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Music Notation Processing
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Why studying Music Notation Processing?

Western Music Notation = graphical format for music practice,
for exchange of musical information since ~1000 years (Guido d’Arezzo)

(digital) music scores, a language for

» players
performance : real-time reading or memoization

* composers
authoring, exchange

* teachers & students
transmission

» editors
access digital score libraries e.g. hkoda.com

——— * librarians
e cultural heritage preservation: e.g. Gallica
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=== - scholars (historians, musicologists...)
research, analysis

R T D:
iy 3

=1 (¥ x
" ~
b - .- - ~ z 3
oo TR L L LI, - ~ -
D 2 b DL I - LT | - = z - o
-~ : . A | - P L -
T Ay ¥ ] O Bl -
@ o i w3
- < | i ) |
. [ S L Sl | b
' SRR
M ‘.'~:\: ..‘.. '
— - - SN
M
° -
i
u! 5 T
- | - i
< L | bod
°
="~ . } |~ ¥
! - | -
| = 3 L=l Y oz
! e “
t 41 TS | 4
H - N
- - )
! ] SEYTEARET )
b - " 5 y
139 >3 | - b AN -
- A ! T v |
| WML . 3
- . i - - .
lan L | E
~ \ | et
| © - | 2
| 2 3 as ¢ !
- -~ | »
- .!
| \ 11
1 - -
'
- I s | -
! \
] - "~
: Pt ; ] 31
= ;.‘- \ () | § ‘:’
| r Fr e THEF -
ol b
-
- i 4]
- » ] '
! pEEEyCCEr e - 3 v >
- IR Lt bl - ~ ‘ = 1
| » “ g b ) adv .o <
| & SO L oLeses —
< . - -
By
i
2 . o
L
- )
[ e X 1 N G
. R 5 - [ {
Bl : | |
1= 3 el ielF!
14|
r— . | El ¥ -
x |
fA L TR
-~ ‘
- r— . . . ,
e - R S B [k ke ‘ e Y
-‘ wlwl » -[ .l w lel .
e I || |
A '1 - 4 t 1l
= - - |
- e sl 3 | (3|
P 1 ' 3 o R b A A .
e 2 |5 &= HE RS R
-
4
rd
¥ r
| ; ) -
1% | M| R d
:-: -:- iv. =| =il »
| -
=) M= ill 4 |4
e . 2 e
- 2

Philippe Manoury
Tensio for string quartet and electronics


http://nkoda.com

XML Music Notation Formats

machine-readable encodings of musical documents - multiple

- verbose
- redundant (mix logical and graphical information)
- ambiguous

« MusicXML : industry standard (MakeMusic / Finale)
- MEI (Music Encoding Initiative) open source

analog for music scholars of the TEI (text)
« MINX : next standard (W3C)

<note default—-x="80.72" default-y="-30.00">
<pitch>
<step>G</step>
<octave>4</octave>
</pitch>
<duration>1l</duration>
<voice>l</voice>
<type>eighth</type>
<stem>up</stem>
<beam number="1">begin</beam>
<notations>
<slur type="start" placement="below" number="1"/>

</notations>
</note> ;
<note default—-x="132.57" default-y="-45.00">
<pitch> @

<step>D</step> r B
<octave>4</octave> ‘\\‘--—’
</pitch>

<duration>1l</duration>

<voice>1l</voice>

<type>eighth</type>

<stem>up</stem>

<beam number="1">end</beam>
<notations>

</notations>
</note>



Text diff

tools to compare text files:

Unix diff (1976)

diffchecker.com

e git diff

S5 Preferarces

uUntitled Dif*

eslteen'd hin=—

° mun Niff History - 2 removals + 2 addizions m = | Inifien m A Chararter l02IS ~ Syntax v
- No‘-.y

1 HORATIC 1 HORATIO

2 Thal wen I; 2 Thal can I;

3 AL leasL, Lhe whisper goes su. Our 3 AL Teasl, Lhe whisper goes so. Our
lasLl king, lasl king,
Whose imayz even dul nouw appedr'd Lo 4 Wiose dmaye even bul now dappear'd o
us, us,

