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ABSTRACT

This paper presents a novel musical performance system named
onNote that directly utilizes printed music scores as a musical
instrument. This system can make users believe that sound
is indeed embedded on the music notes in the scores. The
users can play music simply by placing, moving and touch-
ing the scores under a desk lamp equipped with a camera and
a small projector. By varying the movement, the users can
control the playing sound and the tempo of the music. To
develop this system, we propose an image processing based
framework for retrieving music from a music database by
capturing printed music scores. From a captured image, we
identify the scores by matching them with the reference mu-
sic scores, and compute the position and pose of the scores
with respect to the camera. By using this framework, we can
develop novel types of musical interactions.

ACMClassification: H5.2 [Information interfaces and pre-
sentation]: User Interfaces. - Interaction styles.; I.4.8 [Image
processing and computer vision]: Scene analysis. - Object
recognition.

General terms: Algorithms, Design, Human Factors

Keywords: musical instrument, image retrieval, tangible
interface

INTRODUCTION

Throughout time, music has played an important role in peo-
ple’s daily life. People usually experience music a part of
their everyday life in different forms: listening to music,
playing music or composing music. In addition to being a
source of entertainment, music is also used in therapy is as
an effective tool to heal patients undergoing medical treat-
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ment [6]. For seeking further possibilities of the use of mu-
sic, we investigate novel forms of playing music and music
technologies.

Because of the advances in the field of computer technol-
ogy in recent years, digital musical instruments have been
developed for modern musical performances in the field of
interactive art [24, 5, 15, 28, 23, 16, 20, 2, 3, 14, 22]. In
such instruments, sound can be easily edited and controlled
in real-time. For other music-related technologies, digital
support using a computer is incorporated into the framework
of music composition [10] and music playback systems [13].
However, one of the drawbacks of such digital music media
is a lack of semantic relationship between the physical inter-
face and the music generated from those media. If there is
no such apparent relationship, it is difficult for users to in-
tuitively understand how to use such media well. For exam-
ple, we cannot accurately deduce the type of music from the
appearance of music records or CD-ROMs. Further, users
may need to play music only with their own musical sense if
there is no methodology to give a good musical performance.
By semantically connecting instruments with music, we can
produce a musical performance that is more natural, intuitive
and comprehensible than a performance without such a con-
nection.

In this paper, we propose a musical performance system us-
ing printed music scores as a musical instrument as illus-
trated in Figure 1. In this system, the scores do not include
any additional fiducial markers. Users can play music eas-
ily and intuitively by tracing the music notes on the scores
with fingers and composing music by connecting the small
pieces of the scores. Compared with traditional systems, the
proposed system is more comprehensible because users can
visually understand what they are playing from the scores, at
least the existence of the sound, and play music as written in
the scores.

To develop the abovementioned system, we propose a frame-
work for retrieving music from a music database by capturing
printed music scores using a camera to establish a connection
between the scores and the digital information. The purpose
of our research is similar to [11]. For the database, we first
link the scores and their music. When users capture one of



Figure 1: The proposed musical instrument is printed
music scores. Users do not need to have any special
devices. By putting, moving and touching the scores
under a desk lamp, users can play various music per-
formances.

the scores, the captured score is identified by using an image
analysis method to retrieve the corresponding music in real-
time. This issue can be described as the image retrieval of
music scores. Normally, we cannot apply general image re-
trieval methods [21] to music scores because of a lack of rich
texture on the scores. Instead, we modify a method for doc-
ument image retrieval [19] and apply it to music scores by
taking a common point such that both documents and mu-
sic scores have a binary texture. In our prototype system, a
camera is embedded into a desk lamp to capture the scores, as
illustrated in Figure 1. By using the proposed framework, we
can enhance the functionality of the printed music scores by
connecting physical papers with digital information. More-
over, we develop a novel type of interaction that connects
human beings with music such that the users can believe that
sound is embedded on the music notes in the scores.

The rest of the paper is organized as follows: in the next
section, we review traditional digital musical performances
and image processing technologies for music scores. Then,
we present an overview of the proposed system, a retrieval
technique for music scores, and novel musical performances
given using the proposed system. In the experimental sec-
tion, we describe the robustness, performance, and limita-
tions of the proposed system. Finally, we present a summary
of the future works.

