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Under the auspices of the joint Opera-
tionally Responsive Space (ORS) program,
two supporting aggressive research pro-
grams are being conducted by the U.S. Air
Force Research Laboratory (AFRL). ORS is
actively focused on timely satisfaction of
the urgent needs of the joint force com-
manders for improving the responsiveness
of space capabilities to meet national secu-
rity requirements. ORS communication,
navigation, and intelligence, surveillance
and reconnaissance (ISR) satel-
lites are being designed to rapidly
meet near-term space needs of
in-theater tactical forces by sup-
porting contingency operations,
such as increased communication
bandwidth and ISR imagery over
the theater for a limited period
to support air, ground and naval
force missions.

AFRLs Space Vehicles Direc-
torate, together with Scientific
Simulation Inc., was the first to
create the plug-and-play (PnP) sat-
ellite design for rapid construction
through modular components that
encompass the structural panels,
as well as the guidance and health
and status components. Expan-
sion of the PnP technology is cur-
rently being led by AFRLs Human
Effectiveness Directorate and Star
Technologies Corp. by pushing the bound-
aries of mobile hardware and software tech-
nology through the development of the
team’s Training and Tactical ORS Opera-
tions (TATOO) Laboratory located in Great
Falls, Va. The TATOO Laboratory provides
a computer-based simulation environment
directed at improving warfighters' space
capability responsiveness by delivering the
means to create and exercise methods of
in-theater tactical satellite tasking for and
by the warfighter.

PLuG-AnND-PLAY

Through an evolutionary design
approach, the Space Vehicles Directorate
has led a continual search for optimum
solutions for accelerating satellite technol-
ogies within the same core design; though
the formal configuration has remained the
same, several significant changes have come
through material and mechanical innova-
tions, resulting in an extremely modular
and complexly hidden PnP satellite model.
The PnP satellite architecture is a key com-
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ponent for improving ORS capabilities; by
way of its configuration the technology is
advancing mission-specific satellite support
by providing a communication solution for
configuring and launching satellites to a
selected orbit within days of a request. One
major challenge within the ORS acquisi-
tion cycle is constructing finite element
(FE) models that accurately predict (under
extraordinary time pressures) the response
of a satellite to requests that occur dur-

and can mount components in multiple
places to meet the various configurations
needed to support the requirements for dif-
ferent stages of the project. The innovative
design dramatically simplifies the assembly
process and limits the complexities and
integration challenges faced by both small
and large spacecraft by including microsys-
tems (the combination of microelectronics,
advanced packaging, and microelectrome-
chanical systems), high-performance com-
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TATOO fosters an environment for improving ORS Tactical CONOPS. [Source: AFRL]

ing launch and satellite operation. Conse-
quently, the newly developed technological
configurations of the satellites allow for
them (under strict time constraints) to
receive a design description and promptly
structure accurate response predictive
models of satellites in return.

Without comparison, PnP satellites rep-
resent a state-of-the-art technology that
takes full advantage of the principles and
self-describing mechanisms inherent in
the Space PnP Avionics (SPA) approach
with their revolutionary platforms that are
based on a self-organized network of self-
describing components, open standards
and interfaces. Through the use of an
integrated communications device, the sat-
ellites provide a fast turnaround to support
the simplification of model creation, ease
of design meodifications, and the timeline
reduction for rapid FE model creation.
Hidden beneath the satellites’ structural
panels are the mechanical, electrical and
software interfaces that apply SPA, which
accommodates up to 48 experiments. The
satellites’ interfaces are extremely flexible

puting on orbit, and reconfigurable systems
approaches (such as field programmable
gate arrays, adaptive wiring and software-
definable radio concepts), resulting in an
integrated system whose testing tasks can
be automated and abridged. -

The PnPsatellites represent an extremely
impressive technological achievement in
next-generation space-based communica-
tion.

TATO0

At present, the approach of delivering
satellite information to the warfighter is
not adequate on the modern battlefield;
however, through the development of the
TATOO Laboratory and the collaboration
with the Air Force Special Operations
Command (AFSOC), this problem is being
addressed through select space-technology
deficiencies, The solution provides direct
tasking satellite software; training mate-
rial; and procedures for the warfighter and
satellite systems operators. The technologi-
cal underpinnings of this newly developed
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technology will be the ease that allows
warfighters to model ORS satellite pro-
cesses and directly task the satellites for
communications and sensor data in opera-
tionally relevant time frames. The TATOO
Laboratory builds on concepts that tie in
directly with the operational side of ORS by
using realistic training and simulation to
support the development and evaluation of
ORS-specific concept of operations (CON-
OPS) approaches, along with the training
and evaluation of those CONOPS imple-
mentations for in-theater tasking, image
collection, and data retrieval from various
tactical satellites. TATOO fosters an envi-
ronment for improving existing ORS tacti-
cal CONOPS through the development,
demonstration and assessment of realistic
operations and training for autonomous
satellite tasking, scheduling, interface and
data retrieval for TacSats owned by in-
theater commanders.

