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SATELLITE CLUSTER CONTROL IN THE
DISTRIBUTED ARCHITECTURE SIMULATION LABORATORY

Ross H. Wainwright
Air Force Research Laboratory, Space Vehicles Directorate

ABSTRACT

The Air Force Research Laboratory (AFRL), Space Vehicles Directorate (VS), is developing an
advanced, space-based, sparse-array aperture system, called TechSat 21.  TechSat 21 will be a cluster of
micro-satellites that operate cooperatively to perform the function of a larger, single satellite at lower
cost.  AFRL is assembling a computer laboratory in which to support TechSat 21 development.  The
Distributed Architecture Simulation Laboratory provides high-fidelity simulations, visual displays,
analysis tools, and Satellite Cluster Control.  Satellite Cluster Control is flight software and hardware,
communication links, telemetry analysis, and command and control.

INTRODUCTION

A new way to perform missions from space is to use clusters of micro-satellites.  The micro-satellites
orbit in formation, and function cooperatively to perform the mission of a larger single satellite.  The
Space Vehicles Directorate of the Air Force Research Laboratory is exploring the cluster-of-satellites
concept in an effort called the Technology Satellite of the 21st Century (TechSat 21).  TechSat 21 will
demonstrate a space-based sensing mission such as moving target indication or geolocation [TS21].

Space Vehicles is also developing the Distributed Architecture Simulation Laboratory (DASL).  DASL
is a computer environment in which to develop and test new concepts in space systems starting with
TechSat 21.  Within the DASL are environmental, payload, and spacecraft simulations, payload analysis
and visualization tools, and ground and flight systems.  These systems work together to allow the
experimenter to test advanced concepts in a realistic environment.

This paper focuses on the ground and flight systems within the DASL that are collectively called
“Satellite Cluster Control”.  The Satellite Cluster Control segment of DASL includes flight software and
hardware, up/down/cross link communications, ground control, and a supporting database.  The First
Step in developing the Satellite Cluster Control segment within DASL is completed.  The Next Step is to
transform Satellite Cluster Control into a more realistic tool for testing the TechSat 21 concept.
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FIRST STEP IN DASL’S SATELLITE CLUSTER CONTROL

The first step in the Satellite Cluster Control configuration is illustrated in Figure 1.  The pictures of
monitors are separate computers.  The Simulation Controller is Linux.  The other three are Window NT.
The lines represent Ethernet connections.  Data that is transferred through each connection is noted next
to each line.

Figure 1. Current Satellite Cluster Control Configuration in the DASL

Using this configuration, we demonstrated a flight software simulation interacting with a ground station.
Positions derived by the flight software were used to drive a visual display of satellites in orbit over the
earth.  The major components were the Flight Software Simulation, an Intelligent Ground Station, and
the DASL Simulation Controller.  A third computer was required to provide connections between these
components using TCP/IP Sockets and Telnet.

4-Satellite Flight Software Simulation.  A simulation of four formation-flying satellites was developed
in a MatLab environment using a commercial tool developed by Princeton Satellite Systems (PSS)
called “ObjectAgent”.  PSS is under contract to the Space Vehicles Directorate to enhance ObjectAgent
in support of the DASL and TechSat 21.  ObjectAgent builds satellite flight-software simulations using
independent software agents.  Agents are excellent candidates for satellite flight software.  Agents are
modular (allowing replacement and upgrades), collaborative (cooperating satellite clusters), goal-
oriented (mission planning), and adaptive (respond to changes).  Using the ObjectAgent tool, traditional
flight software subsystems, such as attitude control, propulsion, and thermal, become software agents.



Since the satellites must perform as one “virtual” satellite, the concept of the Cluster Manager was
developed.  The Cluster Manager is an agent that resides on one of the spacecraft.  In this simulation, the
Cluster manager handles communications with the ground and controls the cluster.

