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INTRODUCTION

The £ * o Control of Space Structures (ACOSS) Eleven contract includes
three Aistiuct areas of endeavor: Simulations Extension, HALO Optics, and
ACOSL.  This report covers the work performed in each of these areas between

April and September 1981. A brief introduction te each of the tasks covered
follows.

Arpaver Noiwopis 2t

1.1 Sinulations Extension

La order ¢~ generalize the HALO-oriented portions of the Draper Integra-
ted %iw, lations \DLS) and simulate other ugseful surveillarce concepts, CSDL
1+ tiatea thcee major accivities during this reporting period:

¢y* ) ,.ial plauning with DARPA to select surveillance systems concepts
3 » simulate an. evaluate.

LTULT Byt s R A S

3 {Z) Establishing the capability to generate and manipulate syathetic

scenes in house as .eil as support DARPA in standardizing key scene
data bases.

(3) TILx+tending the current DIS algorithms to handle a wider class of in-
put scene data sets.

3 The Gemini concept, being developed by Aerojet Electro Systeme, is the
: only system preseantly identified for simulation and evaluation. As first or-
der Gemini models become available, they will be incorporated into the DI3.

TN

TR T

A "generic scene geaneration' capability is being established as part of
the DIS to extend its range of applications. Imitially, the simulation will
contain a “*ata base that is a geomefric representation of an ~40 x 40 im re-
gion in Souchern California aad it will have a spatial resolution of
~100 m. A set of four prescriptions will allow this data set to represent
3 typical scenes from the Soviet tundra, the Arctic, the Middle East, and

: Central Europe with s liaited capability to generate clouds and superimpose
F them on any geographic regien.

Photon Research Asscciates (PRA), under subcontract to CSDL, is develop-
3 ing four standardized surveillance scenes to assess various curveillance sys-
3 tems concepts. DARPA will gain a baseli~e to compare system perrformance

3 evaluations for common missions and a pr-cedure to identify the scene/systenm
characteristics that are performgnce drivers from this work.

PR ICIPaR T

1.2 HALO Optics

T

Three cecarractors, Eixonix Corporation, Itek Corporation, and Hughes :
Arrcraft Corperation (BAC), have been working on the general deconvolution 1
problem which is classified as the HALO Optics task of this contract. Eikonix
has worked on the phase retrievsl problem where aberrations are determined

204
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from the focal-plane data; Itek has used a wavefront sensor to measure the

system aberrations; and HAC has used "color”™ algorithwns on the focal plane
data to oubtain optical system correction.

During this reporting period, CSDL developed a computer simulation to

generate noisy and aberrated ¢ical-plane point-spread-function {(PSF) d< a
under svidelines from Eikonix.,

CSDL 3 so prepared a phase retrieval tesc based on aberrations derived
from cryogenic deformations of an Itek HALO mirror. The aberrated PSF was
sampled by an 8 x 8 array of square detector elements, each of which had a
full width of 2.13 AF. Three test cases were run., Case 1 had Gaussiaa random
noise which had a uniform 2-percent standard deviation of the peak
diffraction-limited signal. 1In Case 2, the PSF was decentered such that the
peak irradiance of tne diffraction-limited point spread function was moved to
correspond to a line-of-sight error of (0.984 )\/D, ~0.984 A/D), where D is the
diameter of the system pupil. As before, Case 2 had 2-percent noise, In Case
3, there was no line-of-sight error, but the noise was increased to 5 percent.

HAC reviewed their work on OYSTER, color algorithms, image moments,
CORRWAVE, and phase retrieval at DARPA in May of 1981. CSDL wil. prepa-e test

cases for the HAC color algoriihms during the third year of the ALQSS 11 oro-
graa.

1.3 Active Control of Space Structures (ACOSS)

Volume 2 of this report describes the work CSDL has done to investigate

spacecraft control theory. Each of the six sections devoted to ACOSS reports
on a different aspect of that work.

Section 4, "Compensated Truncation of Modal Models for Design of Control
Systems,"” describes the selection process recessary in large space structure
{LSS) control-system design using a truncated finite~eciement model. Th® trun-
cated rodel must be selected properly and compensuted explicitly for control
and observation spillover, sv the control syvstem designed through this mthod
can perform sacisfactorily when iumplemented on the structure. Proper selec-
tion requires correct classification of structural modes into “primary" and
"gecondary” mecdes. Explicit compensation for truncation incli des: placement
of actuators and sensors, synthesis of the actuator and sensor influences once

they are placed un the structvre, and filtering of the actuator inputs and
sensor outputs,

Secticn 5, "Enciring Full-Order Closed-Loop Stability in the Reduced-
Order I -3. m of (r.tput Feedback Controllers,” builds on the studies performed
during AC0SS 6 that established various conditions necessary to ensure full-
order closed-loop asymptotic stahility and robustness witn raduced-order de-
sign of velocity and dispiacement output feedback controllers. Currently, the
work xn tnls area concentratas on how to apply such results to large flexiole

space structares and how to develop a reduced-order design techuique that will
ansure full~crder closed-loop asymptotic stability.

i
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‘ The study includes preliminary development of computer-aided design ;
| sottware and acceleration output teedback control. ]

3
.

