
np=sp=0;

for(i=1;i< 8;i++)

{
if(neighborfil==1)
np++;
if((neighbor{i]==0)&&(neighborfi+1]==1))
sp++;

}
if(neighbor{8]==1)
np++;
if(neighbor{8}==0)&&(neighbor{1]==1))
sp++,
if((np>=2)&&(Np<=6)&&( sp==1))
return 1;
return O;

}

unsigned char ppp_chk1(neighbor)
unsigned char neighbor{9];

( .
if(((neighbor[3]&neighbor[5])&(neighbor[1]|neighbor[7])) ==0)

return 1;
else
return O;

}
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unsigned char ppp_chk2(neighbor)
unsigned char neighbor{9];

{
if((neighbor{1]&neighbor(7])&(neighbor{3]|neighbor(5]))==0)

return 1;
else
return O;
}

void del_fing(buffer)
unsigned char *buffer;
{
unsigned int row,col;
for(row=0;row<=maxrow;row++)
for(col=0;col<=maxcol;col++)

{
if(*buffer>=0x2)
{
*buffer=0;
}

buffer++;

}

void co_or(point,r,c)
unsigned int point,*r,*c;

{
switch (point)
{
case 0:*r="r,
*C= *C,
break;
case 1:*r = *r-1;
*o = *C;
break;
case2:*r = *r-1;
*c = *c+1,;
break;
.case3:*r = *r,
*c = *c+1;
break;
case 4 :*r = *r+1,;
*c = *ct1,
break;

case 5:*r = *r+f;
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break;
case 6 :*r = *r+i;
*c = *c1;
break;
case7:* = *r;
*c = *c-1;
break;
case 8:*r = *r-1;
*c = *c1,
break;

int CrossNum(ne)
unsigned char nef];

{
int i,n=0;
for(i=1;i<=7;i++)
{
if(nefi]>0)
nefil=1;
if(nefi+1]>0)
nefi+1]=1,
n=n+abs(ne[i+1]-ne[i]);

}
if(ne[8]>0)

ne[8]=1,
if(ne[1]>0)

ne[1]=1;
n=n+abs(ne[1]-ne[8]);
return n;

/****************************** DETECNOTE **************************/

void detecNote(address,numpic)
unsigned char *address[101][2],numpic;

{

unsigned int row,col,strow, stcol,endrow,endcol;
unsigned char ne[9],*buffer;

int n,i;

for(i=1;i<=numpic;i++)

addr_to_coor(address]i][0],&strow, &stcol);
addr_to_coor(address[i][1],&endrow,&endcol);
for(row=strow+1;row <= endrow;row++)
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for(col=stcol+1;col <= endcol;col++)

{

/* closegraph();*/

set_neighbor1 (buffer,row,col,ne);

* buffer=addr(row,col); '

adjacent(ne),
printf("row=°/od,co!=°/od,buffer=%d\n",row,col,*buffer);
getch();*/

if(ne[0]==1)

n=CrossNum(ne);
buffer=addr(row,col);
[*adjacent(ne);
printf("row=°/od,col=,%d,buffer=%d\n“,row,col,*buffer);
getch();*/
if(n==2)

*pbuffer=2;
I* set_neighbor1 (buffer,row,col,ne);
buffer=addr(row,col);

adjacent(ne);
printf("row=‘Vod,co|=°/od,buffer‘—'%d\n",row,col,*buffer);
getch();*/
if(n==6)
*pbuffer = 6;
if(n==8)
*buffer = 8;
}
}
}
setcolor(BLACK),

line(stcol+XX,strow+YYY,endcol+XX,strow+YYY);
Iine(endcoI+XX,strow+YYY,endcoI+XX,endrow+YYY);
Iine(stco|+XX,endrow+YYY,endcoI+XX,endrow+YYY);
Iine(stcol+XX,strow+YYY,stcoI+XX,endrow+YYY);

}

void detecNote2(address,numpic)
unsigned char *address[1 01][2],numpic;

{

unsigned int strow, stcol,endrow,endcol;

int i;

for(i=1;i<=numpic;i++)
{
addr_to_coor(address[i][0],&strow,&stcol);
addr__to_coor(address[i][1],&endrow,&endcol);
setcolor(BLACK);
line(stcoI+XX,strow+YYY,endcol+XX,strow+YYY);
line(endcoI+XX,strow+YYY,endco|+XX,endrow+YYY);
Iine(stcol+XX,endrow+YYY,endco|+XX,endrow+YYY);
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line(stcol+XX,strow+YYY, stcol+XX,endrow+YYY);
hy
}

void detecNote3(address,numpic)
unsigned char *address[101][2],numpic;

{

unsigned int strow, stcol,endrow,endcol,midrow,midcol;
int i;
for(i=1;i<=numpic;i++)

addr_to_coor(address[i][0],&strow,&stcol);
addr_to_coor(address[i][1],&endrow,&endcol);
midrow = (((endrow - strow)/2)+strow);

midcol = (((endcol - stcol)/2)+stcol);

setcolor(BLACK),
Iine(stcoI+XX,strow+YYY,endcoI+XX,strow+YYY);
Iine(endcoI+XX,strow+YYY,endcoI+XX,endrow+YYY);
line(stcoI+XX,endrow+YYY,endcoI+XX,endrow+YYY);
Iine(stcol+XX,strow+YYY,stcol+XX,endrow+YYY);
Iine(midcol+XX,strow+YYY,midcoI+XX,endrow+YYY);
Iine(stcoI+XX,midrow+YYY,endcol+XX,midrow+YYY);

}
}

void adjacent(unsigned char nef])

{
printf("%d%d%d\n",ne[8],ne[1],ne[2]);
printf(""/od"/od"/od\n",ne[?],ne[O],ne[S]);
printf("%d%d%d\n",ne[6],ne[5],ne[4]);

}

void set_neighbor1 (buffer,row,col,neighbor)
unsigned char *buffer;
unsigned char neighbor(];
unsigned int row,col;

unsigned char i,

buffer = addr(row,col);
neighbor{0}="buffer,
buffer = addr(row-1,col);
neighbor{1]=*buffer;
buffer = addr(row-1,col+1);
neighbor{2]=*buffer;
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buffer = addr(row,col+1);
neighbor{3]=*buffer,
buffer = addr(row+1,col+1);
neighbor{4]="buffer;
buffer = addr(row+1,col);
neighbor[5]="buffer;

buffer = addr(row+1,col-1);
neighbor{6]="buffer,
buffer = addr(row,col-1);
neighbor[7]="buffer;
buffer = addr(row-1,col-1);
neighbor[8]="buffer;

void detecNote‘l(address,numpic,position,Note,Line,_row)
unsigned char *address[101][2],numpic,Line;
int Note,_row[3];
int position[15]{4};

unsigned int row,col,strow,stcol,midrow,midcol,endrow,endcol;
unsigned char ne[1],*buffer;
int n,i,o,p,count,condition,high,ACC,black,width;
int con[4][3] = {{0,0,0},{0,0,0},{0,0,0},{0,0,0}};
width = position[2][2]-position[1][2];
for(i="1;i<=numpic;i++)

{

addr_to_coor(address[i][O],&strow,&stcol);

addr_to_coor(address[i][1],&endrow,&endcol);

midrow = (((endrow - strow)/2)+strow);

midcol = (((endcol - stcol)/2)+stcol);

black = 0;

for(0=0;0<=3;0++)
for(p=0;p<=2;p++)

{
con[o][p] = O;
}
for(row=strow+1 ‘row<=midrow;row++)
for(col=stcol+1 -col<=midcol;col++)

set_neighborZ(buffer,row,col,ne);
if(ne[1]==2|ne[1]==6||Ine[1]==8)

{

if(ne[1]==2 && con[0][0}==0)
con[0][0] = 2;

if(ne[1]==2 && con[0][0]>0)
con[0][0] = con[0][0]+10;

if(ne[1]==6 && con[0][1]==0)
con[0][1] = 6;



if(ne[1]==6 && con[0][1]>0)
con[0][1] = con[O][1]+10;

if(ne[1)==8 && con[0][2]==0)
con[0][2] = 8;

if(ne[1]==8 && con[0][2]>0)
con[0][2] = con[0][2]+10;

}

}

for(row=midrow+1 ‘row<=endrow;row++)
for(col=stcol+1 :col<=midcol;col++)

set_neighbor2(buffer,row,col,ne);
if(ne[1]==2||ne[1]==6||ne[1}==8)
{
if(ne[1]==2 && con[1][0]==0)
con[1][0] = 2;
if(ne[1]==2 && con[1][0]>0)
con[1][0] = con[1][0}+10;
if(ne[1]==6 && con[1][1]==0)
con[1][1] = 6;
if(ne[1]==6 && con[1][1]>0)
con[1][1] = con[1][1]+10;
if(ne[1]==8 && con[1][2]==0)
con[1][2] = 8;
if(ne[1]==8 && con[1][2]>0)
con[1][2] = con[1][2]+10;
D

