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1 MNepBaArov Epyaciag

2TIC aoknoelc tou pabnuatoc Wnouwakég Avamapaoctacelg tng Mouowkng 6a
douAgéPoupe pe dladiktuakd epyaleia kat BiBAL0BAKee avolktol kwolka otnv Python.
Ewdkotepa yla anobnkeuon twv apxeiwv oag 6a xpnolpomoioete to Google Drive kat
yla tnv uAotoinon mpoypappdtwy Tou dapBalouv cuVBETOUV KL emefepydadlovial
PYndlakeg POUOIKEG avamapaotdoel Ba xpnoldotmoljooupe 1o TePBAMov Google
Colaboratory.

1.1 0dnyieg Xpnong Google Colaboratory

1. Zuvdebeite Ye ToV IBPLHATIKO AoyaplacHo oag (T.X. ta999@edu.hmu.gr) oto
drive.google.com
2. Ekeioto My Drive (otn pmdpa aplotepd) dnULouvpynote 1o GAKeAo

New

DigitalMusicReporesentations matwvtag to KOupTti . O pakerog autog
Ba tepLlEXEL OAEC TIC ACKAOCELG TTOU Ba UAOTIOL|COUE GTO Hadnua.

3. TMAonynBeite 0T0 ECWTEPLKO TOU PAKEAOU Kal ETIAEETE ATTO TO (O1o0 Kou T New-
>Google Colaboratory. To meptBaMov Google Colaboratory pag emtpenel va
ekteAoUpe Kwdka tng Python péoa amo €va Internet Browser (katd potipnon
Google Chrome) xwpig va eykataoTrooUPE KATL OTOV UTTOAOYLOTH HaC.

4. duagte €va Pikpo tapadelypa kwdika tng Python yla va deite mwg Asttoupyei, OTtwG
oto ZxAua 1-1

Khix ebw, alhiiw To Kibika

AAS KA €60 yia

péEvou

enefepyaol

IxNua 1-1: Anpoupyia apxelou Google Colaboratory oto Google Drive.

1.2 MNpocBaon oe apxeiatouv Google Drive

Mpokelpévou va pmopeite va dlaBdoete Kal va ypadete apxeia oto TmePLBAAOV TOU
Google Colaboratory 6a mpemnel va ekteAeotel pia dladikaoia mou eival yvwotn wg file
system mounting. 2to Google Colaboratory n diadikacia autr ekteAeital pe To akoAoubo
améomacpa Kwolka.

from google.colab import drive

drive.mount ('/content/gdrive')

$cd /content/gdrive/MyDrive/DigitalMusicRepresentations

I'ls

X. A\e€avdpakn, M. Badoong 3


https://colab.research.google.com/?utm_source=scs-index
https://colab.research.google.com/?utm_source=scs-index
mailto:ta999@edu.hmu.gr

Wndlakég Avamapactdoelg tng MouGLKAG

Mpoogéte 0TLN 3Typapun Kavel aAlayn pakeAou ylava dwoeltpocBacn ota apxeia (T.x.
Midi apxeia) ou €xete pEoa otov TpEXOovVIa GAKEAO. TNV TIPOKELUEVN TEPLTTWON
uttoBetoupe OTL douAsvete oto ¢dakeho MyDrive/DigitalMusicRepresentations tou
Google Drive. Ze dladopETIKN TIEPITTTWON TPOTIOTIOROTE TNV 3" ypaAP i KW3LKA, WOTE va
deixvel To oto pAkeAo otov ottoio Ba douAeVETE.

Katd tnv ektéAeon autou tou amoomacpatog, 6a ocag {ntnbei va emPefalwoete tnv
TAUTOTNTA XPAOTN WOTE va ETILTPATIEL N TPOcBach oTa apxeia oac.

Onwg ¢aivetal otnv teAevutaia ypappn, to Google Colaboratory cag smipemnel va
eKTEAE(TE EVIOAEG TOU AslTOUPYIKOU cuoTthApatog Linux epdoov auteg mponyolvtal anod
TO xapaktnpa Bavpactiko (!). Ztnv mpayuatikotnta to Google Colaboratory ocag divel
TPOOoPRACN O €va ELKOVIKO UTIOAOYLOTA OTO UTIOAOYLOTIKO VEDOG tng Google, o otoiog
XpNnotldoTiolei To TteplBAAAoV Linux.

X. A\e€avdpakn, M. Badoong 4
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2  Amdédoon apxeiwv Midi oto Google Colaboratory

Ta apxeia MIDI pmopoulv va amodoBolv nxntlkd Kat ypadikd (maptitovpa) HECW
TANBWPAC TPOYPAUUATWY TIOU TEPLAAUBAVOUV pNXaveég ypadlkng Kal NXNTKAG
arodoong. Tétola mpoypdaupata eivat to MuseScore, o Online MIDI Editor, to Finale, 10
Sibelius, k.a.

2TIC AKOAOUBEC BV eVOTNTEG TIEPLYPADETAL O TPOTIOC YA TN YPadIKH KAl NXNTIKA artodoon
apxeiwv MIDI pe TPOYPAUUATIOTIKO TPOTIO KAl HPAALIOTA TWCE va eudavicoupe tnv
arodoon autn yéoa oto teplBarov tou Google Colaboratory.

2.1 Hxntkn andédoon

MNa v nxntikn amodoon 6a xpnolgomolicouvpye 1o FluidSynth, to omoio eival pla
Tpoypappatiotikn BiAoBnkn, dnAadn €va Application Programming Interface (API)
vAoTtolnNpévo otn yAwooa mpoypappatiopgou C. To FluidSynth mapéxel Asttoupyieg
oUVBEGCNC NXOU OE TIPAYHATIKO XPOVo Baclopévng og delypata fXou TTou akoAouBouv 1o
mpotunto SoundFont2. To MPOTUTO AUTO avamntuxdBnke tn dekaetia tou ‘90 amod TG
etapieg Creative kalt E-mu Systems kal adopd otn popdn, dnAadn oto file format, Twv
NXNTIKWY SELYPHATWY Ttou Xpnotpotolovuvtal arntd MIDI Software Synthesizers.

MNa va pmopéooupe va xpnolpgomoljocoupe 1o FluidSynth yia tnv nxntki amédoon
apxeiwv MIDI Ba mpemel va XPNOLUOTIOLOOUHE €va OuVOUAOHO EVIOAEC TOU
tepBarrovtocg Linux kat tng Python. YrtevBupidetal AAMwoaote ot to Google Colaboratory
oag TapPEXELTIPOCRACN o€ €vav UTIOAOYLOTH 0To VEPOC TNC google, o ottoiog Baciletal oto
AELTOUPYLKO Linux.

