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ARSTRACT
The scale and rotation invariant
polar-togarithnic coordinate transformation is used to
achisve in-plane distortion invariant  pattern
recognition,

The coordinate transform is produced hy a
computer generated hologram(CGH) on a laser printor.
The mask for the lnr-* coordinate transformation is
nade of the CGH whose transmission fumction is derived
by the use nf the stationary phase method,

For the real-time prucessing, the opl” lly
produced  coordinate transformed input pattern is
interfaced to a correlator and a LLTV.  EaTi0 (BT
single crystal is used as a real-time matched filter,

1. INTRODUCTION

The advantage of optical processing, a
description of various operations possible,and miy
applications of optical proressors have heen described
elsewhere,

Pattern recognition using a voherent optical
systen has great advantages of high speed and parallel
processing, Put the cenventional coerrelator cannot
recognize scaled or rotated images of the refers
object,

For example the SNR of the resultant correlation
peak ¢an be 18dD down frow that of the autocorrelation
for a 1% scale changes of the reference object, and a
28dR loss rar occur for a 1.7% rotation of the inpul
from the reference,

To solve these prublems is Lo develop a space
variant optical processor which is realized by
applying a coordinate transformation processing
operation to the input and reference data,

Coordinate  trausformations such as the
logarithmic transformation which is suale invariant,
the pelarfr-o) transfurmation which is  rotation
invariant, and the In r-o conrdinate transformation
which is deformation invariant have been reported.
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In  this  paper we  censider the  api”ool
inpleientation  of deformation  invaviant teal-tine
s tioal pattern recognition using CGH, 10TV, and B3,
By the use of CGH vith a Fouwrier transform lons, ln
r-o coprdinate teansformation is performed,

COH iz consisted of many  ioter forometrically
produced  holographic  opticval element (HOES) fur
coordinate transformations,  The design of CCH iz
presented in Sec. 1T .

LCTVs  are  used  to conmect the coardinate
trausforn processing system to a BTO as a econventinnal
optical  matehed —spatial  filter correlater in
real time,

Qvale and ratation iovariant pattern rvecegnition
is  achieved in real-time by  the conpdinatye
trapsEromat ion and the aptical matehed fitering  hased
o 1eal-time hololgraphy.

Real time seale amd ratatien igcariant pattern
yecognition ix verificl voper tiestally in See TIT.
sec eyperinental resultes air presented,

o, [ESIGN OF Il

The general problen of waking 2 Linary syntleti:
bolagram is to fiml a holugram fagetion hix,y) @hai
has B o Uoag its values and cai produce any dusired
wavefront, just by vhanging its parameters.

Fig 1. is to show the system to realize the o
¢ oo oonerdinate transformation,
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Fig.l Schematic diagram  for nptiral cowrdinile
transformat inn systen



Reference bean
P2

P3

Pl LCTV. L2

forrelatisn
plane

Fiz.2 Real tiwe optical sarrelator

T the fngt plase P, the input fOLy0 is plaew]
in ventact witle OCH with transmittance Wiy yreelj
Guyr !, where OnyY 1S phase transuissiog,
he o Fouvier tyansforw of the product ooy
Wi ovat phane T3S formed by lens 11

Fluat = f [ Mz 3 esplivtz )

X expl~j(2ef M xu + wo)ldady, (1)

n,v plane is the Fourier traasforned plaae PLoof
Fig. L.

miegh ® fnge? 4 ) -,
ray) = —tan (@i, [V}

and the desived phase funetion is
Aoy = e/ Inia e g - yeat i) - 5L (D)

With o cellimated colerent  plaime vave oo
plane,  the dw oron iordinate  dransfooatien s
perboroed by CGH and  the the transfuotped patton,
appears in the facal plane PUoof Tens Ll

Qiper Wi wesd a cont ipnons phase fmciion Ly
pecarded  an the nask,  se can ase binavy yecording
technipe,

The Tuter Ferngran in the fnter feretoe pattein uf
G,y and A plane vave reference at an angle ¥

The  iuler ference fringe pattern ix formed Ly the
paints satisfying o4

rax =~ My} * 2ua, )
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. . . gty ,
chere oo oan anterer vhich e ! iy

fringes and slete Hoe cariee freieney @ = (ain 8/

If is,y) is coestant, the bhinwy SRULE AL
A vade by ing Fgidr ixoa porindic grating

It iz the censtant T othat deteraies !hv'nn;ular
wepat atjun nf o the Jifferential - waves 1l

ecohstrucbing,

Since the positions of the fringes are obtained
by solviug Eq(4), the accuracy af the solutions [uind
depends on the sampling pericods along the » direction.
In practice, the sampling period is selected as T-M,
where M is an integer. The accuracy of the fringe
ceeition o he yet by M,

T sulve eq(4) by a digital computer, a sampled
version of it is first ubtained by substituting T.Mkx
for », 2Tky for y. Residue arithmetic can be used to
simplify the computatinn.

To  detect only the first erder diffraction
pattern at Pl o# shonld watisfy

2.>(|AJ-»n.-F!§quA "

Ve ased  paraneters  T=0.025, M=18,
0 BANE32S, {1480, *=4R lins pairs.mn.

n=448,

We solved varions (x,y) that satisfy eq(4) using
Lee type CCH and plotted the associated pattern on an
lasor printer, High guality CGH mask is made by E
hean pattern generator develuped for making masks fur
I with <abmicran features,

3. EXPERIMENI2

Fig.3 is the central part of CGH pattern,

il \ / il

Tig.3 Central portion of fabricated CGH
The CCH is photoreduced to the size [8mm x 18mna,

The carrier  frequency is 48 lipes.mam in the
sodivection,  The light seurce is 18.mW He-Le laser.
The focal length f1 is 408 np,

The MCH to perforn defurmation invariant optical
pattern recngpition in real-tine s tested in the
avitem of Fig.l with reference patterns which are
distorted by rotation and scale changes in the Po
input images.

A spatial light nadulator such as LCTV s
resuired ta record the input Po pattern and often aisn
the coordinate transformed pattern at Pl of Fig.l.
LOTY vhere is placed in the Pl plane contains
tansfotmed inputs by feeding the TV detected output
af the P pattern nf Fig.! to an LCTV at Pl of Fig. 2,

-7 -



Fig.4 shows the evperimental set up.
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Fig.4 Experimental set up

fi BTO0 of the coordinate transformed object to  he
recognized is furmed ot P2 with the beam bala.. o
ratio,chosen tu yield the optimal correlation SNR.
The output carrelation of P3 is detected by a camera.
The specification nf BTO is 7.8»5.55.lmm of Sanders
Lo, and LETVs ave model ouwber 16 156 of Radio Sl k
Co..

In order to increase the correlation peak, the
zers-order  terms of Lhe input object iw xlightly
suppreassed  and  the bigher-order terms of it are
ephanced by  the edge  cohancement mechanism  and
degenerated four wave mixing vconfiguratiou, The
original binary image is Fourier transformed by lens
and holagram is formed in the BTD crystal with
reference bean at angle 8 .

4. DISCUSSION

The scale  aed  votation invariant pati:in
recaognition  system  is examined  in real time
processing.  the key factor of performance is Lo aols
CCH precisely. The virrent vapability of producing
CGHs  having large space bandwidth preduct iy
electren beam lithography, high quality CRT displays
imaged onto a transtatable photographic plate,or Ligh
resolution retating drum laser film recorders should
stimitate futher research,

The detailed results will be represented in the
conference,
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