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FDDI AS AN EMERGING STANDARD FOR
TELEMETRY SYSTEMS

Gene Taylor
Vista Controls Corporation

ABSTRACT

Various high performance fiber optic networks have been in existence and available
now for over 10 years. Virtually all of them, until recently, have been designed around
the “better idea” of some single company or engineer, and therefore were or became
expensive, proprietary systems, with limited support, and limited or no growth
potential. Many benefits were still realized by the users in spite of that; primarily in
the areas of increased bandwidth, improved security, and the capability to have data
transmission over long distances. However, after 5 years of continued development
and refinement, the American National Standards Institute (ANSI) X3T9.5 committee
has nearly completed acceptance and final approval of the Fiber Data Distributed
Interface (FDDI) specifications. The new FDDI standards have already evidenced a
tremendous and eager acceptance by the end user community, and are clearly destined
to replace Ethernet as the most prevalent network media. FDDI also offers additional
benefits specifically of interest to the telemetry market, and therefore represents an
ideal Local Area Network (LAN) technology towards which any TM installation
should migrate.

Key Words: Real time, Telemetry, Fiber Optics, FDDI, Local Area Network,
Distributed Processing.

INTRODUCTION

Virtually all Telemetry systems around the world today are implemented using a
combination of several different specialized, high speed data paths. Typically, the
system is built around point-to-point links, reflective memory schemes, or “networks”
based on a star topology. The telemetry market has been driven to these solutions by
the overriding need for higher performance than that usually offered by any
standardized network system. However, the ANSI X3T9.5 committee is nearing
completion and acceptance of the final sections of the Fiber Data Distributed Interface
(FDDI) specifications. This new fiber optic-based network specification offers great
promise for future telemetry upgrades and installations as a common and very cost-



effective replacement for what traditionally was implemented as multiple unique data
paths.

FDDI represents a 10x performance improvement in standard networking technology,
offering a 100 megabit per second media. Although some of the older Local Area
Network (LAN) standards actually do support data transmission over fiber (Token-
Ring, Ethernet, or 802.5), FDDI is the first entry into the market of a 2nd generation
network, and offers many new benefits by design. This paper will discuss those
strengths, along with some of the possible direct benefits to a typical telemetry or
range application. However, to begin with, this paper will provide a more complete
definition of the FDDI specifications, along with a discussion of some of its
alternatives and current supporters or users.

FDDI NETWORK OVERVIEW

The first preliminary specifications for a fiber optic-based network standard were
proposed in 1985 by the ANSI X3T9.5 committee. These specifications have
undergone much development, testing for interoperability, and resulting revisions
since then. At this time, however, the specifications are very stable and have been
firmed up in virtually every respect. For the Interop 91 conference, held in San Jose
last month, over 50 different vendors were hooked up to an FDDI network,
demonstrating network-wide interoperability of their products. This surprisingly large
number of vendors who have all been carefully following the development of, and
now adhere to the FDDI standards is a clear indication of the solid industry-wide
support that FDDI has generated.

The FDDI network was designed to take advantage of the tremendous potential of
multimode silica fiber. It is a high bandwidth (100Mbits/sec) LAN offering reliable
and secure data transmission over separation distances of up to 2 km. The network
itself is configured as dual (redundant) timed token-passing, counter-rotating optical
rings. Up to a thousand stations may be connected to a total fiber path of over 200 km.
The specification supports synchronous and asynchronous classes of service to meet
the requirements of both real-time and less time-critical interactive applications.

Strict adherence to the Open Systems Interconnection networking standards are
maintained. The Physical Layer (PHY) defines the hardware level (cable, connectors,
drivers and receivers, etc). The Data Link Layer (DLL) implements both the Media
Access Control algorithms and the Logical Link Control (LLC) layers. The Station
Management (SMT) layer provides for all the station control services such as
initialization, fault recovery, etc. Full compliance with the well-tested and widely
accepted OSI model has helped to guarantee the fast and thorough vendor support that



FDDI enjoys. The currently available FDDI chip sets implement the three lowest
layers of the seven layer OSI standards. Software support for the remaining four levels
is already existent, running in the host, in most cases.