2UYKEKPLUEVA Ba xpelaotouV ta €€NG:

1. Eykatdotaon tou FluidSynth APl oto tepiBaiiov Linux
# install fluidsynth for sound rendering
lapt-get install fluidsynth > /dev/null

2. Oplopog ouvapInong yia tnv NXNTkn ardédoon. H mapakdtw cuvdaptnon maipvel
w¢ oplopa ewcoddou €va MIDI file kat otnv £€§odo mapdyel €va audio player tou
TepAapBavel TNV NXNTIKA anddoon Tou NXNTIKoU apxeiou

# Import Python packages for Audio diplay
from IPython.display import Audio

def renderSound(midifile):

#run fluidsynth linux command to generate wav file

!fluidsynth -ni /usr/share/sounds/sf2/FluidR3_GM.sf2 S$Smidifile -F
Smidifile\.wav -r 44100 > /dev/null

#display wav file

display (Audio(midifile + '.wav'))

3. KAion tng ouvaptnon

X. A\e€avdpakn, M. Badoong 5
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lNa va kAnBei n ocuvdptnon autn Ba TMPETEL TIPONYOUHEVWCE Va €XEL Yivel mount to
google drive, wote va pmopei va avayvwaobei to apxeio MIDI. To anotéAeopa autig
TNC KAlong armtodidetal oto akdAoubo tapdadelypa:

[4] renderSound('la_bamba.mid"')

> 0:02/1:33 H ¢

2.2 Tpadiknanodoon

Kat’ avtiotouwxia, yia tn ypadikn arndédoon tng onueloypadiac mouv avtiotolxel oe va
apxeio MIDI 6a xpnotpomotjocoupe to LilyPond. to omoio eival éva mpoypapupaTioTiko
gepyaieio ya tn ypadlki avamapdotacn Houolkng onueloypadiac. To Lilypond
xpnotldototei to O1ko6 tou file format yia ta apxeia pouoikoL TEpLEXOUEVOU TO OTtolo eival
éva ASCII format. Eva mapddelypa evoc TETOoU apxeiou ¢aiveTal otn CUVEXELA:

\version "2.14.1"

\include "english.ly"

\score {
\new Staff {
\key d \major
\numericTimeSignature
\time 2/4

<cs' d'' b''>16 <cs' d'' b''>8.

o\°

% Here: the tie on the D's looks funny

o

% Too tall? Left-hand endpoint is not aligned with the B tie?

~

<cs' d''" b'"'>8 [ <b d'' a''> ]

ErumA€ov, 1o LilyPond mapéxel pyla osipd amo Bondntikd mpoypaupata (utilities) mou
ETUTPETIOLV TN PeTaTpOoT) dlahopwy TUTIWY apxeiwv oe . ly.

Ta apxeia.ly ymtopolv oTn cUVEXELA VA JETATPATIOUV O€ ApXElo ElKOVACH YPADLIKWY HECW
tou lilypond engraving engine.

Na va pmopé€ooupe va xpnotlporowjocouvpe 1o LilyPond yia tn ypadwkn amodoon
maptitovpacg amno apxeia MIDI Ba tpemel va XpNGILOTIOICOUKE £va cuVOUACHO EVIOAEG
Tou TePBAANovTog Linux kat tng Python. YmevBupidetat dMwote ott to Google

X. A\e€avdpakn, M. Badoong 6


http://lilypond.org/
https://lilypond.org/doc/v2.24/Documentation/usage/converting-from-other-formats

Wndlakég Avamapactdoelg tng MouGLKAG

Colaboratory cagmapexel mpocoBacn ce Evav UTTIOAOYLOTH 0To VEPOG TNE google, 0 oTtoiog
Baoiletal oto AelToUPYLKO Linux.

2UYKEKPLUEVA Ba xpelacToLV Ta eENC:
1. Eykatdotaon tou LilyPond oto mtepiBdaAiov Linux

# install lilypond for score rendering
lapt-get install lilypond > /dev/null

2. Oplopog ouvaptnong ywa tTn ypadlkn amodoon maptitovpag. H mapakdtw
ouvaptnon Tmaipvel wg oOplopa ewcodou eva MIDI file, to ormoio apxika
petatpenetal o€ .ly file kL €melta e€dyetal o png POKELPEVOUL va avamrapaotadei
wg elkova. Ermonpuaivetat 0t to Lilypond €xel tn duvatotnta va petatpedel ta ly
apxeia kat oe aMa image formats (mt.x. SVG). Edw emiAéyoupe t0 png Kabwg To
svg format dev utootnpidetal TPo¢ To TTapov amno to google colaboratory.

# Import Python packages for Image diplay
from IPython.display import Image

def renderScore (midifile):
# convert midifile to .ly file
'midi2ly S$midifile -o lily.ly
!'1ilypond -fpng lily.ly
display(Image('lily.png'))

3. KAion tng ouvdptnon

lNa va kAnBei n ocuvdptnon autn Ba TMPETEL TIPONYOUHEVWC va €xeL yivel mount to
google drive, wote va pmopei va avayvwaobei to apxeio MIDI. To anotéAeopa autig
TNC KAlong armodidetal oto akdAouBo tapdadelypa:

renderScore('C_Major.mid")

LY output to "lily.ly'...

GNU LilyPond 2.22.1

Processing ~lily.ly'

Parsing...

Interpreting music...

Preprocessing graphical objects...
Interpreting music...

MIDI output to “lily.midi'...
Finding the ideal number of pages...
Fitting music on 1 page...

Drawing systems...

Converting to PNG...

Success: compilation successfully completed

J=120 |
ﬁ T —
[} - [ .
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3  Mido - MIDI Objects for Python

To Python takéto mido pag emrpemnel tnv avayvwon, eyypadn Kal emeéepyacia apxeiwv
MIDI. Na to mido &va apxeio Midi amoteAeital amod tracks kat kaBe track aroteAsital anod
pnvupata Midi. Ta midi pnvopata sivat 0o eldwyv: Ta meta messages Tou Teplypddpouv
eva track kat ta midi messages. Ta meta messages apopouLv teplypadr Twv tracks (rr.x.
pubuog tempo, lyrics, K.a.) kat de petadidovral we mAnpodopia midi oe nAekTpovikd
Houolka opyava. Ta midi messages eival ekeiva Tou eplypadpouv TNV EMKOVWVIA TWV
HOUGLKWY OpYyAvwyv.

