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  Pitch Spelling

Bach, Fugue in A Major BWV864, measure 33, RH

It depends on the context of occurrence (of the note):

• global tonality of the piece (Key)

• the local tonality, 

• the harmonic context,

• the voice-leading structure  

(ascending or descending melodic movements…), 

• …

Why the above spelling, and not this one? 
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Given MIDI representation of pitches  
in 0..128 semitones…

…find appropriate note names  
in A..G, + accidentals

A Major (b minor)

54

62
66

pitch class spelling1 spelling2 spelling3
0 D[ C B\
1 DZ C\ [B]]
2 E[ D C]
3 [F[] EZ D\
4 FZ E D]
5 G[ F E\
6 GZ F\ [E]]
7 A[ G F]
8 AZ G\
9 B[ A G]
10 [C[] BZ A\
11 CZ B A]

Figure 2: Enharmonic spellings for each pitch class.
Fugue	in	A	Major	BWV	864	measure	33

JS	Bach
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 Figure 3: Bach, Fugue in A Major BWV864, measure 33, rh.

Example 2.1. Figure 3 presents the right-hand part in mea-
sure 33 of the Fugue in A Major BWV864 of J.S. Bach.
The MIDI values of the two notes on the first beat of the
measure are 66, with possible spellings either F\4 or GZ4,
and 74, with possible spellings either D5, or C]5, or E[5.
Here the chosen spelling does not induce any accidental, as
F\ is included in the key signature. An alternative spelling
to the one on the score for these two notes could thus be GZ,
D but it would generate an added accidental on the G since
the signature does not contain any GZ; hence we observe
the importance of the key signature for pitch spelling.

2.2 Time information

In this paper, we assume that the onset and duration val-
ues of notes are rational numbers, expressed in fraction of
a measure. The choice of a time unit is not really rele-
vant in this work. The informations related to time that is
important in our procedure are actually:

• an ordering and equality relation on onsets, for sort-
ing the notes in input and detecting notes starting
simultaneously,

• the number of measure to which a note belongs, i.e.,
the detection of bar changes in the flow of input notes.

We call grace-note a note of theoretical duration zero. We
use this term generically for a note which is part of an or-
nament (appoggiatura, gruppetto, mordent, trill etc). Two
notes are called simultaneous if they have the same onset
and are not grace notes. This definition can correspond
to notes involved in the same chord, or notes in different
voices and starting simultaneously.

Example 2.2. For instance, the two first notes of Figure 3
do not really constitute a chord but they are simultaneous

since they share the same onset: 0. The time signature for
the measure is 9/8, hence the two first notes F\ and D^ both

have a duration of 1
9 bar, whereas the next semi-quaver F\5,

starting at the onset 2
9 , has a duration of 1

18 .

2.3 Key Signature and Key

A Key Signature (KS) is an integral number k between -7
and 7, which indicates that by default, |k| note names shall
be altered by a sharp accidental symbol (when 0 < k 
7) or a flat accidental (when �7  k < 0). The names
of the notes altered are defined according to the order of
fifths: F\,C\,G\,D\,A\,E\,B\ for the sharps (k positive)
and BZ,EZ,AZ,DZ,GZ,CZ,FZ, for the flats (k negative). In
a score, a KS indication is placed at the beginning of a part
and will influence the display of the spelling of notes in
every measure, as explained in Section 3.1. The KS can be
changed during a part.

From the notational point of view (i.e., for engraving), the
choice of KS will change drastically the way the notes are
displayed on the score, as it influences the number of acci-
dental symbols printed, hence the readability of the score.

From a musical point of view, a KS together with a mode,
defines a global key K for a piece, which is a central no-
tion in tonal music. Indeed, the key identifies a diatonic
scale, whose first note (amongst seven notes), called the
tonic note, represents the main tonal focus of the piece. In
Figure 4, we describe 15 key signatures and the tonic of as-
sociated keys. Keys defined by the same KS and different
modes are called relative.

Additionally to the global key of a piece (or part), some
alternative local keys can be identified for extracts of the
piece, and might diverge from the global key through mod-

ulations. In this work, we shall estimate a local key for
each measure in a part, and this information is used for
pitch spelling (Section 3.3).