Section 6, "Design Freedom and the Implementation o: Suboptimal Output
rfeedback Control,” discusses the treedom inherent in lesign. The section
! states that otten this treedom 1s sacriticed purposely wien simplifying as-
sumptions are wmade to avoid theoretical or computational ditficulties. Since
1t 1s aitriicuit to consider this topic without referring to specific applica-
tions, the section uvses controiler design as an example where werk is being
done to discover and exploit the freedom ot choice in design. Then, the sec-
tion uses suboptimal output feedback control as a case study whiclhi 18 relevant
to ACOSS development.

EAE Rl e i iy

~ TRRTIROLT

: Section 7. "Stochastic Output Feedback Compensators tor Distributed

4 Parameter Structural Models,” presents recent progress on the stochastic

1 output feedback design problem tor distributed parameter piants. The results
3 presented are an extension 2f work done under the previous couafract.

The concepts developed are general enough to apply to a wide variety of
: tixed-rorm compensator design problems, and rurreat studies are aimed at
] specializing the results to the optima! output teedbacx compenzator design
prooiem. The procedure developed will be appliad to the design of velocity
feadback controllers tor a vibrating string. The results ot this simple test
should provide insight intc the impact of various modeling assumptions on the
E convergence vi the design procedure described.

d Sectiou 8, "Large-Angle Spacecraft Slewing Maneuvers,” further develops
work that was reported in the previous ACOSS contract, Specifically, the sec-
tion presents techniquas :for improving toe ootimal torque profiles by allowing
the soiution process to detrermine the optimal terminai bounsary conditions and
by developing a control-rate penalty technique for producing smooth control

i profiles. Several example me-euvers are provided to demonstrate the practical

v

o

)

s application and utility ot the techniques presented.

4

: Section 9, “"Order Reduction by Identification—-Some Analytical Re-

% sulis,” attempts to characterize control designs that will guarantee stability
3 using a reduced-nrder model. This kind ot design compromise .s practiced

1 regularly., but no one has veritied the validity or such an approach.

% The leasc squares (LS) method 1s used in this analysis because it is a

E relatively robust identitication scheme and analyticat expressions for order

reduction already exist tor it. The resuits of the analysis show that a re-
duced order confroller can be built using the LS wethod ot ideotification. It
is planned to Jemonstrate the practicality of this approach on Draper Model #2
in the nea. future.
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SECTION 2

SIMULATIONS EXTENSION

2.1 Introduction

The basic objective of the Simulations Extension Project is to general-
ize the HALO-oriented portions of the Draper Integrated Simulations (DIS) and
to simulate other useful surveillance concepts. Three major activities have
been initiated during the current reporting period:

(1) Initial planning with DARPA to gelect candidate surveillance
systems concepts to simulate and evaluate.

(2) Establishing an in-house capability for generating and
manipulating synthetic scenes as well as supporting DARPA in
standardizing key scene data bases.

(3) Extending the currently implemented algorithms in the DIS to

effectively and efficiently handle a wider class of input scene
data sets.

Presently, the only system that has been identified clearly for simula-
tion and evaluation is the Gemini concept under development by Aerojet Electro
Systems. As this concept is defined further and first~order models become
available, they will be incorporated into the DIS.

The bulk of the work performed on the Simulations Extensions Project
during the current reporting period has been in the other two areas of en-
deavor, and this is discussed in detail ir the sections that follow.

2.2 Generic Scene Simulation

The DIS is a sophisticated analysis tool for overall evaluation and per-
formance assessment of space-based surveillance systews; it models the mechau-
ical, optical, control, signal collection, and signal processing subsystems in
detail in a highly interactive fashion. Currently, the range of DIS applica-
ticns 1s limited because suitable data bases appropriate for the probiem to be
studied are unavailable., As a first step in overcoming this limitarion and
enhancing the simulation's capability to respond to DARPA analysis aeeds, a
generic scene generation capability is being established as part of the DIS.
Inizially, this capabilicy will ensble the DIS to generate and manipulate a
limited number of synthetic terrestrial scene data sets as a function of majo:
surveillance system and mission parameters. Ultimately, it is plsnned to in-
terface the generic scene simulation (GSS) with the Defense Mapping Agency
(DMA) data base and t~ use this daca base as the source for scene data input
to the simulation. Drap2sr has placed Photon Research Associates (PRA) under
subconr:act to help achieve these objectives. Scme of the GSS features are
discussed in the following paragraphs.
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The simulation user will be able to vary independently the position of
the observer (i.e., altitude and location), position of the scene, position of
the sun (including night conditions), material types, width and location of
the spectral interval (within the limits of 2.5 and 13 um), and observer
field-of-view and resolution with respect tuv the scene.

Initially, the gsimulation will conrain a data base that is the geometric
representation for one generic scene. When related to the earth's surface,
the geometric representation will correspond to an approximately 40 x 40 kilo-
meter geographic region in Southern California. The sceue spatial resolution
will be approximately 100 meterg., A set of four prescriptions will be pro-
vided to enable this data set to be transformed into geometric representations
typical of the following four geographical regions: Soviet tundra, Arctic,
Middle East, and Central Europe. In addition, there will be a limited capa-
bility for generating clouds and superimpnsing them on any of the geographical
regicns,

The simulation will include a data base containing approximately 12 com-
monly found terrestrial materials as required for assigning characteristics to
each facet of any of the five geometric representations cited above. The
simulation will also include the LOWTRAN atmospheric model, a heat transfer
module, and a solar ephemeris moduie for modeling the effects of solar and en-
vironmental heating on the scene.