5 Was, ds youu knuw, by Furlinbras of 5 Was, as you kiww, by For_ltbras of
Norway, No way,
Therele prick'd on by @ mosl enmulale 6 Thwerelo prick'd on Ly a mosL enulale
pride, pr ide,
Dared Lo Lhe combal; in which our 7 Dared Lo Lhe coubal; in which ou
valianl Hamlel-- Hamlel—
For so Lhis side of our known world 8 For su Lhis side of our knuwn woilc

esleen'd him=—

(Ce)

Did sley this Fortinbras; who by a 9
seal'd compact,

Did slay this Fortirbras; who 2y a
s2al'd compact,

1¢ well retified by law and neraldry, 10 wW2ll ratified by heraldry,
11 Did forfeit, with his 1ifz2, all those 11 Did forfeit, with his 1ife, all -hcse
his lards his lands
12 which Fe stood seized of, to the 12 Which he stocd seized of, to te
conqueror: COnqueror:
13 Against the which, & moiety competent

14 Was gaged by our kirg; which had
raturn‘d
To the inheritance cf Fortinbras,

Had he been vanguisher; as, by the

15

Had he been venquisher; as, by the 16

~ Edito- Export as PDI

tools to compare music scores:
?


http://diffchecker.com

Music Score diff ?

<note default-x="80.72" default-y="-30.00">
<pitch>
<step>G</step>
<octave>4</octave>
</pitch>
<duration>1l</duration>
<voice>1l</voice>
<type>eighth</type>
<stem>up</stem>
<beam number="1">begin</beam>
<notations>

<slur type="start" placement="below" number="1"/>

</notations>
</note>
<note default—-x="132.57" default-y="-45.00">
<pitch>
<step>D</step>
<octave>4</octave>
</pitch>
<duration>1l</duration>
<voice>1l</voice>
<type>eighth</type>
<stem>up</stem>
<beam number="1">end</beam>
<notations>
<slur type="stop" number="1"/>
</notations>
</note>

\4

Intermediate Representation
abstract, unambiguous

<note default—-x="80" default-y="-30.00">
<pitch>
<step>G</step>
<octave>4</octave>
</pitch>
<duration>1l</duration>
<volice>1l</voice>
<type>eighth</type>
<time-modification>
<actual-notes>2</actual-notes>
<normal-notes>2</normal-notes>
</time-modification>
<stem default-y="-30">up</stem>
<beam number="1">begin</beam>

<notations>
<slur type="start" number="2" line-type="solid" />
</notations>
</note>
’? <note default—-x="132" default-y="-45.00">
. <pitch>
—— <step>D</step>
— o <octave>4</octave>

\\ ? </pitch>

<duration>l</duration>
<volice>1l</voice>
<type>eighth</type>
<stem>up</stem>
<beam number="1">end</beam>
<notations>
<slur number="2" placement="below" type="stop"/>
</notations>
</note>

\

comparison Intermediate Representation

> abstract, unambiguous



score diff

with Francesco Foscarin
 identify the differences between two XML music scores
 string/tree edit distance applied to a intermediate score representation

Case study on OMRization of a collection with IReMus lab

OMRized version Manual correction (ground truth)
I es surprises de |'amour Ies Surpri)sgf (_ie I'amour
e e e = =D
7 — i d  — i —— - | » - . / . - /] ‘ ! - ° dr
@ | P r —_— J - % Prvinlen ébi }‘ ":P.D’. ::)-}*‘? »‘ |.‘ 0. — ‘ I r ot * |
| —_:J \ - f—;o‘ o = r © T,_,—' — E“—" ’
% 3 i - s 7 = J — -;‘ =2 - . 1 : J.iy';’ e i, o\’?‘
IB 2 ‘ | ’ — . — ’ Ze violen 'Hg bz;\ P ‘r: - 'F" S '= ? L: ﬁ 5‘/’ e
9. . g‘ P ' ‘9 7 | & B Douix . Iort —
A A Beses [ X 3 X F [ e T
G —_— — —
S7R IS PR S LN S Y PR _ )
=" O m—— X ——_ — P i 7 - S - '."" . 2 o - . S
é - = = ’ fjg- . U (%H & ']r ,;'r:l. ’ﬁ;g[;‘ L’l' 2 _;lﬁ_i'_él
| 2 4 o Tt ' . 01X . CuX F b
g e et ’ - N
= > el e - . ot 2p-[FF
o T i LT = ===—= i = S
9 l’ f - ¢ Ol : ‘/g J — = o r Donx p : JJ—.
i i LS o

