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ABSTRACT

The wide use of  standard packet telemetry protocols based on the Consultative
Committee for Space Data Systems (CCSDS) recommendations in future space
science missions has created a large demand for low-cost ground CCSDS processing
systems. Some of the National Aeronautics and Space Administration (NASA)
missions using CCSDS telemetry include Small Explorer, Earth Observing System
(EOS), Space Station, and Advanced Composite Explorer . For each mission, ground
telemetry systems are typically used in a variety of applications including spacecraft
development facilities, mission control centers, science data processing sites, tracking
stations, launch support equipment, and compatibility test systems . The future
deployment of EOS spacecraft allowing direct broadcast of data to science users will
further increase demand for such systems.

For the last ten years, the Data Systems Technology Division (DSTD) at NASA
Goddard Space Flight Center (GSFC) has been applying state-of-the-art commercial
Very Large Scale Integration (VLSI) Application Specific Integrated Circuit (ASIC)
technology to further reduce the cost of ground telemetry data systems . As a
continuation of this effort, a new desktop CCSDS processing system is being
prototyped that offers up to 150 Mbps performance at a replication cost of less than



$20K. This system acts as a gateway that captures and processes CCSDS telemetry
streams and delivers them to users over standard commercial network interfaces . This
paper describes the development of this prototype system based on the Peripheral
Component Interconnect (PCI) bus and 0.6 micron complementary metal oxide
semiconductor (CMOS) ASIC technology . The system performs frame
synchronization, bit transition density decoding, cyclic redundancy code (CRC) error
checking, Reed-Solomon decoding, virtual channel sorting/filtering, packet extraction,
and quality annotation and accounting at data rates up to and beyond 150 Mbps.
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INTRODUCTION

The international space community, including the National Aeronautics and Space
Administration (NASA), European Space Agency (ESA), National Space
Development Agency of Japan (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 standard and the availability of
direct broadcast data from a number of current and future spacecraft, a large
population of users could have direct access to earth science data . However, to allow
for the largest possible user base, the cost of processing this data must, to the greatest
extent possible, be trivialized .

With the arrival of high performance, high integration and low cost application
specific integrated circuits (ASIC), a new class of telemetry processing equipment is
possible providing outstanding performance at a cost that is a fraction of traditional
systems. These high levels of integration offer the opportunity to attain very high
performance telemetry processing (>150 Mbps) in a desktop form-factor at a very low
cost [1]. This paper describes a prototype desktop system based on the Peripheral
Component Interconnect (PCI) local bus and submicron VLSI ASIC technology . The
system performs a host of CCSDS processing functions including frame
synchronization, bit transition density decoding, cyclic redundancy code (CRC) error
checking, Reed-Solomon error correction, sorting, packet extraction, and annotation at
sustained rates over 150 Mbps . The system also has the capability to process weather
satellite formats . The system's intelligent user interface and extensive user
programmability makes it applicable to a wide variety of current and future space
missions. The Desktop CCSDS Gateway will dramatically decrease replication costs
as compared to today's deployed systems with equivalent performance [2] . The high



integration ASICs and low-cost PCI bus are expected to yield over 90% reduction in
cost.

THE DESKTOP CCSDS G ATEWAY

The Desktop CCSDS Gateway System, shown in Figure 1, is comprised of three
functional components:  The host system, the “Leopard” Return Link Processor
(Leopard-RLP) card and the Intelligent User Interface Software (IUIS) . The host
system is a personal computer or server that supports the PCI local bus . It provides a
platform to support the Leopard-RLP and runs the IUIS . In addition, any network
interfaces (Ethernet, ATM, FDDI, HIPPI or others) required for data distribution are
supported from the host system using commercial add-in network interface cards
(NICs). The PCI local bus is a high performance synchronous bus that has a peak
transfer rate of over 1 Gbps . It was developed by Intel and has found wide acceptance
in the personal computer (PC) community [3] . Intel, Motorola, Apple, IBM, DEC, Sun
and others have committed to PCI for systems and components .

