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STRATEGIC DEFENSE INITIATIVE 

The Applied Physics Laboratory first became involved with the Strategic Defense Initiative Organization 
(SDIO) in April 1984. Seven programs were initiated, five of which have resulted in launches; another is nearing 
a launch date. The teamwork between SDIO and APL, along with many other subcontractors, began with the 
Delta 180 program, the fIrst in a series known as the Delta programs. The Delta series set new standards for 
accomplishing orbital missions in extremely short periods. Although the seven programs are somewhat diverse, 
the constant theme throughout was to understand and develop sensors that SDro could use in a deployed 
architecture and that could be used from ascent through the midcourse phase of a booster trajectory. 

DELTA 180 
The Delta 180 Program was pawned by a rare con

junction of circum tances: a major national need; the 
new, forward-looking Strategic Defense Initiative Orga
nization (sOJO); available funding; adaptable hardware; 
and, most important, an innovative and imaginative 
group of people in government, in industry, and at APl 

who became the Delta 180 team. This team became a 
driving force in the follow-on Delta 181, Delta 183, and 
Midcourse Space Experiment (MSX) programs. 

In its early day and with only a limited technical staff 
in place, SOJO urgently needed the assistance of other 
governmental and not-for-profit organizations with expe
rience in pace and weapons systems. David Finkelman 
on loan from the Army Missile Command, had worked 
with APl before. He met with members of APl'S Fleet 
Systems and Space Departments and the Director's Office 
on 17 April 1984. Samuel Koslov was charged to see if 
low-level technical support could be provided in areas 
such as guidance, control, structures thermodynamics, 
and electronic . Toward the end of the year, SDIO also 
sought APl' views on some quick-re ponse space mi -
sions. Thi got our attention! As a result of the request, 
the Space Department accepted from Fleet Systems the 
lead role within the Laboratory, with Dr. Koslov continu
ing to act for the Director. At that time, Vincent L. Pisa
cane, Head of the Space Department, appointed John 
Dassoulas Program Manager and Michael D. Griffin Sys
tems Engineer. On 20 November 1984, as part of the 
tasking for a work statement, APl was asked to define a 
near-term flight experiment to support the concept of a 
boost-phase intercept, that is , of destroying an Intercon
tinental Ballistic Missile (ICBM) during powered flight. 

The Laboratory had long been concerned with the 
design and operation of land- and sea-based test ranges. 
Carl O. Bostrom, Director of the Laboratory, saw this 
type of experiment as an initial step, leading to his con
cept of a space test platform. Drs. Pisacane, Koslov, and 
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Griffin and Mr. Dassoulas met to discuss this new op
portunity; with the Director 's approval, APl agreed to under
take a six-week tudy to define a near-term space inter
cept for SDiO. The only guidelines were that the mission 
comply with the 1972 Anti-Ballistic Missile Treaty, that 
it "look down, shoot down," and that it be accomplished 
within two years; if expanded to thirty months, SDIO 

would lose interest. 

Preliminary Planning 

A design team was a sembled and began to derive 
mission requirements. Before beginning, we were asked 
by General Abraham on, ' What can you do in a year?" 
This turned our thinking around completely, and we laid 
out some ground rules that might allow the mission to be 
done within a year. The following assumptions were 
made: (1) it would not be a shuttle launch (payload in
tegration and safety requirements for a manned space 
flight would take too long to atisfy); (2) only existing 
technology would be used; and (3) only minimal docu
mentation could be tolerated. We generated a master 
schedule and were well on the track to telling SDIO what 
they could have in a year and how it could be done. 

We had been considering several interceptor guidance 
technologies, including laser radar (ladar), passive infra
red, pas ive ultraviolet, and millimeter wave radar. Be
cause we were expert in the Aegis and Standard Missile 
2 systems, a emiactive homing system using target illu
mination by missile ships was one of the first concepts 
considered. We were seeking something that could lead 
directly to a first-generation Strategic Defense Initiative/ 
Kinetic Energy Weapon platform. We were talking about 
hit-to-kill , based on the results of the Army's Homing 
Overlay Experiment, which had intercepted an incoming 
ballistic missile with a ground-launched interceptor using 
infrared homing, but with guidance upgrades to deal with 
an accelerating target. 
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With a firm one-year schedule, the team considered 
only conventional radar, which we felt was proven. On 
the basis of tactical experience, we knew that hit-to-kill 
was not a high probability with this technology, but that 
any state-of-the-art guidance system should be able to 
place an interceptor within 100 ft of a target vehicle. The 
actual demonstration of a modified proportional guidance 
system was, in itself, an important experimental objec
tive. We calculated how much loose steel (ball bearings) 
the spacecraft would have to carry to saturate a reason
able area (a few hundred square feet) with lethal pellets, 
which would at least be about the size of a typical blast 
fragmentation warhead carried on a surface-to-air or air
to-air missile. We then consulted with Michael W. Roth, 
in the Fleet Systems Department, who indicated that con
siderable analysis of Standard Missile's capability 
against space targets had determined that this idea was 
not completely ridiculous. By the end of that crucial day 
late in January 1985, we had derived a "kluged up" 
interceptor composed of a tactical missile radar seeker 
with a warhead, an unspecified control system, and rocket 
motors for propulsion. Obviously, the aerodynamic guid
ance systems in the available missiles would not be use
ful. We had not yet identified an interceptor vehicle for 
a particular target. Our early baseline was Standard Mis
sile, but we had agreed to investigate Phoenix , the Ad
vanced Medium Range Air-to-Air Missile (A MRAAM) 

(which was in development), and others to determine the 
best candidate. 

We began considering launch vehicles for both the 
target and the interceptor and had previously agreed "no 
shuttle," but we had not yet discussed this matter with 
sma. The results of inquiries regarding the availability of 
Atlas and Titan vehicles were not promising, and the 
Scout payload capability was too low; only Delta re
mained. McDonnell Douglas Astronautics Corporation 
indicated that two, possibly three, vehicles were available 
because NASA had off-loaded payloads from Delta to add 
to the shuttle manifest, which the Delta Office at Goddard 
Space Flight Center confirmed. We then assumed that we 
would launch on a Delta vehicle. 

During the first week in February 1985, Koslov, 
Pisacane, Dassoulas, and Griffin met with sma officials 
to brief them on the basic approach. Colonel (now Major 
General) Malcolm R. O 'Neill was pleased with the con
cept and carried it to General James Abrahamson. A peer 
review of our concept (and others) was to be held on 20 
February 1985 at Lockheed 's Washington Headquarters. 