‘b’ .
|
4
»
\
.
L‘
L
)
l' =l
\:‘r
WA
%
N
’ .
(] —‘“—
2p
A4
p s -
Wt |
T1h
)
L ]
1l
]
)
I
.9
TIRs T O &

C,.;
[ 1]
!

T
T
4
¥ 'P 5Tt
\ru g
|
11 J
| )
.
\O:
|
=t )
.
»
7

N\
.
oy
L
\ BEE
)
.
L
.
A
o
e
oL
N

L
I



Common Western Music Notation

Polonaise in D minor from Notebook for Anna Magdalena Bach BWV Anh Il 128
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Common Western Music Notation

Polonaise in D minor from Notebook for Anna Magdalena Bach BWV Anh Il 128

metric
structure

- - - ) o
structured éaz W ﬁhg:‘ —=

i

- 5
unstructured é ) W v;

grouping notes with measure bars and beams
- eases readability (player reads in a real-time context)

- highlight the metric structure
hierarchy of strong / weak beats



Common Western Music Notation

Polonaise in D minor from Notebook for Anna Magdalena Bach BWV Anh Il 128

metric
structure

3
3
—_ — o o220
\ \#1, IS N A ql
NN N7 7 N7 7 A4 \/ 7
durations: 1115 113 0 ) rrrr 11
244 16164 16 16 4 24 4 244 16164 244 244 244 16164 2666 22

In our work, we consider a

tree-structured
Intermediate Representation
(abstract & unambiguous)



Automated Music Transcription

Conversion of a recorded music performance into a music score ~ speech-to-text in NLP

646

articles

one holy graal in Computer Music since 1970’s...

Nature Vol. 263 October 21 1976

Perception of melodies
H. C. Longuet-Higgins

Centre for Research on Perception and Cognition, Laboratory of Experimental Psychology, University of Sussex, Brighton BN1 9QG, UK

A computer program has been written which will transcribe
a live performance of a classical melody into the equivalent
of standard musical notation. It is intended to embody, in
computational form, a psychological theory of how Western
musicians perceive the rhythmic and tonal relationships
between the notes of such melodies.

A SEARCHING test of practical musicianship is the ‘aural test’
in which the subject is required to write down, in standard,
musical notation, a melody which he has never heard before.
His transcription is not to be construed as a detailed record of
the actual performance, which will inevitably be more or less
out of time and out of tune, but as an indication of the rhythmic
and tonal relations between the individual notes. How the
musical listener perceives these relationships is a matter of some
interest to the cognitive psychologist. In this paper I outline a
theory of the perception of classical Western melodies, and
describe a computer program, based on the theory, which
displays, as best it can, the rhythmic and tonal relationships
between the notes of a melody as played by a human performer
on an organ console.

The basic premise of the theory is that in perceiving a melody
the listener builds a conceptual structure representing the
rhythmic groupings of the notes and the musical intervals
between them. It is this structure which he commits to memory,
and which subsequently enables him to recognise the tune, and

to reproduce it in sound or in writing if he happens to be a
skilled musician. A second premise is that much can be learned
about the structural relationships in any ordinary piece of music
from a study of its orthographic representation. Take, for
example, the musical cliché notated in Fig. 1.

