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ABSTRACT

This paper describes a music arrangement method of popular music
that can convert a band score into a piano score with a steplessly-
specified level of performance difficulty. The basic strategy of band-
to-piano score arrangement is to select notes from an augmented
band score obtained by up- and down-shifting the notes of an original
band score by one octave. Given band scores and the corresponding
piano scores with elementary- and advanced-levels, one can train a
deep neural network (DNN) that estimates note masks conditioned
by the difficulty levels. Conditioned by an intermediate level at run-
time, however, the DNN tends to generate an advanced-level score.
To solve this problem, assuming that an easier piano score is a subset
of harder one, we estimate the basic importance of each note with a
difficulty-agnostic DNN and then warp it with a power function de-
pending on a specified difficulty level. To achieve the fine controlla-
bility of the difficulty level, we propose a training method that sub-
jects the DNN to generating piano scores with various intermediate
levels, where the note-level loss for those scores is evaluated using
only the ground-truth elementary- and advanced-level scores. Con-
sidering the non-uniqueness of piano arrangement, the statistic-level
loss with respect to the note density and polyphony level is also com-
puted according to the given levels. The experimental results showed
that the proposed method attained both the performance gain and the
stepless difficulty control.

Index Terms— Automatic piano arrangement, score reduction,
symbolic music processing, deep learning

1. INTRODUCTION

One typical way of music arrangement is to change the instrumenta-
tion of a musical piece while preserving its essential musical content
(rhythm, melody, and harmony). Much effort has been devoted to
automatic piano arrangement [1-5], guitar arrangement [6-8], and
orchestration [9-11]. In this paper we tackle piano arrangement of
band music with stepless difficulty control.

One of the most important requirements in band-to-piano score
arrangement is to allow a user to steplessly control the difficulty level
of the generated piano score according to his or her skill and pref-
erence (Fig. 1). If a user gradually moves the slider of the difficulty
level from the elementary level to the advanced level, it would be bet-
ter in terms of usability that the generated piano score also changes
gradually, i.e., notes are added gradually. The underlying assump-
tion is that an easier-level piano score can be obtained as a subset of a
harder-level score if both scores originate from the same band score.
Since the music arrangement is a challenging one-to-many mapping
task, this assumption can effectively reduce the search space.
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Fig. 1. The proposed band-to-piano score arrangement system with
stepless difficulty control.

The score reduction approach has typically been taken for band-
to-piano score arrangement. One can obtain a piano score by se-
lecting notes from an augmented band score obtained by up- and
down-shifting the notes of an original band score by one octave.
Given paired data of band scores and the corresponding piano ar-
rangements, which are typically categorized into only elementary
and advanced levels, one can train a DNN that estimates masks used
for note selection, conditioned by the difficulty levels [12]. Con-
ditioned by an unseen intermediate level at run-time, however, the
DNN trained with binary conditions tends to generate an advanced-
level piano score.

Under these circumstances, we propose a difficulty-controllable
band-to-piano score arrangement method based on the score reduc-
tion approach (Fig 2). This method estimates the basic importance
¢ of each note in an augmented band score with a difficulty-agnostic
DNN and then warps it with a difficulty-dependent power function
@, where a harder level takes a smaller . If the resulting impor-
tance ¢~ exceeds a threshold, the notes is selected to be included in
the piano arrangement. The estimated importance ¢ is thus guar-
anteed to monotonically increase according to the difficulty level.
Thanks to the differentiable warping function, the DNN and the val-
ues of « for the elementary and advanced levels can be optimized
jointly using paired data consisting of only these two levels. The
value of o between these two values can then be used for an inter-
mediate level.

To improve the controllability of the difficulty level at run-time,
i.e., to let the generated piano score steadily change from the elemen-
tary level to the advanced level, we subject the DNN to generating
piano scores with various intermediate levels not limited to the el-
ementary and advanced levels in the training phase. The essential
problem is that such generated piano scores cannot be evaluated be-
cause only the elementary and advanced piano scores are given as
the ground-truth data.

Considering the non-uniqueness of band-to-piano score arrange-
ment as suggested in [12], we propose a regularized training method

Authorized licensed use limited to: Kyoto University. Downloaded on September 17,2024 at 05:41:00 UTC from IEEE Xplore. Restrictions apply.



Difficulty conditioned model

,
o

Importance estimation model

. a
Onset importance ¢ 0

(Elementary)
U-Net Basic importance ¢
Onset importance ¢(11

(Advanced)

Fig. 2. Comparison of the conventional and proposed methods. The
conventional method directly estimates the selection probability for
each note of a band score with a DNN conditioned by a difficulty
level. The proposed method first estimates the basic selection prob-
ability for each note with a difficulty-agnostic DNN and then warps
it according to the difficulty level.

based on note- and statistic-level (instance- and distribution-level)
criteria that can evaluate piano scores with arbitrary difficulty levels.
When a piano score with a randomly-sampled level is generated, its
note-level loss is a weighted sum of the loss using available ground-
truth scores. To regularize the training, the statistic-level loss of the
generated score is also introduced such that the distributions of the
note densities and the polyphony levels are made close to those cor-
responding to the randomly-sampled level.