2.3 Use of Standard Scenes

During the current reporting period, DARPA began an effort to standard-
ize the scene data bases in use by the surveillance community to assess the
performance of various surveillance systems concepts. The initial effort is
directed toward the space-based air-vehicle detection (AVD) provlem, and the
baseline scenes to be used are summarized in Table 2~1. Each modeled scene
will be an extension of measured data. In additior, each of the scenes will
be modeled at two viewing angles, two times a day, and ia four wavelength
bands. PRA will perform the scene modeling effort for DARPA.

Use of the gstandard IR scene data base with the DIS will give DARPA a
number of benefits, the wost important of which sare the following:

(1) A baseline for comparative system performance evaluations for
common misgsions.

(2) A procedure fer identifying the scene/system characteristics that
are the key system-performance drivers,

The following steps outline a candidate approach for conducting compara-
tive systems-performance evaluatioms.

(1) ldentify a set of standar? scenes appropriate for the systems to
be compared/evaluated.

(2) Divide the "full" set of standard sc2nes into two subsets:

IR
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Table 2-1. Baseline standard scenes for the AVD wission.
4 Scene Type Location Description
1 5
Multi-Layer Clouds | North Atlantic Low alticude linear structured
. over Ocean stratus, zmedium zltitude cumulo-
: nimbus, aud high altitude semi- 4
transparent cirrus.
N £
3 North Canada Canada Coastline | Low relief tundra with melt %
: Melt Lakes below Beaufort lakes surrounded by marsh land.
3 Summer season.
]
% Snow Covered Brooks Range, Moderate relief mountains on
4 Aleska Mountains Alaska north coast of Alaska south of ;
: Beaufort Sea, Spring season. 3
7 L
1
Arctic Sea Ice Beaufort Sea Snow covered sea ice of varied i
thicknesses with cracks, including 3
: open water. Spring season, i
: 3
: (a) A generally available "public" set with targets with
2 characteristics and trajectories that are specified openly.

(b)

A 'private" set containing targets with characteristics and
trajectories that are known by only a limited group.

AL AN

(3) CSDL and each systems contractor will use the "public” set to
validate motually one another's overall performance/simulation.

Once agreement is reached with the "public" set, CSDL uses the

- validated simulation to generate a focal-plane output Zor scenes
: from the "private" set.

”‘Q‘!::‘

ryTon

CSDL and each systems contractor then independentiy simulate the
signal-processor performance in target detection/acquisition.

—~
w
~

O el
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Figure 2-1 schematically illustrates this process.

2.4 Enhanced Scene Processing

2.4.1 Introduction

varad.

As documented previously [2-1], the present version of DIS performs, in
the spatial domain, the convolution of the sceae radiance map with the optical
system point~spread function (PSF) o obtain {in the spatial domain) the
focal-plane irradiance. Precomputed image-plane convolution tables increase
the efficiency of the algorithms for this technique. This approach was
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developed and implemented with the needs of Mini~HALO in mind. Typical Mini-
HALO missions can be analyzed and simulated using this technique with reason-
ably modest expenditures of computer time.

In general, the computational effort required to process a given scene
using this technique is a strong function of a number of parameters, the most
important of which are as follows: Scene extent (i.e., field-of-view size);
scene resoluticn; and line-of-sight perturbation characteristics (i.e., line~
of-sight drift and jitter). Thus, compared to Mini~HALO, the surveillance-
system simulations with large fields-of-view and/or high-resolution sensors
and/or large line-of-sight perturbations can require prohib‘tively long com-
puter time. The Gemini system discussed in Section 2.l, which requires high-
resolution scenes, is a case in point. There are several approaches to gener-
alizing the scene processing of the DIS.

2.4.2 Fourier Transform Approach

One approach employs Fourier Transform techniques. The scene is ini-
tially transformed intoc the spatial frequency domain using Fast Fourier Trans-
form (FFT) algorithms. The result of ihis transformation is multiplied then
by the .ransfer functions associated with the optical s7stem and the sampling
aperture of the focal-plane pixels. The steps up to this point need to be
performed only once. Then, for each sequential focal-~plane integration per-
iod, the phase coefficieats of the transformed scene (in the spatial frequency
domain) are perturbed to account for the effects of line-of-sight jitter and
drift. Then the amount of data in this perturbed two-dimensional scene spec-
trum is compressed by a factor corresponding to the background-to-detector
oversampling ratio and transformed back to the spatial domain to obtain the
scene irradiance per detector at the focal plane during the integration per-
10d. For each sequential focal-plane integration period, the phase coeffi-
cients are updated to account for changes in the drift and/or jitter, and the
process is repeated.

2.4.3 1Image Plane lnterpolation Approac’

Another approsch to genevalizing the DIS scene-processing capability
proceeds along the lines of the present spatial domain scene/PSF convolution
approach, except the convolutions are performed selectively, Basically, the
concept is to interpolate previcusly computed sets of focal-plane irradiance
values to obtain those corresponding to new positions of the line-of-sight.