Compliance with the Anti-Ballistic Missile Treaty 
Before the meeting, Colonel O'Neill arranged for 

Koslov, Dassoulas, and Griffin to discuss Anti-Ballistic 
Missile Treaty compliance with members from the legal 
and political staffs of the Department of Defense and 
State Department. Until the meetings, we had been loose
ly planning to shoot at some separately launched target 
such as Scout, Minuteman, or Poseidon, but we soon 
learned that compliance with the Treaty meant we would 
have to launch the target vehicle suborbitally, from either 
K wajalein Atoll or White Sands Missile Range. Neither 
site had the means to orbit anything. Not using those sites 
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imposed severe restrictions on target identity (no ICBM or 
components thereof, no object on an ICBM-like trajectory 
or velocity). We discussed a possible launch from K wa
jalein but promptly abandoned that idea after learning 
that the launch facilities had been disassembled after 
completion of the Homing Overlay Experiment Program 
and could not be restored within reasonable time or at 
reasonable cost. 

For a short while, we were in the dilemma of trying 
to find a viable mission within Treaty constraints. Griffin 
noted that the Delta second stage (D2) was a restartable 
NASA stage, not an ICBM, thus satisfying Treaty compli
ance. After orbit insertion and interceptor deployment, 
we could restart the D2 along a non-ICBM trajectory and 
let the interceptor go after it. This idea was well received 
because of its high probability of approval by the Depart
ment of Defense and the State Department. During the 
approval cycle, some cooperation by the target was re
quested to help ensure success of both the approval pro
cess and the intercept. The response was manifest in the 
form of a comer reflector that provided target enhance
ment. 

The Final Resolution 
By the meeting on 20 February, Lt. Col. Michael J. 

Rendine, Special Assistant for Space Experiments, sma, 
was on board. The meeting was chaired by Colonel 
O'Neill and was attended by most of the major aerospace 
contractors and representatives of the Air Force Space 
Division. Most of the presentations were Treaty-noncom
pliant, expensive, and not responsive to the schedule 's 
urgency. The APL concept, however, as presented by 
Griffin, met all the criteria. By the end of the day, Colonel 
O'Neill indicated that he had seen nothing to dissuade 
him from pursuing the APL mission concept, and he would 
present it to General Abrahamson. 

High-level meetings of members from sma and NASA 

Headquarters resulted in the dedication of the Delta 
vehicles to the sma mission. We still had not identified 
the seeker or the propulsion hardware by the end of 
February 1985. Dassoulas thought McDonnell Douglas 
might have some spare second-stage engines, one of 
which might be about the right size. In a conversation 
with Kenneth Englar (McDonnell Douglas Delta Chief 
Engineer), a quick mission assessment to size the propul
sion system was accomplished; they had the hardware. 
From then on, McDonnell Douglas was on the team as 
much more than just the launch vehicle contractor. 

We were also converging on the Phoenix missile as 
having the seeker of choice. Its active radar seeker in 
homing mode was essentially a sealed system adaptable 
to space use. In March 1985, Phoenix was identified as 
clearly the best available seeker. 

Our briefing to General Abrahamson was set for 1 
April 1985. Guidance and control simulations were under 
way to analyze the end game. The Fleet Systems Depart
ment had undertaken this task because of its experience 
with intercept guidance analysis. An early conclusion 
was that the encounter had to be approximately head-on 
because the interceptor did not have a significant accel
eration advantage over the target. (A guideline for the 
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suitability of basic proportional navigation for intercept
ing a maneuvering target is that the interceptor must have 
at least a 3: 1 lateral acceleration advantage.) The resultant 
orbital geometry became a cross-orbital plane intercept, 
where the target and interceptor were placed perpendicular 
to the orbital plane before intercept initiation (Fig. 1). 

By the last week of March 1985, we had a conceptual 
design that most of us believed would hold up, and after 
several dry runs, we briefed General Abrahamson on 
1 April 1985. Follow-up questions and speculations re
sulted in starting the encounter from a longer initial range 
than planned (220 km instead of 20 km) and also resulted 
in inserting a coast period into the end game to prevent 
the final speed from exceeding the relative velocity that 
the Phoenix Doppler radar could handle. Otherwise, our 
approach remained unchanged. 

On 12 April 1985, we received word from Lt. Col. 
Rendine that General Abrahamson had given a go-ahead 
for the mission, with a nominal fourteen-month schedule 
from receiving authority to proceed. Program kickoff 
occurred on 15-16 May 1985 at APL and rapidly accel
erated to a full-bore program. The preliminary design 
review was held in June 1985. 

More infrared data were urgently needed on rocket 
plumes and bodies and on backgrounds in space. Also, 
the nagging question remained as to whether ultraviolet 
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sensors could yield information useful to smo, but almost 
no data were available. The primary original purpose of 
the Delta 180 Program was to understand the problems 
of tracking and guidance for a space intercept. The pos
sibility of using ladars was intriguing, but building a 
complex, mUltipurpose spacecraft on so short a schedule 
was an overwhelming concern. The decision was made 
to go ahead with a Science Module to be attached to the 
0 2 stage, but with the absolute rule that nothing involved 
with the Science Module, no function (or malfunction), 
could interfere with the primary intercept mission. The 
go-ahead was given to try to assemble off-the-shelf sen
sors, including a ladar and an ultraviolet/visible system 
and two infrared systems that could function completely 
independently, receiving only a single signal from the 02 

guidance system to start the Science Module timing se
quence. The Laboratory had agreed to act as technical 
advisor for the overall experiment and now took on the 
added responsibility of designing a spacecraft essentially 
without propulsion and guidance (which were supplied 
by the 02 stage). In June 1986, the Science Module was 
shipped to Cape Canaveral for the start of launch prep
arations (Fig. 2) . Vector Sum (the program code name) 
launched Delta 180 on 5 September 1986, sixteen months 
after the program's start. About 10,000 seconds later, a direct 
hit occurred at a closing velocity of 2.9 km/s (Fig. 3). 
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Figure 1. The Delta 180 Program flight events. (0) The Delta 180 experiment is launched from the Eastern Test Range, Cape Canaveral , 
Fla. , on 5 September 1986. (1) After burnout of the first stage, the combined second (02) and third (Payload Adapter System, PAS) stages 
are placed in a 220-km circular orbit by the 02 rocket engine. (2) The combined 02lPAS structure is rotated to fly cross-plane to the flight 
orbit. (3) The 02 is separated from the PAS by means of springs but continues in the same orbit. Insruments on the 02 view the separation . 
(4) The 02 is turned through 180°. Its instruments view the Earth limb and Earth . (5) The 02 rocket engine thrust provides a slightly altered 
orbit. The 02 insruments view its own rocket exhaust plume. (6) The 02 PAS are turned to face each other again, nose-to-nose. The 02 laser 
tracks the separation distance between the 02 and the PAS. (7a) Just before Cold Pass 1, the 02 is maneuvered so that its instruments 
acquire an Aries 1 rocket launch from White Sands Missile Range, N. Mex. , at a distance of 480 km. (7b) The 02 and PAS are turned again 
to face each other nose-to-nose. (8a,b) Near Cold Pass 2, the 02 and PAS are turned again so that the 02 instruments continue to face the 
PAS. (9) At maximum separation (220 km), the 02 and PAS rocket engines are ignited to provide thrust for the two spacecraft to accelerate 
toward each other. The 02 instruments obtain ultraviolet, visible , and infrared signatures of the PAS. (10) After a coasting phase, the 02 and 
PAS rocket engines are ignited again at a separation distance of 60 km. The PAS guidance system provides terminal homing . (11) Collision 
takes place in space between the two accelerating bodies 9871.6 s after launch and 36.7 s after step 9. 
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What Was Left Unsaid 
Many key events occurred after the program began but 