3.1 Eykatdaoctaon nmaketou mido

2e gvaveo anoomacpa kwdika tou Colaboratory ypagte tnv akoAoudn ypapur, wote va
gykataotadei 1o akEto Mido, 6Tl dnAadn Oa ekteAovoAte OE €va AELTOUPYLIKO cUoTNHA
OTO OTIO{0 €XETE TIPONYOUHEVWC EYKATACTAOEL TN YAwooa Python.

3.2 Avayvwon apxeiwv MIDI

YrnioBetovtag ot €xete avePfaocel oto ddkeAo MyDrive/ DigitalMusicRepresentations to
apxeio C_Major.mid, To mapakdatw anoonacpa GopTWVELTO apXeio autd otn Pvhun Tou
TIPOYPAMMATOC KAl EKTUTIWVEL TA TIEPLEXOHEVA TOU.

import mido

midifile = mido.MidiFile ("C Majc

print (midifile)

ATIO TNV EKTUTIWON TOU CUYKEKPLUEVOU apxeiou Ttapayetal To akdAoubo:

MidiFile (type=1, ticks per beat=480, tracks=][
MidiTrack ([
MetaMessage ('track name', name='', time=0),

MetaMessage ('time signature', numerator=4, denominator=4, clocks per click=24,

notated 32nd notes per beat=8, time=0),
MetaMessage ('set tempo', tempo=500000, time=0),
MetaMessage ('end of track', time=0)]),
MidiTrack ([
Message ('control change', channel=0, control=121, value=0, time=0),

MetaMessage ('track name', name='', time=0),

Message ('control change', channel=0, control=10, value=64, time=0),

Message ('control change', channel=0, control=7, value=100, time=0),
Message ('control change', channel=0, control=11, value=127, time=0),

Message ('control change', channel=0, control=101, value=0, time=0),

X. A\e€avdpakn, M. Badoong 8
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Message ('control change', channel=0, control=100, value=2, time=0),
Message ('control change', channel=0, control=6, value=64, time=0),
Message ('control change', channel=0, control=101, value=0, time=0),
Message ('control change', channel=0, control=100, value=1l, time=0),
Message ('control change' channel=0, control=6, value=64, time=0),
Message ('control change', channel=0, control=38, value=0, time=0),
Message ('control change', channel=0, control=101, value=0, time=0),
Message ('control change' channel=0, control=100, value=0, time=0),
Message ('control change', channel=0, control=6, value=12, time=0),
Message ('pitchwheel', channel=0, pitch=0, time=0),

Message ('control change', channel=0, control=1, value=0, time=0),
Message ('program change', channel=0, program=0, time=0),

Message ('note on', channel=0, note=60, velocity=127, time=0),
Message ('note off', channel=0, note=60, velocity=0, time=480),
Message ('note on', channel=0, note=62, velocity=127, time=0),
Message ('note off', channel=0, note=62, velocity=0, time=480),
Message ('note on', channel=0, note=64, velocity=127, time=0),
Message ('note off', channel=0, note=64, velocity=0, time=480),
Message ('note on', channel=0, note=65, velocity=127, time=0),
Message ('note off', channel=0, note=65, velocity=0, time=480),
Message ('note on', channel=0, note=67, velocity=127, time=0),
Message ('note off', channel=0, note=67, velocity=0, time=480),
Message ('note on', channel=0, note=69, velocity=127, time=0),
Message ('note off', channel=0, note=69, velocity=0, time=480),
Message ('note on', channel=0, note=71, velocity=127, time=0),
Message ('note off', channel=0, note=71, velocity=0, time=480),
Message ('note on', channel=0, note=72, velocity=127, time=0),
Message ('note off', channel=0, note=72, velocity=0, time=480),

MetaMessage ('end of track', time=0)])

ATt authv tnv ektUTIwWon tpooéfte ta eENG:

X. A\e€avdpakn, M. Badoong
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e type=1 Ymdpyxouv tpelg tuTtoL apxeiwv MIDI. OL tuTo eivac:

o type 0 (single track): all messages are saved in one track

o type 1 (synchronous): all tracks start at the same time

o type 2 (asynchronous): each trackis independent of the others

e ticks per beat=480 H petapAntr autr opiletl Tov TpoTO MOV Ba OpideTaLn
olagopd xpovou avdapeoa oe dladoxlka pnvupata Midi. ZuvABwe n TR autn
loouTtal e Kamolo oAAamnAdoto tou 120, evw n default (cuvnBlopévn) Tun INg
eivat 480. lMpooe€te O0TL o OAa ta tracks kABe pnvupa meplapPavel pia
TAPAYETPO e TO Ovopa time. H mapdpeTpog auth otnV TMPAYHATIKOTNTA
meplypadel tn dtadopd xpovou Tou PNvUHATOC amd To TtPoNyoUUEVO UAVUHA o€
ticks. Omote, kKaBwg oto devtepo track kABe privupa note_on akoAouBeital amnod
note_off ol mapdauetpol time vTtodnNAwWVvoUV OTL TO cTapATNUa KABe voTag Epxetal
480 ticks petd 1o Eekivnua tng votag autng, dnAadn OtL n KABe vota £xel dldpKkela
eva beat. Kabwg &€ to emopevo note_on pnvupa spdavidetal pe time=0 onuaivel
OTLOTLN EMOMEVN VOTA EVEPYOTIOLELTAL TN OTLYHNA TIOU TAPATAEL N T(PONYOUMEVN.

e MidiTrack Qctpito dplopa to MidiFile €xel pia Aiota amoteAoVUpevn anod dUo
tracks. To kdBe track mepappBavel pia Alota and ynvupata tutou MetaMessage
Kal artAo Message.

o MetaMessage Ta apyxeia Midi mepapBdvouy pnvopata meta, Ta omoia
Teplypadouv 1o apxeio Midi kal ta omoia dev amootEAoOvVTAL KATA TV
ETIKOLVWVIA HOUCIKWY 0pyAvwy. Xpnotpotolovvtal dnAadr povaxayla tnv
meplypadn tou apxeiou. Ta pnvopata avtd mepliapBdavouv TAnpodopieg
yla T0 puBUO, TO TEPTIO, TNV TOVIKOTNTA, Toug otoixoug (lyrics) k.a. MNa
meplocotepeg MAnpodopieg deite MIDI meta messages | Recordingblogs
Kal yia tnv vAotoinon toug oto Taketo mido Meta Message Types. 210
OUYKEKPLUEVO Ttapadelypa epltAapBdvovtal ta e€Ag meta messages:

* track name ot K@Be track mepldapfavetal Eva TETO0 Meta
message oTo omoio mpoaodlopidetal To ovopa tou track, epodoov
UTTApPXEL.