RELATED WORKS

In this section, we first introduce the related works on digital
musical performances and image processing technologies for
music scores.

Digital Musical Performances

Mainly in the field of interactive arts, various types of mu-
sical performances have already been proposed. We group
these into the following categories: tabletop, gesture, and de-
vice.

For a tabletop-based musical instrument, Patten et al. de-
veloped several interaction techniques using a tangible table-

top interface named Audiopad [24]. In this system, the users
move the pucks placed on a tabletop surface according to cer-
tain pre-defined manipulations. The motion of the pucks is
translated into a command for a musical synthesizer in real-
time. D-touch [3] is also a musical instrument that uses tan-
gible tabletop objects. This system utilizes small paper boxes
with printed markers as a tangible interface and works as a
drum machine or a music sequencer by detecting the posi-
tions of the boxes on the tabletop. Jorda et al. discussed
the importance of the researches on tabletop-based musical
instruments and developed a round-table type of musical in-
strument named reacTable [15] and scoreTable [14]. They
concluded that the development of digital musical instru-
ments could serve as an ideal test-bed for exploring com-
plicated and multi-dimensional interactions.

In the studies of gesture-based musical instruments, the main
issues are the selection of a device for gesture acquisition and
the design of the musical performance. Wong et al. utilized
Wiimote to acquire a 6-degrees-of-freedom movement and
designed hand-movement-based manipulation of sound for a
virtual drum [28]. Overholt et al. incorporated several sens-
ing technologies such as visual information, audio, and elec-
tric fields into a multi-modal music stand system [23]. The
real-time audio synthesis and transformation of parameters
are performed on the basis of a visual analysis of the motion
of a user’s body. Ketabdar et al. proposed gestural recog-
nition using a magnetic field sensor equipped with iPhone
3GS [16]. They presented various possibilities of applying
a mobile device to musical instruments such as air guitars,
harmonicas, and theremins.

As a novel type of digital musical device, Nishibori and Iwai
developed TENORI-ON that had a screen consisting of a 16

16 grid of LED switches [20]. In this device sound could
be controlled by changing the state of the switches. This
system has already been produced as a commercial product.
Cassinelli et al. developed a laser-type device that gener-
ated sound from the lines of drawings [2]. This device tracks
the contours of lines, such as moving silhouettes of human
beings, to generate sound from pre-processed data. Sonic
Scanner is also an instrument used for musical performance
that turns visual information such as drawings and pictures
into music by using a handheld scanner-type device [22].

In these researches, the main focus was on the design of mu-
sical performances using special devices that were not di-
rectly related to music. In contrast, our aim is to develop a
novel musical instrument by using the existing music scores.
By enhancing the functionality of the existing equipment, we
will achieve natural, intuitive, and comprehensible musical
interactions.

Image Processing for Music Scores

In the field of image processing and computer vision, the dig-
itization of machine-generated music scores has been achieved
through optical music recognition (OMR) [26, 12]. Because
it is similar to optical character recognition (OCR) for text
documents, OMR can also be called music OCR. In OMR,
the essential parts of the scores such as music notes are ex-
tracted and recognized by using their positional relationship.



Because musical staffs are inessential, they are removed prior
to the recognition [4].

The digitalization of handwritten music scores was also in-
vestigated to convert handwritings into a machine readable
format [18]. In particular, the digitalization of ancient music
scores [25] and the identification of a musical writer [9] were
important issues related to the automatic building of a digital
library for ancient music as a music heritage.

These traditional methods could be one way to connect printed
music scores and digital information for our purpose because
these methods can exploit the content of the scores as digi-
tal data. However, these are normally performed to clean
scanned and well-aligned music scores off-line at a consid-
erable computational cost. In our situation, it is difficult to
capture the scores in the same manner because users must be
able to freely move, hold, and touch the scores. Moreover,
occlusion by fingers may occur during the musical perfor-
mance. For these reasons, we propose another approach that
is based on image retrieval and is carried out performed by
matching a captured image with a music score database in
real time.

