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THE EVOLUTION OF A TELEMETRY GROUND STATION
UTILIZING TODAY’S OPEN STANDARDS

Paul Friedman
Loral Test & Information Systems

15378 Avenue of Science
San Diego, CA 92128

ABSTRACT

Computer industry and government standards have had a profound effect on modern
telemetry ground stations. Installations are no longer one-of-a-kind inflexible systems
built to the specifications of a single user — meeting their needs without regard to the
rest of the community. This paper will examine the effect that the evolution of
significant graphics, network, operating system, and architecture standards has had on
commercial telemetry ground station system products. It will also explore the issue of
"open" versus proprietary architectures. The paper closes with a description of a
system designed from its very inception to meet and grow with standards.

INTRODUCTION

Telemetry is the transmission of the measurement of physical phenomena such as
speed, pressure, or temperature to a remote point by wire or radio. Throughout this
paper, each phenomenon will be called a "parameter," and a single measurement of
the parameter in time a "measurement." The parameter' s measurement may emanate
from a transducer or sensor that converts the phenomenon to a voltage related to its
physical value (e.g., as a thermocouple or strain gauge). The signal is conditioned or
modified (e.g., amplification, filtered, or pulses counted) to make it suitable for
encoding. Multiple analog parameters are multiplexed and each is converted to its
digital value. The order and frequency of converting each parameter is governed by a
'state machine' commutator, where each position in the ring or frame (Figure 1) is a
unique parameter. A synchronization "parameter" is inserted in each revolution of the
commutator to ensure alignment when reconstructing the original parameters on the
ground. Commutated data, now in parallel format, is converted to a serial digital
stream by an "encoder," perhaps converted to one of several standard binary bit
representation formats to improve reliability, and is then transmitted to the ground.



Non-analog parameters are also merged into the telemetry stream by the commutator
— for example, time and data plus contents of flight computers and the capture of all
or a portion of airborne bus traffic such as MIL-STD-1553 and ARINC 429/629.
During the test and certification phases of flight vehicle development, hundreds even
thousands of parameters are measured. A parameter's sampling rate is a function of
the frequency content (Niquist Theorem). Thus, high-frequency content parameters
(from accelerometers) are sampled more than once per frame, and low-frequency ones
less than once per frame (temperature). These are the concepts of supercommutation
and subcommutation respectively.

Figure 1. Example PCM Frame

Over the years, a number of multiplexing variants evolved. Fortunately, in the 1950s,
a group of telemetry engineers from the United States government test ranges
established the Inter-Range Instrumentation Group (IRIG) that formulated and
continues to enhance standards for testing and telemetry. The latest version, IRIG
106-93, was released last year [1]. Though it defines several telemetry schemes, the
most popular is Pulse Coded Modulation (PCM).

The reverse of the multiplexing process occurs in the ground station to reconstruct
parameter values. A tracking antenna and receiver presents the serial PCM stream to a
bit synchronizer which cleans up the signal degraded by filtering and transmission. A
decommutator (decom) then correlates values to the parameters by "locking on" to the
synchronization parameter.

The industry's first decommutation systems broke the PCM stream into words of the
frame (frame synchronizer) , then passed them onto a word selector for viewing
selected parameters in digital format on the word selector's instrument panel, or
converted them to analog format for presentation on strip chart recorders. Framed data



was also passed to computers for further decommutation, conversion to engineering
units, or processing.

Until the late 1980s, each ground station was unique. Vendors created proprietary data
and control interfaces, as well as the database definitions to set up a single ground
system. Real-time computer processing, data storage, and data display were limited
both by technology and funding. Like the word selector, only a portion of the data
stream could be manipulated in real time. Data streamed faster than the computer
could process. To enhance system performance, basic processing (EU conversion,
data compression, and bit manipulation) was moved to a front-end compressor along
with the decommutation function. The compressor was typically a bit-sliced
uni-processor with a microcoded algorithm set limited to basic telemetry functions.
Inadequate development tools limited application-specific algorithms to the
manufacturer. Disk storage was moved to or close to the front end to reduce the load
on the host and improve archiving performance. The telemetry front end remained a
tightly coupled minicomputer peripheral.

In the last tens years, proprietary architecture minicomputers and workstations waned
as government and commercial users demanded standards to prevent reliance on a
single vendor and to promote software and data interchange. Is this an idealistic
solution for telemetry systems? Or under what conditions is it advisable to digress?
Vendors can claim adherence to standards, but unfortunately there were and are so
many incomplete standards and variants from a wide variety of vendor groups and
government and industry bodies.

