
issues of effectiveness, since locomotive radios may not be tuned to the channel on which the
warning is broadcast.6

FmcaCDCY Respoase. Ideally, voice radio provides a means whereby trains in distress can
summon help instantly. In many situations this is the case. The advantages of such instant
notification are manifold. Not only can emergency responders be notified, but other trains
approaching the distressed train can take necessary precautions (e.g., slowing or stopping
until it is ascertained that adjacent tracks are clear). The use of voice radio expedites the
flow of information in emergency circumstances.

Casualties on the railroad are unfortunately not infrequent. For instance, each year almost
5,000 collisions occur between trains and vehicles at highway-rail crossings, resulting in
about 600 fatalities and almost 2,000 nonfatal injuries.

Further, roughly 500 times each year train accidents occur involving trains carrying
hazardous materials. Although hazardous materials are actually released in only about 30
such accidents each year, prudence dictates careful evaluation of the situation by railroad and
public authorities in a great many of the other instances.

Railroad operating employees also suffer significant injuries while working around moving
equipment. In 1992, trainmen on duty sustained 1,707 injuries in train incidents, 163 of
which were amputations and 463 of which were fractures.7 Such injuries may occur on line
of haul, at industry sidings, or in portions of railroad yards and terminals several miles from
railroad offices. In some cases, promptness of emergency response may be critical.

Just as radio communications can be employed to save life after a train accident or incident,
radio can be used to prevent serious accidents. Where automatic means of warning are not
feasible or not provided (e.g., for broken rails, dangerously high water, fallen trees, derailed
equipment fouling an adjacent main track, bridge damage from barge operations, etc.), radio
communications may provide the last opportunity for accident avoidance. Although "near
accident" data are not collected in the railroad industry, FRA is aware of numerous
occurrences where use of voice radio has permitted accident avoidance or has significantly
mitigated the severity of an accident.

6Where the broadcast is made on the dispatcher channel, FRA found that detectors
often interfered with dispatcher-train crew communications. Whenever interference is
encountered, the risk increases that employees will take expedient actions, rather than
following mandated procedures. The most effective solution to these problems would be the
integration of detectors into a positive train control system.

7AccidentiIncident Bulletin No. 161, Calendar Year 1992 (Federal Railroad
Administration, July 1993), Tables 47 and 49.
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FRA has approached the safety inquiry on railroad radio communications in a consultative
manner, involving Amtrak, freight and commuter railroads, rail equipment manufacturers,
and railroad employees. A public meeting was conducted in March 1994 to enable interested
panies to comment on voice radio communications. In addition, FRA has conducted a field
assessment that has permitted FRA to verify actual conditions in the railroad operating
environment while gathering information and views directly from working railroad
employees.

Field ~eDt

During the course of routine inspections, FRA inspection forces visit dispatching centers,
ride trains, observe switching operations and conduct other monitoring of railroad operations
on a daily basis. However, these activities are directed at a variety of compliance purposes.
In order to provide a proper focus for this report, FRA conducted a special radio
communications assessment during 1993, in conjunction with the Train Dispatcher Follow Up
Assessment.

The scope of the field review involved FRA presence on most major railroads in the United
States. FRA formulated an inspection plan which involved -

• On-site audits of 20 representative railroad dispatching offices where over 150 train
dispatchers were monitored;

• Riding dozens of trains over every major traffic corridor in the country; and

• Spot visitations to local yard switching operations and yard offices.

FRA conducted on-site inspections involving teams of inspectors as well as inspectors
working alone. An inspection methodology was provided to field inspectors to ensure that
the information gathered was standardized and in a format consistent with project goals as
outlined in Section 11. All data collected during the assessment were analyzed by FRA's
Office of Safety headquarters technical staff in Washington, D.C,

Railroads audited were selected based upon a mattix which provided review of varying
operational methodologies, dispatching technologies, and geographical differences. Major
passenger and hazardous materials traffic routes weighed heavily in determining audit sites.
Inspection methodology included the monitoring of radio traffic in the presence of railroad
employees during normal operations, interviews with employees and officers, on-site
observations in various terminals and yards, record reviews, and selective dispatcher desk
auditing on each duty shift.

Prior to initiation of the field portion of the review, FRA contacted the American Train
Dispatchers Depanment of the Brotherhood of Locomotive Engineers (AIDD) to obtain local
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labor contacts. At offices where AlDD represented train dispatchers (some train dispatchers
are exempt employees), FRA's team chief visited local union officials to discuss respective
concerns and recommendations. At the conclusion of each site visit, FRA conducted a
detailed exit meeting with responsible railroad managers to advise them of FRA findings and
recommendations. Copies of inspection reports were provided to respective officials at those
meetings.

Fmdines

In general, FRA found railroad voice radio capabilities much improved since FRA's last
programmatic review in 1987. Most major railroads have worked with suppliers and
committed significant financial resources toward procurement of contemporary radio
equipment. As a resUlt, coverage, availability, and reliability of railroad voice
communications have been improved. During the field study, FRA found that:

• Most trains inspected by FRA inspectors during the project were equipped with
operative radios on the lead locomotive.

• Radio equipment appeared to be fairly reliable based upon employee comment and
inspector observation during the project.

However, FRA found lingering issues that need resolution. Some radio-related problems
remain in both hardware application and proper utilization in accordance with rules and
regulations. For example, congestion of radio frequencies continues to be a concern in some
dispatching districts. Sources of congestion include nonessential transmissions by a variety
of officers/employees as well as improper use of assigned frequencies.

FRA also noted that on numerous occasions train dispatchers and officers/employees in the
field did not comply with required radio standards and procedures. These deficiencies
included improper transmission of mandatory directives in accordance with Federal
requirements. Specific FRA concerns include the following:

Hardware Concerns:

• Radios at some dispatcher desks still experience -bleed-over- from neighboring
dispatcher districts. In addition, some dispatchers related frustration with automatic
wayside detectors which override their frequencies and interrupt radio transmissions
with trains.

• There exist diverse and sometimes incompatible communication systems in some
dispatchers offices. For example, FRA noted a few offices where -open speaker
systems are used, resulting in a need for constant monitoring by train dispatchers. This
monitoring process created interference when dispatchers had to listen for verbatim
readback of mandatory directives and critical information.
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• 5evcral dispatcher offices did not have a dedicated emergency channel. Additionally,
some communication systems did not have capability to prioritize incoming calls as
routine and emergency.

• In some offices, chief and assistant chief dispatchers could not monitor the shift
dispatcher's radio communications from their workstation.

• Dispatchers related that reliability of locomotive onboard radios had improved
considerably, but there were instances where crew communications were inhibited by
weak or inoperative radios.

