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1.0 INTRODUCTION

This report presents a summary of Avco Everett Research Labora-
tory, Inc. (AERL) efforts under the Defense Advanced Research Projects
Agency (DARPA) Maui Optical Station (AMOS) Phase III contract, F04701-
75-C-0047. The duration of this contract extended from 1 November 1974
to 31 December 1977. The initial two months were devoted to an orderly
transition of site activities from the previous contractor to AERL. For the
remaining 36 months AERL was the sole contractor at AMOS, responsible
for conducting operations and measurement programs along with an overlay
of research and development activity.

This final report for AMOS Phase IlII reviews goals and accomplish-
ments in the major areas of program activity. The report is provided in
two volumes, this unclassified one and a second which is classified secret.
The second volume presents discussion of measurement and test activities
whose objectives and/or results are classified. It also includes an appendix
which lists all missions supported by AMOS in 1977. "

This volume is organized in six sections. Within each section each
major topic begins with a summary of objectives and accomplishments in
the subject area. Detailed discussion of the activities then follows.

After this Introduction, which includes an overview of background
and objectives, Section 2.0 details the system development efforts. Sub-
sections treat each major system, i.e., 1.2-m telescope, 1.6-m telescope,
laser beam director, computer, etc.

Section 3.0 describes the Measurement Program while 4. 0 adds
discussion of Data Systems and the processing of the data product resulting
from measurements.

Section 5. 0 summarizes activities in Special Programs Support.
This important area includes on-going large system support, special tests
and evaluation and visiting experiments.

Finally, Section 6.0 covers Program Support and Controls, the more
routine operacing and administrative functions.

#Miuion uupgort listings for previous years appear in prior Annual
Reports. (lp )



1.1 BACKGROUND/HISTORY

The chronology of AMOS is readily separable into distinct phases,
which correspond to contractual periods, each having particular goals.
AMOS was conceived by DARPA in the early sixties and was intended to be
a ballistic missile mid-course optical measurement site. The design and
construction (Phase 1) contractor was the University of Michigan who func-
tionea under the direct technical review of DARPA.

In mid-1969 the site achieved operational capability. At that time
DARPA asked the Air Force Space and Missile Systems Organization (SAMSO)
Deputy for Reentry Systems to assume responsibility for AMOS as executive
agent for DARPA. Phase II contracts were let to Lockheed Missile and Space
Company (LMSC) for site operation and maintenance and to Avco Everett
Research Laboratory, Inc. (AERL) for scientific direction. This phase was
designated as research and development operations. Overall capabilities
were assessed during this period and resulting developments were aimed
toward the goal of providing a more space oriented role for AMOS. As this
role developed, in early 1974, the program responsibility was transferred
from the SAMSO Deputy for Reentry Systems to the Deputy for Technology.

Beginning in January 1975 AERL became the sole contractor for AMOS,
under Phase II{ of the program. with responsibility for efforts oriented more
toward routine operations with an R&D overlay.

In late 1974 Air Force System Command and Aerospace Defense Com-
mand had evaluated AMOS capabilities and determined that a portion of the
site, the 1. 2-m telescope system, would be a valuable adjunct to the SPACE-
TRACK network. Thus, plans were made by DARPA to develop this system
to a routine operational capability for transition to the Air Force. At the
same time, DARPA had begun certain development efforts which were des-
tined for installation and evaluation at AMOS utilizing the 1. 6-m telescope
and laser beam director systems. The AERL Phase 11l contract, therefore,
covered operation of the entire site for the first 18 months and the site minus
the 1. 2-m telescope systems for the second 18 months. it was anticipated
that the Air Force would contract separately fcr the 1. 2-m work starting in
July 1976.

The large systems under development by DARPA intended for AMOS
were being directed by the Air Force Systems Command, Rome Air Develop-
ment Center (RADC). RADC also had experience with transitioning system
capabilities to operational Air Force use. Therefore, in early 1976, AMOS
program responsibilities were transferred from SAMSO to RADC.

In June of 1976 it was determined that the transition program had not
been defined sufficiently to warrant separate Air Force contracting for the
1. 2-m telescope system ecfforts. Instead, an Air Force sponsored definition
phase cffort, which lasted 13 months, was amended to the AMOS Phase 111
program,

-2-
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In August of 1977 the MOTIF (Maui Optical Trackirg and ldentifica-
tion Facility) Transition Contract was effected and, for the last 5 months of
the Phase 11l contract, the site was operated under joint contractual tenancy.

This Phase 1II Final Report, therefore, covers 18 months of solely
DARPA oriented efforts, 13 months of joint DARPA responsibility and Air
Force MOTIF Definition Phase effort, and the final 5 months of reduced
DARPA-only activity.

1.2 OBJECTIVES

AMOS represents a unique state-of-the-art optical facility which has
continuously evolved to meet changing DARPA goals. During Phase III the
goals for AMOS can be classified as more "end use' oriented - that is,
activities were directed toward achieving specific capabilities for applica-
tions which are currently envisioned as being the ultimate uses of individual
AMOS systems.

