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ABSTRACT

Even before the IEEE’s Rail Transit Vehicle Interface
Standards Committee (RTV1SC) approved |EEE 1473, rail car
manufacturersfrom Bredain Italy to Kinki-Sharyoin Japan
to Bombardier in Canada had been designing the underlying
LonWorks® protocol into their rail vehicles. But after its
formal adoptionin 1999, IEEE 1473-L based networkshave
begun to proliferate at transit properties in North America
and around the world.

TheUStransitindustry’s acceptance of IEEE 1473-L as
its de facto and de jure protocol for rail transit vehiclesisa
good indicator of the overall success of the [IEEE'sRTVIS
Committee and its new standards.! Today, transit agency
staff, suppliers, and consultants from around the world
continue to meet regularly and are creating new Working
Groups to establish even more standards for rail transit
systems®. Many will provide additional synergy with these
new | EEE 1473 serial train networks.

LonWorks is widely used on rail transit projects
throughout the world — both on and off rail vehicles. Recent
US applications include NTC Transit's R142 and R143,
Amtrak’s Acela, NJ Transit's Comets, door monitoring by
Vapor; friction brake watchdog monitors and Advanced
Automatic Train Control Systems for SF BART; Trandlite
passenger information signs for SF Muni; event recorders
by Peerless for Metro North; and propulsion systems from
Alstom. Outside the US LonWorksis used on door controls
for Sydney Commuter Rail; lighting, heating and air
conditioning controls for Deutsche Bundesbahn; and
automatic platform door control for monorail stations in
Japan and RATP's Meteor line in Paris — to name just a
few.?

Recently, smaller firms have begun to capitalize on the
popularity of LonWorks onrail vehicles by developing new
productsthat increase the throughput of 1473-L by allowing
it to be “tunneled” through standard, communications
protocols such as TI/E1 and T3/E3. Others have products
that tunnel LonWorks through IP (Internet Protocol.)
Tunneling establishes a migration path to upgrade the
performance of IEEE-1473-L based networks.

293

Others have developed industrial routers for train
applicationsthat permit |EEE 1473-L networksto beoverlaid
onto existing trainlines currently dedicated to other functions.
Thisisnow possible using advanced Power Line Transceiver
technology that isnow anew ANSI/EIA standard. Thisnew
ability toretrofit IEEE 1473-L easily onto existing rail fleets
opens new opportunities for many transit properties that
otherwisewould have had to undergo amajor trainlineretrofit
programto free up existing trainlines.

INTRODUCTION

What do 1,300 buses in Seattle, 6,000 subway carsin
New York City and 27 million €l ectric power metersin homes
inltaly all havein common? They al have (or soon all will
use) LonWorks. So what doesthishaveto dowithrail transit
cars?Volume and standardization.

High manufacturing volumes are critical both to
semiconductor fabricators (“fabs’) and the end-users that
use these devices. Volume ensures cost-effective parts and
long-term availability. Multiple sources of supply are also
critical to help establish standardization that further drives
down prices. Without high volumes and multiple sources,
end users of advanced technology rail transit vehicles may
find themselves unable to obtain spares only a few years
into the vehicle’'s design life. Talk to any transit authority
and they will agree that open systems, standardization, and
thelong-term availability of sparesarecritical issuesfor any
advanced transit technology project.

Consider the world's first 16-bit microprocessor, the
Texas | nstruments 9900. Many design engineerstoday may
be unaware the TI 9900 even existed (or that it was
discontinued soon after it was created). Another firm soon
began selling a 16-bit microprocessor it dubbed the 8086. At
thetime, expertsagreed that I ntel’s8086 was architecturally
inferior. But the 8086 had two features its competitors did
not: A clear migration path for itsexisting 8-bit CPU customers
and afull set of development toolsthat allowed designersto
immediately create new 8086-based products. Intel’s 80X6
line of CPUs prospered and its compatible successors, the
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Pentiumsand AMD CPUs, have created an open, competitive
market that has benefited many.

Inthecaseof IEEE1473-L, Neuron® integrated circuits
are made by both Toshiba in Japan, and by Cypress
Semiconductor in the US. Every Neuron has identical
LonWorks protocol firmwareto insure messagestransmitted
by one Neuron on anetwork will be correctly received and
acted upon by another. In addition, the LonWorks 7-Layer
SO OSl protocol stack isfully open. The open availability
of the LonWorks “Reference Model” also allows the
LonWorks protocol to be freely ported any microprocessor*
further mitigating risks of obsolescence.

Since its first appearance in the late 1980’s tens of
millions of Neurons have been produced by threeintegrated
circuit manufacturers and designed into devices by over
4,000 Original Equipment Manufacturers. Among other
things, each Neuron I.C. contains a unique 48-bit serial
number identifier and three separate CPU’s each roughly
equivalent in computing power to a 1960's mainframe
computer. Sophisticated firmwarein Neurons also makesit
possibleto remotely download application software (“Layer
7" inthel SO OSl standard 7-layer model) into each Neuron.
Thisprovidesinherent flexibility both to designers and end-
users that previously did not exist at any price.

