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Music Notation Processing
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Why studying Music Notation Processing?

Western Music Notation = graphical format for music practice,
in use since ~1000 years (Guido d’Arezzo)

(digital) music scores, a natural language for
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Automated Music Transcription

646

articles

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 BNI 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 1 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
{
}
{ { § { { J
| /\ { 1 | | [
[ i { ¢ i | } \
0 PRy, ] i
F2 L.
{1} ~ jl v[
o L4 ‘/
c G A’ G B C

© 1976 Nature Publishing Group




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
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i

- 5
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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
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Tree-structured Representation of Music Notation : Rhythms

Labeled-Tree representation of the proportional rhythmic notation

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
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Tree-structured Representation of Music Notation : Measures

6
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Term Rewriting Rules

for the transformation of score representations

tie simplification do — @ > i dj, T
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Tree-structured Representation of Music Notation : Voices

form symbol f
term rewriting: rules swapping f and tuple symbols
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Automatic Music ITranscription
pbased on
Weighted Parsing



Automated Music Transcription today

Conversion of a recorded music performance into a music score ~ speech-to-text in NLP
Algorithmic composition
MIDI device DAW

Audio recording (score edition)

0 0 0 1 R = %12 3] @@ =Ry 0 e
R e |y I [P = At

source(s)

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

iIntermediate representation
piano roll (MIDI file)
- reals-time durations (seconds),
unquantized
- quantized pitches - rhythm quantization
- tempo tracking
- Score engraving...

target music score N — —~ o
(e.g. XML file) @—H@ e T ;’FWH?*/\,- SesE=i
- musical time durations (beats) — e e = —ﬁ——ﬁg_ 3

quantized



Grid based Approaches to Rhythm Quantization

MuseScore Preferences

Import | Export Shortcuts Update  Advanced

Rhythm quantization with grids, e.g. MIDI files import
- in score editors (Finale, Sibelius, Dorico, Musescore...), oS e e impert ey i

- or in DAWSs (Ableton Live, Logic...) S || Overtureimport charcterset; |GK

MIDI

Shortest note: | 16th

rcs

Alignment of every input time point (onset) to the closest position —_—
In a grid = sequence of equidistant time position. 3
triplet J j j
iInput input
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Hierarchical (irregular) Grids
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ﬁ] closer 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 ?



Transcription as Parsing

piano roll
= sequence of timestamped input events

structuring a linear representation
according to a language model

tree-structured representation

. leaves = output event sequence
of an output music score

conforming to a
prior language (expected notation)

= Tree Grammar &

9al] asied

of parsing are needed
for the case music transcription:
- weighted extension
- symbolic weighted extension
(Quantitative parsing)



Weighted Parsing (extension 1)

Objective of : finding a parse tree of & that yields ¢, ¢;...e,

events _

With an ambiguous prior grammar &

there might exist several parse trees
(exponentially many).

In order to choose one (or some) parse trees,
€y €1 e e, . .
they are ranked according to weight values,

computed by Weighted Tree Grammar
In general, the weight values are taken
in a commutative Semiring (S, @ ,0, ® ,I)
99l1] 9s.Jed
domain ) ]
Boolean (1,7} V T
Viterbi [0,1] CR |max 1
Tropical min-plus | R, U {+c0} |min +o00| O

Objective of : find the best (wrt weight) parse tree of & that yields ¢, ¢,...¢e,

< |- O

+ (X | > &




(Weighted) Parsing : I-O relationship

Obijective of . find the best (wrt weight) parse tree of & that yields €y €1---6,

events _

trivial (1-1) correspondence between
equality input string and
leaves of output tree

s e
tokens €0 €1 n

99l] asied



Tokenisation

a more involved tokenisation process,
several correspondences possible

here shoes remove please
CZTEFEDESHLNTLSIETL)
here clothes remove please

iINn music, the correspondance between the (MIDI) input sequence and sequence of output leaves is also not 1-1



Quantitative Parsing (extension 2) : IO measure

we extend weighted parsing by
ranking solutions with:

a measure of input / output fithess
= cost of 10 alignement
computed by a Weighted Transducer

®

measure of cost-to-read
weight value
computed by the Weighted Tree Grammar

99l] osJed

Objective of : find a parse tree of & minimizing the product of I/0 alignment cost and weight.



Automated Music Transcription: gparse framework

https://gitlab.inria.fr/qparse/qgparselib

Symbolic-Weighted https://qparse.gitlabpages.inria.fr
word-to-word Input MIDI i (unsiructured)
Transducer
cost of 10 alignment XML/ME'
\ SW S\ k-best Intermediate / score file
parsing
® —» word-to-tree — Reqular Tree > Re rzggr:?ation
/ Transducer Grammar P ~ _
Music 21
Weighted T structure
Regular Tree Grammar new —_—
cost of readability k-best parsing ter-?
rewritin .
converted into procedure 7 ontologies...
SW Visibly Pushdown for SW-VPA — —
Automata (hence SW-RTG)
(intermediate model)
gparse (75 Kloc C++) is an implementation of * command lines tools: monoparse, drumparse,
. the above transcription by parsing framework grammar-learning, engraving (from quantified input)

* Python binding - Lydia Rodrigez-de la Nava
evaluation scripts

* online port, real-time - Leyla Villaroel

* an intermediate score model
* other subtasks: pitch-spelling, key estimation, beat tracking...