• Problems with the reliability of some systems were of continuing concern. Desk audits
disclosed several specific locationsw~ communications could not be initiated between
the dispatcher and field personnel despite upgraded and modem systems. Similar
concerns were experienced with mobile and cellular telephone systems. It appears the
problem is rooted in peculiar atmospheric or terrain conditions rather than equipment
malfunctions.

Human Interface CQDm'DS:

• FRA found that some railroads continue to underutili.ze available frequencies. This
exacerbates conJeStion on key channels required for safety-related communications.
Specifically, during the 1993 review FRA found the following sources of interference:

• Channels intended for road train use were used by yardmasters and terminal
switching crews.

• Channels intended exclusively for use to communicate with dispatchers were used
by road crews engaged in such duties as adding or removing cars from their
trains or to handle other communication of no value to the train dispatcher or
other trains.

• Maintenance-of-way employees frequently used the dispatching channel to
communicate with each other, even though separate channels were available for
this purpose.

• Supervison, administrative personnel, clerks, and even railroad taxi drivers used
the dispatching channel for purposes not related to the safety of train operations.

• At most offices assessed, FRA noted frequent radio rule noncompliance. Many
exceptions were extremely serious in nature, to include failure of the dispatchers and
train crews to comply with 49 CPR 1220.61 (transmissions of train orders by radio),
and failure to assure on-track authorities are properly transmitted and repeated. These
deficiencies also included occasional failure of train dispatchers and employees in the
field to properly identify their stations, failure of the train dispatcher to require
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employees to use proper identification, and failure to use the words "over" and "out"
when required.'

• In several instances FRA observed train dispatchers issue critical train movement
authorities without obtaining proper identification and/or location of involved trains, a
violation of the FRA radio regulations.

• In violation of radio standards, a few dispatchers were observed issuing mandatory train
movement directives to employees operating the controls of moving trains (i.e., no
attempt was made to identify the receiving employee).

• While the majority of train dispatchers utilized proper radio procedure, there were some
who did not. Additionally, the radio procedures used by employees in the field,
including supervisory personnel calling train dispatchers, were seldom in compliance
with Federal radio standards. Most train dispatchers took no action to remedy the
noncompliance by setting an example or openly requesting proper compliance.

f1Ib.Jic Comments

FRA solicited both oral and written comments regarding railroad radio communications in its
March 11, 1994, Notice of Special Inquiry. The Notice directed the attention of the public
to seven core issues and invited comment on supplementary matters as well. At the March
29, 1994, hearing testimony was given by a rail labor panel, the Association of American
Railroads, and the American Short Line Railroad Association (ASLRA). Written comments
were accepted until April 11, 1994. FRA received eight written comments for inclusion in
the official docket expressing general concerns, specific complaints, and addressing the seven
issues outlined in the notice.

A transcript of the special inquiry has also been included in the official docket. Significant
testimony by all three groups from the inquiry is summarized in this report. The rail labor
panel was comprised of representatives from the Brotherhood of Locomotive Engineers
(BLE) , the United Transportation Union (UTU), the Train Dispatchers Department of the
Brotherhood of Locomotive Engineers, and the Brotherhood of Railroad Signalmen (BRS).
The panel collectively concluded that very little had changed regarding radio communications
in the railroad industry since the last inquiry in 1987. The labor panel cited examples of
accidents where radio communication breakdowns of some sort were contributing causes of
the accident.

In general, the rail labor representatives said they believe that FRA should enact rules
covering the use, maintenance and availability of voice radios. Citing a similar
recommendation made to FRA in a 1987 safety inquiry on railroad communications, the

llrJbe safety necessity for use of these terms is disputed by some of the participants in
the safety inquiry. Nevertheless, their use is currently required.

-29-



labor representatives said radio communications have not improved and in some situations
have gotten worse.

The railroad companies affinned the importance of voice radio communication to railroad
operations. For instance, the AAR stated that -[t]he advantage of radio voice
communications is that they permit running today's efficient and productive operation in a
safe manner." Nevenheless, with respect to specific risks, the railroad companies generally
denied that the availability of radio communications is of significant value with respect to
maintaining reasonable margins of safety in train operations. The railroad companies
stressed, instead, the importance of adherence to railroad operating rules.

Rail management and the short line railroads noted that they have spent millions of dollars
upgrading communications systems. Rail management took the position that the railroads did
not need Federal regulations in this area. The railroad companies said they are committed to
quality radio communications as a matter of good business and do not need governmental
intervention to continue improvements.

The BLE representative played a recording of a radio transmission to illustrate the poor
quality of communication that exists in the industry today. The train dispatchers suggested
improving radio communications by using a separate radio channel for dispatchers. The BRS
reiterated their specific concern that effective radio communication is not enough to save the
lives of signalmen. According to BRS, watchmen and flagmen along with good radio
communication are necessary to protect workers along the right-of-way. The firm position of
the rail labor panel was for FRA to require the use of radios in the rail industry.

The ASLRA and the AAR testified at the inquiry and submitted written comments. In so
doing, the AAR and ASLRA essentially addressed the core issues listed in the notice. The
ASLRA emphasized the need to tailor communication systems to fit the needs of a particular
railroad. For example, short lines often find cellular phones, allowing the crew to contact
customers as well as ma.ke emergency phone calls, more cost effective and more practical
than elaborate radio systems.

The ASLRA supplemented the oral testimony by submitting written comments. In these
comments, the ASLRA recognized the benefits of radio use on the railroad, but found no
compelling justification for a blanket mandate requiring such use. The consensus among the
short lines is that a two-way communication system such as a radio, is not essential for the
safe operation of trains. Therefore, any requirement that railroads use radios as their
communication system would stifle their ability to choose systems best suiting their
individual needs and impede technological progress by preventing railroads from
experimenting with other forms of communication.

Requiring replacement radios at intermediate terminals was also not favored by the ASLRA,
because such a requirement would be burdensome and an inefficient expenditure of time and
money. The ASLRA emphasized that radios assist in emergency situations, but do not
ensure a timely emergency response. Regulating interference and disruption during radio
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communications would only impair the development of solutions, as interference is really a
technology problem not one of compliance.

Lastly, the ASLRA addressed Advanced Train Control Systems, concluding that any mandate
of a particular system, such as digital radios, would be unwise because it would further limit
technological developments. The short lines' approach to operation is low but serviceable
technology which contributes to low costs. Short lines should, therefore, not be forced to
employ unnecessary and expensive technology. The ASLRA concluded that they are
committed to safety and progress, but do not believe that increased regulation of railroad
radio communications is necessary to achieve those goals.