LONWORKS AND TCN

|IEEE 1473 specifies both TCN and LonWorks. But
becausethe TCN protocol specifiedin IEEE-1473-T isused
only on trains, it is unable to benefit from the economy of
scale possible with the general purpose LonWorks
technology specified in |[EEE-1473-L. For thisreason |[EEE
1473-T hasnot yet been ported to asingleintegrated circuit
comparable to the LonWorks Neuron.

Theheart of IEEE-1473-T, likethe heart of IEEE 1473-L,
isits protocol stack. However, unlike LonWorks Neurons
the|EEE 1473-T protocol stack istypically executedin Read
Only Memory on small single board computers. But at
present, the reference implementation for the TCN protocol
stack remains proprietary. The need for an open reference
implementation has been widely understood by many
including the RTVIS Committeeto be crucial to ensurefree
and open competition of TCN outside of Europe.

Nevertheless for a number of reasons there remains
interest in the devel opment of agateway between LonWorks
and TCN. New Jersey Transit'sComet V isthefirst projectin
theAmericastouseaTCN to LonWorks Gateway. Alstomis
completing the LonWorks portion of these new Comet V
carsfor NJ Transit by integrating ten different sub-suppliers
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and subsystems that will all communicate over acommon
|EEE-1473-L network. These LonWorksvehiclenetworkswill
interfacewithaTCN trainline and L ocomotives provided by
Bombardier (formerly Adtranz).

Many involved with the NJ Transit Comet project are
alsoinvolved with IEEE RTVISC Working Group 9° that is
developing additional standards based upon European
Leaflet UIC 556 and the LonMark Interoperability
Association.

The LonMark Association is comprised of major
technology industry leaders and its primary purpose is to
develop open interoperabl e systems based upon L onWorks.
Firms with transit and transportation divisions who have
joined the 300+ member LonMark AssociationincludeAAR,
ABB, Alcatel, Alstom, Bombardier, LT Klauder, New Jersey
Transit, New York City Transit, Safetran, Siemens, San
Francisco Muni, STV Inc., and Santa Clara Valley Transit
Authority.

RELATED RAIL APPLICATIONS OF
LONWORKS

In the US freight railroads, AAR’s Electronically
Controlled Pneumatic (ECP) Brake specificationshave been
used to control braking on trains over two miles long and
three mile long trains are planned (without the need for a
trainline repeater). Tests have shown ECP Brakes using
L onWorks can reduce the braking distance of along train on
adowngrade by up to 70%. In addition, AAR engineersand
vendors carefully specified its LonWorks Network
architecture to provide additional spare capacity to allow
future health and status monitoring of key rail car subsystems.

Potential future AAR applications include vehicle on-
board hot-box detectors (possibly looking at differential axle
temperatures or ultrasonic signatures) and monitoring
systems for refrigerator and chemical carsto warn of early
failures or problems. For these freight applications, AAR
has now standardized on Echelon’s PLT-22 a PowerLine
Transceiver (PLT) that also recently became an open ANSI/
EIA standard.

Previously, AAR wasdesigning its ECPBrakeswith an
earlier part known as the PLT-10 that has since been
discontinued. Whilethe PLT-10 worked well, salesvolumes
were not high enough to keep the fab line open. Combined
with the need to comply with new international EMI and RFI
requirements no longer compatible with the PLT-10 it was
discontinued. But with volumes now in the tens of millions
and standardization by ANSI/EIA, the powerline technology
inthe PLT-22islikely toremainwidely available, stable, and
secure.



Track 5 - Technical Forums

MTA New York City Transit, thelongest subway system
intheworld, wasthefirst UStransit property tofully embrace
LonWorks and these new RTVISC standards. But it may be
appropriateto review the history of trainline communications
to better understand why they are so important to transit
properties.

Until recently, it was standard rail transit practice to
dedicate one (or more) electric train line wiresto control or
monitor asingletrainline function. For example one pair of
trainlines might control all left side doors and another pair
theright side. Door statusalso requiresapair of trainlinesto
report all left side doors closed and another pair is needed
for the right side. Clearly, using this traditional approach,
the number of train line wires grows quickly and that makes
itimpractical to tell exactly which door failed. But doorsare
just one of many trainlined subsystems and morewires also
mean more electric coupler pins, and that means lower
reliahility.

But rather than simply notifying thetrain operator after
adoor hasfaileditisclearly better to provide an early warning
of animpending door failure—i.e., beforeit actually begins
to disrupt service. Such advance warnings can now cometo
thetrain operator over aserial trainline. Thewarning can be
triggered either by higher than normal door motor current or
when adoor takesdightly taking longer than normal to close.
Armed with such advance knowledge arunning repair vehicle
maintainer can be dispatched to perform a temporary door
adjustment well before the potential problem degenerates
into a service-disrupting failure. Of course, doors are just
one example of scores of real time remote diagnostics that
can provide advance warningsto train operatorsand control
centersonce serial trainline backbones have been deployed.

