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Abstract

In this paper, we propose a novel multimedia orchestra
system nemed MusiKalScope-2. From our past ezpe-
riences with multimedia art creation systems, we are
aware of two issues: cognitive overload due to the si-
multaneous creation of music and graphics by a single
performer, and finding a way to provide expert knowl-
edge to a system. To address these issues, we propose
two approaches: one, use attribute based role allotment
and two, the direct use of experts’ knowledge. We de-
scribe the construction of MusiKalScope-2 and illus-
trate the realization of the proposed methods.

1. Introduction

We have been studying systems for art creation that
allow expert artists as well as ambitious amateurs to
create novel and wonderful works. We have already
proposed several art creation (support) systems, in-
cluding, the Iamascope(l], mainly for image creation
and RhyMe[3], for music creation. Furthermore, by
combining these two systems into one, we constructed
MusiKalScope version 1 (MKS1, hereinafter){4] for si-
multaneous image and music creation. This led fur-
ther to a vision-to-music processing technology incor-
porated into a new version of the Iamascope[2] .

These systems gave rise to several problems as dis-
covered through experimentation. In this paper, we
first describe the problems in detail and next pro-
pose two solutions. Further, we illustrate a prototype
system named “MusiKalScope-2”(MKS2, hereinafter),
which resulted from the implementation of the solu-
tions.

The remainder of this paper is organized as follows:
Section 2. overviews our previous art creation systems
and the associated problems. Section 3. describes the

In this paper, hereafter, the “lamascope” refers to the older
version of the lamascope.
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methods employed in MKS2 in detail. Section 4. il-
lustrates the internal workings MKS2. Section 5. dis-
cusses the features of the employed methods. Section
6. concludes this paper.

2. Previous Systems and Problems
2.1. Overview of our previous systems

The goals targeted by our previous art creation sys-
tems are these: 1) to let novices easily achieve a rea-
sonable quality of work, 2) to obtain a good balance of
quality between individual media in the case of multi-
media art creation, and 3) to allow an upward path
for skill acquisition so that users can become more ex-
pressive. Therefore, the systems are not mere support
systems, but new musical/graphical instruments.

The Iamascope is an immersive electric kaleidoscope.
Figure 1. shows a block diagram of the lamascope.
A video camera captures the performer’s image. The
system extracts a “pie” slice from the captured image.
Then, by reflecting the slice and rendering it sequen-
tially in a circle, a kaleidoscopic image is generated
in real-time. The image changes responding to a per-
former’s motions.

RhyMe is an inteiligent musical instrument designed
especially for jazz improvisation. Figure 2. illustrates
a block diagram of RhyMe. The analysis module ana-
lyzes a given chord progression of a music piece using
the Berklee theory?, obtains the available note scale
data, and determines the function of each note at each
point in the musical piece. The mapping module dy-
namically changes the mapping of notes onto the posi-
tions on a musical instrument (e.g., the keys of a key-
board) in real-time, synchronizing with MIDI® timing
clock messages. We employed a “fixed-function” map-

2The Berklee theory was established at the Berklee college of
music based on the 40’s BeBop jazz.
3MIDI stands for “Musical Instrument Digital Interface”.
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Figure 2: Block diagram of RhyMe

ping method. With this method, a note having a spe-
cific function is always mapped to a specific position.
Therefore, the performer is always able to access a note
to provide a specific function without needing music-
theoretic knowledge.

MKS1 is an integrated system of the Iamascope and
RhyMe. To integrate them, the Graphical Musical In-
strument Interface (GMII) has been added which pro-
vides a virtual drum set. Figure 3. shows the block
diagram of MKS1. A performer wears one receiver of a
position sensor on each hand. When the performer hits
the space in front of her /him as if striking a drum pad,
the GMII detects when and where the hit is struck.
A fixed-function mapping relates spatial regions and
notes. While standing in front of the camera mounted
in the Iamascope, the performer now plays the virtual
drum set. As a result, music and a kaleidoscopic image
are simultaneously generated by the same performer.

MKS1 achieves a good balance between the qual-
ity of individual media involved. Moreover, because of
its support, the MKS1 succeeds in reducing the per-
former’s cognitive load. Because of these features, the
MKS1 makes it possible to easily .create reasonable
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Figure 3: Block diagram of MKS1

quality multi-media artwork.
2.2. Problems within the previous systems

These previous systems generally worked well as ex-
pected. However, we encountered two main problems.
While performers were able to generate music and
graphics of a reasonable quality simultaneously using
MKS1, most concentrated on either music or graph-
ics alone. This suggests that it is difficult or perhaps
even impossible for people to pay attention to multiple
media simultaneously, even if the system reduces the
cognitive load for the creation of individual media.

The second problem involved RhyMe. RhyMe re-
quires two kinds of knowledge: knowledge of jazz the-
ory and knowledge of the chord progression of the mu-
sical piece to be played. The second factor reduces
improvisational flexibility. A performer using RhyMe
cannot deviate from the a priori chord progression.

