





unpredictability of the actors’ voices and locations. For
example, the volume of the speaker’s voice changes, and the
distance of the microphone from the actor and from the speaker
varies. Also, the microphone input from the actor and puppeteer
may have low-level audio hum present in the signal due to
electrostatic or magnetic interference, which creates a noise
floor. The noise is suppressed using the high impedance input
of the mixer, producing a clean final output. Most importantly,
if the actor's microphone is held at close proximity to the
speaker, it results in an infinite input and output loop, which
produces a high frequency sound through the speakers. The
operator at the mixer can immediately drop the volume or mute
the source to avert the issue. Malfunction of a device during a
performance can lead to similar problems. There is no
satisfactory way to automate the sound mixing, but we find the
task straightforward and an opportunity for artistic judgment.

3.2. Sound Effects

The Egyptian Oracle sofiware is built on the Unity3d game
engine. Unity employs the FMOD sound engine
(http://www.fmod.org/), capable of a variety of audio tasks. The
Oracle incorporates triggers to handle these tasks with audio
feedback. Unity’s FMOD plugin can be used to regulate sound
effects such as reverberations, echoes, delays, panning, fade-in,
and fade-out. Since the ambient tracks are played from within
the Oracle software, overlaying the desired effect helps set the
conceptual space of the room in the mind of the audience. This
also reduces work for the sound operator.

Finally, the sound operator can introduce variations
manually by using the 32-bit effects on the mixer. The effects
can apply to all sources collectively or to an individual sound
channel at the discretion of the operator. For example, the
actor's voice can be made to sound more emphatic, or the
priest/puppeteer’s voice deeper and more authoritative.

3.3. Spatialization

The Oracle software uses the game engine Unity, the sound
library FMOD, and the sound system described to create a
sense of space to help the audience feel as if they are inside the
temple. To achieve true surround sound, the laptop being used
must have an HDMI out or an optical out (SPDIF) port. The
panoramic sound system allows us to localize sound sources
within the soundscape. For example, the voice of the puppeteer
appears to come from the side of the stage where the priest
avatar is standing.

In this way, we employ spatialization to surround and
enclose the audience, actor, and puppeteer within a single
conceptual space, the Virtual Egyptian Temple. It blurs the line
between the virtual and real worlds, including the audience
within the performance.

4. MUSIC COMPOSITION

The pre-produced audio in the Oracle presentation consists of
an ambient introduction, an ambient loop played in the
background throughout the performance, and 14 tracks of
“stingers” (short musical pieces to complement an action) and
“traveling music” (music playing while the “camera” moves
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throughout the virtual space). Jon Hawkins wrote and produced
the music and special effects in Logic Pro. See
http://www.hawkinssounds.com and
http.//www.apple.com/logicpro/.

The ambient tracks consist of almost-static synthesizer
drones and sounds, small chirps of birds, and slight wind (when
the location is outside the temple). The deep synth drones
provide a relaxing backtrack throughout the performance and
reinforce the illusion of aural space in the virtual model. The
“stingers” provide dramatic effect during actions at key
moments in the drama. The “traveling music” provides a
pleasant aural experience while the camera travels from one
part of the temple to another during scene changes. The music
tracks are designed to fit over the ambient backtracks or work
as independent pieces as needed. They are also timed so that
when they are triggered by an action in virtual space (i.e., the
boat choosing an audience member), the stingers are
synchronized with the animations.

Nobody knows what Egyptian music really sounded liked,
because Egyptians had no musical notation. Many
interpretations are possible, based on their surviving musical
instruments and ethnographic evidence. Coptic Christian liturgy,
for example, has elements that were bound to have come from
Pharonic times. For this composition, however, we experiment
with Hellenic elements and style because the Greeks, and later
Rome, ruled Egypt for much of its Late Period, the setting for
this drama.

When we secure the funding, we will record live
performances of reconstructed ancient instruments. For now,
we are using electronic simulations consisting of samples, filter
effects, EQ, and harmonic manipulators to imitate the sounds of
popular ancient instruments: the kithara (an ancient harp/lyre),
pan flute (a wooden multi-chambered flute), and a variety of
percussive instruments (drums, bells, finger cymbals, and
shakers).

We developed the sounds by feel, using our artistic
judgment. We tested and refined it in a variety the venues of
different sizes and acoustic properties, and find that it works
well. The next step will be to use more advanced software to
simulate the acoustic properties of the virtual temple as they
might have been in real life.

5. APPLICATIONS

The Egyptian Oracle performance has a dual purpose — to
demonstrate the potential of mixed reality theater and to
educate the public on a key aspect of ancient Egyptian culture
that the public is not likely to have seen elsewhere. Religious
performance and ritual permeated ancient Egyptian culture, and
it is related to much of the ceremony in the Abrahamic religions
(Judaism, Christianity, and Islam). The current version of the
Egyptian Oracle performance was originally designed for
children 10 to13 years old and for family audiences, but it has
been well received by adult audiences as well. The performance
is currently well suited to special showings at community
theaters, K-12 schools, and science museums. As we develop it
further, we will add depth to the narrative and refine the
artwork. Our goal is to distribute the Egyptian Oracle to
museums in the humanities in the form of a documentary film
and online as a distributed virtual world. The spatialized audio
described in this paper is a first step to harnessing higher
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fidelity audio displays, primarily for audiences in museums and
large dome (planetarium) venues. Obviously, the technology
and approach could be used for educational theater on a wide
range of topics.

6. CONCLUSION

The Egyptian Oracle sound spatialization project began with a
purely software-based solution in mind. But performances at
different venues revealed that a purely sofiware-based solution
was incapable of handling all the demands of live sound. In
response, we devised a hardware solution based on a live sound
system operator working with the mixer. While a live operator
working alone can exercise more judgment and far greater
flexibility than any automated system, the cost is greater than
that of a turnkey solution. In the end, our solution provides a
real and elevated sound experience for an excellent visual
depiction of the Egyptian Oracle.
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8. FINAL NOTE ON ICAD 2012

This short paper will be presented during the poster session at
the International Conference on Auditory Display in Atlanta,
June, 2012. We will demonstrate the software and a stereo
version of the sound (using headphones) for passersby. In the
future, we would like to stage the full performance, but that is
not possible at this time.
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