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ABSTRACT

There is a demand for arranging music composed using
multiple instruments for a solo piano because there are
several pianists who wish to practice playing their favor-
ite songs or music. Generally, the method used for piano
arrangement entails reducing original notes to fit on a
two-line staff. However, a fundamental solution that im-
proves originality and playability in conjunction with
score quality continues to elude approaches proposed by
extant studies. Hence, the present study proposes a new
approach to arranging a musical score for the piano by
using four musical components, namely melody, chords,
rhythm, and the number of notes that can be extracted
from an original score. The proposed method involves
inputting an original score and subsequently generating
both right- and left-hand playing parts of piano scores.
With respect to the right part, optional notes from a chord
were added to the melody. With respect to the left part,
appropriate accompaniments were selected from a data-
base comprising pop musical piano scores. The selected
accompaniments are considered to correspond to the im-
pression of an original score. High-quality solo piano
scores reflecting original characteristics were generated
and considered as part of playability.

1. INTRODUCTION

Players often enjoy music while performing an instru-
ment. However, it is typically difficult to play music that
is composed using multiple instruments and vocal parts,
and this is applicable to orchestral, chamber, and pop
music. The main reason is that it is necessary to coordi-
nate several individuals who can play an instrument and
to adjust their schedules accordingly. Therefore, several
studies have focused on support for solo playing by ar-
ranging an original score. Additionally, solo arrange-
ments aid in playing comfortably and determining new
aspects of the music. They also increase a player’s moti-
vation by playing their favorite music. Conversely, creat-
ing of an arranged score involves considerable labor and
expertise. Hence, the present study investigates a problem
involving an automated arrangement for a solo instru-
ment based on music composed of multiple playing parts.
Instruments that can simultaneously play the plurality of
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notes, such as the piano, guitar, and organ, involves vari-
ous problems such as expressing impressions of original
songs and considering playability. This is because an
instrument that can play a plurality of notes has an ex-
tended range of expression compared with an instrument
that only plays monotonic notes. This is followed by fo-
cusing on pop music as it involves music composed using
multiple instruments. The study also focuses on a piano
arrangement since the piano is one of the most famous
instruments that generate a wide range of expressions.
Therefore, the present study examines the automatic ar-
rangement of pop music for a solo piano.

Generally, extant studies have discussed automating an
arrangement for a piano from music composed of multi-
ple parts. Fujita et al. [1] arranged an ensemble score for
a piano by using a melody part and a base part that were
extracted from an original score. They output piano
scores corresponding to different levels of difficulty
based on a user’s skill level by considering a maximum
musical interval and a minimum key stroke duration.
Chiu et al. [2] analyzed the role of each part in an original
score. The analysis resulted in generating a solo piano
score by considering the preservation of original compo-
sition, maximum number of simultaneous key strokes,
and maximum musical interval of each hand. Onuma et al.
[3] analyzed a process of a piano arrangement used by
arrangers, constructed a piano arrangement system based
on specific problems that occur in the piano arrangement
process, and proposed solutions for the same. When all
the parts of an original score are summarized into a two-
line staff, the notes leading to a problem in an arrange-
ment are automatically detected and conveyed to a user.
The choice of a solution depends on the user. Onuma et al.
constructed a solo piano arrangement system correspond-
ing to a user’s performance skill. Nakamura et al. [4]
considered playability based on a piano fingering model
by using merged-output Hidden Markov Model. A con-
tinuous flow of notes was considered by the fingering
model, and two indices were optimized, namely preserva-
tion of an original impression and playability. The prob-
lem was solved by considering simultaneous playability
as well as a continuous of notes in both hands.

