
The four words used as the memories in this experiment 
are shown in Fig. 1(a); the concatenated input with errors 
is shown in (b); the correlation output is shown in (c). The 
sharp autocorrelation peaks appear at the corresponding 
positions of the input words and memories. Also, side-
lobes appear over the whole correlation plane. Figure 1(d) 
shows the thresholded and anamorphically magnified ver
sion of the correlation output, with the final output from 
the system shown in 1(e). Compared with the initial input 
in (b), spaces are inserted between words and all the errors 
in the input are corrected. 

Substantial issues need to be addressed before optical 
neural networks such as this can perform complex prob
lems of significant size. For example, the issue of memory 
storage capacity is being investigated by several groups. 
Nevertheless, these early demonstrations indicate that op
tical neural networks may find application in specific 
problems such as image correction, time warping, and se
quence comparison. 

Finally, recent interest in optical implementations of 
neural networks is extending to learning machines. Opti
cal systems to implement the single layer perceptron type 
of learning machine 8 , 9 and the Boltzmann machine 1 0 on a 
small scale have been demonstrated recently. It is expected 
that more effort will be focused on implementation of var
ious learning machines in the future. 
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Optical computers have been promoted as the remedy 
for the bottlenecks of electronic computers, but as 

Top: Protozoa without novelty filter. Algae is also visi
ble. Bottom: Protozoa seen with novelty filter. Algae in 
background is no longer seen. 

yet no one has made a digital optical computer that can 
perform even the simplest of tasks, such as adding two 2-
digit numbers.1 Analog optical computers are much easier 
to make than digital optical computers, and for some ap
plications analog computers are better. A frog, for exam
ple, uses an analog computer to quickly compute the ve
locity and the predicted position of a careless fly, and the 
frog obviously does not need a digitally-precise value for 
the fly's velocity. 

Recently, a number of optical analog computers have 
been demonstrated that would rival a frog for detecting 
motion or change in an optical scene. These transient de
tectors, also called "novelty filters," process an entire im
age in parallel. They all use the photorefractive crystal Ba
TiO3 as the nonlinear medium, and they take advantage of 
the slow response time of this crystal. 

One device2 uses a geometry similar to that for demon
strating phase conjugation. A plane wave is sent through a 
phase distorter, reflected by a phase-conjugating mirror, 
and sent back through the same phase distorter to emerge 
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as a restored plane wave. The difference here is that the 
distorter can change with time; it is an inexpensive liquid-
crystal T V display that has been modified to act as a phase 
modulator. By connecting a video camera to this liquid-
crystal TV , the laser beam transmitted through the display 
contains a live phase image of whatever the camera is 
looking at. Phase conjugating a stationary image and 
sending it back through the television display reproduces 
the original plane wave, which is made to appear dark by 
using polarization tricks. However, if any part of the live 
scene changes, the new feature suddenly appears high
lighted against the dark background, because the phase 
conjugator cannot respond instantly. Using a cw laser 
with a few milliwatts of power, the time constant of the 
BaTiO3 phase conjugator is set at ~ 1 sec., so that any 
part of the scene that changes or moves more than one 
pixel in this time is instantly displayed. 

Two other novelty filters both use two-beam coupling in 
BaTiO 3 . This crystal is oriented so that the image-bearing 
beam is depleted by a stronger pumping beam in the crys
tal. One device uses a liquid-crystal display and a T V cam

era to impress a live scene onto the image-bearing beam, 
and the transmitted beam is dark unless something in the 
live scene changes or moves.3 Another device uses live mi
croscopic organisms as phase modulators.4 Any swim
ming protozoa are clearly seen, while the stationary back
ground of algae is largely removed from the scene, as 
shown in the figure. The resolution of this device is a few 
microns, and the intensity of the light incident on the bugs 
is less than that of ordinary sunlight. 
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The goal of this project is to simulate and implement a 
demonstration optical inference engine. The ap

proach is to develop an optical data representation for 
knowledge and then to construct simulation software for 
all optical components to validate system behavior and 
reduce implementation risk. The next step is to design, 
simulate, and implement optical computation modules for 
the basic operations required for inference; optical storage 
and data handling modules required for data-dependent 
computation; and the data-dependent control required for 
inference. 

Several areas of artificial intelligence—notably knowl
edge-based systems, pattern recognition, and neural net
works—require so much computer power that their use
fulness as problem-solving techniques are limited by 
present computer hardware. Our ability to address the 
computing power limitations of conventional processors is 
limited by electronic problems in the distribution of data 
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