Results,

Datasets



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

original score transcription of MIDI recording by gparse
nModerato/_\ _ j’% e o~ — P R \
b, L e A
P R e s S S I i ST = =
G e == —==="L
A — o) = —
"0 sl Phe FLF—FTLF—HL*TF'?J.%‘&- j?d.n} -
— - e e LS

é oo 11T s"o oo ofo D iy S e o .
J o — D ;ﬁy? ’f — E z o p? rf' ey
o T IEd=ET =T

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

:



Monophonic transcription

original score transcription of MIDI recording by Finale
nModerato ~ o~ —_ o\ L
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Polonaise in D minor from Notebook for Anna Magdalena
Bach BWV Anh Il 128



Evaluation data for Monophonic transcription

Evaluation and calibration of transcription tools

Lamarque-Goudard dataset
w. Francesco Foscarin, Teysir Baoueb

283 monophonic extracts \ , w ,4 :
of classical repertoire ' | |
inspired by a rhythm learning method b‘ \' h‘ A ,\..' R.( l AUTR[
~ 20 measures per extract - .
- ~ - - | - Y -
progressive difficulty , ; i 1Y \,' s (‘/ﬁ g (]3 (_cif(l‘]
cover a very large spectrum of rhythmic features S Sl o B N | -

score files (XML) and MIDI performances

Generation of artificial performances
Madoka Goto, Masahiko Sakai (Nagoya U.), Satoshi Tojo (JAIST)

- analyses from the GTTM database (time-span trees)
- score segmentation (phrasing), according to time-span trees
- performance generation by Director Musices (Anders Friberg)



Monophonic transcription: datasets and case studies
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— 48 traCkS, 08 e fo # e te o he .
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Drum transcription

= ST TR IO SR.IR RN
Groove MIDI Dataset T 7;; S TR SR ;gvmgr{ T B 57 7 B 9
- by Google Magenta H:=‘ LILLELEEE LELAFRLERL AR SRR SRR AT
- 13.6 hours, 1150 MIDI files, ~ 22000 measures recorded by I ERAARERZIASE RN RN R AR R
professional drummers on a electronic drum kit . AR R R X_:__= fninmninmnnlonn
- audio (wav) files synthesized from (and aligned to) MIDI files e sessse ===

Tr g T p iy LT E TP 9R] LT TP iR
I AL A I E T

rrr T 795. R ‘795‘ 797‘ K 5“7%
 TRARTR TS T . T 0 0.

for evaluation of audio-to-MIDI drum transcription
- no score files! il

XX—iI

X

: .7.5 797. . .;% 7.5 7%. === g’v .E
7 T T L L S T T a2 o Lda bl ool ) o
— - P m— P — o o oo o o P E— i E— ——
TEe TR A A A 1A A
Scoring the GMD with gparse » TR S T T
Martin Digard (INALCO) TP gl T WX f gk T gt R g7 7§ ip
- all score files (XML) produced from the MIDI files with the . PR P N = VB
same generic tree grammar (4/4 measure) s o+ oF o 1d o o 5
! T v v y &
- polyphonic case-study, simpler than piano 5 7_9__ __5_ 7_9__ __5_ 7_9_5_ __E zfi __E iﬁ? — .
.. . . N INSNEEEREEENpSRINEEENF RSP RNRER NS PR PP NAFERRNEFE
- specific drumming constraints (hands < 2, feet < 2) E————— e es o de oo oo e
- processing errors from MIDI sensors AR L A L 7
Z2NneninnsNs Il =




Piano & Guitar transcription

From Monophonic to Polyphonic Transcription, stepwise:

* From Monophonic to Homophonic Transcription (chords)
Yusuke (Nagoya U.)

* Drum Transcription Martin Digard, Lydia Rodrigez-de |la Nava
Google GMD

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

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

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




Conclusion

MIDI-to-Score Automated Music Transcription approach

- based on quantitative parsing techniques
and Symbolic Weighted formal language formalisms
(Tree Automata and word-to-word Transducers)

- with prior language of notation style
and prior |O measure

- (abstract) hierarchical score model
as intermediate representation for score generation

- can handle complex notation cases:
ornaments, mixed tuplets, mixed note durations, silences...

- efficient

- case studies: Monophonic, Drums
- ongoing work on Polyphonic case studies: guitar, piano
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