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SUMMARY

I. Title
Develoupment of Optical Computing Technigues Based on the

Spatial Optical Modulator

II. Objective and Significance of the Study
1. Objectives
- Development of Optical Information Processing Téchniques
Using the Photorefractive Crystal BaTiO,
- Development -of Real-time Optical Image Proucessing Techno-
logy Usiné LCTV
2. Significance
- Establishment of a basic configuration for Optical
Computing; Optical Signail Processing, Optical Information
Processing
- Realization of' Real Time Optical Image Processing
Technigues
- Development of a Technique four the Direct Image Transmission
- Establishment of a Technical Basis for the Very Precise
Optical Instrumentation

- Utilization as a New E/0Q Converter



III.

Building a Technical Foundation for Future High Technology,
like Nuclear Fusion

Improvement of Industrial Production and Factory Auto-
mation

Development of a Fully Automated Moving System and a
Robotic Vision

Development of a New Target Detecting and Tracking

System for Military Use

Establishment of Real Time Optical Image Processing Techno-
logy Based on Low Priced LCTV

Contents and Scope of the Study

Characterization of Photorefractive Effects for the Selp-
pumped Optical Phase Conjugate Mirror, BaTiO,

Development of New Image Processing Techniques Based on
the Photorefractive Crystal

Realization of Real Time Image Processing System Using LCD
Fabrication of a Spatial Optical Device Using Low Priced
LCTV

Displayment of an Image Obtained with CCD Camera on LCTV
Constructicn of an Optical System for Coherent Optical
Image Processing

Costruction of a Real Time COptical Image Processing system;

Edge Enhancement znd Image Substraction and Addition



Iv.

Results and Recommendation

Characteristics of a self-pumped ouptical phase counjugation
were investigated by changing relative position and inci-
dent angle of input beam on the crystal surface

The optical phase conjugate reflectivity vs. time showed
stable, unstable, and damped oscillations depending upon

the beam incidence position on the photorefractive crystal

The beam fanning effect appears more rapidly and the
reflectivity increases as the beam incidence angle in-
creases

The reflectivity of divergent beam was more than that of
convergent beam

For the case of the crystal (6.5x6.5x3mm®) used for our
experiment, the reflectivity was maximized when input
angle is 70°, beam incidence position is on the center

of the input face, and the beam is divergent, and the
fanning angle is 57° For the above condition the reflecti-
vity was 49%, and the response time was in the order of
seconds

The direct image transmission through the mutimode optical
fiber showed strong background reflection from the input
tip of the fiber. It is necessary to remove the background

reflectance to enhance the contrast



Polarization-conjugating novelty filter based on LCD was
set up

The novelty filter works more effectively when the image
is on than off

The image contrast will be increased with high quality
LCLV or LCTV

The spatial optical device based on low priced LCTV was
built

Edge enhancement, image substraction and addition using
LCTV was performed

Above expermentzal results will be useful for the develop-
ment of a real time image processing system and a optical

computing system
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E 2-1. o2 32HE 239 Sduia (o] 400yl 25

Material Room temperature Index no3dy E/Eo Point
Electrooptic of (10~ 12m/V) Group
Coefficients Refraction Symmetry
(10-12m/V)

KDP 741=8.6 no=1. 51 29 elle=20 42m

(KHzPO4 ) 763=10.6 ne=1,47 34 g1c=45

KD2P04 763=23.6 ~1.50 80 £llc~50 42

ADP 741=28 no=1,52 . 95 ellc=12 20

(NHsHzPOs)  763=8.5 ne=l.48 27

Quartz r41=0.2 no=1. 54 0.7 Elic~4.3 32
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ZnS 741=2.0 no=2, 37 27 ~10 43m

GaAs 741=1.6 no=3.34 59 11,5 43m

ZnTe 741=3.9 no=2.79 77 7.3 43m

CdTe 741=6.8 no=2.6 120 43m

GaP 741=0.97 no=3, 31 no3y41=29 43
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722=3.4 ne=2.20 nedy22=37
742=28 (ne3y33-ne3y13)=112
LiTa03 733=30.3 no=2.175 nedy33=314 clle=43 3m
r13=5.7 ne=2. 180

BaTi03 733=23 no=2. 437 ne3y33=334 £llc=106 4mm

713=8.0 ne=2.365 £1c74300

r42=820
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2) Z71HB:W g Abzpel # A (self-pumped optical phase

conijugation)
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9 Optical Novelty Filter 2%l
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¥ 3-1. 9y TV 9

O
w Radio Shack Epson Citizen (color}
Characleristic {hlack and whita) {color) {color liller removed)

Aperiure Size (cm x cm) 44 % 5.4 29x38 23 x3.2

Na. of Pixels 120 % 146 220 x 240 220 x 648

Pixel Size {um X pm) 366 x 370 131 x 158 104 % 49

Surtace Flatness (A=633om) | 0.1h/cm 0.1 ) fem 0.1 /cm
Toatial 6 11 6

Maximum Contrast "&.L.f.mo

{at k= 633nm) spattal >10 >30 =10

nitering

Resolvable Gray Levels <b ~ 8 <6

Maximum Transmitlance
wilh Polarized Light

{T=25"C. A =633mn)

~50% (buill in
polarizer)

~ 7% (external
polarizer}

~ 7% {(exlernal
polarizer)

Speclral Transmission Ranga

Visiblo o Near 1R

Visibla

Visible 10 Near IR

Input Davice TV camera or TV camera or TV camera or
compuler computer computer
Addressing Method Malrix ;:c_li‘;feT’r:n%lrix Matrix
wit
Addressing Speed (at 25 G) 30 30 30
{frames/sec)

Pixel Relaxation Tima {msec) ~10 ~100 ~10
Operating Power (Walls) 0.33 1.1 0.87

Operating §C 10 40°C 5°C 10 40°C 5°C_to 40°C
Temperalure Storage -20°C to 60°C -20°C to g0°C -20°C to BG"C

Tolerance -- >B80°C, > 500 houwrs --
Tolal Weight ~300 grams 450 grams ~450 grams

Q) Al o] M 7} 7} Eouer *Swe  bias voltageso| ui:

ezl TV e vy Egge
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TV 2]
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bias Hgkel el

contrast =
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o @ess A os WuEHn o wman ATRTL oA
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