USING PRINTED MUSIC SCORES

AS A MUSICAL INSTRUMENT

In this section, we explain the motivation, approach, and set-
up of the proposed musical instrument called onNote.

Research Goal

We started to develop a novel musical performance system
using general musical equipment because it would be eas-
ier for people to intuitively use such a system as compared
to using special devices. In particular, we focused on mu-
sic scores because the use of paper would not be difficult for
people. By considering the advantages of paper, we explored
a possibility of using scores as a user-friendly musical instru-
ment.

Normally, printed papers have static information in ink. One
strategy to enhance the functionality of the papers is to con-
nect the papers with digital information. In the cases of mu-
sic, sound can be considered digital information. Therefore,
we investigate a way to embed sound into each music note
in the printed music scores. Further, we incorporate normal
paper manipulations such as touch, move, and fold into our
musical performances.

Because our goal is to make users believe that sound is ac-
tually embedded on each music note, we have named our
instrument onNote.

Our Approach

If we select a tablet PC as our device, we can easily embed
sound into music notes because both-sound and music notes
can be digitally connected. In our case, the main problem is
how to connect printed music scores with digital data. An
image-processing-based approach can be a solution to this
problem because it can extract digital information from the
images of physical objects. Moreover, users do not need spe-
cial devices to use the proposed system because the camera
is a non-contact device. To incorporate these advantages into

the proposed system, we designed the following configura-
tion.

We used a normal two-dimensional camera to capture im-
ages of the printed music scores and users’ manipulations.
As illustrated in Figure 1, users sat on a chair and placed the
scores under a lamp on a table. Inside the lamp, we simply
embedded the camera and a projector connected to a com-
puter, as illustrated in Figure 2. We use the projector to pro-
vide visual feedback from the proposed system to users.

Figure 2: The table lamp in Figure 1 has a camera
and a projector. The camera is utilized to capture
printed music scores and users’ manipulations on the
table. Visual feedback is projected on the table by the
projector.

Preparation

We prepare the digital images of music scores as references,
as illustrated in Figure 3. Each score image is associated
with its MIDI data to establish the links between the music
notes on the score and their sound. MIDI is a standard digital
musical format that includes parameterized signals of sound,
pitch, and tempo individually instead of having sound signals
directly. We first generate the links between the printed mu-
sic scores and the music data from MIDI as a database such
that sound is manually assigned at a coordinate on each
score. Further, we store the digital images of the scores as
references into a music score database to extract their visual
features for the image retrieval of music scores as described
in the next section. For our musical instrument, we print the
same scores on A4 papers.

RETRIEVAL TECHNIQUE

This section describes the detailed procedure and our imple-
mentation of the image retrieval of music scores.

Problem Definition

As described in the previous section, we have reference mu-
sic scores in a database linked with MIDI data. When the
users capture printed music scores, we match them with
those in the database to retrieve their MIDI data. In other
words, we retrieve the information of the music scores by
using a captured image as a query. This problem can be de-
scribed as the image retrieval of music scores.

Such image retrieval has been investigated actively [21]. A
basic and frequently-used approach is a bag-of-visual-words
approach that uses local descriptors such as SIFT [17]. How-



Figure 3: We prepare a music score as an image file
and print it on a A4 paper. We assign sound data in
MIDI to each music note such that a coordinate in
the score has one of musical scales.

ever, it is difficult to apply this approach to the image re-
trieval of music scores because local descriptors using local
texture work well for rich texture, including a variety of in-
tensities.

In the studies of document image analysis, there is a research
issue called document image retrieval in which a captured
image, including a document, is utilized as a query to retrieve
the information in the document [7]. In this case, a descrip-
tor is composed of a geometrical relationship of keypoints
instead of local texture. Because both documents and mu-
sic scores include a binary texture, we employ the method of
document image retrieval and verify its applicability for our
purpose.

LLAH [19]

Locally likely arrangement hashing (LLAH) is a fast and
scalable method for document image retrieval. We decided
to employ LLAH for our purpose because this method works
well in real-time with sufficient accuracy. In this section, we
briefly explain the procedure to compute the descriptors in
LLAH.

