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ABSTRACT

Analytical and experimental investigations of 2-D space-variant

optical processing techniques have been conducted. Coherent processing

investigations have included (1) a continuing experimental study of the

characteristics of UV-exposed photoresist phase masks for multiplex

holography, and (2) both analytical and experimental studies of a tech-

nique for using wavelength-encoded tandem l-D processors for performing

2-D processing. In the area of incoherent processing, we have completed

an investigation of a tristimulus-based technique for performing complex

operations using hue, saturation, and intensity parameters to represent

complex numbers. " !

RESEARCH OBJECTIVES

During the funding period from September 30, 1981 to September 30, 1982,

the major research objectives have been to analytically and experimentally

investigate both coherent and incoherent optical processing techniques for

performing two-dimensional (2-D) space-variant operations. In the coherent

processing area, the major topics of investigation have been (1) the

development of quality UV-exposed photoresist phase masks for use in

multiplex holography, and (2) an analytical and experimental investigation

of a white light technique employing tandem l-D processors to perform 2-D

space-variant operations. In the incoherent processing area, we have

completed our proof-of-principle experiments to evaluate the tristimulus-

based approach to the use of hue, saturation, and intensity as parameters

to represent complex numbers and to perform the operations needed in a 2-D

space-variant processor. Details are provided in the following sections.

Approved for publio releasej ,

distribution unlimited.
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SUMMARY OF RESULTS

(1, Random Phase Masks for Multiplex Holography

Phase masks for reference beam encoding are an essential element of

space-variant processors using multiplex holography. During the past

funding period, studies were continued to determine the exposure and

development parameters necessary for accurate and repeatable surface

contours in a photoresist medium. An argon-ion laser with UV mirrors

was used as a source to provide controlled exposures of photoresist plates. t.

Step-function test patterns were used to gather data on exposure times

and development techniques versus phase depth. It was found that a

simple Michelson interferometer did not have enough finesse to provide

accurate phase change data, so a Varian A-scope interferometer was pur-

chased. The A-scope, which is a multiple-beam interferometer utilizing

a Fizeau plate, has been used to measure the resist thickness of the

step-function test patterns. Now thickness tolerances of ± 130 A can be

measured accurately. This is well within the thickness tolerance of the

photoresist coating needed to achieve the desired 1800 phase shift in

the mask. Tests have also shown that the development time of the photo-

resist does not affect the final resist thickness as extensively as

originally thought.

The photoresist plates come with a chromium undercoating and, since

this could affect the A-scope readings, a cross-check was made using a

scanning electron microscope on the step-functions patterns. It was

found that the reliability of the A-scope readings was not affected by

the extra reflective layer on the photoresist plates.

The next step in the production of phase masks was to modify the

AIR FT<-E 01 -, "'.' :TIFIC RI:?. .

NOOTICE OF .. 1.... .

This tc'h1 'Y t r 'id

approved . 'v1-12.

Distribution i. *j " i. ILud.

"TTHE J. al
Chief. Technical Information Division



3

existing facility for directly "writing" computer generated functions

on film so that it could be used at UV wavelengths. First, the acousto-

optic shutter had to be replaced with a computer-controlled mechanical

shutter because the acousto-optic modulator will not transmit UV. Then

the beam-forming optics had to be redesigned to accomodate the new wave-

lengths. These modifications to the laser scanning facility have been

completed, and faster scan exposure tests have been run using a UV

sensitive film. The results are being analyzed to determine optimal

pixel shapes and sizes to be used when constructing the phase masks on

photoresi st.

(2) Tristimulus Incoherent Processor

A system has been designed which exploits tristimulus color properties

for representation and manipulation of complex numbers to produce the

integral of a product of complex functions.1 This system uses color

television monitors and cameras to represent and operate on complex numbers

in the 3-dimensional space defined by the National Standards for Color

Television transmissions (the NTSC standards). These 3-dimensions also

correspond to the intensity, hue, and saturation model of human vision.

In this system, multiplication of numbers represented in polar form is

done by controlling hue and saturation separately from intensity. The

phase angles of the numbers to be multiplied are displayed as the

saturations of two complementary hues for positive and negative phase

angles. Then, the intensities are manipulated separately in a subtractive

system to represent the multiplication of two complex number magnitudes.

The results of the multiplication are detected by a color television

camera (phase angle) and a black-and-white camera (amplitude). A polar-
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to-rectangular transformation is then done electronically on the output

signals from the cameras. The transformed output is fed to the chrominance

(hue and saturation) inputs of a color television monitor, keeping the

intensity constant. The output of this monitor, now in complex rectan-

gular fpm, is then summed by a collecting lens and the result is detected

by another color television camera. Thus, since both operations of com-

plex multiplication and addition can be done, the space-variant super-

position integral may be evaluated.

A system has been set up to conduct proof-of-principle tests of this

approach. Calibration and testing of the various system components was

done to verify the linear models on which the tristimulus processor is

based. Angle addition along a-bipolar two-hue number line, represented

by one of the signals of a color TV camera operating at constant intensity,

was verified. The intensity of a simulated polar form product was obtained

from the luminance signal of a black-and-white TV camera. An electronic

polar-to-rectangular transform of the complex number represented by signals

from the two cameras was successfully demonstrated. This signal was fed

to a color monitor operating at a constant intensity level, where complex

numbers are now represented in rectangular form by hue and saturation

parameters. A lens was used to sum the rectangular form numbers onto a

final color camera, whose output represents the sum of products of complex

numbers, as desired. Thus the multiplication in polar form, electronic

polar-to-rectangular conversion, and summation in rectangular form have

all been individually verified by the test system. While noise and

component nonlinearities still pose problems from a practical standpoint,

the basic principles of tristimulus-based operations on complex numbers

have been demonstrated.2'3
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(3) 2-D Processing with Color-Encoded l-D Processors

A major objective of this project has been to make use of the

advantages of our earlier work on l-D space-variant processors4 in order

to perform the more difficult task of 2-D space-variant processing. In

performing a 2-D space-variant operation, the input is a 2-D function,

and the kernal h(x,y;&,n) is potentially a 4-D function. Therefore one

difficulty in performing a 2-D superposition integral is making enough

parameters available to handle such a kernal. Our approach to date has

been to assume that h(.) is separable in Cartesian coordinates: i.e.,

that h(x,y;E,n) = h1 (x,E)h2(y,n). We have then used an achromatic

coherent processor (i.e., a white light coherent processor), so that

wavelength provides us with an additional parameter. The processor

makes use of the dispersive properties of prisms, as well as an achromatic

Fourier transformer, as part of its operation. To date we have completed

a proof-of-principle experiment which verifies the validity of the

approach. We are now looking at both refinements of this technique plus

alternative techniques for performing 2-D space-variant processing with

1-D processors, as we believe that there may well exist a broad class of

projective mapping techniques (the well known Radon transform being only

one member of this class) which will permit us to perform these operations

in real time. At the time of writing this report, an.M.S. thesis 5 and one

conference paper6 have been completed. Another conference paper7 and a

journal article are planned.
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SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

1. Developed a computer-controlled exposure system for UV-exposed
photoresist phase masks for multiplex holography.

2. Completed proof-of-principle experiments verifying the usefulness
of a tristimulus-based incoherent processor using color TV cameras
and monitors to perform incoherent space-variant processing.

3. Experiments essentially completed which verify our analytical work
on a technique using color-encoded, tandem l-D white light optical
processors to perfrom 2-D space-variant processing

4. Initiated additional analytical work on other techniques for using
l-D optical processors to perform 2-D space-variant processing.
Both incoherent and coherent processors are being considered.
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