Fig. 1
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©1976 Nature Publishing Group




Automated Music Transcription today

Algorithmic composition
Audio recording MIDI device DAW

source(s)
“recorded music performance”

- fundamental freq. estimation
- onset detection
- beat tracking ...

symbolic representation
of performance
piano roll (MIDI file)
- quantized pitches
- unguantized onsets & durations

- rhythm quantization
- tempo tracking
- Score engraving...

i

target representation @—o—-@ s? ﬁ?p’ = omer % eef Ve
music score (XML file) —= 2 T = ==




Rhythm Quantization “on Grid”

Rhythm quantization with grids, e.g. MIDI files import

* in score editors (Finale, Sibelius, Dorico, Musescore...),
- or in DAWSs (Ableton Live, Logic...)

- . 1 1.3
Steinway Grand Piano
on Track Steinway Grand Piano (»] Steinway Grand Piano Steinway Grand Piano

Region Notes

a Time Quantise
g 1/16 Note 8 a

Velocity 78
e.

GarageBand, Apple

- . L 5.3
Steinway Grand Piano
on Track Steinway Grand Piano (»] Steinway Grand Piano Steinway Grand Piano

Region Notes

Time Quantise
1/16 Note - Q

Velocity 26

|ﬂ‘
4

Edbbddiddhiddiad



Grid based Approaches to Rhythm Quantization

Steinway Grand Piano

Alignment of every input time point (onset) to the closest position Rl
in a grid = sequence of equidistant time position. Rogion s

Time Quar tise
1/16 Note

Velocity
&
3
triplet J j j
iInput iInput
—o—+—eot—to—+—o+—— | —o—+—et——to—f—o+— | e e e |
0 1 1 3 lbeat 0 1 1 3 1 0 5 2 !
4 2 4 4 2 4
grid 16th note ,ﬁ grid 32th note ﬁ grid 64th note ﬁ
| | | | | | | | | =ttt
0 1 1 3 1 0 1 1 3 1 5 3 7 1 0 1 1 3 1 5 3 7 1
s 2 4 s 4 8 2 8 4 8 T
alignment
¢ ¢ : | | *—o¢— | *— | —+——+—+—+—o+—+—+—+o+—++1+-
0 1 1 1 0 1 1 3 1 5 3 1 o 1 1 3 1 5 3 1 1
4 2 8 4 8 2 8 4 8 4 8 2 8 4 8

m or ﬁ@ “7%_-7-5 ﬁ

poor fit, good readability good fit, bad readability good fit, bad readability




Hierarchical (irregular) Grids

N |— ==
>0 ——

0| =
N = ==

wolw @
N|— @

close to intuition

regular grids

- search of a best quantization is possible by a brute-force enumeration:
8th note grid, 16th, 32th, 64th...

- result not always optimal
- problems with tuplets (so called “jrrationals” 3, 5, 7...)

hierarchical grids

- more “natural” results
- brute force enumeration impossible
- how to specify the grids to try ?



Tree-structured Representation of Music Notation

Tree representation of the proportional rhythmic notation

with hierarchical encoding of durations: “the (duration) data is in the structure”
* the tree leaves contain the events

» the branching define durations, by partitioning of time intervals

beamed division

""""""" arity = 2
b " continuation
2 bQ of the previous event b2
single event
A /N / \
‘ / \ y \ / 2\
4
° bs . o
2 o ®
/ \ / \ o
° ° ® o 1 grace-note (duration = 0)
and 1 note
?‘ Lol %
== B —=
corresponding ® o—o¢ I o—0—© | | $ o o |
timeiine 0 131 1 011 1 1 0 1 1 1
48 2 84 2 4 2



Weighted Tree Language (tree series)

Weighted Regular Tree Grammar &:
- non-terminal symbols: ¢, gy, ¢4, - ..

