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ABSTRACT We also propose the concept of an “average song,” as a part
of in-between song, by calculating the averagémusical

In this paper, we propoddusicMean a system that fuses  elements, e.g., notes from several songs.
existing songs to create an “in-between song” such as an |n most circumstances, listeners cannot change an exist-
“average song,” by calculating the average acoustic pitching song. Listeners had to listen to the song as it is unless
of musical notes and the occurrence frequency of drumthey arrange it. Music has always been what listeners lis-
elements from multiple MIDI songs. We generate an in- ten to, but what listeners do not create. Our objective is
between song for generative music by defining rules basedyo realize a new interaction between listeners and musical
on simple music theory. The system realizes the interac-content. MusicMean allows listeners to alter a song to suit
tive generation of in-between songs. This represents newtheir preference via exploration of space in-between exist-
interaction between human and digital content. Using Mu- jng songs.
sicMean, users can create personalized songs by fusing |n the context of researches about musical experiences for

their favorite songs. novices, many new instruments, interfaces or applications
are proposed. Blaine and Fels explored the context of the
1. INTRODUCTION research on collaborative musical experiences for novices

. o ~including music composition experiment and introduced

Because composing songs from scratch is difficult for in- hem on [1]. MusicMean also provides user a new mu-
experienced people, musical composition used to be the actjca| experience using existing music rather than creating
of expression only approved for people with musical sense.\yhole new sound from scratch. To support novice users
However, the development of music creation software hasompose music, there are researches area called Computer-
made it easy for a wide range of people to create music. agsisted Composition (CAC) [2-5]. MusicMean can also
Despite easy-to-use music creation software, some peoplepe regarded as an application in the context of CAC with
particularly those who are not accustomed to expressing, possibility to expand creativity of novice users. At the
their feelings through music, have difficulty creating orig- same time, MusicMean is music exploration tool so that
inal music. Therefore, we proposéusicMearR—a music e yser does not have to intend to compose but enjoy the
creation system that allows users to create songs by fUS'”%enerated song itself.
existing songs. _ The remainder of this paper is organized as follows. Re-

Music eVOka_SUbleCt'_Ve IMpressions. For example, peo-|ated work is discussed in Secti@nWe present an outline
ple feel that_ this song is good” or “this song lacks mean- ¢ ihe proposed system in Sectin The averaging con-
ing." Such impressions are spontaneous and occur evenyent and its related calculations are discussed in Sedtion

though the listener does not have a good grounding in mu-gegits, conclusions, and suggestions for future work are
sic theory or does not possess musical sense. These iMgiven in Sectiors.

pressions can be a source of creativity. MusicMean enables
users to create a new song interactively by fusing songs de-
pending on the user’s impressions of existing songs. Thus, 2. RELATED WORK

people with little musical knowledge or experience can Research has been performed on the creation of new songs
construct personalized music content while listening to the o components of a song, e.g., melody, using existing
fused”mus_lc. We call this fused music an “in-between gqn45. Melody morphing is a representative technique to
song.” While this may not actually be original song writ-  f,se two melodies. Hamanakaal.[6] proposed a method
ing, it appeals to an essential motivation for music compo- 4, morph two melodies using generative theory of tonal
sition. MusicMean represents a small step toward an era insic (GTTM) [7]. The GTTM makes it possible to morph
which everyone can create personalized musical content,,q|odies based on notes common to two melodies. How-
Our goal is to realize such a content creation environment. o e requiring common notes makes it difficult to generate
a fused melody from any two input melodies. In addition,
Copyright: ©2015 Tatsunori Hirai et al. This is an open-access article distributed  the melody morphing is the method to naturally transform
under the terms of thereative Commons Attribution 3.0 Unported Licenwaich one melody to another melody seamlessly which does not

permits unrestricted use, distribution, and reproduction in any medium, provided

o ) 1In this paper, the term “average” refers to the equally mix and the
the original author and source are credited. term “in-between” refers to the arbitrary mix.



focus on the intermediate melody. Therefore, our proposed SELECT PLAY | MIX
method constructs songs using an averaging operation tc B TR .