}
for(row=strow+ 1;row<=midrow; row++)
for(col=midcol+1;col<=endcol;col++)
{
set_neighbor2(buffer, row,col,ne);
if(ne[1]==2||ne[1]==6]|ne[1]==8)

if(ne[1]==2 && con[2][0}==0)
con[2][0] = 2;
if(ne[1]==2 && con[2][0]>0)
con[2][0] = con[2][0]+10;
if(ne[1]==6 && con[2][1]==0)
con[2][1] = 6;
if(ne[1]==6 && con[2][1]>0)
con[2][1] = con[2][1]+10;
if(ne[1]==8 && con[2][2]==0)
con[2][2] = &;
if(ne[1]==8.&& con[2][2]>0)
con[2][2] = con[2][2]+10;
} }
for(row=midrow+1;row<=endrow;row++)
for(col=midcol+1;col<=endcol;col++)

{
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set__neighborZ(buffer,row,coI,ne);
if(ne[1]==2||ne[1]==6||ne[1]==8)
{
if(ne[1]==2 && con[3][0]==0)
con[3][0] = 2;
if(ne[1]==2 && con[3][0]>0)
con[3][0] = con[3][0]+10;
if(ne[1]==6 && con[3][1]==0)
con[3][1] = 6; .
if(ne[1]==6 && con[3][1]>0)
con[3][1] = con[3][1]+10;
if(ne[1]==8 && con[3][2]==0)
con[3][2] = 8;
if(ne[1]==8 && con[3][2]>0)
con[3][2] = con[3][2]+10;
}
else if(ne[1]==1)
black = 1:
}

condition = 0;

if(con[O][O]==0&&con[0][1]==0&&con[0][2}==0&&con[1][O ==0&&con[1][1]==0&&con
[1][2]==O&&con[2][0]==0&&con[2][1]==O&&con[2][2]==0&&con[3][0]==O&&con[3][1]
==0&&con[3][2]==0)
condition = 1;
else if(con[0][0]==0&&con[2][0]==128&&con[3][1]==16)
condition = 2;
else if(con[0][1]==16&&con[1][0]==12&&con[2][1]==0)
condition = 3;
else :
if((con[O][O]==O&&con[1][O]==12&&con[2][O]==12&&con[2][1]==0)|l(con[0][0]==0&&c
on[2][0]==12&&con[2]{1]==0&&con[3][0]==12))
condition = 4;
else
if(con[1][1]==0&&(con[1][0]==12||con[1][O]==22)&&(con[3][0]==12]|con[3][0]==22))
condition = 5; :
else
if(con[O][1]==0&&(con[0][0]==12|]con[O][O]==22)&&(con[2][0]==12|}con[2][0]==22))
condition = 6;
else if(con[0][0]==22&&con[1][0]==12)
condition = 7;
else if(con[0][0]==12&&con[0][1]==16)
condition = 8;
else if(con[O][O]==12&&con[1][0]==12&&con[2][1]==0)
condition = 9; ;
else if(con[O][O]==12&&con[1][0]==0&&con[1][1]==O&&con[3][0]==12)
condition = 10;
else if(con[O][O]==O&&con[3][O]==12&&con[3][1]==16)
condition = 11;
else if(con[O][1]==26&&con[1][0]==22&&con[3][2]==1 8)
condition = 12;



*
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switch(condition)

case 1 : if((endrow-strow)<5)
d[numnote-1] = d[numnote-1] + (d[numnote-1}/2);
else if((endrow-strow)>5)

{
Note = 32; /* WHOLE NOTE */
detecLine(endrow,position,&Line);
Makedata(Line,Note,ACC);
ACC =0;
}
break;
case 2 : Note = 16; /* HALF NOTE */
detecLine(endrow,position,&Line);
Makedata(Line,Note, ACC);
ACC =0;
break;
case 3 : Note = 16; /* HALF NOTE */
detecLine(strow+width+2,position,&Line);
Makedata(Line,Note, ACC);
ACC =0;
break;
case 4 : if(con[0][0]==0&&con[1][0]==12&&con[2][0]==12)
{
if(black==1)

{
Note = 8; /* QUARTER NOTE */
detecLine(endrow,position,&Line);
Makedata(Line,Note, ACC);
ACC = 0;
}

else if(black==0)

{

Note = 8; /* QUARTER NOTE */
detecLine(strow+width+2, position,&Line);
Makedata(Line,Note, ACC);

ACC =0;
}
} g
else if(con[O][O]==0&&con[2][O]==12&&con[3][0]==12)
{
Note = 8; /* QUARTER NOTE */
detecLine(endrow,position,&Line);
Makedata(Line,Note,ACC);
ACC =0;
}
break;

case 5 : if(con[0][0]==0&&con[2][0]==12&&con[2][1]==16) /* EIGHT NOTE

{
Note = 4;
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detecLine(endrow,position,&Line);
Makedata(Line,Note ACC),
ACC =0;

}
else if(con[0][0]==00&&con[2][0]==1 2&&con[2][1]==36)
/* SIXTEEN NOTE */
{
Note = 2;
detecLine(endrow,position,&Line);
Makedata(Line,Note,ACC);
ACC =0;

}
else if(con[2][1]==00) /* TWO-EIGHT NOTE */
{
Note = 4;
checkNote(address,i,2,_row);
for(count=0;count<=1;count++)

detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);

}

}
else if(con[O][1]==16&&con[2][1]==16&&con[3][0]==12)
*TWO-SIXTEEN NOTE */
{
Note = 2;
checkNote(address,i,2,_row);
for(count=0;count<=1;count++)
{
detecline1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);

}

}
else if(con[2][0]==0&&con[2][1]==16&&con[3][0]==12)
/* TREE-EIGHT NOTE */
{
Note = 4;
checkNote(address,i,3,_row);
for(count=0;count<=2;count++)

detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
//printf("Notenumber %d = %d,%c\n",i,Note,Line);

}

}
else if(con[0][1]==16&&con[2][1]==26&&con[2][2]==18)
/* TREE-SIXTEEN NOTE */

{
Note = 2;



checkNote(address,i,3,_row);
for(count=0;count<=2;count++)
{
-detecLine1 (_row[count],position,&Line);
Makedata(Line,Note,ACC),
/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);

}

}
else if(con[O][1]==16&&con[2][1]==16&&con[3][0]==22)
/* FOUR-EIGHT NOTE */
{
Note = 4;
checkNote(address,i,4,_row);
for(count=0,count<=3;count++)
{
detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);

}
}

else
if(con[0][1 J==26&&con[0][2]==1 8&&con[2][1]==26&&con[2][2]==1 8)
* FOUR-SIXTEEN NOTE */
{
Note = 2; 3
checkNote(address,i,4,_row);
for(count=0;count<=3;count++)
( :
detecLine1 (_row[ccunt],position,&Line);
Makedata(Line,Note, ACC);

/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);

}
}
break;
case 6 : if(con[1]{1]==00)

high = endrow-strow;
if(high<(position[1][2]-position[0][2]))
{

{
Note = 16;
Line ='N;
Makedata(Line,Note, ACC);
}

ifendrow==position[2][2]+1) /* HALF NOTE REST */
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else if(strow==position[1][2]-1) /* WHOLE NOTE REST */

{
Note = 32,
Line = 'N"
Makedata(Line,Note, ACC);
}



*/
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}
else if(high>(position[1][2]-position[0][2])) /* TWO-EIGHT NOTE

{

Note = 4;
checkNote(address,i,2,_row);
for(count=0;count<=1;count++)

detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);
}

}

)
else if(con[1][1]==16&&con[2][0]==12&&con[3][1]==16)
* TWO-SIXTEEN NOTE */
{
Note = 2;
checkNote(address,i,2,_row);
for(count=0;count<=1;count++)

detecLine(_row[count],position,&Line);
Makedata(Line,Note ACC);
//printf("Notenumber %d = %d,%c\n",i,Note,Line);
}

}

else

if((con[0][0]==128&&con[1][1]==16)}}(con[0][0}==228&&con[1][1}==16))

/* TREE-EIGHT NOTE */

{

Note = 4;

checkNote(address,i,3,_row);

for(count=0;count<=2;count++)
{
detecl_ine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
/lprintf("Notenumber %d = %d,%c\n",i,Note,Line);

¥

}
else if(con[1][1]==26&&con[1][2]==18&&con([3][1]==16)
/* TREE-SIXTEEN NOTE */
{
Note = 2;
checkNote(address,i,3,_row);
for(count=0;count<=2;count++)
{
detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC),
//printf("Notenumber %d = %d, %c "i,Note,Line);