While further DARPA research activities are planned for some of
the AMOS systems, no major on-going efforts have been identified for the
1. 2-m telescope system. This capability, therefore, became candidate
for transition to a user agency. This transition is in compliance with
DARPA's objective of developing a technelogy to maturity for use by other
DoD organizations. The Phase 1l activities for the 1. 2-m system were
therefore directed toward providing a stable and controlled configuration
capable of providing routine measurement support to the Space Object Iden-
tification (SOI) community. Certain system upgrades and completion of
sensor development efforts were necessary before the transition could begin.
These tasks, reported individually in Section 2. 0 below, were performed
during the first 18 months of Phase III.

The 1. 6-m teleecope is to be the test bed for the Compensated
Imaging System (CIS) which is under separate development by DARPA.
The Phase 11l efforts for this system were therefore directed toward de-
veloping, evaluating, and characterizing all aspects of 1. 6-m telescope
operation for this future use. Attendant activities, such as Atmospheric
Characterization as well as in-house and vigiting experimenta which used
the system, have contributed to fully qualifying and preparing AMOS for
the CIS. These activities are discussed in detail in Sections 2.0 and 5.0
below.

The laser beam director system completed initial development early
in Phase 1II. The DARFA programs which were anticipated to use the sys-
tem did not immedii:tely materialize, however. The system remained
dormant, therefore, until the final few months of Phase 11I. At that time
reactivation of the system, completion of ranging system development, and
full calibration and characterization of system potential were undertakzan
for aa on-going DARPA application. The initial development work is de-
scribed in Section 2. 0 while the more recent efforts are included in Section
5.0 below.

-3-
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Throughout Phase III, which is generally characterized as a period
of routine operations with an R&D overlay, numerous measurement irequire-
ments existed. AMOS capabilities in state-of-the-art optical measurement
support were readily related to measurement objectives by a variety of
government users. The summary of the measurement activities in Section
3.0 and visiting experiment users in Section 5. 0 reflects the varied objec-
tives, as well as accomplishments, in routine cperations support.

1.3 PROGRAM RESPONSIBILITIES

Specific responsibilities are tasked to AERL under AMOS Phase III.
Site or system operation and maintenance, configuration control, instrument
calibration, quality assurance, safety, and administrative support represent
the basic tasks in the conduct of the facility. Development activities, that
is the implementation of modifications to existing systems or the integration,
installation and checkout of new systems, comprise a major portion of the
effort. The support of target measurements and system performance testing,
and the resulting reduction and analysis of data, equally share importance
with the development activities.

Beyond these contractually oriented specific responsibilities there
exists a lcss precisely defined layer of interrelated responsibilities which
AERL contributes to or shares with other organizations. These include
liaison with proposed users of site capabilities or data products, interfacing
with associate contractors developing subsystems to be tested at AMOS,
participating in range planning, and pursuing joint objectives with various
government agencies and Federal Contract Research Centers (FCRC's).

Each of AERL's AMOS responsibilities, it should be clear, emanate
from direction by or in response to DARPA through its executive agent
RADC., Control of program functions, authorization for activities to be
undertaken and approval of end products remains at those levels. A well
coordinated relationship has existed between the three organizations, AERL,
RADC, and DARPA. As a result AMOS has become an important national
asset for research, development, and application of advanced electro-
optical systems technology.

-t



2.0 SYSTEM DEVELOPMENT PROGRAM

System Development is the name given to those activities which are
directed toward adding to or improving existing AMOS capabilities, princi-
pally by hardware modifications.

No major new hardware systems were initiated during Phase III. )
However, a number of large system efforts which had been begun in Phase II
had not been completed at the end of that Phase. AERL, therefore, was
assigned those efforts. The 1.6-m telescope restoration, the 1.2-m tele-
scope upgrades, the Laser Beam Director and the Teal Amber facility con-
struction were transferred from the previous contractor to AERL.

In addition, a number of minor modifications to current AMOS sys -
tems and some significant additions of new experimental subsystem hardware
did occur during the course of Phase 1II. Typical of the modifications were
upgrading of the Advanced Multi-Color Tracker for AMOS (AMTA) sensor and
the addition of mount safety controls to both telescopes. Typical of new equip-
ment are the Contrast Mode Photometer for the 1.2-m telescope system and
the All-Sky Camera for obtaining clear-line-of-sight statistics as part of
Atrnospheric Characterization efforts.

These System Development efforts are described below. Major sys-
teme are treated individually in Sections 2.1 through 2. 4, while subsystems
or miscellaneous developments are collected in Section 2. 5.

2.1 1.2-m TELESCOPE SYSTEM

The 1. 2-m telescope system consists of two 1. 2-m diameter,
Cassegrain telescopes mounted on a single, high performance tracking mount.
Associated subsystems include sensors, controls, and ancillary equipment
such as the dome structure, windscreen, etc. This systemr is currently
being transitioned to ADCOM under Contract F30602.-77-C-0184, to be used
for routine satellite tracking operations in support of the Air Force
SPACETRACK network. When transition is completed the system will be
known as the Maui Optical Tracking and ldentification Facility, or MOTIF.

During the AMOS Phase IIl Program several additions and improve-
ments were made to the 1. 2-m telescope system to enhance its capabilities

for routine SOI operations. This section describzs these improvements.
It also provides a complete report of current hardware status.

2.1.1 Summarx
2.1.1.1 Objectives

The objectives of the various upgrade programs all had a central
theme; i.e., to provide a high quality optical system which would be reliable,

S



easy to maintain, and able to incorporate a variety of sensor systems. In
meeting these objectives some of the programs involved correcting observed
deficiencies in the existing equipment while others involved adding new
capabilities.