We shall consider below, in our joint Pitch Spelling and
Key Estimation procedure, the major mode, and three mi-
nor modes: harmonic minor, melodic minor (also called
ascending minor) and natural minor (also called descend-

ing minor or Aeolian). The three minor modes differ by the
alteration of some degrees in the scale, notably the leading
tone (or subtonic in the case of the natural minor scale) and
the submediant with accidentals not in the key signatures:
seventh degree (raised) for harmonic minor, and sixth and
seventh degrees (raised) for melodic minor.

Only the major and harmonic minor modes are used for
global Key Estimation. The melodic and natural minor
modes are only used for local Key Estimation, see Sec-
tion 3.3 and Section 4.3 for a discussion on occurrences of
these modes in pieces used for evaluation. We shall con-
sider a measure of distance between keys defined by Got-
tfried Weber in [11] (see Appendix A.1), see also [12] for
other use of Weber’s table in the context of Key Estimation.

In theory, the list of key signatures can be extended on the
right and on the left, respectively through double sharps
and double flats. For instance, with k = 8 (G\ major), F is
altered with a double sharps (F]), with k = 9 (D\ major),
F and C are altered with double sharps (F], C]), etc. We do
not consider the case of extended KS in this work, as they
are very rarely found.

In both major and minor modes, the keys associated with
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  Principle of our approach

We consider the accidentals, as they would appear on the engraved score, 

following the rules for common Western Music Notation:


The accidentals in the Key Signature are omitted by default. 

An accidental holds good for the duration of a bar. 
It applies only to the pitch at which it is written: each additional octave requires a further accidental. 

                  E. Gould. Behind Bars: The definitive guide to music notation. Faber Music, 2011 

Principles (roughly): 


1. try to have as few accidentals as possible (for the sake of readability)

2. accidentals are also useful indications of the composer intention

    (local key changes, harmony…)

➡ strong interdependency between Pitch-Spelling, and (local and global) Key Estimation (KE).

we forget about this 

second part

for reasoning modulo 12
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  Combinatoric explosion

additional rule:


two simultaneous notes in the same pitch class must have the same name. 

here, notes are called simultaneous if they have the same onset and are not grace notes.


This rule is ensured with a mapping: 0..11 → { A,…,G } along with the state.


It reduces combinatorial explosion in cases like the above.

Beethoven, Sonata 21 ”Waldstein”, measures 1-3, LH

• the graph is built on-the-fly,  
only the necessary states are constructed.


• in the worst case,   where nb of notes per mesure3n n =

makes the computation explode!



  Tie Breaking

            For tie breaking, we consider local tonalities.




  Tie Breaking

            We can compute the best paths for every measure and every key signature.

           




  Tie Breaking

            We can compute the best paths for every measure and every key signature.

            We can compute the best paths for every measure and every Key = KS + mode (major or  harmonic minor)




  Tie Breaking

           

            We can compute the best paths for every measure and every Key = KS + mode (major or  harmonic minor)

            for the cost of paths:


• count printed accidental

• discount accidental on lead degree in minor scales (it is added to the initial state)


    e.g. B min
 

 




 





 





 


 



  Tie Breaking

           

            We can compute the best paths for every measure and every Key = KS + mode (major or  harmonic minor)

            for the cost of paths:


• count printed accidental

• discount accidental on lead degree in minor scales (it is added to the initial state)


    e.g. B min
 

 




 





 





 


 

bar0 bar1 …
D♭ maj paths0,0 paths1,0

A♭ maj paths0,1 paths1,1

… … …

B♭ min paths0,12 paths1,12

… … …



  Procedure

           

step1: We can compute the best paths for every measure and every Key = KS + mode (major or  harmonic minor)

            for the cost of paths:


• count printed accidental

• discount accidental on lead degree in minor scales (it is added to the initial state)


    e.g. B min


step 2: compute a grid with 1 estimated local Key for each global Key and each measure

it is the Key with best rank according to 3 rankings:

• rank in the corresponding column in the table of step 1

• distance to estimated Key for previous measure

• distance to candidate global Key




 




 





 





 


 

bar0 bar1 …
D♭ maj paths0,0 paths1,0

A♭ maj paths0,1 paths1,1

… … …

B♭ min paths0,12 paths1,12

… … …

bar0 bar1 …
D♭ maj key0,0 key1,0

A♭ maj key0,1 key1,1

… … …

B♭ min key0,12 key1,12

… … …



  Weber distance between tonalities

G. Weber. Versucht einer geordneten Theory der Tonsetzkunst. B. Schott’s Sohnen, 1818
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KS -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
CZ GZ DZ AZ EZ BZ F C G D A E B F\ C\ aZ eZ bZ f c g d a e b f\ c\ g\ d\ a\