}



else if(con[O][0]==22&&con[1][1]=;16&&con[3][1]==16)
/* FOUR-EIGHT NOTE */
{
Note = 4;
checkNote(address,i,4,_row);
for(count=0;count<=3;count++)

detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
//printf("Notenumber %d = %d,%c\n",i,Note,Line);
} ]

}

else
if(con[1][1]==26&&con[1][2]==1 8&&con[3][1]==26&&con|[3][2]==18)
/* FOUR-SIXTEEN NOTE */
{
Note = 2;
checkNote(address,i,4,_row);
for(count=0;count<=3;count++)
{
detecLine1(_row[count],position,&Line);
Makedata(Line,Note, ACC);
/1printf("Notenumber %d = %d,%c\n" i, Note,Line);
}
}
break;
case 7 : if(con[1][1]==16) /* EIGHT NOTE */
{
- Note = 4,
detecLine(strow+width+2,position,&Line);
Makedata(Line,Note,ACC);

}

else if(con[1][1]==36) /* SIXTEEN NOTE */
{
Note = 2;
detecLine(strow+width+2,position,&Line);
Makedata(Line,Note, ACC);

}
else if(con[2][1)==16) /* SIXTEEN NOTE REST */

{

Note = 2;

Line ='N";
Makedata(Line,Note, ACC);
}

break;
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case 8  if(con[1][0]==0&&con[1][1]==16&&con[3][0]==12) /* NATURAL*/

ACC =1,
else if(con[1][0]==12&&con[1][1]==16&&con[2][0}==12

&&con[2][1]==16&&con[3][0]==12&&con[3][1]==16) /*

SHARP */
ACC =2;
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else if(con[1][1]==0) /* FLAT */
ACC = 3;
break;
case 9 : if(con[1][1]==0) /* EIGHT NOTE REST */

checkNote(address,i,2,_row);
if(_col[0]==_col[1])
{

break;

}

else
{
Note = 4;
Line = 'N =
Makedata(Line,Note, ACC);
}

}
else if(con[1][1]==16&&con[3][0]==12) /* QUARTER NOTE REST
*/
{
Note = 8;
Line = 'N',
Makedata(Line,Note,ACC),
}
break;
case 10 : break;
case 11 : break;
case 12 : break;
default : break;

}
}

plays(s,d,numnote);

}

void set_neighborZ(buffer,row,col,neighbor)
unsigned char *buffer;
unsigned char neighborf];
unsigned int row,col;

buffer = addr(row,col);
neighbor{1] = *buffer;
}

detecLine(row,position,Line)
unsigned int row;
unsigned char *Line;
int position[15][4];



{

}

int leger{4];
leger{0] = position[0][2]-(position[1][2]-position[0][2]);
leger{1] = position[0][2]-(2* (position[1][2]-position[0][2]));
leger{2] = position[4][2]+(position[1 ][2]-position[0][2]);
leger[3] = position[4][2]+(2* (position[1][2]-position[0][2]));
row = row - 1; v
if(row > leger[1] && row < leger{0])
*Line = 'Z";
else if(row == leger{0])
*Line = 'B',
else if(row > leger{0] && row < position[0][2])
*Line = 'A’;
else if(row == position[0][2])
*Line ='G';
else if(row > position[0][2] && row < position[1][2])
*Line ="F";
else if(row == position[1][2])
*Line = 'E};
else if(row > position[1][2] && row < position[2][2])
*Line="D";
else if(row == position[2][2])
*Line ='C';
else if(row > position[2][2] && row < position[3]{2])
*ine = 'b";
else if(row == position{3][2])
*Line = 'a";
else if(row > position[3][2] && row < position[4][2])
*Line = 'g,
else if(row == position[4][2])
*Line ='f,
else if(row > position[4][2] && row < leger{2])
*Line ="e";
else if(row == leger{2])
*Line ='d";
else if(row > leger[2] && row < leger[3])
*Line ='c’;
else if(row == leger{3])
*Line =y
else if(row > leger(3])
*Line = 'X,
return O;

detecLine1(endrow,position,Line)

unsigned int endrow;
unsigned char *Line;
int position[15][4];

int leger[4];
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leger[0] = position[0][2]—(position[1][2]-position[0][2]);
leger[{1] = position[O][2]—(2*(position[1][2]-position[0][2]));
leger[2] = position[4][2]+(position[1][2]-position[0][2]);
leger{3] = position[4][2]+(2*(position[1][2]-position[0][2]));
endrow = endrow - 1;

if(endrow >= leger{1]-2 && endrow <= leger{1]+2)

*Line ='Z";

else if(endrow > leger{1]+2 && endrow < leger[0]-2)
*Line ='B';

else if(endrow >= leger[0]-2 && endrow <= leger[0]+2)
*Line ="'A";

else if(endrow > leger[0]+2 && endrow < position[0][2]-2)
*Line ='G';

else if(endrow >= position[0][2]-2 && endrow <= position[0][2]+2)
*Line ='F";

else if(endrow > position[0][2]+2 && endrow < position[1][2]-2)
*Line ='E";

else if(endrow >= position[1][2]-2 && endrow <= position[1]{2]+2)
*Line = 'D};

else if(endrow > position[1][2]+2 && endrow < position[2][2]-2)
*Line = 'C"; :

else if(endrow >= position[2][2]-2 && endrow <= position[2][2]+2)
*Line ='b';

else if(endrow > position[2][2]+2 && endrow < position[3][2]-2)
*Line="'a";

else if(endrow >= position[3][2]-2 && endrow <= position[3][2]}+2)
*Line = 'g"

else if(endrow > position[3][2]+2 && endrow < position[4][2]-2)
*Line = 'f';

else if(endrow >= position[4][2]-2 && endrow <= position[4][2]+2)
*Line='e"

else if(endrow > position[4][2]+2 && endrow < leger{2]-2)
*Line ='d";

else if(endrow >= leger{2]-2 && endrow <= leger[2]+2)
*Line ='c';

else if(endrow > leger[2]+2 && endrow < leger{3]-2)
*Line ='y";

else if(endrow >= leger{3]-2 && endrow <= leger[3]+2)
*Line = 'X’;

return O,

checkNote(address,numNote k,_row)
unsigned char *address[101][2];
unsigned int numNote k;
int _row([3];
{
unsigned int row,col,strow,endrow,stcol,endcol;
unsigned char ne[1],*buffer;
int c,i;
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int count = 0;
addr_to_coor(address[numNote][O],&strow,&stcol);
addr_to_coor(address[numNote][1],&endrow,&endcol);
¢ = (endcol-stcol)/K;
for(i=0;i<=(k-1);i++)
for(row=strow+1;row<=endrow;row++)
for(col=stcol+(i*c)+1;col<=stcol+(i*c)+c;col++)

set_neighbor2(buffer,row,col,ne);
buffer=addr(row,col);
if(ne[1]==2)
{
_row[count] = row;
count++;
}
}

return O;

}

Makedata(unsigned char Line,int Note,int ACC)

if(Line =='2)
s[numnote] = _C4;
else if(Line == 'B')
s[numnote] = _B3;
else if(Line == 'A")
s[numnote] = _A3,
else if(Line =="'G")
s[numnote] = _G3,;
else if(Line == 'F)
s[numnote] = _F3;
else if(Line =="E")
s[numnote] = _E3;
else if(Line == 'D")
s[numnote] = _D3;
else if(Line =="'C')
s[numnote] = _C3;
else if(Line =='b")
s[numnote] = _B2;
else if(Line == 'a")
s[numnote] = _A2;
else if(Line =="g)
s[numnote] = _G2;
else if(Line =='f)
s[numnote] = _F2;
else if(Line =="¢'
s[numnote] = _E2;
else if(Line =="'d)
s[numnote] = _D2;
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else if(Line == 'c')

s[numnote] = _C2;
else if(Line =="y")

s[numnote] = _B1;
else if(Line == 'X)

s[numnote] = _A1;
else if(Line == 'N’)

s[numnote] = _null;
if(Note == 32)

d[numnote] = 32; /*WHOLE NOTE*/
else if(Note == 16)

d[numnote] = 16; /*HALF NOTE*/
else if(Note == 8)

d[numnote] = 8; *QUARTER NOTE*/
else if(Note == 4)

d[numnote] = 4; /*EIGHT NOTE®/
else if(Note == 2)

d[numnote] = 2;  /*SIXTEEN NOTE*/
if(ACC == 2)

s[numnote] = s[numnote]+1;
else if(ACC == 3)

s[numnote] = s[numnote]-1;
numnote++;
return O;

void savespk(void)