For training exercises, TATOO incorpo-
rates the Spacecraft Design Tool (SDT) to
emulate ORS satellites and to provide an
environment for rapid prototyping of space-
craft using true PnP components, envi-
ronments and subsystems. SDT is AFRLs
high-fidelity dynamic spacecraft 6 degree-
of-freedom (6-DOF) simulation software
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used inside its Responsive Space Testbed
that offers both simulation and real-time
data display capabilities, including attitude.
The simulation tool can create an array of
component models for rapid responsive
space satellite and tactical satellite design,
including sensors, actuators, electrical,
propulsion, and attitude determination and
control systems (ADACS); moreover, it can
integrate with virtually any external pro-
gram, including MATLAB and other ther-
mal, structural and optics modeling tools.
The SDT also provides real-time messaging
that allows distributed satellite systems
operators (SSOs) to address each ORS sat-
ellite via a TCP/IP port, replicate aspects
of proposed ORS operations, and com-
municate the autonomous state-of-health
activities and battery-life status of each sat-
ellite. TATOO can also run 3-D interactive
training exercises focused on modeling and
experimenting with ORS constellation sizes
within the PnP framework, allowing users
to understand the resulting effects on the
timelines on meeting battlefield requests.
The TATOO Lab also supports the
advancement of tactical ground station
mission operations; tactical operations for
mission tasking and scheduling; tactical
mission data retrieval; and warfighter sup-
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port systems. Through the use of ESRI's
Geographic Information Systems (GIS)
based tools (currently ArcView and Falcon-
View), combined with Star’s Satellite Task-
ing Manager (STM) plug-in, the warfighter
and theater commander in the theater node
can view a projected ground trace of each
ORS satellite over a location with their
expected pass time, current tasking load
and capabilities. STM is a revolutionary
advancement in satellite tasking, providing
users a point-and-click interface designed
to simplify the process of requesting and
receiving satellite products. The plug-in,
accessed via a toolbar button in ArcMap
and FalconView, provides a mapping and
annotating functionality, giving users the
ability to create and model the processes
that are used to request a collection and
accordingly determine the best choice asset
for given ORS requirements. Working with
the ORS Service and Targeting component
(on-board each satellite in the ORS constel-
lation), the ground terminal-STM is able to
task any satellite in a given constellation,
move tasking requests from satellite to
satellite to meet constraints, track satellite
tasking loads and priorities, supervise slew
rates, and monitor the availability of ORS
assets.
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SOT is AFRL's high-fidelity dynamic spacecraft 6-DOF simulation software. [Source: AFRL]
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Satellite Tasking Manager is a revolutionary advancement in satellite tasking. [Source: AFRL]

A typical scenario for a PnP satel-
lite or tactical ground station request
entails a user connecting a Toughbook to
a PRC-117 military radio. The user then
opens FalconView and ArcMap to select
a coordinate set to represent an area of
interest on a map, and if needed informs
the STM of additional constraints. When
a satellite is in view, the user is alerted by
the ORS service and asked to authenticate
with the satellite. After authentication
and processing, the satellite transmits
a text-based message to the warfighter
containing the satellite’s expected pass
time, current tasking load and capabilities
to the STM through a TLE (two-line ele-
ments) file that represents the satellite’s
orbit. The STM interprets the message
and creates symbols to represent the sat-
ellite’s ground trace on a map using Fal-
conView and ArcMap's GIS-based drawing
tools. The user can then determine which
satellite is best suited to meet operational
requirements and eventually prepare and
send a tasking request directed through
an RF or an SIPRNet connection to a
specific satellite in-view within an ORS
constellation. If the satellite can perform
the task in the same pass, the product is
downloaded as soon as available; however,
if the satellite cannot perform the task
in the same pass and/or there are insuf-
ficient ORS assets, then the user is alerted
by the STM as to when the product can be
retrieved.

Star Technologies’ STM not only offers
solid task-management support to meet
operational objectives; it also offers the
possibility of high performance on-or-
bit computing (HPOOC) for the warf-
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ighter’s software, and imagde-processing
algorithms envisioned for AFRLs PnP
satellite effort. This technology is stream-
lining satellite tasking, spanning mission
capture to deployment, and is continu-
ing to expand the breadth
of support for ORS services
through the integration of
TATOO with PnP.

TATOO anp PnP
ProGram UNiFicATION

Accessible via the TATOO
Lab, the PnP satellite models
will be used to demonstrate
and evaluate leading edge
satellite technologies, such
as guidance navigation and
control, attitude control,
formation flying and PnP
electronics.

Inside the test environ-
ment, users will conduct
functional demonstrations
and experiment with warf-
ighter-satellite interactions.
Using the SDT, users in the
TATOO Lab will be able to
supervise and control the
simulated satellites and
their product delivery. The integration
of the two AFRL research programs will
rectify the current outmoded control-
ler workstations and ultimately minimize
the footprint for processing and display-
ing space-derived information, as well as
accelerate the delivery of space informa-
tion and products from deployed and
forward deploved locations.

Veronica Hernandez

Testing will also demonstrate a very
sound approach to satellite specialty
training by assisting ground force person-
nel in the preparation of satellite task-
ing and resource decisions across all
field conditions and at all security clas-
sification levels. Through the integration
of TATOO with the PnP satellites, the
USAF ultimately intends to aggressively
work toward equipping warfighters with a
higher degree of knowledge, precision and
efficacy needed for the successful opera-
tion of advanced satellite systems.

Capabilities for both PnP and TATOO
will be demonstrated via a first launch in
2009, The experimental PnP, incorporat-
ing TATOO communications for satellite
and ground systems, will provide a critical
advance for ORS. +
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For more information, contact MSMF Editor Marty Kauchak at
martyk@kmimediagroup.com or search our online archives
for related stories at www.msmi-kmi.com.
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