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Abstract

This paper explores four Department of Defense (DoD) Space Test Program (STP) missions and
identifies lessons learned in successfully achieving responsive space flight. Case studies
included are NanoSat-2, Kodiak Star, MISSE 5, and SPHERES. In creating a responsive space
mission, often the focus is on getting a space vehicle built and a launch vehicle procured as
quickly as possible to get from a conceptual design to data from space in the least amount of
time. As STP has found, there are effective responsive space techniques that may be better
suited to a mission than merely building and buying components faster. The examination of the
four case studies leads to several conclusions: 1) be open to a change in plans and to solutions
that have never been attempted, 2) networking will create more opportunities, 3) if one wants to
do something quickly, commit wholeheartedly and apply enough resources to make the project
work, 4) risks and how to mitigate them should be identified in the beginning of a program, 5)
prior to “starting from scratch,” investigate the utilization of existing resources and designs, 6) be
prepared to take advantage of opportunities when they come along, and 7) making a project
scalable, so that objectives can be accomplished piecemeal, will increase the number of manifest
options.
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1. Introduction

Since space first became a viable theater of
operations for the Department of Defense
(DoD), the number and complexity of our
nation’s military space assets has dramatically
increased. The importance of and reliance by
warfighters on these systems created the need
for constant improvements, new technologies,
and a thorough understanding of the space
environment in which they operate. The DoD
Space Test Program (STP) was created to
meet this need, supporting development of
improved components, demonstrating new
technologies and applications, and enhancing
the understanding of the space environment.
A 1966 memorandum from the Director of
Defense Research and Engineering (DDR&E)
established STP, initially known as the Space
Experiments Support Program (SESP). The
memorandum founded the program as a DoD
activity under the executive management of
the Air Force. The Directorate of Space and
Nuclear Deterrence, Office of the Assistant
Secretary of the Air Force for Acquisition
(SAF/AQS) is responsible for overall STP
management. The Air Force Space and
Missile Systems Center, Detachment 12,
Space Test Program (SMC/Det.12/ST),
located at Kirtland Air Force Base, New
Mexico, is the Program Office for spaceflight
planning and execution. SMC/Det.12/STH,
located at Johnson Space Center, Houston, is
responsible for the planning and integration of
STP payloads on the Space Shuttle and the
International Space Station (ISS).

SAF/AQS annually convenes the DoD Space
Experiments Review Board (SERB), a tri-
Service and multi-agency body, established by
Office of the Secretary of Defense (OSD).
The DoD SERB reviews, discusses, and
prioritizes candidate space payloads seeking
subsidy for spaceflight. Following the DoD
SERB, the prioritized list is approved by
SAF/AQS and forwarded to STP for
execution. Since 1967, 168 missions have

been flown, carrying 435 payloads with a 90%
mission success rate.

In general, most STP missions fall into one of
three categories: dedicated free-flyer,
Shuttle/ISS or auxiliary payloads. For
payloads with unique support requirements,
STP funds, develops, integrates, launches, and
operates its own free-flying spacecratft,
capable of carrying one or more payloads with
compatible requirements. Some organizations
request spaceflight for fully integrated
spacecraft at the DoD SERB, seeking only
launch services and operations support from
STP. For situations such as these, STP
identifies and may procure a launch vehicle
for the spacecraft and may also provide
spacecraft operations to recover experiment
data (up to one year). Some payloads desiring
space access can be flown as auxiliary
missions with a host payload or host launch
vehicle. Piggyback payloads fly on and
receive services from a host spacecraft. Some
auxiliary missions are self-contained small
spacecraft that utilize the excess lift capability
of a launch vehicle with a primary spacecraft.
A final category of STP missions is a Space
Shuttle/ISS flight. When a payload on the
SERB list is considered to be a candidate for
the Space Shuttle or ISS, it becomes the
responsibility of STH in Houston.

Although STP’s primary responsibility is to
fly experiments approved by the SERB, non-
SERB customers can be served on a
reimbursable basis.