A common vein in previous studies involved reducing
and selecting notes from an original score in a solo piano
arrangement. Extant studies either used original notes
directly or used octave shifts. This method prevents a
piano-arranged score from dissonance and preserves an
original score’s impression. Additionally, they can gener-
ate a playable score by considering simultaneous playa-
bility and a time sequence of notes when notes are re-
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Figure 1. An overview of the proposed method. The
preprocess involves constructing an accompaniment
database. In the main flow, four musical components
are extracted from the original musical score. Subse-
quently, a piano-arranged score for each hand is sepa-
rately generated by using musical components. Finally,
a correction is performed with respect to overlapped
notes.

duced and selected. However, these still remain problems
that the outputted piano-arranged score includes difficult
notes to perform. A potential reason for this problem is
that the definition of playability is not appropriate.
Nakamura et al. [4] used a fingering model to consider
playability. However, this entails considering several
playability factors in addition to the simultaneous maxi-
mum number of the key strokes, simultaneous maximum
musical interval, minimum duration of time between key
strokes such as extension of the maximum musical inter-
val by arpeggio, the cost of fingering, and variation in the
difficulty that depends on a tempo. Therefore, it is diffi-
cult to define an appropriate restriction with respect to
playability. The lack of defining an appropriate restriction
of playability can generate a piano score that is not play-
able in specific places. Extant studies did not discuss the
quality of a piano arrangement. However, a piano ar-
rangement is not beautiful if it does not consider a con-
tinuous flow of musical sounds such as loudness of sound
or change in volume. For example, two phrases, namely
“A” and “B”, are involved in a music. The scores that are
condensed into two-line staffs from “A” and “B” corre-
spond to the same. Phrase “A” consists of a few instru-
ment parts, and phrase “B” consists of several instrument
parts. When piano reduction is considered, the output
piano scores are not different between “A” and “B” be-
cause both condensed scores created by collecting all
notes in the original score are almost the same. Therefore,
it is difficult to express a continuous flow of musical
sounds. Onuma et al. [3] considered this problem by ana-
lyzing a piano arrangement process that is actually per-
formed by arrangers. However, the system is not auto-
matic since the system requires manual corrections by a
user.

The present study involves proposing a new approach
to arrange a musical score for a piano. Fig. 1 shows an
overview of the proposed method. When a piano-
arranged score is generated, four important musical com-

ponents are used, namely a melody, a chord, rhythm, and
a number of notes that can be extracted from an original
score as opposed to solving the problem of methods to
select and delete a large number of notes in an original
music score. With respect to the right part, optional notes
are added from a chord to the melody. With respect to the
left part, appropriate accompaniments are selected from a
database that is constructed from pop musical piano
scores. The generating process of each playing hand part
involves preserving an original score’s impression and
improving piano arrangement quality since it is based on
an original rhythm and a number of notes for each meas-
ure. Rhythm is one of the most important elements of
music, and a number of notes are necessary for consider-
ing transitions of a song. Additionally, the playability for
the left-hand part is improved since it is based on the ex-
isting piano score.

2. CLASSIFICATION OF ARRANGING

The word “arranging” has several interpretations. Subse-
quently, “arranging” is classified into three classes as
follows:

(1) Arranging a musical piece that cannot be played by a
single instrument into one that can be played by a
specific instrument.

(2) Transcribing an atmosphere of a musical piece into
mainly a jazz version, a Chopin version and a rock
version.

(3) Simplifying an original score which makes it easy to

play.

Previous studies examined “arranging” with respect to (2)
and (3) ([5-8] and [9-11]). However, there is a paucity of
studies examining “arranging” with respect to (1).
The present study focuses on “Arranging” with respect to
(1) and setting conditions required involving a high-
quality piano arrangement in (1) as shown below:

Q) A melody line is the highest pitch in each meas-
ure.
(i) A chord in a piano-arranged score corresponds

to an original one.

(iii) An accompaniment suit for the rhythm part in an
original musical piece.

(iv) A piano-arranged score reflects loudness in an
original musical piece.

(V) A piano-arranged score is playable.