Real time early warning diagnostic systems are godsend
to transit operators to help them improve on-time
performance. LosAngeles County’sPasadenaGold Lineisa
recent procurement that now specifiesal EEE 1473-L network
and which requires train operator notification when either
excessivedoor motor currentsor slow door closetimeslimits
are exceeded.

ACHIEVING INTEROPERABILITY

|EEE-1473 definesanumber of permitted configurations.
However, because LonWorks is a general-purpose
communications protocol it does not inherently have nor
does it define detailed levels of compatibility for rail cars.
Therefore, itisuptotheuser or the LonMark Interoperability
Association’s Transportation Task Group to help ensure
compatibility between car systems of different
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manufacturers. NYCT is a case in point. NYCT specified
both LonWorks and LonMark compatible trains. This
provides a common reference for subsystem suppliers to
help insure interoperability between cars and components.

NY CT specified LonWorks because it wanted an open
protocol with product maturity and universal worldwide
acceptance. Bombardier, the car builder for NY CT'sR142,
also had many years of experience designing rail cars based
on LonWorks. However, asubsequent R142A car order went
to Kawasaki and NY CT wanted to insure that Bombardier’s
R142 and Kawasaki’s R142A consists work together
seamlessly with its new LonWorks-based serial trainlines.
Thisrequirement has since been successfully demonstrated.
SeeFigurel.

Straight physical and electrical connections and
compatibility isachieved through the use of identical Wabtec
electric couplers. These new couplers also use fewer pins
and are therefore expected to have higher reliability than
previous NYCT couplers. Fundamental communications
between car consistsisachieved through the use of identical
E1 communications channels provided by Telephonics.

Consistent with the IEEE 1473-L standard, NYCT
specified the 78 Kbps free topol ogy network transceiver for
LonWorks. To help meet rigid specification requirementsfor
automatic car and node initialization, Bombardier used an
embedded network management device. When aLonWorks-
based subsystemisreplaced inaBombardier car, the network
automatically recognizes the new part and seamlessly
reconfigures it into the network. This capability has also
been provided in other newer systems such Santa Clara
Valley Transit'snew Kinki-Shario’sLRV. This capability is
especially appreciated by maintenance departments because
no specia tools or skills are required when networked
subsystems are replaced — because the embedded network
manager automatically discovers and folds them into the
network. See Figure 2.

THE RAILROAD AHEAD

ThelEEE' snew Rail Transit VehicleInterface Standards
arerevolutionizing vehicletrainlinecontrol. Newly emerging
wireless standards such as IEEE 802.11b and now |EEE
802.11afor bi-directional train-to-wayside communications
are currently being designed into new systems. See Figure
3

The synergy of a open |EEE 1473 LonWorks control
network communicating over an open |EEE 802.11 wireless
protocol back to astandard office |EEE 802.3 TCP/IP over
Ethernet network offers significant benefits both to transit
operators and their maintenance departments.



Track 5 - Technical Forums On-Board ITSin Rail Transit

Electric Couplers
IEEE 1473-L (¥aktec) IEEE 1473-L

Trainline Trainline

E-1 Communications
[(Telephonics)

Figure 1. NYC Transit's |[EEE 1473-L Train Bus.

IEEE-1473-L Vehicle Bus
|IEEE-1474 IEEE-1475
Communications Propulsion IEEE-1477

Based Train Friction Brake Passenger
Control Information Signs

) IEEE-1476
Device IEEE-1482 Doors

Auziliary Power
Manager Sysﬂ;ms Event Recorder

OO OU

Figure 2. IEEE 1473-L \ehicle Bus.
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Figure 3. Open Interoperable Networking Using |EEE Standards.
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To learn more about this technology, a new George
Washington University course, CWEG 118 “Advanced
Communications Based Train Control,”® isbeing expanded
to assist software and hardware designers in better
understanding these new technologies. However, most of
these new rail standards are emerging from the |EEE’s Rail
Transit Vehicle Interface Standards Committee and
cooperating groups such as the LonMark Interoperability
Association’s Transportation Task Group. We wel come your
participation and look forward to your continued help and
support.
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ENDNOTES

1 See “Setting the Standards,” Railway Age, June
2000. This article can be read on-line at: http://
www.railwayage.com/jun00/setting_standards.html

2 |EEE RTVISC meetingsare open. For committeeand
working group meeting dates, minutes and related
information see: http://www.tsd.org/rsc.

3 A constantly updated list and “Frequently Asked
Questions’ page for IEEE can be found at:_http://
www.tsd.org/ieeel473

4, You may download the LonWorks Reference
Implementation at: http://www.echel on.com/Products/
Core/protocol/Default.htm

5. Moreinformation on RTVISC WG9 can befound at
www.tsd.org/wg9

6. See: http://www.gwu.edu/~cpd/ceip/courses/
courses/cweg118.html
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