- terminal symbols (constants): e (1 note), ¢, (1 grace-note + 1 note), — (continuation)
- every production rule is assigned a weight value (e.g. cost to read):

0 0
q — My(qp, q) g — mg
0.1 1
qO — u3(Q19 Q19 QI) qo — ¢
0.1 , 1 1.9 1
q, — bz(qz, Q2) qi — ° qd1 — qi —> —
, 0.1 , ;1 , 2.25 , 1
7, — by(q3, q3) g — * q) — * qr = —
0.1 1 1
¢, — by(g3, g3) qr — ® qr = —
1 . 3.25 1 1 1
4z — ¢ d3 — *2 q3 = — qz — ¢ q3 —> —

- 0.1 : 0.1 : 3.25 | |
derivation (lefmost): d : g; — by(g5, ¢5) = by (b5(g3, G3), G) = b (D505, 43), G5) = by (bs(5,0),G5) = Dy(Dy(05,0),0)

cost of derivation: weight(d) = 0.1 +0.1 +3.25+ 1+ 1

learning weight values from corpus statistics
Francesco Foscarin




Music Transcription as Parsing

quantitative extensions of the problem
are needed for music transcription:

(timestamped) input events
are in an infinite alphabet

piano roll

structuring a linear representation input and output events of different nature
according to a language model . the goal is not equality between sequences

but a minimal distance.
leaves = sequence of output events

tree-structured representation
of an output music score
with an ambiguous grammar,
conform to a prior language parse tree there can be several parse trees
(expected notation) — select the most readable one.
defined by a Reqgular Tree Grammar



Automated Music Transcription: gparse framework

Symbolic-Weighted term
word-{o-word Input D e (nstructured) euiting
Transducer l
cost of 10 alignment XML/l\]/c'.Fl
k-best - score file
\ SW SW e Intermediate /
v Score
® — word-to-tree —> Regqular Tree > .
/ Transducer Grammar Hepresentation| ™
Music 21
Weighted structure
Regular Tree Grammar p—
cost of readability new-
k-best parsing
i procedure Kn. graphs...
SW‘i/C.)n.\t’)Trtgd 'Etdo for SW-VPA JEPT
ISIDly Fushdown (hence SW-RTG)
Automata
(intermediate model)
https://qgitlab.inria.fr/gparse/gparselib 75 Kloc C++

https://qgparse.gitlabpages.inria.fr

e Command lines tools

* Python binding - Lydia Rodrigez-de la Nava

* Online port, real-time - Leyla Villaroel

* Other subtasks: pitch-spelling, key estimation, beat tracking...



Monophonic transcription

monophonic : one note at a time
Good results for complex cases (ornaments, mixed tuplets, mixed note durations, silences...)
~ 100ms for the transcription of 1 score

Polonaise in D minor from Notebook for Anna Magdalena
Bach BWV Anh Il 128

original score transcription of MIDI recording by gparse
nModerato/_\ _ j’% o o~ — P, .
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Monophonic transcription

Polonaise in D minor from Notebook for Anna Magdalena
Bach BWV Anh Il 128

original score transcription of MIDI recording by Finale (MakeMusic)
nMOderatO/-\ . '?‘ ;F,\i N e N Y /‘\?‘ . = O a2 | A . . ﬂ' - — ) o _#F _
%ﬁ:o—ww W%" . 'P' 'P—O«- : 1"'| % é § o O#FD.O o » o%e : ;‘ :! E:E E:o o

£ ol Bl . - -
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Dataset for Monophonic transcription

Lamarque-Goudard dataset (w. Francesco Foscarin, Teysir Baoueb)

283 monophonic extracts
of classical repertoire
inspired by a rhythm learning method

~ 20 measures per extract

progressive difficulty
cover a very large spectrum of rhythmic features

score files (XML) and MIDI performances
for evaluation and calibration of transcription tools

Generation of artificial performances
» fuzz testing (“humanizing” music score)

* more musical approach
Madoka Goto, Masahiko Sakai (Nagoya U.), Satoshi Tojo (JAIST)

* segmentation into phrases according to musicology analysis
* performance following the phrase structure (Director Musices)




Monophonic transcription: datasets and case studies

FiloBass by John-Xavier Riley (C4DM, QMUL) RN R N R PR SeE=s==
EU project "Dig That Lick” y | e . ..