Suppose there is a cloud of points as illustrated in Figure 4.
For each point, the nearest neighbor points are first se-
lected. From the points, points are selected to com-
pute one descriptor. This implies that each point has

descriptors computed from all combinations. From

the points, four points are selected to compute a ratio of
two triangles as an affine invariant as illustrated in Figure 4.
The number of combinations ( ) corresponds to the num-
ber of dimensions for one descriptor. For fast matching, each
ratio is quantized into levels.

The accuracy of the retrieval depends on the following three
parameters: , , and . In the evaluations, we calculate the
accuracy of the retrieval results for several combinations of
the parameters.

Figure 4: The descriptors in LLAH are composed of
the collection of the ratios of two triangles as affine
invariants. The ratio is quantized into integer for fast
matching.

Algorithm Overview

Here, we introduce the implementation details of image re-
trieval for music scores. The procedure is basically similar
to document image retrieval by LLAH.

In the pre-processing stage, keypoints and their descriptors
included in the reference music scores are computed and
stored in a music score database. In the on-line retrieval,
keypoints are first extracted from a captured image, and their
descriptors in LLAH are computed in the same way as in the
pre-processing stage. For each keypoint in the captured im-
age, a corresponding keypoint in the database is retrieved by
using the descriptors. From a cloud of keypoint correspon-
dences, we have the candidates of music scores included in
the captured image. By computing RANSAC-based [8] ho-
mography for each music score to verify the geometric con-
sistency of the correspondences, we can obtain the success-
fully retrieved music scores. Once the scores are retrieved,
they are tracked using LLAH based keypoint tracking [27]
from the next frame.

Image

Keypoint Extraction

Keypoint Description

Keypoint Matching

Scores

Scores

Retrieval

Tracking

Figure 5: From a captured image, keypoints and their
descriptors are computed to match with reference mu-
sic scores. Once scores are retrieved, they are tracked
from the next frame.

Keypoint Extraction

In keypoint extraction of LLAH, an input image is blurred
and binarized using an adaptive thresholding with a fixed fil-
ter size to extract word regions and compute the center of



each region as a keypoint. We utilize the same method to ex-
tract keypoints from music scores. The extracted keypoints
correspond to the music notes, symbols, and the other parts
of the scores, as illustrated in Figure 6. Because the result of
the keypoint extraction depends on the distance between the
camera and the music scores, we evaluate the robustness of
this method according to the viewpoint changes in the evalu-
ations.

Figure 6: An input image (left upper) is blurred and
binarized (right upper) using an adaptive thresholding
method. Each center of connected regions is extracted
as a keypoint (lower).

Retrieval Result

For keypoint description and matching, we follow the origi-
nal method in LLAH. Keypoint matching is robust to occlu-
sion. If a music score is successfully retrieved, it has correct
correspondences between the captured image and the refer-
ence music score, as illustrated in Figure 7. Unlike the origi-
nal LLAH, in the proposed method, we can retrieve multiple
music scores simultaneously. When we have the candidates
of music scores after keypoint matching, we verify the ge-
ometric consistency of the top 10 candidates. If the image
includes multiple music scores, we can successfully retrieve
and track all of them, as illustrated in Figure 7.

APPLICATIONSOFonNote TOMUSICALPERFORMANCES

As for applications of the onNote, we think this system is
suitable for edutainment. By using our system, users can
learn to read music notations or play music while they are
having fun. We have implemented four examples of appli-
cation for music performance and composition using onNote
as follows.

Playing Music Like A DJ

A disc jockey (DJ) plays music by quickly moving a vinyl
record back and forth on a turntable. In this application, we
can use a similar technique using the printed music scores.
Users can play a musical composition in various ways, such

Figure 7: If a music score is successfully retrieved,
there are correct correspondences (upper). We can
retrieve multiple music scores included in an image
simultaneously (lower).

as backwards and forwards, by a simple movement of the
score.

