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Harmonicka analyza

=> Skuma tonalnu hudbu na zaklade harmoénie —
postupnost’ akordov.

=> Akordom v kontexte nejakej toniny pripisuje rézne
funkcie.

Tonika (I - stred, pocit domova)

Subdominanta (IV - krok von zo stredu)

Dominanta (V - najvacsie napatie)



Harmonicka analyza

- Od autorov prof. Eva Ferkova, Mgr. Michal Sukola — algoritmicka
harmonicka analyza MIDI suborov.

1:4.0: AMAJOR_TRIAD:ROOT(5):D MOLL:D (V):null:bach_20240320121607.mid

1:6.0: ADOMINANT_SEVENTH:TERZQUART(3,4):D MOLL:D (V):null:bach_20240320121607.mid
2:3.0: ADOMINANT_SEVENTH:SEPT(7):D MOLL:D (V):null:bach_20240320121607.mid

2:4.0: AMAJOR_TRIAD:QUARTSEXT(4,6):D MOLL:D (V):null:bach_20240320121607.mid

2:5.0: ADOMINANT_SEVENTH:TERZQUART(3,4):D MOLL:D (V):null:bach_20240320121607.mid
2:6.0: F AUGMENTED_SEVENTH:SECUND(2):D MOLL:lll:null:bach_20240320121607.mid

3:2.0: Cb! DIMINISHED_MINOR_SEVENTH:SECUND(2):null:null:null:bach_20240320121607.mid
3:6.0: null:null:null:null:null:bach_20240320121607.mid

4:2.0: ADOMINANT_SEVENTH:SECUND(2):D MOLL:D (V):null:bach_20240320121607.mid
4:3.0: D MINOR_TRIAD:SEXT(6):D MOLL:T (I):null:bach_20240320121607.mid

4:4.0: G DOMINANT_SEVENTH:SECUND(2):null:null:null:bach_20240320121607.mid

4:6.0: Db! DIMINISHED_TRIAD:SEXT(6):null:null:null:bach_20240320121607.mid



Kodovanie hudby

e 2
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Hudba ma mnoho aspektov.

Navrhnut univerzalne kodovanie hudby je ciel neprakticky a zrejme aj
nemozny.

Pri navrhovani kddovania sa musime rozhodnut, na aké aspekty sa sustredit
a aké vynechat.

Tri hlavné druhy hudobnych kodov: notacnée, analytické a zvukové.



Notaché kodovanie - MusicXML, MEI

=> Formaty zalozené na XML.

=  MusicXML — “diplomaticky” format na vymenu notacie medzi réznymi
notaCnymi programami bez zavislosti na konkrétnej implementacii.

=> MEI — urCeny predovsSetkym na vedecke ucely, vacsi déraz na analyzu.



<!DOCTYPE score-partwise PUBLIC

"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd"”>

<score-partwise version="4.8">
<part-list>
<score-part id="P1">
<part-name>Music</part-name>
</score-part>
</part-list>
<part id="P1">
<measure number="1">
<attributes>
<divisions>1</divisions>
<key>
<fifths>»0</fifths>
</key>
<time>
<beats>4</beats>
<beat-type>4</beat-type>
</time>
<clef>
<sign>G</sign>
<line»2</line>

</clef>
</attributes>
<note>
<pitch>
<step>(C</step>
<octave>4d</octave>
</pitch>

<duration>4</duration>

<type>whole</type>

</note>
</measure>
</part>

</score-partwise>




Notaché kodovanie - MusicXML, MEI

=> Spobsoby definovat data harmonickej analyzy v oboch formatoch.

= V MEI cez element <chordTable>. V nom su ulozené akordy cez noty, ktore
ho vytvaraju v elemente <chordDef>. Tuto definiciu potom v notovom zapise
adresujeme cez jej ID atribut.



Zvukoveé kodovanie - MIDI
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Vznikol aby zjednaotil formaty a protokoly komunikacie r6znych digitalnych
hudobnych nastrojov.
Definuje Standard MIDI File format (SMF).

Subory neobsahuju samotné audio informacie ale postupnost MIDI a ne-MIDI
eventov.

Track chunk: "MTrk" + <Track Length> + <MTrk Event> + ... + <MTrk Event> + <EoT Meta-event>

MTrk Event: <Delta Time> + <MIDI Event> OR <SysEx Event> OR <Meta-event>



Zvukoveé kodovanie - MIDI

MIDI Event

Note On Event := 1001nnnn Okkkkkkk Ovvvvvvv

Note Off Event := 1000nnnn Okkkkkkk Ovvvvvvv

=> Status Byte — Event type (4 bits), channel (4 bits);
—> 2 Data Bytes — key, velocity



Zvukoveé kodovanie - MIDI

Meta-Event

e Deklaruju informacie ako tonina, tempo, nazov nastroja atd.

Meta-event := OxFF + <Meta-event Type> + <Length Byte> + <Message Bytes>

Event

Sequence number

Text event

Copyright notice
Sequence or track name
Instrument name

Lyric text

Marker text

Cue point

Event

MIDI channel prefix assignment
End of track

Tempo setting

SMPTE offset

Time signature
Key signature

Sequencer specific event
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RozSirenia MIDI formatu

-> SMF vytvorené na ucel nahravania a prehravania hudby.
=> Chybaju informacie na ucely notacie, harmonickej analyzy atd.
=> Kvdli tomu boli definované rozSirenia SMF.
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RozSirenia MIDI formatu

MIDIPlus

=> Koduje nad-hudobné informacie vo velocity bytoch Note On a Note Off

v v

ExpressiveMIDI

=> Vyuziva SysEx eventy na kodovanie notacnych informacii.
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RozSirenia MIDI formatu

NoTAMIDI

=> Definuje nové Meta-Eventy a predefinuvava povodné pre ucely notacie.