Indeed, the present approach requires that a new convolution be per-
formed at each instant of time for which the line-of-sight changes, e.g., for
each new line-of-sight jitter step. However, consider a scene (a subset of
which 1s the instantaneous field of view (1FOV) of the sensor), and suppose &
square reference grid is superimposed oa the scene. For convenience, assume
the dimensions of a particular element in this grid correspond to the projec-
tion of the sampling aperture of a focal-plane pizxel. Further, suppose that
this two-dimensional scene is ovzrsampled (with respect to a focal-piane
pixel) by a factor of M in each direction. Then an element in this raference
grid will contain M x M scene elements.
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At the start of the simulation run, select the element of the reference
grid that contains the line of sight of the IFOV. Then, that line of sight
also will lie somewhere in a square grid formed by four scene elements. If
the four sets of focal-plane irradiance valuves are computed that correspond to
the line of sight coinciding with each of the four scene elements, then the
focal plane irradiance values for the actual line-of-sight position may be
computed by two-dimensional interpolation in these four sets of irradiance
values.

Constider the line-of-sight position at the next time step, and assume it
was displaced by drift or jitter. Then, if the new line-of-sight position
lies within the same square scene-element zrid, the new set of focal-plane ir-
radiance values may be obtained by interpolation into the previously computed
four setz of irradiance values, and no new convolutions are necessary. 1f the
new LOS position lies within an adjacent square scene-element grid, then two
(or at most three) new convolutions would need to be performed before the
interpolation could be conducted. However, since the end result required is
the net focal-plane irradiance per pixel, at most M x M convolutions would be
required to handle all LOS perturbations. By selecting the interpolation
scheme appropriately (e.g., bilinear or bicubic spline), it may be possible to
use a coarser grid of background samples, such as every other one, and hence

reduce the total number of convolutions correspondingly, possibly to H2/6. At
each step in the process, the »Hnvolutions computed for the scene-element grid
points are saved and a:e ava! le for use in a later run. Thus, in a set of
runs involving the sume scene, the convolutions would need to be performed
only for the first run.

LIST OF REFERENCES
2-1. HALO Integrated Simulations Program Final Technical keport, Vol, 1:

Program Summary and HALO Integrated Simulations Development, CSDL Report
R-1437, February 1981,




3
2]
f
3

L b

TTR R TITER

Ll LK £ A K

L

TTRTT I T

ORI T

LI o R

T YT TR T TR LR TR T LM S sy 3y )
SECTION 3
HALO OPTICS

3.1 Introduction

In the current CSUDL HALO program, the general deconvolution prob:em 1s
cirassiried as the HALO Optics task. Three contractors have been working on
this probiem. Eikonix Corporation has worked on the phase retrieval problem
where aberrations are determined trom the rocal-plane data. Itek Corporation
uses a wavefront sensor to measure the system aberrations. These errors are
decomposed into mirror-figure errors which are then corrected with actuators
on the mirrors. Hughes Aircrart Corporation (HAC) has worked on the probliem
ot opticai~system correction using ‘color” algorithms on the tocal-plane data.

CSDL supports DAKPA on HALU Optics technology by preparing tests f(or the
deconvolution prchiem, evaluating the results, and assessing the pertormance.
To date, only sottware tests have been prepared tor Eikonix, aithough a hard-
ware test 1s suggested in this report. For Itek and HAC, only software tests
are pianned in the current program.

In this report, a recent test is described that was prepared tor
Fikonix's phase retrieval algorithm. The preparation of the test and the re-
sults to date are discussed hetrein. It 1s pointed out that the aberrations
retrieved by Eikonix do not represent a good estimate ot the actual aberra-
tions. When the retrieved aberrations are subtracted rrom the actual aberra-
tions, 1.e., when a correction 1s made, the residual aberrations are uuch
worse. This tact has been reported to kikonmix. Thney have been given the ac-
tuair aberrations to see 1t they can determine any error and ir they can
improve their system pertormance.

CSDL nas applied this test to the i1mage-sharpening algorithm with very
encouraging resuits. The Strehl ratio ot the 1mage increased tfrom U.20 to
0.62 with one 1teration ol correctlion,

A nardware simulation shouid be set up to determine the limits oi ap-
pllcability or tihe phase-retrieval algorithms. A procedure by which this may
be accomplished 1s outtlned 1n this report.

vomments on a brieting to HAC also are reported herein.
3.2 Phase Retrieval Test
J.2.1 Phase Retrievai Technique

In the Eirkonix phase retrievai algorithm, aberrations are estimated Lrom
the tocal plane data by an 1iterative process 1n which a merit tunction

.
.,

T

g/ AT

e

waad!




Q = [ «®-ud |*a

or

q, = J[i® - 1D at :

Lkt

18 mnimzed. Here, t(p) and 1(p) are the aberrated and trial opticai Lrans-

e
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ter runctions (OTF), respectively, and I(f) and I1(T) are the corresponding
point-spread tunctions (PSF). The function I(¥) 1s the measured tocal p-ane

distribution. I(;) and 1(3) are related bv a Fourier transfora.

