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Abstract

Even before formal adoption by the IEEE in 1999, the two communications protocols defined in IEEE-1473 were becoming de facto standards in Europe and the US. Today, by conforming to IEEE 1473 standards and guidelines it becomes possible to develop true interoperability for a next generation of Open Architecture Train Control™ using CBTC technology.

But despite widespread adoption of IEEE 1473 technology many overlook some of the more subtle aspects of applying these advanced train networks properly. These aspects have a strong impact on system design and even long-term maintenance considerations. This paper hopes to clarify some of these issues. It also discusses potential solutions to new and more demanding performance requirements and a desire by many to retrofit IEEE-1473 into existing fleets. These two needs are causing us to look at new migration paths that may extend both the power and reach of IEEE 1473.

RTVISC and IEEE 1473 Overview

What do 1,300 transit buses in Seattle have in common with 6,000 subway cars in New York City and 27 million homes in Italy? They are all using or beginning to use the same advanced 7-Layer communication protocol specified in IEEE-1473-1999.

IEEE 1473 is just one of eight new standards by the Rail Transit Vehicle Interface Standards Committee (RTVISC). Created by the Transportation Research Board (TRB) and the United States National Academy of Science, RTVISC has been under the capable and effective leadership of Thomas J. McGean, P.E. since it was founded in January of 1996. 
 Other Draft RTVISC standards are in the pipeline and new ones are expected.

Existing IEEE RTVISC standards such as IEEE 1474.1, Performance and Functional Requirements of Communications Based Train Control, and IEEE 1483, Verification of Vital Functions, provide us with important and significant guidance in the development of functional CBTC and Safety related specifications. Many transit properties in the US and around the world are calling out these new IEEE standards within their procurements. For those interested in learning more or even participating in our ongoing RTVISC standards development we encourage you to join us as the process is open to all
.  In addition, the existing standards may be purchased on-line from the IEEE Standards Association Store for a nominal fee.

But in terms of TRB’s Rail Transit Vehicle Interface Standards effort today, it is really the two vehicle network backbone protocols specified in IEEE-1473 that provide the key to open interoperable vehicle systems. This is because these IEEE 1473 networks allow vehicle subsystems to share common information over a common communications medium. It is happening in other industries and it is clearly, albeit slowly, beginning to happen on transit vehicles -- both rubber and steel-wheeled.

For two years we have been able to watch SF Muni LRVs operating under control of a CBTC System from our web browsers.
  Previously constrained to about 20 trains/hour, Muni is now able to dispatch CBTC trains from Montgomery St. Station less than 60 second apart. Muni LRVs have been using IEEE-1473-L technology for years before this standard came into being.

In the rubber-tired world, Seattle buses also use IEEE-1473-L networks. These Vehicle Area Networks transfer passenger count and run numbers to Amtech tags on buses to pole-mounted Amtech readers and another IEEE-1473-L network interconnecting street traffic controllers. Why?  Because Seattle’s Traffic and Transit departments agree that a transit vehicle approaching an intersection that is both early and empty deserves less priority than one that is late and full. You just can’t do that with a single contact closure.

Last year Enel, Italy’s electric power company, decided to replace every electric power meter in every home with a smarter one based upon IEEE-1473-L technology. Combined with ANSI 709 powerline communication technology, Enel will no longer need meter readers. And when a customer doesn’t pay they simply pull the plug, remotely.

IEEE 1473:  What is happening today

Why do we care that 27 million homes in Italy will use the same integrated circuit used in our IEEE-1473-L railcar networks? Because semiconductor fabs need high volumes not only to ensure economies of scale but also to ensure long-term parts availability and migration paths. Ever hear of the TI-9900, the first 16-bit microprocessor? Ever hear of the Intel 8086?

IEEE 1473 defines two complimentary communications protocols for use on trains: TCN (IEEE 1473-T) and LonWorks (IEEE 1473-L). Today, New Jersey Transit is developing a gateway between 1473-L and 1473-T for its new Comet Cars. Adtranz locomotives using TCN as a backbone will pull Alstom cars with LonWorks nodes. Adtranz, one of two owners of TCN technology, is taking the lead on this gateway development.

The NJ Transit gateway development is good for the rail transit industry because most agree that a hybrid TCN-LonWorks network should be less expensive than an all-TCN solution. Further, it helps increase the adoption of networked rail vehicles and should provide more options for buyers. But it’s a lot of work to develop a TCN-LonWorks gateway.

This complication is one of the key problems with gateways and is what distinguishes a gateway from a router. Routers are much simpler than gateways because routers merely transfer information over a network without needing to be concerned about the content of the information.

