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ABSTRACT

Spacecraft telemetry systems have evolved from simple hardware devices to complex
computer applications performing data acquisition and formatting tasks. This paper
reviews the role of spacecraft computers in performing telemetry functions and examines
computer based telemetry systems being considered for use on the NASA Space Station.
Keywords: Telemetry, Space Station Data Services, Space Station

INTRODUCTION

Telemetry is defined as the science of remote measurement. Traditionally the field of
telemetry has included techniques required to acquire, condition, transmit, receive and
display a measurement. The definition of measurement has widened with time from simple
physical measurements to include multiple types of information including video, radar
images, and computer data streams. This paper will review the history of spacecraft
telemetry and show how computer based telemetry services for the Space Station are being
defined.

HISTORY AND TRENDS IN TELEMETRY SYSTEMS

Until recently, the main concern of space telemetry systems was measurement of physical
parameters by simple transducers and their communication to a remote location. The
spacecraft telemetry system included all of the following tasks:

sampling a parameter via a transducer
amplifying and conditioning the output of transducers
conversion of conditioned values
multiplexing of multiple conditioned values



encoding of the multiplexed stream for error control
modulation of rf carriers by the multiplexed stream

The ground system performed the complementary tasks:

demodulation of the multiplexed stream from the rf carrier
decoding for error control
synchronization and demultiplexing of values
calibration/engineering unit conversion of raw values
display of values

Both the roles of data acquisition and data transmission were performed by the telemetry
system. These tasks were originally performed in the analog domain, but as technology has
progressed, digital techniques have become more common.

As space systems have increased in complexity, telemetry systems have grown to
incorporate additional functions. The manned space program has added to this complexity
by requiring video and audio streams to be mixed with telemetry data. The unmanned
space programs have also required imagery data. This has led to a broadening of the
definition of “telemetry” in NASA to include almost any remotely acquired signal. This
has caused confusion in discussions of space station telemetry requirements.

This “broadening” of the definition of telemetry has not occurred in the domains of aircraft
and missile testing where the main concerns are still predominantly in the area of physical
parameter measurement. Aircraft and missile testing is beginning to broaden its definitions
with new telemetry systems containing computer data as well as MIL-STD 1553 avionics
bus traffic.

ROLE OF COMPUTERS IN TELEMETRY SYSTEMS

Onboard computers have greatly influenced our modern definition of telemetry. As the
microelectronics revolution occurred, computers moved onto spacecraft to perform
guidance, navigation and control (GN&C) tasks. When this first occurred, telemetry
systems were usually hard-wired electronics components which combined acquisition and
transmission functions. Only parameters required for the GN&C task were connected to
the spacecraft computer. Most parameters were not needed by the spacecraft computer, so
they were independently acquired, formatted and transmitted by the telemetry system. The
desire to remotely monitor these computers led to a requirement to incorporate computer
data into telemetry.



In order to minimize the interactions between telemetry systems and computers, usually a
fixed “telemetry window” was allocated to the computer. The telemetry system sampled a
computer port to acquire computer information to place in that telemetry window. Because
the computer and telemetry system were not necessarily synchronized, it was necessary to
provide synchronization information inside the computer stream. This concept led to the
development of telemetry systems with a primary stream, and embedded “asynchronous”
streams to accomodate computer data. The NASA/General Dynamics Centaur Upper
Stage telemetry is an example of this approach.

As space systems increased in complexity it became clear that the capability to change
telemetry formatting inflight was required. This allowed ground controllers to see different
parameters during different flight phases and activities. This was done initially with
dedicated hardware, but as micro-computers continued to shrink in weight, power, and
cost, the job of formatting telemetry moved into computers. The trend of computer
formatting of telemetry has been accelerated as more systems monitoring and control
functions have moved into spacecraft computers to allow spacecraft autonomous
operations. All of the parameters are being acquired by the computer for system control, so
it is efficient for the computer to perform the formatting tasks.

Most new space systems now use the onboard computer to perform all data acquisition
tasks and to format the information for transmission to the ground. The USAF/Boeing
Inertial Upper Stage and the NASA/TRW Orbital Maneuvering Vehicle both use this
approach. The NASA/ESA Spacelab also uses an onboard computer to acquire
housekeeping data and format all engineering telemetry. The Space Shuttle telemetry
system is a hybrid approach. The Shuttle General Purpose Computer (GPC) loads formats
into a telemetry master unit to control the contents of the telemetry format.

As space systems have grown more complex, spacecraft computers have also grown to
include more functions in addition to guidance navigation and control. These functions
include items such as antenna pointing, electrical and thermal system management, and
fault detection and recovery. The Space Shuttle is an example of this trend where separate
computers are dedicated to GN&C and Systems Management (SM) functions. The Space
Station program currently plans separate onboard computers for each major functional
area.