* time_ signature To petpo (time signature) opiletal amo 1o
KAdoua 1t 4/4 (numerator = 4, denominator = 4). H Aé&n numerator
onpaivel aplBuntig Kat n denominator TapovouacTng.

* set_tempo Totempo oto MIDI avaypdadetal oe psec = 10° sec
ava beat. Ta 333333 psec avtiotolxouv ota 180 bpm. lNnati? MNowa
TIUN Psec TpEMEL va dwow yia tempo 200bpm? Artdvtnon — amin
HEBOBO TWV TPLWV:

200 beats og xpo6vo Tmin =60 sec = 60* 10° usec
1 beat o oGO XpOVvOo X
X =60* 10°usec/200 = 0.3*108 usec = 300000 psec

EvaMaktikd yla tn petatporr) arnto MIDI tempo og bpm pmopei va
xpnowomotnbei n ocuvdptnon mido. tempo2bpm (333333) kat
yla to avtifeto mido . bpm2 tempo (180)
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end of track Zta Midi apxeia track &kwvael pe eva meta

message track_name kat oAokAnpwvetal pe éva end_of_track

0 Message T4 pnvupata auta MEPAAUBAVOUV TA HOUOCLKA YEYOovVOTa TIOU
meplAapBavovtal o €va apxeio Kal Twv omoiwv T0c0o TUTog, 000 Kal N
TapapetTpotmoinaor Ttoug kabopiletal amod To TPWTOKoAAo Midi

3.2.1 Tomowkat Ovopata Mnvupdatwyv

Ot TUTIOL TWV PNVUPATWY TToL uTtoothpidel To mido eival ot akoAoubot:

Name Keyword Arguments / Attributes
note_off channel note velocity

note_on channel note velocity

polytouch channel note value

control_change

channel control value

program_change

channel program

aftertouch channel value
pitchwheel channel pitch
sysex data

quarter_frame

frame_type frame_value

songpos

pos

song_select

song

tune_request

clock

start

continue

stop

active_sensing

reset

X. A\e€avdpakn, M. Badoong
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3.2.2 TomoilMNapapétpwyv

O ool mapapetpwy (data bytes) mou vtootnpicet to Mido eivat:

Name Valid Range Default Value
channel 0..15 0
frame_type 0.7 0
frame_value 0..15 0
control 0..127 0
note 0..127 0
program 0..127 0
song 0..127 0
value 0..127 0
velocity 0..127 64
data (0..127,0..127, ...) () (empty tuple)
pitch -8192..8191 0
pos 0..16383 0
time any integer or float 0

3.3 Anpoupyia pegovwpEVWY pnvupatwy MIDI kat petatponn oe
Bytes/Hex

210 akoAouBo amdomacpa ¢aiveTal To TWC PTTopW va dnuloupyw pnvupata MIDI va
ennpedlw TI¢ Tapapetpoug data bytes toug f va aprivw Tig default TipEg mapapETpwy,
KaBwce Kal va JETatpETw Ta pnvupata oe Bytes 1 Hexadecimal Bytes.

ml = mido.Message ('note on', note=60)

print (ml)

ccl = mido.Message ('control change', control=7, value=120)

print (ccl)
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pb = mido.Message ('pitchwheel', pitch=8191)

print (pb)

print (ml.bytes ())

print (ml.hex ())

3.4 Anpwoupyia apxeiov MIDI kat anobnkevon

Mé&ow Tou TakeéTou mido pmopouv va dnuioupyndouyv tracks kal o autd va sloaxbouv
MIDI messages/events. Ta tracks €melta slodyovtal oe apxeio kKat t€Aog To apxeio
amoBbnkevetal otov dAkeAo Tou opicape. MeplocdTEPEG AETITOPEPELEG OTO AKOAOUBO
link: Create MIDI file

H ouvdptnon mido.MidiFile () Onuwoupyel €va véo avtikeipevo evog MIDI file.
Mmnopei mpoatpetikd va tapetl dVo opiopata:

e type=1 Ymdpxouv TpeLg TutoL apxeiwv MIDI. KaAo sival va xpnolgomolovpe Tov
TIPOETIAEYHEVO TUTIO, KABWG €xEL TOUC AtlyOTEPOUC TtEPLOPLOPOLC. Ot TUTIo Eivat:
o type 0 (single track): all messages are saved in one track
o type 1 (synchronous): all tracks start at the same time
o type 2 (asynchronous): each trackis independent of the others
e ticks per beat=480 H petapAntr autr opiletl Tov TpOTO MOV Ba OpideTaLn
dladopd xpovou avapusca oe dadoxika Midi events. KaAo eival va tn 6€oete oe
KArmolo toAAamAdcto tou 120 ) va xpnotgotiotjoete tn default Tipn mou eival 480

= mido.MidiFile (type=1, ticks per beat=120)
= mido.MidiTrack ()
notes =[60, 62, 64, 65, 67, 69, 71, 72]

for n in notes:

track.append(mido.Message ('note on', note=n, velocity=120, time=0))

track.append (mido.Message ('note off', note=n, velocity=120, time=120))
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c maj.tracks.append (track)

c maj.save('c maj.mid')

Mpoce€te OTL TO CUYKEKPLPEVO apxeio dev teplapPBavel kKaBoAou meta messages Kl
ETOPEVWC OEV UTIAPXOLV TIANPOPOPIEC OUTE YLA TO PUBHO OUTE YLA TO tempo, KL ETOPEVWG
€Av To avoiféw pe kamolov midi editor 6 Ba uTtdpxouv PETPA.

‘Eva 1o oAoKANpwHEVO Ttapddelypa mapouotddetal TapakAaTw:

mid = mido.MidiFile (ticks per beat=120)

mido.MidiTrack ()

mido.MidiTrack ()

mtrack.append (mido.MetaMessage ('track name', name='note', time=0))
mtrack.append (mido.MetaMessage ('set tempo', tempo=333333, time=0))

mtrack.append (mido.MetaMessage ('time signature', numerator=4,
denominator=4, time=0))

mtrack.append (mido.MetaMessage ('end of track', time=0))

trackl.append (mido.Message ('program change', program=42, time=0))

trackl.append (mido.Message ('note on', note=36, velocity=120, time=0))

for 1 in range(-8191, 8191, 500):

trackl.append (mido.Message ('pitchwheel', pitch=i, time=dt))

trackl.append (mido.Message ('note off', note=36, velocity=0, time=120))
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trackl.append (mido.MetaMessage ('end of track', time=0))

mid.tracks.append (mtrack)

mid.tracks.append (trackl)

mid.save ('note.mid")

KateBdote to apxeio tou poAlg dnplovpyndnke kat avoiéte to ye MuseScore kat ton MIDI
editor. TLtapatnpeite;