{
FILE *stream;

inti,ln;

char spkname[13]="",

int botton;

mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479),
border(150,230,400,330,"Save file");
seffillstyle(SOLID_FILL WHITE);
bar(150,230,400,330);
setcolor(BLACK);
printfxy(150,240,400,260,"Enter file *.spk");
setcolor(BLUE);
outtextxy(160,300,"file name :");
mouse_display();
stringin(270,300,spkname);

border(1 50,230,400,330,"Confirm");
setfillstyle(SOLID_FILL,WHITE);



bar(150,230,400,330);

setcolor(BLACK);
printfxy(150,240,400,260,"Are you sure ™),
box(200,280,250,310,"Yes");
box(300,280,350,310,"No");

do

m = getmouse();
if(m.status==MOUSE_LEFT)

{ .

if((m.x>200)&&(m.x<250)&&(m.y>280)&&(m.y<310))
botton = 1;

else if((m.x>300)&&(m.x<350)&&(m.y>280)&&(m.y<310))
botton = 2;

else continue;
switch(botton)

{

case 1: mouse_hide(),

box1(200,280,250,310,"Yes");

mouse_display();

do{

m = getmouse();

}while((m.status == MOUSE_LEFT)&&((m.x>200)

8&(M.x<250)&&(m.y>280)&&(m.y<310)));

mouse_hide();

box(200,280,250,310,"Yes"),

mouse_display();
if((m.x>200)&&(m.x<250)&&(m.y>280)&&(m.y<31 0))

{
if((stream = fopen(spkname,"a+b")) == NULL)
{
printf("Error in open file\n"y;
exit(1);
}
for(i=0;i<=numnote-1;i++)
{
I'=s[i];
n = d[i;
fwrite(&l,2,1,stream);
fwrite(&n,2,1,stream);
« 3
fclose(stream);
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(200,230,450,330,"Massege");
seffillstyle(SOLID_FILL, WHITE);
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"Save file finish");
botton_ok(); ,
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shadow(254,58,"Save"),

break;

case 2 : mouse_hide();

box1(300,280,350,310,"No");

mouse_display();
do{
m = getmouse();

}while((m.status == MOUSE_LEFT)&&((m.x>300)
&&(mM.x<350)&&(m.y>280)&&(m.y<310)));

box(300,280,350,310,"No");

if((m.x>300)&&(mM.x<350)&&(m.y>280)&&(m.y<310))

mouse_hide();

seffilistyle(SOLID_FILL,BLUE);

bar(0,120,639,479);
mouse_display();
m.status=9;
setcolor(BLACK);

shadow(54,58,"Open");
shadow(254,58,"Save");

shadow(342,58,"Convert"),

(
shadow(454,58,"Play"),
shadow(554,58,"Exit");

break;

}

}
}

}while(m.status!=9);

/*************************** CONVERT

void convert_mid(void)

{

int i=0;
char convertname[13]=""

char spkname[13]="", sngname[13]="", midname[13]="";

char sng[]=".sng", mid[}=".mid";

mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479),
border(170,200,460,350,"Convert");
seffillstyle(SOLID_FILL,WHITE);

dkdkkkhhkhkkkhkhkkkhkhkkkhkhhhkhhhhx */
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bar(170,200,460,350);

setcolor(BLACK);

printfxy(170,220,460,240,"Convert file * spk to *.sng");
printfxy(170,240,460,260,"&");
printfxy(170,260,460,280,"Convert file *.sng to *.mid");
setcolor(RED);

printfxy(170,285,460,305,"Enter file *.spk");
setcolor(BLUE);

outtextxy(185,320,"file name *.spk : ");
mouse_display();

stringin(340,320,spkname);

for(i=0;i<=12;i++)

if(spknamel[i}!=".")
convertnameli] = spknameli];

}
strcpy(sngname,convertname);
strcat(sngname,sng);
strcpy(midname,convertname);
strcat(midname,mid);
convert_spk_sng(spkname,sngname,midname);

3

void convert_spk_sng(char spkname[13],char sngname[13],char midname[13])
{

int metrate, meter, pitchbend, exclusive, channel, i, midivol,

event_count, active, divisor, time, nevent,inst;

long numevents;

char event_data[5],val[3];

char *song_title = "Note from Recognition of printed music note.";

char *track1_name = "TestTrak";

char *empty_name ="<  >";

int I,n,m,_numnote,a[999],b[999];

intii = 0;

FILE *stream;

FILE *_stream;

do

mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(170,200,460,350,"Select");
seffillstyle(SOLID_FILL,WHITE);
bar(170,200,460,350);
setcolor(BLACK),
printfxy(170,240,460,260,"Select Program Number"),
setcolor(BLUE);
outtextxy(200,320,"Enter (1-128) : ");
mouse_display();

val[0]=0;



stringin(330,320,val); -
inst = atoi(val);

}while(inst>128||inst<1);

metrate = 100;

meter = METER,;

pitchbend = FALSE;

exclusive = FALSE;

channel = 0;

midivol = 100;

numevents = NUM_EVENTS;

active = FALSE;

if((_stream = fopen(spkname,"rb")) == NULL)
{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(200,230,450,330,"Massege");
setfillstyle(SOLID_FILL,WHITE);
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"Can’ open file
outtextxy(365,248,spkname);
setcolor(DARKGRAY);
outtextxy(54,58,"Open"),
outtextxy(154,58,"Step");
outtextxy(254,58,"Save");
outtextxy(342,58,"Convert");
outtextxy(454,58,"Play");
outtextxy(554,58,"Exit");
botton_ok();
mouse_display();
}

else

while(fread(&l,2,1,_stream) == 1)
{
if(ferror(_stream))
{
printf("Error in file\n");
exit(1);

fread(&n,2,1,_stream);
afiij =1
b[ii] = n;
li++:
}
fclose(_stream);
stream = fopen(sngname, "wb");
if (stream == NULL)

mouse_hide();
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seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(200,230,450,330,"Massege");
setfillstyle(SOLID_FILL,WHITE);
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"Can' open file ");
outtextxy(365,248,sngname);
botton_ok();
mouse_display();
}
else{
putc_to_file(song_title, 51, stream); /* store common data */
puti_to_file(&metrate, 1, stream);
puti_to_file(&meter, 1, stream);
puti_to_file(&pitchbend, 1, stream);
puti_to_file(&exclusive, 1, stream);

putc_to_file(track1_name, 9, stream); /* store track 1 header */
puti_to_file(&channel, 1, stream);

putl_to_file(&numevents, 1, stream);

puti_to_file(&active, 1, stream);

puti_to_file(&midivol, 1, stream);

numevents = 1;
for (i= 1;i < NTRACK; i++){ /* store other track's headers */
putc_to_file(empty_name, 9, stream);
puti_to_file(&channel, 1, stream);
putl_to_file(&numevents, 1, streamy;
puti_to_file(&active, 1, stream);
puti_to_file(&midivol, 1, stream);
}
time = 0;
/* write track 1 midi data */

write_event(stream, 2, 0, MES_END, 0, 0); /* starting mes_end event */
write_event(stream, 3, 0, 192, inst, 0y,
event_count = 1,
i=0;
convert_note(alii],b[ii]);
nevent = 1;
while (event_count < NUM_EVENTS - 2){
while (time < meter* TICKS_PER_BEAT) /*add mes_end if needed */
{
lenght = lenght-16;
if(lenght==(-8))
{
if(nevent==1)

{



write_event(stream, 4, 0, NOTE_ON + channel, note, 64);
event_count += 1;
nevent = 2;

if(nevent==2)
{
write_event(stream, 4, TICKS_PER_BEAT, NOTE_ON +
channel,note,0);
event_count += 1;
time += TICKS_PER_BEAT,;

}
else if(nevent==10)
{
if(time==0)
{

write_event(stream, 4, TICKS PER_BEAT, NOTE_ON +
channel,note,0);

event_count +=1;

time += TICKS_PER_BEAT;

else
{
time = 0;
write_event(stream, 1, 248, 0, 0, 0);
write_event(stream, 4, O, NOTE_ON + channel,note,0);
event_count += 2;
time += (TICKS_PER_BEAT*2);

}
.. }
148,
convert_note(alii],b[ii]);
nevent = 1,

}
else if(lenght>0)
if(nevent==1)

write_event(stream, 4, O, NOTE_ON + channel, note, 64);
event_count += 1;
nevent = 2;

write_event(stream, 1, 248, 0, 0, 0);
event_count += 1;
time += (TICKS_PER_BEAT*2);

}
else if(lenght==0)

if(nevent==1)
{
write_event(stream, 4, 0, NOTE_ON + channel, note, 64);
write_event(stream, 1, 248, 0, 0, 0);
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time += (TICKS_PER_BEAT*2),
event_count += 2;
nevent = 2,

else if(nevent==2)
{
write_event(stream, 1, 248, 0, 0, 0);
write_event(stream, 4, 0, NOTE_ON + channel,note,0);
event_count += 1;
time += (TICKS_PER_BEAT*2);
i++;
convert_note(alii],b[ii]);
nevent = 1;