Standards are not always decided by committee. Sometimes a de facto standard
evolves when a unique product is embraced by multiple vendors. File sharing across a
network as in Sun's Network File System (NFS) and DataView's display of real-time
data are prime examples. The standard may be maintained by the vendor (e.g., NFS)
or given to an independent governing body (e.g., Sun's peripheral SBus to IEEE).
Often, the process of creating a standard takes so long that vendors introduce products
without waiting for the final specification. When the standard is finalized, the vendor
may be left with a proprietary product. Fiber Distributed Data Interface (FDDI) over
copper, the 100 Mbps version of the 10 Mbps Ethernet, and real-time UNIX are
examples of just such products. Vendors also employ proprietary architectural features
when standards do not fulfill their requirements, as in the aforementioned SBus and
NFS. Another example is the throughput demands placed by multiple telemetry and
processing streams on standard computer bus architectures which resulted in each
vendor developing a unique architecture or taking advantage of unspecified features of



the standard bus. Such arguments become indefensible when standards are able to
meet the application requirements.

Today's telemetry ground station is distributed across three main subsystems: the front
end(s) to acquire, preprocess, store, and distribute real-time data; computing
resource(s) to analyze and display selected data as well as to control the front end; and
a network to move data and control information between the front end and the
computing resources. The network replaced the proprietary data channel of yesterday's
minicomputers.

The front end must have the ability to acquire, transform, and merge data from
multiple sources while maintaining the time coherence of all samples without losing a
single measurement. Current flight test ground stations employ PCM telemetry to
acquire real-time data, while legacy programs and ground operations add a variety of
data streams from FM telemetry to avionic buses (e.g., MIL-STD-1553 and ARINC
429) and general-purpose buses (IEEE-488 and RS-232). Can a telemetry ground
station architecture following only standards meet these requirements.?

Workstations and "compute servers" utilize an array of sometimes competing
standards to entice purchasers. Processor technology is advancing so rapidly that
brand preference often aligns with the current leader. Are interoperability standards
sufficient to permit an evolving ground station to keep pace with technology.? Or
must an installation declare allegiance to a single vendor?

Networks, the glue that integrates front ends to computers, present another challenge
on the standards front. Moving all real-time data from front end to computer is
impractical because of bandwidth limitations. Selectivity mechanisms are thus
required to limit data passed to the workstations while storing all data at the front end
for retrieval during post flight analysis. Each computer on the network needs to select
its own data and data format to meet real-time and visual analysis requirements of the
application software and flight test engineer.

TODAY'S OPEN SYSTEM

Loral's System 500 is reviewed as an example of an evolutionary product family
designed to merge a commitment to standards and an open architecture while
satisfying the requirements of the most demanding flight test requirements. In 1987,
the first member of the System 500 family, the Model 510, brought distributed
processing to the telemetry ground station by decoupling the proprietary bus
connection to a host computer and providing real-time data directly to graphic
workstations and computers over Ethernet. This was the start of an "open



environment" as applications programs could establish a direct socket connection
using TCP/IP services to the front end for real-time data, or attach to the workstation's
archived data via NFS services. The front end employed a proprietary 1980s
architecture including printed circuit card format, bus structures, and an operating
system. The 510 succeeded because of its open connectivity.

But the required performance of emerging telemetry applications increased beyond the
510. Multiple 20 Mbps PCM streams and the desire to process and store all data
directly to disk required a new platform. Aside from performance, the major design
goals of the next-generation product, the Loral 550, were to utilize and track generally
accepted standards, diverging only when desired performance goals were unattainable
using standards.

Standards are not static — technology and evolving requirements necessitate change.
Tracking standards revisions is an expensive proposition often involving extensive
redesign and comprehensive regression testing to ensure that the entire product
functions together. For example: a.) moving from X Window System 10 to 11.1 and
stepping through today's 11.5, or from the X Ray Graphical User Interface Toolkit to
Motif (see Figures 2 and 3); and b.) keeping abreast of the operating systems and
current workstation products from DEC VAX, to MIPS, to Sun, to IBM, to Silicon
Graphics, and to Alpha.