The AAR' s testimony at the inquiry essentially highlighted the issues listed in the notice.
They urged that railroad safety is dependent on compliance with operating rules and Federal
regulations, not radio use. In so doing, they acknowledged that radio use is an integral
component of efficiency, but stressed that the absence of radios does not make the operation
of trains unsafe, just as the use of radios does not ensure safe operation.
The AAR utilized the written comment forum to address the Federal Communications
Commission's (FCC) proposed spectrum refurning (Docket No 92-235). Although this
refarming is not the main emphasis of the safety inquiry, the tangential concerns are
noteworthy. Essentially, the FCC proposes to convert channels from present band centers of
15 kHz to a narrow bandwidth of 5 kHz thereby reducing channel congestion. The AAR
estimates such a conversion will cost railroads approximately $1.2 billion to purchase
replacement equipment. Consequently, the AAR urged FRA to support its "offset overlay"
plan, designed to achieve the same benefits at a reduced cost to the rail industry.

The written comments submitted by the AAR also answered questions that had been
addressed to them by the FRA panel at the inquiry. The AAR was asked what type of
investment railroads had made into their radio systems. Since FRA's inquiry into voice radio
in 1987, the industry has invested over $100 million in improved radio communications. All
Class I lead road locomotives are now equipped with radios, costing on average $3,950 for
the entire package installed and with an average useful life of 10 to 12 years. Radio units
for replacement in equipped locomotives cost $2,350. The average useful life for a
locomotive radio is 10 to 15 years. Significantly, the AAR indicated that 90 percent of Class
1 railroad locomotives are now equipped with all-ehannel radios-a requirement for good
communications in joint operations.

In response to FRA's concern regarding the reliability of portable radios under adverse
conditions, the AAR found that most hand-held portable radios are reliable except after being
totally submerged in water. Finally, the AAR addressed the FRA panel's concern regarding
radio effectiveness. Common problems such as bleed-over from neighboring dispatcher
districts, dead spots, and channel congestion are not unique to the railroad industry. All
users of major radio systems face similar problems. A variety of methods are used by
railroads to alleviate this problem including frequency leap-frogging, dedicated dispatcher
and road channels, Dual-Tone-Multiple-Frequency (DTMF), tone encoding, and adding new
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base stations. The AAR sUliested a working meeting at which interested parties would work
on streamlining existing rules and regulations.

Six other written comments were submitted. General comments were expressed by the
American Public Transit Association (APTA) and two of its members, the Northeast lllinois
Regional Commuter Railroad Corporation (METRA) and the Port Authority Trans-Hudson
Corporation (pATH). APrA, representing all of the current U.S. Commuter Rail operators,
concluded that safety rqulations requiring the presence of radios and replacement of radios
failing in route would have adverse consequences for commuter operations. APrA agreed
with the views that the AAR expressed at the March 29, 1994, hearing. Essentially, both
groups contend that railroad safety is dependent on compliance with the underlying operating
rules adopted by each railroad and not the required presence of radios.

The United Transportation Union (UTU) National Legislative Department utilized the inquiry
as an opportunity to air grievances from local organizations. These complaints specified
incidents that occurred due to railroad radio communication failures including, insufficient
broadcast range, radio transmissions from the yardmaster and control tower over the
employee's hand-held radio, and the flooding of the air waves. In a separate submission, the
UTU, Montana State Legislative Board, expressed concern about radios with insufficient
power and suggested using cellular phones as an alternative. Finally, they suggested the use
of two speakers located on both sides of the locomotive cab to ensure that all radio
transmissions are heard.

The Brotherhood Railway Cannen DivisiOn Transportation Communications International
Union (BRC) submitted written comments. BRC's general position was that all locomotives
and cabooses must have radio equipment and that replacement equipment must be available at
intennediate terminals. They stressed the necessity of radio equipment for emergency
situations. BRC also felt that FRA should evaluate sources of interference affecting radio
perfonnance, enforce cunent standards and clarify the use of current technology. Lastly,
BRC emphasized their opposition to any reduction in the use of voice radio communications
on the Nation's railroads.

The fmal two comments were from the New York State Department of Transportation's
Railroad Safety Staff (NYDOT) and Metro-North Commuter Railroad (MNCR). NYDOT
acknowledged one significant disadvantage of requiring radios would be increased air clutter
and overuse of the radio. NYDOT felt that regulatory monitoring should be established by
FRA. MNCR emphasized the importance of radios on lead locomotives, but could not
establish a justification for such a requirement.

The special safety inquiry served as an opportunity to poll the railroad community regarding
radio use in the rail industry. This summary of testimony and written comments merely
highlights significant information. As noted above, the transcript and the written comments
are available for review in the public docket.
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When used in the context of a railroad operations, voice radio communications provide
economic and safety enhancement opportunities when hardware is reliable and users comply
with established standards. During the field investigation FRA safety inspectors encountered
few locomotives with inoperative radios. Interviews with train and engine employees, train
dispatchers, and other interested employees revealed that voice radio reliability has improved
dramatically over the past few years. The problems that were identified involved occasional
inoperative or weak radios on locomotives and frequency congestion around tenninals (which
is, to a large extent, a product of improper channel utilization rather than equipment
shortfalls) .

Adeguate communications eguipment. Effective communications among crew members, and
to and from the dispatching center, is an important factor in safe train operations. Given the
operating environment today with heavy reliance on voice radio and direct train control, and
given the need to communicate emergency warnings and emergency requests, FRA believes
it essential that adequate communications capability be provided on all trains. FRA also
believes that a suitable level of safety redundancy should be built into the railroads'
communications systems.

One important solution to the problems with voice radio no doubt resides in data
communications associated with advanced train control technologies. This concept is already
in use in some applications in the railroad industry. For example, through upgraded
computer-assisted train dispatching systems' and on-board locomotive receivers, some
railroads have experimented with transmission of movement authorities electronically. This
eliminates the potential for misunderstanding and miscommunication. FRA supports the
move toward data communications as a means to reduce potential human -hearback
readback" errors which have contributed to several fatal collisions over the Past several
years. These issues are discussed further in the chapter that follows. .

The need for voice radio, however, will apparently persist at least as long as railroad
switching operations are conducted on long cuts of cars using two or three-person crews.
Radio communications Provide the only practical means of exchanging infonnation and
instructions in switching moves; and continuity of communication is important to safety.