As illustrated in Figure 8, a red circle is projected on a table.
This circle is used for pointing on a certain note the score like
a phonograph needle on a turntable. When users move the
score, the sound of the music note pointed by the red circle
is generated. By moving the score toward the right, the users
can listen to the music corresponding to the pointed area.
Users can easily change the speed of the music by changing
the moving speed, and they can play the audio backwards by
moving the score in the opposite direction. Using the pro-
posed system, users can play music using several DJ tech-
niques, such as scratching, phase shifting, and back spinning.

Sound Tracing by Fingers

In our second application, the proposed system utilizes the
users’ fingers as a pointer. For a simple and easy perfor-
mance, the users can play music by tracing music notes on
the score with their fingers. In other words, the users physi-
cally touch a music note to play its sound.

In this performance, users have a color marker on their fin-
gers and touch the score as illustrated in Figure 9. From a
captured image, we extract the color region and compute the
center of the region as a touching position to play the sound
corresponding to the position.

In this performance, the users feel that they can actually
touch the note’s sound with their fingers. Depending on the
movement of the finger, the users can play any music they



Figure 8: Users can play music by moving a score such
that a DJ rotates a vinyl record. We use a projected
red circle as a phonograph needle on a turntable. The
sound of the music note in the red circle is played.

want. This implies that a paper music score is equivalent to a
tangible user interface. Further, this performance is not lim-
ited to a single user. When the system is used by multiple
users, a concerto-style performance is achieved.

Music Effector by Moving Scores

The third application is developed for controlling the music
effects. We can utilize printed music scores as an interface
of a music effector. To control several functions such as vol-
ume, pitch and tone, we assign the movement of the scores to
the functions for changing the parameters in MIDI. From the
image analysis, we obtain the position and pose of the scores
with respect to the camera. Using these data, we can control
the music effects.

As an example of the control, the volume of the sound is ad-
justed when users rotate a score as though they were rotating
a speaker volume control, as illustrated in Figure 10. More-
over, musical instruments can be switched when the users
move the score up and down. For these controls, we utilize
the normal manipulations of the papers on the basis of the
handle-ability of a score.

Music Composition by Arranging Score Pieces

As our fourth application, we developed several musical per-
formances and compositions using the arrangement of mul-
tiple music scores. This is based on our implementation of
the image retrieval of music scores that can detect multiple
music scores simultaneously.

In the database, we store the pieces of the music scores that
are generated by dividing the original music scores. When
users compose music, they select music pieces and set them
horizontally, as illustrated in Figure 11. The music is placed
according to the order of these pieces. Normally, users create
high quality music with a digital audio workstation by trim-
ming a sequence of audio data and connecting the pieces.
In a similar way, users can easily enjoy music mash-ups by

Figure 9: Users can play music by tracing music notes
on a score by fingers. This can provide the feeling
such that users actually touch the sound on a music
note. By doing with multiple users, it will be a concerto
style.

Figure 10: By assigning the movement of the scores to
the functions for changing several parameters, these
manipulations work as a music effector such that a
volume is controlled by the rotation.



connecting and changing the arrangement of music scores in
real-time.

We can also develop a music puzzle as an edutainment tool.
In this tool, users need to arrange the small pieces of a music
score to recover the original one correctly using visual and
auditory cues.

Figure 11: Users can intuitively compose music by
arranging the pieces of music scores. This can be ex-
tended to an edutainment tool such that users correctly
arrange the pieces of a music score like a puzzle.

EVALUATIONS

In this section, we evaluate the robustness and the perfor-
mance of the proposed image retrieval of music scores.

Overview

The accuracy of the retrieval is affected by two aspects: the
three parameters ( , , ) of LLAH and the viewpoint of the
camera with respect to the scores. We evaluated these influ-
ences and measured the computational costs.

We selected the top 16 piano music pieces, leading to a to-
tal of 101 sheets, and downloaded them from [1]. When
we stored them into the database, we checked the number
of keypoints extracted in each music score as illustrated in
Figure 12.

Our experimental set-up was as follows: We used a Mac-
Book with 2.4GHz Intel Core 2 Duo and 2GB RAM. A cam-
era (UCAM-DLU130H) with pixels was fixed at a
pole and connected to the computer through a USB. All ex-
periments were conducted under indoor lighting conditions.
Because the image resolution of the stored music scores af-
fects the retrieval results, we carried out an experiment to
find the optimal resolution for our set-up and calculated it to
be pixels.