-7 CZ 0 1 2 2 3 4 4 5 6 6 7 8 8 9 10 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11
-6 GZ 1 0 1 2 2 3 4 4 5 6 6 7 8 8 9 2 1 2 3 3 4 5 5 6 7 7 8 9 9 10
-5 DZ 2 1 0 1 2 2 3 4 4 5 6 6 7 8 8 2 2 1 2 3 3 4 5 5 6 7 7 8 9 9
-4 AZ 2 2 1 0 1 2 2 3 4 4 5 6 6 7 8 1 2 2 1 2 3 3 4 5 5 6 7 7 8 9
-3 EZ 3 2 2 1 0 1 2 2 3 4 4 5 6 6 7 2 1 2 2 1 2 3 3 4 5 5 6 7 7 8
-2 BZ 4 3 2 2 1 0 1 2 2 3 4 4 5 6 6 3 2 1 2 2 1 2 3 3 4 5 5 6 7 7
-1 F 4 4 3 2 2 1 0 1 2 2 3 4 4 5 6 3 3 2 1 2 2 1 2 3 3 4 5 5 6 7
0 C 5 4 4 3 2 2 1 0 1 2 2 3 4 4 5 4 3 3 2 1 2 2 1 2 3 3 4 5 5 6
1 G 6 5 4 4 3 2 2 1 0 1 2 2 3 4 4 5 4 3 3 2 1 2 2 1 2 3 3 4 5 5
2 D 6 6 5 4 4 3 2 2 1 0 1 2 2 3 4 5 5 4 3 3 2 1 2 2 1 2 3 3 4 5
3 A 7 6 6 5 4 4 3 2 2 1 0 1 2 2 3 6 5 5 4 3 3 2 1 2 2 1 2 3 3 4
4 E 8 7 6 6 5 4 4 3 2 2 1 0 1 2 2 7 6 5 5 4 3 3 2 1 2 2 1 2 3 3
5 B 8 8 7 6 6 5 4 4 3 2 2 1 0 1 2 7 7 6 5 5 4 3 3 2 1 2 2 1 2 3
6 F\ 9 8 8 7 6 6 5 4 4 3 2 2 1 0 1 8 7 7 6 5 5 4 3 3 2 1 2 2 1 2
7 C\ 10 9 8 8 7 6 6 5 4 4 3 2 2 1 0 9 8 7 7 6 5 5 4 3 3 2 1 2 2 1

-7 aZ 1 2 2 1 2 3 3 4 5 5 6 7 7 8 9 0 1 2 2 3 4 4 5 6 6 7 8 8 9 10
-6 eZ 2 1 2 2 1 2 3 3 4 5 5 6 7 7 8 1 0 1 2 2 3 4 4 5 6 6 7 8 8 9
-5 b 3 2 1 2 2 1 2 3 3 4 5 5 6 7 7 2 1 0 1 2 2 3 4 4 5 6 6 7 8 8
-4 f 3 3 2 1 2 2 1 2 3 3 4 5 5 6 7 2 2 1 0 1 2 2 3 4 4 5 6 6 7 8
-3 c 4 3 3 2 1 2 2 1 2 3 3 4 5 5 6 3 2 2 1 0 1 2 2 3 4 4 5 6 6 7
-2 g 5 4 3 3 2 1 2 2 1 2 3 3 4 5 5 4 3 2 2 1 0 1 2 2 3 4 4 5 6 6
-1 d 5 5 4 3 3 2 1 2 2 1 2 3 3 4 5 4 4 3 2 2 1 0 1 2 2 3 4 4 5 6
0 a 6 5 5 4 3 3 2 1 2 2 1 2 3 3 4 5 4 4 3 2 2 1 0 1 2 2 3 4 4 5
1 e 7 6 5 5 4 3 3 2 1 2 2 1 2 3 3 6 5 4 4 3 2 2 1 0 1 2 2 3 4 4
2 b 7 7 6 5 5 4 3 3 2 1 2 2 1 2 3 6 6 5 4 4 3 2 2 1 0 1 2 2 3 4
3 f\ 8 7 7 6 5 5 4 3 3 2 1 2 2 1 2 7 6 6 5 4 4 3 2 2 1 0 1 2 2 3
4 c\ 9 8 7 7 6 5 5 4 3 3 2 1 2 2 1 8 7 6 6 5 4 4 3 2 2 1 0 1 2 2
5 g\ 9 9 8 7 7 6 5 5 4 3 3 2 1 2 2 8 8 7 6 6 5 4 4 3 2 2 1 0 1 2
6 d\ 10 9 9 8 7 7 6 5 5 4 3 3 2 1 2 9 8 8 7 6 6 5 4 4 3 2 2 1 0 1
7 a\ 11 10 9 9 8 7 7 6 5 5 4 3 3 2 1 10 9 8 8 7 6 6 5 4 4 3 2 2 1 0
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  Procedure

