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ABSTRACT

The international space community, including National Aeronautics and Space
Administration (NASA), European Space Agency (ESA), Japanese National Space
Agency (NASDA) and others, are committed to using the Consultative Committee for
Space Data Systems (CCSDS) recommendations for low earth orbiting satellites. With the
advent of the CCSDS standards and the availability of direct broadcast data from a number
of current and future spacecraft, a large number of users could have access to earth science
data. However, to allow for the largest possible user base, the cost of processing this data
must be as low as possible.

By utilizing Very Large Scale Integration (VLSI) Application-Specific Integrated Circuits
(ASIC), pipelined data processing, and advanced software development technology and
tools, highly integrated CCSDS data processing can be attained in a single desktop system.
This paper describes a prototype desktop system based on the Peripheral Component
Interconnect (PCI) bus that performs CCSDS standard frame synchronization, bit
transition density decoding, Cyclical Redundancy Check (CRC) error checking, Reed-
Solomon decoding, data unit sorting, packet extraction, annotation and other CCSDS
service processing. Also discussed is software technology used to increase the flexibility
and usability of the desktop system. The reproduction cost for the system described is less
than 1/8th the current cost of commercially available CCSDS data processing systems.
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INTRODUCTION

The Goddard Space Flight Center’s (GSFC) Data Systems Technology Division (DSTD)
applies state-of-the-art Very Large Scale Integration (VLSI) Application-Specific
Integrated Circuit (ASIC) technology and advanced software technology and tools to
reduce the cost of ground telemetry data processing systems. With the arrival of high
performance, high integration and low cost ASICs, a new class of telemetry processing
equipment is possible. By utilizing VLSI ASICs, parallel architectures and pipelined data
processing, extremely high performance processing of telemetry data can be attained. In
addition, due to the high levels of integration and advanced software development
technology and tools, this performance is available in a desktop form-factor at a very low
cost.

The Desktop Satellite Data Processor (DSDP), a new desktop telemetry data processing
system, is being prototyped using these technologies. This system acts as a gateway that
captures and processes telemetry data streams and delivers them to users over standard
commercial network interfaces. The system is based on the Peripheral Component
Interconnect (PCI) bus and 0.6 to 0.4 micron complementary metal-oxide-semiconductor
(CMOS) ASIC technology.

The DSDP targets lowering the cost of acquiring and processing space science data by
demonstrating an inexpensive, highly integrated telemetry processing system containing
the full complement of return link and forward link processing functions. This paper
discusses the functions, benefits, and implementation of the DSDP prototype system.

FUNCTIONAL REQUIREMENTS & BENEFITS

The DSDP, shown in Figure 1, is designed to perform standard CCSDS telemetry
processing functions at data rates up to 150 Mbps using a midrange performance
workstation-class machine or 50 Mbps using a high-end performance PC-class machine.
The DSDP performs the following processing functions:

• IF reception, demodulation, bit synchronization, and Viterbi decoding.

• Synchronization, error detection, and identification of telemetry frames.

• Reed-Solomon error correction and detection.

• Extraction and reassembly of source packets.

• Sorting and grouping of source packets.

• Generation of quality and accounting data.

• Distribution of real-time packets and data sets.



• Uplink of spacecraft command data.

• Simulation of telemetry data.
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Figure 1. System Architecture

The DSDP will provide the following benefits for users of telemetry processing systems:

• Reduced cost:

♦ Development of reusable, low-cost 150-Mbps functional components.

♦ Target cost to be less than 1/8 of current Commercial-Off-The-Shelf (COTS)
based systems cost.

• Reduced size:

♦ Target size to be less than 1/4 of current COTS based systems size.

♦ Target system platforms are desktop form-factor (not including antenna and mass
storage).



• Improved usability:

♦ Easy to use and automated interfaces that allow the system to be configured and
operated by a non-specialist.

♦ Include framework and tools for planning/scheduling, management, processing,
generation and quality assurance of science data products.

• A total solution; from the antenna to the user network:

♦ IF reception, demodulation, bit synchronization, Viterbi decoding and optional
raw data capture.

♦ Front end processing including frame synchronization, Reed-Solomon decoding,
frame sorting and packet reassembly.

♦ Uplink of spacecraft command data.

• Support of multiple applications for ground systems handling telemetry data
streams, including:

♦ Operation control centers.

♦ Fixed and transportable ground stations.

♦ Compatibility test equipment, end-to-end system testbeds.

♦ Science data processing facilities.

♦ Spacecraft integration and verification.

♦ Launch support equipment.

♦ Direct downlink/broadcast user sites.

IMPLEMENTATION

The implementation of the DSDP emphasizes the utilization of VLSI technologies,
advanced software technology, and industry standards. The DSTD has developed a set of
VLSI Application-Specific Integrated Circuit (ASIC) chips that perform standard telemetry
processing functions such as frame synchronization, Reed-Solomon decoding and service
processing. These chips are integrated into a set of custom-designed, highly reusable cards
based on the industry standard PCI bus. Each card performs one or more generic telemetry
processing function, such as frame processing, packet processing, and data simulation. By
the high-level integration of these common telemetry processing functions into VLSI chips
and cards, the system achieves high performance, high reliability, low cost, and low
maintenance.



To integrate these custom cards together with Commercial-Off-the-Shelf (COTS)
components into telemetry data processing systems, the DSTD developed a generic
software package. With this package, a system designer can select and configure various
processing elements into a system, depending on the given system processing
requirements. Thus, the system based on this implementation offers high configurability,
reusability, and upgradability.