Figure 12: The distribution of the number of music
scores with respect to that of keypoints is presented.

Accuracy vs. Parameters

First, we evaluated the influence of the three parameters of
LLAH. We tested the following combinations of the param-
eters to check the influence of each parameter: ( , , ) =
(7,6,4), (7,5,4), (6,5,4), (6,5,3), (6,5,5). We vertically fixed
the camera at a distance of 40 cm from the score, as mea-
sured by a ruler. From this distance, the printed scores were
captured in entirely.

In Table 1, we categorize the retrieved results into four items
as follows: Stable indicates that a music score was stably
retrieved for many frames. Unstable includes two conditions
such that a music score was retrieved only for some frames or
only when it was set at specific positions. Duplicate indicates
that the retrieved results included incorrect results in addition
to the correct result, as illustrated in Figure 13. Failed indi-
cates that a music score was not retrieved even when it was
tested at various positions.

For all combinations of parameters, one common and notable
result appeared in Duplicate. 28% of the scores resulted in
duplicates for the following two combinations: ( , , ) =
(7,5,4), (7,6,4). This is because the music score of a song
sometimes include the same structure of notes because of the
repetition of beats. Further, if a part of two scores is com-
mon, both the scores will be retrieved in the image retrieval.
The solution to this problem is to select the music score that
has the maximum number of correct correspondences when
multiple scores are retrieved in the same region. Moreover,
segmented music scores could be stored to avoid storing the
same structures. On the other hand, this can be regarded as
a useful property for clustering music scores that have the
same structures in the duplicate retrieval.

In the case of the influence of the abovementioned three pa-
rameters, a remarkable difference was not observed for the
retrieval of the 101 music scores in terms of the accuracy.
This result is almost the same as that of the original LLAH
for text documents described in [19]. If the number of stored
music scores is around 100, the influence on the accuracy of
the selection of the parameters is small.



Table 1: Retrieval results and their computational costs according to different sets of three parameters in LLAH.

n m k
Number of Retrieved Scores Computational Cost (msec/frame)

Stable Unstable Duplicate Failed Keypoint Extraction Keypoint Matching
7 6 4 64 8 28 1 20 22.5
7 5 4 66 7 28 0 24 191.5
6 5 4 71 10 17 3 29 42
6 5 3 67 11 21 2 29 168.5
6 5 5 67 7 21 6 25.5 16.5

Figure 13: Multiple scores can be retrieved for one
score because they sometimes include same struc-
ture. This can be avoided by selecting a music
score that has maximum number of correct correspon-
dences.

Accuracy vs. Viewpoints

Next, we evaluated the influence of viewpoints. In this exper-
iment, we fixed the parameters as ( , , ) = (7,5,4). For 66
music scores that were successfully retrieved using this pa-
rameter set in the previous experiment, we tested two types
of view changes: distant and angular. As described in Ta-
ble 2, we first set the vertical distance between the camera
and the score to a value ranging from 25 cm to 50 cm. Most
of the 66 scores were successfully retrieved between 30 cm
and 45 cm, whereas many of the scores were not retrieved at
25 cm and 50 cm. This result was obtained by the method of
keypoint extraction with a fixed filter size that was valid for
a single scale. For the distance between 30 cm and 45 cm,
the distribution of the extracted keypoints was almost same.
However, the distribution changed drastically at 25 cm and
50 cm because of the change in the scale. As a solution, we
can utilize a multi-scale pyramid representation of an input
image

Second, we set the angle between the camera and the score
to a value ranging from 75 to 45 , as measured by a pro-
tractor. An angle of 90 degrees implies that the camera is
set vertically with respect to the table. The distance between
the camera and the score was fixed at 40 cm to check only
the influence of angles. As described in Table 3, the retrieval
still worked for an angle of 45 because we utilized affine-
invariance-based descriptors. Some scores could not be re-
trieved because of the specific structure of the scores. For
example, the pose of the score was incorrectly recognized, as

Table 2: Retrieval results according to different dis-
tances.

