
Standard Services for the Capture, Processing,
and Distribution of Packetized Telemetry Data

Item Type text; Proceedings

Authors Stallings, William H.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 16:09:51

Link to Item http://hdl.handle.net/10150/614646

http://hdl.handle.net/10150/614646


STANDARD SERVICES FOR THE
CAPTURE, PROCESSING, AND DISTRIBUTION

OF PACKETIZED TELEMETRY DATA

William H. Stallings, Associate Chief
Information Processing Division, Code 560

Goddard Space Flight Center
Greenbelt, Maryland 20771

ABSTRACT

The Information Processing Division (IPD) at the Goddard Space Flight Center (GSFC)
has the primary responsibility for the data capture, short-term storage, quality assurance
and accounting, pre-processing, and distribution of telemetry data from numerous National
Aeronautics and Space Administration (NASA) spacecraft missions. This functional
service is referred to as level 0 processing. Level 0 processing is differentiated from higher
level processing in that the functions performed do not change the raw sensor or
supporting data received and extracted from the telemetry streams (1). Error correction
processing and the filling of data gaps to maintain continuity are included functions where
applicable. Currently there are two basic forms of telemetry utilized by spacecraft missions
supported by level 0 processing systems in the IPD; time division multiplexed and
packetized. The basic processing services provided by these systems which are very
similar have evolved over many years through experience with numerous spacecraft
missions and differing user requirements.

The goal of reducing the end-to-end information data system complexity and
developmental and operational costs has led to the current extensive effort to standardize
data formats utilized by spacecraft missions as well as the user services provided. It has
been shown that the use of packetized telemetry will significantly reduce costs while
enhancing service for future missions. Packet telemetry standards consistent with the
international Consultative Committee for Space Data Standards (CCSDS) are being
developed which will provide the basis for future mission data system implementations (2).
The IPD has developed two facilities which provide level 0 processing for missions
utilizing packetization; the Hubble Space Telescope (HST) Data Capture Facility (DCF)
and the Packet Processor (Pacor). The HST DCF, a dedicated system, was the first to be
developed and provided the basis for the development of the multimission Pacor DCF. The
Pacor is currently capable of providing the processing for the Gamma Ray Observatory
and other missions using non-standard packet formats and future missions using standard



packet formats compatible with the CCSDS recommendations. Through the development
of the packet processing systems, which included extensive working with users, standard
level 0 processing functions and services evolved. It is felt that these functions and
services form the basis for future implementations including those for the Space Station
Freedom. This paper will detail these functions and services.

INTRODUCTION

The evolution of the packet data capture, processing, and distribution requirements that
resulted in the current baseline systems began in the late 1970’s with the NASA End-to-
End Data System (NEEDS) program, a cooperative effort between the GSFC and the Jet
Propulsion Laboratory (JPL). The NEEDS effort culminated in a demonstration in 1980 of
the basic packet processing functions on a prototype system in the IPD. Input data for the
demonstration was received electronically from the JPL. Also, in cooperation with the
Marshall Space Flight Center (MSFC) the conceptual design of the output communications
system using the X.25 protocol as a basis was completed. The development of packet
processing systems continued into the early 1980’s with the completion of the Pacor
functional design in 1981, the HST DCF in 1985, and subsequently the Pacor baseline
system in 1986. The Pacor is currently being enhanced using Very Large Scale Integration
(VLSI) technology to increase input data handling and throughput performance and with
expert system technology and high performance workstations to increase the efficiency of
the operations and control function. It is through the development of these systems that an
extensive list of requirements has evolved to assure the science data quality and
accommodate the needs of the user community.

STANDARD SERVICES

The numerous functions performed by packet processing systems can be grouped into
three broad categories; input processing, packet processing, and output processing. Table
1 lists the major functions in each category. Figure 1 is a functional block diagram of the
Packet Data Processing Facility showing the distribution of the various processing
functions as well as the primary data flow through the facility.

INPUT PROCESSING

The primary objectives of the input processing function are the data capture and quality
assurance of' the telemetered data. The input data contained in communications blocks
received via the NASA Communications (Nascom) facility at the GSFC are routed to the
Block Recording System (BRS) where they are redundantly recorded in addition to being
concurrently processed in the Pacor. This service is provided in addition to the 24-hour
line outage recording function provide by the the NASA Ground Terminal to expedite the 



 Table 1

Standard Services for the Capture, Processing, and Distribution of
Packetized Telemetry Data