}

}
else if(lenght==(-12))
{
write_event(stream, 4, 0, NOTE_ON + channei, note, 64);
write_event(stream, 4, (TICKS_PER_BEAT/2), NOTE_ON +
channel,note,0);
event_count += 2;
time += (TICKS_PER_BEAT/2);
i++,
convert_note(alii], b[ii]);

}
else if(lenght==(-14))

{

write_event(stream, 4, 0, NOTE_ON + channel, note, 64);

write_event(stream, 4, (T ICKS_PER_BEAT/4), NOTE_ON +
channel,note,0);

event_count += 2;

time += (TICKS_PER_BEAT/4);

li++;

convert_note(afii], bfii]);

}
else if(lenght==(-16))
{
if(nevent==2)
write_event(stream, 4, 0, NOTE_ON + channel,note,0);
else if(nevent==10)

{
if(time==0)
write_event(stream, 4, O, NOTE_ON + channel,note,0);
else
{
time = 0;
write_event(stream, 4, TICKS_PER_BEAT, NOTE_ON +
channel,note,0);
time += TICKS_PER_BEAT,
}
}



event_count += 1;

ji++:
convert_note(alii], b[ii]);
nevent = 1;

}

}
write_event(stream, 2, 0, MES_END, 0, 0);
time -= meter * TICKS_PER_BEAT,
if(nevent==2)

nevent = 10;
event_count += 1;

}

write_event(stream, 2, 0, ALL_END, 0, 0); /* write track terminator */

for (i=1;i < NTRACK; i++)  /* rest of tracks have only one event */
write_event(stream, 2, 0, MES_END, 0, 0),

fclose(stream);
convert_sng_mid(sngname,midname);
}
}
}

/* Writes the five data bytes in an event with one call to putc_to_file() */
void

write_event(stream, nbytes, b0, b1, b2, b3)

FILE *stream;

int nbytes, b0, b1, b2, b3;

char data[5];
data[0] = nbytes;
data[1] = b0;
data[2] = b1;
data[3] = b2;
data[4] = b3,
putc_to_file(data, 5, stream);
}
void
putc_to_file(addr, size, stream) /* put near char data to stream */
char *addr;
int size;
FILE *stream;
{

inti:
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for(i = 0; i < size; i++)}{
fputc(*addr++, stream);
}
}

void
puti_to_file(addr, size, stream)
int *addr;
int size;
FILE *stream;
{
int i, end,
char *caddr;

caddr = (char *)addr,
end = size * sizeof(int),

for(i = 0; i < end; i++){
fputc(*caddr++, stream);
}
}

void
putl_to_file(addr, size, stream)
long *addr,;
int size;
FILE *stream,
{
int i, end;
char *caddr;

caddr = (char *)addr;
end = size * sizeof(long);

for(i = 0; i < end; i++){
fputc(*caddr++, stream);
}
}

void convert_note(int a,int b)
{
if(@a==_A1)
note=57,
if(a==_B1)
note=59;
if(a==_C2)
note=60;
if(a==_D2)

/* put near int data to stream */

/* put near long int data to stream */
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note=62;

if(a==_E2)

note=64;

if(a==_F2)

note=65;

if(a==_G2)

note=67;

if(a==_A2)

note=69;

if(a==_B2)

note=71;

if(a==_C3)

note=72;

if(a==_D3)

note=74;

if(a==_E3)

note=76;

if(a==_F?3)

note=77,

if(a==_G3)

note=79;

if(a==_A3)

note=81;

if(a==_B3)

note=83;

if(a==_C4)

note=84;

lenght = b;

}

void convert_sng_mid(char sngname|[13],char midname[13])

{

char title[TITLE_WIDE], trackname[NTRACK][TRACK_NAME_WIDE];

unsigned char *buf, *cp, *cp1, b[4], runstatus;

int metrate, meter, ntrack, trk, midichan[NTRACK], i, n, at_end;
long eventcountNTRACK], event, ticks, msec_gnote;

FILE *infile, *ouffile;

infile = open_file(sngname, "rb";  /* open the files specified on */
outfile = open_file(midname, "wb"); /* the command line. */

/* All of the data is first written to a memory buffer called buf. */
/* When conversion is complete, the buffer is written to disk. */
/* This allows the length of the buffer to be know prior to writing. */

buf = (char *)malloc(NBYTES);

if (buf == NULLX
fputs("\nCould not allocate memory for track data.", stdout);
exit(0);
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get_from_file(title, TITLE_WIDE, infile); /* read infile header data */
get_from_file(&metrate, sizeof(int), infile);

get_from_file(&meter, sizeof(int), infile);

get_from_file(&n, sizeof(int), infile);  /* ignore pitchbend flag */
get_from_file(&n, sizeof(int), infile),  /* ignore exclusive flag */

for (i = 0; i < NTRACK; i++){
get_from_file(tracknameli], TRACK_NAME_WIDE, infile);
get_from_file(&midichan(i], sizeof(int), infile);
get_from_file(&eventcountfi], sizeof(long), infile);
get_from_file(&n, sizeof(int), infile); /* ignore play status */
get_from_file(&n, sizeof(int), infile); /* ignore midi volume */

}

ntrack = 0;
for (i = 0; i < NTRACK; i++){ /* find number of tracks with data */
if (eventcount]i] > 1)
ntrack++;

write_mthd(ntrack + 1, outfile), ~ /* put header chunck to outfile */
cp = buf; /* cp points to start of allocated memory area */
*cp++ = 0; /* time sig., tempo and title track added first */

*cp++ = META; * note that data is written to buffer. */
*cp++ = TIMESIG;

*cp{N =5

*cp++ = (char)meter;

*cpt+ = 2, /*MT always uses quarter note for beat, etc. */
*cp++ = 24,

*cp++ = 8;

*cp++ = 0;

*cp++ = META; /* tempo, most significant bytes first */
*cp++ = SETTEMPO;
msec_gnote = 60000000/metrate; ~ /* a long data type (4 bytes) */

cpl = (char *)&msec_gnote; /* cp1 points to long's memory area &/
*cp++ = 3; /* 3 is fixed value for this META */

*cp++ = *(cp1 + 2); /* write value in correct order */

*cp++ = *(cp1 + 1); /* opposite to the 80x86 convention */
*cp++ = *cp1l; y

*cp++ = 0; /* song name as meta text event */

*cp++ = META,

*cp++ = TEXTEVENT,;

*cp++ = TITLE_WIDE;

strcpy(cp, title); /* title copied in one shot */
cp += TITLE_WIDE; /* update pointer */

*cp++ = 0; * end of title meta event */
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*cp++ = META,;
*cp++ = ENDTRACK;
*cpt+ =0,

put_to_file("MTrk", 4, outfile); /* write first track chunk */
put_len((long)(cp - buf), outfile); /* write computed buffer length */
write_buf(buf, cp, ouffile); /* write whole buffer at once */

for (trk = 0; trk < NTRACK; trk++){
if (eventcount[trk] > 1){

cp = buf; /* cp points back to start of memory buffer */
*cp++ = 0; /* track name as meta instrument name event */
*cp++ = META;

*cp++ = INSNAME;

*cp++ = TRACK_NAME_WIDE;
strcpy(cp, tracknameltrk]);

cp += TRACK_NAME_WIDE;

*cpt++ =0; /* track channel as MIDI channel prefix */
*cp++ = META;

*cp++ = CHANPREF;

“ep++EgT.