The reasons for setting the aforementioned five condi-
tions are as follows. (i) The note that corresponds to the
highest pitch can correspond to a melody that determines
important characteristics of the music because it is more
impressive when compared with other notes. Therefore,
the impression of a piano-arranged score is significantly
different from an original musical piece without condi-
tion (i). (ii) Dissonance occurs when a chord in the piano-
arranged score does not match an original chord. Subse-
quently, a piano-arranged score corresponds to an uncom-
fortable piano-arranged score. Conditions (iii) and (iv)
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Figure 3. Construction of an accompaniment database.

correspond to the components of improving arrangement
quality. (iii) A piano-arranged score becomes a closer
impression of an original musical piece by reflecting the
rhythm part as an accompaniment. (iv) If a piano-
arranged score fulfills condition (iv), then it can express
loudness including grand and delicate sounds that change
based on the number of sounds of an original musical
piece. (v) This condition should be satisfied since the
piano-arranged score is finally played by users. In this
paper, piano-arranged scores are generated with five con-
ditions.

3. ACCOMPANIMENT DATABASE

Construction of an accompaniment database constitutes a
preprocess in the proposed method. This involves consid-
ering the manner in which notes information should be
treated. Fig. 2 shows an instance of an accompaniment.
Each note involves information including sounding start
time, pitch, and note value. At the first measure in Fig. 2,
a quarter note “C” is put out at the first beat, a quarter
note “E” is put out at the second beat, and half notes “E”
and “G” are put out at the third beat. Similarly, at the
second measure, a quarter note “G” is put out at the first
beat, a quarter note “B” is put out at the second beat, and
half notes “B” and “D” are put out at the third beat. Both
measures completely correspond to the same sounding
start times and notes value. The pitches are different in
terms of a simple comparison. However, the two
measures are the same at a flow of musical sounds, and
the impressions generated by them are not different. This
implies that the accompaniments that correspond to same
sounding start time, notes value, and relative musical
intervals between each note and each root note result in a
similar impression. In order to reflect this fact, each ac-
companiment is expressed by a vector of three elements
(sounding start time, a relative musical interval based on
the root note, and a note value) when an accompaniment
database is constructed. Sounding start time at the i-th
beat is represented by 4{i —17. A half tone is represented
by “1”. A whole note is represented by 16. With respect
to the above rules of representations, both the measures in
Fig. 2 are represented by (0, 0, 4), (4, 4, 4), (8, 4, 8), (8, 7,

Bass Guitar
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R; ={1,0,1,0,1,0,0,0,1,0,1,0,1,0,0,0}
Figure 4. Rhythm extraction from an original music.

8), and they correspond to the same meaning. Subse-
quently, this vector is rewritten as a matrix that represents
relative information including row direction as time, col-
umn direction as pitch, and value as note value for each
measure. In this study, this matrix is termed as an accom-
paniment matrix. A left part of a piano-arranged score is
created from the accompaniment matrix by providing a
root note as absolute information. The process is de-
scribed in detail in section 5. 2.

Fig. 3 shows the process of constructing an accompa-
niment database. The left part in a pop musical piano
score is divided into a measure. Each measure of an ac-
companiment is stored as an accompaniment matrix that
corresponds to 36 rows and 16 columns. The size of rows
corresponds to the number of keys in three octaves, and
the size of columns corresponds to the maximum number
of notes that can be set notes in a time direction. The cre-
ation of an accompaniment matrix involves setting a root
note on the bottom row of the accompaniment matrix. For
example, a root note at the accompaniment surrounded by
a red rectangle line in Fig. 3 corresponds to “C”. The
pitch of the first note also corresponds to “C”. The musi-
cal interval between the root note and the pitch of the first
note corresponds to “0” at the first beat, and thus a note
value “4” is set at the bottom left of the accompaniment
matrix. The other notes are stored in a manner similar to
the first note. In this study, the accompaniment database
consists of pop musical piano scores which appear in the
website [12]. The accompaniment database involves 285
different patterns in total.