are not elaborated in this article; however, they do de
serve mention: the addition of Draper Laboratory to our 
guidance analysis team; the regularly held reviews; the 
development of the instrument complement and the 
Science Module; the advanced Mission 2 (which became 
Delta 181), mission design discussions concerning in
plane versus cross-plane scenarios; the warhead modifi
cation that removed the fragmentation jacket to reduce 
the junk in space; orbit debris and safety panel; the Delta 

Figure 2. The Sensor Module (the target) and the third stage (the 
interceptor) on the Delta 180 launch vehicle at Cape Canaveral , 
Fla. 
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178 failure and subsequent modifications to the Delta 180 
launch vehicle; extensive flight operations involving all 
major ranges; the precise photometric coverage of the 
intercept (both airborne and from the ground at K wajalein 
Missile Range); and the late addition of an Aries 
rocket launch at White Sands to provide additional 
opportunities for scientific measurements (or observa
tions). At the very last was the tedious process of clearing 
a launch time with the Air Force and others, including 
consideration of foreign government assets in space that 
might be placed in jeopardy by our mission. 

Several key individuals at APL undertook major re
sponsibilities for tasks vital to the achieved performance 
of the Delta 180 mission. Thomas B. Coughlin managed 
the Science Module design, development, instrument 
acquisition, and integration. Thomas L. Roche directed 
the integration of experiments and subsystems and was 
test conductor. Larry J. Crawford, who undertook the task 
of intercept verification and aircraft instrumentation, flew 
to the Cape from K wajalein with the video films confirm
ing the intercept. Richard W. Eakle organized and led the 
team that managed night operations, establishjng vital 
communications links and coordinating the activities of 
all the involved ranges. He also was responsible for the 
timely issue of the three-day report of mission perfor
mance. James F. Smola guided the effort to acquire and 
launch from White Sands Missile Range an Aries rocket 
with an instrumented reentry vehicle designed to produce 
data for a future mission. This was accomplished in less 
than one year, and the launch was flawless. It produced 
plume data and exercised the infrared instruments on the 
Science Module. (The ultraviolet systems were turned off 
for fear of overloading the sensors.) 

James C. Hagan analyzed the orbit debris and devel
oped the operations plan for launch-window clearance 
and evaluation. This work has become the benchmark 
against which future missions will be compared. Charles 
Brown directed the modification program in which the 
warhead igniter and fuze were redesigned. Later the frag
mentation jacket was removed because of debris consid
erations. Brown and his team from the Naval Weapons 
Center, China Lake, and the Naval Surface Warfare Cen
ter delivered a redesigned, and fully tested, blast-only 
warhead to the mission. Glen H. Fountain assumed re
sponsibility for designing a new ultraviolet/visible imag
er/spectrometer sensor, which produced data of incalcu
lable value to SOlO, and was a truly superb instrument. 
Koslov took on the role of Program Scientist for the first 
year to oversee the initial development of the Science 
Module. Ching-I. Meng later followed as Program Sci
entist for Delta 180/181, predicting instrument performance 
and the implications thereof. Meng defined uv and visible 
observational systems and guided assessment of the data. 
He led the postflight analysis effort with both oral and 
written reports, yielding a surprising amount of data. 
Bruce B. Holland, Assistant Program Manager, under
took the administrative and fiscal aspects of Delta 180 
while assuming the growing technical and managerial 
responsibilities for Delta 181, which was maturing as a 
parallel effort. J. Courtney Ray 's creativity and sys
tems-oriented approach to space mission design and 
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Figure 3. The intercept (computer-enhanced) as viewed in the visible spectrum from an observing aircraft. A . The Sensor Module. B. The 
interceptor approaches. C. Close approach. D. Direct hit. 

spacecraft systems engineering made him an absolutely 
essential member of the Delta 180/181 team. 

Details of thi s rewarding and technically significant 
mission are discussed elsewhere. I The primary mission 
of Delta 180, code named Vector Sum, was to understand 
the problems of tracking, guidance, and control for a 
space intercept of an accelerating target and to demon
strate this understanding by actual flight test. What be
came equally imp0l1ant was the urgent need for multi
spectral data on rocket plumes, postboost vehicles, and 
the background against which they would be viewed. At 
this time very little sensor data had been collected on 
ICBM threats, and no thrusted intercept against a thrusting 
target had ever been attempted in space. 

The Laboratory undertook the role of technical advisor 
for the overall experiment and had the additional respon
sibility of designing the sensing spacecraft that was part 
of the target vehicle. The D2 stage, to which we remained 
attached, provided propulsion and attitude control. 

Much has been written about Delta 180 since the 
spectacular intercept of 5 September 1986. A complete 
list of Delta 180 accomplishments and benefits to SDI 

would be formidable indeed. Touching only on the high 
points , certain products can be summarized. 
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Regarding the interceptor, the Delta 180 team accom
plished the major tasks of design, fabrication , test, and 
flight of a new liquid-fueled third stage for the Delta 
vehicle. This became the propulsion system for the in
terceptor. Major modifications to the AIM 54C Phoenix 
missile for spaceflight included a new radome, gyros, 
software, fuze, and warhead. The Phoenix was integrated 
with the new third stage to complete the interceptor. 

The sensor module contained all the usual elements of 
a spacecraft, that is , the power, telemetry, and command; 
it also included the first space-based laser radar, a mod
ified AGM-45 Maverick infrared seeker, an ultraviolet/vis
ible imager/spectrometer sensor, and an additional infra
red telescope. The sensor module was designed, fabricat
ed, and integrated by APL. Close collaboration with Mc
Donnell Douglas Aerospace resulted in the successful 
integration of the sensor module with the D2, which was 
modified to extend its life for multiple orbits, including 
four engine starts and the ability to respond to ground 
commands from the Delta Program Operational Control 
Center. 

A number of incidental accomplishments turned out to 
be of major proportions: creation of more than a million 
lines of new software to support guidance and control; 
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orbital safety and real-time satellite operations by the 
worldwide network; and integration of 170 range assets, 
including ten test ranges, thirty-eight radars , thirty-one 
satellite links, and four aircraft into the largest network 
ever used in a space operation. These assets are preserved 
as the Space Test Range. Another first was the use of 
gimbal cameras in aircraft for metric measurements. 
These cameras were directed by Kwajalein Missile 
Range radars via satellite link and the aircraft inertial 
navigation system. 

