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ABSTRACT

The Small Explorer (SMEX) Program at NASA's Goddard Space Flight Center
(GSFC) is the first set of Goddard missions to employ Consultative Committee for
Space Data Systems (CCSDS) recommended standards(1)(2) for telemetry data
transmission. These international standards form the basis for much of NASA's future
telemetry data system development. The GSFC's Data Systems Technology Division
(DSTD) has been heavily involved with the development of systems for both flight
and ground system application of these standards since 1985 (3). The result of this
effort is the development of an approach which provides basic subsystem and system
solutions which meet these standards. Based on this approach, a number of generic
telemetry processing systems have been adapted to meet applications for the SMEX
Program. Some of these applications include: the initial capture, processing, and
distribution of CCSDS data for the integration and testing of the SMEX spacecraft
before launch; the ground station data acquisition, processing, and transmission; local
science data distribution; and other applications involving ground system testing and
verification. The purpose of this paper is to describe a number of these applications
and to show how generic system elements were configured and adapted to meet all of
the requirements for these applications.

1.0 INTRODUCTION

The Small Explorer program, managed by the GSFC Special Payloads Division, was
developed to provide frequent flight opportunities for highly focused and inexpensive
space science missions. The first mission, the Solar Anomalous and Magnetosperic
Particle Explorer (SAMPEX), was launched successfully in July 1992. The next two
missions, the Fast Auroral Snapshot Explorer (FAST) and the Submillimeter Wave



Astronomy Satellite (SWAS), are scheduled for launch in August 1994 and April 1995
respectively. The SMEX missions are unique in that they are the first to utilize the
CCSDS recommendations for telemetry data transmission. Through these path-finding
missions, a number of systems capable of processing CCSDS telemetry data were
developed and deployed. These systems provide CCSDS return and forward link
processing functions in a number of applications required for: spacecraft integration
and test; ground station data capture and network distribution; mission operations and
science data processing; and ground system and end-to-end testing. Across all of these
functional areas common CCSDS processing systems and subsystems developed by
the DSTL were utilized. The following sections describe the overall architecture of the
SMEX test and ground system, and show how these CCSDS based systems and
subsystems are used to test and operate the SMEX missions.

2.0 SMEX-FAST MISSION TEST AND GROUND SYSTEM OVERVIEW

The Small Explorer Fast Auroral Snapshot (FAST) Mission, to be launched in August
1994, is probably the best example of how the CCSDS standards can foster common
systems elements in both the flight and ground system architectures. This mission will
investigate auroral plasma physics during its one year lifetime. During the mission
various ground stations will be utilized to transmit FAST spacecraft telemetry data to
and from the Mission Operations and Data Processing Center at GSFC. After initial
processing at GSFC all spacecraft data is forwarded to the University of California,
Berkeley, Science Operations Center (UCSOC) for analysis. Additionally, remote
science operations centers at Poker Flat, Alaska, and Kiruna, Sweden, will receive
telemetry data in realtime during a special two month period called the northern
campaign period. The campaign period will allow the Principal Investigator (PI) to
perform ground based corroborative science with the FAST spacecraft, sounding
rockets and other spacecraft. This campaign period will involve highly interactive and
intensive science activities.

The architecture of the NASA test and ground system used in support of the FAST
mission is shown in Figure 1. This system consists of a number of geographically
diverse NASA ground stations which transmit FAST spacecraft data to the GSFC
Mission Operations and Data Processing Center, and to the two remote science
operations centers during the campaign period. At GSFC, the mission operations
center provides for the health and safety of the spacecraft. Operating within this same
facility, the data processing system provides "level zero" processed data sets to the PI
at UCSOC. Both of these functions will operate twenty four hours a day seven days a
week during the mission lifetime. On the flight side, the FAST Spacecraft Integration
and Test Systems provides for the proper validation of the spacecraft before the launch
of the spacecraft.



