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Dennis Gabor can be regarded as the most important scientist in laying the fundaments of
optical computing. In our paper we glance over the perspectives of optical computing, the
importance of present solutions and highlight Gabor's major contribution. The invention of
holography itself was born from his holistic view of wave-optical (and electron-wave)
information processing and recording. Moreover, Gabor was among the firsts who investigated
optical signals and waves from the point of view of information theory.
Why optical computing? A detailed comparison with semiconductor based electronic and other,
novel type computers, (bio-, quantum-, etc. computers) provides the following advantages:
massive parallelism (as opposed to word-wide digital sequential processing), information
transmission at the speed of light (signal propagation times) and complex 2D transformations in a
single step.
Categories of optical computing:
Special purpose optical computing (optical signal processing).
Its first application was Leith's SAR image processor, VanderLugt's filters, correlators, joint
Fourier transform correlator (JTC, that works with superposition of holograms)
Universal Optical Computer.

• I/O optical devices (sensors, displays)
• Optical memories (bit- or byte-wise, holographic distributed, associative)
• Optical processors: digital, analog, hybrid, matrix-vector product ,integral-

transform,
• Correlators (VLC, JTC, incoherent), linear/nonlinear, neural networks

(locally/globally interconnected)
• All-optical, hybrid, mostly optical solutions
• Optical interconnects (free-space to overcome bottlenecks)
• Smart pixel optical computer architectures

An optical implementation of the cellular nonlinear/neural network computer (CNN)

Optical computer architectures and functions can model quantum-dot computers.

In spite of the fact that the information content of optical images and the information carrying
capacity of optical waves were investigated earlier by Rayleigh and others, both the theoretical
and practical contribution, furthermore the foundation of optical information processing can
mainly be attached to Gabor's name.
Fast switching is possible with liquid crystals: Their speed is in sub-millisecond and microsecond
range. Some future devices, based on molecular architectures, promise nanosecond switching
time.
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Introduction
In this paper we would like to demonstrate that Dennis Gabor made a decisive contribution in the
creation of optical signal processing and optical computing. This is a new discipline of science
and a fruitful field from technical point of view. Secondly, our goal is to show why optical
computing is so promising and why is it capable of solving the more and more hindering
bottlenecks of purely electronic computing. Thirdly, a short overview will be given of our
research in the optical implementation of the cellular nonlinear/neural network-universal machine
(CNN-UM).

I. Contributors of founding optical computing
The roots of optical computing date back to the work of Fresnel and Fraunhoffer in the 18th

century. After them Rayleigh and Abbe did the most in this direction and we also have to
mention Zernike’s contribution to phase contrast microscopy. By inventing holography, Dennis
Gabor initiated a new era, so the birth of modern optical signal processing started in the middle of
the 20th century. The following list of the most relevant publications from 1948 (the invention of
holography) until 1971 - when he was honored with Nobel prize - shows the names of the major
contributors of founding optical computing:
1. Gabor, D.: “A New Microscopic Principle” Nature 161 (1948) 777-778;

“Microscopy by Reconstructed Wavefronts” Proc. Roy.Soc. (London) A. 197 (1949) 454-478;
“Microscopy by Reconstructed Wavefronts-II” Proc. Phys. Soc. B. (London) 64 (1951) p. 449-
469

2. Wiener, N: “Optics and the Theory of Stochastic Processes,” J. Opt. Soc. Am., Vol. 43, p. 225
(1953)

3. Elias, P.: “Optics and Communication Theory,” J. Opt. Soc. Am., Vol.43, p. 229 (1953)
4. Linfoot, E.H.: “Information Theory and Optical Imagery,” J. Opt. Soc. Am., Vol. 43, p. 808

(1955)
5. Toraldo di Francia, G.: “The Capacity of Optical Channels in the Presence of Noise” Opt.