- jazz bass lines, 5% EESEITE g
companion of FiloSax collection of saxophone soli .

2 . h" ” ) — l
. . . . ) '._h —® * |- ko ".. ko
- 24 recorded hours of melodies and improvisations == e S =
- automated extraction from youtube jazz videos . L P ede eie.,
- gparse as backend of an audio-to-MIDI B B e e =

transcription procedure L
. . Fopw e 1 T e e I
- prior beat (measure) tracking ~ | =
110 . * o | —
) | to — 5
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http://c4dm.eecs.qmul.ac.uk

Drum transcription

a MIDI Dataset N nsNnnnNsnaNnssNnsnNnssNnnsNnnniNsnsNnanNsnaNnsN
-H—'Z * o000 D . oo oo o D D oo

roove AHase A=A AR A2 AL

- by Google Magenta A Ao T

- 13.6 ho_urs, 1150 MIDI files ~ 22000 r_neasures_recorded by "—7‘5 ;97 r TS B E AR R 7%“
professional drummers on a electronic drum kit ;

- audio (wav) files synthesized from (and aligned to) MIDI files e pepFppnrpnBprerpnfprpEppt RRE i rpaBnaRnRERRD!
for evaluation of audio-to-MIDI drum transcrlptlon Tty ?95 Ty TP IRl

- no score files!
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S S LQ’g TEC FIEE T R
Scoring the GMD with » JRLER LA FRIRIRIA JRIE.TR 0N
Cor_'ng_t © wit aparse ~ F Pt T Ok f IR T Ot BT 9T 7 B AP
Martin Digard (INALCO), Lydia Rodrigez-de la Nava o e
- all score files (XML) produced from the MIDI files with the pampepBnprBrpatens BpppSus Preplasopniurninaet RS
same generic tree grammar (4/4 measure) TP IPT TP A8y v P Py v b gy v B ipy LT ¢
- polyphonic case-study, simpler than piano v [J ====== fff ST ====== === =:= ==="‘ x:i:‘
- specific drumming constraints (hands < 2, feet < 2) 7T TP IET TP IET TP Ry L8 T 0 ilpsf
- processing errors from MIDI sensors 2 DI ] =




Piano & Guitar transcription

* Voice separation - Lydia Rodrigez-de la Nava, evaluation Augustin Bouquillard
integration for piano guitar transcription:

* Dbefore parsing, or
e after parsing (on intermediate model), or
e joint with parsing.

* Dataset ASAP - Francesco Foscarin, Andrew Mc Leod
MIDI and audio recording from Yamaha piano competition
+ XML scores
+ alignments
+ beat tracking annotations




Music Notation Processing by Vertigo & Codex

AR Digital Music Score Collections

U. Bologna
Structured Music Score models Open University Cultural heritage preservation and study

: : : : King’s College London I = _
hierarchical representation of music scores Vrije U. Amsterdam NELUTT] neuma.huma-num.fr
finite representations of languages (style)

Search and Retrieval

IReMus (Paris) \
DCML (EPFL) Dlgltal_ Human_ltles
/ Computational Musicology
EDA (Paris Cité)
Indexing
exact and approximate

ANR Collabscore : : "
search and query RISA (Ronne) Optical Music Recognition

BnF Crowdsourced correction
fondation Royaumont

JSPS 1R:L
Nagoya U. (Sakai lab)

Similarity metrics JAIST (Tojo 125} Automated Music Transcription

string and tree grant Yamaha M.F.
edit-distances qparse
AlgoMus (Lille)



http://neuma.huma-num.fr
https://polifonia-project.eu

Music Notation Processing by Vertigo & Codex

AR Digital Music Score Collections

U. Bologna
Structured Music Score models Open University Cultural heritage preservation and study

. . . . King’s College London
hierarchical representation of music scores Vrije U. Amsterdam
finite representations of languages (style)

Na® "] neuma.huma-num.fr

IReMus (Paris) \

DCML (EPFL) DlgltaI_Human_ltles
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