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RT TELEMETRY NETWORK UPGRADE BASED ON ETHERNET

Gene Taylor
Vista Controls Corporation

ABSTRACT

New techniques for using Ethernet in real time systems are applicable to the typical
requirements of high performance Telemetry installations. Most TM installations
around the world today are currently implemented using specialized, high speed,
point-to-point data paths which have reached their limits in performance. By using
Ethernet in real time as a “Data Highway” path, system performance is optimized, and
the effective life of a Telemetry system can be significantly extended. Additionally, by
integrating a Local Area Network into the system, further advantages are realized.
New graphics display hardware and software may be used to provide virtually an “off-
the-shelf”, and very cost-effective major system upgrade. Meanwhile, little
modification to the host processor hardware or software system is required. This paper
examines these premises, and discusses several examples of major Telemetry systems
which have made this upgrade.
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INTRODUCTION

In general, most currently installed Telemetry systems around the world are
approaching the end of their planned, effective lifetime. They were originally installed
somewhere between 5 to 15 years ago, and were expected to last only 5 to 10 years
before a major redesign effort. New flight test and performance measurement
requirements now are becoming difficult to meet or monitor in real-time due to
inherent system limitations. Meanwhile, although the pressure builds toward a
complete rehost and/or redesign of the Telemetry system architecture, the funding
picture looks bleaker than ever. The result is that many installations are aggressively
looking for some way to improve performance and extend the useful life of the
existing system without having to implement an expensive rebuild.

The approach taken by several installations has been to offload complex and CPU-
intensive display processing from the host onto an upgraded, intelligent workstation. 



Real-time data transfer then occurs over a standardized network such as Ethernet. The
beneficial results to the facility include:

1. Existing host mainframes are relieved of anywhere from 10 to 80% of their
current CPU workload;

2. Multiple, old and expensive to maintain, specialized parallel I/0 boards are
replaced by commercial off-the-shelf (COTS) equipment;

3. Older technology “dumb” graphic display terminals are replaced by COTS,
intelligent displays such as PC/AT’s, SUN or Silicon Graphics IRIS
workstations.

4. Dedicated displays computed in the host may be replaced by generic,
versatile display generation software in a distributed environment.

5. All changes are subsystem upgrades, which coincidentally include a gradual
and purposeful migration towards a standardized environment. This insures
that future system upgrade and maintenance activities will be less expensive,
by widening the available “vendor pool”, allowing greater competition and
lowered costs.

PROBLEM SUMMARY

Many telemetry installations across the country are becoming compute-bound in
several areas. One of the most critical problems is that the central host processors are
being pressured at both ends for improved performance. New front end pre-processor
systems are being developed to handle increasing telemetry stream requirements, and
new, user-friendly graphics display technology is constantly being introduced to meet
the requirement for better monitoring capability. However, the central element in a
typical Telemetry system (see diag 1) is typically virtually maxed out in terms of how
much additional data it can handle. At the same time, it is this central processor, the
host computer, that is easily the most expensive element in any TM system and the
most difficult to replace, considering the usually very significant software
development investment.

As processing power increases in capability and decreases in footprint, and with the
advent of the newer parallel processing techniques that can be used in Telemetry
applications, there are many new tools and utilities for the DOS, UNIX, and other
operating system environments that are now often considered basic for engineers.
These useful tools include mouse/icon coordinated displays, 3D graphics, windows,
database management, touch screen technology, etc. These engineering tools can have
a great impact on both ends of the typical telemetry system, both in the development
or maintenance phases, as well as in everyday use. They offer the engineer greater 



Figure 1 - Typical Telemetry System

productivity through user-friendly programmability and versatility, and are applicable
to all subsystems within a telemetry processing both. Unfortunately, without
modernization, many of the tools are unavailable due to software or operating system
incompatibility, processing limitations, and/or other reasons.

 So, there are really two separate but related problems facing many telemetry
installations today. Firstly, there is the question of how to most cost-effectively take
advantage of new technology in both hardware and software, without losing the
significant investment in host software. The second issue is how to take the existing
system and “tweak” it to offer improved real-time performance. Again, the goal is
often to achieve increases on the order of 100% or even more, without having to
totally rehost or redesign the system.