3.2.2 Test Preparation

3.2.2.1 Shortcomings of Previous Tests ]

In past tests, the PSF data was sampled by point detectors with a spac-
ang ot AF/5. Here X 1s the wavelength of the object radiation and F 1s the
tocal ratio (t#) ot the HALU Optical system., Also, any noise in these sampled 3
data was not considered. Thus, the finite size or the detectoi elements and ;
system noise were not included because Eikonix algorithms had not maturea to ;
handle these aspects.

3.2.2.2 New Test 3

As the Eikonix algorithm developed turther, CSDL improved its software
to overcome the shortcomings ot the previous tests. Under guidelines trom
Eikonix on the size ot the detector element and array, CSDL develioped a com—
puter simulation to generate noisy and aberrated tocal-piane PSF data. A riow
chart ot this simulation 1s shown in Figure 3-i.

e AR el

CSDL prepared a phase-retrieval test nased on aberrations derived rrom
cryogenic detormations ot an Itek HALO mirror. This mirror 1s circular with a
diameter orf 0.6 meter. It is ultra-lightweight and wade from fused silica.
The aberrated PSF was sampled by an 8 x § array ot square detector elements,
each element had a full width of 2.13\F. Tc¢ this array of signals, Gaussian
¢candom noise was added which had a unitorm standard deviation ot 2 percent or
the peak diftraction-limited signal. This test represented Case l.

Sl 07t . il SIS e b i 8 S

I,

In another test, Case 2, PSF was decentered such that the peak irradi-
ance of the dittraction-limited spread tunction was moved by (-0.984 AF,
-0.984 A\F) which corresponds to a line-of-sight error or (-0.984 1/D, -0.984
X/D), where D is the diameter of the system pupil. As betore, 2-percent noise
was added to the sampled data.
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Figure 3-1, Flow chart of computer simulation for calculating
noisvy and aberrated focal-plane PSF data.

12

s
Nraiae BV ead B adn e s r

‘s
anxﬂm& o o e Bt T

L e

R B S w4 R

07 a1 2.2 2d e oo e

sptdnponin wresie




TR I T

Gk~ e dadon

In the third test, Case 3, there was no line-ot-sight error, but the
noise was increased to 5 percent. The three 8 x 8 arrays of aberrated and
noisy signals are shown in Table 3-1,

By using their algorithms, Eikonix estimated the aberrations trom the
detector array signals in terms of 8, 15, and 23 Zernike polynomial coetti-
cients that did not agree with each other very mauch. They aiso differed wild-
ly trom case :n case.

To compare the estimated with the actual aberrations, CSDL calculated
aberrations at an array of points (within & circle) from the Zernike coeffi-
cients. When the estimated aberrations were subtracted trom the actual ones,
the residual aberrations were much worse than the: actual ones in each case.
Generally, the standard deviation of the aberrations increased from an initial
value of 0.186 A to approximately 0.4 A.

3.3 Image Correction by Image Sharpening

3.3.1 Image Sharpening Technique

The image can be corrected in a closed-loop manner (as opposed to the
open-roop operation of the phase-retrieval technique) by optimizing the

sharpness functions obtained trom the focal-plane data. If I(T) represents
the focal-plane image distribution, then sharpness functions

S1 = f 12(;) d?, Extended and Point (bjecrs

and

82 = f I(?) d?, Porut Ubjects
AT

attain their maximum values when the system is aberration free. The first
sharpness function uses an a.ray of detectors, but the second uses a singile
detector with a width approximetely half the diameter ot the Airy disc. Small
amounts of aberration are introduced into the system in terms of Zernike modes
until the sharpness function is maximized.

3.3.2 iardware Dewmonstration

The image sharpening technique was demonstrated using an adaptive mem—
brane mirror. Figure 3-2 is a schematic of the laboratory setup. Six Zernike
modal corrections (detocus, spherical, two astigmatisms, and two comas) were
introduced into the mirrvor. Figure 3-3 18 an example of image correction.
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Table 3-1. Hoisy and aberrated detector signals sent to Eikonix.
Case i, centered PSF and 2-percent noise, Case 2, PSF
decentered by (-9.9 B84 AF, -0.984 ).F) and 2-percent noise.
Case 2, centered PSF and 5-percent noise,

3 b,

L2 SO IR

Case 1

3 !y
i 8 -18 -9 -5 -11 13 i -7 ~15 1
4 7 6 ! 27 13 30 4 -3 0 i
6 =45 -16 2 29 179 12 27 0 %;
5 14 -2 & 66 (35D 58 -15 -4 13
3 4 -2 1z 1 61 95 58 -11 3 i
] 3 29 -20 3 16 2% i? 5 15 i
3 2 -2 -8 26 35 11 -4 -1 -14 i
' 1 -16 -8 -12 -8 -15 =30 -6 -25 i
1 3
1 Case 2 3
3
; 8 26 -3 5 s -13 - 21 -22
; 7 ~-22 -33 4 2] 11 5 -8 18
6 2 13 -11 -29 56 14 6 9
5 -10 3 10 102 29 13 1
! 4 -15 -13 41 203 164 5 -3 21
3 -7 11 1€ -6 31 -2 0 16 :
: 2 -y 31 2 -12 20 -3 16 -1 3
: 1 -22 24 -8 ~17 -21 -16 ~25 19
Case 2 ?5
| 8 -34 -43 14 87 ~16 -21 51 108
s 7 -30 41 22 -9 27 22 43 -7 i
1 6 -5 53 -81 ~32 166 =27 24 -25 %:
‘ 5 53 -63 7 13 QG 29 13 40 g
4 57 -2 71 15 122 -2 14 69 3
3 16 2} -6 ~-60 56 -4} 16 14 g
: 2 g -37 12 -2 L -94 -91 -40 ;i
4 i 34 -17 -58 45 ~-49 =41 -23 -70 R
] t
1 Circular aperture center—to-zenter spacing and detector element size = 2.1228
] in AF-number units. Find the aberratious in terms of Zernike coefficients.

