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Key Digital Audio Concepts

Before we apply the ideas of CAs to processing sounds, it is important to understand
some key ideas of digital audio:

1) Digital audio consists of discrete samples. While an analog device (i.e. a
record player) stores sound continuously (i.e. grooves on a record), a digital device (i.e.
a computer or CD player) stores sound as a set of discrete samples. These samples are
so close together (usually 44,100 samples per second) that we hear them as a
continuous sound. But digital sound is really just a one-dimensional grid of numbers.

2) Sound can also be represented on a grid of frequency and time. A technique
called the Fast Fourier Transform enables computers to represent sound as the
intensity of different frequencies (i.e. pitches) as they change over time. This data is
often represented on a two-dimensional grid, where the horizontal axis is time, the
vertical axis is frequency, and the color of the plotted data is the intensity.

Cellular Automata Synthesis Algorithms

In the installation, the user's voice is processed in three ways:

1) One-dimensional waveform: A short sound is repeated over and over again.
The discrete samples which make up the sound become the initial configuration of a
one-dimensional CA, and each repetition of the sound becomes a new generation. The
system is similar to our example of a one-dimensional CA, except that the cells can take
on many different values representing degrees of life and death.
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2) Two-dimensional Game of Life: A short sound is repeated over and over again.
The two-dimensional frequency/time grid of the sound becomes the initial configuration
of a Game of Life. Again, each cell can take on many different values (i.e. frequency
intensities) which represent various degrees of life and death.
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3) One-dimensional granular transformation: This algorithm processes a
continuous stream of sound; in this installation, it always processes the sound produced
by one of the previous two algorithms. The sound is divided into chunks of equal length,
and these chunks become the initial configuration of a one-dimensional CA. As the CA
evolves, it controls the relative volumes of subsequent chunks of audio.

Throughout The Locust Tree in Flower, these algorithms are used with different
parameters and in different combinations to process sound in a variety of ways. And
since small changes in the initial configurations of cells cause drastic changes in the
outcomes of the algorithms, the timbre, frequency, and inflection of the user’s voice has
a profound influence on the evolution of the sound.
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ABOUT PHASE VOCODING

A phase vocoder is a powerful tool for transforming digital sound based on its frequency
content over time. Two of the most basic (and popular) applications of phase vocoding
are to change the pitch of a sound without changing its speed and to change the speed
of a sound without changing its pitch.

Normally, speeding up a sound makes its pitch correspondingly higher, a result known
as “munchkinization.” (Think, for instance, of playing a 33 RPM record at 45 rpm.)
Phase vocoding enables these two domains to be transformed independently of the
other.

The Locust Tree in Flower uses phase vocoding in order to highlight phonetic
relationships in the poem. As a user generates music, the computer records it. Then,
whenever the user says a sound which has already occurred in the poem (i.e. the ‘0’ in
‘of is a repetition of the ‘0’ in ‘among'), the phase vocoder repeats all of the sound it
recorded between those two places in the poem. The playback of these sounds is sped
up significantly, sometimes by as much as a factor of 30.
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