FIGURE 1 - FAST TEST AND GROUND SYSTEM

Throughout the FAST mission test and ground system, common systems which
provide for CCSDS return and forward link data transmission and processing are used.
The next sections will show the general architecture of these functional areas and
highlight the common processing systems in each area.

3.0 COMMON SYSTEMS WITHIN THE FAST TEST AND GROUND
SYSTEM

Within the FAST test and ground data system, CCSDS data processing systems based
on a common architecture serve the mission throughout the world. These common
systems are based on open bus VME platforms in which CCSDS functions such as
frame synchronization, error detection and correction, service processing (such as
packet reassembly) are basically mapped into functional cards. Figure 2 shows an
pictorial of one of these typical systems. In general these systems act either as CCSDS
"gateways", "rate-buffers" , or "file-servers".

As a CCSDS "gateway", these systems provide for the conversion of CCSDS forward
and return link telemetry data into common ground based network protocols for
example either NASCOM 4800 bit blocks or standard TCP/IP packets and for the
distribution of the data via ground network. As a CCSDS "rate buffer", these systems
meter spacecraft data onto bandwidth limited networks while still forwarding critical
real-time data with minimal latency. As a CCSDS "file server", these systems provide
for the capture, demultiplexing, sorting and merging of data on a pass per pass or



multiple pass basis. In many cases the systems developed provide one or more of
these capabilities.

FIGURE 2 - TYPICAL SMEX CCSDS TELEMETRY DATA PROCESSING
SYSTEM

3.1 Spacecraft Integration and Test System

The Spacecraft Integration and Test System (I&T) shown in Figure 3 provides a
complete transportable system which can be used to completely verify the FAST
spacecraft operations before launch. For return link data the FAST I&T System
provides a commercially available bit synchronizer and Virterbi decoder. From this
output, baseband CCSDS transfer frames are transmitted serially to the Front End
Telemetry and Command Processor (FTCP) which reassembles CCSDS packets from
the transfer frames and annotates them with quality and timecode information. From
the FTCP system, the annotated packets are transferred based on Ethernet and
standard TCP/IP protocol to the I&T Ground Support Equipment (GSE) network.

The I&T GSE network supports a number of test workstations that receive the
annotated packets and convert the raw packet data to subsystem (e.g. thermal, power,
attitude etc.) engineering units which are displayed to the test operator and monitored



by the various spacecraft subsystem developers. Additionally, the science
investigators can receive the instrument data packets and monitor the operation and
function of the four instruments on the FAST spacecraft in support of instrument
integration.

FIGURE 3 - SMEX INTEGRATION AND TEST ENVIRONMENT

In the forward link direction, the test workstations maintain the necessary database
which are used to command and control the FAST spacecraft and instrument
subsystems. The test workstations generate individual commands or complete
command loads for operating the spacecraft, and transmits (via Ethernet TCP/IP) them
as CCSDS telecommand data units to the FTCP system. The FTCP receives the
telecommand data units, provides any necessary coding or time tagging and serially
transmits these to the FAST spacecraft. In the FAST Integration and Test System, the
FTCP system acts as both a CCSDS "gateway" and a "rate buffer", distributing
realtime packets to the test stations and Instrument Ground Support Equipment
(IGSE) via standard protocols (TCP/IP) and rate buffering high rate FAST data
through the Ethernet network.

3.2 Ground Station Systems

The FAST mission is a very demanding mission in terms of ground station support
functions, and in terms of actual data rate (2.25 Mbps downlink rate). Based on
science objectives, the mission requires up to 11 passes a day during the campaign and



four to six passes a day during other mission phases. Multiple, geographically diverse
ground stations are used in support of the FAST mission. This support includes
ground stations located at Wallops Island, Virginia; Poker Flats, Alaska; Santiago,
Chile; Meritt Island, Florida; Canberra, Australia; and Kiruna, Sweden. Additionally,
two of the ground stations (Poker Flat and Kiruna) support remote science operations
centers. A typical ground station, the Wallops Transportable Orbital Tracking Systems
(TOTS), is shown in Figure 4.