*cp++ = midichan[trk],

at_end = ticks = event = 0;
runstatus = 0;
while (event++ < eventcount[trk] && lat_end){
fgetc(infile);
for (i=0;i<4; i++){
b[i] = (char) fgetc(infile);

}
if (b[1] == ALL_END)
at_end =1,
else if (b[0] == TIME_OUT)
ticks += 240;
else{ /* convert event data to files format */
ticks += b[0];
if (b[1] >= 0x80 && b[1] <= OXEF){ /* if MIDI channel */
cp = copy_var_len(ticks, cp); /* voice message */
if (b[1] == runstatus)  /* check running status *
else
*cp++ = b[1];
*cp++ = b[2];
if (b[1] < OxCO || b[1] >= OxEOQ)
*cp++ = b[3]; [* if four byte message */
ticks = 0;
runstatus = b[1];

}
}
if (cp - buf + 3 >= NBYTES)



fputs("\nTrack shortened, out of buffer space.", stdout),

break;

}
}
*cp++ =0;
*cp++ = META,;
*cp++ = ENDTRACK,;
*cp++ =0;

put_to_file("MTrk", 4, outfile); /* write track chunk */
put_len((long)(cp - buf), outfile); /* write data length */
write_buf(buf, cp, outfile); /* write all data at once */
}

} /* for (trk... */

fclose(infile); /* close files and exit to dos */

fclose(ouffile);

mouse_hide();

seffillstyle(SOLID_FILL,BLUE);

bar(0,120,639,479),

border(200,230,450,330,"Convert");

seffillstyle(SOLID_FILL,WHITE);

bar(200,230,450,330);

setcolor(BLACK);

printfxy(200,240,450,260,"Convert complete");

mouse_display();

botton_ok();

void

write_buf(sp, ep, outfile)

char *sp, *ep;

FILE *ouffile;

{

while (sp != ep)
fputc(*sp++, outfile),

char
*copy_var_len(n, cp)
long n;

char *cp;

{

register long buffer,

buffer = n & Ox7F;

while ((n >>=7) > 0){
buffer <<= 8;
buffer |= 0x80;
buffer += (n & OX7F);
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}

while (buffer & 0x80){
*cp++ = (char) buffer,
buffer >>= 8,

*cp++ = (char) buffer;
return(cp);

void

put_len(n, stream)  /* chunk lengths are always 4 bytes long */
long n;

FILE *stream;

{

char *cp;

cp = (char *)&n;
fputc(*(cp + 3), stream),
fputc(*(cp + 2), stream);
fputc(*(cp + 1), stream);
fputc(*cp, stream);

void

write_mthd(ntrack, outfile) ~ /* write header chunk to output file */
int ntrack;

FILE *ouftfile;

{

inti, n;

put_to_file("MThd", 4, ouffile); /* MThd = chunk type */
n=_0;
for(i=0;i<3;i++)
put_to_file(&n, 1, outfile);
n=6;
put_to_file(&n, 1, outfile); /* 00 00 00 06 = lenght*/
n=0;
put_to_file(&n, 1, outfile);
n=1;
put_to_file(&n, 1, outfile); /* 00 01 = format */
n=0;
put_to_file(&n, 1, outfile);
put_to_file(&ntrack, 1, outfile); /* 00 On = number of tracks */
put_to_file(&n, 1, outfile);
n = 120;
put_to_file(&n, 1, outfile); /* 00 78 = 120 ticks/Q note */
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void :
get_from_file(addr, size, stream) /* get data from stream, put into near */
void *addr; /* memory */
int size;
FILE *stream;
{

int i

char *addr2;

addr2 = (char *)addr;
for(i=0; i < size; i++){
*addr2++ = fgetc(stream);
}
}

void
put_to_file(addr, size, stream) /* put near data to stream */
void *addr;
int size;
FILE *stream;
{
inti;
char *addr2;

addr2 = (char *)addr;
for(i = 0; i < size; i++){
fputc(*addr2++, stream);
}
}

FILE
*open_file(filename, status)
char *filename, *status;

{
FILE *file;

file = fopen(filename, status);

if (file == NULL)

{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE),
bar(0,120,639,479);
border(200,230,450,330,"Massege");
seffillstyle(SOLID_FILL,WHITE);
bar(200,230,450,330);
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setcolor(BLACK);
printfxy(200,240,450,260,"Can' open file  ");
outtextxy (365,248 filename);

botton_ok();

mouse_display();

}

return(file);

}

/*************************** PLAYN OTE ****************************/

void playspk(void)
{

FILE *stream:;

char spkname[13]="";

int I,n,m,_numnote,a[999],b[999];
inti=0;

dir("*.spk",spkname);

if((stream = fopen(spkname,"r+b")) == NULL)
{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
border(200,230,450,330,"Massege");
seffillstyle(SOLID_FILL,WHITE);
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"Can't open file N
outtextxy(360,248,spkname);
botton_ok();
setcolor(DARKGRAY);
shadow(54,58,"Open");
shadow(342,58,"Convert");
shadow(454,58,"Play"),
shadow(554,58,"Exit");
mouse_display();

else

{
while(fread(&l,2,1,stream) == 1)
{
if(ferror(stream))
{
mouse_hide();
seffillstyle(SOLID_FILL,BLUE),
bar(0,120,639,479);
border(200,230,450,330,"Massege");
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seffillstyle(SOLID_FILL,WHITE);
bar(200,230,450,330);
setcolor(BLACK);
printfxy(200,240,450,260,"Error to open file "),
outtextxy(360,248,spkname);
botton_ok();
mouse_display();
break;
} :
fread(&n,2,1,stream);
afi] =1;
b[i] = n;
i++;
}
mouse_hide();
seffillstyle(SOLID_FILL,BLUE);
bar(0,120,639,479);
setcolor(BLACK);
shadow(54,58,"Open");
shadow(454,58,"Play");
shadow(554,58,"Exit");
mouse_display();
plays(a,b,i);
fclose(stream);

}
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The MIDI 1.0 Specification’

Introduction

MIDI s the acronym for Musical Insuwument Digital [ntertace.

MID! enables synthesizers. sequencers, home computers, chythm machines, etc.
10 beinterconnected through a standard incerface.

Each MIDl-equipped instrumenct usually contains a receiver and a transmitier.
Some instruments may contain only a receiver or wansmiter. The receiver
receives messages in MID{ format and execuces MID I commands. [tconsists ofan
opto-isolator, Universal Asynchronous Receiver/Transmitter (UART), and other
hardware needed to perfoem the intended tunctions. The transmicer ociginates
messages in MIDI[ formar, and transmics them by way of a UART and line driver.

The MID! standard hacdsvare and daca formac are defined in this speciticacion.

Conventions

Seatus andDaca byvees given in Tables [ cheoueh Vidure given in binary.
Numhbers follawed by an “17 are in hexadecunal.

All ocher numbers are inedecunal.

MID! Manufacturers Association, 33 16 Wese 57th Street. Los Angeles, AL 900506
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Hardware

The incerface operates at 31.25 (£ 1%). Kbaud, asynchronous. with a stact bir,

3 darta bits (DO to D7), and a stop bit. This makes a rotal of 10 bits for a period of
320 microseconds per serial byte.

Ciccuit: 53 mA current loop type. Logical 0 is current ON. One output shall drve
one and only one input. The receiver shallbe opro-isolated and require less chan
5 mA to rucn on. Sharp PC-900 and HP 6N138 opto-isolators have been found
acceptable. Other high-speed opto-isolators may be satisfactory. Rise and fail
times should be less than 2 microseconds.

Connectors: DIN 5 pin (180 degree) female panet mount recepracle. An example
is the SWITCHCRAFT 57 GBSF. The connectors shall be labelled "MIDI IN”
“MIDLOUT.” Mote that pins L and 3 arenotused, and should be lefrunconnecred

in the receiver and transmitrer.

DP TQISOLATCR

£C-500
% g, (FCR PC-300)
= 2 L (AL a
- Y A
f —_
| DRI S g 7o)
| AN~ i 2V . ~ TO UART
| MG T 220 o ilNSTY GND 4 ! bl
5| i : Fa 15 4. WINN. . ~ Iy . =
‘N ) ; 5V |
9 N ! 0 :
o= 1 ALMF -— At N | |
\ i { .
\ / AN ) & | ' A.$2200 |
R RECEIVES p al ;
| ~
DT I =| \ & ; :
| i~ " | .
L“‘ O AP\ WY/ SN
' - T4 i
i L 72 20 L < l2 ], i
. e 2\ ; |
NC —;—a 9-/L—Nr |
e i \\[—v/ |
0 i sA101 THRU |
I Tl e S P S SO
“11{ 227 Q IO HARDWARE
1
i
P )——(>o——(>o—\ A §
= /! r——*———]
UART 2200 g i MOTES:
4
BEY 1. Cptoisolator currently snawitis
1/ 29 Sharp PC-900. HP 3N 128 orothe!
TRAMEMITTES MNC ) NC votaisalater.can o used Wi
AN 2poraoriate changas.
N 2. Gates "A" are IC cr transistor.
MO QUT 3. Resistors are 37%

Fig. A- 1. Standard hardware configuration for MIDUin. out. and thru pors.
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Cables shall have a maximum length of fifty feet (15 meters), and shall be
terminated on each end by a corresponding 5-pin DIN male plug, such as the
SWITCHCRAFT 05GMSM. The cable shail be shielded cwisted pair, with the
shield connected t0 pin 2 at boch ends.

A"MIDITHRU” output mav be provided if nesded, which provides a direct copy
of data coming in MIDU IN. For very long chain lengths (more than three
instruments), higher-speed opto-isolators must be used 0 avoid addicive rise/fall
tme errocs which affect pulse width duty cycle.

