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OPTICAL CORRELATION

SUMMARY

® PRINCIPLES OF OPTICAL
CORRELATION

® Basic Mathematical formalism

® DEVICES FOR OPTICAL
CORRELATION

® Sources

® Modulators

® TECHNIQUES

® APPLICATIONS
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® at P2: G(u,v) H (u,v)

® antitrasforming leads to correlation
g*h

® If H(u,v) is the antitrasform of

pattern to be detected, then it is a
Matched Spatial Filter

® Adaptive filtering, MFS synthesis
with SLM’s
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® AMPLITUDE ONLY

® Apertures/masks

@ Liquid Crystals TV's
(LCTV's)

® AMPLITUDE AND PHASE

® Computer-generated
holograms (CGH’s)

® Spatial light modulators
(Light vaives)

® PHASE-ONLY MODULATORS

® Etched quatrz plates
® Spatial light modulators

® TIME-SPACE CONVERSION

® Acousto-optical modulators
(AOM’s)

N. OPTICAL CORRELATION
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Video DEMUX

d joint-correlated in F-plane

OPTICAL CORRELATION
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® PHOTOGRAPHIC EMULSIONS

® DICHROMATED GELATINS

® THERMOPLASTICS

® PHOTOREFRACTIVE MATERIALS
® PHOTOPOLYMERS

® PHOTORESISTORS

N. | OPTICAL CORRELATION
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® SIGNAL PROCESSING

@ Multichannel spectrum Analysis (real time)
® Optical radio (hopping signal detection)

® Heterodyne transform

© Variable matched filtering

® Adaptive filtering

® INDUSTRIAL APPLICATIONS

® Image processing and restoration
@ Image filtering/contrast enhancement

@ Pattern recognition: matching objects to
templates '

@ Robot guidance

¢ Quality control
© BIOMEDICAL APPLICATIONS

¢ Image restoration and pattern recognition
(CAT, NMR, ECG, OFA)

| N. OPTICAL CORRELATION

® Quality control of manufacts

® Recognition of objects in production

lines
® Robot guidance

® In-production monitoring of polymer

growth/particle sizing
¥
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@ Scale and rotation invariance

® Size of the target

® Throughput

@ Multiple images

® 3-D monitoring

©® Real-time operation

® Simple architectures

N. OPTICAL CORRELATION
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d) multiple images
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® Frame grabbers/PC computer

performances

® 512x512 typical camera
dlmensl_ons

@ Real time grabber
acquisition (30 frames/s)

@ Arithmetic processing w/o
array proc.: minutes!

® Arithmetic processing w/
array proc.: seconds!

@ Insensitivity to displacement

® Multiplication easier than

correlation
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o Scale invariance

¢ Mellin Transforms

TRAJECTORY
FEEDBACK
CONTROL

PRIODRITISING

o Logarithmic radial harmonic

CONTROL

Kinamsiics MULT! CHANNEL

Dynamics
Ot controt | &, SENSE DATA

AEAL-TIME PROCESSING / ﬁ lte rs
\ FINE fzgnawug- procesaing
MECHANICAL wiUTe exiractan
PaTem recognitenn
\ / TGS unduTILINgIg /
MuLT!

A MANIPULATORS TRANSDUCER 2:;??5: TA H H
KANPULATORS e . @ Anamorphic correlation
Grippars Casmical
Mobiler Tacnie SMART SENSORS
Trangier machinas Ulirazaund eic
CNC 1oois arc

¢ Rotation invariance

@ Circular harmonic filtering

o Optimum feature extraction

N. OPTICAL CORRELATION N. OPTICAL CORRELATION
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® Real time spatial filtering for
dark-field contrast enhancement

® Brescia (Docchio et al., 1989)

® Pattern recognition with
computer-generated binary
holograms
@ Nerviano (Vanotti et al., 1989)

® Optical particle sizing with the
Chahine inversion scheme
® Milano (Bassini et al., 1989)

® Coherent Fourier image processing

® Trieste (Sirotti and Rizzato,
1989)
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Ruled surtace |

F.T. of surface

Linear beam stop

Scratch at 15 with respect to rules
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® Applications to industrial pattern
recognition in robotics

® CGH’s based on Psaltis’s techn
® MOLSM as spatial modulator

OPTICAL CORRELATION
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® Automated image processing

® Recognition of patterns in relstion to

pathology/ageing

@ Studies on the morphogenesis of
biological structures through the analysis

of their fractal properties

N. OPTICAL CORRELATION




® Biological tissues exhibit highly irregular,

non-periodic structures
® Fractal geometries often exhibited

® Diagnosis often presents less stringent

requirements of real-time operation

® Fewer scale- and orientation problems,
but more problems related to templates

—-ue Matched filtering difficult

N. | OPTICAL CORRELATION

® Cardiology

@ Identification of stenotic vessels
from angiograms

@ Analysis of ECG maps
@ ORL

® Studies of lung morphogenesis and
structural/physiological evolution

® Ophthalmoiogy

® Analysis of fundus photographs and
fluorescein angiograms in relation to
the diagnosis of diabetic
retinopathy/senile mavular
degeneration

N. OPTICAL CORRELATION
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b) Digitized vessel profile for the
study of fractal patterns

N. OPTICAL CORRELATION

@ Industrial applications of ¢ptical

correlation will have to consider the
tremendous increase in the
performances of digital image

processors

® Biomedical applications of optical
correlation still need full
exploitation. Template maiching in
the Fourier plane may help

diagnosis. Potential for foliow-ups.

N. OPTICAL CORRELATION
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