3.5

Ene&epyaoia apxeiov MIDI

H emteéepyacia evog apxeiou Midi apxeiou pmopeiva meplhapBavel pia arno tig akoAoubeg
EVEpyELEC:

3.5.1

AA\ayn tou €idouc N TWV TTAPAPETPWY KATIOlOU pnvupatog. H evépyela autn
arattel ToV EVIOTUOPO TOU PNVUHPATOCG TIOU TIPETIEL va UTIOOTEL emeéepyaaoia kat
aAAayn Twv KATAAANAWYV Ttapapetpwy. Mapddetypa n aAdayr TEPTIO oTNV evoTnta
3.5.2

lMpooaptnon kamotou track R kamolwou pnvupatog. Me tn cuvaptnon append ()
OTIwG yivetal yla tapadelypa katd tn dnuloupyia evogveou apxeiou (evotnta 3.4)
Elcaywyn véou track n véou unvupartoc. Me tn cuvdpinon insert () , omMwg
yivetalyla tapadelypa otnv evotnta 3.5.3

Awaypadry uttdpxovtog track f pnvopatog. Evtomiopog ynvopartog f track kat
dlaypadr Tou pe tn cuvdptnon remove () . 'Eva mapdadelypa mapatibetal otnv
evotnta 3.5.1.

Evtomiopog pnvopatog A track péow dopwyv emavaAnyng

210 akoAouBo mapddelypa, To TPOYpPaAppa GopTwVEL 0T PvhAUN To apxeio C_major.mid
kat dlaypdodel tracks twv omoiwyv to dvopa eival ‘percussion’, evw eTioNg TPOTIOTOLEL
pnvopata tutou pitchwheel otnv Tiun pitch=0.

import mido

midifile = mido.MidiFile('C Major.mid"')

for t in midifile.tracks:

NEW TRACK
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if t.name == 'percus on':

midifile.tracks.remove (t)
for m in t:

if m.type == 'pitchwheel':

m.pitch = 0

3.5.2 AAAayRn tempo

210 TIAPAKATW anoocmnacpa Kwdlka ¢optwvoupe €va apxeio MIDI tou omoiou To aApxLko
tempo eivatbpm, Bpiokoupe 1o MetaMessage e 1o Ovopa set_tempo kat tou aAAaloupe

TNV TWA

fr elise = mido.MidiFile ("Fr Elise.mid")

print ("Each beat contains ", fr elise.ticks per beat, "ticks" )

noTracks = len(fr elise.tracks)

print ("The file has ", noTracks, " tracks")

for m in fr elise.tracks[0]:
if m.is meta == and m.type

m.tempo = 300000

fr elise.save ("fr elise

Mapatnpriote to anotéAeopa (fr_elise_1.mid) oto MuseScore rj; to MIDI Editor.

3.5.3 AAAayn Moucikou Opyavou

To mapakdtw anoomnacua, Paxvel oto devtepo track yia program change message. Eav
10 BpeL Bdalel to veo program (program=19 T0 EKKANGLACTIKO Opyavo).

Edav dev 1o Bpel, dnuloupyel Eva program change prjvupa to otmoio Kat Kavel insert wg to
TIPWTO Prvupa tou devtepou track.
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found PG

for m in fr elise.tracks([1l]:

if m. . DT m_change':
found PG

m.program = 19

if not found PG:

pg msg = mido.Message ('program change', program=19, time=0)

fr elise.tracks[1l].insert (0, pg msg)

Mapatnpnote to anotéAsopa (fr_elise_2.mid) oto MuseScore

3.5.4 AAAayn Tovikotntag

To mapakdtw amocomacpa mMpocoBetel +7 ota note numbers OAwv Twv note_on Kat
note_off pnvupdatwv.

1=0
for t in fr elise.tracks:

i+l

for msg in t:
if msg.type

msg.note +=7

fr elise.save('fr elise 3.mid')

Mapatnpniote to anotéAsopa (fr_elise_3.mid) oto MuseScore
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3.5.5 Avtkatactacn Mepgovwpévou Mnvouatog

2TO TAPAKATW avtikabiotavtatl 6Aeg ol voTeg TTAvw armod To PECAIo VIO HE T vOTd Tou
peoaiou vro.

for track in fr elise.tracks:

for msg in track:

if (msg.type == 'note on' or msg.type == ote o and msg.note >

msg.note =

fr elise.save (' elise 4.mid")
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4  Music21 - Atoolkit for computer-aided musicology
4.1 Tleviknmeplypadn

To music21 eival €va maketo tng Python yiua emefepyaoia kat ocuvBeon HOUGCIKAC.
Avamtuxfnke amo epeuvnieg tou MIT kat kukAodpopnoe yla mpwin popd to 2008.
Xpnoldotoleital yia tnv avaluon dopwy ded0PEVWY, TNV Epeuva Kal T dtdackaAia yupw
aro TNV YOUCIKNA.

2UVOTITIKA, TO music21 urtootnpilel TI¢ akOAouBeg AstToupyieg:

e Avayvwon kat gyypadn apxsiwv poucikol meplexopévou (Midi, Musicxml,
**kern, ABC).

® AlaBEtel peyahn ocuAloyn apxelwv (corpus) mou pmopouv va xpnotpomnotnfouv
YLt LOUGLKOAOYLKN €pEUVA.

e Anuwoupyia HoUCIKWV TTopadelyuATwV (HeAwbieg, cuyxopbieg).
® JUvOeon LOUOCIKAG.
e Emetepyaoia kal anmodoon naptitoupac.

To music21 pmopei va eykataoctabeil otov uTtoAoylot oag wg taketo tn Python. MNa va
armopUyou e TIPORANHATA TTOU oxeTI{oVTal UE TO AELTOUPYLKO oacg cUOTNUA, OTO HABnua
Ba vAomtoljocoupe oAa ta tapadeiypata oto Google Colaboratory, oTtwg epypdadetal
oTnV akoAouBbn evotnta.