At the onset of the Phase III program the two 1. 2-m optical systems
exhibited certain deficiencies. The f/20 telescope, referred to as the
b= 29,* showed severe astigmatism along with a substantial boresight shift
attributable to primary mirror tilt as the telescope was moved. Both
problems were related to the primary mirror support system. The f/8
telescope, referred to as the b= 30, included a secondary mirror and drive
which demonstrated poor optical/mechanical performance. For future
experiments the single instrument mounting surface of the b = 30 telescope
would be a constraint and the f/8 configuration would not satisfy many of the
sensor requirements. In addition to the optical problems relating to each
telescope, a problem existed between the two, referred to as strabismus,
which prevented simultaneous data collection due to a line-of-sight offset.

Problems also existed with various ancillary systems. The dome
drive exhibited very poor reliability and was difficult to maintain. It also
caused excessive vibration which degraded telescope performance. The
servo control system for the telescope mount, as well as being obsolete,
was not optimized for the current configuration of the telescopes. In addi-
tion, the mount control system did not preclude runaway motion which could
potentially damage the telescope or sensor equipment. Balancing of the
mount was time-consuming and hazardous since it was accomplished by
bolting lead weights in various places.

Sensor capability, in January 1975, consisted of the AMTA mounted
on the b = 29 telescope along with a boresight television camera. The b= 30
telescope did not have a resident sensor but was utilized more for short
term, special experiments. It was clear that a photometric capability was
required and that the operational capabilitics of both the AMTA and the
television systems could be improved.

2.1.1.2 Accomplishments

A new primary mirror cell and support system were installed on
the b = 29 telescope to correct the tilt and astigmatism prcblems. An air
bag and mercury belt arrangement (identical to the system used on the b = 30
telescope) for axial and radial support, respectively, were included.

The entire secondary mirror and drive were replaced on the b = 30
telescope. This not only corrected the poor optical/mechanical performance

; Throughout this report the 1.2-m telescopes are identified by their back-
working distance, the distance from the front surface of the primary mirror
to the focal plane, on the telescope axis. This distance is referred to
as "b".
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but also allowed conversion from f/8 to f/16 to provide better optical match
to sensor systems. (This telescope is now referred to as the b= 37.) To
correct the strabismus problem AERL designed, fabricated, the installed a
beamsteering system on the b= 37 telescope. This device, under computer
control, tilts the secondary mirror such that the b= 29 and b = 37 lines-of-
sight remain parallel at all telescope attitudes. Finally, to enhance the
versatility of the overall system, a folded Cassegrain instrument mounting
surface was installed on the East side of the b = 37 telescope. This allows
simultaneous mounting of sensor systems which can alterrately be utilized
by remotely controlling a folding mirror mounted at 450 to the telescope
axis within the telescope.

The dome azimuth and windscreen drive systems were completely
redesigned. Reliability of the dome drive was improved by eliminating the
positive (sprocket/chain) coupling between the motor gearbox and the rotating
inertia of the dome and by providing a more rugged design utilizing individ-
ually driven wheeled support trucks. Maintainability was enhanced by
mounting all components interior to the dome. Vibration was reduced by
eliminating the aforementioned sprocket-to-chain drive.

A new mount servo system was installed which provided a separate
control channel for each of the three axes. (The original servo had only two
channels.) The new system is totally contained in a single 19" standard
rack chasis, whereas the original system required a complete rack. Both
electronic limits and mechanical shock-absorbing stops were added to pre-
vent potentially damaging mount orientations. The mount control system
was also improved by the installation of a standard balance weight scheme.

Sensors were both upgraded and provided with additional capabilities.
Minor improvements were made to AMTA including the provision of an
automatic calibration scheme and an improved operator display. Its capa-
bility was enhanced by the incorporation of a Long Term Integration (LTI)

system which allows infrared measurements to be made on very faint targets.

A statc-of-the-art photometric capability was added with the installation
the AERL designed Contrast Mode Photometer (CMP) on the b = 29 tele-
scope and improved television system sensitivity was realized with the
addition of various new camera systemn:s, including the Quantex QX-10 with
a digital averaging option.

2.1.2 Telescope Systems

2.1.2.1 b= 371, 2-m Telescope

_l}ackground

During 1974, it became apparent that certain modifications to this
telescope were desirable. In order to increcase measurement capability
and versatility a second instrument mounting surface was indicated. Be-
cause of previously demonstrated poor optical/mechnical performance of
the existing secondary mirror and its drive, a reworking or replacement
of that subsystem was also determined to be necessary. Analysis of



planned sensor system requirements (e. g., ¥OV) showed that an f/16 system
would be preferred over the existing f/8. “his latter conclusion, plus the
desire to minimize telescope downtime, resulted in the adoption of the

""replacement" approach rather than that of merely reworking existing com-
puaents.

b = 37 Folded Cassegrain System

A second focal plane capability was provided by the installation of a
45° mirror (referred to as the #3 mirror) between the primary and secondary
of the Cassegrain system to divert the beam through a hole in the East side
of the declination housing. Instruments can be mounted on a new Blanchard

ground surface using bolt circles identical to those on the b= 29 and 1.6-m
telescopes.