The traditional definition of responsive space
is to plan, acquire, and/or execute a space
mission quickly. At STP, the definition of
responsive space is broadened to include other
methods of being responsive, such as
maintaining flexibility in designs and manifest
options, networking, and reusing existing
designs. The following four case studies,
taken from recent STP experience, illustrate
this broadened definition of responsive space.
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2. Case Study 1: NanoSat-2

Nanosatellite Constellation, or University
NanoSats, is an Air Force Research
Laboratory (AFRL)-sponsored SERB payload
that consists of nanosatellites built by various
universities. NanoSat-2 is a constellation with
3 nanosatellites contributed by Arizona State
University, University of Colorado at Boulder,
and New Mexico State University. STP
initiated Shuttle integration and safety
activities in FY00, but NanoSat-2 had some
small test-related problems verifying safety
related satellite functions and the manifest had
been put on hold.

=

Figure 2-1. NanoSat-2.

2.1. Case Description

STP first learned of the Evolved Expendable
Launch Vehicle (EELV) Delta-IV Heavy
Demonstration (HLVD) mission from a Space
News article in September of 2000. The
article mentioned that HLVD would be flying
with only a simulation payload (DemoSat) to
facilitate the LV test. At the time the article
was written, there was no scheduled launch
date. STP investigated the opportunity to fly
an EELV Secondary Payload Adaptor (ESPA)
ring with multiple small research and
development (R&D) satellites on this mission.
However, this option was rejected due to the
interface mismatch between ESPA and the
DemoSat adaptor (47 inches vs 62 inches).

In November of the same year, SAF/AQS
inquired if STP could fly a payload on the
HLVD mission. At this time the launch date
was planned for October 2002. STP said there

were possibilities, and they would engage the
EELV SPO to investigate it further. Due to
the tight timeline and some perceived
technical issues, the opportunity was not
pursued. In January 2001, AFSPC/XP asked
STP to see if the Indian Ocean Meteorology
and Oceanography (METOC) Imager (IOMI)
satellite, or a populated ESPA could fly on
HLVD. The launch was still planned for
October 2002. STP responded that IOMI
could not be ready to meet the launch
schedule. In addition, the ESPA would still
have to be modified to meet the 47-inch
interface. As a result, it was deemed to be too
expensive and take too long.

The next serious enquiry to STP was in April
of 2003 when SMC/CC asked if there was
anything STP could fly on HLVD. By this
time the projected launch date had slipped to
September 2003. STP identified NanoSat-2 as
a potential HLVD payload. This proposal was
rejected by SMC due to perceived schedule,
re-testing, budget, and manpower issues. In
June of 2003, it was announced that the launch
had slipped to June 2004 and SMC/CC re-
energized STP to look at any opportunities
that were technically feasible. STP reviewed
the current SERB list and all of its manifested
missions to examine all options that it felt had
some technical merit. The EELV SPO
provided requirements established by the
sponsor including schedule, cost, re-testing,
and manpower. These were used as
guidelines, but STP did not rule out options
that violated only one or two of the
requirements, as STP did not know whether
SMC management might be willing to modify
some of the constraints in order to
accommodate an R&D payload. Four
experiment options were presented to
SMC/CC in September 2003.

e Nanosats-2, sponsored to the SERB by
AFRL to demonstrate low shock
separation subsystems, micro-propulsion,
and virtual formation flying.
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e Compact Environmental Anomaly Sensor
(CEASE), a SERB-ranked AFRL-
sponsored sensor to detect environmental
conditions in high radiation orbits that
could pose a hazard to spacecraft health.

e Camera for Laser Optical Test
(CAMELOT), a non-SERB AFRL-
sponsored sensor that will detect laser
jamming illuminations and demonstrate
filter see-thru in an operationally relevant
environment.

e Forward Technology Solar Cell
Experiment (FTSCE-2), a Navy Research
Laboratory (NRL)-sponsored non-SERB
experiment to investigate effects of the
space environment on emerging solar cell
technologies.

The Nanosat-2 option was chosen by
SMC/CC, even though it violated the mass
requirement levied by the HLVD team.

Although flying Nanosat-2 on HLVD was
given the go-ahead by SMC/CC in September,
it took four months of negotiations,
independent of STP, before work was started
on integrating and flying an auxiliary payload
on the HLVD mission. Currently, all
technical issues have been investigated and all
parties (Experimenter, STP, and EELV) feel
that they can be overcome and this should
result in a successful mission.

