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Abstract

Current telemetry data processing systems capabilities will
have to be improved by as much as three orders of magnitude
in order to handle the expected data rates of the Space
Station era. National Aeronautics and Space Administration
(NASA) processing systems can currently process telemetry
data at an average input rate of about 100K bits per second
while Space Station era data rates will average about 100M
bits per second and could have peak rates of up to 1200 M
bits per second. In order to meet the challenge of
developing telemetry systems for processing high rate data
at a reasonable cost, data processing and distribution
systems must be data driven as opposed to being resource
scheduled. If a system is to be data driven, data structures
must contain a mechanism for routing of the data to its
intended destination. Packet telemetry systems have been
developed for the purpose of processing and routing
telemetry data at higher rates than conventional time
division multiplexed systems.

Packet telemetry data standards are being developed by the
international Consultative Committee for Space Data
Standards (CCSDS) in order to facilitate development of
packet telemetry systems both within NASA and international
space agencies as well as for inter-agency cross support
situations. These CCSDS Advanced Orbiting Systems (AOS)
standards specify the overall architectural framework of
future packet telemetry systems. The CCSDS AOS standard
defines a CCSDS Principal Network (CPN) which covers the
on-board, space link and ground systems and provides for
asynchronous (e.g., Telemetry and Internetworking) and
isochronous (e.g., Audio and Video) data transport services
utilizing CCSDS Packets and Virtual Channels. In order to



achieve efficient use of the limited resources of the space
link, CCSDS Packets are multiplexed on to CCSDS Virtual
Channels for transmission through the space link. This paper
will mainly discuss changes to ground telemetry processing
systems currently in use (such as the Packet Processor
(PACOR) System), future systems under development (such as
the Space Station Information System(SSIS) and the Customer
Data Operations System (CDOS)), and how the CCSDS standards
relate to these systems.

Introduction

Current telemetry data processing systems capabilities will
have to be improved by as much as three orders of magnitude
in order to handle the expected data rates of the Space
Station era. Most of the National Aeronautics and Space
Administration (NASA) processing systems can currently
process telemetry data at an average input rate of about
100K bits per second while space station era data rates will
average up to 100M bits per second and could have peak rates
of up to 1200 M bits per second(l). Table 1 shows current
NASA telemetry processing capabilities and plans. Current
telemetry time division multiplex (TDM) processing systems
(e.g. SpaceLab Data Processing Facility (SLDPF)) and packet
telemetry processing systems (e.g. Packet Processor(PACOR)
System) do not have high processing capabilities. Packet
telemetry systems were developed to extend telemetry system
capabilities far beyond the capabilities of TDM systems
(PACOR is the prototype system)

TELEMETRY PROCESSING CAPABILITIES AND PLANS

   PEAK     AVERAGE  AVERAGE
INPUT RATE PROCESSING RATE THROUGHPUT
  (MBPS)     (MBPS)   (MBPS)

CURRENT CAPABILITIES

    SLDPF(TDM)    50      1   N/A

    PACOR(PACKETS)     1.1      0.1   N/A

PLANNED CAPABILITIES

    SPACE STATION ERA
     (PACKETS)   300-1200     20-100   30-140

Table 1



In order to meet the processing requirements of the space
station era, new system architectures and processing
techniques must be explored and evaluated to extend the
current capabilities of packet processing systems. The
Consultative Committee for Space Data Systems (CCSDS), which
is an international organization of space agencies, is
developing data systems standards to allow the cooperative
development of packet telemetry data systems which will meet
system requirements. These concepts being developed by CCSDS
are detailed in the ACCSDS Advanced Orbiting Systems,
Networks and Data Links Red Book@(2) and give the overall
architectural framework and data formats for development of
future telemetry processing systems for both space to ground
and space to space configurations. This paper will
concentrate on the ground segment of the space to ground
configuration.

Advanced Orbiting Systems Architecture

The CCSDS Advanced Orbiting Systems(AOS) defines the
architectural framework of future systems by giving a
conceptual model of a CCSDS Principal Network (CPN). A CPN
in the space to ground configuration as shown in Figure 1
consists of an CCSDS Onboard Network connected to a CCSDS
Ground Network through a CCSDS Space Link Subnetwork (SLS).
The CPN may also be connected to extended onboard and ground
networks if necessary to satisfied the needs of future
programs. The basic data transport unit across the CPN is
the CCSDS Packet(3) which contains a header for control
information and a data field for spacecraft telemetry data.
In order to facilitate the transfer of data across the space
to ground link the SLS uses the concept of Virtual Channels
which allows one physical space channel to be shared among
several individually identifiable logical channels. Virtual
Channel Data Units(VCDUs), which are associated with a
particular logical channel, are used to transmit data across
the SLS. Each VCDU is composed of a header and trailer which
contain control information and a data field which carries
CCSDS Packets and other data as described below. Another key
concept of the AOS standards is that an AOS system can be
data driven (through the use of addressing information
contained in the headers of the CCSDS Packet and VCDU)
instead of being routed by circuit switching techniques that
current systems now employ. Several bidirectional data
transfer services are offered by the AOS standard.