INTEROPERABILITY AND SUPPORT FOR FDDI

One of the greatest advantages of using a widely supported standard in any system is
the fact that the engineer can take advantage of interoperability in the design. One of
the simplest examples of this is the wide freedom of choice that any individual has in
assembling a component quality audio system for the home. By the same token, FDDI
will soon represent the “RCA plug” of computers. This will allow system engineers to
optimize their design for the unique application requirements by selecting among
many different subsystems, and literally just hooking them together, with little worry
of any significant incompatibilities.

Current supporters of the standard include virtually every major chip and board level
product manufacturer, as well as the biggest users and consumers of those products,
including the US Government. There are at least a half-dozen different FDDI-
compliant chip sets now being produced or nearing design completion by various
manufacturers, including Advanced Micro Devices (AMD), Intel, National
Semiconductor, and Motorola. Every major computer maker now supports FDDI
connectivity with off-the-shelf hardware available today, including IBM, DEC, CDC,
AT&T, and HP. Almost all of the workstation manufacturers, such as Silicon
Graphics and Sun similarly support FDDI, with others regularly jumping onto the
bandwagon by announcing their planned or future network support in trade
publications. Engineering and technical development support is also available today
with a full range of test and debug tools from a completely different set of
manufacturers such as DTI, NSC, DSI, and others. Finally, various agencies of the US
Government, including the Department of Defense and NASA, are actively
encouraging continued and stepped up implementation of the FDDI standards. FDDI
networking connectivity is a defacto requirement for most government procurements
today.

In addition to the existing high level of interest and support throughout all areas of
industry and government, there have also been two test centers established to insure
interoperability among vendors. On the west coast, Advanced Micro Devices (AMD)
has sponsored the Advanced Network Test Center; and in the east, at the University of
New Hampshire, the InterOperability Lab (IOL) brings together a consortium of FDDI
product suppliers. Both of these labs are designed solely to provide a standardized
environment for developers to test and insure compliance of their FDDI products to
the specification. The payoff for the telemetry engineer is shown in walking the floor



of any network-oriented conference: hundreds of different products doing different
functions, with different strengths and weaknesses. The engineer can now pick and
chose from among the many, to meet his or here own unique application requirements.

WHAT MAKES FDDI A BETTER ALTERNATIVE

Telemetry systems are built around, and dependant upon several different “classes” of
high speed data links. As an example, one common top level design block diagram is
shown below in Diagram 1. Multiple processors often are used to form a group or a
single test monitoring and processing “channel”. The processors within a single group
are usually interconnected via a shared or reflective memory scheme. Each group
(often a triad of computers) has multiple high speed comm links to the graphics
display stations, usually based on parallel I/O such as an HSD or DR11. Finally,
multiple triads will be interconnected via some kind of high speed network. With few
exceptions, the hardware and software associated with each of these links is unique,
bus-specific, proprietary and expensive. It is difficult and costly to maintain, and
usually severely inhibits future system expansion or modification. FDDI used as a
backbone LAN to the telemetry system offers the necessary interoperability and
performance to replace them all with a single network.

Figure 1 - Typical Telemetry System Topology

The FDDI specification meet the requirements of high performance real-time
applications in three different areas of LAN technology; backbone, backend, and
front-end LAN topologies are supported. In a typical FDDI backbone LAN
installation, the network is used to tie together all of the main components of the
systems. A backend LAN is one where the mainframes are connected via the network
primarily to high speed peripherals such as data storage devices. When FDDI is used
as the front-end LAN media, its purpose is to interconnect the system with



workstations. Most current FDDI installations are of the backbone type, due to the
increased performance available, and few have been implemented as front or backend
networks.

