B3EA12HE) 198815 FAGE LTS =53 (1988, 11

-

-
=
&
-
-

ABSTRACT

A brief review of properties of photorefractive
material for optical data processing is given.
Based on frequency-plane courrelator scheme, a
real-time pattern recognition system using dynamic
helogram in photorefractive BaTilyis presented, aml
some methods for enhancing pattern discrimination
are proposed. Examples of optical pattern
recognition for military patterns are perforned and
discussed.

1. INTRODDCTICN

Demands for large bandwidth and rapil
processing of informalion have caused attention 1o
optical signal processing since the early work
performed by Vander Lugt™ . Many experimental
systems have been demnnstrated which rely on the use

of wet-processed holographic matched filters, but
conventional pattern recognition techniques oo
somewhat ineffective in that filters can not be

a speed comparahle with the processing
correlator because of time-consuming
The use of the

changed at
time of the
development step and critical setup.
photorefractive medium-hased dynamic hologram such
as  BaTi0; and BSO in place of the classical
holugraphic filter is one possible solution to these
problens.

Since the photorefractive effect was first
noticed in LiNb0s® holographic stornge“’, elge
enhancenent*and correlation-convolutions'™ have been
demonstrated. And optical logic processor and
coherent image amplifier have been proposed

Dptical pattern recognition system can he
divided into twoe regimes:logic-based digital pattern
recngnition and correlative pattern recognition
system., Logic based pattern recognition offers
higher arcnracy and  flexibility ,  hut speed owi
handwidth requirement restrict its applicatinns.
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In this paper, several aspects of real-time
voluwe hologran employing BaTil,single crystal as a
phatorefractive material are briefly reviewed , and
methods of discrimination enhancement are presented.
Then the implementation of pattern recognition
system and experimental results are presented.

2. DYNAMIC CORRELATOR

2.1. Material Properties for 0DP

The mnost general and the useful formulation of
the photorefractive effects emerged from Kukhtarev
in 1979'% This band transport model is summarized as
four interdependent equations ; continuity , rate
equation , current equation and Poisson’s law. By
using these equations , some figures of merit for
photorefractive mnaterial such as steady-state index
change , the response time and diffraction
efficiency can be derived.

In the steady-state and for small modulaticn
(m<<1) , the index change is related directly to the
space charge field through

an = 1,2 x ny 1yem Esc n
whore
Eo + Ep
Esc = Eq |-mmmmmommoeee 7" ()
Eo + ( Ep + EQ°)
( Eo = applied field )
and background index of BaTily; crystal is 2.4
when Eo = 8 and Ep< Eq ,
keT kg
Es¢c € Ep = ------- (&)

In case of Ag > 1.5 to 5 um , steady-state index
change is order of 18%hich is 20 to 58 times larger
than that in BSO.



Response time of the crystal is given hy
tmin = { hw / JoamN X To (4)

In BaTi0a crystal , response time with no
applied field is faster than with applied field and
order of 166 ms which is 168 times ionger than ESO
crystal.

Another important figure of merit , i.e. ,
diffraction efficiency of the holographic grating is
given by

(3

Diffraction efficiency of BaTils is somewhat
lower than BSO0 c¢rystal but can be enhanced by
adopting larger crystal legnth 1.

From above discussions , it is easily seen that
BSO is a fast and sensitive with a relatively small

electro-optic coefficient . On the other hand ,
BaTiOjhas large electro-optic coefficients and is
highly efficient , but responds rather slowly .

2.2. Principle of Dynamic Carrelator

So far we have discussed the hasic properties
of photorefractive materials., We will now consider
how photerefractive material can be used as a
dynamic correlator. Fig.! shows the four wave
mixing geometry employing photorefractive material
as the recording media. In the Figure ,  fields £
and Ejare the pump heams, E;is the probe beam and E,
is the outpnt , which are given hy