Acta, Vol. 2, p.5 (1955)
6. O’ Neill, E.L.: “Spatial Filtering in Optics,” IRE Trans. Inf. Theory, Vol. IT-2, p.56 (1956)
7. Marechal, A. and Croce, P.: “Un Filtre de Frequencies Spatiales Pour l’Amelioration du

Contraste des Images Optiques,” C.R. Acad. Sci., Vol. 127, p. 607 (1953)
8. Cutrona, L.J., Leith, E.N., Palermo, C.J. and Porcello, L.J.: “Optical Data Processing and

Filtering Systems”, IRE Trans. Inf. Theory, Vol. IT-6, p.386 (1960)
9. VanderLugt, A.: “Signal Detection by Complex Spatial Filtering”, IEEE Trans. Inf. Theory,

Vol. IT-10, p. 139 (1964)
10. Leith, E.N. and Upatnieks, J.: “Reconstructed Wavefronts and Communication Theory,” J.

Opt. Soc. Am., Vol. 52, p. 1123 (1962); “Wavefront Reconstruction with Continuous Tone
Objects,” J.Opt. Soc. Am. 53, 1377-1381 (1963)

11. Weaver, C.S., Goodman, J.W.: “A technique for Optically Convolving Two Functions”,
Appl. Opt. 5, 1248-1249, (1966)

12. Rau, J.E.: “Detection of Differences in Real Distributions,” J. Opt. Soc. Am. 56,1490-1494,
(1966)

13 Goodman, J.W.: Introduction to Fourier Optics, McGraw-Hill, New York, 1968.

This shows - that after the invention of the laser and its first application to holography by Leith
and Upatnieks - a revival and blooming of extremely successful research started what has been
reflected in thousands of publications.
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From several points of view the following two results proved to be unusually stimulating and
both are based on holography:

14. Yu, F. T.S., Lu, X. L.: “A real-time programmable joint transform correlator,” Opt. Commun.
52, 10-16 (1984)

15. Psaltis, D., Farhat, N.: “Optical information processing based on an associative-memory
model of neural nets with thresholding and feedback,” Opt. Lett. 10, 98-100, (1985)

In the past four decades many optical computing (OC) and optical signal processing (OSP)
solutions has been worked out, and the majority of them use holography or holographic
principles. Of course Gabor’s impact on OC is even greater, because his results in the general
information theory and peculiarly in its optical version deeply influenced this field. Presently,
optics plays important roles in capturing, transmitting, storing, displaying, and even processing
information. Special attention is paid to nonlinear optical systems, because the nonlinear science
of complex systems with spatio-temporal dynamics - in physics, engineering, mathematics and in
many other discipline (e.g. biology, economy) - represents a main trend.

What distinguished Gabor from the majority of the information scientists?

Dennis Gabor had a unique approach to information processing problems (of course, this was his
general attitude). In spite of being an excellent theorist, he was never satisfied with the
mathematical description of a question, but tried to see and analyze its exact and deep physical
meaning and physical limits let it be classical or quantum mechanical. On the other hand he
always formulated the problems in clear mathematical form. This attitude helped him to many
inventions, as to holography, Gabor wavelets, different forms of associative memories,
correlators, just mentioning what were the most important from the point of view of information
theory and information processing.

II. Why optical computing?

Optical computing and optical signal processing is a mainstream field of research of in present
days. You should ask why, since it was already promising 30 years ago. The answer lays in three
reasons:
1. The semiconductor-based microelectronics developed so fast that other technologies were

not able to keep pace with it (the speed of processing and the integration density of switching
elements is increased threefold in every two year, according to Moore’s Law1). But this
process is approaching its limits.

2. Thanks to the progress made in the technologies of key devices of optical information
processing, optical computers are getting matured enough to help solving electronic
computer’s bottlenecks.

3. New computing paradigms were formulated. The essentially parallel opto-electronic
computer structures can serve (solve) these paradigms better.

