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1.0 PROPOSED ACTION AND ALTERNATIVES

1.z PROPOSED ACTION

The Brilliant Eyes (BE) Proof-of-Principle (POP) is a key demonstratipnhalidation program
being conducted by the U.S. Air Force Headquarters Space Systems Division. The POP
program would demonstrate the feasibility of a Department of Defense defined space-based -
sensor concept to perform tracking and discrimination functions against ballistic missile targets.
Tracking refers to following objects visible within the observer’s field-of-view. Discrimination is -
closely coupled with identification. It allows tracking and identifying multiple objects within a
single field-of-view, and distinguishing between them.

POP program activities center on developing and operating a sensor system consisting of
cryogenically cooled passive focal plane arrays and an active laser radar (LADAR). POP
experiment missions would observe target of opportunity (TOO) ballistic missiles and resident
space objects (RSOs) to collect boost and midcourse phase data representative of the targets
that the operational BE space system would be required to observe. (TOQO ballistic missiles are
those that would be present regardless of the BE project. RSOs are any objects currently in
orbit, such as satellites, debris, and spacecraft.)

1.L1 Purpose and Need for the Action

The purpose of the POP program is to perform a series of ground-based observatory
experiments to demonstrate tracking and discrimination functions allocated to the BE space
subelement. The POP program supports activities currently being performed within the
demonstration/validation phase of the BE development program to refine baseline concepts for
sensor design and operations concept. Data collected by POP activities would be used to
evaluate sensor concepts proposed for the operational BE system and provide data supporting
development of algorithms needed by the operational BE system for target tracking and
discrimination..

1.1.2 Project Location

POP experiment operations would be conducted from three observatory sites to view real-time
ballistic missile and RSO targets. The host sites were chosen for operations based on a
combination of the availability of desirable TOOs for observation by the POP sensor and the
ability to integrate a sensor system of the size and weight of the POP system onto a host mount.
Ballistic missiles are launched from the Wallops Island Flight Facility, Virginia and the Kauai
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Test Facility, Kauai, Hawaii. The observatory sites are the Mt. Lemmon Observation Facility
(MLOF) located north of Tucson, Arizona; the Firepond Research Facility located below
Millstone Hill ianeLtford, Massachusetts; and the Air Force Maui Optical Station (AMOS)
observator’ loca*td on Mt. Haleakala, Maui, Hawaii. The POP sensor would also be installed at
the White Chamber llﬁncated at the Lockheed Palo Alto Research Laboratory (LPARL) in Palo
Alto, California to observe simulated target scenes. Figure 1.1-1 shows the locations of the

launch and observatory sites and the test chamber.
113 Project Description

The proposed action|is installing and operating the POP sensor and associated data processing
hardware at the selected observatory sites. These actions require physical integration of POP
components into the existing facilities and structures available at each site. Table 1.1-1
summarizes the expériment objectives for each POP site, the TOOs to be used to meet the
objectives, and the sensor components that would be onsite to support those objectives. Real-
time experiment operations would be accomplished at each site through commanding the host
mounts to point the POP active and passive sensor components at the targets in accordance with

the approved mission operations plans.

Passive/Active Sensor System

POP data collections would be performed using an integrated passive/active sensor system.
Separate hardware x‘nodul&s, one containing the cryogenically cooled passive focal plane arrays
and another containing the LADAR receiver focal plane array, would be bolted to the POP

| ‘
sensor telescope system to form the single hardware unit that would be used for data collection.

Cryogens include both liquid helium and liquid nitrogen to cool the sensor focal plane and
optxm The fluids would be brought to the AMOS site in pressurized metal bottles containing
160 to 180 liters of hqmd nitrogen and 250 liters of liquid helium. Two of each bottle would be
brought to the site! The supply would last for approximately one week of operations. When
needed, the-fluid would be pumped into the sensor dewar to beginthetooling. Once the dewar
was filled, the pump would be turned off. As the fluid warmed, the gaseous material would be
pumped out into “:raste bottles. The bottles would be returned to the local supply company,

where the gas wou]ld be cooled again for future use. Cryogens used at the Mt. Lemmon and
Firepond sites would be provided by the respective facilities. '

The LADAR transmitter unit would be séparately mounted during operations at the Firepond
and AMOS sites and would not share the POP telescope aperture. Thrqugh the use of a flip
mirror, the passive arrays and the active receiver array would alternately receive the light coming
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Figure 1.1-1
LOCATION OF BRILLIANT EYES PROOF-OF PRINCIPLE PROJECT SITES
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Table 1.1-1