The fact that FDDI allows support of all these types of mixed network installations, as
well as various star and ring topologies, is one of its other great strengths. An FDDI-
based system allows easy integration of multiple differing networks into a single
system. There are off-the-shelf products available today which allow the user to hook
up an existing 802.3, Ethernet, 802.4 (MAP), 802.5, or many other types of networks
directly to the FDDI backbone LAN through a gateway or filter device (even
including already existing networks based on twisted pair cabling). One installation in
Mass is a good example, where over 20 different 10 Mbit per sec Ethernet networks
are hooked into the FDDI backbone LAN. Diagram 2 shows one example of how the
overall topology for a future telemetry system could look.

Figure 2 - FDDI Backbone Network Topology

There are at least a dozen different high speed fiber optic-based data transfer schemes
on the market today. They range from very specialized gigabit-capable links offering
only extremely limited support of a single type of computer to others with wider
mainframe compatibility. Some are strictly point-to-point links, whereas others
support some type of network topology. FDDI is the only one that has planned or
existing support for virtually every workstation, bus, and/or mainframe computer, and
the only one with wide development engineering support. It stands out clearly as the
most cost-effective choice in any tradeoff analysis, unless the performance
requirements for actual data throughput are unusually high, and exceed the 100 Mbps
bus bandwidth.



Because of the compliance of FDDI to the OSI standards, the user has the unusual
option of selecting among many different possible communication protocols. Some
real-time applications may choose to use the network with only the minimal protocols
implemented (PHY, DLL, LLC and SMT layers). Other, more interactive applications
may have a requirement for full support of TCP/IP, Gossip, XTP, or other upper layer
protocols. Again, FDDI is unique in its capability to be used in any of these modes, or
even a combination of them. This offers the application engineer a design freedom
that is refreshing in its ease of use and versatility.

FDDI also offers the real-time user another major advantage: the MAC layer (DLL +
LLC) guarantees that time-critical data can be sent deterministically. Every node can
be programmed so that the maximum synchronous transmission time not greater than
a known latency, determined by optical path length and the total number of nodes.
This feature can be used, in combination with the protocol programming versatility, to
eliminate the traditional data I/0 latency problems often faced by the real-time
telemetry engineer in dealing with other standardized networks.

EXAMPLES OF POTENTIAL TM INSTALLATIONS

This section is a presentation of the block diagrams of several specific major telemetry
systems either recently completed, or still in the process of final development. Each of
them represents a high performance state of the art installation that is expected to
work well, and meet all of its performance goals. These examples are presented only
with the intent of evaluating them from the standpoint of hardware available today.
The discussion is not intended to be any kind of after-the-fact “Monday morning
Quarter-backing”; because, in fact, all of these new installations were designed
anywhere from 1 to 3 years ago, when FDDI was by no means mature, and did not
look nearly as attractive as it does today.

Diagram 3 presents the block diagram of a major telemetry system used by NASA in
California. The system consists of multiple Encore Concept/32 processors variously
connected to a proprietary 80 Mbps fiber optic LAN, a high performance (link level)
802.3 LAN, standard Ethernet, and a 16 bit multiplexed parallel I/0 link. This mix of
various data paths could be significantly simplified by taking advantage of FDDI as a
backbone network, and adding in some FDDI-to-Ethernet gateways. Other than the
I/O boards themselves, no other hardware in the system would have to be changed;
although there would be a good deal of software modification in the front end of the
system, to accommodate changing from the existing parallel I/0 scheme over to
Ethernet.



Diagram 3 - New Topology using FDDI

Diagram 3 - Old Topology

A range facility in the Pacific Ocean is still under design, but nearing completion, and
will soon be handed over to the US Navy for operation. It relies on both shared
memory and multiple one-way, dedicated Ethernet LAN. In order to achieve the
highest possible performance over Ethernet, each of the LANs are dedicated, semi-
deterministic links, with only a limited number of nodes connected. Similarly to the
NASA installation, this facility also represents an ideal candidate for upgrading to an
FDDI backbone LAN, supported by front-end LANs through gateways. In this case,
actual data throughput could actually decrease, with improved performance, based on
an FDDI upgrade.