1 Since the 1960s follow Moore's Law, a prediction by Intel founder Gordon Moore that every eighteen months, for
the foreseeable future, chip density (and hence computing power) would double while cost remained constant,
creating ever more powerful computing devices without raising their price.
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In our days digital electronic computers are ruling the scene. At the beginning of the electronic
era analog computers were also widely used. They were more efficient than the digital ones, but
with their rigidly wired structure they resisted the requirement of flexible programmability and
their accuracy was not high enough for many application. The last decades were dominated by
digital computers, thanks to the extremely rapid progress of microelectronic technology, i.e. the
continuos advance in micro-miniaturization and the ceaseless increase of speed.
However, digital electronic computing was able for continuous renewal not only at the
technological and element’s level, but both structural and architectural level achieved a
spectacular progress, too.
On system level new computing philosophies, paradigms, algorithms emerged:
- Serial data transfer and processing is the main limiting factor of present day computers (their
parallelism is extended only to the length of words e.g. to 64 or 128 bits).
- Multiprocessor computers are large in size and costly but can realize much higher parallelism
and speed, however, their evolution is severely limited and needs parallel interconnections that
optics can solve intrachip, intraboard (interchip), or interboard.
- Neural computing uses a totally different approach, different architectures and principles of
operation. They are able to solve several tasks with much higher efficiency.

- Neural computers have globally connected and locally connected versions
The analogic cellular nonlinear/neural network computer (CNN) is a nearest-neighborhood
connected, stored programmable computer, that can be realized on a single chip. This can harness
the advantages both of the analog and digital computing. Its universal machine version (CNN-
UM) implements a supercomputer computing power. There are version of the CNN-UM with on-
chip optical sensor matrix input, so it is capable of receiving whole images, thus it is not limited
by the serial electronic transfer bottleneck. Research is devoted to develop CNN chips with
optical output, to speed up the communication with its machine and/or human environment.
The CNN-UM is characterized by high level parallel processing, i.e. its lowest level instructions
operate on massively parallel data streams instead of single bytes or words - as is usual in
common digital computers.
-The CNN-UM with optical I/O can be regarded as an efficient, smart pixel array processor,
because it can perform more complex operations than the known smart pixel systems.
- Even all of the smart pixel computers have a limitation: their in-cell complexity is limited
because the lack of space for interconnections among their active and passive elements and
layers. Furthermore, heat dissipation and cooling problems of densely packed elements are also
smaller.
Sharing processing tasks with optical processors and optical stores and establishing optical free-
space interconnects, a much more powerful computer system can be created.
-In electronic neural processors the number of interconnections is exponentially growing, if
interconnections are not limited to the local neighborhood. (As the number of cells increases, in a
globally interconnected neural system there will be no room for the wires.)

Let us summarize the limits of the processing speed up thanks to the fast progress of
microelectronic technologies (The Moore's law presumably is coming to an end within a decade).

1. Size limit: smallest feature size for lithography has a bottom limit, the number of
electrons will be too small for "noise-free switching" in a small volume

2. Heat dissipation at high density hinders further integration: more dense packing causes
heat catastrophe
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3. Interconnections are limited - planar layer, interconnects between layers - because of
the lack of space (surface and volume is occupied by passive, active circuit elements)

That is why new alternative technologies, solutions and principles are sought.

Alternatives, new ways of computing:

New physical and biological principles and materials will solve the needs of computing.
Optical/opto-electronic, bio-, quantum computing and their hybrid versions are the foreseeable
solutions.

Advantages of optical computing (OC):
Optical computing has several important and decisive advantages over existing and future
electronic computing methods and it is possible to implement the well developed electronic
paradigms an principles, among them -in general - neural computing and - especially - CNN
computing has an eminent position.

Main features of optical computing:

1, High degree of parallelism enabling us to process and program flows (streams): a single
instruction or command applies not to a byte or a word but to a whole frame (containing
106 - 107 byte data). 2 Simple optical architectures can perform in a single step 2D Fourier
or other integral transformation on a frame. In two steps complex image (or matrix)
operations, e.g. correlations (pattern-recognition and -classification) can be executed.