The elements driving these desired improvements are very basic. For example, on the
input side of the system, front end receiving or pre-processing systems are now
available to handle much faster and larger telemetry data streams. However, how can
the increased data flow be handled by a central processor system which has already
been optimized, and has reached its top end in performance?  Similarly, on the display
side of the system, many of the graphic workstations now available are no longer
dumb graphics display units which need to be driven by the host. Rather, they include
high performance graphics processing engines that are capable of generating their own
displays in real-time from raw data, with more data coming in than ever before.



The central processor appears to be the obvious bottleneck, and could be replaced;
new, higher performance central host processors are readily available on the market.
However, rehosting a system is never a simple task. Generally, a great deal of very
specialized and carefully optimized software has been integrated into the system, and
the software is seldom very transportable to a new host or different operating system.
In the future, Telemetry systems may actually migrate to eliminate the “middle man”
processor. But it is inescapable that for today, the central Telemetry processor in many
systems must somehow be cost-effectively upgraded to handle more data and generate
or interface with more complex displays.

PROPOSED SOLUTION STATEMENT

One solution is immediately available that optimizes the use of Commercial Off-The-
Shelf (COTS) technology, solves the problems discussed above, and offers many other
benefits as well. An Ethernet Local Area Network (LAN) may be implemented as an
effective real-time LAN media. The LAN can then be used to easily and conveniently
hook up many different workstations, with integrated software packages.

Ethernet is a well-tested, mature technology. It is supported by literally hundreds of
different vendors. Virtually any computer, terminal, or workstation offers Ethernet
compatibility, and its bandwidth of 10 Mbps offers more than enough room to meet
the requirements of most telemetry applications.

One strength of any network scheme, including Ethernet, is that all messages are of
equal priority. In a deterministic, real-time system with cycle times on the order of 30
to 100 milliseconds, a large data transfer that takes only 20 or 30 ms, could delay or
tier up one or two frames worth of real-time data, or even more. If a non-real-time data
transfer (say, moving a large file from one node to the next) occupies the bus, it will
block out all other messages. This leads to the one major TM LAN guiding principle
then; that is, to separate TIME-CRITICAL events from NON REAL-TIME events or
messages. Ethernet then becomes an excellent choice for the LAN media. It also is
extremely cost effective when compared with virtually any other LAN technology;
whether standard or proprietary types, has much greater vendor support, and is very
easy to implement.

The second part of the proposed solution is to select and connect (via the Ethernet
LAN) intelligent workstations that are designed for programming flexibility, and will
support the displays needed. The workstations will offer all the latest available
graphics programming tools, and must be capable of calculating and painting the
displays in real-time.



Implementation of the solution is relatively simple. All of the graphics processing in
the host will be moved to the workstations; just as the host performed all graphics
processing from a telemetry database, that database is moved onto the workstations,
and the local workstation now does the requisite graphics processing. The data in the
workstation must be refreshed only once per frame, even though it may be updated
more often in the host.

The critically important task of real-time database transfer occurs over the Ethernet
LAN. Either the entire database is moved, or subsets of it. In either case, that remains
an application or facility-specific issue. However, the workstation will now either
have the ability to “scatter-gather” the specific subset of telemetry data required for
any commanded display, or it will merely use all data that has been presented.

Software at the workstation and LAN traffic determinism allows full bidirectional
data transfers. This enables the control station engineer to select from among multiple
displays in real-time, or to pass any type of command/control message back to the
host. Control traffic sent back to the host in real-time may be used for various
purposes. For example, it may signify an important response to be returned to the
telemetry “vehicle”, or it may simply be used to command the host to start sending a
different subset of the available data. (Missile is off course, send “Destruct”
command; a plane being monitored is entering a critical maneuver, requiring change
to a different display; or perhaps the control room engineer wants to change from
“OWN” to “TARGET” data stream, etc.)

