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Chaos Has Come A g a i n

Daniel J. Gauthier

Most laser users would rush to contact their
friendly service representative if the inten-
sity or frequency of their high-priced device
began fluctuating in an erratic manner. In
some cases, what appears to be random be-
havior is a manifestation of deterministic
chaos arising from the fundamental interac-
tion between light and matter. Noise-like
fluctuations, a broad optical power spec-
trum, and extreme sensitivity to initial con-
ditions are hallmarks of chaotic lasers, char-
acteristics that usually limit the perfor-
mance of the device (1). On page 1198 of
this issue (2), VanWiggeren and Roy put a
new twist on this story by demonstrating
that optical chaos is not bad for all applica-
tions: it may be ideally suited for communi-
cating information at high data rates.

VanWiggeren and Roy are members of a
nascent group of nonlinear-dynamics re-
searchers who believe that chaos can be har-
nessed for a variety of applications, many of
which are yet to be discovered. This new in-
dustry of sorts is based on the discovery that
it is possible to control and synchronize
chaos in optical as well as biological, chemi-
cal, electrical, and mechanical systems (3).
Communicating information at high speeds
by means of chaos is one step toward realiz-
ing the potential of this approach.

Pecora and Carroll (4) first suggested the
possibility of modulating messages in a cha-
otic carrier and decoding them with a prop-
erly designed receiver in the early 1990s. In
their scheme, a tiny-amplitude message is
added to a strong chaotic signal generated
by a transmitter before it is sent on its way
down ‘the communication channel. This
technique offers some level of privacy from
eavesdroppers because the tiny message is
hidden in the broad, noise-like spectrum of
the chaotic carrier. The receiver is an iden-
tical subassembly of the transmitter (a col-
lection of a few transmitter components).

The tiny message is decoded by exploit-
ing the fact that the receiver tends to syn-
chronize its behavior to the chaotic part of
the transmitted wave form but not to the
message. Subtracting the wave form created
in the receiver from the transmitted signal
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yields the tiny message. Soon after their sug-
gestion, Cuomo and Oppenheim (5) dem-
onstrated chaos communication using a
low-speed electronic-circuit implementa-
tion of the transmitter and receiver; the
bandwidth of their system was less than tens
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The message, a 10-MHz square wave, is

"encoded in the chaotic light beam with a

three-step process. First, the intensity of an
auxiliary (well-behaved) laser with a similar
center wavelength is modulated in propor-
tion to the message amplitude. Next, this
modulated beam is injected into the chaotic
ring laser with an optical coupler. Injecting
the message into the lasers is a much more
complex process than just adding the mes-
sage to the chaotic signal as in the Pecora
and Carroll scheme. The message is “folded”
into the chaotic fluctuations as it circulates
many times around the ring laser. In addi-
tion, the chaotic laser and message fields are
mixed in a nonlinear fashion as they propa-
gate through the highly satu-
rated erbium-doped optical fi-
ber. Finally, a fraction of ring-
laser power is coupled out of
the resonator and sent on its
way along the communication
channel.

They decode the message
using an optical generaliza-
tion of technique originally
introduced by Volkovskii and
Rulkov for electronic circuits
(7). The incoming optical sig-
nal is split equally and di-
rected to two separate parts of
the receiver. One half is sent
to a moderate-speed optical
square-law detector whose re-
sponse is proportional to the
intensity of the chaotic fluc-
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tuations with the encoded
message; the second half; is
sensed by a similar detector af-
ter the beam passes through
an erbium-doped optical-fiber
amplifier whose properties are
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Hidden messages. Injecting a message into the transmitter la-
ser “folds” the data into the chaotic frequency fluctuations. The
receiver reverses this process, thereby recovering a high-fidel-
ity copy of the message. EDFA, erbium-doped fiber amplifier.

of kilohertz. Chaos communication with an
electro-optical setup with a potential for
high-speed operation has also been reported
by researchers at the University of Franche-
Comté (6).

VanWiggeren and Roy (2) have demon-
strated data transmission rates of 10 Mbits st
with the use of an optical setup that has the
potential for significantly higher rates. Their
transmitter is a ring laser consisting of a
commercially available optical-fiber amplifier
doped with erbium ions-a mainstay of the
commercial optical communication indus-
try-producing chaotic light with a broad
spectrum and a center wavelength of 153 pm
when operated far above the laser threshold.
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precisely matched to the opti-
cal fiber in the chaotic trans-
mitter. This identical fiber
amplifier in the receiver “un-
folds™ precisely the message
from the chaotic carrier so
that a high-fidelity copy of the
original message is obtained by subtracting
and low-pass filtering the electrical signals
generated by the two optical detectors.

In principle, it is possible to communi-
cate information at ultrahigh data rates with
the use of this scheme because the spectral
width of the ring-laser chaotic fluctuations
is very large (of the order of tens of giga-
hertz). VanWiggeren and Roy realized that
the main data-rate limitation in their cur-
rent setup is the speed of the optical detec-
tors. They suggest that it is possible to sub-
tract the signals in the receiver optically by
a heterodyne technique, opening up the
possibility of exploiting the full bandwidth
of the chaotic fluctuations for modulating
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An enhanced version of this commen-
tary with links to additional resources is
available for Science Online subscribers
at wiww.sciencemag.org

information. In the mean time, they have
modified their setup and can now communi-
cate random bits of information at data rates
in excess of 150 Mbits s™! (8) (see figure).
The theory for this experiment was devel-
oped by Abarbanel and Kennel (9), building
on the ideas suggested earlier by Rulkov and
Volkovskii (7).

These preliminary but intriguing results

suggest that chaos-based applications may
be more than just a laboratory curiosity, al-
though substantial research must be under-
taken to transfer such discoveries to the
commercial sector. For example, the level of
security afforded by this scheme and the ef-
fects of communication channel distortion
and fading must be fully addressed. In addi-
tion, nonlinear-dynamics researchers have
yet to develop a general, systematic method
for designing new nonlinear systems suitable
as chaos transmitters and receivers. In light
of the interest expressed by corporations
and governments in such laboratory demon-
strations, | expect that many of these issues
will be tackled in the near future.
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