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ABSTRACT
This paper describes the �rst system designed to allow chil-
dren to conduct an audio and video recording of an orches-
tra. No prior music experience is required to control the
orchestra, and the system uses an advanced algorithm to
time stretch the audio in real-time at high quality and with-
out altering the pitch. We will discuss the requirements and
challenges of designing an interface to target our particular
user group (children), followed by some system implemen-
tation details. An overview of the algorithm used for audio
time stretching will also be presented. We are currently us-
ing this technology to study and compare professional and
non-professional conducting behavior, and its implications
when designing new interfaces for multimedia. You’re the

Conductor is currently a successful exhibit at the Children’s
Museum in Boston, USA.
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1. INTRODUCTION
While new interaction methods for digital music and other
multimedia are a hot topic in today’s research community,
much of the work has remained out of reach for the general
public. This is partly due to the fact that these interfaces
are geared towards those with a musical background; un-
fortunately, schools continue to reduce budgets for arts and
music education [2], [18]. Consequently, for many people,
user interfaces for digital music remain largely limited to
decades-old metaphors of play, fast-forward and rewind. We
have all seen people (even ourselves!) unconsciously tapping
a drum beat to a rock song or conducting to an orchestral
piece from a CD; the goal of our work is to use technology
to support these methods of multimedia interaction, and
encourage people to more interactively explore music.

In this paper, we present the �rst electronic conducting sys-
tem with the following features:

� Designed to be usable by children with no prior music
experience.

� Displays a high-quality audio and video recording of
an orchestra.

� Produces high-quality, time-stretched audio in real-
time without pitch alteration using an improved phase
vocoder algorithm.

You’re The Conductor is one of the main exhibits in the
\Making America’s Music: Rhythm, Roots & Rhyme!" ex-
hibition at the Children’s Museum in Boston, USA, and has
received favorable press since it opened in June 2003 [5].

2. RELATED WORK
In this section, we present some earlier conducting systems
most relevant for our current discussion.

Mathews’ Radio Baton [14] was the �rst system to provide
an interactive conducting experience. It uses the movement
of one or more batons emitting radio frequency signals above
a 
at receiver panel to determine conducting gestures. A
MIDI �le is played back synchronously with these move-
ments. Conducting is restricted to the space above the re-
ceiver.

The Digital Baton measures additional parameters besides
baton position, such as pressure on parts of the handle, to
allow for richer expression [12]. The Conductor’s Jacket [13]
uses sixteen additional sensors to track muscle tension and
respiration, translating gestures based on these inputs to
musical expressions. It uses a MIDI-based synthesizer to
create the resulting musical performance.

Usa’s MultiModal Conducting Simulator [17] uses Hidden
Markov Models and fuzzy logic to track gestures with a
high recognition rate of 98.95{99.74%. It plays back a MIDI
score, with matching tempo, dynamics, staccato/legato
style, and an adjustable coupling of the orchestra to the
conducting.

Ilmonen’s Virtual Orchestra, demonstrated at CHI 2000, is
one of the few systems that also feature graphical output;
however, it renders the orchestra synthetically as 3D char-
acters. Audio output is again MIDI-based [7].

Murphy, Andersen and Jensen track a real baton using a
camera and computer vision [15]. A beat tracking algorithm
synchronizes professional conducting gestures to an actual
audio recording. The audio playback speed is adjusted in
real-time using a variation of the phase vocoder algorithm;
however, there is no graphical output.

Unlike the above systems, many of which focus on interpret-
ing professional conducting styles, You’re the Conductor is
designed to provide an immersive experience for children by
processing recorded audio and video.



2.1 Personal Orchestra
Personal Orchestra is a system we have previously designed
for the House of Music in Vienna, Austria [4]. The user, us-
ing an infrared baton, conducts recordings of performances
by the Vienna Philharmonic; the music's tempo, volume and
instrument emphasis can all be controlled. The system rec-
ognizes simple up-down gestures which are synchronized to
the beat of the music.

While we have built upon this earlier experience, You're
the Conductor is di�erent from Personal Orchestra in both
interaction style and technical implementation. Personal
Orchestra was targeted towards adult visitors to a music
museum in Vienna, Austria, many of whom have prior mu-
sic experience, and (usually) interest in music. Conversely,
You're the Conductor was to be deployed in an environment
where children aged four and up are free to roam, often unsu-
pervised. We could not assume that these children had prior
music experience { in fact, the Children's Museum hopes to
expose and foster children's' interest in music through thi s
exhibit. These factors drove some important design deci-
sions, which will be discussed in the next section.

Technically, You're the Conductor improves upon Personal
Orchestra by using a real-time, high-quality time stretch-
ing algorithm for polyphonic audio; this feature allows the
system to respond instantaneously and accurately to user
input. Personal Orchestra did not have this feature, and
instead relied on pre-stretched audio tracks to implement
tempo changes; consequently, the speed could only be ad-
justed at discrete intervals. This implementation created
inherent limitations on the accuracy of the tempo following ,
and caused occasional audible artifacts when switching be-
tween the di�erent audio tracks. We will discuss our time
stretching algorithm in more detail later in this paper.

3. REQUIREMENTS AND DESIGN
The primary goal of this system is to engage children in
an interesting way, thus encouraging them to continue ex-
ploring the world of music. Designing for children, however ,
imposes some interesting and challenging constraints on the
physical and interaction design:

� The gesture recognition system must be robust to the
possibly erratic gestures of a child, yet still work rea-
sonably well for their parents.

� The conducting device and surrounding exhibit must
be robust to use (and abuse). An expensive and rel-
atively fragile infrared baton, such as the one used
in Personal Orchestra, would have been unacceptable.
The Children's Museum required that the baton be
tethered, inexpensive, and easy to replace.

� The user interface must be carefully designed to not
only attract, but keep hold of, a child's interest; be-
cause children have a very high energy level, it is often
challenging to keep their attention for very long. We
have personally observed children at the museum run-
ning up to an exhibit, pushing some buttons, and mov-
ing on when the system did not immediately respond
in an interesting way { all in a matter of seconds.

Figure 1: You're the Conductor exhibit at the Chil-
dren's Museum of Boston.
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Figure 2: State machine for You're the Conductor .

These requirements are re
ected in our design through a se-
ries of interaction design patterns for interactive exhibi ts,
principles and guidelines based on previous experience [3].
Some of the design patterns we utilized include: invisible
hardware for shielding the user from the complexity of the
hardware required to run the exhibit; domain appropriate
devicesby selecting a baton as the natural device for control-
ling tempo and dynamics; and immersive displays to provide
an interesting and engaging exhibit.

3.1 User Experience
As a user walks near the exhibit (see Fig. 1), he/she sees a
large screen 2.3 meters wide, showing a movie of the Boston
Pops tuning their instruments. The sound of the instru-
ments is soft enough to be unintrusive, but audible enough
to attract attention. A baton rests on a podium before
the large screen; as soon as the user picks it up, the scene
switches to one where the orchestra has their instruments
ready to play. As the user waves the baton, the orchestra
plays \Stars and Stripes Forever", matching their tempo
with the speed of the user's gestures and their volume with
the size of the gestures. They continue to follow the user
until he/she either stops conducting and leaves, or the piece
�nishes, at which point the user is rewarded with applause.
In either case, the system returns to tuning their instru-
ments, waiting for the next conductor (see Fig. 2).

This extremely simple 
ow of interaction satis�es our re-
quirement for simplicity; unlike Personal Orchestra, there is
no preamble required from the user before conducting (e.g.
language or piece selection). Moreover, since the minimum
age of our target user group is only four, we chose not to
present the user with written instructions where it would