3. Employed Methods
3.1. Attribute based role allotment

From past experiments, we have found it useful to al-
lot roles to multiple performers. The question remains,
how best to allot them? Here, we would like to briefly
review several previous attempts.

In the multimedia opera “Mada Umarenai Kamigami
he” by K. Furukawa, and in “Music Plays Images x Im-
ages Play Music”[5, 6], music, computer graphics and
lighting of the stage all affect each other mutually and
interactively. In “Brain Opera”[7, 8], art works are
created not only by integrating music generated by the
performers, but also by the performers’ body actions
as well as sounds generated by the audience itself.

These are ambitious and interesting attempts. How-
ever, we believe that, in essence, role allotment is done
mostly ad hoc with no obvious guiding principle in



these examples.

Hence, we propose an “attribute based role allot-
ment” method. Several common attributes exist in-
dependent of the specific media. Accordingly, we em-
ploy an allotment method whereby each performer is in
charge of performing an attribute across different me-
dia. For instance, a “color player” decides the “color
attribute” of all of the media.

3.2. Direct use of experts’ knowledge

To solve the problem of how to provide direct knowl-
edge to systems, we attempt to employ human-experts’
knowledge without modification. There are two kinds
of relevant knowledge: creative knowledge and mechan-
ical knowledge. For example, so-called “reharmoniza-
tion” requires creative knowledge. It cannot be me-
chanically determined how a chord progression should
be reharmonized. However, when given a chord pro-
gression, available note scales can be mechanically ob-
tained. Therefore, we feel that the system should be
responsible for only mechanical knowledge. Further,
creative knowledge should be extracted from experts
directly and provided to the system and to other per-
formers.

3.3. Compatibility of the two methods

The above two methods are compatible. Further-
more, their integration has a multiplicative effect. If
an expert “color” performer takes part, his/her expert
knowledge becomes available to all other performers.
This enhances the performance of the whole orchestra.
Consequently, we can expect that experts’ knowledge
raises the total quality of the performance.

4. Inside of MKS2

4.1. Overall structure

Like the MKS1, the MKS2 consists mainly of the
Tamascope with musical components. However, to im-
plement the two methods described above, the inter-
connecting parts (GMII for the MKS1) were modified.

Figure 4. illustrates a block diagram of the MKS2.
Currently, the MKS2 is equipped with five perform-
ing instruments: a MIDI keyboard (Roland A-99), an
electric drum set (YAMAHA electric drum system ),
a wearable musical instrument (YAMAHA MIBURI
MSU-3 %), a motion capture system with a CCD cam-

4YAMAHA MIBURI consists of a jacket and a sound module.
The jacket is equipped with six bend sensors on arm joints, two
hand-held keyboards with eight buttons each and one seesaw
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era, and a set of tap sensors (our own design). Cur-
rently, four modules are executed on three workstations
(SGI INDY x 1 and SGI 02 x 2). All of the modules
are connected via unix sockets and an ethernet.

4.2. Modules
4.2.1. Tap-module

Tap sensors are simply thin touch switches attached
to the bottom a performer’s right and left shoe. When
the sensor is pressed, a tap-on signal is transmitted as
an audio signal to the receiver unit of a wireless micro-
phone system and is finally received by the INDY. If
the input signal exceeds a specific threshold, the tap-
module running on the Indy sends the appropriate tap-
on event (right or left) to the MKS2-module.

4.2.2. Iamascope-module

The ITamascope-module closely resembles the Iamas-
cope system. However, the modes to generate a kalei-
doscopic image (e.g., simulating two mirrors or three
mirrors) and so on can be controlled by the commands
from the other modules.

4.2.3. Speed-module

The speed-module detects the Iamascope per-
former’s speed of motion. This module extracts a pie
slice from the captured image from the CCD camera,
as does the Iamascope, and divides it into 10 segments.
Then, the module generates a differential-vector by cal-
culating the temporal difference of image intensity of
each segment. This vector is sent to the MKS2-module.

4.2.4. MKS2-module

This module maps all of the input data to the output.

From musical data to music The data from the
keyboard, the electric drum, and MIBURI are trans-
mitted on different MIDI channels: channels 1, 2, and
3, respectively. Currently, the data on ch. 1is assumed
to be chord data. The MKS2-module first decides what
chord it is, based on the input MIDI note numbers from
ch. 1. Then, available note scales are decided in real
time by using a simplified method.

The data from MIBURI (ch. 3) decides octaves and
provides a sense of tension. When the MIBURI per-
former is extending both arms, the tension level is

switch, and a waist belt with an interface box. With MIBURI,
a performer plays music as s/he dances by striking poses.
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Figure 4: Block diagram of the MKS2

“lowest,” the more s/he bends her arms, the higher
the tension level becomes. The octave is decided by
the hand-held keys. The index finger key corresponds
to the lowest octave ascending to the little finger key
which corresponds to the highest.