4. EXTRACTION OF
MUSICAL COMPONENTS

The proposed method uses four musical components,
namely melody M, chord C, rhythm R, and the number
of all notes AN. The variables M;, Cj, R;, and AN;

represent each musical component with respect to the i-th
measure. The melody M; is obtained from a vocal score
of the original music and is expressed as an 88 = 16 ma-
trix. The study focuses on a phrase corresponding to a
vocal part. A chord is represented by a root note that cor-
responds to a fundamental note and a chord type that in-
dicates constituent notes of the chord. For example,
“CM7” indicates that “C” represents a root note and
“M7” represents a type of major 7th. The chord C;j is ob-
tained from the original chord that is written in the origi-
nal score. A chord is generally composed in the most
popular music genres. This involves measures in which a
chord is changing. In order to consider this case, the
measure is divided into four blocks, and chords of the
original music are assigned to each block of C;. If there is
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Figure 5. The process of generation in the right-hand
part.

a music that is not written as chords, then the information
in the chords can be extracted by using a web service
“Songle” [14]. Rhythm R; is extracted from the rhythm
part that is designated by a user from an original musical
score. Fig. 4 shows the process of rhythm extraction. In
this case, the bass guitar is designated as the rhythm part.
The rhythm R; is represented as a 16-dimension vector.
When the i-th measure of the rhythm part is divided into
16 blocks, the integer corresponding to “0” or “1” is
stored in each element of Rj. The “0” implies that there
are no notes in the block, and “1” implies that there are
one or a few notes in the block. The number of all notes
AN; corresponds to the sum of the number of all notes in
the i-th measure. The maximum value of AN; is set as “1”
to normalize.

5. GENERATION OF PIANO -ARRANGED
SCORE

5.1 Right-Hand Part

Fig. 5 shows the process of generation in the right-hand
part. The process is performed with respect to a measure
with a note number AN; that exceeds a threshold
¢ (0 == ¢ = 1) set by a user. This parameter is intro-
duced to provide an impression of thick sound at a meas-
ure that involves several notes in the original score. A
matrix RightPart; is set as the right-hand part in the i-th
measure. Thus, RightPart; is given as follows:

RightPart; = M; + Add;(R;,C;, AN;) (1)

where Add; denotes a function that selects an additional
note. The algorithm of additional note selection involves
three steps. The first step involves obtaining high accent
blocks from R;. The second step involves determining
candidates for an additional note to consider a chord C; at
high accent blocks. The final step involves selecting an
additional note that is lower than the melody such that it

Accompaniment Matrix Correction of Chord

Figure 6. Harmonization process of the generation of
the left-hand part from the accompaniment matrix.

does not disturb the melody. The operation satisfies con-
ditions (ii) and (iv) that are related to a high-quality piano
arrangement as discussed in section 2.

5.2 Left-Hand Part

The left-hand part is generated by selection from the ac-
companiment database based on Dist; that corresponds to
the distance between an original song and arrangement.
Following the selection, the selected accompaniment is
harmonized based on C;. A matrix LeftPart; is set as the
left-hand part in the i-th measure. The left-hand part and
distance function are as follows:

LeftPart; = Hrm(arg min Dist;(DB) , C;) (2)
Dist;(DB,) = way X |[DBAN, — AN;l
16

twg ® Z IDBR,, ; — Ry (3)

=t

where Hrm denotes a function of giving original chords,
DE denotes an accompaniment database, DB, denotes
the n-th accompaniment matrix, and DEAN, denotes the
number of values that are stored as “1” in DB. Further-
more, way and wg represent the weights. The weights are
introduced to adjust a balance between the degree of a
number of notes and rhythm. Moreover, Dist; denotes a
function that evaluates the similarity between each ac-
companiment and an original musical score. The maxi-
mum value of DBAN,, is set as “1” to normalize. Addi-
tionally, DBR, corresponds to a rhythm of DB, and is
represented as a 16-dimension vector in a manner similar
to R; in section 4. The j-th component of DBR is stored
as “1” if there is a number of other than “0” in j-th col-
umn of DBy. It is stored as “0” if the all components in j-
th column of DBy, are “0”. The process selects an accom-
paniment matrix that minimizes Distjand satisfies condi-
tions (ii) and (iii) that relate to a high-quality piano ar-
rangement as discussed in section 2.