4.2 O0OdnyiegXpnong

4.2.1.1 Emunpdobeta yia tn Xprion tou music21

MNa tnv Aettoupyia tov music21 apywg oe meplBarlov Google Colaboratory mpémel
TPWTA va eykataotaBolv duo TtakeTa ou B6a pag Bonbricouy otn ypadikn anodoon Kal
TNV NXNTIWKA artodoon Tou HoUoIKoU Teplexopdevou. Eldikotepa yia ypadikn amnodoon
maptitovpac (SVG Rendering) Ba xpnolpotowrjcoupe To TTakeTo lilypond, evw yla nxntikn
artédoon Ba xpnowdomownBbei 1o maketo fluidsynth. MNa tnv eykatdotaon twv dUo
TIAKETWY Ba TIPETIEL VA ELCOAYETE TIC aKOAoUBeg evioAeg o €va code block tou Google
Colaboratory:

lapt-get install lilypond > /dev/null

lapt-get install fluidsynth > /dev/null

!cp /usr/share/sounds/sf2/FluidR3 GM.sf2 ./font.sf2
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lNna va swoaxbouv oto Google Colaboratory ta makéta tng Python pe ta omoia 6a
OouAePoupe Ba pEmel eTUTPOCOHETA, VA ELCAYETE TIC AKOAOUBEC YPAUHER KWOLKAL:

import music2l

from music2l import *
import numpy as

from IPython.display import Image, Audio

‘Exovtag eykataotAcel TA TAPATAVW TAKETA, Ba TPEMEL va cupumepindBolv dvo
OUVAPTAOELG, N TIPWTN yla ypadikr Kat n deVTEPN yLa NXNTIKA artodoaon Tne mapTitoupag:

renderNotation (score) :

display(Image (str (score.write('lily.png'))))

renderSound (score) :
filename = score.write ('mid"')
!fluidsynth -ni font.sf2 $filename -F $filename\.wav -r 44100 > /dev/null

display (Audio (filename + '.

TeAog yla va €xoupe poofacn amo to apxeio tng Python oe aAAa apxeia tou Google
Drive, Ba pEmel va eLloAyou e To £ENC andooTtacpa Kwolka:

from google.colab import drive

drive.mount ('/content/gdrive')

$cd /content/gdrive/MyDrive/DMR

4.3 Z0vOeon Maptitovpag

Yridpxouv dtddopol TPOToL yia Tn dnuioupyia maptitovpag oto music21. Evdelktika
avadEpovtal Tapakdatw n dnuoupyia maptitovpacg pe TinyNotation, péow stream,
KaBwg Kal he xprion cuyxopdLwv.

4.3.1 TinyNotation

To TinyNotation eivat évag €UKOAOC KAl YPAyopog TPOTIOC VA CUVOECEL KAVEIC HOUOLKN
HEow TNE mMusic21. XpnolhoTtolel el8LKOUC KAVOVEC Kal N EVIOAN Urtopei va 606¢ei og pia

HOVO ypappr).
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2UYKEKPLUEVQA, OPI{COVHE TIPWITA TO HETPO KAl ETIELTA TO TOVIKO UPog Kal th dlapketa (a&ia)
NG KABe votag. O XwpLopog oe PETPA KaBwg Katl To KAsLWBi elodyovtal avtopara.

CcC C c C c' c"
-
| - M —
3 | | 2 -
Z—4 s ' Gl |
T o o |
_._
Ewova 4-1: Mpoabtoptoudg tovikov vpouc ato TinyNotation.
1 2 4 3 16
o P - - -
T I 7 I
| I r =4
Ewkéva 4-2: Mpoabtoptoudc xpoviknc aéiag oto TinyNotation.
Mapadeypa:

converter.parse ("tinyNotation: 4/4

renderNotation (s)

renderSound (s)

) 4} l
AnotéAeopa: H;-H_g—“ ‘.n o
1
Y] f r

Eldikd cUBoAa:
‘.’ =dotted note (tapeoTtypévn vota)
‘# ‘=sharp (dieon)
‘—‘=flat (Odeon)

‘~’ = glur (oLleuén)

Epyacia Auto-e§aoknong:

Na ypdayete oe TinyNotation tn peAwdia touv Happy Birthday:

T | I — ) 1
) I I ' I
Hap-py birth-day to you, hap-pybirth-day to you, hap-py
—— —~ 1
| - I I I |
! L— | 1 1 1 1 |
| 1 1 | | 1l |
) 1 [ T i 1
birth- day dear <name>,__ hap- py birth-day to you.
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Ewkova 4-3: H ueAwbia tou Happy Birthday.

4.3.2 And6doon MouowkoU Meplexopévou (Rendering)

Mepa amod n ypadikn avanapdotacn KAt TNV NXNTKN anddoon HouolkoU TIEPLEXOHEVOU,
OTO TIAKETO Music21 umdpxel n duvatdtnta anodoong oe keipyevo kat pianoroll. Ta
mapadelypa dokKlpdaote ta eENC:

converter.parse ("tinyNotation: 4/4 G 8 a-4 e d'.4 c'#8 d'2")

renderNotation (s)

renderSound (s)

4.3.3 Stream

EvaAAaKTIKA uTtopel Kaveig va cuvBEael Yla oelpd amo VOTEC ELCAYOVTAG TA OTOXElA Ylag
TapTITovpac €va TPoCg &va, o€ Wia kevy pon (stream). H Asttoupyia twyv stream oto

music21 meplypadetat oto keddAalo 4 kal To KedAAalo 6 Twv odnNywwv xXpnong
(documentation) tou music21.

2tnv apxn opidovtal ta kAewWdLd (clefs), €melta n kKAipaka (key signature), yetd to YETPO
(time signature) kat t€Aog OAEG OLVOTEC, Ol cUYX0PDieg } OL TAVCELG.

Avadopikd pe ta KAedLd, n kKAion clef . TrebleClef () avtloTolXEl OTO KAELSI TOU 20A,
evw clef.BassClef () avrtiotolxei oto kAeldi tou Pa. H kAipaka kaBopiletal pe Bdon
TNV TOVIKA HOUCLKAR KAl To TARBog Jdloswv/udécewyv. TNa mapadelypa
key.KeySignature (1) avtiotoxei oe KAljpaka Tng TOVIKAG HOUCLKNG Pe pla dieon
(kAlpaka ZoA) pe Baon tn pouoikn Bewpia. Evw to petpo (meter.TimeSignature) divetal
w¢ KAAoa 0Ttiwe oto akoAouBo tapdadelypa.
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2e avtiBeon pe 1o tinyNotation, oTIC HEPOVWHEVEG VOTECG KAL TIG oLYX0PDieC Ta TOVIKA LN
opidovtal pye aplBuo oktapag kat ot a&ieg pe tnv SLAPKELA TOUC, OTIWC KAL OTNV HOUGCLKA
Bewpla.

(=)

C2 C3 C4 c4 C5 C
=
|

T

a6 s\:.

E

Ewova 4—4: MpoabLoptoudc tovikou UYoug atnv por.

whole half quarter eighth  16th 32nd 64th

L8 ) e ] - - - -
] ] ]

¢

ANAVNE

Ewkéva 4-5: Mpoabtoploudc xpovikng aéiag otnv por).