generate in-between notes rather than considering gener  song list «[ ol

ative music models which is used in a melody morphing

method. Melody morphing can generate a new melody by

fusion; however, our goal is to generate a completely new

song. Therefore, we consider fusing rhythm components,  Drag
e.g., drum sequences and melody. & Drop

Wooller and Brown described a music morphing method .
in their survey paper [8]. The approaches introduced in Movea bar Melody
that paper describe a morphing method for the essence o
music rather than morphing the entire song. To the best
of our knowledge, the only system that actually morphs
songs isMMorph, which was proposed by Oppenheim [9].
MMorph provides a music morphing interface with an in-
put of up to four songs and several user input morphing
algorithms for each music element. Although the user in-
put can help people fuse music, it may complicate the fu-
sion experience. Therefore, we realize the fusion of songs,
without the selection of detailed parameters. The propose
system requires only the selection of songs and a mixing
rate; thus, users are free to fuse songs intuitively.

Reusing existing content to make new music content is
a style of song fusion. For example, Hoffmanal. [10]
turned a Young MC song into an MC Hammer song us- 3. PROPOSED SYSTEM
ing spectral matching with Markov chain Monte Carlo
sampling. This approach of taking databases of recordedig. 1 is a screen capture of the proposed MusicMean sys-
sounds and attempt to combine them to produce a sounde€m- In MusicMean, the MIDI files of each song and a
matching a target specification is called audio mosaicing. blend rate, which represents a ratio of fusion, are the in-
Hoffman’s method is a probabilistic approach that realizes Puts. The system calculates in-between musical notes us-
audio mosaicing. In audio mosaicing approach, the au- ing the notes from the source song and the blend rate. Once
dio signals of songs are considered; however, melodies othe user has selected a song from a list, the system plays it.
symbolic notes are not considered. To generate a new songAfter adding more song and providing a blend rate, the pro-
more semantic and symbolic information such as melody posed system calculates the in-between musical notes and

should be considered. To handle melody, we use the MIDI Plays the resulting in-between song in real time. The user
file format as an input music sample. can listen to the in-between song and interactively change

the blend rate until the system plays a song that satisfies

Reusing existing content to make new content is an s  Th r can create an in-between sond by sim
tablished approach in content creation. Some research € user. The user can create an in-between song by sim-

has generated new music videos by mixing existing music ply c_jragging and droppin_g the Songs they wish to fuse and
video content. Hiraét al. [11] proposed a mashup music setting the blend rate with a sliding bar. There are two

video generation system that reuses video content based oﬁqleeroddmgéo agg:/cier:erasl ;ﬂﬁf;hizf%gigéﬂ;"ri'c')rte?sp;)nagd
audio-visual synchronization. Nakaebal.[12] proposed Y- BY g g bar, P 9

DanceReProducewhich is a mashup music video author- from one to the other in an aspect of tempo and melody re-

ing system that employs a statistical audio-visual model. spectl'vely. .
Note that the mashup of content is suitable for beginners, MusicMean can also fuse more than two songs. Eig.
and Davieset al. [13] proposedAutoMashUppera sys- shows a screen capture of the multisong rr_uxture mode.
tem to mashup multiple songs according to a mashability E2h song is allocated to a vertex of an n-sided polygon,
measure. However, such mashup approaches reuse orig@d the user can mix songs by moving a control point. The
nal content: therefore, the resulting content is a mixture of Multisong mixture mode allows users to generate an aver-
the original content rather than new and fused content. We29€ song for a specific musician or album.
aim to make new content which inherit the mood of origi-
nal songs. In this context, the difference between new and
original may seem ambiguous. However, through fusion,
the songs MusicMean can generate will bridge the bound-we yse MIDI files as input to MusicMean. As a result,
ary of new and original songs. we do not have to consider sound source separation. Mu-
Music generation methods based on statistical modelssicMean fuses melody and rhythm parts separately by us-
have also been proposed [14, 15]. This approach generatesg an averaging operation to generate an in-between song.
new song based on a generative model constructed fromrhe system calculates the in-between musical notes from
training data (i.e., songs). However, such systems are lim-the input MIDI files and the user-specified blend rate.