The origin (0,0) lies at the encircled number, and the peak diffraction-—
limited signal is equal to 835. The noise is measured in terms of the peak
diffraction-limited signal,
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The two images shown in this tigure represent the aberrated and corrected
images of a point object,
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Figure 3-2. Schematic of laboratory sefup for demonstration
of the image sharpening techaique.

ORI

3.3.3 Software Tests and Results

—— —— e —— -

ki tdal

Test Case 1, prepared ror Eikonix's phase reirir al test, was also used
on the CSDL irwage-sharpening algorithm. Using the six Zernike modal correc-— 7
tions, the Strehl ratio of the PSF increased trom 0.26 to 0.52 in one
iteration.

LAWY

3.4 Review of HAC Work on Image Correction Techniques

———— —— - ——

LRIV

Sam Williams and his assaciates at HAC reviewed their work on OYSTER,
color algorithms, image momenty, CORRWAVE, and phase retrieval at DARPA on
13 Hay 198i. The phase-retrieval work was preceunted by R. Gonsalves of
Eikonix ag a auscontract to HAC.

The work presented consisted of computer <iaulation reeults supported by
sone experimental evidence. They felt confiduznt that these methods would work
under appropriate conditions. Unfortunately, these conditions were not des-—
cribed adequately. No comparison of the various techniques was precented,
every technique seemed to hold promise. How a particular technique would work

in practice wae not discussed, that is, system related issues were completely
absent.

15
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Figure 3-3. Exawmple or image correction by image sharpening.

HAC is 1interested in developing a test bed to test and compare thear
algocithms, F.om what has been reported, it seems that they have done enough
testing, both in computer simulations and in the lab, to show that these
techniques hold promise. These techniques should be reviewed and tested by an
independent party. Per ACOSS 11 Statement ot Work, Paragraph 4.1.4.4, CSDL
will prepare test cases for the HAC color algorithms in the trird year of the
three year program. In a ietter to RADC, CSDL recommended the following

three-step approach.

“l)  Prepare and Evaiuate Test Cases (Computer Simulations)---To carry
out this task, CSDL can work with HAC in the same way as work has
been carried out with Eikonix., These tests will bring out algo-
rithm subtleties and identify limitatione.

(2) Prepare Deliverable Algorithms-—Depending on the results ot Task
1, HAC should prepare deliverable algorithms oa their wost promis-—

ing approach{es).

(3) Algorithm Haerdware Test—The delivered algorithms shouid pe tested
in a hardware simulation such as OPTECAL. Since OPTECAL 1s en-
vigsioned as a system-level optical-technology simulation, 1t can
test, compare, and evaluate component technologies and algorithms,

3.5 Summary, Conclusions, and Kecommendations

Table 3-2 summarizes the test case results and compares the phase-
retrieval and image-sharpening techniques. It is evident that image sharpen-
ing has some inherent advantages.
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Although Eikonix is stili working on the test cases to improve the algo-

rithm pertormance, tiie next step shouid not depend upoa the outcome.

As a

minimum, a hardware simulation should be prepared to test the practical limits
of the applicability of their algorithms.
using their in-nouse image-sharpening setup.

CSDL can prepare such a simuiation

The adaptive membrane mirror needs to be repaired, and CSLL has the

tacilities to do this repair and make the mirror operational.

Once the mar

is operational, the hardware facility can be used to investigate the image-
sharpening tzchnique to correct aberrated images of extended objects.

Xor

Table 3-2. Test case summary and comparison of phase-retrieval and
image-sharpening techniques.
Image-Plane Object Uperation |[Test Case Results
Detector
Eikonix's Point, Yes Corrected image much
Phase Array Extended? Open Loop }worse, Sy increases
Retrieval from U.18 to 0.44 X
CSDL's + Single for Point, Yes S1x Zernike modal
Image point objects}txtended, Yes|Closed Loop|corrections increase
Sharpening|« Array for Strehl ratio from
extended 0.26 to U.6Zz with one
objects iteration

17

Satiand,

o wai

R decd

hag Lk,

i
:
¢
<
j
i
]
H
3
H

VAl Y T b i

itdd

e

Al 2 b Lk o Y

g

9 B® LA o b 0 AP




S o A

DISTRIBUTION LIST

R. Carman i0
RADC/0CSE
RADC/TSLD 1 2

GRIFFISS AFB NY 13441

RADLC/DAP 2 3
GRIFFISS AFB NY 13441

ADMINISTRATOR i2
DEF TECH INF CTR

ATTN: DTIC~DDA

CAMERON STA BG 5

ALEXANDRIA VA 22314

[4)]