Transition between the two modes of operation is accomplished by
activating a switch located in the mount control console which causes the
#3 mirror to rotate to the desired position. The time required to effect the
transition is a few seconds. A primary mirror baffle supports the #3 mirror
assembly. All hardware was provided under a subcontract to Boller &
Chivens. Table | gives the important system specifications.

b= 30tob= 37 (f/16 Conversion)

Early in 1975, design and fabrication of the following basic hardware
was approved for the conversion of the existing b = 30 (f/8) telescope to a
b= 37 (f/16) system:

1. A lightened secondary mirror and support system similar to that
on the b = 29 telescope.

2. A focus drive and readout system similar to the one installed on
the 1. 6-m telescope.

3. New fins and supporting ring for the above including an extension
ring for the existing tube,

Most of the hardware was supplied under a subcontract to Boller &
Chivens. Design and fabrication of certain existing hardware modifications
(e.g., extension of the INVAR mectering rods to accomniodate the larger
intermirror separation for the {/16 system) was accomplished by AERL.

Following extensive testing of the performance of the existing b= 30
system to estaLlish a bascline, and following optimization of the pri:aary
mirror support system, the new hardware was installed. Figure | shows the
new mirror, support system and extension ring installed in the telescope.

After installation of the hardware was completed (September 1975),
initial alignment of the system was accomplished, primarily, by the use of
a knife cdge. Results indicated that the b= 37 primary is quite good. It
was determined, however, that the back working distance (BWD) for best
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TABLE 1

IMPORTANT SYSTEM SPECIFICATIONS FOR b = 37
FOLDED CASSEGRAIN SYSTEM

Mirror Material Cervit
Wavefront Performance A/10 P-V; 2/30 rms (A = 632.8 nm)
Reflectance (Al plus SiO overcoat) 0.85 for 0.4 =X <0.75 ym

Cell & Support 1. Maintain wavefront performance
for all attitudes (zenith to
horizon)

2. Maintain folded optical axis,
relative to Side Blanchard,
to+ 5 x 10-4 inches for all
mount attitudes.

Baffling 10 arcmin for £f/16 cine. Reduce
scattered sunlight by 104 when
pointing within 200 of sun.

Side Blanchard Surface Designed to support a 500 b instru-

ment package with its CG at the folded
focal plane.
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Figure |
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lo Secondary Mirror and Support System



focas using the new secondary was not correct, therefore, the mirror was
reworked to provide the required b = 37.

Extensive optical testing of the reworked system was accomplished
to determine system performance. The first positive conclusion that could
be reached concerned the surface quality of the primary mirror. This

evaluation was made using knife edge (Foucault) tests. The surface errors

L that were detected were attributable to the primary since rotation of the
secondary had no effect on the location or shape of any observed irregu-
larity. The only significant primary surface defect was a turned down outer
edge (outer 2 inches). Since the actual mirror diameter is 50 inches the mirror
is quite good throughout a 48-inch (1. 2-m) clear aperture. For optimum
imaging performance, the outer edge of the primary should be masked.

The second conclusion concerned the BWD. Hartmann data taken at
BWD's of 34, 37 and 40 inches gave results of 0. 90, 0.81 and 1. 20 arcsec
respectively for 80% of the energy.

With respect to final system performance, then, the BWD of 37 inches
was chosen. The 0. 8] arcsec (!avtmanrn value for a star diameter at b = 37
should ne taken as an upper boundary. The double star 7 Tau having a
separation of 0. 5 arcsec is the closest double to have been resolved visually
thus far. On the other hand, many stars having separations under an arcsec
have been resolved.

Table 2 lists the {inal telescope performance parameters.

2.1.2.2 b= 29 Primary Mirror Cell and Support System

The primary mirror in the b = 29 telescope was axially supported by
an 18-pt. whiffletree arrangement of elastomer pads. Radial support was
provided by three sets of tensioned steel bands, anchored at points 1200
apart on the rim of the primary mirror cell. The bands, however, did not
symmetrically straddle the center of mass of the mirror, and when tensioned
50 as to prevent lateral motion, the resultant moment tended to tip the
mirror off the back supports. This caused severe astigmatism and sudden,
unpredictable shifts in borzsight and mirror stress producing zone-aberrated
images.

Based upon the excellent results that were obtained by replacing a
similar support system for the b= 37 primary with an airbag (axial) and a
mercury belt (radial), Boller & Chivens was contracted to provide the same
capability for the b= 29. A new primary cell also was specified.

The new b = 26 cell (Figure 2) is a steel weldment designed to support
the weight of the prima., mirror (about 1200 lbs) and a 500 1b sensor package
with the latter's center ¢ gravity at the Cassegrain focus. Structural in-
tegrity is such that the mii -or is not distorted (i. e., optical performance
is maintained) for all attitude operation (zenith to -50 elevation) of the tele-
scope. The mirror cell is designed such that the mirror support system
floats the mirror 100% radially, and 98% axially. Collimation is maintained
by three equally spaced axial back pads that pick up 2% of the mirror's weight.
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TABLE 2

1.2-m, b= 37 TELESCOPE CHARACTERISTICS

Aperture
Focal Ratio
Focal Length
Type (2 Choices Switch Selectable)
a) Conventional Working Distance
b} Folded Working Distance
Optical Quality

Primary Support

Secondary

Thermal Control

Instrumentation:

a) LLLLTV® - Type

Bandpass

FOV {(~ 2 choices)