As one final example, Figure 5 represents the block diagram of a large range in the
California desert. This range system, managed by the US Air Force, is currently in the
final stages of being upgraded to a fast fiber optic based central shared memory
system. The new centralized memory system will enable all processors in the system
to share the same blocks of data, while each processor will separately be responsible
for updating some portion of the data block(s). The new system incorporates its own



Figure 4 - Example 2 Block Dia

Figure 4 - Example 2 Block Diagram

front-end point-to-point link to the monitoring workstations, each of which has
required the development of bus-specific specialized high speed hardware. In this
case, as in each of the others, similar performance at a much lower per node cost could
be achieved by building a system based on the new FDDI specification.

The purpose of discussing these three specific examples of current range installations
has been to graphically illustrate the topological simplicity and long-term viability of
FDDI as the baseline network for the next generation of range and telemetry systems.
FDDI meets the performance requirements of most of todays test ranges, and can be
optimized if necessary without sacrificing its main asset... that is, its promise of wide
interoperability and future cost-effectiveness.



Figure 5 - Example 3 Block Diagram

FUTURE GROWTH POTENTIAL FOR FDDI NETWORKS

One final aspect of FDDI that makes it stand out heads above many of the other fiber
optic-based comm links is its future growth potential. Although the current
specification is set at 100 Mbps, higher data rates are already planned. In fact, the
existing hardware set currently supports rates double that. Each node on the network
can be programmed to be either a Dual Attached Station (redundant), a Single
Attached Station, or a non-redundant DAS. In that case, the two counter-rotating rings
do not carry redundant data for error checking purposes, but instead carry different
data messages. The new specification for “FDDI II" for already under discussion, and
will purposefully make use of the already completed FDDI I standards in most
respects.



SUMMARY/BENEFITS

All of the pieces are in place to design, install, test, and use FDDI as a backbone LAN
for any telemetry system. It represents the next generation in networking technology,
and will prove to be more cost-effective than virtually any other alternative, just as
Ethernet has now taken the place of many other lower performance and/or proprietary
1st generation local area networks. Any FDDI installation will realize some mix of the
following benefits, depending upon what the FDDI is replacing, and some of the
specific application characteristics:

* Allows easy migration towards a Distributed Processing Environment;
* Lower Cost Per Node than specialized or proprietary solutions;
* Supports Data Transmission Over Long Distances, up to 2km between two

nodes;
* Secure Transmission Media is Immune to EMI or tapping interference;
* Special features support Determinism and High Performance applications;
* Wide Vendor Support provides interoperability and full OSI model

compliance;
* Multiple Network Topologies Supported individually or mixed in

combinations;
* Fault-tolerant, redundant path design leads to High Data Transfer Reliability; 
* Elimination of Proprietary I/O boards, usually very expensive and hard-to-

maintain;
* Simple System Modification and/or expansion;
* Uses Commercial-Off-The-Shelf equipment (COTS).

CONCLUSIONS

FDDI will prove to be an excellent selection as the backbone LAN for any telemetry
or range installations. Each of the examples cited here were real-time telemetry
systems hosted on the Gould/Encore Concept/32 line of computers. However, FDDI is
supported on virtually every mainframe computer or workstation currently in use at
every range facility across the nation, and 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.

Years of development have gone into the ANSI X3T9.5 FDDI specifications. The
cabling, test, hardware and software elements of the media are all finalized and
available now to support an FDDI LAN installation. It represents the second
generation of network technology, and is destined to replace Ethernet as the
workhorse network of the industry. The really nice thing about FDDI is that its



performance and features are perfectly suited to the requirements of the telemetry
market in many aspects. New TM installations, or those sites which are scheduled for
major upgrades or rehost activities should carefully consider FDDI as a potential
backbone network and avoid reliance on proprietary solutions which turn out to be
short-lived and expensive.