The data from the drum set (ch. 2) composes the
melody. When a pad is struck, corresponding pitch
data is sent. However, the pitch assigned to a particu-
lar pad changes according to the current scale, as well
as the tension level and octave data. If the tension
level is at its lowest, only the chord tones are mapped
onto. However, the higher the tension level gets, the
more dissonant notes are also mapped. The octaves of
the mapped notes are changed by the “octave” data.

The data from the tap-module composes a simple
bass-line. The tap data from the performer’s left foot
plays the root note of the current chord, while the tap
data from the right foot plays the 5th note.

From musical data to graphics The input chord
affects the color balance of the kaleidoscopic image.
Major-type chords restore normal color balance, minor-
type chords change the color balance towards blue, and
the other chords (e.g., major dominant 7th, diminished
and so on) change the color balance randomly.

The viewing mode of Jamascope is also changed when
a modulation is detected.

The image flashes when a drum pad is struck harder
than some threshold.

The tension-level data changes the rotation speed of
the kaleidoscopic image. The higher the tension level
is, the more quickly the image rotates. The octave level
determines the angle of the pie-sliced captured image.
The higher the octave level becomes, the narrower the
slice angle becomes.
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From graphical data to graphics The input im-
age data simply generates the graphics (the kaleido-
scopic image) the same way the Iamascope does.

From graphical data to music Data from the
speed-module composes an accompaniment like arpeg-
gio. The pie-slice image is divided into 10 segments
along the radius. A specific chord note is always
mapped on a specific segment in the pie slice of the
captured image: e.g., the most inside segment always
corresponds to the root note, and the most outside seg-
ment corresponds to the 5th note. By moving more
rhythmically and variously, arpeggio-like accompani-
ment can be performed.

4.3. How the whole system works

Table 1. summarizes the relationships among the in-
puts and the outputs. The term, “Attribute,” describes
the role of the attribute for each instrument performer.
As is shown in the table, each instrument is dedicated
to a certain attribute role (only the Iamascope and the
tap sensors are combined). In this sense, for example,
the keyboard is not a musical instrument: it becomes
an attribute instrument of multimedia art.

The color performer controls the overall color of the
work. The musical color as well as the graphical color
are simultaneously controlled by the same input. Fur-
thermore, the performed color affects the performances
of all remaining parts. They become, in combination,
a realization of the proposed two methods.

The mood performer decides the feeling of tension
or relaxation within the whole work, under the global
color decided by the color performer. The mood per-
former affects the performances of the remaining two



Table 1: Relationships among inputs and outputs,
and the attribute that each instrument performer is
in charge of

Attribute Instrument Music Graphics
Basic color Keyhoard Chord progression | Color balance
and backing and display mode
Moond MIBURIJ Tension feeling Rotation speed
and actave and slice angle
Upper Drum set Melody line Flashing
structure and beat
Lower Iamascope Arpeggio-like Base of image
structure with Taps backing. bass.
and tempo

parts as well.

The mood and color performances are only heard in
the context of the remaining two components of the
system. Their performances cannot be heard or seen
in isolation. Hence, they create the hidden background
structure of the work. The color performer constructs
the global structure, while the mood performer con-
structs the local structure.

The remaining two parts therefore provide the fore-
ground of the work. Both of these performances can
be directly listened to and watched by the audience.
The upper structure performer creates the lead. The
lower structure performer generates the base, includ-
ing, the tempo set by his/her rhythmical motions, and
its accompanyment. These outputs are affected by the
hidden parts.

5. Discussion

Dynamic interaction and collaboration are always
important for creation of art by multiple performers.
However, in typical orchestra performances, for exam-
ple, even if one performer makes a mistake, a reason-
able quality of music may still be achieved. Our pro-
posed system is much more delicate. If one performer
interacts poorly, the total quality of the performance
can be vastly reduced.

The difference derives from structure. A typical or-
chestra has a vertically divided structure. A performer
in the orchestra plays something by her/himself. The
orchestra is constructed by bringing together such self-
contained parts. Our system has a horizontally divided
(layered) structure (see Figure 5.). Conceptually, even
to play one note effectively, all the performers must
play their allotted roles. This feature can be a strength
as well as a weakness. Because each individual per-
formance directly affects the total work, there is very
little redundancy. Therefore, higher concentration is
required which can lead to higher density work.

Foreground
_1 P

Background
Parts

Basic Color

Figure 5: Concept of an orchestra with a horizontally
divided structure

6. Concluding Remarks

To construct a good multimedia art creation system,
we proposed two methods: attribute based role allot-
ment, and the direct use of experts’ knowledge. Based
on the proposed methods, we have constructed a pro-
totype system as a multimedia orchestra, named the
MusiKalScope-2 (MKS2). We described the inside of
the MKS2 and showed the mapping between music and
graphics, as well as the layered structure of the MKS2.
We also discussed the system’s characteristics for the
interaction among performers. In the very near future,
we would like to attempt to create an art work with
the MKS2 to further evaluate its potential.
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