The main contribution of this study is to propose neural piano
arrangement based on note importance estimation for run-time step-
less difficulty control. We experimentally investigate the potential of
note importance estimation in difficulty control and the effectiveness
of considering the both the note- and static-level losses.

2. RELATED WORK

A standard approach to piano arrangement of multi-instrument mu-
sic (e.g., orchestra and popular music) is score reduction based on
note selection. Huang et al. [11] proposed an orchestration method
that generates a score of a specified musical instrument from a score
of ensemble music by segmenting the instrument tracks in terms
of musical content, determining their musical roles (e.g., lead and
pad), and selecting phrases. Takamori et al. [3] proposed a band-to-
piano arrangement method that focuses on musical content such as
melodies, chords, rthythms, and the number of notes extracted from
an original score. This method selects accompaniment patterns from
a database of accompaniment parts collected from piano scores of
popular music. They further attempted piano arrangement from au-
dio data [13]. Wang et al. [14] pointed out that the use of predefined
accompaniment parts leads to a limited variety of arrangements and
thus used a DNN for flexible piano arrangement. These arrangement
methods focus on the constraints of piano scores in terms of the note
density and the number of simultaneous notes.

The player’s performance skill has recently been considered as
an important factor for music arrangement. Nakamura ez al. [4]
pointed out that the weights of the constraints on piano score should
be varied according to the player’s skill and that more strict con-
straints are needed for elementary-level players. They proposed a
method that represents the performance difficulty as a continuous
variable and also compared the difficulty levels in terms of the fre-
quency of performance errors. Our previous band-to-piano arrange-
ment method can generate only elementary- and advanced-level pi-
ano scores, where the note statistics are considered to deal with the
non-uniqueness of piano arrangement [12].

3. PROPOSED METHOD

This section describes the proposed method that converts a band
score into a piano score with an arbitrary difficulty level.

3.1. Problem Specification

Our goal is to convert a band score X 2 {Xa, Xy} into a piano
score Y £ {Yr,Yr} with an arbitrary difficulty level v € [0, 1],
where X4 2 {O4,Pa} and X1 £ {Owr, Py} represents the con-
densed accompaniment part and the melody (vocal) parts, respec-
tively, and Y1, 2 {Or,PL} and YR £ {Og, Pr} represent the left-
and right-hand parts, respectively. Each part is represented as an on-
set matrix O.. € {0,1}7*" and a pitch matrix P, € {0,1}7*¥
(* € {A,M,L,R}), where P represents the number of pitches
(P = 128) and N represents the number of tatums (sixteenth notes)
of the piece. In the melody part of the band score, for example,
Owm(p,n) = 1 represents the presence of an onset at pitch p and
tatum n and Pm(p,n) = 1 represents the presence of pitch p at
tatum n. Leth € {L, R} denote the left or right hand part.

To train a DNN-based conversion model, we use pairs of band
and piano scores as training data. Note that each X in the training
data is associated with a piano score Y with either of the elementary
and advanced levels, i.e., intermediate-level piano scores are not in-
cluded in the training data.

3.2. Score Reduction Approach

We take the score reduction approach to band-to-piano arrangement.
The statistical analysis of existing piano arrangements showed that
on average, 92% of the notes on the right-hand part and 81% of the
left-hand part are derived from the notes from an augmented band
score obtained by up- and down-shifting the notes of an original band
score by one octave [12]. This fact justifies the assumption underly-
ing our score reduction approach that a reasonable piano score can be
obtained by selecting important notes, with octave shifts if necessary,
from an augmented band score, i.e., a piano score can be obtained as
a subset of an augmented band score. Let Og € {0,1}7*" be an
augmented onset matrix given by

Os(p,n) = (Oa(p+4,n),0Om(p+4,m), (1)

max
je{—12,0,12}
where j € {—12,0, 12} represents the octave shift.

Given a difficulty level -y, we estimate selection probability (note
importance) matrices 7 £ {7y, wr } for the notes of an augmented
band score, where 7, wr € [0, 1]P XN represent the importance
matrices used for estimating the left- and right-hand parts of the pi-
ano score. The note importance is defined at only the note onsets
of the augmented band score, ie., if Og(p,n) = 0, wp(p,n) =
7r(p,n) = 0. The piano onset matrices Or, and O are obtained
by binarizing 7r1, and 7r with a threshold, respectively. The piano
pitch matrices Py, and Pr are determined by referring to the onsets
and durations of the selected notes of the augmented band score.