With the exception of the actual intercept, all maneu
vers and events were carried out open loop, including the 
synchronized launch of an Aries rocket from White Sands 
Missile Range within one-tenth of a second of the desired 
time for imaging by the orbiting sensor module. Signif
icant upgrades to the National Test Ranges to conduct the 
real-time control from the Eastern Test Range included 
the capability to receive, record, and evaluate quick-look 
telemetry using eighty percent of the available bandwidth 
of the S-band downlink. Technical contributions to the 
aerospace community resulting from the Delta 180 suc
cess include the first thrusted intercept in space, the ac
quisition of revolutionary new data on rocket plumes in 
the space environment, the first flight of a laser radar in 
space, and significant improvements in hypervelocity 
debris models and orbital safety computer predictions. 
Ultraviolet sensing of rocket plumes, because of the 
success of the APL instrumentation and analysis on Delta 
180, has now become an important tool in space booster 
and space object identification. 

The experiment was conducted under highly stream
lined program management and reporting procedures that 
resulted in schedule and cost compression to fourteen 
months and $150 million, respectively. A program of this 
complexity normally would take three to five years at a 
cost of $300 to $500 million. The program was carried 
out while the U.S. space program was under virtual siege 
because of several failures , including the loss of Chal
lenger in January 1986 and the failure of Delta 178 in 
May 1986. Despite its being a high-risk venture and the 
extraordinary complexity of the orbital mission, Delta 
180 delivered to the nation its first major space success 
after a string of disappointments. 

DELTA 181 

Background 

Delta 181 went through a remarkable evolutionary 
process before its final emergence. As early as August 
1985 (more than a year before the Delta 180 launch), 
mission planning was under way. First thoughts involved 
a more ambitious intercept than could be accomplished 
by the Delta 180. Mission 2, using Delta 181 and 182 
boosters, was conceptualized but never implemented be
cause it would have stressed the 1972 Anti-Ballistic Mis
sile Treaty. The sma scrupulously adhered to the Treaty, 
and as much attention was devoted to Treaty compliance 
as to technical reviews. 

By September 1985, another concept was proposed, 
incorporating a full-spectrum complement of sen
sors, and Delta 181 became a comprehensive phenom-
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enology mission. A probe (an independent vehicle) was 
included on the spacecraft in addition to a large comple
ment of test objects for calibrating the sensors and whose 
physical characteristics would be observed by the sen
sors. The U.S. Army became a major program participant 
by providing the test objects and dispensing the appara
tus. The U.S. Air Force undertook the probe develop
ment. The instrument complement was selected and the 
conceptual design of the spacecraft initiated. On 20 Jan
uary 1986, General Abrahamson was briefed on the mis
sion and gave the go-ahead. Funding was provided, and 
detailed design and mission planning got under way. In 
parallel with this effort was the Delta 180 fabrication, 
systems integration, and testing. The successful conduct 
of the Delta 180 experiment resulted in deletion of the 
probe from Delta 181 and incorporation of a plume 
generator and a gas-release experiment. Additional stud
ies on a variety of mission enhancements were not im
plemented but resulted in some schedule relief and a new 
ship-to-the-Cape date of 30 November 1987. Delta 181 
had became solely a phenomenology and test-object 
sensing platform. 

Mission Description 

Using instruments integrated in the Sensor Module, the 
Delta 181 Mission conducted a number of experiments 
that were crucial to development of the Strategic Defense 
Initiative. The experiments were designed to fulfill the 
principal objectives of the mission: observation and 
characterization of various test objects, rocket exhausts, 
and vehicle outgases. Secondary mission objectives were 
observation and characterization of various space, Earth, 
and Earth-limb backgrounds and the quantification of 
spacecraft glow phenomena. 

The Delta 181 mission itself represented one of the 
most complex and ambitious unmanned experiments ever 
conducted. The McDonnell Douglas Delta rocket boosted 
the various instruments, computers , test objects, and 
observation rockets into a low Earth orbit. The test ob
jects were ejected from the satellite for observation and 
tracking against the natural backgrounds expected to be 
seen by an attacking ballistic missile in midcourse flight. 

After deployment of the test objects, several rockets 
were launched to provide exoatmospheric plume signa
tures for the instruments to observe. A sub satellite re
leased test gases to simulate vehicle outgases in space. 
The Delta platform executed more than 200 maneuvers 
expected to be needed for a low-orbit battle station. The 
maneuver offered the passive instruments opportunities 
to sample rapidly changing backgrounds, to view test 
objects against such backgrounds, and possibly to deter
mine the extent of contamination presented by the space
craft glow phenomenon. 

To attain these objectives, the mission used an array 
of state-of-the-art observation instruments covering 
wavelengths from the far ultraviolet through the visible 
and out to the long-long wavelength infrared range. The 
passive and active instruments, along with support func
tions (power, telemetry, recorder, flight processor), were 
mounted on the exterior of a 12-ft extension of the D2 that 
was a component of the spacecraft in orbit (Fig. 4). The 
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spacecraft's flight processor, working with sensor mea
surements, maneuvered the 6000-lb spacecraft as it made 
observations. Closed-loop tracking, acquisition, and re
acquisition of multiple objects were required during the 
mission, and the data are being used for future system 
development. 

The seven-instrument complement for the smo space 
platform experiment consisted of two infrared imagers, 
an infrared pectrometer, an ultraviolet and visible instru
ment, two laser instruments, and a microwave radar. The 
Lockheed-built infrared imager generated a multicolor 
image in hort and medium wavelengths; the Aerojet 
infrared instrument provided imagery in the long wave
lengths. Spectral information in the infrared range was 
derived from the two variable-wheel spectrometers of 
Space Systems Engineering's instrument. The APL-devel
oped instrument consisted of six sensors: an ultraviolet 
imager and a visible imager to complement the infrared 
imagers and four linear-reticon spectrographs whose ranges 
overlapped to observe the visible and ultraviolet ranges. 

Delta 181's active instruments included the pulsed 
ladar built by GTE Government Systems Corporation, a 
coherent Doppler ladar built by Martin Marietta Orlando 
Aerospace, and a continuous wave Doppler radar built by 
Teledyne Ryan Engineering. The instruments were inte
grated into the Sen or Module during the summer of 1987 
and underwent environmental testing at ASA'S Goddard 
Space Flight Center in November 1987. The Sensor 
Module was delivered to Cape Canaveral in early Decem
ber for integration with other flight elements. Launch was 
on 8 February 1988. 