The selected accompaniment matrices are represented
as relative information. Subsequently, it is necessary to
harmonize these accompaniments. Fig. 6 depicts the har-
monization process. For example, an accompaniment
matrix is output as a chord “Dm” as shown in Fig. 6. First,
the bottom row of the matrix is set on root note “D”, and
the other components are translated based on the root
note in a similar manner. The chord pattern “m” denotes
“minor”. When the root note first pitch is set, then “mi-
nor” includes the fourth and eighth pitch. However, there
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are a few notes that are not on the chord “Dm” when
notes are simply translated based on the root note. In this
case, the notes are relocated to the nearest constituent
notes of the chord “Dm”.

It is considered that the generated left-hand part score
is playable since it comprises an existing piano-arranged
score. If the existing piano-arranged score is playable,
then the selected accompaniment in the database is also
playable. The process of left-hand part generation satis-
fies condition (v) that relates to a high-quality piano ar-
rangement as discussed in section 2.

5.3 Correction

There is a possibility of overlapping with respect to the
notes of the right- and left-hand parts if each part gener-
ated in sections 5. 1 and 5. 2 are simply combined. In this
case, the problem is solved by reducing either the right-
hand or left-hand part. However, the method of reduction
results in a few problems. For example, the impression of
a piano-arranged score departs from an original score
because the accent becomes weaker due to the reduction
of notes. Therefore, this problem is solved by relocating
an overlapped note in the left-hand part to the nearest
constituent note that is lower than the overlapped note.
This operation enables the generation of a playable piano-
arranged score by preserving an original impression. This
process satisfies conditions (ii), (iv), and (v), which are
related to a high-quality piano arrangement as discussed
in section 2.

6. RESULT AND EVALUATION

Three pop music songs for a solo piano were arranged by
using the proposed method, and the quality and playabil-
ity of the arranged scores were evaluated. The correlation
between the value of the distance function Dist; and sub-
jective evaluation was calculated. This ascertained as to
whether the distance function Dist; is appropriate for
reflecting the quality of the piano arrangement. The study
also involved investigating as to whether a generated pi-
ano score is playable with respect to a piano player’s
evaluation. The songs used in the study included “Zen-
zenzense” by RADWIMPS, “Senbonzakura” by Kurousa-
P and “Sugar Song and Bitter Step” by UNISON
SQUARE GARDEN. Each score as an input was ob-
tained from the website [15], and the base part was set as
the rhythm part. Thresholds ¢ was set and corresponded
to 0.86 for “Zenzenzense”, 0.83 for “Senbonzakura”, and
0.63 for “Sugar Song and Bitter Step”.

The correlation between the value of Dist; and subjec-
tive evaluation was evaluated by calculating Spearman's
rank correlation coefficient. The subjective evaluation
was performed by eight evaluators including individuals
who can play an instrument. Piano-arranged scores with
values of Dist; corresponding to minimum, median, and
maximum were generated. Thus, there are three patterns
of piano-arranged scores ranging from the worst ar-
rangement to best arrangement. The evaluators randomly
listened to the fore-mentioned three patterns of

. Subjective
Arlthme- variance evaluation
tic mean
of p of p Our Arrang-
method er
zen- 0.59 0.19 5.4 5.8
zenzense
Sen- 0.44 0.39 5.7 —
bonzakura
Sugar
Song and 0.34 0.43 5.6 —
Bitter Step

Table 1. Spearman’s rank correlation coefficient p
and subjective evaluation value.
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Figure 7. The original score of “RWC-MDB-P-2001
No. 5”.

Figure 8. The results of the piano arrangement.

arrangement quality and evaluated the same by using the
following indexes.

: extremely low quality.

: moderately low quality.

- slightly low quality.

: neither low nor high quality.
: slightly high quality.

: moderately high quality.

: extremely high quality.