3.3. Supervised Training

In the training phase, a pair of a band score X and the corresponding
elementary- or advanced-level piano score Y is given. A lot of such
pairs are given as training data in practice, but no intermediate-level
piano scores are available, i.e., only elementary- and advanced-level
piano scores can be used as target data. Using such training data, we
jointly optimize the U-Net parameters and the power exponents o
and «; corresponding to the elementary and advanced levels. A key
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Fig. 3. The detailed architecture of the U-Net. The numbers in the
parentheses represent the change in the number of channels. Skip
connection denotes concatenation of channels.

feature of the proposed method is that piano scores with randomly-
sampled difficulty levels not limited to the elementary and advanced
levels are generated in the training phase.

We first estimate difficulty-independent importance matrices
¢ 2 {¢1, Ppr} with a convolutional neural network (CNN) called
the U-Net [15] that takes the band score X as input (Fig. 3), where
oL, dr € [0,1]7*" represent the basic importance values over the
pitch-tatum space used for estimating the left- and right-hand parts,
respectively. To estimate the difficulty-dependent matrices m, we
then warp ¢ with an element-wise power function as follows:

L = ¢ ® Og, ﬂ'R:(ﬁg’Y@OB, 2)

where © denotes the element-wise product and ., is a power ex-
ponent depending on the difficulty level v € [0,1]. Note that a
lower a., is used for a higher level v, ie., 0 > @y > a1 and
o0 < ¢y < ¢yt (Fig. 4). The power exponent cv, correspond-
ing to an intermediate level v is computed with linear interpolation
between o and o corresponding to the elementary and advanced
levels (optimized as explained later) as follows:
oy = (1= y)ao +yan. 3)

Using a difficulty-independent threshold for 7r1, and 7rr, a larger
number of notes are selected for a higher-level piano score.

Considering the non-uniqueness of piano arrangement, the im-
portance matrices 7 given by Eq. (2) are evaluated at the note and
statistic levels (instance and distribution-level matching). When a
target level vy is equal to the difficulty level (O or 1) of the ground-
truth piano score, the note- and statistic-level losses can be computed
in the same way as [12]. We here propose a novel regularized train-
ing method that minimizes the sum of the note- and statistic-level
losses computable for an arbitrary level .

3.3.1. Note-Level Loss

We define the note-level loss for evaluating the importance matrices
7 estimated for a difficulty level v € [0, 1]. If the ground-truth onset
matrices O 2 {Op,, Or} of the left- and right-hand parts with the
same difficulty level  are available, one can use the modified binary
cross entropy defined as follows:

BCE(w,O) = — Z Z Z (w - On(p, n)log mn(p, n)
he{L,R} p=1 n=1
+ (1 — Ouw(p, n)) log(l — 7 (p, n)))7 4

where w > 0 is a weighting factor used for compensating for the
imbalance of the numbers of onset and non-onset frames (w = 4 in
this paper). This strategy, however, cannot be applied to the case of
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Fig. 4. Note importance warping with power functions.

~ ¢ {0, 1}. We thus propose to use the following loss:

at _ {(1 — 1)BCE(r, O) if level (0) = 0,

vBCE(mr, O) if level(O) = 1, ®

where level(O) represents the difficulty level of O. For example,
when v = 0.3 (closer to the elementary level), the binary cross
entropy of 7r for the elementary- or advanced-level piano score is
considered with a wight of 0.7 or 0.3, respectively.

3.3.2. Statistic-Level Losses

We define the statistic-level losses used for regularizing the super-
vised training of the U-Net with the note-level loss. Let CIY (n) de-
note the polyphony level (the number of concurrent pitches) at tatum
n, and let C(m) denote the note density (the number of onsets in
a measure) at measure m, in the estimated piano onset matrices O
(h € {L,R}), which are given by

Ci(n) =) Ou(p,n), Ci*(m)= > > Oul(p,n). (6

neG(m) p=1

where G(m) represents the set of tatum indices in measure m. Note
that the piano onset matrices Or, and Og are stochastically deter-
mined according to 7rr, and 7R, respectively, in a differentiable man-
ner with the gumbel sigmoid function [16], instead of performing
simple thresholding used at run-time.

We then compute the empirical distribution (histogram) Qf &

[0, 1) 4+ by normalizing the tatum- or measure-level frequencies
Cg over all possible values, where I¢ represents the maximum
polyphony level or the maximum note density and d € {lv,ds}
represents the polyphony level or the note density.