Ei= A; (r) explwt - kpr )
ky + kp = 9 (6)
Mixing these three inputs in a photerefractive

medium produces an output field , and it can he
derived by coupled-wave equalions :

dhy vy

..... 2_0,A0, nm

dz Is

vhere the asterisk denotes the complex

conjugate, Y is the photorefractive coupling constant
, Iois the total intensity. If we render heam &
incoherent with respect to E, and E, by proper
adjusting the optical path length of beaw Ez , the
output or scattered amplitude Aywill he propartional
to

fy a A, Ay AL (8)

fibove equations represent holographic analogy
of four wave mixing mechanism , and this mechanism
inherently has the capability for correcing phase
aberations and distertion , such as thase induced hy
turbulance in the atmosphere or in optical path
Using this mechanism , optical dynamic correlator
can be built, '

There two different configuration pessible for
performing correlation optically; the joint

transform correlator and frequency plane correlator,
In our system , we adopt the frequency plane
correlator which has some operational advantages.

Fig 2 <haws the hagi~ prineinle of fregepcy
plane correlator using dynamic helogram. In Fig.2 ,
ul,u?2 and u3 represent the reference "beam
reference input  distribution and  test inpat
distribution, respectively, Complex modulation
index ni? of a phase grating produced in
photorefractive material is given by

L Q. ®

where Ul and U2 represent the Fourier transforms
of ul and ul.
The test input field U3(x,y) is diffracted by

photo-induced grating to produce the output field
U4 = U203 W 1)

where W is a spatial frequency weighting function
given by

W= e an
022+ 11 + a (U3l

wvhere a reflects the degree of interaction of the
reading beam with the grating.

2.3, Methods of Discrimiration Enhancement

In  true correlation under I3 > 13
correlation output is given by
2 U1 U7 U3
04 % -——-mmmme an
It

Therefore in case that objects of roughly the
same shape or size are currelated , autocorrelation
and ciusscorrelation peak will be approximately
sane,

Correlation of two object shown in Fig.3(a) is
performed by computer simulation. The programs were
developed and run on a Cybher 178 computer, and FFT3D
algorithm is wused to calculate the complex Fourier
transform of 2-D objects.

It is thercfore desirable to suppress the
crosscorrelation term in spatial or Fourier domain.
£q.(11)shnws that hy proper selection of weighting
function ¥ , the correlation {i4 can be enhanced
remarkahly,

Now we consider some methods of enhancing
correlation discrimination,

i) Edge enhancement technique

By making U2 >> I,condition which is reverse
relation that of DFWM , or by high-pass filtering in
spatial domain , edge enhancement can be bhe
obtained.”
it) Crating modification method

T1luminate the wnodification bean into the

—-80—



crystal to erasure the crosscorrelation distribution,

iil) Thresholding method ( Fig.3.)

By using another PCM-based thresholder or
amplifier , correlation peak can be thresholded or
amplified.

3. EXPERIMENTS

To investigate the operation of pattern
recognition system , the optical arrangement shown
in  Fig.? was implemented. In this system
photorefractive BaTi0;  single crystal of
7.56 x 5.12 x 5.48 mn, He-Ne laser of 5.5 nW apd CCD
line sensor or TV camera are used as a dynamic
holographic matched filter , source and detector
respectively,

Experimental results are shown in Photo 1. The
correlation  output  were obtained with a bean
intensity ratio I1:72:73 of 8.512:1.37:9.8923.  We
performed experimental warks of optical pattern
recognitian {ar military patterns and ohtained yond
rarrelation results in real-time.
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Fig.1. Basic geometry of FWH mechanism
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4, CONCLUSION

We have dicussed the real-time optical pattern
recognizer employing dynamic hologram in BaTil,
rrvstal |, and some methods of enhancing correlation
discriminativn are aisu prescaled.

Experimental results of military patterns show
that implemented system can be easily applicable to
recognize high speed and high SBP images, For scale
and retation invariant operation , some technique
such as anarnorphic transfors™should be introduced.
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Fig.?. Frequency-plane correlator using
volume helagraphie material
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(a) Input Pattern
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(b) Linescan thronugh correlation result

Fig.3. Correlation of similar objects

Fig.4. Thresholding Method
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Reference Input TV Canera CC0 Line Sensor

Reference Input TV Camera

(a)

Test Input

Reference Input TV Camera

(h)

Photo 1, Experimental results
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