2.2. Lessons Learned

One important lesson that STP learned from
NanoSat-2 is to be open to a change in plans.
In this case, it was a change in the launch
manifest, as NanoSat-2 originally planned to
launch on the Shuttle. However, it is
appropriate to broaden this lesson and be open
to a wide variety of potential program
changes.

Another lesson to be learned from the
NanoSat-2 case study is to be innovative and
identify new options. Because STP did not
know how willing SMC management was to

putting a payload on HLVD, STP proposed
options that stretched the limits and did not
necessarily meet all of the requirements, but
were possible with minor modification.

An additional STP observation from the
NanoSat-2 case is that if the community as a
whole were more accepting of the idea of
auxiliary payloads, it would be far easier for
smaller missions to be executed responsively.

One final lesson learned is that when a
decision is made, press forward and force the
work to begin immediately. Technical issues
cannot be dealt with responsively if
negotiations are yet unresolved.

3. Case Study 2: Kodiak Star

The NASA Expendable Launch Vehicle
(ELV) office had an ELV that had to be
launched within twelve months, and the
NASA primary payload had recently been
demanifested. The NASA Athena mission
was Congressionally funded and had to launch
out of Kodiak Alaska with a real payload (it
could not launch empty).

e
Figure 3-1. Satellites on the Kodiak Star
Mission

3.1. Case Description

At the 2000 American Institute of Aeronautics
and Astronautics (AIAA) Utah State
University (USU) Small Satellite Conference
(August 2000), individuals from the STP
Mission Design office just happened to sit
down for lunch at the same table with
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members of the NASA ELV office. During
the course of the conversation, NASA shared
their launch vehicle plight. Within a month of
the first meeting, teams at both NASA and
STP had identified Starshine 3 (a NASA
payload), and three STP microsats (PICOSat,
SAPPHIRE, and PCSat) for eventual manifest
on Kodiak Star with STP funding assistance
for the SERB payloads. Multiple people
within each organization were identified to
work this mission exclusively. By the end of
October 2000 the Memorandum of Agreement
(MOA) was signed and the mission was real.
Kodiak Star was successfully launched on 29
September 2001.

PICOSat and SAPPHIRE were built and
looking for a launch, while PCSat and
Starshine 3 were still in the design phase.
Since PCSat and Starshine 3 were not built
yet, engineers sat down and examined the
programs and the risks. Once risk areas were
identified, plans were developed to mitigate
the problems to accommodate four spacecraft
on a mission originally designed for one, a
mission-unique adapter plate for the launch
vehicle had to be created. Lockheed Martin
built the adapter that was known as the
Payload Upper Deck or PUD. The PUD was
designed, built, and tested in five months.

For the overall mission, long-lead items and
the least mature systems were identified and
money and time were spent on those areas to
bring them up into the flow. In some
instances when a potential problem was
identified, a solution was being worked before
the engineers could confirm if they had a real
problem. In some instances problem did not
materialize, and the fix was not needed---but
they were ready if it was needed. The launch
was the first orbital launch out of a new and
remote launch facility. Many trips were made
to the site ahead of time to prepare and make
sure the team was ready.

3.2. Lessons Learned

The biggest lesson STP learned from Kodiak
Star is that networking is invaluable in
mission design. It keeps one abreast of what
opportunities are out there.

The Kodiak Star mission also shows that when
all parties stand to benefit, things can be
accomplished in a short amount of time.

An additional lesson learned is that if one is
committed to doing something, it is imperative
that an appropriate level of resources be
applied and it must be made a priority.

In order to meet an aggressive schedule, risks
must be identified early and mitigation plans
established at the start of the program.

4. Case Study 3: MISSE 5

The Materials International Space Station
Experiment (MISSE) Passive Experiment
Container (PEC) 5 payload is an experiment
that came to STP as a reimbursable mission.
The previous MISSE experiment series
(MISSE 1-4) came to STP through the SERB,
sponsored by the Air Force Research
Laboratory (AFRL). MISSE uses a PEC to
host materials that need to be exposed to the
space environment for extended periods of
time and then recovered for analysis on the
ground. The MISSE PEC, designed by
Langley Research Center, borrowed heavily
from the Mir Environment Exposure Payload
(MEEP) experiments that flew on the Mir
space station. Each number in the MISSE
experiment series is just another set of
materials put in the PEC for space exposure.
STP manifested MISSE 1-4 on the ISS. PECs
1 and 2 were launched in August 2001 and are
currently deployed on the ISS, and PECs 3
and 4 are targeted for the STS-121/ULF1.1
Shuttle mission destined for the ISS in late
Spring 2005. MISSE 5 uses almost the same
PEC design to get space/solar exposure data
on solar cells.
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Figure 4-1. The MISSE 2 PECs 3 and 4.