We aim to make the histogram Q{ close to the ground-truth
histogram Qﬁﬁ corresponding to the difficulty level v in a distri-
butional sense. What we can do with the training data, however,
is to estimate the ground-truth histograms Qﬂ’o and Qﬁyl from the
existing elementary- and advanced-level piano scores, respectively.
Another key feature of the proposed method is to estimate the in-
termediate histogram Qﬁﬁ with Wasserstein interpolation between
Qﬂyo and Qi ; [17]. The static loss with respect to d € {lv,ds} is
given by the Jensen-Shannon (JS) divergence as follows:

£t = Z Djs (Qg,"/ [ Qg) . @)

he{L,R}

4. EVALUATION

This section reports an experiment conducted for evaluating the ef-
fectiveness of the proposed method.

4.1. Experimental Conditions

We collected 184 pairs of band and piano scores (85 elementary-
level arrangements and 99 advanced-level arrangements). We used
randomly-chosen 138 pairs as a training set, and the remaining 46
pairs as a test set. We set the analysis window size to 12 measures
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Table 1. The F-measures were evaluated for the ground-truth scores (left side of slash) and for their modified version obtained by removing
notes not included in the augmented scores (right side of slash). The statistic-level losses were measured for three difficulty levels v = 0,0.5, 1

Losses F [%] LY (x10?) L5 (x10?)
£t gvoopds ot ooopglvo oLl Left Right Elm Med Adv | Elm Med Adv
Conventional | v 209/228 553/580 | 153 126 114|554 172 101

v 253/280 562/586 | 159 882 843 | 543 355 535
Proposed v v v 252/275 579/60.7 | 11.0 7.41 9.66 | 481 4.11 9.70
P v 248/2677 57.8/60.6 | 114 929 134 | 9.65 7.63 139
v v v 24.8/268 559/584 | 114 796 137 | 6.87 543 14.6
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Fig. 5. The distributions of polyphony levels for the left- and right-
hand parts with difficulty levels v = 0,0.5,1. The top row shows
the ground-truth distributions for v = 0, 1 and their barycenter for
v = 0.5. The middle and bottom rows show the distributions com-
puted from piano scores estimated by the conventional and proposed
methods.

and assumed the time signature to be 4/4. When the length of a mea-
sure was shorter than 16 tatums, it was fill with silent. Conversely,
when a measure was longer than 16 tatums, the first 16 tatums were
preserved. Data augmentation was performed on the training set by
transposing the keys by from 1 to 11 semitones.

For the U-Net, we set the kernel size to 4, stride to 2, and
padding to 1. Dropout (p = 0.5) was applied to all the deconvolu-
tional layers. The Adam optimizer with a learning rate of 10~% was
used for training [18]. We set the threshold to 0.5. The note-level
and statistic-level losses were treated equally.

4.2. Experimental Results

We examined ground-truth piano scores and investigated how much
notes of the elementary-level scores were included in the advanced-
level scores. In 55 pairs of elementary- and advanced-level piano
scores, 75% of the right-hand notes and 47% of the left-hand notes
of the elementary-level scores were included in the advanced-level
scores. This result shows that for the right-hand part the assumption
that an elementary-level score is a subset of an advanced-level score
is appropriate, and for the left-hand part the assumption might not
hold. Considering the non-uniqueness of piano arrangement, this
assumption still seemed reasonable for our task to effectively reduce
the solution space.

Table 1 shows the evaluation results. The proposed method out-
performed the conventional method in terms of not only F but also
LY and £%. We found that £! and £%° were reduced for intermedi-
ate levels. Using intermediate scores (Leq) With random difficulty
levels was not found to be effective. Fig. 5 shows that the proposed
method is capable of fine control at intermediate levels.

Fig. 6 shows examples of piano arrangement estimated with the
proposed model trained with the statistic-level losses without the in-
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Fig. 6. The output piano score Y estimated by the model optimized
with £ + £ 4 £ for a difficulty level ~. The larger , the more
difficult the piano score. The red notes represent the notes added to
the one-step easier score.

termediate losses, where v represents the difficulty level. It was ob-
served that the more difficult the piano score, the greater the number
of notes (see other examples on our webpage').

5. CONCLUSION

We proposed a neural piano arrangement method that can control
the difficulty levels of output piano scores in a stepless manner. This
method uses a difficulty-agnostic U-Net for estimating the basic im-
portance of each note in an augmented band score and then warps
it with a power function depending on a specified difficulty level.
Given a band score, an easier-level piano score can thus be obtained
as a subset of harder-level one.

Experimental results showed that the regularized training with
the note- and statistic-level losses improved the onset match rate and
statistical characteristics. We quantitatively confirmed that the pro-
posed method can control the difficulty level steplessly. On the other
hand, we have observed that the intermediate loss does not effec-
tively improve the onset match rate and statistic distance. We plan to
conduct a subjective evaluation experiment to examine the validity
of the output piano scores for human performance.

Thttps://teraomoyu.github.io/difficulty-controllable-piano-
arrangement.github.io/
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