Functions available to an agent are called skills.  The Cluster Manager’s skills included: (1) collecting
telemetry from all four satellites and transmitting it to the Intelligent Ground Station; (2) accepting and
acting upon commands sent from the Intelligent Ground Control, and (3) monitoring the state of the
cluster.  If a satellite failed, then the Cluster Manager sent that satellite away from the rest and
repositioned the remaining healthy satellites in a new formation.

Intelligent Ground Control.  Intelligent Ground Control was developed using Interface and Control
System's "Spacecraft Command Language" (SCL) and LabVIEW.  SCL is a command and control
system developed for space applications.  SCL is both procedural through the use of scripts and event
driven through the use of rules.  SCL is the command and control system, both on the ground and in
space, for the recently launched Far Ultraviolet Spectroscopic Explorer (FUSE) mission [FUSE].

The Intelligent Ground Control accepts telemetry from the Cluster Manager via Sockets, performs limit-
checking, computes derived values, and determines the state of each satellite and the cluster.  A user
interface was built using LabVIEW (Figure 2) connecting the user with SCL.  The LabVIEW interface
displayed telemetry and allowed the user to select and transmit commands to the Cluster Manager (also
via Sockets).  Procedural scripts were written to set up SCL prior to a simulation and are executed when
a rule fires to compute derived values such altitudes, velocities, and vehicle states.  Rules fire when a
data point changes.  Finally, SCL collects position and velocity vectors for each satellite, verifies
correctness, and transmits these vectors to the Simulation Controller’s PostGRES database.



Figure 2. SCL User Interface Using LabVIEW

Simulation Controller. The Simulation Controller is the traffic policeman at the middle of the DASL.
Most important to Satellite Cluster Control, the Simulation Controller provides access to a variety of
analysis and display tools.  The Intelligent Ground Station loaded the Simulation Controller’s PostGRES
database with position and velocity vectors that were used in turn to control the Orbit Visualizer Display
(Figure 3).  Thus, there is a direct connection between Flight Software Simulation and the view of
satellites moving in orbit.

Figure 3. Two Views of Four Satellites in Orbit



NEXT STEP IN DASL’S SATELLITE CLUSTER CONTROL

The next step is to increase the fidelity of Satellite Cluster Control (Figure 4).  The most noticeable
change in the next step configuration is that a VME chassis has replaced the 4-Satellite Flight Software
Simulation.  Flight software functionality is ported to single-board-computers and real-time operating
systems.  In addition, there is now a separate Database.  As before, the lines represent Ethernet
connections.  Data that is transferred through each connection is noted next to each line.

Figure 4. Next Step in DASL’s Satellite Cluster Control

Using this, we will configuration demonstrate a more realistic satellite cluster interacting with a ground
station.  Positions derived by the flight software will continue to drive a visual display of satellites in
orbit over the earth.  The capabilities of the Intelligent Ground Station (SCL) will be improved, and the
Database is an important addition.  The major components of the next step configuration are the
VMEbus based satellite cluster, the Intelligent Ground Station, the DASL Simulation Controller, the
Database, and Communications.

VME.  VME was selected as the spacecraft bus because VME is potentially one of the buses that will be
used in TechSat 21.  In addition, a VME 6U form factor is used by MightySat II.1.  (MightySat’s
requirements for voltage bus isolation force usually eliminates commercial-off-the-shelf products and
requires custom boards.)  The DASL has two large VME chassis (Figure 5).  The back-planes of each
are split into four five-slot back-planes.  In each chassis, the five-slot back-planes are electrically
connected but logically separated.  Thus each five-slot back-plane represents one satellite back-plane.



Figure 5. VME Chassis

Flight Processor: Single-board computers represent flight processors.  Eight Force Computer
PowerCore-6750 were purchased, and are installed into the eight five-slot VME back-planes.  The 6750
is a VME 6U board with a PowerPC 750 processor.  It is desirable that DASL’s flight processors have a
path to being used in space.  Lockheed Martin Space and Electronic Communications’ RAD750TM
radiation hardened PowerPC microprocessor is functionally identical to the commercial PowerPC 750
[LM].