INPUT PROCESSING VIRTUAL CHANNEL SEPARATION

NASCOM BLOCK LEVEL FUNCTIONS
SYNCHRONIZATION
ERROR DETECTION
RECORDING
RECOVERY PROCESSING

TRANSFER FRAME LEVEL FUNCTIONS
SYNCHRONIZATION
FILL FRAME DISCARD
REVERSAL
OPTIONAL RECORDING

ERROR DETECTION
ERROR CORRECTION PROCESSING
FORWARD QUALITY & ACCOUNTING

PACKET LEVEL FUNCTIONS
REASSEMBLY
FORWARD REAL-TIME
FILL PACKET DISCARD
CONSTRUCT INDEX
QUALITY DETERMINATION
ACCOUNTING

PACKET PROCESSING PLAYBACK DATA REVERSAL

PACKET STORAGE
DATA SET PREPARATION

QUICK-LOOK PROCESSING

TIME REORDERING
REDUNDANT DATA DELETION
QUALITY & ACCOUNTING ANNOTATION

OUTPUT PROCESSING PRODUCTION DATA DELIVERY

REAL-TIME DATA DELIVERY
QUICK-LOOK DATA SET DELIVERY

OUTPUT LOGGING
RECOVERY PROCESSING



FIGURE 1. PACKET DATA PROCESSING FACILITY
FUNCTIONAL DIAGRAM



recovery of data as well as provide the required two-year copy of the raw data in off-line
archive. A significant additional benefit of having the BRS is realized during system
checkout for new missions and during ground system testing by providing the IPD with an
additional means for the capture and replay of test data. All of the input processing
functions listed except for block recording are accomplished in the Pacor input processor.
They are further grouped into Nascom block level, transfer frame level, and packet level
functions. Concurrent with the data processing functions, the quality of the received data
streams is constantly monitored by the system and operations personnel are advised
automatically when preset thresholds are exceeded. The system assists operations
personnel by automatically determining the most likely source of the detected problems
e.g., the spacecraft, the spacecraft to ground link or the ground relay link. The importance
of this key function which assures the rapid fault analysis and early resolution of problems
cannot be overemphasized. Early detection of problems especially in functions that change
the nature of the data is essential to minimize data loss or corruption for a user or multiple
users. In future implementations where some of these functions may be distributed careful
attention must be given to the coordination and control of the data quality and analysis
process. The outputs of the input processing function are the reassembled data packets and
packet indexes containing quality and accounting information. Additionally, if the packets
are to be forwarded to the user facility in real time, they are directly routed to the output
function.

PACKET PROCESSING

The primary objective of the packet processing function is the preparation of the user data
sets. User data sets are collections containing packet data from only one instrument
(source application) and associated quality and accounting information. The data set
preparation process is performed using only the packet indexes. The basic structure of data
sets was first proposed in the original Pacor design and still holds today. It consists of a
packet data area containing the recovered packets followed by a quality and accounting
capsule (QAC) and a missing packets list (MPL). A QAC is provided for every packet in
which an anomaly is detected. The MPL provides a pointer to individual missing packet
locations or a from/to list for multiple missing packets. Additionally, the basic
communications header/trailer accounting information is gathered during the data set
preparation process. Standard functions provided include redundant data deletion (overlap
removal) and playback data reversal (physically accomplished during retrieval for output
transmission). An example would be a user production data set covering 24 hours of
multiple real-time and playback passes processed to contain forward ordered packets with
all duplicates removed. Single playback passes can be optionally processed and forwarded
with full quality annotation as quick-look data. Real-time and quick-look data packets
remain in the data base to be included in the generation of the production data. Finally, 



detailed quality and accounting data gathered from the data set preparation process are
used by the analysts with the input data to complete the quality assurance function.

OUTPUT PROCESSING

The basic objective of the output processing function is to provide delivery of the real-
time, quick-look, and production data to the user facilities. The primary mode of delivery
is electronic communication using standard available protocols and hardware such as
X.25. Output data can also be provided on computer compatible tape for users lacking
electronic means. A key function provided is the logging of output data for recovery
purposes in the event that a user looses the original. The logs are kept until assurance of
data receipt and archive by the users is obtained. This feature is again very useful in testing
of new requirements or user interfaces.

OTHER FUNCTIONS

During the development of the Pacor several functions where implemented that have
proven to be invaluable. Included was a generalized software data simulator capable of
generating both non-standard and CCSDS packet formatted test data. It can also form
input streams using externally supplied user packet data. This data is often available before
spacecraft integration which permits early testing of the Pacor to user interface. The
simulator can operate on the prime system for on-line simulations as well as the on the
backup system for performance testing. An output user simulator was also implemented to
allow on-line testing of the output interface. This capability has also proven to be
extremely useful in fault isolation and performance testing of the output system. Finally, a
complete utility to provide formatted dumps of all data structures in the Pacor was
implemented. This capability has also proven to be beneficial in the detailed analysis of
data related problems of the types often encountered in space data processing systems.

CONCLUSION

A comprehensive list of standard functional services for the capture, processing, and
distribution of packetized data has been developed which is based on actual
implementation and operation of packet processing systems by the IPD. This real world
experience should prove to be beneficial for the future implementation of packet
processing systems such as for the Space Station Freedom. Even if these functions are
distributed among various facilities in the final ground system implementation it is
important that they all be thoroughly addressed.



ACKNOWLEDGEMENT

The author would like to acknowledge the efforts of Mr. Richard D. Carper currently with
the NASA Space Station Freedom Program Office, Reston Virginia, for his efforts and
support in the development and implementation of the HST DCF and the Pacor while he
was with the Goddard Space Flight Center.

REFERENCES

1.  Connell, E. B., Barnes, W. P., Stallings, W. H., “ The Generic Data Capture Facility,”
Proceedings of the International Telemetering Conference, October 1987.

2.  CCSDS Recommendation for Space Data System Standards: “Packet Telemetry,” Blue
Book, January 1987.