The Charles Stark Draper lLaboratoru, Inc. 5 3
555 Technology Square, i
Cambridge, Massachusette 02139

Charles Stary Draper Labs 5 4
555 Technology Square
Cambridge, MA 02139

pl daite d e widd

Charles Stark Draper Lab 1 S
Attn: Dr. Keto Scosar

555 Technology Square

M. E -95

Cambridge, MA 02139

Charles Stark Draper Lab 1 b
Atétn: Ds. J.B. Linn

&55 Technology Square

Cambridge, MA 02139

DL~1




s i b RR i L A+ s Gl a3 8 AT R

o

CITETINEEIC. LSSERTIRRL T b L0 T AR et SRS TR

Charlss Stark Draper Lak
Attn: Mr. R. Strunce

555 Technology Square

M. 8. -&60

Cambridge, MA 02139

Charles Stark Draper Lab
Attn: Dr. Daniel R. Hegg
555 Technology Square

m. 8. =-&0

Cambridge, MA 02139

ARPA/MIS
1400 Wilson Blvd
Arlington, VA 22209

ARPA/STO

Actn: Lt Col A. Herzberg
1400 Wilsor Blvd
Arlington, VA 22207

ARPA/STO

Attn: May E Diet:z
1400 Wilson Blvd
“rlington, VA 22209

Riverside Research Institute
Attn. Dvr. R. HKappesser

Attn. Mr. A. DeVilliers

1701 N. Ft. Myer Drive Suite 711
Arlington., VA 22207

Riverside Research

Attn: HALO Library. Mr. Bob Passut
1701 N.Ft. Myer Drive

Arlington, VA 22209

Itek Corp

Optical Systems Division
10 Maguire Rd.
Lexington. MA 02173

DL~2

T RS AT AL TR IO o

i0

11

13

i4

———— | mewe

i e i b e S ne ¥ e

|




(AR e Ak al A R PRSP it ERLOR KNS

mur

TR T Y

= —— T T
B e N e T Py £ loca

Perkin Elmer Corp

Attn: Mr. H. Levenstgin
Electro fptical Division
Main Avenue

Norwalk. CT 06856

Hughes Aircraft Company
Attn: Mr. George Speak
M.5 B_156

Culver City, CA 09230

Hughes Aircraft Company
Attn: Mr. Ken Beale
Centinela Teale Sts
Culver City, CA 20230

Air Force Flight Dynamics Lab
Attn+ Dr. Lynn Rogers
Wright Patterson AFB, OH 45433

AFUWL/FIBG _
Attn: Mr. Jerome Pearson
Wright Patterson AFB, OH 45433

Air Force Wright Aero Lab. FIEE
Attn: Capt Paul Wren
Wright Patterson AFB., 0OH 45433

Air Force Institute of Technology
Attn: Prof. R. Calico/ENY
Wright Patterson AFB, OH 45433

Aerospace Corp.

Attn: Dr. 6. 7. Tseng
2350 E. El Segundo Blvd
El Segundn, CA 90245

DL-3

L PR G e L i AL e o

17

18

19

20

21

22

N AN W ¥

b ol Ll A

.



TR i ke e B9 T

Rl e U s ¢13 e N 1) o~ et il S U

Aerospace Coro.

Attn: Mr. J. Mosich
2350 E. El Segundo Blvd
Ei Segundo, CA 90245

aerospace Corp/Bldg 125/1054
Attn: Mr. Steve Burrin
Advanced Systems Tech Div.
2400 E E1 Segundo Blvd

£1 Segqundo, CA 90245

SD/SD/YLVS

Attn: Mr. Lawrence Weeks
P 0. Box 92960

Worldway Postal Center
Los Angeles CA 90009

S0O/YCD

Attn YCPT/Capt Gajewska
£ 0. Box 92960

worldway Postal Center
Los Augelel, CA 70009

Gruymman Asrvospace Corp
attn: Dr. A. Mendelson
Sousth Oyster Bay Road
Bethpage, NY 11714

DUSDR&E/DS

Attn. Mr A. Bertapelli

room 3D136

Pentagon, Wasnington, DC 20301

set Propulsion Laboratory
Attn: Mr. D.B. Schaechter
4800 Oak Grove Drive
Pasadena, CA 91103

MIT/Lincoln Laboratory
Attn: S. Wright

P 0. Box 73

Lexington., MA 02173

DL-4

26

30

‘
A
Lﬁfmulmmm“ AN Gt A Da P
X ANY A e b Ly, »
cetder b ok e A L 5 8 AT S Pt 0 14, e b I o PAL b Pl A bt e i 0 R s 1 K L b




B R AT TR W e A SN TR A T T L SR Y P e

MiT/Linceln Laboratory
Attn: Dr. D. Hyland

P O Box 73

Lexington, MA 02173

MmiT/Lincolr Laboratory
Attn: Dr. N. Smith

P 0. Box 73

.2xington, MA 02173

Control Dynamics Co.