Two service are offered to users for asynchronous transfer
of packetized data from end to end across the CPN: APath@
service and AInternet@ service. CCSDS Path Service is
primarily intended to provide a mechanism for efficiently
transferring, at moderate to high data rates, large volumes
of spacecraft telemetry data from space to ground through
the use of the CCSDS Packet. This data transfer is between
fairly static source and destination end points since many
space missions will operate between the same end points for
the duration of the mission. Since data is transferred
between static end points, the data path can be specified in
advance of the mission and are known as CCSDS Logical Data
Paths(LDPs). Through the use of LDPS the CCSDS Packet does
not have to contain full end point addressing thereby
reducing the communication overhead. CCSDS Internet Service
which conforms with the ISO 8473 Connectionless Network
Protocol Specification is primarily intended for
transferring data between computer systems at relatively low
data rates for such things as interactive operations (e.g.
command and control, electronic mail and remote terminal
access) and file transfers. Internet data is transfered
between a single source end point and a single destination
end point and requires full end point addressing which
requires a larger communications overhead than the Path
Service.

Six services are offered to users for asynchronous or
isochronous transfer of data across the SLS:
AEncapsulation@, AMultiplexing@, ABitstream@, AVirtual Channel
Access@, AInsert@, and AVirtual Channel Data Unit@.

(1)  Encapsulation Service
The Encapsulation Service provides for the asynchronous
transfer of non-CCSDS data units across the SLS. This
service is accomplished by encapsulating the non-CCSDS data
unit within a CCSDS Packet(Internet Service uses this
service to cross the SLS)

(2)  Multiplexing Service
The Multiplexing Service provides for the asynchronous
transfer across the SLS of CCSDS Packets that may be
multiplexed from various sources. These sources include data
from the Path Service and Internet Service.

(3)  Bitstream Service
The Bitstream Service provides for the asynchronous or
isochronous transfer across the SLS of serial strings of



bits whose internal structure and boundaries are unknown to
the CPN. Audio, video and tape playback are examples of
bitstream data.

(4)  Virtual Channel Access Service
The Virtual Channel Access Service provides for the
asynchronous transfer of private data units across the SLS.
These data units must exactly fill the data field of a
dedicated VCDU.

(5)  Insert Service
The Insert service provides for the isochronous transfer of
private data across the SLS in a mode which efficiently
utilizes the SLS transmission resources at relatively low
data rates. Data is transmitted by using an insert field
within the data field of every VCDU in order to share the
data field with other types of service. Audio and
teleoperations control data are examples of the use of the
Insert Service.

(6)  Virtual Channel Data Unit Service
The Virtual Channel Data Unit Service provides for the
multiplexed transfer (either asynchronously or
isochronously) across the SLS of VCDUs created by the SLS
itself and/or privately created VCDUs.

Ground Data Systems

PACOR

The PACOR system is basically a prototype system of the AOS
standards since it was developed first and provides the
functionality of the CCSDS Path Service. The PACOR system is
located at the Goddard Space Flight Center(GSFC) and may be
divided into two subsystems as shown in Figure 2. The
approximate relationship between PACOR and the AOS CPN is
also shown in Figure 2. The Data Reception functions
performed by PACOR are data capture, virtual channel
synchronization and error correction while the Data Handling
functions performed are packet extraction, data ordering,
redundant data deletion, data set creation, quality and
accounting data generation and delivery of user data sets.
For a detailed description PACOR see References 4 and 5. The
PACOR system is designed to handle multi-missions and is a
combination of a circuit switched and a data driven system.



Space Station Era Systems

Space station era data systems must handle average data
rates of up three orders of magnitude of what PACOR handles
(see Figure 1). In order to handle the very high data rates
required as well as multiple complex multi-mission
spacecraft, space station era data systems must be data
driven and as efficient as possible. The projected space
station era ground data systems may be divided into Data
Transport and Data Handling functions as shown in Figure 3
in order to provide an efficient implementation of the data
processing functions. The approximate relationship between
the projected space station era ground data systems and the
AOS CPN, SSIS (6), and CDOS is also shown in Figure 3. Space
station era data systems are expected to support all AOS CPN
services except the Insert Service. The Data Transport
system will most likely be located at White Sands, NM in
conjunction with the Tracking and Data Relay Satellite
receiving terminal and the Data Handling systems may be
located at GSFC and other NASA centers. The Data Transport
system will be able to route data by VCDU to multiple data
handling locations for further processing by using the VCDU
header information. Data Handling functions performed will
be very similar to those performed by PACOR. For a detailed
description of these functions see Reference 7. The handling
and distribution of user data will be performed by using the
CCSDS Packet header information.

Conclusions

The AOS standards allow for the development of high rate
data driven systems usable for multiple complex multi-
mission spacecraft systems. Flexibility in system
configurations are also possible as well as compatibility
with systems developed by other space agencies. Current NASA
telemetry processing systems will change in the space
station era to become high rate, mulit-mission and totally
data driven as well as providing an increased amount of
services to users.
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Figure 1 CCSDS PRINCIPAL NETWORK(CPN),
SPACE TO GROUND CONFIGURATION



FIGURE 2 PACOR SYSTEM BLOCK DIAGRAM

FIGURE 3 SPACE STATION ERA DATA SYSTEMS