As these computers have assumed more important roles in spacecraft management, the
requirement to interact with these computers from the ground has also grown. Early
spacecraft computers had hardware primitives to allow ground controllers to dump and
load the computer memory from the ground. The Space Shuttle computer provides several
data services including memory load and dump, ground programming of limited onboard
automated sequences, the capability to control automated sequences from the ground, and



the ability to enter keyboard commands to the onboard displays from the ground. These
data services have usually been implemented using telecommand and telemetry links to
provide forward and return data paths

Experience with these data services has shown them to be of such great value that they are
being expanded in the Space Station program. For example the memory load/dump
capability has developed into remote file access services. The remote keyboard capability
has grown to be a full two way Virtual Terminal Service. The following end to end data
services have been baselined for the Space Station Program (ref 1,2):

File to File Transfer
Virtual Terminal
Real Time Telecommand/Telemetry
Non-Real Time Telemetry Delivery
Database access
Remote Job Entry
Application to Application Messaging
Interpersonal Messaging
Multi-Media Conferencing
Multi-Cast Message Distribution

The state of the art of telemetry in space systems has changed from limited hardwired
devices, to devices that accepted computer data, then to the prime communication function
in a spacecraft computer, and finally to becoming only one of many data communications
services functions that occur inside a computer!

As this evolution has occurred, there has been a separation of the data acquisition and data
transmission roles of traditional telemetry systems. Now the data acquisition services are
just one of the services that run in the spacecraft computer. Data transmission services are
responsible for communicating computer data services, audio, video and scientific imaging
in addition to telemetry data. In the Space Station it is anticipated that all engineering data
acquisition will be performed by computers. All of the space to ground communications
functions will be performed in a separate communications system that will support a
multitude of separate data, video and audio services.

SPACE STATION TELEMETRY TYPES

For the purposes of the Space Station program it is possible to break down telemetry
requirements as follows:



Engineering Telemetry - This are data streams containing performance information
generated by station subsystems for use in real time operations control and monitoring
(C&M).

Ancillary Telemetry - These are data streams containing data on station performance that
is of interest to station users. Examples are station position and attitude information.

Scientific Telemetry - These are data streams containing the output of scientific
instruments.

Instrument Engineering Telemetry - These are data streams similar to engineering
telemetry. They contains information required for C&M of scientific instruments.

Scientific Quick Look Telemetry - These are data streams with small samples of the
scientific instrument telemetry. This allows investigators to monitor small subsets of their
instruments output in real time to obtain status of their experiments.

STREAM ORIENTED VERSUS TRANSACTION ORIENTED MESSAGING

The major distinction between the different types of telemetry is whether they require
stream oriented or transaction oriented Network Communications Services (NCS).

In stream oriented services it is assumed that messages between two endpoints are all
related and that they require the same routing, priority, error control and processing
services. Stream oriented services use management control to establish a communications
path between the two endpoints. When there is only one communications service over a
single physical channel, this management function is physical circuit switching similar to
older telephone systems. When multiple communications paths are conducted in parallel
over the same physical communications link, these are referred to as Virtual Circuits or
Virtual Channels (VC). Once the VC is established, a VC Identifier (VC ID) is assigned.
Stream oriented services use this VC ID to minimize the communications overhead on
messages between the two endpoints. Overhead is minimized by only including the VC ID
in a message header, instead of including all of the information on how the message is to
be processed (destination, priority, etc...). Whenever a communications node receives a
message, it infers how to process that message by the VC ID. This approach allows for
very small headers and a greater efficiency in transfer of information bits. It further allows
for each communications node to configure equipment during the establishment phase so
that all equipment is ready when a VC message unit arrives at a node.

Stream oriented services are very appropriate to scientific telemetry. Typically scientific
telemetry is very high volume, for long periods of time and requires very efficient



processing. The gain in efficiency in processing is generally worth the time required to
establish the virtual channel. The management establishment phase configures supporting
networks to support a Virtual Channel between a user instrument and a user processing
facility. This gives the impression of a “dedicated pipe” between the user and the
instrument. This is the user model that the scientific community desires for their data
acquisition. It is also very appropriate because scientific telemetry acquisition is generally
a schedule driven activity. The spacecraft must be in a certain part of the orbit to view
either astronomical or earth resources targets. The orbital mechanics allows and in fact
requires the construction of very precise schedules for activity. VCs can be established
according to schedule so that they are available at the start of an activity.

Stream oriented services require the capabilities provided by the first three layers of the
International Standards Organization (ISO) model for Open Systems Interconnection
(OSI). The OSI model has been baselined as the model for discussing requirements for
Space Station communications services (ref 2). The first three layers provide physical
connection standards, data link operation protocols and error recovery protocols, and
network VC establishment and routing control. Because scientific telemetry users require
only the services provided in these first three layers, it is natural for scientific telemetry
users to attach to layer 3 (Network layer) Service Access Points (SAPs).

