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i INTRODUCT LON

One of the major problems in using Fourier transform matched tilters
s for object recognition has alwavs been the Timited number of objects that
' could be recognized; or the memory of the svstem (Reference 1), To date,
. many novel techniques have been proposed including multiply explosing the
photographic plate and using a holographic c¢lement to produce arravs of
Fouricer transformed images from which matched filters could be made

. (Reterences 2 and 3). both of these techniques, however, have limitations.
l' The multiple exposure method is limited to about cight exposures while the
holographic lens often contributes noise to the correlation signals.  In

this report, another technique is proposed and demonstrated to some degree
of satisfaction., In this experiment, an acousto-optical beam deflec:r is
usvd to address matched filters made using the visual Vander Lugt arraagement

‘ (Reterence 4). This technique offers some promise of producing large arravs .

» of matched filters which can be addressed in very nearly real-time due to the -

. high frequency scanning abilities of modern acousto-optic beam detfloctors. 3
This technique would net be limited by the problems inherent in the other 1
methods previously discussed. o
I1. THE ACOUSTO-OPTIC DEFLECTOR

. -4

) In acousto-optical devices, a piczo-clectric transducer is usced to 4
create longitudinal waves in a crvstalline deflecting medium.  These sound

. waves arc produced at a frequency determined by oan external Dreguenc
cenerator.  As these longitudinal wavefronts propagate through the detlect -

ing medium, the density of the crvstal is altered which alters its index of

- refract ion.  Light waves are deflected when thev encounter the ervstal dac

- to the modulation of the medium’s refract ive index (Reference ).

- The acousto-optical device used in these experiments was made by Tsomet
% in September 19740 The device was model LD=401-2Y, with an aperture of

6.6mm and uscd telluriom dioxide as the deflecting medium.  An Andret Corp.
Frequency Svathesizer, model 6100, in conjunction with an EIN RP power
amplifier, model 400 AP, provided the driving frequency.

For this A-0 device, the operating irequency range was from 8 to 100 Miz, v
At all other frequencies no deflection could be detected with the naked ove. R
As the frequency decreased from 100 MHz, o number of orders appoearcd: however,

the inteisities of the orders decercased simultancouslv.  As manv as 186 nova-
- tive orders were witnessed; however, the lTargest number of casily recorded . 4
orders was eight, at 14.2 Miz. For this c¢xperiment, the frequency was
varied until the first order spots of highest intensity appearcd.  This
occurred at a frequency of 70.2 MHz.  These orders appearced at an angle of
45.06° from the undeflected zero-order. The tilt of the A-0 device was
then adjusted until the negative first order was maximized; the positive
first order was at a minimum at this position. -

Unfortunately the manufacturers of acousto-optic deflectors do not

.
2 .
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quote an MTF for their devices. This iIs not surprising in that thev are not _:'.

intended to be used in image manipulation. Figure 1 is an indication of the ‘_';.:: 1
: ability of the A-0 device used in this investigation. The input was a Rondhi - "‘1
D ruling haveing 50 lines per inch. The A-0 device was quite effective in mani- -~ o

pulating this low spatial frequencv scene. However, when higher spatial

PV VU )




LTI

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 the beam was well colli-
mated as it entered the cell instead of being converging as in the presens
arrangement.

IIT. 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 spatial frequencies. The transparency was recorded on a high reso-
lut ion Kodak 64¢F plate.

The cohercent illumination was provided bv a Hughes Helium-Neon laser
(model 32218-¢) with a 1 milliwatt output. The beam was expanded and colli-
mated using a 25mm pinhole and 20x microscope objective followed bv a 10cm
focal length lens. 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-
lTators allowed careful positioning of the plate in the Fourier transform
plane.

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
displaved on a TV monitor or digitized using a Colorado Video model 321 image
digitizer and the intensityv displaved on a strip chart recorder or oscillo-
scope.  The plate was then translated vertically so that the -1 order from
the A-0 device addressed the matched filter made with the zero-order. The
vorrelation 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

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 first 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.
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The cfficiency 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 bv the incident intensitv,

i 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 tilted to maxi-
. mize cither 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-0 cell in various states of convergence and divergence. For
all conditions, the efficiency was 20 percent. A strongly diverging or
converging beam would most likely lose some efficiencv, but for the usual
f number (greater than 5) used in svstems such as this, the effect is minute.

kY

R Initiallyv, the experiment was arranged so that the deflected negative
o 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-0 deflector 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-O0 device might have solved this problem,
but it was not attcempted. The alternative chosen was to make the matched
filter with the undeflected zero-order which passes directlyv through the A-O
deflector, then attempt to address this filter with the deflected negative
first order. The input scene used was the transparency of Huntsville
discussed ecarlier. The intensities of the object and reference beams were
fixed approximatelyv equal and Kodak 649F plates were used to record the
filters. A tvpical filter is shown in Figure 4. After exposing and develop-
ing the plate, it was replaced in the original position. The correlation

o signal appeared as a veryv bright localized spot on the television monitor
(Figure 2). The plate was then carefullv translated vertically until the
negative first order Fourier transformed image addressed the matched filter
(sce Figure 3). The correlation signal was detected after searching in the
area shown in Figure 3. The correlation signal was displaced by the same .
- angle as the deflected beam addressing the filter. The correlation signal ]
g itself was verv well defined as shown in Vigure 5, which is a photograph of B
) the television monitor used teo detect the correlation signal. An oscillo- B
> scope trace of a single TV line containing the correlation spot is given in )
Figure 6. There is very little noise in the signal as is characteristic of e
- Vander Lugt matched filters addressed in the usunal manner.  The correlation )
% signal also had the usual translational invariance cexpected from filters made ]
) and addressed using the Vander lLugt technique. _-_;
i‘ : The final experiment involved measuring the correlation intensity as the R
i driving frequency of the A-0 device was chaneed.  This provides information T
regarding how carefully regulated the tfrequency o onerator must be.  The R
results are given in Figurc 7. For a matched tilter made with the zero-order ; 5;
then addressed with the first order, the driving froqueney mav vary by 100 KHz i:ﬂ
. before the correlation intensitv decreases by ritty percent.  This of course T
i' depends upon the spatial frequency of the input scene as well as other factors, o
. - L
3
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V. CONCLUSTONS AXD SUGCF ST10NS

[h this repert a new method for accessing Fourier transform matched
Tilters has been demonstrated. It seems likelv that this method mav circum-
vent the limited memory problem inherent with coberent recognition svstems
without addins o substantial amount of noise. It is not difficult to imagince
a laree matrix of matched filters addressed with highly efficient acousto-
ont e detflectors using a fast frequency sweeping x-v raster arrangement.  The
correlatis o <iznals detected From this arrav of filters would be spatiallvy
- ovarated ot the detector, which provides another advantage - discrimination.
Soocorret o ion sianal would correspond to one known particular filter in the
irroe . Wors has already begun in the construction of a large memory recognit ion
on the preliminary results presented here.
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Figure 4. A photograph o o ratched filter. The input scene was a -
Ltransparcney ot an Aacrial photograph of Huntsvi’l](j. The

diameter of the darkest area is about 0,% mil
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The correlation spot as it appoeared on the TV
smonitor.  The diancter of the <spot was about

y millimeters,
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