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I N~ iROMtTI) ION

Ont, o f t he ma jor probhiems in using Fohur icr t rainsf orm matchted I i Itors
or 01, it, Lrt'COgn it ion has alIwas beenIL I ili ' d nirriht'r o f 0)jec'ts tha~t

kon (I bet rccogn i zed ; or the Memoiry' of the svimn ( Re l'reiee 1 To . in ite
:r1ei': riv cho -ique~s have been proposed inlc kli uJ m IIt ipi% 'ceXp losig- Litie

photograph ic plate and using a holograph ic e-l'Imenlt to prodhuce arras's of

Four ier trans formed images from which mat ~cird f i I tL-rs coul d be- niade

R ttift krnke -2 aid 3) . BotLh o f t hesC Let. ho1 i(t Ilk however , have I i mi tatL ions
[The mu It ip le exposure' met hodL) is 1 imi ted' to ahou(t L' igirt exposures whilIt t he

ho Iloormi ic lens o ften coolt r ihb tteS no ise- to theI( corre I at ion sigonalIs. Ini
tIhi s report , allot her tt, e tn iqk tie s propo. t :iiiad de me nst rated to somc di cgree

o1 sa;;t isfaet ion. In t his exLper iment, an ;Icousto-o pt icalI beanm dL el- r is
HiSe'd t o address mat Lche'd f i1 t Or s mnade, us -, og theL'X visualI Vander I.utrt arr I r er rrii m I

1I'L' Ierent 4) CC [I is teehill iqIu ofI furs some. prorii se o f produei ng laI ar; -rayvs
Pil 111mat CdIeL'd f i It eors wir i cii Can hec ad dressed( i n xvery' near 1 v realI -t i me due- t o t he

h Ii igl fr,'querIevl seann iog ah i I it it's o f modern aenust o-opt i ( heani dc I- 1 tet ors
I'lli iS t tchnI iqJue WOL d nlot he I imi ted hv t ie prohlI cr115 inhecrentl inl tict ether
MC'litrds- prev'iOrislI\' d iscussed.

II . Im- A.\owsro-orTricI DEFIECTOR

In Icollsto -Opt. i caI devices , a p) it.zo-c 1ec tr iCL transduce r i s uised t o
tcreateL 1 Ioi I rid m11in waves in a cr .\st all irItC(IL dflet' i lni med i umnr. II tst sor0(int(

%Vaives art produced at a retriv(ILet riri ned h%' an ext trna rnfrei

eerie r., Lor . A these long itud inal wave front s propagate t hrouigh t 1t (t- I Iltt -

iRICCIe jl1, tOWt densI-ity of tht rs lis AItered whichi ;I ttrs i tsndxo
ref' rae I ion. - . igl411t Waves; are dtI f I teted t (I ti theyILII , )( toiu n t r ! he cr\'st A1 duie
to OWi mothi I at ion of tht. necd irirr's reF Cramt ivt index1L, (lieft-ltCie 1

TIl' aICOIuStrr-01) t icaI de Vice Clse d ir thn txpt C'CI)Ir MCi11 t S was rM. d( h%' I sI'Met
in u Set crirher 1974. f1it0 d2V i Ce wa Sr 1,01. 1 ]1)-4t I -Z ,With ;11 an )1 a I Lt ro 1

6.6-mm and ust'd tt'l lur rini d jox ide as tire deflect irig meIlt)ii Alr \ridltt Corp-1.-
lreqnl~iericv Svi-tim'sizt r , nrode 1 6100, inl toijuneict ionl With Iin I I , 1, [i k swr
imp Iif ie r, model 4010 AP , p royvid(itd tOit d rivinrg Irequie ncv .