Transaction oriented services do not assume that messages between two endpoints are
related. Each message carries all of the information required in its header so that the
message can be processed independently. This results in larger headers, but allows the
communication service to treat each message as a “stand-alone” unit. Transaction oriented
networks take advantage of the fact that each message unit carries all of its routing data in
the header, to provide a “data-driven” network that can reconfigure immediately to
compensate for either failures or changes in message traffic.

Transaction oriented telemetry services are ideal for control and performance/fault
monitoring tasks. This is because in control and monitor (C&M) type telemetry systems,
each message is usually a snapshot of system status. These snapshots are treated by users
as independent units. Network Communications Services (NCS) can take advantage of this
independence to provide a very flexible data-driven network to handle variations in traffic
as well as network failures. This is important because it is not possible to schedule the
flight vehicle or network failures that cause changing demands in C&M telemetry systems.
A further advantage of transaction oriented telemetry systems for C&M functions is that
they easily deal with adaptive telemetry systems that change telemetry output based on
system status.



Transaction oriented systems typically require the services provided by all seven of the
layers of the OSI model. Their natural point of attachment is at a layer 7 (Applications
layer) SAP.

This leads to a telemetry flow model for Space Station that provides stream oriented
services at Network layer SAPs for scientific users and transaction oriented services at
Applications Layer SAPs for station and experiment C&M users. A model with these
characteristics has been baselined into the Space Station program (ref 1, ref 2) and design
requirements for this approach are under review for onboard and ground systems.

For transaction oriented systems, packet technology is a natural way of delineating
messages. For stream oriented systems, bit streams or packets can be used. Packets
provide “standard envelopes” for telemetry data that provide for the functioning of the
transmission system to be independent of packet content. Because of these factors, NASA
has been heavily involved with the Consultative Committee For Space Data Systems
(CCSDS) in defining standard packet formats. The CCSDS is composed of representatives
of all of the free world’s space agencies that meet to define data systems standards. The
goal is to allow cross-support of one agency’s spacecraft by another agency’s ground
systems. CCSDS proposals for packet telemetry standards have been under intensive
review for possible use on space station.

A MODEL FOR TRANSACTION ORIENTED TELEMETRY SERVICES

A preliminary model will now be presented for a transaction oriented telemetry system.
For the purposes of this model it will be assumed that the layered Network
Communications Service provides a powerful digital messaging system similar to the
Electronic Industry of America (EIA) Standard RS-511 Electronic Messaging Standard.
This standard is being used in the Manufacturing Automation Protocol (MAP) efforts
underway in industry today. This allows us to allocate transmission error control, network
routing and message authentication and access control concerns to the the NCS. When
telemetry components receive a message from the NCS they always assume that the
message is error free, intended for them and from an authorized source.

AGENTS IN THE TELEMETRY SERVICE MODEL

There are four types of agents in the telemetry services model. Multiple different agents of
the same or different types can be co-resident at the same location. The four types are:

Telemetry Acquisition Agent (TAA) - This agent acquires data from subsystems,
conditions it, converts it, performs generic data compression and evaluation algorithms and 



formats specified data into standard packets for transmission to a Telemetry Utilization
Agent (TUA) via NCS services.

Telemetry Utilization Agent (TUA) - This agent receives telemetry and uses it for mission
operations and engineering functions such as systems monitoring, performance assessment
and control. The TUA may be many types of hardware/software combinations such as a
display and control system or an rule based expert system.

Telemetry Control Agent (TCA) - This agent sends directives to TAA’s to change the way
they acquire information or the contents of information incorporated into packets for
transmission.

Simulation Telemetry Agent (STA) - This agent generates simulated measurement
information which is sent to TAA’s via NCS. The TAA’s (when so instructed by TCA’s)
use the simulated data received via NCS in lieu of real data for constructing telemetry
packets. These packets containing simulated data are then sent to TUA’s. This allows
complete end to end checkout of telemetry services.

Diagram 1 shows a typical configuration for these components. Note that although this
example shows some components on the ground and some in space, all could be in space
(onboard display/control/checkout/training) or on the ground (prelaunch checkout/
training).

DIAGRAM 1 AGENTS IN THE TELEMETRY SERVICES MODEL

CONCLUSION

In this paper I have presented a discussion of the history of space telemetry systems and
how this history is affecting the development of Space Station telemetry systems. This
discussion shows how both stream oriented and transaction oriented telemetry services are



required onboard the Space Station. A transaction oriented model for telemetry services
for Space Station has been presented. Models for telemetry systems can serve to provide a
framework for discussions during the development of the Space Station. These discussions
will lead to a clearer understanding of system requirements and a more capable and
operable system.
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