Good procedures and radio discipline. Availability of communications hardware alone will
not ensure sound communications. FRA accident data clearly reveal that, despite some
shortcomings in radio systems, it is user noncompliance with radio standards that is most
likely to create an unsafe situation, not inoperative radio equipment. For example, over a
recent 4-year period, 83 train accident reports were submitted by railroads attributing the
cause to radio/communication problems. These reports included 4 employee fatalities, 16
employee injuries, and 512 million in property damage. In each of these events,
noncompliance with existing rules and standards (49 CPR Part 220) was evident.
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Better radio rule compliance will occur only when railroads make it clear to their employees
that compliance is eXPeCted and when dispatchers and operating officers set the example.
The railroad companies have SU"ested that the formality of the present FRA radio rules
makes enforcement of radio discipline more difficult. FRA agrees that the time has come to
reexamine the rules to determine if they can be simplified to be less directive and more
performance oriented.

Better utilizAtion of capacitY. The Federal Communications Commission has allotted
channels in the VHF band which are dedicated to railroad radio communication. Part of the
reason for this allotment of scarce radio frequency capacity to the railroads is the safety
interest of the railroad companies and the public. The AAR plays a useful role in managing
channel allocation to reduce interference.

Yet many railroad users continue to misuse available channels, particularly the dispatcher
channels, resulting in congestion. Further, some railroads have not elected to employ
contemporary technology that facilitates giving automatic priority to emergency
communications. Finally, railroads have made only limited use of data communications
capacity available in the UHF band in the 900 mhz frequencies. (For many purposes, digital
data communication employing radio and hard wire paths is a far more secure and effective
medium than voice radio.)

Railroads should enforce proper use of allotted channels to avoid to the extent possible
interference with dispateher-to-train communications and locomotive-to-ground-crew
(conductor, brakeman) communications. Where radio traffic warrants and alternative means
of emergency communications are not available, means should be provided to give automatic
priority to emergency calls.

Summary. FRA recognizes the vast strides that the railroad companies have made in recent
years to enhance their radio communications systems and the considerable contribution those
effons have made to safety. However, FRA is concerned that railroads participating in the
safety inquiry have not expressly recognized the value radio communications can contribute
to railroad safety. Although FRA understands the reluctance of rail management to shoulder
funher regulatory burdens, failure to credit the value of good communications to safety is an
attitude that may inadvenently be expressed within the railroad organization, as well as in
ftlings with the regulator.

Determining the best use of voice radio technology as part of system safety requires
functional analysis, consideration of alternative or supplementary measures, and delineation
of the number of layers of safety redundancy that may be deemed acceptable for the
function. Deployment of the digital data communications systems used in certain advanced
train control technologies constitutes one imponant measure that may satisfy eenain safety
requirements. Chapler IV describes the emerging potential of such systems and the uneven
progress of the railroad industry in realizing that potential.
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CHAPrERIV

Positive Train Control and
Digital Data Communications

Section 11 of the Rail Safety Enforcement and Review Act requires an assessment of how
advanced technologies such as digital radio can be implemented to enhance the safety of
railroad operations, the implications of advanced train control systems for railroad
communications, and the need for Federal standards to ensure that such systems provide for
positive train separation and are compatible nationwide. This chapter describes emerging
technologies that can provide for positive train separation while achieving other safety
objectives. With regard to potential for application across the breadth of the national rail
system, the most promising of these technologies are founded on digital data communications
platforms. As those platforms are put in place- but before the systems are fully deployed-
railroads can begin to realize safety benefits, as data links replace the more error-prone voice
radio systems for transmission of train movement authorities.

TermjoololY aod..Qbiedives

Positive train control. This report uses the term "positive train control" or "PTC" to refer
to highly capable technologies for preventing train accidents and casualties. PTC is preferred
for this purpose over positive train separation (PTS), "advanced train control systems,"
Advanced Train Control Systems (ATCS), or other possible formulations.

The term "positive train separation" is very useful to denote collision avoidance, but it is not
sufficiently broad. Next-generation train control systems should be capable of keeping trains
apart, but they should also be capable of preventing violation of permanent and temporary
speed restrictions, including restrictions that protect roadway workers and their equipment.
Fumer, the "PTS" acronym has now been adopted for a specific test bed application
(described below).

Fully deployed ATCS, as conceived by the AAR and the Railway Association of Canada,
includes all PTC elements, but ATCS also includes several nonsafety elements, such as work
order reporting and locomotive health monitoring. Essentially all of the ATCS features thus
far deployed by North American railroads have little safety relevance as prese1llly utilized.
Fumer, fully deployed ATCS offers advantages with respect to plant capacity that may not
be realized using alternative technologies (advantages that are of great economic value where
needed, but, again, not necessarily representing a major advance in safety).
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Thus, PTe' refers to a set of safety objectives, rather than a specific technology.
Specifically, positive train control
should --

• Prevent train-to-train collisions (positive train separation);

• Enforce speed restrictions, including civil engineering restrictions and temporary slow
orders; and

• Provide protection for roadway workers and their equipment operating under specific
authorities.

PTe should accomplish these objectives by intervening only in the rare instance when the
human operator (e.g., locomotive engineer) errs. The Pl'C system should be secure from
tampering and should function as an integral part of cab electronics so that it cannot simply
be "cut out" for reasons of expediency by an engineer.

Intelligent discussion of PTC must begin with the understanding that there is no current or
planned technology that is capable of replacing the human operator. 10 Rather, PTC would
be implemented to assist and protect the operator through enforcement of key, safety-critical
limitations on train operation. The most advanced PTC technology would also provide the
operator with all critical information required to operate the train without intervention.

InteropenbUity. In order to be affordable by North American railroads, PTC technology
should be interoperable; on-board locomotive equipment will be equally responsive to the
PTC system on each railroad. This is especially critical because locomotives often run
through railroad boundaries and some of the most dense traffic is found in major terminal
areas where multiple carriers operate over the same trackage. In practice, if systems are not
interoperable, the regulator will be presented with many situations where it is not cost
effective to require that certain trains (e.g., detour movements, freight movements for short

9p'J'C is used here as a leneric term and is not intended to refer to any proprietary
technology.

IOOuring the development of the industry's Advanced Train Control Systems program,
consideration was given to the possibility of automatic control of road trains. However, as
freight railroad.·operations are curr:ently configured this is not practical. For instance,
engineers are required to respond with wanUnC and, where possible, mitigating measures, to
a wide range of obstnlctions on the right of way (including pedestrians and vehicles at
highway-rail crossings). Some heavy rail transit systems (e.g., BART, Washington Metro)
are capable of fully automated operation. However, they operate trains of standard sizes
over standard routes on protected rights-of-way. All such systems which operate at
significant speeds continue to place an operator capable of assuming control of train
operation on each train
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distances in joint operations, etc.) be equipped with on-board equipment responsive to PTC
commands. When trains are not equipped, the value of PTC is lost.