2, High switching rate (frame rate): presently 1µs switching rate (1 MHz frame rate), in
the near future 1ns (GHz frame rate), physical limits suggest, that later even pico-second
(TeraHz frame rate) will be achievable.

3, High overall processing speed: now 10 TeraFlops in the near future 1015 bytes/s, later
1019 operations per second on bytes will be performed by optical processors (a
consequence of 1 and 2).

4, Freedom and flexibility in interconnectivity: free-space global interconnects (perfect
shuffle (crossover), Banyan, crossbar), planar, mixed interconnects can be realized.

5, Optical storage of huge amount of data is possible with high density. Rapid access is
possible and divers access schemes (analog/digital, bit-wise, image-wise, serial access of
whole frames, random access, associative) have been elaborated.
In diverse holographic forms storage density of 108bit/cm3 can be realized. This huge
amount of total storage capacity seems to be reachable3, with 10ns frame-access time
(what is architecture dependent).
A great store of holographic materials is being developed. Its parallel versions fit well to
the parallel nature of OC.

2 Here - in spite of the fact that in analog computing binary units can express only approximate values - we use
digital units
3 linear storage density: 1/δδδδx = NA/λλλλ

The width of the focused laser beam for storing a bit: δx ≈ λ/NA, where λ is the wavelength, NA is the
numerical aperture: ND ≈ D/(2f) - D/f is the relative aperture.

surface storage density (independent from the way of the storage): 1/δδδδA = NA2/λλλλ2

For λ = 1 µm, NA = 0.5 we get: 1/δA = 2.5×105 bit/cm2

volume density: since depth of focus is DOE = δz = λ/NA2, 1/δδδδV = 1/δA2×1/δz = NA2/λλλλ3 , with the above
parameters: 1/δV = 108 bit/cm3
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6, Optical Processing is extremely versatile and flexible because it can be analog, digital,
and hybrid analog/digital, hybrid optical/electronic (photonic), all possessing the
advantages mentioned above. Optical processing is directly applicable for matrix
operations.

III. AN OPTICAL CNN IMPLEMENTATION WITH STORED ROGRAMMABILITY

Summary of our work
Here we provide a framework for the implementation of Programmable Opto-Electronic
Analogic CNN (POAC) Computers embedding CNN Universal Chips. Specifically, a new
method for optical CNN implementation is provided and some details are experimentally studied.
The POAC architecture includes the integration of an optical processing system, such as a joint
transform correlator, with the fast spatio-temporal processing capabilities of a CNN-UM chip.
We have built and tested an optical sub-unit of this experimental opto-electronic architecture to
examine their processing capabilities for complex target recognition tasks. Preliminary result of
these measurements will also be presented. The main idea is to introduce stored programmability
into optical computing.

Introduction

The demand for fast identification and tracking of targets e.g. in surveillance systems has been
increased dramatically during the last few years[1][2]. In several other image-processing tasks the
quick recognition of particular structures is also important.
The very fast, online pre- and post-processing of the flow of image data is inescapable. Optical
information processing systems can provide appropriate speed to solve these demands. However,
the so far published optical processing system architectures do not seem to be flexible enough to
be applicable in different computational tasks.
In recent years, several studies have demonstrated that a cellular neural/nonlinear network (CNN)
type architecture[3][4], provides exhaustive programming frame for several complex, image-
processing tasks[7][8]. The CNN Universal Machine (CNN-UM) is a massively parallel
nonlinear array processor[5][6]. While several emulated digital and mixed-signal analog
implementations are emerging, there have been only a few attempts to build optical or opto-
electronic implementation [10]-[18] of the CNN-UM. Optical correlators, however, can
implement one of the basic operations of CNN computation: the convolution.
The POAC computer framework consisting of an optically implemented CNN combined with
fast and re-programmable optical input VLSI CNN-UM chips present an ideal solution for the
above outlined problems. In the optical implementation a large number of templates can be stored
and retrieved In this framework a considerable, in some case the dominant part of the processing
can be done at the speed of light, and the rest of the processing on a fast parallel opto-electric
device.
In this paper, we propose a special hybrid opto-electronic CNN computer architecture: an
implementation of Programmable Opto-Electronic Analogic CNN (POAC) Computers
embedding CNN Universal Chips. We shall introduce and analyze this new type of feedforward
only optical CNN implementation. We will demonstrate its flexibility in some image processing
tasks. First we give the theoretical and structural description of the new optical CNN
implementation (section 0) and this architecture's extension and combination with the existing
VLSI CNN technology. Later we describe the measurements made on this architecture. Finally
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we demonstrate the architecture's image processing capabilities by some simple image processing
tasks and give the conclusion and discuss our results.