Gateways on the other hand must literally stop and open up each data packet and then translate every piece of information in that packet from one protocol on one side to another protocol on the other. This translation must all be defined well in advance during the design phase and then placed in each gateway. But if a new data item is added to a network, every gateway that touches that information probably will have to be modified. But this is not a problem -- as long as you plan never to change or add features or functions to a transit car over its design life.

Routers do not have these problems. A router is normally used when the network protocol is the same on both sides. Routers are frequently used to partition network traffic. However, the physical layer on each side may be different. For example, in an office network, IP may be running over Ethernet and a router may change it from 10BaseT to 100BaseT. In the case of IEEE-1473-L on railcars, routers may manage traffic or actually move packets of data from a higher speed (such as the standard 78 Kbps rate specified by IEEE-1473-L) to a lower speed such as ANSI/EIA 709 powerline technology.

The important thing to remember is that because routers do not need to know or even look at the content of the information they are routing, additions or deletions to a network are possible without requiring changes to the routers. 

A simple rule is to use routers whenever you can and use gateways only when you must.

IEEE 1473: What may happen tomorrow

There is another kind of router, however, called a tunneling router that combines the best features of traditional routers and gateways. For example, the ATCS protocol now tunnels through IEEE-1473-L permitting interoperability between Harmon and Safetran wayside signal equipment. From the LonWorks perspective, ATCS is simply a “foreign frame” and thus doesn’t need to know about ATCS. It simply takes ATCS packets and sends them to the address marked on the packet.

Tunneling routers are also becoming popular with Internet Protocol. IP is everywhere and probably the most common way to move IP is over Ethernet, a physical layer frequently found as 10BaseT. But IP over Ethernet was not designed for real-time control networking and there are tricky issues when using it for that purpose. Nevertheless, protocols such as IEEE-1473-L often must interface with IP because everyone today wants to see their factory automation, or their trains, on a web browser. Today, for example, Bombardier trains in Canada using IEEE-1473-L technology are doing just that over RF. We should not expect this trend simply to continue. Rather, we should expect this trend to explode.

With assistance from Cisco Systems,
 Echelon, the developers of LonWorks now offer iLON
, a router that permits IEEE-1473-L packets to tunnel through IP. From the Information Systems Department’s perspective, this tunneling router looks just like an edge device. But from the control network guy’s perspective, it looks just like an IEEE-LonWorks network. Today, an ANSI/EIA committee is hard at work developing a soon to be published standard that will define how IEEE-1473-L to IP conversion should be done. This insures a high degree of future interoperability and openness between IEEE-1473-L and Internet Protocol. This should help insure competition and multiple sources of supply.

Microsym in Toronto recently developed a new product that permits IEEE-1473-L to tunnel through essentially any high-speed serial communication protocol. Using an A190 Packet Tunnel Engine
 with existing IEEE-1473-L nodes, trains can now use a standard commercial communications protocol such as T1, or T3. T3 could be the “holy grail” of trainlines and work is now underway by a major railcar builder to determine the viability of T3 on railcars. This is important because neither IEEE 1473-L nor IEEE 1473-T can support anywhere near the new bandwidth-demanding requirements such as video that transit properties say they now need. It also provides a clear upgrade path for existing users and suppliers of 1473-L technology.

SmooCom, in Oakland, CA is going in the opposite direction. Recognizing that there are many railcar fleets with no network capability and probably could benefit from it if they could, recently developed a number of rugged 1473-L routers. One is an IEEE 1473-L to ANSI/EIA 709 powerline router. This router permits existing trainlines to piggyback a non-intrusive high frequency carrier onto virtually any trainline. While this technology is not useful for video or even audio, its ability to route IEEE-1473-L over existing trainlines without a gateway may prove invaluable for those wishing to realize the benefits of IEEE-1473 but cannot because there are no spare trainlines or electric coupler pins.

These small high-tech firms are blazing new technology trails that permit both higher performance and easier vehicle retrofits. But equally important is that such products preserve and extend the existing installed base of IEEE 1473-L technology and users.
















� See also “Setting the Standards” Railway Age Magazine, June, 2000


� IEEE RTVISC Web Address is � HYPERLINK "http://www.tsd.org" ��http://www.tsd.org/rsc�


� See: http://standards.ieee.org/catalog/olis/index.html.


� For a real-time look go to www.tsd.org/coollink.htm


� About 80% of all internet traffic flows over Cisco routers.


� More information on tunneling IEEE-1473-L through IP is available at http://www.echelon.com/products/ilon/


� More information on Microsym’s Packet Tunnel Engine is available at http://www.microsym.com/products.htm
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