Mission operation were conducted in two phases: (1) 
data acquisition during test-object and phenomenology 
observations; and (2) data retrieval , planned for two 
weeks but carried out for two months because of extend
ed battery life. Delta 181 reentered on 2 April 1988 over 
the Atlantic Ocean equatorial region.2 Mission results 

Figure 4. The Delta 181 Sensor Mod
ule and second stage, showing the ar
rangement of the scientific instruments. 
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have been published in five documents. The raw data now 
reside in the Army 's Space Defense Command Thrusted 
Vector Central Data Facility in Huntsville, Alabama. 

Remarks by President Ronald Reagan to the Institute 
for Foreign Policy Analysis Conference marking the fifth 
anniversary of his speech outlining the Strategic Defense 
Initiative (SOl), as reported in the Washington Times , 
Tuesday, 15 March 1988, stated that "Space tests of Delta 
180 and 181 have demonstrated their ability to track fast 
moving targets in space and distinguish dummy warheads 
from the real thing. American Scientists and engineers are 
not constructing a bargaining chip but building a future 
free from nuclear terror." 

THE JANUS PROGRAM 
In August 1986, a memorandum of understanding 

(MOU) documented the Janus Program agreement between 
SOlO and the Strategic Systems Project (SSP) to launch 
smo payloads with Trident missiles to satisfy SOlO objec
tives and to demonstrate a Navy submarine orbital launch 
capability. Four missions were described in the MOU with 
the first orbital mission (Janus Mission II) to follow 
two experiments using ballistic trajectories. Two subor
bital missions were conducted. The first mission was 
launched in August 1987, the second mission in February 
1989. 

By February 1989, the Navy had completed its review, 
identified the technical issues to be resolved during the 
development phase, and concluded that the proposed 
concepts for Mission II were technically feasible and 
safe without substantially affecting missile reliability. In 
May 1989, SOlO terminated engineering development of 
the mission and of the spacecraft design because of fund
ing constraints. 

For the suborbital mission, APL was responsible for the 
experiment designs, implementation of the missions, and 
assisting Captain Geist of the U.S. Navy, the SOlO Pro-

Ultraviolet and visible imager and spectrometers 

~"r----.:.....;:----- Microwave radar 

Infrared spectrometer 
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gram Manager, with management of the program. Pay
loads were supplied by Hughes Aircraft and Sandia 
Laboratory for integration onto a C4 missile. Space Sys
tems Engineering provided an infrared instrument to 
Sandia via a subcontract with APL. 

For the suborbital missions, smo-supplied payloads 
were integrated onto a C4 missile and launched from a 
submarine off the coast of Florida. One objective was to 
obtain long-wavelength infrared images of objects in 
space. The infrared sensor package used to make these 
measurements was provided by Hughes Aircraft. A cut
away view ofthis payload is shown in Figure 5. The other 
objective of these missions was to measure the environ
ment in the vicinity of space objects by using numerous 
optical instruments supplied by Sandia National Labs. 

The planned objective of Janus Mission II was to 
demonstrate the capability of a Submarine-Launched 
Ballistic Missile (SLBM) to inject an smo payload into 
orbit (Fig. 6). The experiment involved integration of a 
unique experimental payload with the operational Fleet 
Ballistic Missile (FBM) weapon system. Given the ground 
rules to conduct the experiment aboard an operational 

Strategic Def ense Initiative 

submarine without compromise to FBM weapon system 
safety or reliability and without design modification to 
the FBM weapon system, several significant programmat
ic and technical challenges were presented to both smo 
and sSP. Overall, these challenges were resolved to the 
extent that no "show stoppers" were identified before 
full-scale development. 

DELTA 183 (DELTA STAR) 

The Delta 183 program was initiated in early February 
1988 with a highly accelerated schedule aiming for a late 
May 1988 launch date. The spacecraft was based on using 
heritage and spares from the Delta 180 and 181 programs 
(Fig. 7). McDonnell Douglas Corporation, Huntington 
Beach, California, was to design part of the spacecraft. 
The Applied Physics Laboratory was to design and in
tegrate a suite of sensors (the Sensor Module) and to 
provide technical advice to the smo sponsor. 

Sensor Module and Instruments 

The 49-in.-high Sensor Module had an outside diam
eter of about 86 in., including instruments, and weighed 
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Figure 5. Payload A, cutaway view. 
ACS = Attitude Control System; GCS = 
Guidance Control System ; SCQ = 
Subcarrier Oscillator; IMU = inertial 
measurement units. 

Figure 6. Janus Mission II opera
tional deployment sequence . QP 

SSBN = operational nuclear missile 
submarine; ES = equipment section; 
PL = payload . 
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Figure 7. The Delta 183 (Delta Star) spacecraft and launch 
vehicle. 

about 1538 lb. Among the instruments were seven video 
imagers, a ladar, an infrared imager, and a materials 
experiment. The experiments were mounted around the 
exterior of the module. 

The ultraviolet and visible instruments included four 
imagers and four photometers. Two were high-sensitivity 
intensified video cameras responsive to ultraviolet light. 
Two other cameras imaged in visible light with different 
fields of view. These instruments were built by APL. One 
of the ultraviolet video cameras was built by the Air Force 
Academy; the other, for imaging selected targets in four 
ultraviolet bands, was built by the Jet Propulsion Labo
ratory. 

A third optics-based experiment was the midwave 
infrared video camera, developed by General Electric's 
Astro-Space Division. Designed for the space shuttle and 
modified for the Delta Star mission, it acquired infrared 
information on plumes and the space environment and 
acquired and tracked targets. This tracking ability was 
used to keep the target within the fields of view. The long
wave infrared camera was developed by Hughes Aircraft. 
Together, these instruments provided greater understand
ing of plume emissions and the environmental back
grounds against which they may be observed. 

The Sensor Module consists of ten modular platforms, 
five containing sensors and five containing support sys
tems. The sensors were scheduled for delivery to APL in 
mid-July 1988. The support systems developed by APL 

were ready for integration in late June 1988. 
The launch date was subsequently changed to January 

1989. The Sensor Module integration was completed 
during August 1988 and shipped to Goddard Space Flight 
Center in late August 1988 for launch environment acous-
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tics and thermal vacuum testing. After these two major 
tests were accomplished, the Sensor Module was shipped 
to McDonnell Douglas, Huntington Beach, California, 
for integrated testing with the remainder of the space
craft. The integrated tests involved mechanical fit check, 
software, and transient power tum-ons. Because of the 
coordinating efforts by teams on opposite sides of the 
country over a period of seven months, these tests went 
without any significant incident. 

The Sensor Module was delivered back to APL in late 
October 1988 and was shipped to Cape Canaveral Air 
Force Station in early December 1988, ten months after 
program initiation. The mission had been redesigned sev
eral times. Each time the schedule was extended, we 
found time to enhance the instrument suite. A line draw
ing illustrating the functionality of the orbitally config
ured spacecraft is shown in Figure 8. 