4.1. Case Description

When a reimbursable customer approached
STP about getting space/solar exposure data
on some new solar cells, STP personnel
remembered the MISSE series of experiments,
and proposed that the customer use the
developed and approved MISSE PEC. Unlike
the MISSE 1-4 experiments that served
merely to expose materials to space, the
MISSE 5 customer wanted to test the
performance of the solar cells as they were in
use, and therefore needed a battery, some
thermal control and a way to downlink data
directly to the customer’s ground site. The
customer went from making the minimal
design changes to the MISSE PEC to testing
the completed hardware in 15 months. In
addition, by choosing the MISSE system as
the means to deploy the solar cell experiment,
the team leveraged all of the previous work
performed on NASA human space flight
safety certification. For the majority of
Shuttle/ISS payloads, this certification process
can be the most significant schedule driver.
Often, it takes 2-3 years to complete the Space
Shuttle or International Space Station safety
process. The integration team must assess the
payload or experiment for any hazards that
could cause catastrophic or critical harm to
crew members, and then design in controls to
those hazards. For catastrophic hazards,

5

defined as causing a disabling or fatal
personnel injury, these controls must be dual
fault tolerant (two failures and the system is
still in a safe condition). Leveraging an
existing “experiment carrier” such as the
MISSE PEC significantly decreased the time
to complete the safety process. In addition,
with a known interface, the time to develop
integration and manifest documentation was
shortened, as was the time to develop Neutral
Buoyancy Laboratory training hardware and
procedures (for Extra-Vehicular Activity
deployment of MISSE 5 to an external ISS
attach site). In fact, the team used most of the
existing MISSE 1-4 products as a starting
point for MISSE 5. This allowed the team to
focus on the unique aspects of the MISSE 5
experiment (batteries, heaters, RF telemetry
system) in order to meet the short turn-around
from concept to flight-ready.

4.2. Lessons Learned

For human space flight payloads in particular,
the biggest constraint (and challenge) can be
the safety certification process. However, the
impacts of this process can be greatly reduced
by tapping into existing design solutions,
subsystem concepts, etc. Not only will this
ease the burden of the safety certification
process, but it also helps build familiarity and
confidence within the human space flight
community. This confidence translates into
flexibility in the safety and integration
process, and ultimately into a more responsive
approach to space flight of DoD experiments.
Without embracing the idea to use the MISSE
carrier design and all of the existing
documentation, procedures, training hardware,
etc, the 12-18 month goal of “concept to
flight-ready” would not have been met. By
reusing existing designs, experiments can get
from concept to on-orbit with much less time
and effort. Before inventing something new,
first look to see if there is anything that can be
reused.

AIAA 2™ Responsive Space Conference 2004



5. Case Study 4: SPHERES

The Synchronized Position Hold Engage Re-
orient Experimental Satellites (SPHERES)
testbed is a joint venture between the Defense
Advanced Research Project Agency
(DARPA), NASA, the Massachusetts Institute
of Technology (MIT), Payload Systems Inc,
and AFRL. SPHERES tests metrology,
formation flight, and autonomy algorithms
using from one to three autonomous micro-
satellites, a laptop computer, and five
infrared/ultrasonic (IR/US) transmitters. The
primary mission of SPHERES is to provide
the DoD and NASA a long-term,
replenishable, and upgradeable testbed for
validating high risk metrology, control and
autonomy technologies needed for operating
distributed satellite constellations. A
SPHERES microsatellite is shown in Figure
5.1 below.

Figure 5.1. A SPHERES microsatellite.