€

Figure 1. MusicMean screen capture.

ited in how they can reflect user preference because such
statistical models cannot be constructed intuitively. Taking
these factors into account, our goal is to realize a system
that can fuse existing songs intuitively with minimal user
input. The proposed system uses a mathematical averaging
operation for the fusion of songs rather than the construc-
tion of a model for content generation.

4. FUSION METHOD
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Figure 3. Musical note averaging operation.
Figure 2. Generating an average song with more than two
songs (Making an average song of a specific artist.) 4.3 Melody averaging operation

To generate an in-between song, we must consider
4.1 Scope of consideration in MusicMean melodies. Fig4 shows the flow for handling melodies.
To apply the averaging operation, the system first decom-
poses all notes of each song into sixteenth notes to align
the length of all notes. The proposed system then com-

Because we handle MIDI files as input, the output sound is
also in MIDI format. Therefore, we cannot consider some

elements such as timbre of the songs. Although the instru- . 7
ment type can be considered by a MIDI parameter, we arePares each sixteenth note from the beginning of the both

planning to handle these factors in our future research and>Ongs: After.the averaging operation is performed, the sys-
only focus on the song itself for the current version. tem recombines all the sixteenth notes such that the length

Therefore, MusicMean does not handle singing. In ad- of each note is as close as possible to the shortest note

dition, the number of instruments between fusing songs among the original notes.
should be same in current implementation. Accordingly,

. . 4.4 Generating musical sound
we define the “song” as the music composed of one or g

more melody tracks (instruments) and a rhythm track. By applying only the averaging operation, the obtained in-
between melody will be a series of notes that may not seem
4.2 Musical note averaging operation to be arranged as a piece of music. MusicMean makes the

When the user-specified blend rate is 0.5, the system gen—reSUItIng sound more m_u5|ca| k.)y considering basic music
. . theory. Before calculating an in-between frequency, the
erates average musical notes based on a geometric mean

operation. An average note can be calculated using thesystem estimates the musical key of the in-between song.

pitch £, of a note of one song and pitgh of a note of By acquiring a histogram of each note from a song, a chro-

another song. The frequency (pitchpf the average note magram for each song can be generated. The weighted
is calculated using the following equation. sum of the chromagram corresponds to the chromagram of

the in-between song. Here, the weight is the blend rate and
= T the musical key of an in-between song is determined based
F=vhxf (1) on the top seven notes of the chromagram.

For example, for C4 (261.2 Hz) and E4 (329.6 Hz) notes Using the generated musical key, the system estimates
with a blend rate of 0.5 (50%), the average note will be chords in each musical bar with reference to music the-
293.7 Hz, which is the pitch of D4. Here, the average fre- ory. Thus, a musical key of whole song and chords for
guency may be a sound that is not associated with a musi-each bar of music can be determined. Finally, the system
cal note. In this case, the note will be rounded off to the rounds off the in-between frequency to the pitch of near-
nearest musical note in 12 equal temperament. FHiljs- est musical note that composes the chord in each musical
trates the averaging of musical notes. bar. Thus, all musical notes in an in-between song become

This averaging operation can be extended to generatinga note from 12 equal temperament and the melody of an
an in-between note. An in-between note can be calculatedaverage song adheres to the basics of music theory which
using pitchf; of one song’s note and pitcfy of another follow the chord.
song’s note. With the blend rate the frequency (pitchy’
of the average note is calculated using the following equa-4.5 Drum averaging operation

tion. The system also calculates average drum patterns by gen-

p o 1-a erating a mixture distribution of probabilities for each type
=Rt 2) of drum in each song. Drum sounds do not represent a
When the blend rate is 0.5, Eq. B) corresponds to the  specific musical scale (there are exceptional cases such as
geometric mean. Here, the output frequency value will be the vibraphone or the tom-toms). Therefore, the averaging
rounded off to obtain a musical note. operation for drum parts differs from the above-mentioned
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Figure 5. Drum pattern averaging operation.
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) J 4.6 “In-betweening” of more than two songs
J i o #$ An in-between song generated from more than two songs
L D F . can also be obtained as an extension of the above pro-
C e cesses. For melody fusing, the in-between frequency

(pitch) X of more than two songs can be calculated with
the following equation.