~NOoO O~ W

The subjective order was set, and it was sorted in the de-
scending order of indexes set by evaluators. Additionally,
the distance values corresponding to the ranking values of
Dist; were set in an ascending order. This is followed by
calculating Spearman’s rank correlation coefficient p
between subjective order and distance order. Additionally,
the process also involved calculating the arithmetic mean
and variance of p. Furthermore, “Zenzenzense” that cor-
responds to a piano-arranged score composed by a pro-
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fessional arranger [12] is also evaluated and compared
with the best arrangement generated by the proposed
method. The result of the evaluation is shown in Tab. 1.
With respect to the playability, two individuals who
could play the piano evaluated the same by playing the
best piano-arranged score in the proposed method. The
obtained results corresponded to views that suggested
that there are a few difficult points although an unplaya-
ble point does not exist.

A part of “RWC-MDB-P-2001 No. 5” recorded in the
RWC Music Database is shown as an example of the re-
sult [16]. The original score is shown in Fig. 7, and the
results of piano arrangement are shown in Fig. 8. The
bass part is set as the rhythm part, and the threshold ¢ is
set as 0.5. Fig. 8 shows scores (a), (b), and (c) in ascend-
ing order of the values of Dist;.

7. CONSIDERATIONS

The results confirmed that correlations existed between
Dist; and subjective evaluations based on the result of
Spearman’s rank correlation coefficient. Specifically,
with respect to “Zenzenzense”, the variance is lower than
that of the others, and a strong positive correlation exists.
It is assumed that rhythm is significantly involved in this
result. The piano arrangement of “Senbonzakura” in-
volves a rhythm that is a slightly different from that of
the original without discomfort since the original rhythm
is simple, and thus it is easier to fit any rhythms. Conse-
quently, it is considered that a piano arrangement score
that is slightly different from an original score also corre-
sponds to a high-quality piano arrangement. With respect
to “Sugar Song and Bitter Step”, it is difficult to deter-
mine an optimum accompaniment from the accompani-
ment database since the rhythm of the original song is
quite complicated. With respect to the rhythm perspective
in “Zenzenzense”, an optimum accompaniment could be
selected because the original song of “Zenzenzense” in-
volves a moderately complex rhythm. With respect to the
calculation of the similarity of rhythm, a more appropri-
ate selection of accompaniment is expected by applying
different weights to each beat based on the importance of
beats such as strong beats and weak beats. With respect
to the quality of a piano arrangement, all songs are evalu-
ated well generally. The piano-arranged score with the
proposed method corresponded to approximately 93% of
the performance relative to arrangements by a profession-
al arranger. Two evaluators indicated that the piano-
arranged score with the proposed method was better than
the piano arrangement by a professional arranger. In con-
clusion, the results confirmed the usefulness of the pro-
posed method.

With respect to the playability, unplayable parts were
not revealed since published scores were used for the left-
hand part. If the published scores are playable, then a
generated left-hand score is also playable. However, the
evaluators indicated that there were some parts that were
not easy to play. Thus, it was assumed that the right-hand
part that includes added notes to the melody is not con-

sidered with respect to playability in the proposed method.

Therefore, this problem can be solved by considering the
continuous of the notes.

8. CONCLUSIONS

In this paper, a piano-arranged score is generated by us-
ing four musical components extracted from an original
score. Furthermore, the study involved defining five con-
ditions necessary for a high-quality piano arrangement.
Subsequently, the piano arrangement process is based on
the five conditions. The proposed method involves con-
structing an accompaniment database in the form of ac-
companiment matrices. The right-hand part is generated
by adding notes of a chord. The left-hand part is generat-
ed by selection from the accompaniment database and
harmonizing the selected accompaniments. Finally, the
right-hand part and the left-hand part are combined with
the correction of overlapping notes.

The proposed method highlights a novelty of the piano
arranging process. Previous studies used all the infor-
mation in each part. The generated piano-arranged scores
are directly affected by the original score. In contrast, the
present study involved generating a piano-arranged score
by using musical components that are abstracted from
musical scores. Therefore, it is easy to generate a piano-
arranged score from acoustic signals. A future study will
involve generating a piano-arranged score from original
acoustic signals. Additionally, future research will exam-
ine the construction of an accompaniment database divid-
ed into difficulty levels. It will also explore generating a
piano-arranged score with respect to difficulty levels.
Furthermore, future study aims also include increasing
musical components of a database to select an appropriate
accompaniment.
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