JTC for optical CNN

Optical correlators

The joint transform correlator (JTC)[19][20] is a powerful optical information-processing unit for
pattern identification. It shows increased robustness comparing to a matched filter VanderLugt
correlator (VLC)[21].

Advantages of JTC realization[22]:

• Use of a spatial-domain (impulse response) filtering (no previous calculations and
computer processing is needed to synthesize the Fourier–domain filters which are
necessary for VLC).

• The JTC has a higher space-bandwidth product and a lower carrier frequency.
• It has a higher index modulation.
• It is suitable for real time applications.
• It is much more robust against vibrations and misalignment compared with the VLC and

its robustness is comparable with that of the incoherent correlators.

Drawbacks of JTC:

• It suffers from moderate (lower) detection efficiency when applied to multiple target
recognition or targets embedded in intense background noise.

• Furthermore, high spatial coherence is required, but it does not need large coherence
length.

• The JTC method is less efficient from energetic point of view as the first order diffractive
beam, which is providing the desired convolution, carries only about 1/8th of the incident
energy.

However, these drawbacks can be alleviated by applying recently developed methods (phase
encoding - both in the spatial and Fourier domain -, zero-order elimination, incoherent
hologram superposition and read-out)

The following equations (1,2,3) describe mathematically the operations of JTC.

,y)xt(x,y)xs(xInput 00 −++= ( 1 )

Where s and t corresponds to the input image and to the template.

t(x,y).ands(x,y)

oftransformsFourierthetoscorrespond

),(i
)e,T(and

),(i
e),S(where

x2i
e

),(i
)e,T(

),(i
)e,S(

x2i
e

),(i
)e,T(

),(si
)e,S(

),(T),(SSpectrumPowerJoint

ts

0ts

0t

22

βαϕβαβαϕβα

αβαϕβαβαϕβα

αβαϕβαβαϕβα

βαβα

−+

+
−−+

++=

( 2 )

)y,x(t)y,x2x(s)y,x(t)y,x2x(s

)y,x(t)y,x(t)y,x(s)y,x(sOutput

00 ∗++∗−+
+∗+∗= ( 3 )



8

The previous optical CNN implementations, however, had used mainly the VLC type correlator
[16]. The main problem with optical CNN VLC implementation is the slow, offline construction
of the appropriate complex, computer designed holographic filter, corresponding to the necessary
template. This design is sensitive for the precise positioning of the elements.

Programmable Optical elements

In the last few years a lot of high-resolution programmable optical device have emerged. These
are the electronically or optically addressable spatial light modulators. These new elements
provide a new framework for optical information processing as well. These spatial light
modulators can work parallel at a very high speed. The resolution of a typical Electronically
Addressable Spatial Light Modulator (ESLM): 1024x1204 pixels (ferroelectric liquid crystal:
binary or nematic or - the much faster - anti-ferroelectric liquid crystal: gray-scale).
Optically Addressable Spatial Light Modulators (OASLM) can be applied to avoid serial
interfacing.