For this A-fl device, thet opcrajt iig irUeqnencv, riige Was' I row X to 1(i) N1hz.
At alIl other frequeneles no defIlect ion nrIll (I he detec't td wilt hir ii:rktd(
As thre freq uLc\ de te creasetd from 100 Mi)z , a io mber of o rtIe-- i preaed; howt \'L r,
t he i nt CI iit es ofI t he or der s de c reased s inmu I tari eouslI v . As main vaIs I, , ut r-

t i \,e. o rder s we re w it vie sse d ; IOWL-ct r , t lie, laIrges-t 11iurrrh)(.r 0 f La; II v I Le t o rd Lt tI
o r d ers wa s t'igliit , aIt 14 .2 Mhz . Fo r thIi is ex p er i mt'rit , tir I r'uuc was
varited tint il the f irsi. order spots of highest intensitv app.. red . II is
o ccurrted at a f requ nc\ o (f 70 .2 M11z . The se orders a1ppt'art'i at aln 1arrk (it'
A .0(6' from the undef lec tetd ze ,rti-o rdt r . Tirt tilt of Lhe A-fl tie i ct '%,as

teni adjunste t'lUnt 11 the ie gat lye f irst ortlt'r was mnax imi itti ; tilek 10 i t iv\'
first ortder was at a minimum at this posit ion.

lot or t una tel v the mariufact ure rs of aeon st o-opt-it' t-ie CC t or s ttr) riot

(1ufltt anl MTF for their devices. This is riot srurpr isinig ili that Lt'\' 11r( rio t
initended to he used inl image man ipu lat ion . F i giir c' I 1 i 1 (1nt i taIt io 0 r 1)f t heL

ahi I it v o f the A-O device used in th is invest i gat- ion, .The i ripot Was aI Born, li
rnu I og' have ing 50 1 mnes per inchi . The A--O t1i.V i Cc wa s (Iu i tt e cf ft c Li Vt' iii1 Ilian -

puI 1 at i ngV t 1i iS I OiW Spa t ia I frequency sctente . hIrrwt'e rWhitn iii iglier sp at I

1A



frequency scenes were used, some image degradation was observed. This was
due, to some degree, to the collimation state of the laser beam carrying
the image. A minimum of distortion would occur if tile beam was well colli-
mated as it entered the cell instead of being converging as in the p-esen,-

arrangement.

111. THE EXPERIMENT

A sketch of the basic experimental arrangement is given in Figure 2.

It is essentially the standard Vander Lugt method for making matched filters,
except for the addition of the acousto-optic deflector between the Fourier
transform lens and the photographic plate. The input scene used was a trans-
parency of an aerial photograph of Huntsville, Alabama containing both low
and high spat ial frequencies. The transparency was recorded on a high reso-
lution Kodak 64(F plate.

The coherent illumination was provided by a Hughes Helium-Neon laser
(model 32218-c) with a 1 milliwatt output. The beam was expanded and colli-
mated using, a 25mm pinhole and 20x microscope objective followed by a 10cm
focal length l-.ns. First surface mirrors were used to increase the object
beam path length to match that of the reference beam. Polarizers were used
to insure the correct polarization of the two beams. The photographic plate
was held in place by a standard three point mount. Micrometer x-y-z trans-
lators allowed careful positioning of the plate in the Fourier transform
plaIne...

After exposing the 649F plate to the interference of the reference
beam and the Fourier transformed zero-order object beam, the plate was
developed using standard techniques (D-19 developer, Kodak stop bath and

Hunt's fixer) (Reference 6). The plate was then replaced in the system and
the correlation signal detected using an RCA model TC-1160 TV camera and
displayed on a TV ,xnitor or digitized using a Colorado Video model 321 image
digitizer and the intensity displayed on a strip chart recorder or oscillo-
scope. The plate was then translated vertically so that the -1 order from
the A-O device addressed the matched filter made with the zero-order. The

correlation was then detected in the same plane as before but displaced
in the vertical direction corresponding to the angle between the zero- and
-1 order produced by the A-O deflector (Figure 3).

IV. EXPERIMENTAL RESULTS

II
The acousto-optic deflector used in this initial investigation was

quite old and is by no means representative of devices currently available.
The principle of operation is, however, the same today.

The efficiency of the device in deflecting the input light into the
negative first order was measured using an NRC 880 Universal Shutter System
as a power meter. A well collimated beam was incident upon the cell as the

* first measurements were made. The driving frequency was set at 70.2 MHz.
The cell was tilted to maximize the -1 order and minimize the +1 order. The
intensities of the incident, zero, positive, and negative fi'st orders were
present and measured. By dividing the intensity of the negative first order
by the incident intensity, an efficiency of 20 percent was obtained. The
positive first order was very weak and was therefore neglected.