The high performance and low cost of this bus provides a perfect data transfer
mechanism for the Desktop CCSDS Gateway System . By allowing such high transfer
rates to the NICs, throughputs of over 150 Mbps can be attained . The initial prototype
Desktop CCSDS Gateway System is based on the Apple Power Macintosh . By
rehosting the user interface and driver software, virtually any PCI-based system can
host the return-link processing subsystem . Other systems that may be used as host
include Pentium-based PCs, DEC Alpha-based workstations, and others from IBM,
Motorola and various PC clone makers .

The Leopard-RLP Card is a single PCI card which provides the actual CCSDS return-
link processing. This processing includes frame synchronization (CCSDS or weather
satellite algorithms), bit transition density decoding, time-tagging, CRC checking,
Reed-Solomon error detection and correction, services processing (including path
packet, encapsulation, virtual channel data unit (VCDU), virtual channel access
(VCA), bitstream and insert), data filtering (by virtual channel identifier (VCID) and
application identifier (APID)), data routing, annotation and data distribution (See
Figure 2).
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Figure 1:  Desktop CCSDS Gateway System

The input to the Leopard-RLP Card is either TTL-level serial clock and data for low
rate data (< 20 Mbps) or differential ECL clock and data for data rates up to 150
Mbps. After the data is received by the Leopard-RLP card, it is run through a serial to
parallel converter and translated to TTL-levels . By converting the data to a parallel
format, a much lower system clock can be used allowing the use of commercial
CMOS technology for the majority of the card which provides many benefits
especially in the area of cost and power . This parallel data then feeds the CCSDS
Protocol Processing Pipeline . Most of the functions of the Leopard-RLP are
implemented in this pipeline using three highly integrated VLSI ASICs developed by
the DSTD's Microelectronic Systems Branch:

• The Parallel Integrated Frame Synchronizer Chip (PIFS)
• The Reed-Solomon Error Correction Chip (RSEC)
• The Service Processor Chip (SP)
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Figure 2:  Leopard-RLP Block Diagram

These three chips are based on submicron CMOS technology and utilize parallel and
highly pipelined architectures to achieve high levels of performance . In addition, by
utilizing commercial CMOS foundries for the manufacture of these chips, they are
extremely low-cost (< $500 ea.) 4. The PIFS chip provides frame synchronization for
space science as well as weather satellite formats . Bit transition density decoding,
CRC checking and time-tagging are also performed in this component . The RSEC
provides Reed-Solomon error detection and correction, interleaving and deinterleaving
for interleaves from 1 to 16 (the Leopard-RLP supports interleaves 1-8) and flexible
frame annotation . The SP chip provides all CCSDS AOS service processing as well as
annotation, data quality checking and status . This set of three chips plus associated
table look-up memory and buffering provides complete CCSDS return-link
functionality at rates over 150 Mbps . In addition to providing CCSDS telemetry
processing, a high level of configurability and flexibility allows the chips to handle
new requirements simply by changing the internal setup registers via the driver
software.

The SP chip outputs processed data products (for example, annotated packets) . From
there, the data is routed to a first-in first-out (FIFO) memory bank where it is sorted
by destination. It is then stacked into 32-bit words and transferred to another FIFO
where it awaits direct memory access (DMA) output . All data processed by the



Leopard-RLP is output to the PCI bus and routed to any device resident on the bus via
extremely flexible DMA circuitry . This allows data to be moved to any number of
devices limited only by the system resources . Some typical data sinks are:  SCSI-2
disk farms, local system memory (for immediate analysis), Ethernet network interface
card (for transfer to remote users) or ATM network interface card (for high-speed
transfer of data to remote users) . The DMA circuitry uses 2 MBytes of table memory
to coordinate routing of over 8000 data sources to over 16,000 possible destinations .
Both the stacker circuit and the DMA circuit are implemented using AMD MACH
Series 400 parts . These parts provide high performance and are in-circuit
reprogrammable using a JTAG interface . This allows not only easy test of the parts
but also extreme flexibility and the ability to upgrade a system to meet new user
requirements without replacing any parts on the card.

