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ABSTRACT

This paper describes Music Haptic, an application which
enables users (especially blind users) to train of musi-
cal harmony notions due to a spatial representation and
a force feedback mouse. This mouse enables the progres-
sive rebuilding of the mental image of a graphical docu-
ment through knowing the positions of its elements. We
present technical context of our prototype and the possible
alternatives. Then, we describe our prototype and discuss
directions for future research.

1. INTRODUCTION

With their capabilities, computers have often been used
in musical education. Several approach exists in this re-
search field : graphical visualization [8] [4], artificial in-
telligence [9], computer musical analysis and composition
[2].However, these approaches often forget users with vi-
sual disabilities.

In a traditional situation, a blind user or a low vision
user uses a keyboard to interact with a computer. The
computer answers him via a voice synthesis and/or a braille
display. This method is completely adapted to the access
to textual documents. With graphical information, a tex-
tual description may be proposed. However, the problem
persists on the one hand because these descriptions are not
always present, and on the other hand because textual de-
scriptions can quickly prove to be long and tiresome to
consult.

Accessibility to the music notation for blind users is
based on linear transcription of musical data into braille
notation [1] [21]. It implies knowledge in musical and
harmonical notions, and the comprehension of the Braille.

The use of force feedback devices was thus studied in
accessibility research [3] [5] [15] [17] [23]. Indeed, these
peripherals authorize a more direct interaction based on
the sensory capacities.

Music Haptic uses a force feedback mouse in order to
present some harmonic informations. First of all, thus,
we present how we use the force feedback modality : we
propose the concept of “relative localization”. Then we
present the Steedman musical representation which en-
ables us to use the relative localization for harmony train-

ing. In the next part, we describe the architecture which
we retained for our prototype. Then, we present the fea-
tures of Music Haptic at its stage of development. Fi-
nally we will finish by presenting the research orientations
which we consider for the future.

2. HAPTIC INTERACTION

2.1. The force feedback mouse

We use the “WingmanTMForce Feedback Mouse” (Fig-
ure 1) created by Immersion Corporation [11] and mar-
keted by LogitechTM.

The handling surface of this mouse is small : 1.9cm
by 2.5cm. Forces can reach up 1N. Originally, Wingman
mouse was conceived for video-games. However, some
research in accessibility [24] [7] have used this device.

Figure 1. Wingman force feedback mouse

Immersion Corporation proposes a plug-in for Internet
Explorer TM. The plug-in give the possibility of control-
ling the mouse via javascript programming.

2.2. Haptic perception with a force feedback mouse

Tactilo-kinesthetic or “haptic” system [18] consists of :

• cutaneous perception: it allows the perception of
the temperature, the pressure or the pain. The sen-
sory receptors are located under the skin.

• The kinesthetic perception: it makes it possible to
feel the position and the movements of the body.
For instance, it enables us to know the weight, the
shape and the position of an object which we are



handling. It is relayed by sensory receptors located
in the muscles and the tendons[3]

The handling of a force feedback pointing device, as a
mouse, is based on the kinesthetic perception of the arm
and the hand. The cutaneous perception is not stimulated.
Thus, in our approach, it is not question of feeling a tex-
ture, but of perceiving the places where our hand is located
during the handling of the mouse.

2.3. Relative localization

Due to the sensory memory associated with our kines-
thetic perception, we can mentally represent the positions
of the objects. It is what we call the “relative localization”.
For instance, in the figure 2,a blind user will recognize the
relative disposition of some french counties on a map (top
example); or, on the bottom example, he will know where
the left arm of the skeleton is.

Figure 2. Relative localization

Coupled to an audio feedback, this approach will en-
able blind users to rebuild a mental image of an object
starting from the elements of this object. [22]

We present now how to apply this approach to the mu-
sic learning field.

3. SEEDMAN REPRESENTATION

In order to use the same approach for music, we need a
spatial representation of musical data. All of the intervals
in tonal music can be represented as combinations of the
fundamental intervals the octave, the perfect fifth and the
major third [12] et [13]. This creates a three dimensional
harmonic representation although in practice we can rep-
resent the space of notes in two dimensions by collapsing
the octave dimension into a single layer (Figure 3).

