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An optical pmxssor is provided which facilitates xlcc- 
tion of any ofa varkzy of pattcms or images which are 
to be COmpItcd with a Fourier trausform of a template 
image, wharin the processor can be constructed at low 

formed by generating video signals representing the 
image and using those signals to drive a liquid crystal 
array through which light passes 

1121-1132-R~vitW Of Elect. Co~unicatiOn Lab., VO~.  
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COJt. one of the two images that arc to be compand is 
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be best understood from the following descripfion when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
FIG. 1 is a simplified side elevation view of an optical 

processor constructed in accordance with one a M i -  

m ~ ~ ~ f ~ !  rsinzgive view of the processor 
of FIG. 1. 

REMOTELY CONTROLLABLE REAGTIME 
OPnCAL PROCESSOR 

ORIGIN OF INVENTlON 
The invention described herein was made in the per- 

formance of work under a NASA contract, and k rub- 
ject to the provisions of Public Law 96-517 (35 U!SC 

title. system of FIG. 1. 
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202) in which the cOntrocmr h88 to retain 10 FIG. 3 is a Perspective vim o f h  input de& ofthe 

BACKGROUND OF THE INVENTION FIG. 4 is a sectional view of the input device of FIG. 
3. An opdcrl procersor. such as. t w d '  mal sp.- 

cial light modulator, can compare an input ppnan with 15 DESCRII*ZION OF THE PREFERRED 
a Fourier transform of a template pattern to dacrmine EMBODIMENTS 
their &pe of -- art FIGS. 1 and zilluspatean optical processor loofthe 
proceso* mv0lve the Of a m formed present invention, which can compare an input image or 
On a P h O m  tilm optical the pa~12formedbyaninputdevice14withthespacial 
Fouricrrransform Of a tempk pl#cm formed Fouricr transform image or pattern 16 of a template 
on -ther -b film* This the disadvan- pattern 18 formed by a holographic matched filter de- 
@ c t h r t a ~ ~ p h o m ~ h h o s t o k p r o d u c e d  vice 20. The patterns U, 16 arc represented by the 
*- an * is to relative transparencies or opaqucacsses of arcas of the 

parrd to Oa+ wiation Of h& de- 14 20. c o n l a h  15 - p w  by di- 
scn'kd in U.S. PU No. 4,0l&sOS by BOSWCU is to 25 hg coibd -ht light a from a lpscrsource 
f o c u s a n ~ e o f a ~ ~ y o n m a n ~ y o f p h o -  M 90 a! psrt of*  light a - w u a  the 
tocwd-~ and lisuid @ *h lo Oonml the input d e 6  14, and through a Fourier transform lens 
nflectivie of l k l d  @ In addi* to 26 (which forms F o e  w m  ofthe po- 12 
~ ~ g a ~ * b s ~ b a @ v ~ m h  at a 1- 23) ongo m M  device #). If 

=yof- 3o there is very little c o m b  between the imape 12 it is expensive to amstmct a coinbid 
conductors and liqud @ Oae sm 

contfdkbk by video si@ to conm' 

rrpnscnted by tbt input device 14 and the Fourier 
W o r m  image 16 represented by the matched filter 
device 20 (i.e.. thc image If and the taxiplate image 18 

reflectivity of crystal tiqirid dcvica. The poduction Of 35 on which the Fonrier tramfom image 16 b based are 
the array of charge coqile devices urd iasncb asystcm ), then very l i e  light will be dflracted at an 
is v e r ~  exparsivc An O P ~  proasr~r w k h  could angk along a path 30. H O W C V ~ ,  if thar is a fair degree 

hm for the of correlatbu, a considerable portion of the light 22 will 
FO- tranrform of. tempktc PIttaS Which enabled be Mmctal at the matched filter device 20 dong the 
the P.- in ,,, path 30 and will be concentrated by a leas 32 onto a 
an input devicc of low toss would k of considaab photodaector 34. The amount of light falling on the 
value. photodaector 34 indicate the degree of correlation. In 

by - c- 
and W V e  -6011 Of 

practice, the photodetectbr 34-y kacamera with an 
input to a d d m  proccSging circuit 36 which hasan SUMMARY OF THE INVENTION 