CogapatibiUtY. From a commercial standpoint, compatibility of components from a wide
variety of manufacturers should be ensured through "open architecture" specifications. This
will help hold down the cost of components while permitting further technological advances
within a flexible framework.

Dinal data radio.II "Digital data," as applied to safety-relevant communications systems,
refers to electronic data passed between computers over a wide variety of paths (short-range
radio, microwave, fiber optics, conventional pole lines or cables, commercial telephone,
etc.). Digital data communication has the potential to enhance safety by virtually eliminating
miscommunication (though not necessarily misapprehension) of safety-critical information.
Digital data radio promises to communicate safety-relevant information and commands across
rail systems. It is also a key element in emerging PTC systems.

As the discussion below will demonstrate, the means to accomplish both positive train control
and more secure communication of safety-relevant information may be integral parts of the
same system. Compatibility of components and interoperability of systems from railroad to
railroad then become prime planning objectives.

BJitklround:.....:Irain ControlEnforcement Systems

PTC is not a theoretical construct or distant vision. Where historical traffic patterns have
warranted, railroads have been required to install relatively expensive train control systems
incorporating warning and/or enforcement features, such as automatic cab signals. automatic
train control (ATC) or automatic train stop (ATS).

There are 6,212 miles of automatic train stop and automatic train control installed on
railroads in the U.S. An ATS system is arranged so that its operation will automatically
result in the application of the brakes until the train has been brought to a stop if the engineer
fails to acknowledge the more restrictive signal. There are two general types of ATS
systems; namely, intermittent inductive ATS (which verifies compliance only at certain
locations, such as approach and home signals) and continuous inductive ATS (which is
interfaced with the track circuit).

IISection 11 of the Rail Safety Enforcement and Review Act referred to "digital radio,"
and some commenters have taken this to mean digital transmission of voice, in place of
today's analog systems. Certainly digital voice technology offers the promise to improve
clarity and utilize frequencies more efficiently. However, there is no commercially accepted
standard protocol for this function at the present time, and merely transmitting voice
messages in a different way would not have a fundamental effect on safety of railroad
operations. This report addresses radio transmission of digital dara (in effect, from computer
to computer) via radio ..
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An automatic train control system is arranged so that its operation will automatically result in
the application of the brakes until the train is brought to a stop, or-under control of the
engineer-until the train's speed is reduced to a predetermined rate or the condition that
caused the restrictive signal ceases to exist. ATC is required to apply the brakes when the
train exceeds the predetermined rate, until the speed is reduced to that rate.

Automatic cab signals provide warning when signal aspects change to more restrictive
aspects. Cab signals also provide a continuous display of signal aspects, further reducing the
possibility that wayside signals will be misperceived (or missed entirely).

lmpetus (or Chanle

It has long been recognized that features of PrC systems, such as those incorporated in
ATC, ATS, and the developing technologies described below, can improve safety. Indeed,
this was the reason that the Interstate Commerce Commission, during the peak years of the
Nation's dependence on railroads for passenger service, required installation of ATCIATS on
ponions of the national system.12 However, the cost of installing and maintaining this
equipment was high, and the Commission allowed exceptions even to the limited installations
initially required. Some ATCIATS systems were later discontinued, in some cases because
of facility consolidations and in others because discontinuance was permitted by the
Commission due to changing traffic (particularly, following the Second World War, as
passenger traffic precipitously declined).

The physical damage and carnage associated with train collisions during the period just after
the First World War can profitably be compared with the current situation with respect to
benefits and costs of safety technology. In its first train control order, the Commission
stated --

The matter of cost is the basis upon which the carriers have raised objection to an order
requiring the installation of automatic stop or train-control devices Yet the
compensation from a financial standpoint, which will result from securing added
safety in .train operations should not be overlooked. In the hearings before the
Committee on Interstate and Foreign Commerce when Section 26 [the precursor to the
Signal Inspection Act] was under consideration certain statistics gleaned from our
accident repons were presented showing that from 1909 to 1917, both inclusive, there
were 13 ,339 head-on and rear-end collisions resulting in damage to railroad property
alone of over nineteen million dollars. These collisions resulted in death to 2,454
persons and injury to 37,724Y

12s.= Inrerstare Commerce Commission Activities 1887-1937 (Bureau of Statistics, ICC,
1937); Repons and Orders ofthe Inrerstare Commerce Commission: In the Marter of
Automatic Train Control Devices, Docket No. 13413 (1931).

13Ibid. at 74.
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As reflected in Chapter I and the _Appendices, contemporary safety experience reflects
tremendous advances since those times. For instance, during no year since 1975 have as
many as 20 persons died in train-to-train collisions on the Nation's railroads.

In recent years, advances in safety have not reduced interest in affordable technology that
could eliminate entirely those human factor accidents, such as collisions and accidents
involving excessive speed, which tend to be most likely to cause fatal injury. As it has
become increasingly evident that even higher levels of safety are possible, interest in closing
the remaining gaps has risen. That interest has been spurred by each successive fatal
accident for which train control technology might have made the critical difference.

The National Transportation Safety Board (NTSB) has made a series of recommendations to
FRA concerning automatic train control and positive train separation.

In 1971, the NTSB recommended that FRA develop a comprehensive program for future
requirements in signal systems which would require as a minimum:

a. That all mainline trains be equipped with continuous cab signals in conjunction
with automatic block signals; and

b. That all passenger trains be equipped with continuous automatic speed control
(train control).

In 1973 the NTSB recommended that FRA, in cooperation with the Association of American
Railroads, develop a fail-safe device to stop a train in the event that the engineer becomes
incapacitated by sickness or death, or falls asleep. Regulations should be promulgated to

require installation, use, and maintenance of such a device. (Note: contemporary alerter
technology comes close to meeting this objective, and FRA continues to seek fully fail-safe
answers through research.)

In 1976, NTSB recommended that FRA promulgate regulations to require an adequate
backup system for mainline freight trains that will insure that a train is controlled as required
by the signal system in the event that the engineer fails to do so.

In 1987, NTSB recommended that FRA promulgate Federal standards to require the
installation and operation of a train control system on mainline tracks which will provide for
positive separation of trains.

In 1991, NTSB recommended that FRA, in conjunction with the Association of American
Railroads and the Railway Progress Institute, expand the effon now being made to develop
and install advanced train control systems for the purpose of positive train separation.

Finally, in 1993, in its report on the Ledger, Montana, accident of August 30, 1991, the
NTSB made the following recommendation to FRA:
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In conjunction with the Association of American Railroads and the Railway Progress
Institute, establish a firm timetable that includes, at a minimum, dates for final
development of required Advanced Train Control System hardware, dates for
implementation of a fully developed Advanced Train Control System, and a
commitment to a date for having the Advanced Train Control System ready for
installation on the general railroad system.