There is a further enhancement to this space that can be
made and this was proposed by Mark Steedman [19]. We
can offset the rows of the space by half units to create a
space that allows any particular note to have six adjacent
members arranged hexagonally (Figure 3).

We have chosen this representation because the 6 neigh-
boring notes of an hexagon are equidistant from the orig-
inal note. The Fitts law [6] give an equal movement time
to access to these 6 neighborhood hexagons. Moreover,

Figure 3. Longuet-Higgins (left) and Steedman (right)
harmony representation

these 6 notes may be considered as the “most harmoni-
cally closed” notes: minor and major thirds, and perfect
fifth.

Compared to the original representation, we carried out
a rotation of 60 degrees in order to preserve the intuitive
correlation between pitch height of the note and direction
at the screen: the movements toward the bottom of the
screen will always make the sound to go up (Figure 4).

The main characteristics of this representation are :

• vertical axis consists of perfect fifths;

• axis diagonal-right consists of major thirds; and

• axis diagonal-left consists of minor thirds.

Figure 4. Our steedman representation

The most important property is the following one: a
chord consist of several connected hexagons which repre-
sent a specific shape, whatever the tonality. The figure 5
shows the shapes of the implemented chords.

Figure 5. Implemented chords



Due to this property, a blind user (and even a sighter
user) only have to learn a chord specific shape, in order to
recognize it. Compared with the traditional musical nota-
tion, this is a advantage in a training task.

For instance, a diminished 7th in E and in F[ are shown
on figure 6. Chords shapes are different, alterations are
different, but it is the same chord. With the Steedman
representation, the diminished 7th chord consists of four
hexagons, whatever the scale.

Figure 6. Different shapes in traditional notation, but it is
the same diminished 7th chord; the same chord in Steed-
man representation

Moreover, if two chords, in traditional musical nota-
tion, seems to have the same “shape”, their nature may be
different. For instance, on the figure 7, the two chords are
similar. But, in fact, one is a in major mode, while the
other is in minor mode. The Steedman representation dis-
tinguishes a minor triad chord from a major triad chord,
whatever the scale, due to the orientation of a isosceles
triangle : left-oriented for a major triad and right oriented
for a minor triad.

Figure 7. Same shape in traditional notation, but F Major
on the left and E Minor on the right

4. MUSIC HAPTIC : TECHNICAL ASPECTS

We have chosen a WEB applications context. We have
based our prototype on a client-server architecture.

On the server side, we use Apache Web server. On the
client side, we use Microsoft TMInternet Explorer. Nowa-
days, it is the only browser which support the Immersion
Web Plug-in.

The figure 8 shows how our system works. For more
details about used sofware, see [20, 10, 14, 16].

Figure 8. overview of the system

5. MUSIC HAPTIC : FEATURES OF OUR
PROTOTYPE

In our prototype, we use the Steedman representation in
order to present the different chords to the user.

Two mode are available : Exploration mode and chord
mode. In exploration mode, the user can freely explore
the checkerwork of hexagons. Each note is “displayed”
with a force feedback (Figure 9) and the note is played in
the same time.

Figure 9. one note and its force feedback

Keyboard enable to switch in the different chord mode
(major and minor triad, augmented triad, and so on ; see
figure 5). In this configuration, the user only explores
the notes of this chord. This mode enables a blind user
to learn the specific shape of a chord. For example a
right oriented isosceles triangle is a major triad chord (Fig-
ure 10).

The last feature enable a sighted user to ask for the tra-
ditional musical notation of the chord. Information shar-
ing between sight and blind user is easier thank to this
feature.



Figure 10. Major triad : force feedback hexagonal display
and traditional notation dynamically generated

6. OUTLOOKS AND CONCLUSION

We currently set up a test protocol to evaluate our ap-
proach near different public : blind people, children and
autists. The first blind user feedbacks we got were encour-
aging. We will also carry on with the development of our
prototype dedicated to the training of the harmony. In par-
ticular we will propose the possibility of recording its own
music; the creation of a chord could be done for example
via a gesture recognition with the mouse.
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