2.- -
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The efficiency of the device was also determined for a tilt at which
the positive and negative first orders appeared almost equal in intensity.
The two intensities were added and divided by the incident intensity.
Efficiency at this position was 10 percent. The angle of the device during
this measurement was approximately 0'. From these results, it was determined
that the A-0 device deflects light twice as efficiently when tilteJ to maxi-
mize either the positive or the negative orders. This effect is explained
by the fact that the A-0 cell is most efficient when it is tilted at an angle " -

adhering to the Bragg condition. The device was therefore returned to its
original tilt, maximizing the negative first order.

By inserting and removing various lenses, the beam was transmitted
through the A-( cell in various states of convergence and divergence. For
all conditions, the efficiency was 2G percent. A strongly diverging or
converging beam would most likely lose some efficiencv, but for the usual
f number (greater than 5) used in systems such as this, the effect is minute.

Initiallv, the experiment was arranged so that the deflected negative
first order Fourier transformed image was interfered with the reference beam
in an attempt to make a matched filter. The frequency shift induced by the
A-U deflctor proved to be enough to prevent the necessary interference at
the film plate, so no filter could be made in this manner. Frequency shifting
the reference beam with a second A-0 device might have solved this problem,
but it was not attempted. The alternative chosen was to make the matched
filter with the undeflected zero-order which passes directly through the A-0
deflector, then attempt to address this filter with the deflected negative
first order. The input scene used was the transparency of Huntsville
discussed earlier. The intensities of the object and reference beams were
fixed approximately equal and Kodak 649F plates were used to record the
filters. A typical filter is shown in Figure 4. After exposing and develop-
ing the plate, it was replaced in the original position. The correlation
signal appeared as a very bright local ized spot on the television monitor
Figure 2) . The plate was then carefully translated vertical)y until the

negative first order Fourier transformed image addressed the matched filter

(see Figure 3). The correlation signal was detected aftcr searching in the
area shown in Figure 3. The correlation signal was displacd by the same
angle as the deflected beam addressing the filter. The correlation signal
itself was verv well defined as shown in : igure ), which is a photograph of
the television monitor used to dt cCt the corrcl at ion signal. An oscillo-
scope trace of a single TV linc cont aining the corre l tion spot is given in
Figure 6. There is very little noise in the siinl as is characteristic of
Vander Lugt matched filters addressed in the usual manner. The correlation
signal also had the usual translational invari incc exp.cte.d from filters made
and addressed using the Vander l.ugt technique.

The final experiment involved masuirin, the. corrlat ion intensity as the

driving frequency of the A-0 device was chn tId . Chis provides informat ion
regarding how carefully regulated the tergnev. ,wrat or must be. The
results are given in Figure 7. For a matIhd f i lIt r made with the zero-order
then addressed with the first order, thc (r i \,in , 1tr 't v may vary by, 100 KlIz

before the correlation intensitv decrtas.. by f itI t V percent . This of course

depends upon the spatial frequency oif tilt inlput ,Is we I I as other factors.

..2
. .. ... .... ... ., .- .. . .. . .. .. . .... : .: .. .. :: . .



V. CONCIA'S 1 &NS AND SUGhE ST iONS

I- this r~porL a new method for accessing Four ier transform. matched
ilt e s has !ken*I dcmIonst rated. It seems 1 ike lv that this method mayV C iL c.ur-

vent tl K.1,P i itc d memory problem inherent with coherent recogn it ion systems
W itletit AdQJ illI sulbstantialI a1MOunt Of noise. It is not difficuL t to imaigine'

rH -,%mt r r . ' mat ched f ilters addressed with h ighl eic I ent acousto-
i" dC; 1'' cr usig fajst 'req uc ncv sweep ing x-v ratr arrangement . [lt
crltV-i ;i s detected f rom th is irrav oif filIters woul d he spat ia I I

Ir' t ,, ic ,,tector, . irl prov ides anlothe'r advant age - d iscr imi MaLionl.

;' ms i-11M] would correspond to one known part iculair f ilter in thLe
or. iis AI ready begunll in the construct ion of a large memory ree'Ogn it iwll

:ri< -- tuo the prol iminarx re~sults presented here.
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