Data Format

AllMIDIcommunicadoais achieved through multi-bvte “messages” consistingof
one Status byte followed by one or two Dara bvtes. except Real-Time and
Exclusive messages (see below).

Message Types

Messages are divided into cwo main categories: Channef and System.

Channel

Channel messages containa four-bic number in the Status byte which address cthe
message specitically 0 one¢ of sixteen channels. These messages are thereby
intended for any unirs in a system whose channel number matches the chaanel
number encoded inco the Stacus byte.

There are two types of Channel messages: Voice and Mode.

Yoice=To control the instrument's voices, Yoice messages are sent over the Voice
Channels.

Mode-To detine the instrumenc's response o Voice messages. Mode messages
are senr over the instwumenc's Basic Channel.

System

System messages are not encoded wich channel aumbers.
There are three types of System messages: Comman, Real-Time, and Exclusive.

Common-Common messages are intended for all unics in a system.
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Real-Time—Real-Time messages are intended for all units in a system.

They concain Stacus bytes only—no Data bvres. Real-Time messages may be sent
atany time—even berween bytes ofa message which hasadifferentsacus. [n such
cases the Real-Time message is either ignored or acted upcn, after which the
recetving process cesumes under the pcevious swacus.

Exclusive—Exclusive messages can concain anvy aumber of Daw bytes, and are
terminated by an End of Exciusive EO*(j or any other Satus byvte. These
messages inciude a danufacturer’s Idendficaton (ID) code. If the receiver does
aot recognize the 1D code. it should ignore the ensuing daa.

So that other users can fully access MID! instrurnencs, manufactucers should
publish the format of dawa following their ID code. Oniy the manufacturer can
update the formac following their (D.

Data Types .

Status Bytes

Status bytes ace eighe-bic binary numbers insvhich the Mosc Significanc Bic (M SB)
istset (binary 1), Stacus bytes serve o idcnrii‘v the message type; thac is. rhe
purpose of the Data bytes which follow the Starus byte.

Excepr for Real-Time messages. nesv Siatus bytes will always command the
receiver to adopt their stacus. 2ven if the new Stacus is received befoce the last
message wvus compleed.

Running Status—For Voice and Maode messages only, when a Scacus byre is

received and progessed. the receiver will remain in thatstawus until a differenc
Status byte s ceccived. Therefore, if the same Scarus byte would be repeated. it
may {optionally) be emitied so that oaly the correct number of Dat byvtes need
be sent. Under Running Stacus. then, a complete message nced only coasist of

specified Data bvtes senct in the specitied order.

The Running Status feature is especially usctul for communicating loag sirings
of Mote On/Off messages, where “Note On wich Velocity of 07 is used for Note
Off. (A separate Note Off Status byre is also available.)

Running Saaous will be stopped when any other Status byte intervenes. except
that Real-Time messages will naly inteorupe the Running Status cemporarily.

Any status bvies received for functions which the

Unimplemented Scatus
receiver has noc implemented should be ignoced, and subsequent dara bytes
ignored.
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Undefined Status—Undefined Status bytes must noc be used. Care should be
taken to prevent illegal messages from being sent during power-up or power-
down. If undefined Scarus bytes are received, they should be ignored. as should
subsequent Data bytes.

Data Bytes

Following the Stacus byte, there are (excepc for Real-Time messages) one or two
Dara bytes which carry the contenc of the message. Data bytes are eight-bit binary
numbers in which the MSB is reset (binacy 0). The number and range of Datw
tytes which mustfollow each Scatus bvie are specified in che tables which follow.
Foreach Starus byte the cocrect number of Data byres must aiwavs be senc. [nside
the receiver, action on the message should wait uncil all Data bytes required
under the current status are received. Receivers should ignore Data bvres which
have not been properiy preceded by a valid Stacus byte {with the excepcion of
“Running Status.” above). :

Channel Yodes

Synthesizers containsound generation elements called voices. Voice assignment
is the algorichmic process of routing Note On, Otf claca from che kevboard o the
voices so that the musical noces are cocrectly plaved wvich accurate timing.

When MIDIis implemented. the relationship berween the sixxeen available MIDI
channels and the synthesizer's voice assignment must be defined. Several Mode
messages are available for this purpose (see Table 1II). They are Omni (On/Off),
Poly, and Mono. Pely and dono are munually exclusive, i.e., Poly Seiect disables
Mono. and vice versa. Omni. when on, enables che receiver o receive Voice
messages in all Voice Channels swithout discrimination. When Omni is off. the
ceceneEs Sl accepr Voice messages from only the selected Voice Channei(s).
Mono, when on. restcicts the assignment of Voices to just one voice per Voice
Channel (Monophonic.) When Mono is ot (=Pnly On), anv number of voices
may be allocated by the Recciver's normal voice assignmenc algocithm (Poly-

pheaic)

For a receiver assigned to Basic Channel "N.” che four possible modes arising
from the tsvo Mode messages are:



Mode Omni

1 On Poly Voice messages are received from all Voice
Channels and zssigned to voices polyphonically.
2 On Mono Yoice messages are ceceived from all Voice
Channels. and controt only one voice,
monophonically
3 Off Poly Yoice messages are received in Voice Channel
N oaly, and are assigned 0 voices polvphonically.
4 Off Mono Voice messages zre received in Yoice Channeis N

thou N+M -1, and assigned monophoaically to
voices | thru M. respectvely. The number of voices
M is specified by the chird byte of the Mono Mode
Message.

Four modes are applied 0 transmitters (also assigned to Basic Channef N).

Transmitters with no channel selection capabilicy will noemally transmic on Basic
Channel 1 (N=0).

Mode Omni

L On Polv Al voice messages ace transmicted in Chanaoe! N,
o Qa Mono Voice messages for Hnevoice are sent in
Channer N, ’
3 Off Poly Yoice messages for adl voices are senc in
Channei N
& \ Oftf SMono Voice messages foc voices 1 thru M are wransmiced

in Yoice Channels Mchoa N+M -t respecuvely.
(Single voice perchannel.)

A MIDreceiver or traasmitter can operate uader one and only one mode 1 o
time. Usually the receiver and transmicter “vill be in the same mode. ¥ 2 mode
cannot he heonored by the receiver. ic mav ignore the message (and anv
subsequent daca bytes), oc it may switch o an alternate mode (usually Mode 1,
Omni On/Poly).

Mode messages will be recognized bvoa recciver oaly when sene in the Basic
Channel to which the ceceiver has beenassigned. rezardless of the currenc mode.
Voice messages may be received in the Basic Channel and in other channels
(which are all called Voice Channels), which are related specificaily to the Basic
Channel by the rules above, depending on which mode has been selected.

A MIDI ceceiver may be assigned (e one o more Basic Channels by default or bv
user control. For cxample. an eight-voice svathesizer mightbe assigned o Basic
Channel 1 on power-up. The user could then switch the instcument (0 be
configured as owo four-voice synthesizers, «ach assigned o its own Basic
Channel. Separate Mode messages would then be senc to =ach four-voice
vnchesizer, just as if they were physically separate instruments.
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power-Up Default Conditions

On power-up all instruments should default to Mode #
Stacus. all Voice messages should be disabled. Spurious or undefined cransmis-

sions must be suporessed.

Table [. Summarcy of Status Bytes

£ 1. ExceptforNote On, Off

Startus # of Data
D7— DO Bytes Description
Channel Voice Messagcs

1000annn 2 Note Off even
00 laann 2 Note 0 event (u'(:i(\(:icv:f): Nowe Off
1010nnan 2 Polyphonic key pressuresatier touch
101 lnnnn D Concrol change
1100nnna ! Program chaage
0 tnnnn ! Channel pressure/after ouch

A

1'110nnonn

10 lnnnn 2

[ 110000 T
RESTIESE g A
lpitlcte )

Notes:

annn: Np svhere N0 &

=0 f"ﬂ()O is-Ch

00O01 is Chann

Picch bend change
Chanael Mode Messages
Selects Channel Modde
Svystem Messages

Svstem Exclusive
Svstem Commaon
Sysiem, Real<Time

Channel #,
annel 1.

il

{111 is Channel 16.