           

step1: We can compute the best paths for every measure and every Key = KS + mode (major or  harmonic minor)

            for the cost of paths:


• count printed accidental

• discount accidental on lead degree in minor scales (it is added to the initial state)


    e.g. B min


step 2: compute a grid with 1 estimated local Key for each global Key and each measure

it is the Key with best rank according to 3 rankings:

• rank in the corresponding column in the table of step 1

• distance to estimated Key for previous measure

• distance to candidate global Key


step 3: compute a new table with 1 best path for each key and each measure

for the cost of paths:

• count printed accidental, no discount (initial state = Key Signature)

• accidental not in the scale of the estimated local Key


step 4: select the row in the second table with the smallest cumulated cost

 it contains:

• a spelling (following the best paths)         

• a key

• one local key for each measure




 




 





 





 


 

bar0 bar1 …
D♭ maj paths0,0 paths1,0

A♭ maj paths0,1 paths1,1

… … …

B♭ min paths0,12 paths1,12

… … …

bar0 bar1 …
D♭ maj key0,0 key1,0

A♭ maj key0,1 key1,1

… … …

B♭ min key0,12 key1,12

… … …

bar0 bar1 …
D♭ maj path'0,0 path'1,0

A♭ maj path'0,1 path'1,1

… … …

B♭ min path'0,12 path'1,12

… … …



  Procedure

Algorithm PSE 

Input: a sequence of notes, 

each note is given by:


• one MIDI pitch values in 0..128

• whether the note is simultaneous with the next

• the measure number


Output:


• a spelling: one name for each note.

• one global Key 


Key = Key Signature + Mode (here major or harmonic minor).

• one local Key for each measure

    Key Signature + Mode.



  Rewriting Passing Note

step 5 (post processing): rewrite the passing notes 


with rules from:


like the following
W`ex : the lexicographic comparison of the tuplets with
the 5 components (1)-(5),

W+: the lexicographic comparison of the 4-uplets with,
for first component the sum of (1) and (2), and for
next components (3), (4), and (5) respectively.

Using the same technique as in step 2, we extract from L

one unique estimated global key Ki 2 K̄, using the above
refined weight values, and apply the spellings found in the
row i of the table U .

Example 3.3. A printout of the first table (step 1) com-
puted when treating the Fugue BWV 864 (see the extract
in Figure 3) can be found in Appendix A.2.

Here, 2 global candidates are obtained (step 2): A major
(3 sharps) and F\ minor (3 sharps) as their cumulated row
costs are close and inferior to all the others. Only their cor-
responding rows will then be computed in the second table
(step 4), this time taking into account local tonal analy-
sis (performed during step 3) to refine the choice between
candidate best paths. The second table is also displayed in
Appendix A.2.

Only 1 global candidate remains at the end: F\ minor
(3 sharps). Even if the piece is in A major instead of F\
minor, the process found the correct global key signature,
which is what impacts the pitch spelling. This information,
along with the local tonalities computed in each measure
and used in the second table to choose between paths with
the same number of accidents, was critical in finally select-
ing a spelling. Indeed, for this piece, the algorithm reached
an accuracy of 100% compared to the groundtruth 1 .

3.4 Rewriting passing notes

After choosing a spelling with the algorithm of Section 3.3,
we apply local corrections by rewriting the passing notes,
using a slight generalisation of the rewrite rules proposed
by D. Meredith in the original PS13 Pitch-Spelling algo-
rithm [4], step 2.