- Location

Sensitivaty

"Low Light Level Television

1.22-m (48 inches)
£/16.2

19.8-m (780 inches)
Cassegrain

48 cm (19 inches)

25 cm (10 inches)

4 x Diffraction Limit
Air Bag - A.ial
Me-cury Belt - Radial
Remote Focus Drive
Beamsteering

Invar Rods

ISIT

0.38 - 0.70 ym

156 " x 210
78 7 x 108 "
Rear Blanchard

>+l9Mv
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MERCURY BELT

RADIAL POSITION
INDICATOR

/AIR BAG \—DEFINING PAD

Z AXIAL POSITION
TRANSDUCER

H3687

Figure 2 AMOS 1.2-m (b = 29) Primary Cell and Mirror Support System
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Radially the mirror is supported and restrained by a flat tubular ring,
filled with mercury, designed for the diameter and weight of the mirror, and
located at the axial center of gravity. The mercury creates the buoyant force
which radially supports and defines the mirror statically, and also provides
the compensating forces during acceleration. Axially, the mirror is floated
on controlled air pressure, contained within three flat air bags and defined by
three defining pads. The airbag (flexible neoprene coated) is made in three
sections for fabrication and installation convenience, but the sections are
connected in parallel to apply the same unit pressure over the whole contact
area, A calibrated pressure regulator controls the air pressure in the bag
to comnpensate for changing gravitational force on the mirror as the telescope
moves away from zenith,

Following installation of the new cell and mirror support system, per-
formance tests were conducted. The axial support system (airbag) perform-
ance was monitored with three linear transducers having remote readouts
that indicate mirror axial position changes as small as 5 x 10-4 inches while
the radial support system (mercury belt) performance was monitored by two
dial indicators having the same measurement precision., The transducers
are located as shown in Figure 2. In order to meet the axial shift and tilt
specifications, the readouts could show a maximum deviation of only one
count for all indicators and a differential between indicators of no more than
a single count. This is to hold for 21l telescope angles from -5° elevation
to zenith. The complete results of acceptance testing showed that Boller &
Chivens had provided a system that met all performance specifications.
Table 3 lists the final telescope performance parameters.

2.1.3 Sensor Systems

2.1.3.1 AMTA

The Advanced Multi-Color Tracker for AMOS (AMTA) system(3, 4)
is a routinely operational LWIR sensor which has supported numerous AMOS
missions and experiments since it was first installed in March of 1973. The
AMTA upgrade has been an ongeing program either to correct system
defficiencies or to improve system performance. The tasks outlined under
the Phase 1Il contract to be completed as part of the AMTA upgrade program
were:

1. Provide an automatic blackbody calibration fixture.
2. Improve the AMTA 7 -axis operator display.

3. Coumplete programs to computer process AMTA data for an
onsite quick-look capability.

4. Provide for the recording of 10 detector de outputs.

5. Replace the stainless steel gas lines with flexible lines routed
through the telescope axes.
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TABLE 3

1.2-m, b= 29 TELESCOPE CHARACTERISTICS

Aperture 1.22-m (48 inches)
Focal Ratio £/20

? Focal Length 24.5-m (967 inches)

| Type Conventional Cassegrain

3 Instrument Working Distance 28 cm (11 inches)

1‘3 Optical Quality 5 x Diffraction Limit

E Primary Support Air Bag - Axial

i

Mercury Belt - Radial

Secondary Remote Focus Drive
Thermal Control Invar Rods
Instrumentation:
a) AMTA* - Type LWIR (25 Ge:Cd Detectors)
- Bandpass (7 Filter 3-21 ym
Selections)
- FOV (of array) 114?,‘ 114’.,\
(diagonal meas.)
b) CMP** - Type Visible
- Bandpass (5 Filter 0.38 - 0.70 ym
Selections)
- FOV (5 Selectable) 10 7" to 160 T
- Sensitivity + 15 M,

c) Boresight

TV - Type ISIT
- Bandpass 0.38 - 0.70 ym
-~~~
. - FOV 90
- Sensitivity + 14 M,

Note: Simultaneous operation achieved by use of dichroic beamsplitter
and selectable pellicles.

*Advanced Multicolor Tracker for AMOS
**Contrast Mode Photometer
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The following presents a brief background and description of the
tasks.

Automatic Blackbody Calibration Fixture

One method used to calibrate an LWIR sensor wiich is mounted on a
large aperture telescope focused for infinity is the ""Jones'" method. The
method involves placing a blackbody source near the entrance aperture of
the telescope to flood the detector. The resulting flux density incident at
the detector plane can, with reasonable error bounds, be easily determined.
The AMOS LWIR sensors have always used the '""Jones' method for cali-
bration. Initially, the blackbody had to be manually put in place each time
the system was calibrated, prior to or immediately after a mission. The
technique was cumbersome, time-consuming, and, additionally, it immobil-
ized the telescope for a period of ~30 minutes for the setup and calibration.
For these reasons, the blackbody fixture upgrade was undertaken.

The task included the design, fabrication and installation of a black-
body calibration fixture which is permanently installed on the b = 29
telescope and is remotely controlled, so that the LWIR sensor can be cali-
brated at any time, even during a mission, without interferring with any
other mission-related activity. Tests conducted using the '"Jones'' calibra-
tion fixture indicate that it performs as designed and yields calibration data
consistent with data acquired in the previous configuration. The fixture
allows calibration of the AMTA LWIR sensor by one man without immobilizing
the mount. The calibration can easily be accomplished in about five minutes.