The PowerPC IBM403GA embedded controller and its associated memory (8 MBytes
DRAM and 4 MBytes Flash) are the local intelligence on the Leopard-RLP card . The
controller collects local card status and receives commands from the host system and
intelligent user interface software . In addition, it provides a power-on-self-test (POST)
to verify the operation of the Leopard-RLP before any critical data is run through the
system. If a problem is found, the POST software can isolate the fault to a functional
block level. To perform this function, it first runs a JTAG test routine on all applicable
parts, it then tests all memories and programmable parts on the card and generates a
realistic test data set which it sends to the test FIFO . This data set is routed through
the system and the output products are automatically examined for correctness by the
controller.

Figure 3 shows the physical layout of the Leopard-RLP card . Not shown is the SP
mezzanine which includes the SP chip and associated memory . The SP mezzanine is
approximately 3.5” by 6” and attaches to the board via a high density 200 pin surface
mount connector and four mounting screws.

The intelligent user interface software provides a way for the end user to configure
and control the Desktop CCSDS Gateway System . This software consists of two
entities: the driver software and the application software . The driver software can be
further subdivided into Leopard-RLP resident routines and host driver software . The
Leopard-RLP communicates to the host system via the PowerPC IBM 403GA
embedded controller . This embedded controller runs the VxWorks real-time operating
system locally and supports a variety of high level commands from the host system
such as queries for status and set-up instructions for a specific spacecraft, as well as,
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Figure 3:  Leopard-RLP Physical Layout

reset and self-test . The host driver software simply sends these high level commands
to the Leopard-RLP card and the on-board controller translates them into the
appropriate register modifications.

The application software allows the user to configure, monitor and command all data
processing functions of the Desktop CCSDS Gateway System . It is designed to
accomplish two major goals . The first goal is to allow anyone to acquire science data
without becoming a telemetry data systems expert . This implies that the software must
be easy to use with a minimum of specialized knowledge necessary to properly
configure the system . The second goal is to provide the flexibility to support new
missions and changing mission requirements and to fully exploit the myriad of options
available for system configuration and monitoring . These two, sometimes conflicting,
goals were resolved by providing various levels of abstraction to the user . At the
highest level of abstraction, the user needs to know from what satellite he or she wants
to receive data. If a database has been previously created for this satellite, the user
selects that satellite and all configuration of the system is performed automatically . If
an error is encountered during data processing, the user is notified of the error and any
corrective action necessary .

For a more accomplished user, various system parameters may be adjusted depending
on specific mission requirements . The IUIS allows the user to traverse the layers of
abstraction from the hardware to the point of modifying individual bits in the lookup
tables and configuration registers . By supporting all levels of interaction, from high
level system commands down to single bit manipulations, the IUIS can support a wide
range of users and by organizing and abstracting this information, it is all presented in
a clear, concise format that promotes understanding.



CONCLUSION

This paper has presented a Desktop CCSDS Gateway System that provides a price-
performance point that is an order of magnitude better than any other CCSDS
telemetry system developed . The use of PCI Local Bus for the base system allows
high performance, low cost and wide-spread applicability . The Leopard-RLP card
provides a flexible, high-performance solution for CCSDS telemetry processing and
the Intelligent User Interface Software allows users who are not telemetry data
systems experts to efficiently operate the system while at the same time giving
advanced users  the capability to fine tune the system for a wide variety of special
requirements. The combination of a low cost, high performance and ease-of-use
allows a whole new class of users to take advantage of telemetry data from current
and future satellite missions.
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NOMENCLATURE

AOS advanced orbiting systems
APID application identifier
ASIC application specific integrated circuit
CCSDS Consultative Committee for Space Data Systems
CMOS complementary metal oxide semiconductor
CRC cyclic redundancy code
DMA direct memory access
EOS Earth Observation System
FIFO first-in first-out memory
GSFC Goddard Space Flight Center
JTAG joint test action group
Mbps mega-bits per second
NIC network interface card
PCI Peripheral Component Interconnect
POST power-on-self-test
SCSI small computer systems interface
VCA virtual channel access
VCDU virtual channel data unit
VCID virtual channel identifier
VLSI very large scale integration