During December 1988, the Sensor Module was mated 
with the remainder of the spacecraft and all testing was 
completed in order to support the January launch date. 
Our program, however, got involved in a launch queue 
with several other programs. In mid-January 1989, the 
spacecraft was hoisted onto the Delta 183 launch vehicle. 
On the adjacent Delta launch complex was a spacecraft/ 
launch vehicle to be launched before the Delta 183 
mission. The launch crew was sent home during the third 
week of January 1989 with expectations of a return in 
mid-February to complete the job. On 15 March 1989, 
the attempted launch of Delta 183 was scrubbed minutes 
before launch because of an anomaly within the Sensor 
Module. 

Commands are stored on board the Sensor Module in 
a unit called the Command Decoder Unit (CDU). During 
countdown, three of the commands intended to be stored 
in the CDU were not accepted properly. The problem 
surfaced three hours before launch, but troubleshooting 
the problem took up until five minutes before the launch. 
It was at this time that the intended launch was scrubbed. 
The problem was found to be a computer chip failure 
within the CDU. The unit was sent to the supplier, where 
the chip was replaced and the unit subjected to both 
functional and environmental tests. 

On 24 March 1989, the Delta Star spacecraft was again 
ready for launch. A near-perfect countdown followed by 
a completely nominal launch put the Delta 183 spacecraft 
into orbit. After an initial "getting smart" period all sen
sors worked well. The mission, which was originally 
estimated to last three months, ended with hydrazine fuel 
depletion after nine months, in December 1989. 

During the nine months in orbit, 126 experiments were 
completed. These experiments included observing under
standing Earth and space backgrounds, observing missile 
plumes, observing space resident objects, and many other 
studies that cannot be discussed in the open literature. 

Five dedicated rockets were associated with Delta 183. 
Of these, one of the more significant produced and 
measured an artificial polar mesospheric cloud structure. 
In addition, a ground-based CO2 laser transmitted 
through the atmosphere to the orbiting Delta 183. The 
spacecraft was operated from the Consolidated Space 
Test Center at Onizuka Air Force Station in California. 
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Figure 8. Design features of the Delta Star. 

A Sensor Module team was located at the station. The 
Delta 183 Data Center was located at APL. The data were 
coordinated, disseminated, and finally sent to storage at 
the Mid-Course Data Center in Huntsville, Alabama. 

The Delta 183 program illustrated what can be done 
with creative sponsor management and a team atmo
sphere. Throughout this program, with so many organi
zations involved, the living Interface Control Documents 
were held sacred. Each agency had a single individual 
responsible for continuous maintenance of this docu
ment. Schedule constraints made it necessary for the 
normal design review cycle to be converged to a single 
peer review called the ODR (Only Design Review). Al
though many programs obviously cannot be done this 
way, for experimental missions amazing results can be 
accomplished in a short time. 

BRILLIANT PEBBLES PROGRAM 
The Strategic Defense Initiative Organization (sma) 

has been conducting research since the mid-1980s to 
develop defensive systems intended primarily to provide 
low to moderate protection against a large-scale ballistic 
missile attack on the United States. As an outgrowth of 
the recent Persian Gulf War, the President directed in his 
State of the Union address, " .. . that the SDI Program be 
refocused on providing protection from limited ballistic 
missile strikes, whatever their source." The new SDI mis
sion is referred to as a Global Protection Against Limited 
Strikes (GPALS). 

The GPALS mission is to provide protection against 
limited strikes rather than deterrence of a massive attack. 
The single space-based weapon element of the GPALS 
architecture is the Brilliant Pebbles interceptor. Each 
Pebble is an autonomous interceptor that can act entirely 
on its own, once appropriately authorized. It basically 
looks out and sees the ballistic missiles when they rise 
from their silos or from mobile launchers. At the appro
priate time, the Pebble drops its life jacket and proceeds 
to maneuver into the oncoming path of the threat ballistic 
missile or during the mid-course phase of a reentry ve-
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hicle transiting space. The Pebble weapons would work 
in concert with other orbiting sensors and ground-based 
missiles to provide the necessary defenses against acci
dental launches and other small-scale missile launches. 

The Strategic Defense Initiative Organization plans to 
decide on engineering and manufacturing development 
(EMD) of Brilliant Pebbles in mid-1996. The concept is 
currently under development and a pre-EMD phase is 
being executed by industry. The Pebbles Program is 
managed by Colonel P. Worrell, Director of the Global 
Defense Segment, under whom APL is performing Bril
liant Pebbles Test and Evaluation (TE) tasks. The TE el
ement is conducting suborbital flights , including actual 
target intercepts from Wallops Island and Usaka test rang
es, to evaluate the Pebbles concept and the Pebbles sys
tem performance. 

In the summer of 1989, Sol requested support from the 
Space Department in establishing a program and an in
dustrial team to evaluate the Pebbles concept through a 
series of suborbital flight tests. The Space Department 
provides mission planning support, field operations sup
port, launch vehicle coordination, development of target 
and interceptor instrumentation, data management coor
dination, and functions as overall technical and security 
advisors to the Brilliant Pebbles Program. In 1990 the 
Aeronautics and Strategic Systems Departments began to 
support the Space Department in performing these tasks, 
and in 1991 they were awarded separate contracts. Their 
support continues to be coordinated, however, by the 
Space Department. The Strategic Systems Department 
also does independent analyses of flight test data and 
reports the results directly to SDIO. 

During the suborbital flight tests , the trajectory of the 
interceptor will be determined using the Global Position
ing System (GPS), and the interceptor performance will be 
determined by analyzing interceptor data telemetered to 
ground stations. Some flights will use an APL-designed 
system. This system is a combined lightweight (550-
650 g) GPS translator and telemetry transmitter (GTT). The 
GTT block diagram is shown in Figure 9 and a picture of 
the engineering model is shown in Figure 10. In this 
configuration, the GTT system will be mounted on the 
cylindrical fuel tank of the Brilliant Pebbles interceptor. 
The design satisfies the TE instrumentation requirements 
of high-accuracy three-dimensional trajectory deter
mination and interceptor-vehicle encrypted telemetry 
data recovery. 

The target vehicle to be intercepted during the subor
bital flight tests will be instrumented by APL to provide 
additional data to assist in evaluating the interceptor 
performance and to provide data to permit an independent 
assessment. Figure 11 shows the layout of the planned 
instrumentation systems to be installed on the target 
vehicle. The target trajectory will be determined by using 
the Ballistic Missile Translator (BMT) GPS data. The APL
designed lidar (light plus radar) detectors shown in Figure 
12 will be mounted on the target nose. This system is 
intended to provide independent verification that the tar
get was illuminated by interceptor lidar homing sensor 
during the test. The final system (Fig. 11) is a miss
distance measurement system. This system will be sup-
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Figure 9. Global Positioning System (GPS) Translator and Telem
etry (GTI) Transmitter block diagram. GSE = ground support equip
ment; TM = telemetry. 