EXAMPLE 1 - NWC/CHINA LAKE; RIPS DISPLAY UPGRADE PROGRAM

SITE LOCATION: Range Control Center, Naval Weapons Center at China Lake,
California

PROBLEM: The Range Control Center Integration and Processing System (REPS) at
NWC, China Lake was a fully operational, well-established system. It was designed
with Gould Concept/3277 computers as the hosts, driving up to four control rooms.
All data links between the displays and the hosts were based on the HSD,
implemented as multiple point-to-point communication paths. Anticipated new test
programs has performance requirements far beyond the capability of the existing
system, however, and would be delayed or limited without significant improvements
in the computational, monitoring and graphic display capability.

SPECIFIC RANGE UPGRADE GOALS: The REPS System is presently being
upgraded with readily available Commercial-Off-The-Shelf Equipment (COTS). The
upgrade was planned carefully over a two year period to meet anticipated higher



performance Time/Space/Position Information (TSPI)/telemetry processing
requirements of new Naval Test Programs involving both airframes and missiles. A
complete system rehost was considered, but not pursued due to the prohibitive costs,
limited budget, and fast schedule. Alternative approaches were evaluated that could
meet these requirements:

1. Minimal or no changes to the existing TSPI/telemetry database;
2. Implementation of a distributed processing environment to offload hosts;
3. Take advantage of established networking technology;
4. Increased/improved Real-time performance;
5. Intelligent workstations to allow programming in Unix/C;
6. Reduction in the number of system boards, and transition from proprietary/

customized I/O hardware to standard COTS technologies.

SOLUTION: Each Encore Concept/32 host processor was upgraded with an Ethernet
interface capable of both high performance, real-time data transfer and more typical
network operations such as file transfer, etc. Four new Ethernet backbone networks
were installed throughout the facility to totally segregate real-time vs non-real-time
network data transfer activity (see figure 2). An “AT” type of IBM clone computer
was selected as the workstation. Each 25Mhz, 80386-based AT is equipped with dual
Ethernet interfaces and a high performance graphics card. A total of 40 AT’s are
installed on the network(s), distributed throughout various reconfigurable control
rooms. New, additional control facilities are planned, and will be added to the network
as required by increases in usage or demand.

At the beginning of any flight test, a digital map of the area is downloaded over the
non-RT network to each workstation. During a test, real-time data is transferred over
the RT network to all “interested” workstations, who then paint real-time TSPI data
over the static map display. Command and control data is returned to the host over the
non-RT network.

AT-resident display software is being developed to allow selection from many
different independent displays at the workstation. The number of on-line workstations,
the number of different active displays, and the complexity of each display no longer
has any affect on host processing load.

BENEFITS ACHIEVED: The approach taken for the RIPS upgrade work has enabled
the RIPS facility to meet all of their required objectives, and resulted in the following
additional benefits as well:

1. Host CPU processing workload has been significantly reduced, allowing a
possible future elimination of mainframe computers;



Figure 2 - RIPS Block Diagram

2. RIPS Facility migration to a standardized network technology has begun,
supported by many vendors with COTS hardware;

3. The effective/useful life of several older host computers has been increased,
eliminating need for immediate rehost activity;

4. Telemetry/control room display technology has been brought into the PC/AT
environment, with many new and useful COTS tools and utilities available;

5. Effectively, a complete system upgrade was achieved at minimized cost;
6. Facility has quickly migrated from a command-line oriented, “user-

unfriendly” system to a simple, menu-driven “point and click” system.

SITE CONTACT: Dan Harris, NWC China Lake (619) 939-6964

EXAMPLE 2 - YUMA PROVING GROUNDS REAL-TIME
RANGE UPGRADE

SITE LOCATION: US Army Yuma Proving Grounds, Yuma, Arizona

PROBLEM: The Range Control Room at YPG is a modem installation, using up to
date technology. However, the displays were still being processed and driven by the
host computers. Therefore, an individual, dedicated I/O channel was required for
every display, and there was a significant processing load on the CPU. The displays
were limited, and difficult to change for different test environments. An increasing
variety of types of range tests and user test monitoring requirements demanded that a



more user friendly and easily reconfigurable display system be designed and
implemented. Because of the heavy current processing load on the master real-time
computers, and anticipated increased requirements, it was also important to offload
some of the display generation activity.