PROOF-OF-PRINCIPAL OBJECTIVES AND ACTIVITIES SUMMARY

POP Sensor
Site Objectives Targets Components
Mt. Lemmon '
Observation Facility Verify POP Stars. High altitude POP telescope
telescope/passive RSOs
sensor integration Passive sensor
focal plane array
Characterize module
passive sensor focal
plane arrays
Firepond Verify integrated Stars, RSOs, bailistic  POP telescope
operation of passive missile TOOs
and active sensor Passive sensor
components focal plane array
- module
Collect real-time
target tracking and LADAR receiver
discrimination data focal plane array
module
LADAR
transmitter
AMOS Verify integrated Stars, RSOs, ballistic  POP telescope
operation of passive missile TOOs
and active sensor Passive sensor
components focal plane array
madule
Collect real-time
target tracking and LADAR receiver
discrimination data focal plan array
module
LADAR
transmitter
Lockheed Palo Altp Collect real-time Simulated threat POP telescope
Research Laboratory target tracking and target scenes
White Chamber discrimination data Passive sensor

focal plane array
module
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in from the telescope. Operation of the flip mirror and LADAR transmission times are
controlled by the POP operators in accordance with approved experiment mission plans.

The POP telescope and passive/active focal plane array bardware has been designed for
mounting, as a single unit, on a host telescope mount as an adjunct system that is co-boresighted
with the host mount. The POP sensor package and the host mount would be connected through
mounting plates. The mounting plates provide the mounting surface for the POP sensor and are
uniquely designed for attachment to the various host mounts. The mounting plates for each site
would be built by the POP program and transported to each site.

The POP LADAR transmitter would be separately mounted from the receiving focal plane array
hardware at the host observatories. The transmitter unit would be mounted on an optical bench
located a distance from the telescope, which would be used to direct the output beam toward the
desired TOO or RSO. By using a series of mirrors, the LADAR output beam would be directed
to the destination telescope for transmission to the target.

The POP system would observe targets based on the line of sight provided by the host mount.
POP experiments mission plans would specify which TOO target the host mount must be
pointed toward to allow the POP sensors to perform the required data collection and calibration
operations. All data collected by the POP sensor would be recorded for post-experiment
playback and analysis.

The passive portion of the POP sensor system consists of three focal plane arrays observing the
targets in the visible, longwave infrared (LWIR) and very longwave infrared (VLWIR)
wavebands. These focal planes would be housed in a dewar and cooled for data collection using
liquid nitrogen to 150 degrees K for the visible array and to less than 10 degrees K for the LWIR
and VLWIR arrays.

The POP LADAR used at Firepond and AMOS is a pulsed green light Nd:YAG
(neodymium.:yttrium aluminum garnet) chemical system. No gaseous emissions would result
from use of this system. The LADAR would be pulsed at 200 pulses per second at an output
power of 0.25 millijoules per pulse. Each pulse would have a 5 nanosecond pulse width. The
LADAR would operate in a pulsed mode for approximately S minutes during the Firebird 1B
mission. The LADAR system would be turned on for the whole mission timeline
(approximately 10 minutes); however, the output would be allowed into the telescope aperture
only for the 5-minute period of interest for the POP experiment. RSO tracking would occur
every day at Firepond and AMOS for an approximately 3-week period. The laser would be fired
about half of the days during this time for 5 to 10 minutes each day of operation. No laser
operations would occur under foggy or cloudy conditions.



The LADAR is not eye-safe for a distance of approximately 500 kilometers; however, the beam
would exit the atmosphere at the 50,000-foot elevation at a distance of about 20 kilometers from
. its origin. It may be considered eye-safe for all practical purposes at this distance since
commercial aircraft do not fly above an altitude of 50,000 feet. Most, in fact, fly below 40,000
feet. At its origin, the laser beam would be 0.25 centimeters high by 0.5 centimeters wide. The
beam would be slightly expanded as it passed through the telescope optics prior to exiting the 1.2
meter aperture. 'I'hlurough the atmosphere and to the target, the beamwidth would be
approximately 20 microradians. This would result in a footprint of approximately 0.4 meter at
the 20-kilometer eye-safe distance (C. Niessen 1991).