As the drumbeat of NTSB and other public advocacy has swelled, the central issue has
continued to be that of affordable technology. In 1991, FRA estimated a cost of 516 billion
for 91,000 route miles merely to install automatic train control (ATC) systems, a figure that
was many times greater than expected safety benefits over the systems' useful life. 14

The railroad industry has responded to this dilemma, and to other business needs, by
planning a communications-based train control system for the future.

North American AT-C.S

In the early 1980s, the Railway Association of Canada (RAe) began actively to explore the
feasibility of a radio-based train control system that would eliminate human error in the
operation of trains. During 1982, the RAC first convened meetings of senior railroad
officials in Canada and the United States to explore this possibility. Subsequently,
committees composed of the department heads of several railroads met and developed the
concept of Advanced Train Control Systems. For the first time a method of operation was
being preplanned for universal application. In 1983 a project chainnan was designated. In
early 1984, the Association of American Railroads assumed responsibility for project staffing
and the AAR and RAC pledged funding.

On behalf of the RAC and AAR, a report of the Operating Requirements for ATCS was
published in April 1984. The report forecasted the requirements for a series of
comprehensive and advanced radio-based electronic systems essential for safety, productivity
and efficiency in all aspects of on-tr3Ck operations. The specifications contained in the
requirements were purposely generic to accommodate a variety of hardware and software
from different sources that would achieve industry-wide compatibility. The report
recognized that some functions would require research and development of new systems.

As conceived in the specifications, ATCS is an enhanced train control system that utilizes
microprocessors (computers) and digital data communications to connect elements of the
railroad, locomotives, track forces, and wayside devices to the dispatcher's office.
Additionally, it will link data to key managers of a railroad, through information
management systems. The communications system that links all of the systems together is

14Advisabiliry and Feasibiliry ofRequiring Automlllic Train Colllrol Systems on Each
Passenger and Hazardous MaJerials Rail Corridor (Report to the Congress pursuant to the
Rail Safety Improvement Act of 1988) (Federal Railroad Administration, 1991).
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the key to ATCS. ATCS currently has six pairs of diaital data communications channels
available for exclusive use in North America. (For territory not equipped with data radio,
cellular telephone communications are being studied.) The communications system can
utilize components made by different companies, providing for modularity of the system and
promoting competition among vendors.

The ATCS Operating Rcquirements envisioned the optimum system - eliminating
dependence on human compliance with signal indications, operating rules, and written
instructions to achieve safe speeds and separation; obtaining increased traffic capacity and
equipment utilization; and controlling operations for maximum savings in fuel and labor.
Specifications were established for system-enforced movement authority, speeds, and positive
separation. The system would ensure route integrity with the functional status of wayside
equipment, including defect detectors and highway-rail grade crossing devices, communicated
to each train and the control center. Specifications were established for -

• on-board displays that would identify track profile, route authority and conditions;

• work order reporting (car pick ups and set outs);

• locomotive health monitoring;

• interface with maintenance-of-way forces;

• predicted braking distances; and

• train operation management for crew identification and hours of service.

The specifications also included automatic stop protection that would preclude a train
exceeding its limits of authority. Finally, the specifications required the system to be
modular, with hardware and software capable of industry-wide operation of a locomotive
moving from one type system to another automatic:ally without hindrance, and compatible
with all existing control systems, especially traffic control systems.

Subsequently, under the umbrella of the AAR, Aeronautical Radio, Inc. (now •ARJN'C·) was
selected as the consultant to provide technical and engineering services for the development
of specific design specifications. Working committees composed of representatives from
Canadian and United States railroads were formed to develop the specifications for ATCS.
FRA also panicipated in the process.

The AAR's Communications and Signal Division, working with ARINC, developed the
communicationsarchiteeture for the system, using accepted procedures that assure
transmission and receipt (handshake) of data, security and reliability. In addition,
specifications for datalink operation of wayside apparatus (wayside interface units (WIUs»)
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were developed. U WIU specifications cover signals, switches (both hand-operated and
power-operated), highway-rail grade crossing devices, defect detectors, and various detection
methods for determining rail continuity.

The AAR's Mechanical Division developed specifications for a locomotive on-board
computer (OBC). The OBC was designed constantly to monitor the locomotive's health
(fuel, fuel consumption, water, oil, temperatures, main reservoir pressure, etc.); operation
(speed, throttle position, brake position, brake pipe pressure, hom, bell, location, train
profile, tonnage, etc.); train control (authority, route, block and interlocking conditions,
highway-rail crossing device conditions, defect detector conditions, track integrity, etc.);
management of operations (identification of crew, hours of service, work orders, projections,
predictive conditions, conflict resolutions, etc.); and train handling requirements (limits of
authority, speed restrictions, speed instructions, etc.).

The AAR's Operating Rules Committee, with input from representatives of FRA, drafted the
rules for operations in ATCS territory. The work of this committee is yet to be finalized.
Efforts to develop operating rules identified the disparities of the concept of ATCS that exist
within the industry. It became evident that some carriers were seeking the optimum system
in which all trains would be ATCS equipped; some carriers proposed equipping only
passenger and manifest freight trains; and some carriers were opposed to the train control
features. In some quarters, the objective was to eliminate all block signal systems in ATCS.
In order to accommodate these differences, ATCS evolved into four categories - Levels 10,
20, 30 and 40.

Level 10 would provide the equivalent of track warrant operations by visually displaying
limits of authority and work orders.

Level 20 added to Level 10 locomotive health and predictive calculations for pacing, train
meets and crew management.

Level 30 added to Level 20 communications with wayside interface units (WIUs) and PTe
enforcement.

Level 40 was conceived as the optimum system interfaced with a centralized, computer-aided
dispatching function. At this level, ATCS might replace the existing signal system (or
provide the capability to operate trains in -dark territory- with the same or greater
competency as if a traffic control systems were in place). Level 40 offers the potential that
fixed blocks16 might be eliminated in favor of flexible block length, resulting in significant

15A WID includes the hardware and software necessary to provide interface between new
and existing wayside devices and ATCS.

16A "block" is simply a segment of track-in signal territory a segment of track between
wayside signals. Since signal spacing must be set at a distance approximating the stopping
distance of the heaviest and fastest train pennitted to use the railroad, a fixed-block
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increases in capacity in some cases (as more trains are pennitted to use the same track, with
reduced bcadways).

Since the specifications are modular, delineations among the levels of ATCS are not clearly
defined; and many of the specifications written for ATCS are optional in the first three
levels.

An ATCS locomotive display shows the mileage, speed limits, actual train speed and grade.
ATCS differs from con"'entional train control systems in that all train movement authorities
and operating instructions are displayed in the locomotive cab.