SPECIFIC RANGE UPGRADE GOALS:

1. Offload at least a portion of the graphics display processing to intelligent
workstations;

2. Refresh workstations with real-time telemetry data over some type of
standardized network;

3. Take advantage of established networking technology;
4. Take advantage of new graphic display software programming tools now

available in Unix;
5. Develop a hard copy capability for network stations;
6. Maintain program security; control network access;
7. Support multiple real-time missions simultaneously.
8. Use Commercial-Off-The-Shelf equipment (COTS).

SOLUTION: Each Encore Concept/32 host processor was upgraded with an Ethernet
interface capable of both high performance, real-time data transfer and more typical
network operations such as file transfer, etc. Two backbone networks were installed
throughout the facility to totally segregate real-time vs non-real-time network data
transfer activity. All network connections were made through a simple Ethernet
patching box for network security and selection. (see figure 3)

All of the display requirements were met by having two types of displays - one
computer was designated to perform the “Centralized Graphics Processing” for the
limited number of displays which were constant. The “Networked Graphics” are used 
for all other displays, including customized, test specific displays. Megatek graphic
display engines were selected for the Centralized Graphics monitors, and Silicon
Graphics Personal IRIS 4D/20 computers were selected as the networked intelligent
workstation. Each IRIS had dual Ethernet interfaces installed, to enable both real-time
and nonrealtime data transfers.

The host processor (an Encore/Gould 32/9780) broadcasts telemetry data to all of the
attached workstations over the real-time network once every frame (typically around
200 milliseconds). A single mission data “refresh” usually takes from 4 to 8 standard
Ethernet “packets” of 1500 bytes each. If multiple missions are being executed
simultaneously, then each different mission may have its “set” of associated real-time
data transmitted sequentially over the network to its respective stations. (Typically, 



Figure 3 - YPG Real-time Ethernet Routing Control

there would be up to 6 workstations in a single control room, and although several
control rooms all share the Ethernet network, this technique allows each room to
simultaneously monitor different missions, coming from different host processors.)

The YPG installation provides an excellent example of a real-time telemetry facility
which has taken advantage of new technology in several areas. In each case, the
benefits of migration towards standards and making use of commercial off-the-shelf
equipment are realized. All these advances are an integral part of, or a result of using
Ethernet as a system backbone Local Area Network (LAN). They fall in several
different areas:

* Real-time Ethernet - This is an area of new technology that formed the backbone of
the YPG upgrade design. Simply put, a new Ethernet interface was used that
supports both normal (slow) network activity, as well as a more specialized high
speed, deterministic Ethernet LAN. The interface selected (VC-ETHR controller
by Vista Controls) is able to make use of virtually the entire available Ethernet bus
bandwidth of 10 Mbps. Most Ethernet LANs, as typically implemented, are not
used in a deterministic environment, and start to seriously bog down noticeably in
performance once the actual data throughput gets much above 10% of bus
bandwidth. However, using the Vista High Speed Ethernet LAN technology, we
can literally swamp the LAN with the real-time data, and get it out fast enough to
allow the workstations to do all of their graphics processing well within a single
frametime. In fact, for this implementation, the host 32/97s actually had to be 



“throttled down” a bit to insure that the IRIS workstations could read all the data
broadcast to them.

* Hard Copy Capability - A full color plotter is installed in each control room, and
attached to each of the workstations. Each engineer may be monitoring different
aspects of the mission, or may have totally different displays on their IRIS. If an
engineer notices something on his(her) display that should be kept for further
evaluation, then a command may be instantly issued to the slaved hard copy
printer. The display is temporarily frozen for about 3 to 5 seconds while being
dumped to the copy buffer. If no other prints are in the queue, then the full color
hard copy is available within a minutes Up to 5 screen dumps may have been
ordered and queued up by any combination of workstations in a single control
room.

* Security - A physical network patching box is used to connect or disconnect
computers, control rooms, or individual IRIS workstations as appropriate for
different missions. The result is a completely secure environment, with positive
controlled access to the network. This aspect of the upgrade was vitally important,
yet relatively inexpensive to implement, as all equipment used was COTS. As
implemented, both classified and non-classified tests may now be simultaneously
run in separate control rooms, (see figure 3) and any computer may drive any
control room.