In Bccof61yx 

ing an input pattern irmrge with the F o e  traus- comiateciimagc. Thlsbas i~ typeof s~ i sLnownin  
form of a template pottan M huge to darrmtw . thepriorart. 
degree of cornlatiOD, which enrbla tbc Creation of One The most type of prior art corrclator has 
or both h 8 p  rapidly and at low cost. one of H) uscd an input device 14 that was a photographic trans- 
i m a g e d g  devicn such parency. The correlation of an input image with a tem- 
prises a liquid crystal array whmin each pixel is indi- plate image required considerable time to make and 
d u a l l y  pddressrble. A maus for gemrating video mount the trausparency. In accordance with thc present 

repreKnting imaga is connected to the to inventioo, the input device 14 is a liquid crystal array, of 
energize thc pixels in a pattern of reprr- 55 the type which has multiple rows and columns of pixels 
scnting the desired image. that can k individually addressed to control their trans- 

A lowcost available liquid crystal array, such a~ parrncy. This permits the creation of input pattcrns by 
from a miniature television set which ws such 811 It- using video signals to control the multiple pixels. Such 
ray, can be uscd. To avoid distortions, a pair of outer video signah can be rapidly created by a video camera 
plates can be placed at o p p i t e  faca of the available 60 50, at a distant location or at the sam location as the 
liquid crystal array, and the space krween ench plate rest of the corrclator. which vim a pattern 52 such as 
and the array can k fded with a liquid or epoxy of an that of an object on a background to create video sig- 
index of refraction similar to the polarizcn a! q @ t e  d s  representing the observed pattun. An alternative is 
faca of the array. The plates have outer surfaces which to use a computer 53 to generate video Signals repre- 
arc precision ground flat. to avoid distortiom that 65 senting patterns, which are instantly created by the 
would seriously degrade the optical correlation process. input device 14. In one example, the sptcm is uxd to 

The novel features of the invention arc set forth with detect the presence of a certain type of object in a land- 
particularity in the appended claims. The invention will scape beckground. The camera 50 can scan the land- 

em-t of present 45 output 40 indicating not only the degree of corr&tia 
invmtion,anopricalprucu=uprovidedfor-p.r-- but also the x, Y C O O ~ ~ U S ~ U  of the location of the 

tbc input de* 
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scape, creating a new input pattern 12 many times each The Fourier transform of the grid comprises largely 
second. opaque dot regions, and is superimposed on the Fourier 

An available liquid crystal array for the input device transform of the desired template image viewed by the 
14 is part of a miniature or “pocket TV” television set. TV camera or created by the computer. 
One example is the Radio Shack LCTV Realistic Pock- 5 When no voltage is applied across the conductors 
etvision, catalog No. 16-151, which contains 146 rows 104, 106, a pixel area or pixel 107 at the intersection of 
and 120 columns of liquid crystal pixels, each being a a pair of conductors is opaque, while as the voltage 
square which is 370 um on each side. This miniature difference (as between wires 109, 111) increases the 
television set also includes a video drive circuit, indi- transparency of the pixel increases. In actuality, the 
cated at 56, which can be driven not only by a broadcast 10 voltage rotates the polarization of light passing there- 
receiver, but which can be adapted to be driven by the through, so that progressively more of it is passed by 
output of a video camera 50. Applicant has successfully the exit polarization sheet. 
used the LCD (liquid crystal display) of this television Applicant has found that an LCD (liquid crystal dis- 
set to produce a pattern viewed by a camera in an opti- play) 90 for the above-mentioned television set has 
cal processor of the type shown in FIG. 1. 15 outer surfaces that are not precisely flat, the deviation 