SPHERES is designed to be used in a two-
dimensional mode in the laboratory and in a
three-dimensional mode in NASA’s KC-135
aircraft and inside the ISS. During experiment
operations in three dimensions, the
microsatellites float freely, and
commands/telemetry are sent via a Radio
Frequency (RF) link with the laptop control
station. The 25-cm, 3-kg, SPHERES
microsatellites receive the IR/US “pings” from

the multiple transmitters distributed about the
test environment to determine position and
attitude and control their relative positions and
orientations in six degrees of freedom using
CO; cold gas thrusters. The microsatellites
communicate with one another for formation
flying via an RF crosslink.

5.1. Case Description

The SPHERES team briefed the 2000 SERB
with a request for spaceflight on the ISS. STP
first got the SPHERES team multiple flights
on NASA’s KC-135 to characterize the
SPHERES propulsion system and mass
properties, and then manifested them on a
Shuttle launch to be taken to the ISS in
September 2003. This Shuttle flight was
cancelled after the February 2003 Columbia
tragedy grounded the entire Shuttle fleet.
Despite this setback, STP encouraged
SPHERES to complete all manifest
documentation for a Shuttle ride in order to be
ready when the flight schedule resumed. All
required NASA documentation was complete
by STP by summer 2003.

As aresult of the NASA Shuttle grounding, all
ISS servicing had to be accomplished by the
Russian PROGRESS resupply vehicle. STP,
working with NASA, found that there were
flight opportunities available on PROGRESS
for higher-ranking payloads such as
SPHERES, if (1) the appropriate PROGRESS
safety documentation was completed, and (2)
if the payload fit within the mass constraints,
constraints that are in constant flux up until
about a month before launch. STP guided the
SPHERES team through the completion of the
additional PROGRESS safety documentation,
just in case room became available, learning
how to do it themselves in the process! The
mass of the full SPHERES experiment with
three microsatellites is 65kg, but STP,
concerned that there would not be that much
mass available, approached the SPHERES
team and NASA about putting a subset of the
SPHERES hardware on the August 2003
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PROGRESS flight (called “12P”).

Eventually, an IR/US beacon and beacon
tester were launched on this flight to
characterize the IR environment in Node 1 and
the US Lab on the ISS. To illustrate just how
responsive STP was, STP received the go-
ahead to integrate SPHERES on the 12P
PROGRESS mission only four months before
launch. An additional SPHERES complement
is manifested on the PROGRESS 14P
mission, scheduled for launch to the ISS in
May 2004. This complement includes 10.1 kg
of SPHERES hardware, including one of the
actual satellites. The plan is for the majority
of the SPHERES hardware to be carried up on
the next two Shuttle launches, starting with
the Shuttle Return-to-Flight in FYO05.

5.2. Lessons Learned

There are two lessons to be learned from
SPHERES. The first is to be prepared. By
pressing ahead with the NASA manifest
documentation, SPHERES put itself in the
position to quickly complete the additional
PROGRESS safety documentation. Much of
the original PROGRESS manifest process
could be bypassed, because the PROGRESS
team accepted a lot of the NASA
documentation as-is. The SPHERES team
then just had to accomplish the few additional
items for PROGRESS flight.

The other lesson to be learned from SPHERES
is to be flexible. If the entire experiment
cannot be accomplished immediately, is there
a subset that can be done now as a risk-
reduction or proof-of-concept that may save
time or money later? The SPHERES team
had already done a little thinking along this
line, with an experiment mode that included
only one microsatellite, in the event all three
could not be sent at once. It was just a small
reach for the team to go back one step further
to test the beacon and beacon tester first
independently.

6. Conclusion

Responsive Space does not always imply
doing a mission from scratch fast. Sometimes
it means being open to novel approaches and
changing course midstream. An organization
can be responsive if it uses the following
philosophies: 1) be open to a change in plans
and to solutions that have never been
attempted, 2) networking will create more
opportunities, 3) if one wants to do something
quickly, commit wholeheartedly and apply
enough resources to make the project work, 4)
risks and how to mitigate them should be
identified in the beginning of a program, 5)
prior to “starting from scratch,” investigate the
utilization of existing resources and designs,
6) be prepared to take advantage of
opportunities when they come along, and 7)
making a project scalable, so that objectives
can be accomplished piecemeal, will increase
the number of manifest options.
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