Figure 2. Example of System 500 Workstation Display (tiled)



Figure 3. Example of System 500 Workstation Display (desktop)

Recently an ad hoc workstation industry group formed the Common Open System
Environment (COSE) to extend the general look and feel of the graphical user
interface to defining the desktop and its tools. Will it ever end? On the other hand,
failure to keep up results in an archaic, essentially proprietary system.

The Loral 550 embraced all the standards listed in Table 1. The designers of the Loral
550's front end strayed from standards only to 1.) accommodate the movement of very
high-speed data on the undefined pins of the VMEbus' third connector called the
MUXbus, and 2.) employ a true real-time operating system, VxWorks, which though
proprietary, is probably the most popular.

The MUXbus provides true data rates of almost 100 MB/sec, while achieving even 20
MB/sec on the VMEbus is exceptional. Though standards are forthcoming for what is
called real-time UNIX [2], its ability to switch tasks will still be an order of magnitude
slower than VxWorks. Both these high-performance features of the Loral 550 are due
to the large numbers of small data structures found in the telemetry application. The
system design is extremely "open." Users can add standard off-the-shelf modules,
enhance network performance by adding independent LANs or FDDI, and "attach"
multiple third-party or their own real-time applications running on multiple
workstations; or utilize setup files from relational database management (RDBMS)
and airborne systems (see Figure 4).



Table 1. Standards and Alternatives

Figure 4. Loral 550 Architecture

System Modules

Two standard 160 mm deep VME module formats are employed, 6U and 9U -
referring to the height, in which 6U cards fit into the P1 and P2 connectors and 9U
cards fit into all three connectors, P1, P2 and P3. 6U cards are typically third-party
cards, including SCSI interfaces, Ethernet and FDDI network interfaces, and RS-232
and IEEE-488 (GPIB) controllers. The 9U cards are modules developed by Loral for
high-performance real-time I/O and processing. The expanding Loral 550 I/O
repertoire currently includes 20 modules for a variety of formats and performance
characteristics for PCM time, digital, serial, analog, MIL-STD-1553, commanding,
networks, and DMA to host computers.



 The term Field Programmable Processor reflects a replacement of older telemetry*

ground station bit-slice compressor technology where algorithm development was an arduous
microcode effort.

If the 20-slot Loral 550 chassis fills up, another chassis can be added and the MUXbus
is extended. Data flows automatically between the chassis as though it was on a single
chassis backplane.

The MUXbus w as designed to fit the single measurement hence single word
orientation of telemetry and other high-performance data acquisition systems. Its data
flow architecture automatically merges data from multiple modules to form a 48-bit
tag-data pair (also called a token). Measurements longer than 32 bits are concatenated
into multiple words. Data is broadcast on the bus one word per arbitration request. A
rotating or "round robin" arbitration scheme ensures that each input device is
guaranteed its share of bus bandwidth.

From the MUXbus, data can be picked up simultaneously by any module that needs
the data to perform such tasks as processing, storage, and output. Multiple modules
can acquire the same MUXbus word. If the data is picked up to be processed, its
results are given new tags and placed back on the bus. All data on the bus is treated
the same way so that it can be mixed and merged, processed, and output, regardless of
type.

Algorithm processes like data are very short. They typically consist of only tens of C
instructions with the process itself limited to less than ten. Therefore, the time
required to gather data from the bus and initiate processes becomes significant. The
550's solution was to couple VxWorks' real-time UNIX-compatible operating system
with dataflow MUXbus technology. The dataflow broadcast architecture supports a
linear growth parallel processing architecture. As the power of one processor, called a
Field Programmable Processor or FPP (see foot note) is absorbed, another is added
and the processes distributed across the available modules. Our second-generation
FPP employs field upgradable SPARC technology to achieve 2 million basic
algorithm processes per second. Users can concatenate one or more of the over 150
standard algorithms to create the desired process such as data compression,
Engineering Unit (EU) conversion, bit manipulation, or develop totally unique ones in
the C high-level language .*

The System Controller sets up and controls real-time modules via the VMEbus and
directs moderate-speed VMEbus I/O modules such as GPIB, serial, and SCSI
controllers. An integral Ethernet port provides the front-end chassis link to a local area
network. It receives control information to set up front-end I/O and processing



modules and transmits unique sets of selected real-time data requested by any network
resource. Conversely, it receives data to be placed on the real-time bus for simulation
or command and control applications.