MeplooOTEPEG AETITOPEPELEG YLA TA TOVIKA LYPN Kal TI¢ SLApKeELEG oTa KedpAAala 2 Kal 3 Tou
TWV 0dNyLWV.

MNapadelypa:

clef.TrebleClef ()

key.KeySignature (1)

meter.TimeSignature ('5/4")

note.Note ('D4', type='quarter')

note.Note ('F#4', type='half')

note.Note ('A4', type='half')
chord.Chord('G4 B4 D5',

note.Rest (type="'quarter')

s = stream.Stream([cl, k1, tl, nl, n2, n3, n4, n5])
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renderNotation (s)

renderSound (s)

Lrivo
o

4.3.3.1 Xuyyxopdieg (Chords) kau enegepyacia toug
AvtioTtolxa e TIC VOTEC Kal TIC TTAUCELG, OE pia pon (stream) uttdpxel n duvarotnia
TTPOoOoBNKNG ouyxopdlwy, OmMweg daivetal OTo OTolXeEio N4 TOU TPONYOUHEVOU
mapadeiypatog. Ze pla cuyxopdia pmopolv va mpootebouv kat va adaipebolv voteg,
OTIWG OTO akOAouBo mapdadeypa. Mpooecte OTL N cuyxopdia oto deVTEPO PETPO Eival
dlapopeTIKr amo OTL 0TO TPONYoUHEVO TtapAdeLypa.

nd4.add('F#5")

nd.remove ('G4")

renderNotation (score)

e

i

§3ﬁ}
o
i

4.3.3.2 Metatpornia (Transposition)

Muia pon pmopel va uttootel petatporia dnAadn va petakivnBel oe AAN kKAlpaka. Auto
onuaivel 0Tt Ba aM\d&el Tooo o omAlopog (key signature), 6co kat ol voteg. Opidoupe tnv
peTatpotia avdioya pe To Tooa NUITOVIA Ba petakivnBoUpe Tpocg Ta TTAvw f Ttpog tTa
KAtw amo tnv apxlkn 6€on. Ymapxel duvatotnta va yivel petatovion OxL JOvo o€
OAOKANPN TN oUvBeon ala kat o KABe atolxeio (vota, cuyxopdia, KAlpaka) Eexwplotda.

score?2 = score.transpose (-7)

renderNotation (score?)
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o
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4.3.4 Score

2Tn MOUOCLKA W¢ Taptitovpa (score) avadepetal N cuUUPBOALKn ypadr evog HOUGCLKOU
£PYOU TIOU OLABETEL TTOAAEG TTAPTEC (parts), dNAadr TIOAAA HOUGCIKA Opyava. 2To akoAouBo
TapAdelyPa Ao TUTIWVETAL N XPron Hlag taptitovpag He dU0 TTAPTEC, KL ETTOPEVWCE dVO
Teviaypapua.
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= stream.Score ()

= stream.Part ()
.append (clef.TrebleClef ())

.append (note.Note ('D5', type='half'))

.append (note.Rest (quarterLength=2.0))

.id = "Flute"

= stream.Part ()

.append (clef.TrebleClef ())
.append (chord.Chord('C4 G4 B-4"',

'Piano’

score.append ([pl, p21)

renderNotation (score)

renderSound (score)

|

%

P ¢
m
Lol

:

4.4 AwaBeon Apxeiwv amo to music21. corpus

To makéto music21 dlabstel peydro apxeio amo €pya cuvBetwy og popdéc musicxml,
kern, abc ta omoia pmopoUv va xpnotpototn6oUv yia HOUGLKOAOYLKH avaAucoh Kal Epeuva.

Ta ovopata Twy cUVOETWY TTOV PTtopoUE va avalntriocoupe €pya Toug Bpiokovtal otov
TapakAatw ocuvdeopo (link).

Me 10 eMOPEVO KOPHATL KWALKA PTopoUpe va doUPE Told €pya KAl o Told popodn
UTTAPXOUV YLa TOV EKACTOTE CUVOETN.
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paths = corpus.getComposer ('b

paths

To tponyoUHEVO KOPPATL Kwdka Ba dwoel pia Alota apxeiwv HoUoLKN G onueloypadiag,
yla tapdadetypa:

osixPath ('/usr/local/lib/python3.7/dist
PosixPath ('/
PosixPath ('/usr/local/ / O ethoven/opusl8nol/movementl.krn'),

PosixPath ('/usr/local/ 5 ist-pac es / ic2 rpu eethoven/opusl8nol/movementl.mx1l"'),

PosixPath ('/usr/local/ 3.7/dist-packages/music2l/corpus/beethoven/opusl8nol/mov

K.ATT.

4.4.1 Poptwon apxeiov

MNava ¢opTwooUHE KATIOLO APXEIO ATIO TO COrpus ELCAYOULE TNV EVIOAR:

g =

Mpooggte OtL n dladpopn (path) yia To cuykekplPEVO apxeio divetal amo tn AEEn corpus
KL ETtELTA.

210 akOAouBo mapddelypa Kwdika, e€dyoupe MANPodopieg yla TO TEPLEXOHUEVO TOU
apxeiov. EWdkOTEPQ, YA KABOE TTAPTN EKTUTIWVETAL TO OVOUA TNC KABWCE KAl To TOoA JETpa
TepAapPBavel. 2tn cuvexela, amodidetal ypadikd kat NXNTIKA E€va anooTIacHa TEcoApWYV
HETPWYV TNC TTapPTITOUPAC, EOIKOTEPA ATtO TO HETPOo 200 £we Kal To 203.

for p in s.parts:

print ("Part ", p.id, " has ", len(p.measures (0, )), " measures")

renderNotation (s.measures (200, 203))

renderSound (s.measures (200, 203))
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OLdVo Mpweg ypappeg divouy To £ENC ATTOTEAECHAL:

Part Violin I has 2300 measures

Part Violin II has 2117 measures

Part Viola has 2122 measures

Part Violoncello has 2069 measures

Mou onpaivel OTL TtPOKELTAL YLA £VA KOUAPTETO EYXOPOWV.