Every rule applies to a trigram of notes ⌫0, ⌫1, ⌫2, and
rewrites the middle note ⌫1, by changing its name. In Fig-
ure 6, we present the rules for particular cases of notes. In
general however, the rules are defined by patterns compar-
ing the respective note names of ⌫0, ⌫1, and ⌫2 (without
the accidentals), and the difference between their pitch (in
number of semitones). For instance, in the left-hand-side
CCZC of the first rule broderie down, ⌫0, ⌫1, and ⌫2 all
have the same note name C, the difference, in semitons,
between ⌫0 and ⌫1 is �1 and the difference between ⌫1

and ⌫2 is +1. This rule rewrites the middle CZ (⌫1) into B.
The rewrite rules are applied from left to right to the se-

quence spelled notes. Note that at each rewrite step, at
most one rule can be applied.

3.5 Deterministic variant

We propose a variant of the algorithm presented in Sec-
tions 3.2 and 3.3, which is more efficient but less exhaus-
tive. This algorithm, called PS13b (as in ”PS13 with bar

1 See Appendices A.2 and A.3 for more details on the processing of
Bach’s Fugue BWV 864 (Example 3.3).

broderie down C CZ C ! C B C
broderie up C C\ C ! C DZ C
descending11 C CZ A ! C B A
descending12 C C[ AZ ! C BZ AZ
descending21 C A\ A ! C BZ A
descending22 C A\ AZ ! C BZ AZ
ascending11 A A\ C ! A BZ C
ascending12 AZ A\ C ! AZ BZ C
ascending21 A CZ C ! A B C
ascending22 A CZ C\ ! A B C\

Figure 6: Rewrite rules for passing notes (particular cases).

info”), is very similar to PS13 [4], except that it uses the in-
formation on measures, which is assumed available in this
paper but not in [4], in order to estimate global and local
keys. In [4], that estimation is done (implicitely) by count-
ing the number of occurrences of the (assumed) tonic note
in a window whose optimal size was evaluated manually.

In the algorithm PS13b, the choice of the spelling with
name n and accidental a for the input note ⌫i (Section 3.2,
transition rules (1)-(4)), is forced to the (unique) spelling
in the chromatic harmonic scale of the current key K [1].
Hence, the transitions are deterministic, and there is no
need to search for best spelling in a measure because there
is only one. The rest of the algorithm works as described
in Section 3.3. The complexity of the table construction in
this case is O(n ⇥ p) where p is the total number of notes
in input and n is the number of keys considered. This com-
plexity is significantly better than the one of the exhaustive
algorithm in Sections 3.2 and 3.3. In counterpart, some po-
tentially correct spellings will be missed (see Section 4.3).

4. EVALUATION

4.1 Implementation

The algorithms PSE (of Section 3.3) and PS13b (of Sec-
tion 3.5) have been implemented 2 in C++20. This lan-
guage was chosen for the sake of efficiency and for integra-
tion into larger systems. The implementation is object ori-
ented, with general classes for pitches, keys, etc, and data
structures specific to the algorithm, such as states, bags of
best paths and tables.

The input must be provided by a note enumerator, asso-
ciating to each natural number a midi pitch, a bar number,
and a flag of simultaneity (with the next note). Therefore,
our algorithm can be integrated in a larger project. This
has been done for a MIDI-to-score transcription frame-
work, where the timings (in particular the bar boundaries)
are computed before pitch spelling.

A Python binding, based on pybind11 [16], was also writ-
ten and used for evaluation. It offers calls (in Python) to the
methods of the C++ implementation, for the various pro-
cedures and steps presented in Section 3.

For the evaluation, we used the Music21 toolkit [17],
in association with the above Python binding. Music21

2 The C++ code as well as the Python evaluation scripts are publicly
accessible at https://gitlab.inria.fr/pse/pse.

D. Meredith

The PS13 pitch spelling algorithm


JNMR (35) 2006. 



  Deterministic Variant

called PS13b


during the best path computation, 

for each pitch-class, choose the (unique) name in the chromatic harmonic scale

	Harmonic	Chromatic	Scale
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  Implementation, Evaluation

Implementation 
in C++20, for efficiency and integration


Evaluation 
Python binding with pybind11, for the evaluation

• parse MusicXML score (with Music21 toolkit)

• extract input for the algorithm

• run algorithm PSE or PS13b

• compare note names and Key with original score

• generate feedback score (with Music21 toolkit)


Evaluation Data  216 464 notes from:  
• monophonic (complex) dataset: Lamarque-Goudard 

    textbook for learning rhythm in music schools. 


-  250 extracts from Bach and Scarlatti to Wolf, Duparc, Debussy, Ibert... 