Basic structure and function of this design

In our approach, the joint Fourier transform correlator (JTC) will be used in a novel way for
preprocessing, since it accomplish the basic feedforward-only CNN operations. For example, this
makes it possible to realize mathematical morphology (MM) processing in the CNN framework
(for MM tasks the JTC seems to be more suitable than for general-purpose pattern recognition).
The basic plan of the JTC based POAC is shown in Figure 1.
In the proposed architecture the unknown input image from an electronically addressed spatial
light modulator (ESLM) is correlated with the template(s) considered as reference image(s).
Here we have to mention, that in the current setup we use photographic images as input, but in
the near future we will change it to a programmable (ESLM) device. Laser 1 is the coherent light
source (red, He-Ne). Lens FL1 Fourier transforms the images on the OASLM in which the
interference fringes are recorded.

Laser 1 and
beam expander

FL 1

FL 2

CCDLaser 2 and
Beam expander

Beam splitter

Computer

ESLM
driver

OASLM

OASLM
driver
unit

Objective

Correlogramm

Template 1

Input image

Joint Fourier transform for CNN
implementation

Scaling Optics

Useful Area

Figure 1. The experimental setup for JTC–CNN implementation measurements.
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Presently, we use a moderate resolution OASLM from Jenoptik GmbH. To increase the
processing capability, a higher resolution OASLM - e.g. from CoreTek Inc. - will be used. The
interferogram between the images is read-out by the light of laser 2 (green, He-Ne) and Fourier
transformed by lens FL2 and projects the correlation peaks onto CCD camera. A personal
computer (PC) is used to drive the image SLM.
So a classical JTC is installed with OASLM as the holographic material. Presently, both the input
images and the templates are binary images. The output, the cross-correlation (convolution)
terms, is recorded by a CCD camera.

POAC COMPUTER

Architecture

More complicated processing can be carried out by the composition of our optical CNN
implementation with CNN-UM chips. The basic structure of the proposed architecture can be
seen in Figure 2.

Possible advantages of POAC realization:

• The large neighborhood templates can find complex images on the input image.
• A VLSI implemented CNN-UM can perform the necessary further computations,

considering the feedback and complex algorithms.
• The CNN-UM can solve the adaptive scaling and thresholding of the optical feedforward

only CNN (JTC) input

So the optical feedforward only CNN implementation output can be the optical input of the VLSI
CNN-UM chip.
By the modification of the amplitude distribution of the reading light beam we can implement an
additional template operation. The scheme of this operation is also denoted in Figure 2. This
architecture provides the possibility to ensure adaptively the balance between input image and
primary template’s illumination. If the primary template is only a dot (Dirac delta), the
reconstructed correlation image should be the same as the input. By adaptive changes of the input
image’s illumination we can achieve optimal reconstruction. Assurance of this balance is
essential and usually unavoidable for any types of further processing. In the followings we can
use an additional template (t2 in Figure 2) for programming the POAC system. In this case much
higher speed computation can be achieved.

P C

L a s e r 2

a s e r 1 F L 1 F L 2 C N N -U M

B S

In p u t Im a g e

C N N - U M T e m p la te im a g e s
E S L M o r f ro m p o ly m e r
m e m o ry C N N t1

O A S L M

S c a lin g O p t ic s

t2

Figure 2. The proposed Programmable Opto-Electronic Analog CNN (POAC) computer
architecture.
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Mathematically the next equation can describe the operations.
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Optical disk, ESLM as programming elements of the templates (Library)

For a proficient applicability of the POAC it is necessary to ensure programmability, the fast
alteration of templates. It can be done by an ESLM or by optical discs [23][24], where the library
of templates is stored previously.

Large neighborhood templates

Main advantage of the optical implementation, that there is no harsh limitation on the size of the
applied templates as in the case of VLSI implementations. So by the POAC computer it is easy to
implement multi-scale image processing tasks by applying a set of scaled templates of different
size.