Data Storage

Real-time data storage to workstations is constrained by LAN bandwidth, thus it is
usually kept on the front-end chassis. By moving typical workstation digital tape
drives to the front end, one can store data to ½ MB/sec or expensive digital
instrumentation units to over 20 MB/sec. Data storage to a single SCSI Fast disk drive
can be maintained at 4 MB/sec over the entire drive and to 16.5 MB/sec to a 32 GB
SCSI Fast/Wide redundant array of inexpensive disks (RAID). The SCSI RAID is
another example of the continuing development required to maintain a product. To
achieve high data rates, initial parallel disk arrays employed proprietary buses.
Quadrupling the original standard SCSI bus to 20 MB/sec brought increased market
availability which in turn brought down the price [3].

System Setup and Control

Workstations on the local area network set up and control the system, a graphical user
interface (GUI) makes it easy to operate, and data display capabilities monitor
real-time activity. The workstations' operating system is POSIX- and
UNIX-compliant, and the Loral 550 application is supported on a number of vendor
platforms. While developing code to be POSIX-compliant, many other interfaces are
not defined, making porting and support extremely time-consuming.

The Loral 550 GUI is based on OSF/Motif. The system is operated by completing
user-friendly menu pages and selecting commands in a point-and-click environment
with a mouse and keyboard. Each module in the front end has a Motif-style window
that allows the user to easily program the setup (see Figure 3).

Parameters define and identify the source of all data in the system. They are created in
a graphical spreadsheet environment to specify the name of the parameter, the tag
number, the origin of the data (i.e., raw telemetry data, processed data, time) and the
attributes for display, such as red and yellow limits, and display format. The parameter
name is used from then on to reference the data for display, processing, output and so
on. The spreadsheet environment provides a powerful way of creating and editing
parameter databases using Structured Query Language (SQL)-like operations.
Parameter databases can also be imported from other databases in an ASCII format.



Once the Loral 550 is set up to acquire and process data, users can take advantage of
powerful real-time display capabilities to monitor a test. The Loral 550's real-time
display package, called DataScope (see Figure 3), is based on the commercially
available display package DataViews. An added software layer takes full advantage of
the capabilities of DataViews and tightly integrates it with the Loral 550 to provide a
seamless single database user environment.

Data Display

Real-time displays are created and modified in DV-Draw, which is the display editor
of DataViews. This mouse-driven, point-and-click environment gives users a robust
set of tools for generating displays. Users can select from over 70 different display
objects including strip charts (one or more traces), bar charts, meters, and even an
artificial horizon. Graphical animation is another powerful capability of DataScope.
Objects can be drawn and given dynamics to move about the screen; they can be
rotated and sized based on the data used to drive them. To assist in drawing or laying
out displays, they can be zoomed to see more detail, colors can be added from a color
palette, grid lines can be turned on, and the "snap" feature can be used to help line up
objects on the display. Another useful feature is the ability to "prototype" displays to
see what they will look like with simulated data without having to bring up the
real-time display and provide data.

In the DataScope operational environment, users can assign parameters to the different
objects on a display simply by clicking on the objects and selecting the parameters by
name. Each object is set up with the graph range (values for graph axis) and the
warning and critical (yellow and red) limits that are associated with each parameter.
The user can also select an update rate for the display and then save the rate and the
parameter assignments so that they can be brought up all at once with the display.
Time can also be shown on the display. Once the displays are updating, they can be
frozen and restarted, the parameters and update rate can be changed, and users can
move back and forth between real time and data playback. Playback is controlled with
a scroll bar on the bottom of the screen that allows the user to move freely within
either a data file created previously or an instant replay buffer that holds a
programmable amount of the most recent data.

A local area network using Ethernet or FDDI networks connects the front-end chassis
to workstations, servers, and X Terminals. The industry standard network protocol
Transmission Control Protocol/Internet Protocol (TCP/IP) is employed on both FDDI
and Ethernet so that other systems can easily be placed on either type of network.
When a user brings up a display and selects a parameter, the software makes a request
to the front end to start "gathering" the data. The front end then starts picking up the



data and sending it to the requesting workstation or server for display at a user-
selectable update rate. This same gathering function can be used to direct unique
real-time data to multiple analysis or display programs running on multiple computers
without the continuous involvement of the workstation running Loral 550
applications.

CONCLUSION

Standards are not a telemetry ground station solution. They offer the product
developer a foundation on which to create, grow, and migrate systems to meet the
requirements of many installations. But standards do not always meet performance
criteria. Developers are therefore forced to create solutions until standards catch up.
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