• piano dataset: ASAP (220 pieces or movements, MusicXML scores and MIDI recordings or performances)

    evaluation on 110 pieces:


- Bach: Well Tempered Clavier - BWV856, 873

- Mozart: some sonata movements + 	K 475 Fantaisie 

- Beethoven: some sonata movements 

- 13 Chopin Etudes (from opus 10 and 25)

- 8 Rachmaninov preludes (from opus 23 and 32)



  Evaluation Results

Comparison with other system:

unfair since we use information on measures (unlike most systems)


PKSpell (state-of-art on Meredith benchmark MuseData) 

reaches accuracy, on 33 pieces from ASAP:

• 96.50% for Pitch Spelling 

• 90.30% for Key Signature Estimation

PSE

on 110 pieces from ASAP:

• 98.19% for Pitch Spelling 

• 95.58% for Key Signature Estimation

accuracy

Table 1: Accuracy results of both pitch spelling algorithms on pieces from widely different styles and correctness of their global key
signature estimation, compared to Krumhansl-Schmuckler algorithm’s performances (Music 21 implementation).

number
of spelled
notes

pitch
spelling
PSE

pitch
spelling
PS13b

key signature
estimation
PSE

key signature
estimation
PS13b

key signature
estimation
Krumhansl-
Schmuckler

Bach WTC ASAP
corpus

55530 99.50% 98.27% 99.09% 98.29% 87.27%

5 movements from
Mozart Sonatas
present in ASAP

10043 99.11% 97.30% 100% 100% 80%

Fantaisie K. 745 plus
5 movements from
Mozart Sonatas

13830 97.65% 95.97% 80% 80% 60%

33 movements from
Beethoven Sonatas

87292 97.64% 95.65% 92.32% 95.71% 66.15%

13 Etudes by Chopin 25103 96.71% 96.03 % 96.15% 96.15 % 84.62%
4 Rachmaninov Pre-
ludes

7022 98.76% 97.49% 100% 100% 100%

Lamarque-Goudard 27687 98.46% 98.23% 76.90% 74.30% 50.60%



Beethoven, Sonata 17 ”Tempest”, 3d mvt, measures 126-147 

(original)

  Feedback

https://gitlab.inria.fr/pse/pseval

Beethoven, Sonata 17 ”Tempest”, 3d mvt, measures 125-129 

(respelled with PSE and annotated)
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g	minor	(-2)

c	minor	(-3)

f	minor	(-4)

d	minor	(-1)

f	minor	(-4)

g	minor	(-2)

g	minor	(-2)

d	minor	(-1)
d	minor	(-1)

g	minor	(-2)

g	minor	(-2)
c	minor	(-3)

f	minor	(-4)

g	minor	(-2)

g	minor	(-2)

F	major	(-1)

g	minor	(-2)g	minor	(-2)

f	minor	(-4)

f	minor	(-4)
g	minor	(-2)

F	major	(-1)

g	minor	(-2)

b-	minor	(-5) F	major	(-1)

g	minor	(-2) f	minor	(-4)

g	minor	(-2)

b-	minor	(-5)

g	minor	(-2)

b-	minor	(-5) f	minor	(-4)

g	minor	(-2)

a	minor	(0)

d	minor	(-1)

b-	minor	(-5)

d	minor	(-1)

b-	minor	(-5)

d	minor	(-1)

g	minor	(-2)g	minor	(-2)

g	minor	(-2)

a	minor	(0) g	minor	(-2)

g	minor	(-2)

g	minor	(-2)

g	minor	(-2)

d	minor	(-1)

g	minor	(-2)

a	minor	(0)
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red note: spelling mistake. 

green note: spelling mistake fixed by rewriting.

Bach, Fugue in C major, Das Wohltemperierte Clavier, last measures 

(original)
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a	minor	(0)
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Bach, Fugue in C major, Das Wohltemperierte Clavier, last measures 

(respelled with PSE and annotated)
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  Conclusion, Further Work

Summary:

• Pitch Spelling algorithm based on engraving rules for accidentals

• It also estimates global Key and local Keys (one for each measure)

• Exhaustive search and efficient deterministic variant

• Evaluation on challenging datasets


algorithm for quantized music (bar number must be identified)

it makes sense for backend of transcription (after transcription)


Future work :

• for best path computation, consider:


• note durations 

• metric weight


• jazz Pitch Spelling, with more modes