The use of a liquid crystal array to quickly and easily being about six wavelengths for the particular array 
establish a desired input pattern 12, also facilitates the used by applicant. This results in refraction of light rays 
production of a matched filter device 20 containing a passing through the LCD, which interferes with the 
desired pattern 16. To permit this, the system of FIG. 1 correlation of the images. To obtain better correlation, 
includes a beam splitter 60, reflector 62. and shutter 64. 20 applicant places the stack of layers of LCD 90 between 
To create a filter device 20 representing the pattern of a pair of transparent containment plates 110, 112 which 
an object 52, applicant opens the shutter 64. Light from have precision flat outer surfaces 114, 116 on their faces 
the laser 24 is split by the beam splitter 60 into a refer- that are opposite the LCD 90. The containment plates 
ence beam 66 and an object beam 68. The object beam therefore lie facewise adjacent to opposite ends 115 of 
68 passes through the input device 14 which at that time 25 the LCD stack 91. Also, an intermediate liquid material 
contains the template image (to which future images 118, which has an index of refraction that fairly closely 
will be compared). The object beam then passes matches the indexes of refraction of the materials of the 
through lms 26 and through a photographic film indi- sheets 100, 102 of the array, is flowed into place to lie 
cated at 70, which initially includes an unexposed pho- between the plates and the opposite sides of the array. 
tosensitive emulsion. The film 70 is at the position 30 Mineral oil has been found to fairly closely match the 
which will lata be occupied by the matched filter de- index of refraction of the array of the above LCD of the 
vice 20. The reference beam 66 from the beam splitter is above-mentioned television set. Applicant has found 
reflected off the reflector 62 and passol through the that the resulting input device avoids distortion that 
open shutter 64 to move along a path 72 which is would seriously deet correlation of the input pattern 
aligned with the path 30. The interference of the two 35 with the Fourier transform of the template pattern. It is 
beams, one of which has passed through the input de- possible to allow a material such as an epoxy which has 
vice 14 which contains the desired template image, flowed into place, to harden. As long as the material is 
results in the creation of a Fourier transform of the a flowed material, so it has filled the space between the 
template image onto the film 70. The film 70 is devel- LCD stack and the plates, distortion can be avoided. 
oped, and can then be used as the matched filter 20 for 40 Thus, the invention provides an optical processor 
comparing an input image with the new template image. with an input device that enables the rapid, in fact real 

While the matched filter device 20 can be a simple time, creation of input patterns for correlation with a 
photographic transparency, it is also possible to use a template pattern. This is accomplished by using a video- 
liquid crystal array instead. Such a liquid crystal array, driven liquid crystal array. The liquid crystal array is 
which can be formed by the display of an LCD televi- 45 available at very low cost by using the LCD and video 
sion set, can receive its input from a camera 80 which drive circuit of a LCD television set. Although the 
views the desired template pattern 18. The output of the faces of the television LCD are not flat, as is required 
camera 80 is passed through a Fourier transform circuit for good performance in an optical processor, this can 
82 before it is used to drive the liquid crystal array. It be overcome by placing the LCD between transparent 
may be noted that the matched filter is a Fourier trans- 50 plates whose outer faces are flat, and by filling the space 
form of the template image where the light 68 passing between the plates and the LCD with a liquid whose 
through the input image 12 is collimated, and is a modi- index of refraction largely matches that of the LCD. 
fied Fourier transform image if the light is not colli- Although particular embodiments of the invention 
mated. have been described and illustrated herein, it is recog- 

FIGS. 3 and 4 illustrate a portion of a liquid crystal 55 nized that modifications and variations may readily 
array 90 which can be used in a system of the present occur to those skilled in the art, and consequently, it is 
invention. Such a prior art array 90 includes a stack 91 intended that the claims be interpreted to cover such 
of layen including a layer 92 of liquid crystal material modifications and equilavents. 
sandwiched between a pair of glass plates 94, 96. The What is claimed is: 
glass plates may, in turn, be sandwiched between a pair 60 1. In an optical processor which includes means for 
of polarizer sheets 100, 102. The glass plates bear con- directing coherent light through an imput pattern 
ductor 104, 106 that extend in perpendicular directions. formed by an imput device that includes a liquid crystal 
The conductors are substantially opaque and form a array containing multiple pixels whose transparancies 
grid Pattern superimposed on the pattern formed by the can be controlled and a means for controlling the Pixels 
pixels. A matched filter 20 may be formed by exposing 65 to form the input pattern, means for forming a substan- 
a photographic film 70 using the device 14, as described tially Fourier transform image of the input pattern onto 
above. In that case, the matched filter will represent a a matched filter device, and means for sensing the de- 
pattern which includes a Fourier transform of the grid. gree of correlation of the input pattern with the tem- 
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plate pattern on which the matched filter device is 

said liquid crystal m a y  includes a stack of original 
layers which has opposite stack ends and which 
can form an image. said array also including a layer 
of liquid crystal material and a pair of sheers of 
substantially transparent material on opposite sides 
of said layer of liquid crystal material at opposite 
cnds of 9id st.ck; and 

apairofouta platulyingfrewiscdjacent tooppo- 
s i t e ~ o f d s b c k , a n d a q i u r n t i r y o f f l o w e d  
m;rteri.l lying ktmen acf! d ofthe strck and 
the- 0uterpl.tC.achoutcrphtr: 
having a prrdsioa flat face lying fmtbut from the 
sta& and said flowed m;rteri.l hving about the 
Jameiaduroflefw%lm . .sthemttaislofslid 
layen whicfi lie atappasiteeods of said stack. 