The DSDP consists of three custom-designed PCI bus modules and a custom-designed
software module integrated in a PC environment running WindowsNT. The modules
perform telemetry data processing and system control. The details of each module is given
in the following sections.

TELEMETRY DATA PROCESSING

The Telemetry Data Processing modules consists of the Digital Receiver Card, the Return
Link Processor Card, and the Forward Link / Simulator Card. All processing modules are
custom-designed and developed by the DSTD. All are designed to operate at a rate up to
150 Mbps. Their operations are illustrated in Figure 2.

The Digital Receiver Card core engine consists of one DSTD specialized ASIC: the High-
rate CMOS Digital Receiver Chip. The Digital Receiver Card receives an IF signal and
then performs BPSK or QPSK demodulation, Viterbi decoding, and bit synchronization.
Serial clock and data is then output via a 100K ECL interface to the Return Link Processor
Card.

The Return Link Processor Card, shown in Figure 3, integrates three DSTD designed
ASICs: the Parallel Integrated Frame Synchronizer Chip, the Reed-Solomon Error
Correction Chip, and the Service Processor Chip. The Return Link Processor Card
receives telemetry clock and data through an 100K ECL interface or a RS-422 interface
and frame synchronizes according to specified synchronization pattern and strategy. Reed-
Solomon error detection and correction is then optionally performed on the synchronized
frames. Data pieces are extracted from the frames and source packets are reassembled.
Data is then output, via Direct Memory Access (DMA), to the host memory for storage to
system disk and/or output over an Ethernet network.

The Forward Link / Simulator Card provides spacecraft command data uplink and
spacecraft data simulation. Spacecraft command data is received via user input or over an
Ethernet network. The data is then serialized and output via a RS-422 interface. Simulated
spacecraft data sets are generated off-line using a data simulation software package. The
data set is loaded into the Forward Link / Simulator Card memory and output, serially, via
an 100K ECL interface or an RS-422 interface.
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Figure 2. System Data Flow Diagram

Figure 3. Return Link Processor Board



SYSTEM CONTROL ENVIRONMENT

The System Control Environment (DSDP-CS) configures, commands, and monitors the
DSDP hardware. The DSDP must support a broad spectrum of user types, from developers
and system integrators to those that wish to view the system only as a black box that
provides them with the desired telemetry data. This section presents the conceptual model
implemented by the DSDP-CS. The model addresses the following major goals of the
system control environment:
 

• DSDP-CS supports robust, “hands off” processing without sacrificing easy manual
control when it is desired.

• Automated processing software can completely reconfigure the DSDP to meet the
needs of a particular pass. When necessary, a user can tweak a base configuration
for testing or unusual operational needs.

• A user is able to monitor DSDP at exactly the level appropriate to how he or she is
using the system. Sometimes, “Is a pass active?” is the only required status. Other
times, “What is the state of a particular chip on a particular board?” needs to be
determined.

• DSDP-CS is easily extended to support new hardware and software capabilities.

To address these goals, DSDP-CS encompasses the following key concepts:

• Processing Elements (PEs) are at the heart of the control environment. They are
components that can be configured for different processing modes, take directives to
perform specific actions, and offer detailed status about their current state.
Typically, a processing element is associated with a particular hardware board.
However, there are also software PEs that perform major processing such as data
set distribution.

• Dynamic Active Configuration allows the user to easily modify a single DSDP
parameter, all configuration parameters, or any subset in between. When DSDP
starts up, a base set of configuration parameters is loaded. Manually, the user can
start from the base configuration and cumulatively overlay new values for only those
parameters of interest, leaving the rest unchanged. Automated processing provides
the capability to overlay large sets of parameters to configure the system to meet the
exact requirements of a pass. PEs are major recipients of configuration changes.

• User Customizable Status Screens are basic to the DSDP-CS user interface. They
allow a user to individually tailor his view of the system to best support his current
operational or testing role. Only those status values deemed important need be
displayed but, any and all system status values are available for display. The type of



user interface component used to display the status is selectable in some cases.
Configured screens can be saved for future reuse.

• Automated Activities are predefined sequences of operations that support “hands
free” operation of the DSDP. Operationally, an activity might load configuration
parameters in preparation for a pass, send directives to hardware PEs to control
recording of telemetry data, send directives to software PEs to distribute recorded
data sets, and automatically call up user-defined status screens so the pass can be
monitored by an operator. Activities can also be created to support standard
integration and test scenarios. Individual directives can be manually inserted into the
processing stream to provide absolute commanding flexibility.

• A Distributed Architecture allows DSDP-CS to be easily extended or reconfigured.
Adding a new board to an existing DSDP host should be as simple as, plug in the
board, load a new PE program onto the host machine, and load new default
configuration parameters for the PE. Temporarily removing a board does not affect
operations that don’t rely on it.

CONCLUSION

The functions, benefits, and implementation of the DSDP has been discussed. Based on
the VLSI technologies the DSDP supports standard CCSDS telemetry processing
functions at data rates up to     150 Mbps using a midrange performance workstation-class
machine or 50 Mbps using a high-end performance PC-class machine. The advanced
software technology and tools used allows the system to support a broad spectrum of user
types, from developers and system integrators to those that wish to view the system only
as a black box that provides them with the desired telemetry data.

The DSTD works with the GSFC Office of Commercial Programs to commercialize the
technologies that it prototypes. The goal of the commercialization effort is to allow NASA
to procure low cost/high performance ground acquisition systems for future space and
earth science missions. The approach that DSTD uses is to license and commercialize
technology prototypes, including chips, boards, and software, through the Office of
Commercial Programs.
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