Distance (cm)
Number of Retrieved Scores
Stable Unstable Failed

25 24 12 30
30 61 5 0
35 66 0 0
45 66 0 0
50 6 7 53

illustrated in Figure 14, when the structure of the left half of
the score was almost the same as that of the right half because
of the repetition of the beats.

Table 3: Retrieval results according to different angles.

Angle (degree)
Number of Retrieved Scores

Succeed Unstable Failure
75 63 1 2
60 59 5 2
45 55 8 3

Computational Costs

We measured the computational costs of the proposed method.
For this experiment, we selected one music score with 347
keypoints and captured it in 100 frames while moving it at
a vertical distance of 40 cm from the camera. Because the
costs depend on the combination of the parameters, we mea-
sured the costs for all the combinations used in the previous
experiment, as described in Table 1.

The cost of the keypoint extraction was almost the same for
all combinations because the extraction was not related to
the parameters. On the other hand, the cost of the keypoint
matching increased for the following sets of parameters. For
( , , ) = (7,5,4), the number of descriptors ( ) was three
times more than that for the other combinations. For ( , , )
= (6,5,3), the descriptor was less discriminative such that
many collisions occurred and led to searching costs in the
descriptor database of the LLAH. Because the parameters
affect the computational cost, we need to select appropriate
ones depending on the requirement of the application.

PRELIMINARY USER-FEEDBACK

We asked several people to give us comments and sugges-
tions for the improvement of the proposed system as the pre-
liminary user feedback.



Figure 14: When the structure of the left half of the
score was almost same as that of right half by repeats
of beats, pose estimation failed.

On the positive side, people said that this system was very
interesting because they could easily change the tempo of
the music as they wanted in a simple way. They enjoyed
playing music by moving the music scores because they felt
the sound was coming from the music notes on the scores.
The proposed system will be a useful tool for learning music
because beginners can simultaneously obtain both visual and
audio information of the music notes by touching the notes.

People also pointed out one improvement. It is difficult to
continuously play music from one row to the next because
the last part of a row (the right edge) is far from the beginning
of the next row (the left edge) in the score. For this, we need
to design a methodology to seamlessly play all the music on
a score.

As a suggestion, it might be interesting if we can use hand-
written scores for our musical performances. In this scenario,
the users will first have to write music on a score, and then
play the music by touching the score. Currently, the scope of
our research does not cover such kind of interactions. How-
ever, in the future, we would like to achieve this scenario
by developing real-time recognition of handwritten music
scores. An effective use of the projector is also considered
because music scores have only music notes and symbols. As
visual feedback, the detailed information of the music such
as composers and arrangers can be displayed.

CONCLUSIONS AND FUTURE WORKS

In this paper, we presented a framework to use printed music
scores as a musical instrument for novel musical interactions.

To develop this framework, we proposed a technique of im-
age retrieval of music scores using LLAH. For musical in-
teractions, we developed four different examples: playing
music like a DJ, sound tracing by fingers, music effector
by moving scores and music composition by arranging score
pieces. In the experiments, we evaluated the influence of the
retrieved results using the parameters of LLAH, and the ro-
bustness with respect to the change in viewpoints.

As for the applications, we introduced example uses of the
output data (pose of a music score) computed by the pro-

posed our method. In this paper, we mainly indicated the
applicability of the proposed method to various interactions.
Because these applications were individually developed, we
have not developed a method to switch from one interaction
mode to another. Such implementations for our applications
will be a further research topic.

In addition, according to the user feedback, some issues
would still need to be solved for a good musical performance.
For example, in the interaction with fingers, it is difficult to
continuously play music from one row to the next. In the
music effector application, the rotation of scores makes it
difficult to read the musical notation printed on them. We
plan to develop further applications by taking these issues
into consideration.

Moreover, we will incorporate other paper manipulations,
such as deformation and overlap of the scores, into the pro-
posed system. For example, users can connect two folded
music scores to merge sequences if we can detect the folded
regions of the papers. In the future, the proposed system will
become a common platform for creative music activity by
proposing intuitive music manipulations.
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