Figure 10. Global Positioning System Translator and Telemetry 
(GTI) Transmitter electronic assembly. 

plied by Cartwright Electronics, Inc. , through a subcon
tract with APL. This equipment is a range-gated, Doppler 
radar system that relies on a unique application of Syn
thetic Aperture Radar (SAR) principles to generate coher
ent images and provides measurements of target/intercep
tor miss distance, time of closest approach, and relative 
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closing speed on each major scattering point associated 
with the interceptor vehicle. 

VEHICLE INTERACTIONS PROGRAM 
The past ten years have revealed anomalies in optical 

radiometric and spectral measurements in a number of 
Department of Defense and NASA space experiments. 
Although some anomalies are attributable to improper 
sensor calibration, ample evidence suggests that the 
computer codes used to predict optical signatures do not 
account for all the relevant physical effects that contrib
ute to the optical signature of a vehicle in space. As early 
as 1985, APL proposed a research program to study this 
problem. As the problem became more apparent, APL 

proposed a comprehensive program of basic, laboratory, 
and applied research supplemented by flight experiments 
to characterize the interactions of a vehicle in space with 
the ambient space environment under conditions relevant 
to strategic defense. The program would also assess the 
implications of these vehicle interactions on the strategic 
defense mission. This program, called the Vehicle Inter
actions Program, was finally approved by SDIO and for
mally initiated in October 1989. 

Figure 13 illustrates the problem. On the left is the 
conventional view of a vehicle in space. Space is seen 
as a vacuum in which the optical signature of a vehicle 
is composed solely of its own thermal (or gray body) 
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radiation and reflected energy from the Sun and the Earth. 
The current optical signature codes adequately model 
these conventional effects. On the right is an extended 
view of a vehicle in space that accounts for additional 
phenomena, which are attributable to the interactions of 
the vehicle and its local environment with the ambient 
space environment, giving rise to the term vehicle inter
actions effects. Because these effects are not well under
stood, they are not currently included in optical signature 
codes. The vehicle's local environment, in addition to the 
vehicle itself, consists of a dusty gaseous cloud surround
ing the vehicle. This cloud is composed primarily of 
outgassed water vapor and small dust particles that were 
either carried up with the vehicle when it was launched, 
are a by-product of vehicle activity (such as rocket motor 
firings for station keeping), or were generated by gradual 
erosion of the vehicle 's exterior surfaces from interac
tions with the space environment. 

The ambient space environment consists primarily of 
neutral and charged atomic and molecular particle spe
cies of oxygen and nitrogen moving at a high relative 
velocity with respect to the vehicle. Considering ICBM'S, 

satellites, and space-based interceptors , relative veloci
ties in the range of 3 to 13 km/s are possible. Also, at 
the high latitudes of interest in a strategic defense sce
nario, the Earth 's magnetic field lines extend almost 
vertically, allowing fluxes of high-energy-charged parti
cles of solar and magnetospheric origin to be channeled 
to low altitudes. This condition is responsible for many 
polar geophysical phenomena, including the aurora bo
realis (or northern lights). Interactions of the natural 
space environment with the local vehicle environment 
can produce emissions at optical wavelengths from the 
ultraviolet through the infrared and, to a less significant 
extent, plasma waves. The processes that lead to these 
emissions are summarized in Figure 14. 

Johns Hopkins APL Technical Digest, Volume 13, Number 1 (1992) 

The magnitude of effects of interactions for many of 
the gas-gas and gas-surface processes depends on veloc
ity (collisional energy), altitude (ambient gas density), 
and vehicle configuration (surface material properties). 
For example, the excitation cross sections for some of the 
gas-gas interactions have pronounced thresholds in the 
range of 2 to 6 km/s relative velocity. It is therefore 
important to test for these effects under conditions of 
altitude, velocity, vehicle configuration, and latitude that 
are representative of a realistic strategic defense scenario. 
A familiar example of a gas- surface interactions effect 
is the so-called shuttle glow first observed by astronauts 
on the early shuttle flights. 

The problem is further complicated by the fact that 
vehicle interactions effects can be associated with both 
an observing sensor in space and the target vehicle it is 
trying to observe. This situation gives rise to the look
out and look-in scenarios (Figs. 15 and 16). In reality, 
these two scenarios can occur simultaneously, making it 
difficult to separate near-field interactions effects from 
far-field interactions effects. 

The Vehicle Interactions Program is addressing this 
problem with a combination of activities: basic research 
and modeling, laboratory research, data analysis, applied 
research, and flight test experiments. The program has 
sought participation from a variety of resources: univer
sities, industry, and government laboratories, wherever 
the best expertise can be found. The largest investment 
of the program will be in obtaining a definitive database 
for understanding vehicle interactions phenomenology 
by means of several dedicated flight experiments. The 
experiments will be designed to measure simultaneously 
both the vehicle local and ambient space environments 
and the optical emissions from the resultant vehicle in
teractions. The database must be done so as to demon
strate convincingly the existence of these effects and 
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Figure 14. Vehicle interaction pro
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quantitatively characterize them so that the models de
veloped in the ground research effort can be extended and 
validated. The mission scenario for such an experiment, 

, called the Vehicle Interactions Characterization Experi
ment (VICE), is shown in Figure 17. The experiment con
cept involves an ICBM-type ballistic trajectory, a mother 
(observer) vehicle, a daughter (target) vehicle, inflight 
sensor calibration, reference sphere releases, a controlled 
water vapor release, and possibly a controlled particulate 
release. Low-cost piggybank experiments on ballistic 
flights of opportunity are also being pursued to collect 
pertinent data. Such an experiment was recently flown 
and yielded unique data on outgas rates and particulates 
surrounding a small space vehicle in a ballistic trajectory. 
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MIDCOURSESPACEEXPER~ENT 

The Midcourse Space Experiment (MSX) program, 
conducted by APL for the SOIO Sensor Technology Direc
torate (smorr ), will be primarily a data collection exper
iment, concentrating on the phenomenology of target 
detection and tracking. A wide array of targets will be 
viewed by sensors carried on board the orbiting space
craft, including those launched from the ground and 
others deployed from the satellite itself. The MSX will 
thereby provide the first system demonstration in space 
of technology that could identify and track incoming 
ballistic missiles during their midcourse flight phase. 
Contamination data and background data on celestial and 
Earth limb phenomena will also be collected. With a 
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mission lifetime of several years, MSX will provide the 
long-duration collection of complete data sets needed for 
ground data processing demonstrations by the Brilliant 
Eyes (BE) and the Ground Surveillance and Tracking Sys
tem (GSTS). 

Figure 18 is an artist's concept of the MSX spacecraft 
in orbital configuration, and Figure 19 is an overview of 
the mission concept. The onboard sensors will gather data 
on various objects in space (satellites, sounding rockets, 
and ICBM 'S) and on space backgrounds (aurora, Earth 
limb, and celestial spheres). 