The frequency-doublcfd Nd:YAG laser used for POP would be a green light laser. It would be
visible to someone looking down the aperture. Looking edgewise at the laser beam, a person or
animal would have to observe light scattered from the atmosphere to see the laser. It is not

likely that there would be enough scattered energy for the beam to be observable.

The LADAR would [be directed toward the target objects only when the farget was within the
pre-approved cleare(% firing areas (CFAs). These corridors would be defined ip the POP mission
operations plans. BE would obtain approval of these plans from the FAA prior to LADAR
operations against each target. The laser beam would probably be used entirely at night in order
to accommodate simultaneous operations with the passive sensor.

Collateral Sensors l

POP experiment missions would be conducted using a variety of collateral sensors, viewing the
same objects as the POP sensor, to provide radiometric and tracking truth data. These sensors

would be a combination of airborne and ground-based systems. Only existing ground-based
sensors, identified in Table 1.1-2, would track the objects in space.

Two airborne sensors would be dedicated to supporting POP mission objectives during the
Firebird 1B missioxlx. The Airborne Surveillance Testbed (AST) would take off from Wallops
Island runway for this operation. A passive, large-field-of-view scanning LWIR optical sensor
would be mounted lon a Boeing 767. The final flight plan would be developed approximately six
months prior to launch and filed with the Federal Aviation Administration (FAA) as a proposed
plan. The AST v.lrould operate according to previously established flight plans. During the
operation, the AST would employ a "racetrack” loiter path about the launch point. Upon liftoff
notification, the aircraft would position itself to observe a portion of the trajectory required by
POP mission objectives. Throughout the missile flight, the AST would remain outside the safe

zone defined by thle. Wallops launch range.
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Table 1.1-2

BRILLIANT EYES PROOF-OF-PRINCIPLE
GROUND-BASED SENSORS

Sensor Location
Firepond Video Firepond Research Facility
Haystack Radar Millstone Hill, Massachusetts
Millstone Radar Millstone Hill, Massachusetts
Wallops Island Radar Wallops Island, Virginia
Goddard Video Greenbelt, Maryland

Grumman Optics

Malabar Optics

Bethpage, New York

Malabar, Florida
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The COBRA Eye aircraft would take off from Offutt Air Force Base, Nebraska. It, too, would
use a passive sensor mounted in an RC-135, which is comparable to a Boeing 707. Like the AST
operatlon, the COBRA Eye aircraft would file a nominal flight plan with the FAA approximately
six months prior to lalunch. COBRA Eye would follow a flight path nearly identical to the path it
used for the Firebird 1 A mission conducted in March 1991.

The ground-based sensors would perform only routine tracking functions consistent with
ongoing activities. AST and COBRA sensors would generate no emissions, and the use of two
aircraft operating |in accordance with approved procedures would create negligible
environmental impacts. Thus, use of collateral sensors is not considered further in this analysis.

Targets of Opportunity

The POP experiment missions would be conducted using a variety of TOOs. To provide a target
scene more compaxlable to that which the operational BE would observe, the POP program
would augment one/of the TOOs, the Firebird 1B ballistic missile, with two inflatable balloons.
These balloons woulld be made of 1 mil black kapton. They would be 3.1 meters in diameter and
would be deployed from the host missile. POP would not be adding similar targets or modifying
the physical configuration of any other TOO.

Safepuards

Lasers would be used only at the Firepond and AMOS sites. Laser beam controls would inciude
procedural, computer software, and electromechanical safeguards. These safeguards prevent
the beams from being directed lower than 30 degrees above the horizon at AMOS and 20
degrees above the horizon at Firepond, which eliminates the possibility of laser hazards to
observers on the ground. Through coordination and cooperation with the FAA and other
federal agencies, [the safety of occupants of passing aircraft would be assured by (1)
implementing a controlled firing process (CFP) in areas adjacent to the host facilities; (2)
posting notices to ?irmen; and (3) regularly broadcasting pilot advisories during laser operating
periods. The CFP is an aircraft control technique used by the FAA and laser operators to
ensure that (1) laser firings are contained within the designated area, (2) aircraft remain
outside the laser firing area when the lasers may be operating, and (3) if aircraft do enter the
designated area, laser operation is terminated. The FAA has established CFAs for laser
emissions from the AMOS site since 1981. Similar aircraft safety programs are also in effect

i
near Firepond. For additional safety, two observers with positive laser control would be posted
at the laser facilit,ies. Similar safety procedures have been in effect during previous U.S. Air
Force laser experiments in Hawaii and Massachusetts.
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Transportation

POP instrumentation would be transported to Mt. Lemmon and Firepond using a Utah State
University or Space Delense Laboratory trailer approximately 22 feet in length. As an
alternative, a rental truck of approximately 16 feet may be used. POP instrumentation would be
shipped to Maui via standard air cargo. Cryogen for the AMOS operation would be transported
via standard cargo carriers using bottles of the sizes discussed above. In most instances,
approximately four truck trips would be required to haul equipment to and from the sites,
although up to eight could be needed. The only other trips would be associated with passenger
vehicles used by project team members.