4.4.2 EmAoyn anmoomaocpatog Kal enegepyacia

Emeldn 1o €pyo mou emiAexOnke yia dlaBacpa oto music21 sival apketd peydio, Ba
ETUAEEOUE Eva AMOOTIACHA, OTO OTtolo Ba epapPPOCOUUE KATIOLEG EMEPPATELG:

excerpt = s. measures (200, 203)

excerpt.parts[l] .pitches[0].transpose (3, inPlace=

excerpt.transpose (-7, inPlace=

renderNotation (excerpt)

renderSound (excerpt)

210 Tapanavw anooctnacpa aAAdel o TOVoC TNE TMPWTNG voTag TNg 0eVTEPNG TTAPTNG KL
gmnelta yivetal pla getatpotia oe 6A0 1o amoomacua, yia 5n kadapn (7 nuItovia) Katw

)

p.transpose (4, inPlace=
print (p)
4.5 Eyypadn katavayvwon apxeiwv otn music21

Mé&ow Tou music21 pymopel va yivel eyypadn kat avayvwaon apxeiwv dlapopwyv TUTTWV
omtwg MIDI kat musicxml. MNeploocodtepeg MANPodopIEC yLa TOUC TUTIOLC apXeiwyv TToU eival
oupBartoi yla tnv elcaywyn eite tnv e€aywyn Bpiokovtal dw.

Nna mapddelyya, 1O AKOAOUBO KOPHATL KWOKA amoBnKeLEL TO AMOOCTACHA TNG
Ttponyoupevng evotntag os apxeio MIDI:

excerpt.write('midi', 'composition.mid')

To pwTo OpLoPaA TNG cuvapInong write apopd otov TUTTO TOU apxeiov (Tt.X. musicxml,
midi), evw to deVtEPO TO dvopa Tou apxeiou. MNa tnv avayvwaon evog apxeiou, pmopei va
XpnotdotolnBei n evioAn converter.parse() OTTWCE oTa TTPONYOUEVA.
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5 AOKNoEeLg

5.1 Ewoaywyn oto maketo Mido

Na dnuloupynoete €va apxeio MIDI pe tov online midi editor To omolo va mepLlExel TNV
KAlpaka Nt6 Meidova (C-major).

AlapBdaocte 10 apxeio auvto pEow tou TtakeTou g Python Mido.

1. Tumapatnpeite avadopikd pe to tempo Kal to pubpo;
2. Anpoupynote €va idlo apxeio pe to MuseScore. Tt dlapopeg tapatnpeite;

5.2 Anpwovupyia kat eneEepyaoia anAov apxeiov MIDI

1. Naodnpulouvpynoete éva apxeio Midi pe To TakETo Mido TTou VA TIEPLEXEL TNV KAl aKa
V10 peidova.

2. Emeéepyaoteite 1o apxeio auto aArdlovtag Tou to tempo oe 80bpm Kal TIC VOTEG
wote va eptAapBavouv tnv Nto eAdacoova.

3. Kavrte pia petatpotia otn Pe eAdooova Kal cwoTte o€ VEO apxelo.

Kat ta tpia mapamndvw apxeia va amobnkeuBouv oto google drive, va katéfouv oto
TOTIKO oUOoTNHA apxeiwv Kat va emBewpnBolyv to pe to MuseScore Kat tov Online Midi
Editor.

5.3 Metpovopog

1. Na vAoToljoeTte évav PETPOVOHO HE TO TIaKETO Mido, o oTmoiog Ba Zntdel anod to
XPNoTn TEUTIO, PUBUO Kal aplBuo PETPWY Kal Ba tapayel eva click_track pe toug
MXOUC TOU YUETPOVOLOU.

2. Na mpocBéoete oto apxeio pla peAwdia mou Ba avtiotolxel otnv KAPAka vio
peidova

3. NaaAAdéete 1o pubuO oe 3/4 pe to Tpwto beat va diapkei dVo TETAPTA KALTO TPiTO
EVa TETAPTO

4. Nakavete pia petatportia katd €va dlaoTnUa TETAPTNG TTPOC TA KATW.

2e KGBe Briua emBewpniote To amotéAeopa oto MuseScore r; otov Online MIDI Editor.
5.4 MoAudwViKO Kat TOAUXPWHATLKO apxeio

Me 10 Ttak€to Mido, va dnulovpynoste éva apxeio MIDI Ttou va amodidel Tnv akoAoudn
Taptitovpa:

J=
200 ] ] iy

L

|L__)

At ,‘E

f. In’:‘.

p — mf

_?hil___j

1. Xpnowotmotiote €va MidiTrack yia 0Aec Ti¢ voTeCg
2. Xpnowdomotiote Eexwplotd tracks yia kabe dpwvn
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3. XpnoJotolnote EEXWPLOTA HOUGCIKA Opyava yia KaBe pwvn emAEyovTag Amno Tov
Mivaka Twv nxoxpwpdatwy tou General Midi

5.5 TMapauetpol cuveXoLG HETABOANG

Na dnuloupynoete eva apxeio MIDI to omoio va teplAapBavel piavota peyaAng dlapkeLag
TIOU avaTtapAysTal amo Eva HoUoLKO Opyavo eAeyXOUevVNC OLapKeLlag, dnAadn Eéva HoUGLKO
opyavo pe eAeyxopevo sustain (Tr.X. BLOAOVTOTEAO, TPOUTIETA, K.A.TT.)

Katd tn dldpkela autng tng votag va epapuodoete eva pitch bend amo tn Hikpotepn otnv
vgnAoTtepn T Tou pitch bend kabBwg kat Eva tautoxpovo panning (contoller number
10) amo tn 6€on téppa aplotepd otn Beon tepua dela.

5.6 Katavopun tovikoUL Uoug

Xpnowonomote kamoo and to apyeio MIDI mov Ba Bpeite oto 'Eyypapa->MIDI Files 1 ko
éAla mov Ba Ppeite oto 8notes.com, mote:

e va umtoAoyioete To TTAAB0C TWY VoTtwy, dlaxwpidoviag to ovopa touc (Pitch Class)
amod tnv oktapa otnv omoia Bpiokovtal

¢ NaumoAoylotel kal va avartapactabei ypadikd to Pitch Class Profile
(PCP) evoc apxeiou MIDI. TipagAéetto PCP yia tnv ToviKOTnNTa ToU Koppatioy?

Opropot:

e Pitch Class n Chroma: Ztnv avaAucon HOUGLKOU TIEPLEXOHEVOU 0 OPOC AUTOC
avapEpETal 0T VOTA TOU CUYKEPACHEVOU CUCTHAHATOC 0Tav O& AaupBavetal
utoYn n oktdBa. Etol otn dUTIKA HoUuaoLKn uTtapxouv 12 pith classes,

Chroma = ['C|, IC#I’ lD', lD#l’ ‘E', lFI, 'F#', IGI, lG#l’ ‘A', lA#I, |B|]

e Pitch Class Profile: O 6pog avadepetal oTnV KATAVOUN TIHWY XPWHATOC yla eva
HOUGLKO KOUUATL. ANAADK o€ TtoLd TTOo00TO OL VOTEC TOU AVILOTOLXOUV OTO XpwHa
C, os 1010 T000O0TO C# K.0.K
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