FIGURE 4 - TYPICAL GROUND STATIONS (TOTS)

Besides the normal RF and tracking systems, nearly all of the ground station CCSDS
"gateways" allow data from the spacecraft to be encapsulated in standard NASCOM
4800 bit blocks and transmitted via the NASCOM network to the Goddard Mission
Operations and Data Processing Center. In general, these "gateways" provide for
common CCSDS functions such as frame synchronization, error detection and
correction, virtual channel sorting, and in some cases packet reassembly. At a number
of the ground stations "rate buffering" at the transfer frame level is provided because
of rate limitations on circuits from the ground stations to GSFC. At two of the ground
stations (Poker Flats and Kiruna) distribution and rate buffering of reassembled FAST
science packets are provided to the remote science operations centers.



Overall, approximately fifteen common VME based systems will be utilized by the
FAST mission to capture and distribute spacecraft data to GSFC or to remote science
operations centers.

3.3. Mission Operations and Data Processing Center

Within the Mission Operations and Data Processing Center, the FAST Packet
Processing System (PPS) acts as a CCSDS "file server" for FAST data received from
the various ground stations. Shown in Figure 5, the FAST-PPS System will provide
an highly automated system which receives in CCSDS transfer frames embedded in
NASCOM blocks. The FAST-PPS System provides NASCOM deblocking, frame
synchronization and any error checking necessary based on the CCSDS
recommendations. The system provides CCSDS "gateway" functions by transmitting
annotated packets in realtime to the IGSE during the launch and early orbit to
facilitate FAST instrument test and checkout. Throughout the mission the FAST-PPS
acts as a "file server" by reassembling, quality checking, annotating, sorting, merging,
and time ordering CCSDS packets for each data source into individual files based on a
single or multiple pass event. These files once constructed are then transmitted
autonomously to the UCSOC at Berkeley for further processing and analysis.
Additionally, the FAST PPS provides time ordered and quality annotated files of
attitude packets on a daily basis to the Flight Dynamics Facility at GSFC.

Like the I&T and ground stations systems, the FAST PPS System is based on the
same functional architecture and interface standards used on those elements.
Additionally, the FAST-PPS houses a high rate commercially available disk farm to
support the capture and generation of output files to the UCSOC.

4. Conclusion

The CCSDS standards provide a frame work which greatly reduces the number of
distinct and unique test and ground processing elements required to support spacecraft
testing and operation. As evidenced by the SMEX-FAST mission, common CCSDS
processing elements can be provided in a number of functionally and geographically
diverse locations and facilities to provide full service to the mission. Because these
elements are common and well known in function the risk of incompatibility and
interface problems is minimized as is the cost of developing unique hardware and
software elements. Overall, the CCSDS standards allow the deployment of common
building blocks which can be used to cost-effectively develop flight and ground
systems.
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NOMENCLATURE

CCSDS Consultative Committee for Space Data Systems
DSTD Data Systems Technology Division
FAST Fast Auroral Snapshot Explorer
FTCP Front end Telemetry and Command Processor
CSE Ground Support Equipment
GSFC Goddard Space Flight Center
I&T Integration and Test
IGSE Instrument Ground Support Equipment
Mbps Megabits per Second
NASA National Aeronautics and Space Administration
NASCOM NASA Communications Network
PPS Packet Processing System
RAID Redundant Array of Inexpensive Disks
RF Radio Frequency
SAMPEX Solar Anomalous and Magnetosperic Particle Explorer
SMEX Small Explorer
SWAS Submillimeter Wave Astronomy Satellite
TCP/IP Transmission Control Protocol/Internet Protocol
UCSOC University of California, Berkeley, Science Operations Center
VME Versabus Module Eurocard