HApp R Oiititii, daca, .
jiiit: ldentcification
§53: Ly T

e 0o~

.. EOX
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Table 1. Channel Voice Messages

Status Daia Bytes Description
1000nnan Nkkkkkkk Note Off (see notes 1-4)
Dy vy vy note off velocicy
1001nnnn Dkkkkkkk Noce On (see notes 1-+)
Dy vV vwvyvvy - 01 velocity
wavvyy =0 note off
1010annn D kkkrdakk Poiyphonic Key Pressure (After-Touch)
vy vy peessuce value
1011nnan Ncceccce Conuol Change
[ v ccecece: coatrol # 10-121)

(see notes 5-3)

ey concrol value

cceccee = 122 thru 127 Resecved.
(See Table [il)

1100anan Npppppop Program Change
ppopppp: program aumoer (V- 127)
110 lannn [ e Chanael Pressure (After-Touch)
vy pressure vatue
1110aann Dvvrvvy Piccn Bend Change LSB (seenote 1)
vy picch Bend Change MSB :
Motes:

. Annn: Yoice Channel # (1216, coded as defined in Table'T noces)
2. kkkkklk: noe~#(0.-.127)

Lkkkkikk = 60: Middle C 3

0 e 24 367 48 60 72 34 96 ¥0S8 130N\ 129

ac ¢ ¢ “ c C o c
! — piano ange

3. vvvvwvy: key velocity

A logarithauc scule vould be advisable.
3 1 04 127
off ppp PP P mp mf £ ttt tr

sy = G4 in case of no velocity sensocs
ey = 0: Note Off. wich velocity = 64

4. Any Note On message sent shouid be balanced by sending a Note Ooff
message for that note in that channel acsome later time.
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5. cceeece: control number

ccceccce Description

0 Continuous Controller 0 MSB

l Contcinuous Conuoller | MSB (MODULATION BENDER)
2 Contnuous Conuoller 2 MSB

3 Continuous Conuoller 3 MSB

4-31 Continuous Conuollers 3-31 MSB

Condnuous Conuvller 0 LSB
Conunuous Conuontler 1 [SB (MODULATION BENDER)
Contnuous Conuoller 2 LSB
Conrinuous Controller 3 (S8

NGV UVRUVRVR Y
. q\ [N SV V)

63 Contunuous Conuollers 4-31 LSB
(54-95 Soscches (On/Oth)
96-121 Undetined
122007 Reserved tor Channel Mode messages (see Table (1.

. Al concrellers are specifically detined bv agreement of the MIDI Manu
facturers Association (MMA) and the Jupaa MID{ Standards Committee
(JMSC). Manufucrurers can request through the MMA oc JMSC chaclogead
cencrollers be assigned to physical ones as necessary. The concroller
allccation able must be provided in the user s operaton manual.

[

7. Condnuous cenuollers are divided inco Most Signiticanct and Least Signiit
cane Bytes. If only seven bits of resolution are nesded for any particuiag
controllers. only the MSB issenc. [tis not necessary 0 sead the LSB. [f more
resoludon is needed, then both are send, ficstthe MSB. then the [SB.ifoalv
the 1.SB has changed in value. the LSB may be senc without re-sending the
MSB.

3wy conecol value (MSB)
(for conuailers)

min max
(for swcches)

T L T S LI | o
olf QR

Numbers | chrough 1200 inclusive, are ignored.,

Z

CANY messages (€8, Note On), which are sent successivelv under the same
stacus. can he senc without a Status byvte undl a differenc Status byte is
needed.

(0. Sensitvity of the pitch bender is sclectedd in the ceceiver. Cencer position

calue (no pitch change) s 20000 which would be transmicted

Ent{-00H-{0H.
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Table 11I. Channel Mode Messages

Stacus Data Bytes Description
1011nnan Occecccc Mode Messages
vy
cccecee = 122: Local Control =

vvvvv = 0, Local Control Off

wvwvww = 127, Local Control On

cccecee = 123: All Notes Off

vy = ()

ceceece = 124: Omni Mode Off
(All Notes Off)

YYVVVYY = O

ccececce = 125: Omni Mode On
(All Notes Off)

vwyvvvvy = 0

cccccce = 126: Moao Mode On
(Poly dlode Off)
{All Noces Offy

vy = M, where Mois the aumber
of channels.

vy = 0, the number of chanaegls
‘equals the number of voices
in the receiver.

cececee =Spl27: Boly Maede On
(Mono Mode Off)

vy = 0 (Al Notes Off)

Notes:

ya

(@Y%)

SN

naan: Basic Chanael # (1-16,coded 75 «lefined inTable )

Messages 123 thru 127 functionas all Notes Off messages. They will tcurn off

Al voices controlled by the assigned Basic Channel. Exceptfor message 123
All Notes Off. they should not be sent periodically, butonly for a specilic
purpose. [n no case should they be used in lieu of Note Off commands t©
turn off notes swhich have been previously turned on. Therefore any All
Notes Off command (123-127) may be ignored by receiver with no possibil-
ity of notes staying on, since any Note On command must have a corre-
sponding specific Nore Off command.

. Control Change #122. Local Control. is optionally used to interrupt the

internal concrol path berween the keyboard, for example, and the sound-
generating circuitcy. [£0 (Local Off message) is received, the path is
discoanectec: the kevboard data goes onily to MID( and the sound-
generating circuitry is controlled only by incoming MIDI daca. [f u 7FH
(Local On message) is received, normal operacion is restored.

4. The third byte of "Mono” specifies the number of channels in which

Monophonic Yoice messages are o be senc. This number, "M™, is 2 number
hecween | and 16. The channel(s) being used, then. will be the current
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Basic Channel (=N) thcu N+M -1 up to a maximum ot 16. If M=0, this is
aspecial case directing the receiver to assign all its voices, one per channel,
from the Basic Channel N through 16.

Table IV. Systemm Common Messages

Status Data Bytes Description

11110001 Undefined

11110010 Song Position Pointer
OfH UL (Least signiticand)
Ohnhhhhh iihhhhhh: (Most significant)

11110011 05555555 Song Select

5555555: Scong #

11110100 Undefined

11110101 Undefined

11110110 none Tune Request

11110111 none EOQOX: "Ead of System Exclusive” flag

1. Song Position Poincer: [s an internal cegister which holds the number of
MIDI beats (1 bear = 6 MIDI clocks) since the start of the song. Nocmally
it is'set to 0 when the START switch is pressed. which swars sequence
playback. It then increments wich every sixth MIDI clock receipc, untl STOP
is pressed. [f CONTINUE is pressed. it coatinues to increment. [t can be
arbitrarily preset (to a resolution of U bear) by the SONG POSITICON
POINTER message.

g

“Song Select: Specifies which song or sequence is to be playedupon receipt
of a Starr (Reai-Time) message.

. Tune Requesr: Used wicth analog syndhesizers to cequest them o tune their

(7]

oscillators.

4 EOX: Used as a flag roindicate the end of a System Exclusive transmission
(sce Table VI).

Table V. System Real Time Messages

Status Data Bytes Description
11111000 Timing Clock
1111100t Undefined
11111010 Start
11111011 Coatinug
11111100 Stop
11111101 Undefined
11111110 Active Seasing

rrrennl System Reset
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Notes:

1.

2.

The System Real Time messages are foc svnchronizing all of the systemin real
tume.

The System Real Time messages can be sentatany time. Any messages which
consist of two or more bytes may be split to insert Real Time messages.
Timing clock (F8H)

The system is synchronized with this clock, which is sent at 2 rate of 24
clocks/quarzer note.

. Start (from the beginning of song) (FAH)

This byte is immediately sent when the PLAY switch on the master (e.g.,
sequencer or rhythm unit) is pressed.

. Condnue (FBH)

This is sent wwhen the CONTINUE switch is hit. A sequence #»1ll continue
at the time of the next clock.

. Stop (FCH)

This byte is immediately sent swhen the STOP sedcch is hit. [t will stop
the sequence. :

. Actve Sensing (FEH)

Use of this message is optional, foc either receivers oc transmitters. This
is a “dummy” Status byte that is sent every 300 ms (max), whenever
there is no other activity on MIDI. The receiver will operate nommally if ic
never receives FEH. Otherwise, if FEH is ever received, the receiver will
expect to receive FEH or 2 ransmission of any gype every 300 ms (max).
If 2 period of 300 ms passes with no activity, the receiver will cum off the
voices and return to normal operaton.

. System Reset (FEH)

This message initalizes all of the system to the condition of just having
nicned on power. The system Reset message should be used sparingly,
preferably under manual command only. In particular, it should not be
senc automatically on power up.
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Table V1. System Exclusive Messages

Status Data Bytes Description
11110000 Bulk dump etc.
Oiiiiiti iiiiiii: identification
(Oix-t*ﬁ-)
Any number of bytes may be sent here.
for any pucpose, as loag as they ail
have n zero in the most significanc bit.
(Oxx-‘1x:)
11110111 EOX: “End of System Exclusive”
Notes
1. iiiiiii: identificacion D (0-127)

2. All bytes berveen the System Exclusive Status byte and EOX or the next
Scatus byte must have zeroes in the MSB.

—

3. The ID number can be obtained from the MMA or JMSC.

i In no case should other Stacus or Dawa bytes (exczpt Real-Time) be
‘nterleaved wich System Exclusive, regardless of whetherornoc the 1D code
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