Z -Axis Display Modification

Scan modulation renders the AMTA Z-axis display, which was pro-
vided with the system by the Hughes Aircraft Company (HAC), useless in any
mode (see Reference 3 for details). As a consequence, operator display in
the toggle-mode configuration was limited to four synchronous amplifier
channels which are adjusted manually to null the scan modulation and provide
a zero dc offset. Maintaining a zero dc offset during a mission, particularly
when changing filters, proved to be an extremely difficult task for the AMTA
operator and provided the primary impetus for the display upgrade.

The task included the modification of the HAC Z-axis display signal
processing, to make it compatible with the toggle mode, and the fabrication
of 25 channels of automatic scan modulation null circuitry to reduce the scan
modulation to the point where the Z-axis display sensitivity is not limited
by the amplitude of the scan modulation.

Limiting sensitivity tests using the modified Z-axis display were
conducted and the results indicate that the scan modulation is now reduced
to within a factor of 2 of statistical G-R noise. This is a reduction in some
cases of more than two decades. Renulling detector outputs when switching
filters is now routine, and the operator can maintain track throughout a
filter -switching sequence.
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AMTA Data Processing

During Phase iI, a computerized technique for generating magnetic
tape containing a digital reccrd of AMTA data, as well as various house-
keeping parameters, e. g., time, filter position and mirror state, was
developed. Software written to process the digitized data proved to be in-
adequate, and consequently the task to complete the software was undertaken
during Phase III. The main program developed was TOGLPLOT. This
program processes data from an AMTA digital data tape and displays the
result on the plotter. The basic plot is a function of detector output vs
time, with a time scale of 10 sec/inch. The function may be any one of
the following four choices:

1. Difference voltage (mirror state 1-mirror state 0), smoothed
by an N-point sliding average and a second-order Butterworth
low pass filter, and biased by the complement of the filtered
result for the first N points.

2. Function ] times inverse responsivity; i. e., irradiance at the
telescope entrance aperture.

3. Function 2 divided by atmospheric transmission - exoatmospheric
irradiance.

4. Function 3 times square of slant range - target radiant intensity.

Responsivity as a function of filter number and detector numnber is
provided by programs JONES, Transmission as a function of filter and
elevation is computed from a user-supplied state vector by integration to
the data time with PROPY and coordinate transformation with XFORMS5.
The scale factor for the ordinate axis is automatically determined by the
plotting subroutine, YVST. Filter wheel changes are detected and cause
suitable reinitialization of the plot, filters and bias. Plots may be up to
320 sec long. User control of program options is via punched cards.

Recording dc Detector Outputs

In 1973, a demonstration showed that the apparent radiance of a
clear sky can be determined using the AMTA detector dc outputs. It was
proposed during Phase III that such measurements might develop into a
technique for estimating attenuation in rcaltime because radiance and trans-
mission are related, albeit in a complicated way. In June of 1975, author-
ization was given to develop hardware capable of recording the dc output
for any ten of the twenty-five AMTA detector channels with sufficient
resolution to permit observing a 0. 07 air mass change in the 10-20 ym
band and 0. ] air mass in the 3-5 ym band.

The hardware was developed at the Avco Everett facility, delivered
to AMOS in December of 1975, and integrated into the AMTA system. The
delivered hardware provides the capability for recording the dc detector
output, in addition to long term averaging of the detector ac output.
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Additionally, the hardware provides for the recording of the detector bias
voltage, filter number, universal time and a typed-in initializing statement
which identifies the mission name, date and detector channel assignments.
Proof of concept experiments were conducted early in 1976(5) which verified
the hardware capabilities. The integrated system is now used routinely in
support of AMOS missions and IR atmospheric studies.

Gas Lines

The AMTA sensor utilizes a cryogenic system which uses gaseous
helium as the working fluid. The stainless steel bellows gas lines originally
supplied with the system were too large and not sufficiently flexible to be
routed through the telescope axes. Instead, the lines had to be run through
an opening in the dome floor and draped from a point where the polar axis
intersects the declination axis housing. Attaching the gas lines at this point
does not affect telescope balance, however, in certain mount configurations,
the lines interfere with telescope tracking. Additionally, the stainless steel
lines were difficult for the dome operator to handle and were subject to
fatigue fracture causing gas leaks and system downtime. For these reasons
the gas line upgrade ta: k was undertaken.

The task included replacement of the stainless steel lines with PVC
tubing and the verification of its satisfactory performance. It was also the
intent to route the PVC lines through the telescope axes to minimize inter-
ference with telescope tracking. This aspect of the task was not completed,
due to insufficient room in the telescope axes. The lines still remain in
the draped configuration; however, they arc considerably more flexible and
casier handled such that interference with telescope tracking has been
minimized. Downtime of the system due to gas leakage has been eliminated.

2.1.3.2 Contrast Mode Photometer

Background

Early in the Phase Il contract, AMOS ncar-term plans required
cstablishing the capability for routinely observing satellites simultaneously
by self-emitted and reflected radiation. The AMTA sensor installed on
the 1.2-m, b= 29 telescope provided the capability for routinely measuring
the self-emitted radiation, while a photometer mounted on the 1. 2-m, b= 30
provided the capability for measuring the reflected radiation. As a con-
scquence of strabismus and static misalignment of the two 1. 2-m telescopes,
it was not possible to achieve the simultancous measurement capability.