Hazardous Materials

Approximately 2 liters of pure grain alcohol and acetone would be used at the AMOS and
Firepond sites in order to clean the mirrors used to direct the LADAR output beam. Helium
gas may also be brought to each DOD site to check vacuum seals and initiate pumping of the
liquid helium into the dewar. Duoseal pump oil (Seargent Welch Scientific Company) would be
brought to each site for use by the cryogen roughing pump. The oil would be brought to the
sites in 2-gallon drums. Hazardous materials would be recycled or reused in accordance with
U.S. Air Force policies dealing with hazardous material minimization. Any hazardous wastes
would be handled in accordance with applicable federal and state regulations. Use of cryogens is
described above under "Passive/Active Sensor System."

Utilities

The POP system would require only minimal amounts of power that would be accommodated by
the existing power supplies at the host facilities. The POP system would require no water,
natural gas, or communications facilities. No solid waste would be generated, other than by
administrative activities. No sanitary facilities would be requu'ed in addition to those already
present at the host facilities.

1.1.4 Use of Existing Facilities
The POP experiment activities timeline requires different components of the POP sensor system

to be used at each site (see Table 1.1-1). The following details activities occurring at each
location.




Mt. L emmon Observation Facility

The MLLOF is a 10,00?-foot elevatinn obs>rvatory site located in the Coronado National Forest,
Pima County, approximately 18 miles north of Tucson, Arizona (see Figure 1.1-2). Only the
POP passive array sensor component would be installed at this site. A 60-inch telescope mount

would be used to host the POP passive array system. POP sensor operations support equipment
and data recording eqmpment would be brought to the facility and installed in the main
telescope building. Actmtxes comparable to those proposed occur routinely at this observation
facility and are governed under the terms of a U.S. Forest Service (USFS) permit (U.S.

Department of Agric‘u.lturc Forest Service 1981).

Firepond Research Facility

The Firepond facility is located below Millstone Hill, in Westford, Massachusetts (see Figure
1.1-3). POP installa'tion at Firepond would include bolting the POP telescope along with the
passive sensor and the active sensor receiver array components onto the . existing 1.2-m
telescope. The LATDAR transmitter unit would be installed in an existing building, and the
output from the LADAR would be sent through an optical relay system to shine out through the
12-m telescope aperture. The POP project at Firepond is consistent with ongoing activities at
this facility that are already approved by the Commonwealth of Massachusetts, FAA, and Air
Force Space Defense Operations Center (SPADOC).

The sensors at Firepond would track, among other things, the metallized balloons deployed
from the Firebird 1JB launch out of the Wallops Island Flight Facility. This launch, along with
the deployment of lightweight objects, such as metallized balloons, has been assessed under
separate environmental review and found to have no significant impact (U.S. Department of the
Navy 1991). Impacts of the Firebird 1B launch are not considered further in this analysis.

AMOS

The AMOS facility is located at the 10,000-foot elevation on the peak of Mt. Haleakala, Maui,
Hawaii (see Figurn.!e 1.14). The POP telescope, along with the passive sensor and active receiver
arrays, would be mounted on the B-29 side of the 1.2-m telescope system. The LADAR
transmitter unit wiould be installed in an existing building at AMOS. The LADAR output would
be relayed to the Laser Beam Director mount for target tracking. Project components at AMOS
fall within the parameters of existing uses that have been assessed on.a programmatic level and

found to have no significant environmental impact (U.S. Department of the Air Force 1991).
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Figure 1.1-2

LOCATION OF MT. LEMMON OBSERVATION FACILITY, CORONADO NATIONAL FOREST, ARIZONA
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Figure 1.1-3

LOCATION OF FIREPOND RESEARCH FACILITY, WESTFORD, MASSACHUSETTS
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