Figure 4. Melody averaging operation. X=a®xtPx x5 [H] 3)

method. We tested several approaches for averaging druntiere, a, b, and, z are pitch values, and, 5, and,¢ are

patterns. We selected a method in which the overall drumblending rates.

pattern does not differ significantly in each musical bar but For musical key estimation, chord estimation, and drum

only changes slightly at regular intervals. pattern histogram calculation, the weight in a weight sum
Fig. 5 illustrates the averaging of drum patterns. We de- corresponds to the blend rates for each song. Note that the

scribe the drum pattern as a binary sequence of sixteentsum of the blend rates totals 1.

beats (0 refers to silence; 1 refers to a sound). For each type )

of drum, the system generates a drum pattern histogram4:7 Extrapolation song

The drum pattern histogram describes the time at which ajn the above, we have described a method to generate an
drum sound is produced in a given musical bar. Note thatin-between song, which corresponds to an interpolation
the number of histogram bins is 16. By calculating the of songs. MusicMean can also generate an extrapolation
weighted sum of the histograms, an in-between drum pat-song, in which a factor of song B can be subtracted from
tern hiStOgram can be obtained. This hiStOgram indicatESSong A. The process for generating an extrapo|ation song
the probability of when a drum sound will be producedin a s simple. By setting blend rate t@ > 1.0 or a < 0.0,
musical bar. If the value is 0.5 for a given timing, the drum  the system can calculate an external melody and external
will sound at that timing at a 50% probability. rhythm pattern.

Using this drum pattern histogram, the overall drum pat-
tern will be similar; however, it will differ slightly in each
musical bar. In the current implementation of MusicMean,
the system does not consider differences in time signature MusicMearallows users to create personalized songs from

Thus, the proposed system outputs an in-between song selection of songs and blend rate tuning. A song created
by calculating the in-between note for each instrument andusing the proposed system preserves the characteristics of
the in-between drum pattern for each sixteenth note stepthe original songs. This means that if the user wants to
This process of generating an in-between song is relativelypreserve the essence of one song while integrating another
simple and can run in real time, which allows the user to song, they can achieve this by manipulating the blend rate
create and listen to new fused songs interactively. by moving a sliding bar. For example, the user can make

5. RESULTS AND CONCLUSION



rock music quieter by blending ballads. In addition, an
average song for a specific musician or album can be gen-
erated with MusicMean. The evaluation of the in-between
songs and the system is our future work. Early reactions tol4]
the proposed system are indicating that users can feel the
essence of each original song. However, generated songs
often sound strange so that the improvement of the generg)
ation quality is a important subject that we have to tackle.

In the future, we plan to further analyze in-between songs
as well as the evaluation.

Note that an in-between song produced by MusicMean
demonstrates some common traits. For example, even aff6]
ter tonality is considered, many minor notes are generated
by averaging operation which is not so common in human
generated songs. Therefore, MusicMean tends to gener-
ate strange melodies. We are planning to solve this prob
lem by considering constraint of more detailed music the-
ory. Another trait is that the melody of an in-between song
tends to be flat when mixing many songs because the aver
age converges when many samples are considered. In this
case, a statistical model such as HMM based music gen-
eration [15] may be better suited for this purpose than the
MusicMean fusion approach.

The concept of an average song and an in-between son{f]
has great potential for user-personalized music generation.
Note that the proposed system represents only an initizréo]
phase of our research. We believe that there may be a better
method to generate an average song. For example, modu-
lating the keys of an original song, which was not consid-
ered in the current study, may be useful for generating fy1]
more effective average song. The proposed approach pre-
serves the mood of an original song well; however, there
may also be better ways to achieve this. Further the explo-
ration of the averaging method and ongoing development
of the proposed system are planned for future work. [12]

As people change the flavor of a dish to their own
taste by seasoning, digital content can be equally flexible.
MusicMean demonstrates a potential to lead us to next-
generation content production and music consumption. [13]
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