Attn. Dr. Sherman Seltzer

221 East Side Square, Suvite 1B
Huntsville, Al 35801

tockheed Space Missile Corp. S 34
Attn: A. A. Woods, Jr., 0/62-Eb

“p. 0. Box 504

Sunnyvale, California 94088-3504

Lockheed Missiles Space Co. 1 35
Aattn: Mr. Paul Williamson

3251 Hanover St.

Palo Alto, CA 94304

General Dynamics 1 36
Attn: Ray Halstenberg

convair Divisaion

5001 HKeary Villa Rd

San Diego, CA 92123

PP

ST1 b 37
Attn: Mr. R.C. Stroud

20065 Stevens Cr2ek Blvd.

Cupertionou, CA §5014

NASA Langley Research Ctr 2 38
Attn: Dr. G. Horner

Attn: Dr. Card

Langley Station Bldg 1293B M/s 230

Hampton, VA 236465

DL-5

o P P T A e ey - e e




T

NASA Johnson Space Center
Attn: Robert Piland

Ms EA

Houston, TX 7705&

»mcDonald Douglas Corp

Attn Mr. Read Johnson

fougias Missile Space Systems Div
57201 pulsa Ave

Huntington Seach., CA 92607

integrated Systems Inc.

attn Dr.N. K. Gupta and M. &. Lyons
i1 University Avenve: Suvite 400
Palo Alto, Califormia 94301

bceing Aerospace Company
Attn: Mr. Lec Cline

F 0. Box 3999

Seattle, WA 98124

mS 8 W-23

TRW Defense Space Sys Group Inc.
Attn Ralph Iwens

Gldg B=2/2054

ane Space Park

Redondo Beach, CA 90278

TRUW

Attn Mr. Len Pincus
i#1dg R-5S, Room 2031
kedonao Beach, CA 20278

epartment of the navy
Attn Dr. K. 7. Alfriend
Naval Research Laboratory
Code 7920

washington, DC 20375

Alresearch Manuf. Co. of Calif.
Attn: Mr Oscar Buchmann

29525 West 190th St.

Torrance. CA 90509

DL~6

T T x
1 39
1 40
2 41
1 42
1 43
i 44
1 45
1 44

W L i e YoV o e e

i U WA AT e W e 1t i s i N W A 0 il LN e 0 e

é

4

"k

|

|
{

N

)

13

L'7}




e IR T TEIEENRSA T T T IR T TR UL ATEEawT T TS erm————ym—

3 ; Analytic Decisions, Inc. 1 47
3 Attn. Mr. Gary Glaser
2 1401 Wilson Blv.

Arlington, VA 22209

Lot 0

Ford Aerospace & Communications Corp. 1 48
Drs I P. Leliakov and P. Barba, MS/G80O

3939 Fabian way

Palo Alto, California 94304

LR da s Tl )

Center for Analysis 1 49
Attn: Mr. jim Justice

13 Corporate Plaza

Newport Beach, CA 92660

3 General Research Crop. 1 50
: Attn: Mr. G. R Curry ;
P.0. Box 3587 ]
Santa Barbara., CA 93105 E

General Research Corp i 51
Attn: Mr. Thomas Zakrzewski

7655 01d Springhouse Road

MclLean, VA 22101

1 Institute of Defense Analysis 1 52
Attn: Dr. Hans Wolfhard 3
400 Army Navy Drive
Arlington, VA 22202

¥
'F LSO TR SRR VT

Karman Sciences Corp. i 53
Attn. Dr. Walter E. HWare :
1500 Garden of the Gods Rcad
P.0O. Box 7463

Colorado Springs, CO 80933

AN

MRJ, Inc. 1 54
10400 Eaton Place

Suite 300

Fairfax, VA 22030 3

AKRAI A A

DL~




BRI N . Y - .WW’QW' TR TIF L T e TEERLSEEE G ST Rt - et T

Photon Research Associates 1
Attn: mr. Jim Myer

P 0. Box 1318

La Jolla, CA 92038

e

1 Raockwell International 1
Attn- Russell Loftman (Space Systems Group)

(Mail Code - SL56) 1
12214 Lakewood Blvd.
Cowney, CA 90241

TTYRY T T

Science Applications, Inc. i 57 i
Attn: Mr Richard Ryan :
3 Preston Court
Bedford, MA 01730

US. Army Missile Command 1 58
Attn. DRSMI-RAS/Mr. Fred MHaak
Redstone Arsenal, AL

naval Electronic Systems Command 1 59
Attn. Mr. Charles Good ]
PME_106-4 i
National Center 1 :
washington, DC 20360

Lockheed Palo Altc Research Laboratory 2 60
e Attn- Dr. J N. Aubrun, 0/52-56

) 3251 Hanover Street

3 ) Palo Alto. California 94304-1187

U S. Army/DARCOM 1 61
Attn: Mr. Bernie Chasnov

AMC Bldg

5001 Eisenhower Ave

Alexandria, VA 22333

P TR T

Defense Documentation Center 1 62
Cameron Station
Alexandria, VA 223143

L)
. e 83 p AR e e a

Honeywell Inc. 2 63
Attn: Dr. Thomas B. Cunningham

Attn: Dr. Michael F. Barrett

2600 Ridgway Parkway MN 17-2375

Minneapolis, MN 55413

DL--8

WETRPICTSNG JEIPAT PRI

4
:
1
it