Measurements

Sensitivity analysis

For the hologram's appropriate recording we have to consider the OASLM's finite resolution.
Template and input image must have balanced intensities as it is mentioned above. The spatial
frequency bandwidth product (SFBW) of the OASLM is a key parameter, and we have to
determine the appropriate scaling of the input images.

Noise analysis

To increase the signal to noise ratio of the output image we have to identify the different noise
sources and measure them. Such as the detector noise: the optical to electrical signal conversions,
inherent coherent noise of the optical system (speckles). Object scene noise: background clutter,
target noise. A theoretical study of the JTC with phase-only images will also be done. If phase
images can be correlated in the JTC, an increase in the photon efficiency can be made, enabling
low power diode lasers to be used. Several discrimination-improving methods (nonlinear
recording of the JTC power spectrum, Difference Of Gaussians (DOG) [26] and wavelet filtering,
phase-encoding, position encoding etc.), will be tested and composite filter synthesis will be
applied to overcome the disadvantages of JTC but harness its advantages for a POAC. In the
current setup the dynamic range of the OASLM is limited and the zero order terms seems to be
saturated. Furthermore, the low spatial resolution of the OASLM limits the space bandwidth
product. To overcome this problem, we started to use the high-resolution photosensitive
bacteriorhodopsin [29] material and an appropriate phase modulation [30].

Mathematical Morphology operations

For the demonstration of image processing capacity of this new optical CNN implementation we
show its performance for some simple mathematical morphology operations [12]. Although these



11

operations can be easy to implement on conventional VLSI chips, however, optical preprocessing
can extend both the image and template sizes and can provide their cross-correlation nearly at the
speed of light. In the next figure (Figure 3) we demonstrate the capabilities of the existing JTC
system. The system can find the reference object within the input image. After suitable
thresholding we can determine its appropriate positions in the output image.

Figure 3. By the optical correlator we can manage letter identification. The orientation of
the image and the reference object, template (letter 'K' and 'A' in these cases) shows which
letter was to be recognized. This is the first step of further CNN processing. 3a and 3a' are
the inputs, 3b and 3b' are the output, 3c and 3c' are the thresholded correlogramm.

Simple CNN-POAC computation.

If we combine the JTC system with the capabilities of the CNN universal machine we can
improve the capabilities both paradigms. To demonstrate it let us see a simple example. The JTC
system can easily determinate the position of different letters, while the CNN-UM system can
solve the further necessary algorithmic steps. These later ones can be mathematical morphology
operations (the JTC system will be able to perform these operations, but in our present setup
these and the recall procedure were implemented by the CNN simulator). In the next figure
(Figure 4) we show the results of the combined system operations.

3a 3b 3c

3a' 3b' 3c'
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Figure 4. The POAC system can solve even complicated pattern recognition tasks. The JTC
determined the position of the C and N letters. The JTC input screens can be seen on 4a and
4b. Only the template has been changed. The correlation peeks can be seen on 4c, 4d and
their thresholded versions on 4e, 4f respectively. The recall of these letters (4h) from the
original input (4g) is made by the CNN-UM, using simple mathematical morphology and
recall operations.

Our results are demonstrations of the capabilities of the POAC system in its the initial stage. In a
programmable POAC system, we will be able to implement more complex algorithms.

a b

c d

e f

g h
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Conclusions and Discussion

The POAC computer architecture has been proposed that combines optical preprocessing opto-
electronic CNN post-processing in the CNN-UM framework. The JTC based optical
implementation has considerable advantages (programmability) compared to the so far published
optical CNN implementations. Special efforts have to be made for noise reduction for
discrimination enhancement. We will introduce optical and detection nonlinearities and apply
suitable adaptive thresholds. Other architectures such as the dual axis JTC [27][28] and VLC with
online, spatial domain template input will be used with higher resolution holographic media.
Further improvements and application of these techniques can ensure the realization of feedback,
which is essential part of the CNN paradigm.
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