Onboard instrumentation includes the following: a 
Space Infrared Imaging Telescope (Spirit III) provided 
by the Space Dynamics Laboratory/Utah State University 
(SDL/USU); an Ultraviolet and Visible Imagers and Spec
trographic Imagers (UVISI) instrument and Contamination 
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Experiment provided by APL; and a Space-Based Visible 
(SBV) instrument and Reference Objects provided by Mass
achusetts Institute of Technology Lincoln Laboratory 
(MIT/LL). An Onboard Signal and Data Processor (OSDP) 

experiment, developed by SDIO{fN and provided by Hugh
es Aircraft, will also be flown as a demonstration of real
time onboard processing and orbital radiation effects. 

The MSX spacecraft will be launched from Vandenberg 
Air Force Base in California, into a 99.2-degree inclina
tion, 888 km near Sun-synchronous 3 AM (descending 
mode)-3 PM circular, polar orbit. The orbit was chosen 
to provide the desired background during the midcourse 
flight of an ICBM. Launch is expected in 1993, using a 
Delta II launch vehicle. 

The Spirit III sensor will be cooled by frozen hydrogen 
and will remain functional only as long as cryogen is left 
in its dewar to cool the infrared detector. To preserve the 
cryogen, the spacecraft design and equipment layout 
minimizes the heat load on the dewar and sensor aperture 
by isolating the heat from other onboard systems and by 
providing shielding from the Sun, Earth, and moon. 
During the mission, the spacecraft is oriented with the 
instrument aperture pointed away from the moon, Sun, 
and Earth. Also, whenever possible, the Sun and Earth 
are kept on the shielded sides of the dewar. A program 
goal is that sufficient cryogen be available to maintain 
Spirit operational for approximately twenty-one months 
of the four-year MSX mission. 

The UVISI instrument derives from a succession of 
ultraviolet and visible instruments flown on orbital mis
sions by APL. These include the Auroral Ionospheric 
Mapper (AIM) that flew on the Hilat (High-Latitude-Ion
ospheric Research) spacecraft in 1983 and the Auroral 
Ionospheric Remote Sensor (AIRS) that followed on the 
Polar Beacon Experiment and Auroral Research (Polar 
BEAR) satellite in 1986. These two instruments operated 
at ultraviolet wavelengths and provided the first obser
vations of the auroral oval in the daytime, confirming its 
continuity through 360 degrees. 

The Delta 180,181 , and 183 missions (1986-89) have 
all carried ultraviolet and visible instruments built at APL. 

The one UI instrument on Delta 180 made the first exoat
mospheric observations of plume phenomena in 1986. 
Two years later, the U2 instrument on Delta 181 observed 
various midcourse test objects, characterized plumes, and 
made detailed observations of the Earth limb at several 
local times. The U3 and VI instruments on Delta 183 have 
recently made a number of strategically significant ob
servations, and their operations have been coordinated 
with those of other major SDI programs. 

The UVISI instrument consists of a suite of five spec
trographic imagers and four other imagers and associated 
electronics. Three sensors provide complete spectral and 
imaging capabilities from the far ultraviolet (100 nm) to 
the near infrared (900 nm). The UVISI can operate in a 
number of modes so as to perform optimum observations 
of diverse phenomena. It employs a robust design that is 
based on redundancy and distribution of function. For 
example, each of the nine sensor units has an independent 
power supply and electronics that allow it to operate 
when other units fail. The single-point failure of one unit 
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by itself will thus only partially degrade the perfonnance 
of the instrument as a whole. 

The Space-Based Visible (SBV) instrument, provided 
by MIT/LL under the sponsorship of the SSD and SDIO, is 
designed to demonstrate an above-the-horizon surveil
lance capability from a space platfonn using a visible 
wavelength optical sensor. Specifically, the primary ex
periment objectives are as follows: 
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1. To demonstrate advanced visible-band sensor tech
nologies in space, such as a CCD focal plane, a signal 
processor, and off-axis rejection optics. 

2. To collect and use visible-band target and back
ground phenomenology data to address critical mid
course surveillance issues, that is, detection of targets in 
background clutter and signature extraction for possible 
discrimination. 
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Figure 19. Midcourse Space Experiment (MSX) program, mission concept. MIT/LL = Massachusetts Institute of Technology/Lincoln 
Laboratory; ICBM = Intercontinental Ballistic Missile; UVISI = ultraviolet and visible imagers and spectrographic imagers; WTR = Western Test 
Range; SBV = space-based visible ; AFSCN = Air Force Space Command Network; USU/SDL = Utah State University/Space Dynamics 
Laboratories; OSDP = on-board signal and data processor. 

3. To collect ICBM flight data for input to ground
based functional demonstrations that employ scan-to
scan correlation and sensor-to-sensor correlation. 

4. To perform experimental demonstrations of the 
space surveillance capability from space. 

The telescope and analog processing assemblies are 
located forward of the spacecraft, the first for a clear field 
of view and the latter to maintain low noise in the focal 
plane processing. The remaining units are located in the 
electronics section. 

The telescope assembly is the sensor head for the SBV 

instrument and consists of a telescope, a CCD focal plane, 
a contamination prevention door, and a small set of focal 
plane electronics. The telescope is a 6-in.-aperture off
axis reimager that is designed to be compatible with a 
four-element array of the Lincoln Laboratory CCDI7 frame 
transfer CCD imagers. The cooling unit required for the 
focal plane is a thermoelectric cooler that can maintain 
the focal plane temperature at -40°C. The focal plane 
electronics include a video multiplexer, preamplifier, 
clock drivers, and filters. The payload also includes one 
reflective and three emissive reference objects, or 
spheres, provided by MIT/LL. These objects are for instru
ment calibration purposes and are used to evaluate flight 
sensor performance and band-to-band precision. The 
spheres have a diameter of about 2.5 em and an ejection 
velocity of 10 m/s. 
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Optical sensor performance is degraded when particles 
and gas molecules are deposited on mirrors and windows. 
The major source of this contamination is the spacecraft 
itself. This self-contamination results from spacecraft 
materials outgassing in a vacuum and from particles 
floating free from the spacecraft. To minimize this self
contamination, only low outgassing materials are used in 
building the spacecraft, and the spacecraft is kept as clean 
as possible by performing assembly and test in a 100,000-
class clean room provided with class-lO,OOO air. To mea
sure the effectiveness of an extremely rigid contamina
tion control plan, sensors will monitor the spacecraft 
environment during the mission to identify and quantify 
the types of contamination it contains. 

CONCLUSIONS 
The efforts provided by the Applied Physics Labora

tory in support of the SDIO have constituted a major 
element in the assessment of sensor technology. In par
ticular, the consideration and development of the ultra
violet sensors technology throughout the Delta programs 
have provided unforeseen benefits to SDIO. Through 
these programs, space-borne observations of rocket 
plumes have provided SDIO significant data for use in the 
development of deployed sensor architecture. 
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