An interim photometric sensor (the b = 29 photometer, (1)), developed to
provide AMOS with a continuing photometric capability during the b = 30
tclescope conversion, was capable of simultancous operation with the AMTA
but not on 4 routine basis.

In an cffort to provide a truly routine simultancous photometric and
radiometric capability, it was decided to develop a new photometer which
would mount on the 1. 2-m b = 29 telescope and share the visible beam with
the AMTA boresight TV camera. Although sufficient sensitivity for deep
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space measurements was desirable for this instrument, such capability
was the objective of a separate development. Deep space photometric
observations allow an observer to wait for low background conditions,
whereas nearby objects of current interest must frequently be observed
during twilight or with an unfavorable moon. Since the bulk of AMOS
observations are made with the sky background between + 20 and +16 Mv/
arcsec, contrast mode photometry was selected to provide continuum
rejection.

System Description

The Contrast Mode Photometer (CMP) is designed to simultaneously
share the 1.2-m, b = 29 telescope beam with the AMTA LWIR sensor. A
schematic of the CMP telescope mounted sensor package is shown in
Figure 3. The sensor utilizes two uncooled, magnetically focused EMI
9658A (S-20R) photomultiplier tubes. A specially designed chopper/aperture
wheel combination (Figure 4) located at the image plane of the AMTA relay
optics is arranged such that one of the PMT's receives the reflected beam,
the other the transmitted beam. In this configuration, both PMT's see
identical background but view the target on alternate segments of the chopper.
This dual channel capability provides a /2 improvement in signal/noisz
over a single channel system and, additionally, provides a mechanism for
parity check. The two PMT channels can also be operated individuaily,
each with a different spectral filter option, which allows simultaneous two-
color measurements to be made. The sensor also has polarization diversity,
neutral density filter and FOV options, all remotely programmable from
the control console. The beamsplitter provides several options for splitting
the visible beam between the boresight TV and CMP.

The principal features of the Contrast Mode Photometer (CMP) are
given in Table 4. These features are intended to provide the CMP with the
capability of measuring a target's spectral, temporal, polarization and
brightness characteristics under varying background conditions without
necessity to purposely mistrack to acquire background data.

Performance estimate curves for the CMP are shown in Figure 5.
A mecasured performance point, shown on the figure, indicates that the sys-
tem is about one stellar magnitude from achieving the estimated performance.
The reduced performance is attributed to a less than estimated optical
transmission.

The CMP is operational and routinely supports MOTIF missions.
An interim computer data handling capability has been developed which
allows CMP data to be processed, formatted and transmitted to SDC upon
request.

2.1.3.3 Video/Imaging Systems

At the start of the AMOS Phasc 11l Program, the video sensors used
on the two 1. 2-m telescopes were older cameras which were not representa-
tive of the current state of video technology. The AMTA visual boresight
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Figure 3 Contrast Mode Photometer Layout
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TABLE 4

PRINCIPAIL CONTRAST MODE PHOTOMETER FEATURES

Contrast mode operation with specially designed chopper/aperture
wheel to provide high background rejection.

Dual, uncooled, magnetically focused, EMI 9658A (S-20R) photo-
maultipliers to achieve maximum efficiency.

Simultaneous two-color capability, including UBV measurements.

Polarization analyzer.

Variable {ield-of-view in binary steps from 10 arcsec to 160 arcsec.

Dynamic range of ~108 (20 stellar magnitudes) utilizing pulse mode
operation, augmented by use of neutral density filters.

Variable data rate (chopper frequency) to | kHz maximum,
All system functions controllable from control console.

Analog, digital and strip chart rccorder outputs provided.
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camera was an Intensified Image Isocon camera which had significantly
deteriorated from its original performance. The b = 30 telescope (prior
to modification to b = 37) contained the Interim Visible Sensor Package
(IVSP), which used two video cameras, an Image Isocon and a Plumbicon.
The 18. 6-inch finder telescope was equipped with an Image Orthicon
camera.

All these cameras had sensitivity limitations which prevented AMOS
from observing and tracking faint satellites. To correct this deficiency
in sensitivity, AERL procured a number of new, modern video cameras.
A COHU SIT camera was procured as a boresight TV for the Teal Blue
sensor, but was used on an interim basis as the AMTA visual boresight
TV. This resulted in a marked improvement in the ability to track faint
targets with AMTA.

A COHU ISIT camera was procured for the Laser Beam Director,
When the Beam Director wes temporarily removed from operation, this
ISIT camera was moved to the b = 29 telescope as the AMTA visual bore-
sight TV. This provided further improvement in sensitivity for this
telescope.

The IVSP was removed from the b = 30 telescope when the optical
conversion to b= 37 took place. This package was succeeded by the Interim
Low-Light-Level TV package which uses the Quantex QX-10 Integrating
Digital TV Camera originally procured for supporting the SAMSO Evaluation
Program in 1976. This camera has provided an enormous gain in sensitivity
ove» previous TV sensors and is now the most scnsitive TV camera (n the
AMOS inventory.

The 18.6-inch finder telescope is still equipped with an older Image
Orthcon camera; however, the new acquisition telescope being built for
AMOS will replace the 18. 6-inch telescope and will be equipped with a
Quantex QX-11 large format (40 mm) Integrating Digital TV cainera, which
represents the best that current video technology has to offer.