In the ATCS concept, transponders are located along the rail line to provide precise train
location infonnation. Between transponders, interpolation is by wheel rotation count
(tachometer). The on-board computer integrates the location information from the
transponder with the authorities provided from central control and determines enforcement
parameters.

As the main body of the specifications was developed, ARINC coordinated all the working
groups to assure the technical specifications were uniform, modular in construction with
interoperable datalink communications. ARINC conducted several exercises to prove the
flowcharted specifications in which representatives from the railroad companies, FRA and the
supply industry acted out specific roles of the components, devices and computers being
designed for ATCS. The role-playing exercises were tedious, intensive and precise. Design
flaws were corrected and the handshake for data communications refined. From the
flowcharts actual specifications were derived for electronic design of ATCS using concepts
from the aerospace program, especially the National Aeronautics and Space Administration.
According to an evaluation by Draper Laboratories, the failsafe factor of the electronic
design is 10-17

, the equivalent of one hazardous failure in 64 years, which meets or exceeds
the failsafe factor in current signal circuitry design.

In the ATCS development program, various railroads in both Canada and the United States
conducted tests of ATCS components. Several railroads began a long-term restructuring of
their communications systems to enable future radio transmissions required to implement
ATCS. As a result, the industry has developed and proven many subsystems of the ATCS
technology, particularly those elements integral to the communications platform. Many
components are now available off the shelf for implementing ATCS. 17

arrangement tends to limit "throughput" of trains more than an arrangement that considers
the speed and tonnage of the trains actually using the railroad.

17An extensive discussion of ATCS topics is contained in Advanced Train Control
Systems, Transportation Research Record No. 1314 (Transportation Research Board, National
Research Council 1991).
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ATCS is far more than a planning process. Nonsafety applications of ATCS have been
undertaken by several railroads. In the United States, the Union Pacific Railroad has
implemented ATCS work order reporting program system-wide. The work order reporting
system enables the conductor to receive work requests (pick-ups and set-outs) and to report
work completed in "real time", using data links between locomotives and UP's
Transportation Control System. Work order reporting is designed to serve as an element of
a integrated service management plan that will increase the quality of service to shippers,
defined in terms of predictability and speed.

Burlington Northern Railroad (BN) has a pilot program for monitoring locomotive
performance, by equipping 100 locomotives with ATCS-eompliant health monitoring
systems.

The Norfolk Southern Railroad is considering a pilot project for a work order reporting
program using ATCS. CSX Transportation and The Atchison, Topeka and Santa Fe Railway
are currently using ATCS communications technology for replacing pole line.
In Canada, the Canadian National Railroad (CN) and the Canadian Pacific are advancing
their ATCS projects. CN has operated a prototype ATCS installation that includes "real
world" and simulation testing, though this effort is not presently active.

Simultaneous with development of ATCS, the BN developed a similar system designated
Advanced Railroad Electronics System (ARES). The BN, with Rockwelllntemational its
prime contractor, implemented a test bed for ARES in northern Minnesota. The
characteristics of ARES functions included those of ATCS with an additional feature that
permitted emergency stopping of trains from the control center.

One significant difference between ATCS and ARES is the method utilized for train location.
ATCS specifications employ transponders located at designated locations that will identify
each train as it passes that location and transmit the data to the locomotive and central
computer. ARES utilized the Global Positioning System (GPS) to monitor and calculate the
location of each train periodically.II

Another difference concerned the communications platform. ARES utilized VHF frequencies
(which are favored, among other things, for the greater distances that can be accommodated
between radio base stations), while ATCS utilizes assigned frequencies in the 900 MHz range
of the UHF spectrum (which may be less affected by interference from other radio frequency
traffic in more congested areas).

laIn GPS, radio transmissions from communications satellites owned and operated by the
U.S. Depanment of Defense are compared to determine location.
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In connection with the improvements on the NEe between New Haven, Connecticut and
Boston, Massachusetts, the National Railroad Passenger Corporation (Amtrak) is upgrading
the signal system to a traffic control system and proposing the conversion of the present 4
aspect single frequency cab signal/ATC system to a 9-aspect dual-frequency system with an
intennittent train stop system. These changes will provide for centralized dispatching, permit
increased speeds between intermediate signals, provide enforcement of civil engineering
speed restrictions,19 provide means of protecting roadway workers, and implement positive
train stop at key control points. The proposed system will allow maximum speeds of up to
150 mph and speeds of 80 mph through crossovers.

The proposed intermittent train stop system is a transponder-based system, passive in
operation, being a fixed ·overlay· system, designed to locate the aetuaI braking points and
capable of supervising curve speeds and other civil restrictions in increments of 5 mph.

The existing 4-aspect, 100 Hz, 3-eode system will be expanded to a 9-aspect, dual frequency,
8-code system by adding 250 Hz to 100Hz as a second power frequency carrier and by
adding 270 code to the traditional 180, 120, and 75 codes. The 250 Hz and the 270 code rate
will be added in a way that minimizes the impact upon the existing equipment using the
NEC.

The FRA supports Amtrak's project, and ~ advised Amtrak that the proposed system
should meet the following requirements:

I. The system must enforce both permanent and temporary civil speed restrictions.

2.. All trains operating over the trackage of the proposed system must be equipped to
respond to this system.

3. No conflicting aspects or indications shall be displayed in the locomotive cab.

4. The system must enforce the most restrictive speed at any location associated with
either the civil restriction or cab signal aspect.

19"Enforcement of civil engineering speed restrictions· means limiting speeds at curves,
stations and other points where the speed allowed by the signal system (based on track
occupancy and rail integrity) exceeds the timetable speed restriction at the site. At FRA's
request, the existing cab signal/ATC system has already been modified at several critical
points on the NEC to provide this protection against overspeed operation, but the proposed
system would provide an additional margin of safety at numerous additional locations.
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5. The system must defeat any action by an engineer (e.g., as might occur should an
engineer be on the verge of sleep and reflexively acknowledge a cab signal
warning) that could allow a train to proceed past a key control point.

Amtrak submitted a block signal application seeking approval of the proposed modification of
the automatic block signal system between New Haven, Connecticut and Cranston, Rhode
Island. Approval was granted on October 28, 1992. This modification included the removal
of the intermediate wayside signals in connection with the installation of a traffic control
system and the expansion of the existing four aspect cab signals to include five additional
aspects and speed control for high speed operation. However, this approval does not permit
operation in excess of 110 miles per hour, and FRA expects to consider the matter of higher
speeds in an appropriate public proceeding.