05 nn dd cc bb Channel Time Signature
03 sf mi Channel Key Signature
04 ¢l 11 oc Clef Sign

02 ad Verbal Dynamics

02 cc Crescendo/Diminuendo

01 Accent

01 Slur

01 sf Enharmonic Pitch
len text Tempo Name




HarmonicMIDI Extension

=> MIDI rozsirenia su obskurné a ziadne zo znamych nerieSi problém harmonickej
analyzy.

= MIDI format — velmi popularny, mnoho softvérovych nastrojov a repozitarov
— kompaktny a postacujuci na vykonanie harmonickej analyzy

Definovali sme nové MIDI rozSirenie pre harmonicku analyzu — HarmonicMIDI.
RozSirenie definujeme cez Meta-Eventy — je dblezité zachovat' kompatibilitu s
SMF.

\
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HarmonicMIDI Extension

Enharmonic Pitch Meta-Event
Chord Section Meta-Event

Chord Type Declaration Meta-Event
Harmonic Function Meta-Event
HMIDI Key Signature Meta-Event
Scale-Key Meta-Event

Scale Declaration Meta-Event

L 2 2 K
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HarmonicMIDI Extension

Format HarmonicMIDI Meta-Eventov:

OxFF + <Type-Byte> + <Length-Byte> + <HMIDI Type-Byte> + <Message Bytes>

Extension Tag Meta-Event:

OXFF + <Type-Byte> + <Length-Byte> + 0x00 + ASCII BYTES

= Jeden SMF Type-Byte. RozliSujeme medzi nasSimi Meta-Eventami cez HMIDI
Type-Byte, Cize je priestor na 256 r6znych Meta-Eventov.

-=> SMF Type-Byte nie je presne definovany — nové Meta-Eventy v SMF mézu
byt definované v buducnosti (zatial ich je len 15 z 256 moznych).

=> Chceme zabranit tomu, aby bol v buducnosti obsadeni Type-Byte.
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HarmonicMIDI Extension

Enharmonic Pitch Meta-Event

OxFF + <Type-byte> + <Length-byte> + 0x03 + <Accidental-byte>

Chord Section Meta-Event

OxFF + <Type-byte> + <Length-byte> + 0x01 + <Note-byte> + <Chord
Type-byte> + (<Inversion-byte>)

Scale-Key Meta-Event

OxFF + <Type-byte> + <Length-byte> + 0x65 + <Note-byte> + <ID-byte>

MAJOR TRIAD

MINOR TRIAD

AUGMENTED TRIAD

DIMINISHED TRIAD

DOMINANT SEVENTH

DIMINISHED SEVENTH

DIMINISHED MINOR SEVENTH

MAJOR SEVENTH

MINOR SEVENTH

AUGMENTED SEVENTH

MINOR MAJOR SEVENTH

DOMINANT SEVENTH INCOMPLETE
DOMINANT SEVENTH ALT INCOMPLETE
MAJOR SEVENTH INCOMPLETE
DIMINISHED SEVENTH INCOMPLETE
DIMINISHED MINOR SEVENTH INCOMPLETE
MINOR MAJOR SEVENTH INCOMPLETE
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HarmonicMIDI Extension

Chord Type Declaration Meta-Event

OxFF + <Type-byte> + <Length-byte> + 0x54 + <ID-byte> + <Step-byte> + <Step-byte> + ... +
<Step-byte> + OxFF + (ASCIlI STRING BYTES)

=> Poskytuje moznost’ definovat’ vlastny typ akordu pre Chord Section
Meta-Event
=> Step-bytes — vzdialenost’ od predoslého ténu v polténoch

Scale Declaration Meta-Event

OxFF + <Type-byte> + <Length-byte> + 0x64 + <ID-byte> + <Step-byte> + <Step-byte> + ... +
<Step-byte> + OxFF + (ASCIlI STRING BYTES)
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HarmonicMIDI Extension

OxFF + <Type-byte> + 0x05 + 0x54 + <ID-byte> + 0x01 + 0x02 + 0x01 + 0x03 + 0x01 + OxFF

OxFF + <Type-byte> + 0x07 + 0x64 + <ID-byte> + 0x01 + 0x02 + 0x02 + 0x02 + 0x01 + 0x02 + 0x02 +
OxFF
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HarmonicMIDI Extension

Harmonic Function Meta-Event

OxFF + <Type-byte> + <Length-byte> + 0x02 + <Harmonic Function-byte>

HMIDI Key Signature Meta-Event

OxFF + <Type-byte> + <Length-Byte> + 0x04 + <Accidental-Byte> + <Major/Minor-byte>

20



HarmonicMIDI Extension - Implementacia

=> Ako proof-of-concept sme implementovali 2 Java programy, ktoré pracuju s
rozsirenymi .mid subormi.

- Jeden zoberie textovy vystup algoritmickej harmonickej analyzy od Sukolu a
Ferkovej a rozsSiri .mid subor o HarmonicMIDI Meta-Eventy.

=> Druhy Cita .mid subor a printne HarmonicMIDI Meta-Eventy v nom.
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Buducnost

=> Pre HarmonicMIDI este chyba user-friendly softvér pre pisanie a Citanie
rozSirenych .mid suborov. Napr. plug-in pre Sibelius alebo MuseScore.
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Koniec
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