rd.tively tnmpamlt and opulue BI1s; 

tnrmform of an image and 

based, the improvement wherrin: 

% A n o p t i a l ~ c o m p r i s i n g :  
an input device which produces a pattern comprising 

a filter devicc rrprrscnting nrbrtanthliy the Fourier 

mcam for daeaing the degree ofoorrrl.tion of the 
pattern of said input device and the image repre- 
sented by said Nttr dcvict, including mans  for 
directing cohrrnt light at said imput devicc to 
engage said patten, and for dinaing light which 
has engaged said plttenr Oat0 said filter device; 

s a i d i n p u t d e v i c e i n c l l d i n p a n ~ t i q u i d c r y s  

maulsforgeImthgvideosignalsconncctcdto 
said m y  to ddrrss !aid pixcls to control thcir 
trampumcy; 

said liquid crystal array includes a stack of original 
layers which has OpPoJite stack ends and which 
can form anobsavlible image. said stackincluding 
a pairofshctsofsubsmtially truupucnt rmterial 
at opposite aids of said stadr; 

tal array comprising a multiplicity of pixels, and 

said array .Ira kllding a pair of optcr plates lying 
fecewisc adjaunt to opposite ends of said stack 40 
and a quantity of substantidly liquid materid lying 

ing outer p k  arch outer plate having a prccipion 

rchction a s t h e m a t d  ofsaid hyerswhichlieat 
opposite ends of said stack 

3. In a mahod for deermining the co- b e  
tween h a n d  second images by forming a first trans- 
parency having a pattern representing substantially the rn 
Fourier image transform of a fm of the images f m -  
ing a second transparmcy having a panan representing 
the second image, and passing coherent light through 
said transparencies and detecting the cornlacion of said 
beams wherein one of said tmqmmma is formed by 55 

ktw- -had  Of the Stack and thecornspond- 

flat face lying furthest from the stack a d  said 
flowed Inatmid having about the smw indu of 45 

generating video Signals reprrSenting ouc of said pat- 

6 
tcrns and energizing a liquid crystal array with said 
video signals to control the transparency of the pixofs of 
the array to produce the pattern of said one of said 
transparencies, the improvement wherein: 

said step of forming one of said transparencies in- 
cludes placing a stack of layers which includes a 
layer of liquid crystal material that is sandwiched 
between sheas of transparent material, betwen a 
pair of tranSpPrent plates that each has a precision 
flat surface on a facc thereof furthest from the 
Itack, and maintailling an intermediate flowed ma- 
terial of about the same index of refraction as said 
SheaJ between the ends of the stackand said plates. 

4. In an optical processor which includes means for 
15 dirating coherent light through an input pattern 

fonncd by an input device, means for forming a substan- 
tially Fourier transform image of the input panern onto 
a matched mter device, and means for sensing the de- 
gree of co-n of thc input pattern with the tan- 

r0 p k  pattan on which the matched filter device is 
based, the improvement wherein: 

said input device comprises a liquid crystal array that 
iaCiudcs a grid formed of a multiplicity of largely 
opaque row and column e k t r k a l  conductors and 
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25  man^ for m g  video si@ BS input infor- 
nwioos, coopled to said ekctrical conductoIq and 

said temphue pattern u the *e of an object, and 
said matched fiber device b the Fourier transform 
of the image of said objcct.-%ltpcrimposed on the 
Fourier transform of d epid which are largely 
opaque re- 

5. In a method for detaminiug the correlation be- 
tween first and saxmd images by .forming a first trans- 
parency having a pattan rcpracnting substantially the 

35 Fourier image transform of a fint of the images, form- 
ing a sccond transparency having a pattern representing 
the second image, passing coharnt light through said 
transplrrncies and detecting &he correlation of said 
beams, the immvement wherein: 

30 

said stcp & forming said second transparrncy m- 
cludes generating video signals as input informa- 
tions of one of said pattamed energizing a liquid 
crystal array with said video signals toconnd the 
transprcncy of the pixels of the array to produce 
the panern of said second tmlsparency, wherein 
the array includes a grid of opaque conductor lines; 

said step of forming said first transparency includes 
dividing coherent collimated light into reference 
and active beams, directing the active beam 
through said array while energizing said array to 
form said first image, and onto a photographic 
emulsion, and directing the reference beam at said 
emulsion, to produce a Fourier transform of said 
first image superimposed on the Fourier transform 
of said grid lines of said array * * * * *  

65 