No new photographic imaging capability was added to the 1. 2-m
mount during this period. Some classical photography was done on a
sporadic basis, but the reduced requirement for imaging on resolved targets
with this mount did not warrant additional developments. Existing cine
or single frame cameras were employed as necessary.

2.1.4 Support Systems

2.1.4., Domec Azimuth and Windscreen Drive Upgrade

The original drive systems for the dome azimuth and windscreen
were designed, fabricated and installed as part of the Rohr Corporation
subcontract for the Observatory domes. These systems exhibited a great
deal of vibration, adverse effects on the Observatory power system,
botherscme maintenance characteristics, and severe reliability problems.
All of the above, coupled with ten years oi obselcscence, prompted the
dome upgrade program.
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The dome upgrade task was initiated with ar evaluation and test of
the existing system. This involved an indepndent consultant, Mr. Ed Sweo
of Sweo Engineering, who spent four days on site. Results of the tests and
evaluations showed the following:

1. The existing drive sprockets did not mesh well with the chain
due, primarily, to the out-of-round conditicn of the dome. This condition
caused rough operation (vibration) and could develop fatigue failures in
components due to following teeth impacting the chain rollers.

2. Peak motor torque for the existing Fincor system could be up to
10 times the 10 hp rating. These high peak torques, which might occur under

sharp command changes, may have caused the persistent mechanical failures.

3. The angled guide rollers carried a significant portion of the
vertical load.

4. Measurements were made of the vertical load on each of the
16 support trucks. It was concluded that ioad varicd as the dome was rotated
by at least 2:1 on any wheel pair and that truck load variations were most
likely due to track level variations.

5. Friction breakaway torque was measured to be 30 lb-ft at the
drive sprocket.

6. The existing externally mounted azimuth drive motors repre-
suvated a severe maintenance problem as well as a personnel safety hazard.

To correct thesc problems a conceptual design for the upgrade was
formulated. The basic concept was a system to drive the wheels that support
the dome. Due to the loading characteristics on the existing trucks and the
downtime that would be required to modify each truck to add a drive capa-
bility, it was decided that adding 8 new 8-inch diameter drive wheels, each
spring loaded to give a constant 5000 1b load on the rail, woulé be the best
approach. Each wheel would be driven by a separate 3-hp dc motor with a
standard 5:1 .ight angle gearbox. Motors would be matched and circuitry
would be p:ovided to insure load sharing among cach of the drive wheels.

To provide commonality of components, similar drive system charac-
teristics and simplification of the circuitry, it was decided that the same
type of drive system should be installed for the windscreen.

The above described concepts were formulated into a system speci-
fication for procurement. Randtronics, Inc. of Menlo Park, California was
sclected to supply the basic drive system consisting of a control cabinet
cortaining the azimuth motor controller, windscreen motor controller,
isolation transformer, motor matching networks and miscellaneous circuits
and contactors; the 8 azimuth motors with 5:] right angle gearbox assem-
blies: and the windscreen motor. All necessary interiace engineering for
this system was accomplished by AMOS site personnel while design and
fabrication of the new drive wheel asseimnblies was done at Everett,

-25-

PR




The major hardware components of the dome azimuth and windscreen
drive upgrade wrere installed early in 1976. Upon completing this installation
the new system was tested to insure proper operation and the existing Rohr
Corporationdrive system was then removed. (Since the new hardware could
be installed without impacting the existing drive, no operational downtime was
incurred.) Operation of the new system showed no adverse effects either
on the power line or the equipment during rapid acceleration or deceleration
(including reversal from full speed). A marked reduction in the frequency
and amplitude of dome induced vibrations has been realized with the system.

The new equipment consists of 8 3-hp dc permanent magnet motors
coupled to 5:1 gearbox assemblies (Figure 6), which drive spring loaded
steel wheels on a stecl hexagonal rail mounted on the top of the dome wall.
The motor gearbox assemblies were purchased from Randtronics Incor-
porated while the wheel assemblies were fabricated at AERL. These 8 units
provide the necessary drive power for dome azimuth rotation. The wind-
screcn drive motor (Figure 7) is identical to the azimuth motor without the

5:) gearbox. All nine motors are equipped with integral tachometers for
rate feedback.

Figure 8 shows the Randtronics controller containing both azimuth
and windscreen drive electronics. This unit is activated by pushbutton
controls located on a pendant box and operates on +10 Vdc input signals to
generate the azimuth and windscreen drive currents. Control signals can

be generated using either a remote control box or switches located on the
dome control panel.

The design of the system includes provision for automatic servo
control of both dorne azimuth and windscreen elevation. A dome servo
analog computer receives position information from resolvers attachad to
each axis of the mount. Required dome azimuth and windscreen positions
are calculated and applivd to the appropriate drive controller. Position
feedhack for azimuth is provided by a synchro which is gear drive by the
existing dome azimuth chain. A servo potentiometer aitached to a cabule
drum provides windscrern position feedback.

2.1.4.2 Mount Control

Under the Phase Il contracts at AMOS, Locked Missiles and Space

Co. (LMSC) initiated a mount servo upgrade task at AERL direction. The
purpose of this upgrade was the following:

1. Replace obsolete chopper stabilized operational amplifiers with

more modern IC's to improve reliability and reduce noise.
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