* Graphics Processing - The Centralized Graphics displays are still processed
completely in one of the host Encore computers. However, all other graphics
processing has been offloaded to the IRIS stations. The real-time I/O is simply an
Ethernet broadcast of the new mission database, and the local IRIS has software on
board capable of using any desired subset of the data refreshed over the LAN.

* New Displays - The programming time required to develop a completely new or
customized display has been drastically reduced from literally weeks of
programming time to sometimes just an hour or two. The IRIS stations are capable
of rendering 3D graphics and shaded polygon mapping using database coordinates
downloaded from the host over Ethernet. This approach also allows multiple
stations to view the same display, without having to pay the penalty of repeat host
processing of the same data.

* User interface - The older system that this upgrade replaced had a large,
specialized control console with literally over a hundred buttons, knobs, and
switches. The new IRIS workstations are equipped with just the standard keyboard
and mouse. However, a software support routine was developed to make the screen



look similar to the old console that most of the engineers had good familiarity with.
Buttons and switches then have turned into on-screen icons. Currently, the system
has been implemented using mouse input. However, input via touch screens or
light pens are being investigated as a potential future upgrade activity.

* Post-Processing - All network traffic is captured to allow post-mission
reprocessing and/or replay. Entire missions may be completely replayed at real-
time speed, or may be replayed at rates either significantly slower or faster than
real-time.

BENEFITS ACHIEVED: As can be seen from the section above, all of the original
program goals have been achieved, along with other benefits as well. The available
Ethernet bandwidth is sufficient to support continued system expansion for a number
of years, and by offloading the central processors from a significant portion of their
work, new tasks may be added as necessary.

SITE CONTACT: Larry Goad, US Army Yuma Proving Grounds; (602) 328-6744

 SUMMARY/BENEFITS

By using Ethernet as a Local Area Network, and transferring real-time data over the
LAN to standard graphics display workstations, any Telemetry system may be very
cost-effectively upgraded to meet advanced display and processing requirements
through the 1990’s. The following benefits may be achieved in whole or part, and at a
much lessened cost, as compared with trying to solve the problems through a
processor rehost effort or any type of proprietary high speed communications link:

1. STANDARDS -
* Migration towards a distributed processing environment to offload graphics

processing from the host computer system to intelligent workstations;
* Migration towards standards to insure wider future vendor support and greater

transportability;

2. PROCESSING LOAD -
* NO degradation in real-time performance;
* Elimination of proprietary, hard-to-maintain I/O boards, and often a reduction

in the total number of system I/O boards;
* Will facilitate a future reduction in the number of main processors due to a

significant host CPU processing workload reduction;



3. DISPLAY COMPLEXITY -
* Allows facility to take advantage of the many new graphic display software

programming tools now available for DOS, Unix, or other operating systems;
* Multiple missions or tests are supported simultaneously, with no impact on

central host CPU;
* Display type or complexity is now independent of host, and may be changed

in real-time.

4. SECURITY -
* System security is not compromised, as network access can always be strictly

controlled;

5. COST & EASE OF INTEGRATION -
* Uses Commercial-Off-The-Shelf equipment (COTS).
* Takes advantage of established networking technology;
* Minimal or no changes are required to the existing telemetry database(s);
* Effective life of older host computers is increased;

6. OTHERS -
* The Telemetry system may be more easily expanded in any way, with

preprocessors or additional graphics displays;
* Maintenance costs are lowered.

CONCLUSIONS

Ethernet has proven to be an excellent selection for upgrading several extensive
telemetry/range installations throughout the United States. Each of the examples cited
here were real-time telemetry systems hosted on the Gould/Encore Concept/32 line of
computers. The technique of using the 10Mbps Ethernet LAN in a deterministic
fashion is relatively new, but is very easily implemented in any typical telemetry
installation. The hardware selected by these sites was particularly designed for high
performance by Vista Controls Corporation, however, the concept of a high speed data
highway based on standards, is easily applicable to any site, and any computer system
which is used in a semi-deterministic application, with time-critical data.


