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OUTLINE

* introduction
* real-time optical correlators
(problems to solve)
* performance criteria
* various filters
* dual nonlinear correlation
* application of correlation methods
(examples)
* optical associative memory
* orthonormalization of stored images
* optical associative memory with MACE filter
* single-rail optical associative memory
* conclusions
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OPTICAL CORRELATOR

41 optical processor

Input plane g(x,y)
filter plane G(u,v)H *(u,v)
correlation plane

g(x',y")®h(x',y")

FTP

g(x,y) FFT NL

FFT-1

FFT*

hix,y})

C(x.y')
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OPTICAL CORRELATOR

Joint transform correlator

Input plane g(x,y)+ h(x,y) g(x,y)+ h(x, )
Filter plane ]G(u,v) + H(u, V)r
Correlation planeg(x',y')® h(x',y'")

g(x.y)

FFT

h(x.y/

—

FTP

FFT

C(x.y")
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LASER

REAL-TIME OPTICAL CORRELATORS

L1

scene

L2

41 architecture

SLM1 SLM2 L3
CCD
scene filter
f(x) G (u)
E
PC
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REAL-TIME OPTICAL CORRELATOR
Joint transform architecturc

B.Javidi, Opl.Eng. (1990}
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PROBLEMS TO SOLVE

filter encoding
light cfficiency
discrimination capability
between-class or intra-class discrimination
output peak location
false alarms
invariance (rotation, scale, intensity, distortion)

SLM and CCD parameters
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PERFORMANCE CRITERIA

Signal-to-noise-ratio

Peak-to-correlation-energy-ratio
eak location accuracy

ight efficiency

discriminability

distortion invariance

Warsaw
University

J__




VARIOUS FILTERS

one reference target training set

CMF SDF
POF MVSDF
IF MACE
FPIF

LNMF

NONLINEAR METHODS
PPC, PEC, SPOF
NJTC
OF

MULTICRITERIA OPTIMIZATION

MINACE
TRADE-OFF FILTERS
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DUAL NONLINEAR CORRELATION
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PCE

PCE

Ec-

o)

PEAK-TO-CORRELATION-ENERGY

B.V.V.Kumar and
L.Hassebrook (1991)
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PEAK-TO-CORRELATION
ENERGY
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PEAK-TO-CORRELATION
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Parameter M

DNC + NOISE
PCE CRITERION
CHOICE OF PROPER METHOD

1.2 e = — : e
® Input scene:d.a. i |
1 _;__M,‘ |! a—— L ._.___._#‘_._.,, | —— it
|  Input scerie:4.b. |; kith law device [L=M '
L , ke CMF
' i ' | | _
; . 1 LARGE NOISE
0.8 . —. .
L ¥ RO
. ‘«,-.. »] | | 1
0.4 . MEQIU NoigEs : ;
SR i
PPC . T SR |
02 - a : | o i
i » ; . ' POF
! . = )
. e a SMAI..L NOISE S : i‘
0 0.2 0.4 0.6 0.8 1 1.2
Parameter L
Warsaw
University |=—/——l




DNC

OPTOELECTRONIC IMPLEMENTATION

NONLINEAR PROCESSING

- _.______________E: -
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REAL-TIME OPTICAL CORRELATORS
OPTOELECTRONIC IMPLEMENTATION
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University of Connecticut
(B.Javidi et all.)
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(J.Horner et all.)
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(R.D.Juday et all.)
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Laval University
(H.H. Arsenault et all.)
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Tel-Aviv University
(E.Marom et all.)
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POLAND

Warsaw University
(K.Chalasinska-Macukow, T.Szoplik)

Warsaw

University




FRANCIE
Thomson-CSI, Central Laboratory, Orsay
(I.Rajbenbach et all.)

University of Franche-Comte, Besancon
(C.Gorecki et all.)
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ENST de Bretagne, Brest
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CORRELATOR SYSTEM
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COMPACT OPFTICAL CORRELATOR FOR ROADSIGN RECOGNITION
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EXPERIMENTAL RESULTS

B.Javidi

——Reference tank: @
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'O'p'tical pattern recognition for validation and
security verification
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Fig. 5 Input Image (a $20 bill) used in the simulations. A phase
mask is placed over the image ol Andrew Jackson.

(b}

Fig. 8 Compuler carrelalion simulation with Fig. 5 as input: (a) the
ralerence funcilon is tha random phase mask and (b) the referance
function is a dillarent random phase mask, lor exampte, a counterfail
mask.
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OPTICAL ASSOCIATIVE MEMORY
CASCADE OF CORRELATORS
D.Psaltis
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FOURIER HOLOGRAM

T(u,v) = 1A, v) + B(u,v)12 = 1aqu,v)12 + 1Bu.,v)12 +

Au,v)B (u,v) + A% (u,v)B(u,v)
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FOURIER HOLOGRAM

RECONSTRUCTION
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OPTICAL ASSOCIATIVE MEMORY
RING MEMORY

CORRELATION
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OPTICAL ASSOCIATIVE MEMORY
RING MEMORY
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RING MEMORY
CASCADE OF CORRELATORS

~ *input signal quality
*first hologram (first layer)
* second hologram (second layer)
* orthonormalization od stored images
(cigenvalues of the system)
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Orthonormalization procedure for optical
resonator neural networks

Edwin Ghahramani

L. Roger B. Patterson

MPB Technologies

Space and Photonics Division
151 Hymus Boulevard

Pointe Claire, Quebec,
Canada H9R 1E9
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NONORTHOGONAL GRAY LEVEL IMAGES
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incoherent optical associative memory by using
synthetic discriminant function filters

Masaki Taniguchi, Katsunorl Malsucka, and Yoshiki ichioka
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OPTICAL ASSOCIATIVE MEMORY
WITH MACE FILTER

R.Kasztelanic

MACE FILTER
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Single-rail translation-invariant
optical associative memory

Alain Bergeron, Henri H. Arsenault, and Denis Gingras
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Fig. 9. loput oceluded Ly 0%

Fig. 10,

Anmocintive-momaory output for occluded input of Fig, 8,
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....... I've been working in optical information processing
since the mid'60 and have been waiting for the SLM that
are just becoming available. Unfortunately, now that we
have them and can do the experiments, we are linding
that the architectures we had in mind, aren't exactly
what we needed. on the other hand, since we can now
build the systems, there should now be rapid progress in

new architectures....."

-----

Thomas Catliey,
director of (he University of Colorado's
Optoelectronic Computing Systems Cenler

PHOTONICS SPECTRA. Fcbruary 1993
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