Real-Time-Operating System and Flight Software: The ObjectAgent flight software will be translated
into C++ and it capabilities extended.  The real-time-operating-system is Enea Systems/OSE.  An
essential element of the PSS approach is agent message passing that provides a reliable method for
agent-to-agent communication both on a single processor and across networks [PSS].  Enea Systems’
OSE operating system was selected because its design optimizes message passing.

At this writing, the onboard command and data handling subsystem will be Spacecraft Command
Language.  The command and data handling subsystem onboard a satellite collects and packages
telemetry for transmission to the ground, and accepts and distributes commands received from the
ground.  This subsystem may also be tasked to detect on-board fault conditions and take appropriate
actions.

Cross-Links:  The PowerCore-6750 is delivered with a front panel Ethernet connection.  Ethernet
becomes the cross-link.  This approach may need to be adapted to add realism as the DASL is
developed.  Ethernet is much faster that the expected 128 Kbps expected cross-link.  It may be desirable
to simulates cross-link errors, link degradations, or link disconnects.



Up-Link and Down-link: The space-to-ground and ground-to-space links will be modeled using
Ethernet.  Again it may be important to model degradations in the future.

The Research, Development, Test, and Evaluation Support Complex (RSC) at Kirtland AFB is the likely
TechSat-21 spacecraft ground operations center [TTC].  The RSC is operated by Space and Missile
Systems Center’s Test and Evaluation directorate (SMC/TE) out of Kirtland AFB.  The RSC provides
access to the global Air Force Satellite Control Network (AFSCN) facilities [RTC].  Per RSC
recommendations and our research, S-band state-of-health down-link in DASL will be frame formatted
telemetry.  Frame formatted telemetry is well understood, easy to implement, and commercial hardware
that implements such frames is easy to find.

Command formatting in DASL will be compatible with the AFSCN.  In the RSC, commanding is
performed by the ARTS Interface Module and AIM Control Module software, which are products of L3
Communications [RSC].  Command packets will follow Consultative Committee for Space Data
Systems (CCSDS) Telecommand recommendations.

Intelligent Ground Control. The Intelligent Ground Station development will continue using SCL.  The
ground station will monitor telemetry using LabVIEW displays, and will provide commanding
capability.  The Intelligent Ground Station will send position and velocity vectors to the Simulation
Controller for visual display and radar performance analysis.

Simulation Controller. The Simulation Controller is still the traffic policeman at the middle of DASL.
The Sim Controller provides access to star sensors, radar simulations, and other simulations the flight
software will require.

Database.  All data produced by Satellite Cluster Control will be collected and stored in the Database.
The database will also be used for configuration control.  Examples of what the configuration database
will save are: production codes, telemetry frame formats, and telemetry measurand descriptions.  (This
is not the same as the PostGRES database resident on the Simulation Controller.  The Simulation
Controller will retain its PostGRES (or similar) local database.)

CONCLUSION

A demonstration planned for the near future will use three PowerCore 6750 boards to represent three
satellite flight processors.  The ObjectAgent Attitude Control Subsystem (ACS) and Guidance,
Navigation, and Control (GNC) agents will be migrated to the boards and the Enea Systems / OSE real-
time-operating-system.  A sensor simulation will be loaded on the Simulation Controller to support the
ACS and GNC agents.  For example, the sensor simulation might provide star sensor or reaction wheel
read-outs to the ACS agent.  SCL will also be migrated to the 6750 boards and OSE operating system
and perform as the Command and Data Handling Subsystem [TELECON].

The DASL environment allows TechSat 21 engineers to devise and test new concepts in Satellite
Operations.  In the last few months, satellite simulations, intelligent ground systems, and visualizations



have been built and pulled together into an end-to-end system.  The continuing effort is to create a more
precise laboratory in which to investigate the TechSat 21 concept.
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