Currently all main tracks between New Haven, Connecticut and Boston, Massachusetts, 155
route miles and 338 track miles, have been signaled for reverse movement (bi-directional).
This provides for flexibility for operating Amtrak, commuter, and freight services during
construction, as well as increased traffic when high speed train operation is implemented.

The signal work is the first of two phases required to support 150 mph operation. The second
phase will build on the first phase, by installing the additional equipment necessary for the
operation and for upgrading the maximum speed to 150 mph. Three of the five new "high
speed" interlockings have been placed in service, permitting 80 mph cross-over moves for
the first time in the United States. Twenty diesel locomotives have been equipped with an
interim 5 aspect cab signal featuring the additional speed command necessary to operate
existing trains at 80 mph on these crossovers. This is an interim step until all locomotives
and cab control cars can be equipped with the new 9-aspect cab signal and speed control
system that Amtrak has developed.

Amtrak is developing the new system under the name "Advanced Civil Speed Enforcement
System" (ACSES). It is designed to build on existing systems and to be compatible with
application to electrified territory.

ACSES will use a carefully constructed blend of transponder scanning, radio, and
microprocessor technology to meet specific needs of Amtrak's multiple-track, high-speed
corridor. Prototype testing and final specification for procurement of the ACSES system will
be completed in 1995.

ACSES will supplement the new continuous 9-aspect cab signal and speed control system by
enforcing civil speeds at 5 mph increments up to 150 mph and by enforcing a positive SlOp at
interlocking home signals where an overrun stop signal could compromise an adjacent high
speed main track. It is being designed with an eye toward ultimately equipping the entire
Northeast Corridor as well as the emerging high speed conidors throughout the country.

Both the 9-aspect cab signal and speed control system and the ACSES system will use
proven, highly reliable technology to achieve Amtrak's and FRA's safety goals with the least
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BN demonstrated ARES on a test bed in nonhem Minnesota (the wIron RangeW
) during the

period 1988 through 1993. Although BN and Rockwell technical teams judged ARES ready
for system-wide application, BN did not fund the project. Instead, in 1993, BN placed the
fate of ARES in the hands of the AAR Board of Directors, which determined that ATCS
technology should remain the industry standard for planning purposes. Although BN
discontinued work on the train control aspects of ARES, BN elected to continue development
of a digital data radio capability using VHF frequencies that is similar to the ARES
communications platform.

v

Under an interagency agreement, FRA asked the Institute for Telecommunications Sciences,
Department of Commerce, to review the ATCS specifications to determine the readiness of
the industry to achieve PTe objectives through ATCS and to outline the steps that would be
required to bring the train control aspects of ATCS on line. ITS has extensive experience in
the development and evaluation of telecommunications technologies.

Based on review of the ATCS specifications and consultations with the AAR, ARINC, and
other sources, the ITS report to FRA (reproduced as Appendix 3) reached the following
conclusions:

(1) The ATCS Specifications have been deveJo,ped to ensure compatibility and
interqperability. The specifications are written to ensure compatibility between system
components produced by different manufacturers. They are written to ensure
interoperability between railroads. Such compatibility and interoperability is needed to
provide positive train separation throughout the North American rail system.

(2) The ArCS Specifications amUy sound enmeerlng techniQues to ensure the pro,per
delivers of data from source to destination. Data communications systems must rely on
automated techniques to ensure that data arrive at the intended destinations, that errors
are detected and corrected, that data have been protected, and data amve within
established time constraints. The data communication system must have the ability to
detect and recover from faults. In the event of failure, the data communication system
must allow a graceful and safe return of control to a secondary system, in this case
voice communication between the dispatcher and locomotives or track maintenance
vehicles. The ATCS accomplishes these tasks well.

(3) The ATCS bas the components to provide positive train SCJWItion. Positive train
separation refers to the capability to detect and prevent impending collisions between
trains. Within the ATCS, the access of trains and track forces to any section of track is
strictly controlled by authorities issued by a dispatcher. The speed and location of
trains and track forces are continually monitored. If violation warnings are not heeded
by the operator, speed restrictions of the limits of movement authorities are enforced
through automatic brake application.

-45-



(4) The ArcS Conttol Flow Specifications need further dOE and validation. The
ATCS Control Flow Specifications provide functional descriptions of certain aspects of
railroad operating logic, and define how hardware and software elements of the system
should interact in order to execute railroad operations. For example, one of the ATCS
control flows describes the process by which central dispatch would issue a movement
authority to a locomotive, and defines the associated messages that would be exchanged
between various system processors.

A major revision of the Control Flow Specifications was completed in 1993. The
control flows have become increasingly complex as system development has progressed,
and ARINC is working on further documentation to aid ATCS software developers.

Because of the complexity of the control flows and because correct control flows are
essential to safety, ITS recommends independent modeling and validation of the ATCS
control flows under a variety of operating scenarios to ensure that the system functions
as intended.

(5) A coordinatc4 field test of a full implementation of the ATCS is needed. Various
railroads and railroad equipment manufacturers have implemented only portions of the
ATCS Specifications, or have conducted only limited tests of ATCS applications and
equipment. A coordinated effon is required to field test a full implementation of the
ATCS on a section of track with typical environmental conditions. A more
comprehensive field test or pilot demonstration would be required to show the ATCS
can properly function in more severe environments such as the Chicago hub or the
Northeast Corridor.

(6) A mimtion plan and a timetable for implementation of the ArcS are needed. A
migration plan provides for an orderly transition from one system to another. The
migration plan ensures that safety measures already in place are not removed before all
trains that pass through the territory have fully-equipped ATCS locomotives. Older
systems and the ATCS will probably have to be operated in parallel while the ATCS
becomes fully operational.

The implementation timetable accounts for the acquisition of funding, the installation
and testing of ATCS equipment. and training for users of the new system. The
timetable should seek to accommodate all railroads to encourage widespread use of the
ATCS.

ITS also recommended evaluation of the UPIBN PI'S project (described below) as an
important means of gaining some of the knowledge referred to in the fifth and sixth findings,
above"
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possible impact on other railroad users of the Northeast Corridor. Both have been developed
to accommodate the "incremental" or "building block" approach to upgrading the emerging
high speed corridors in practical stages as funding is made available. The design ensures
that each stage will contribute significantly to increased protection and to decreased trip
times.

Amtrak's ACSES-a signal-based ATC enforcement system-offers an effective PTC
alternative to ATCS. The Florida East Coast Railway Co. (FEC), which operates a high
density railroad between Jacksonville and Miami, Florida, at freight speeds to 65 miles per
hour, recently installed a modem ATC system that incorporates most PTC attributes (with
the exception of direct data links to, or supplementary automatic protection for, roadway
workers).

However, the Amtrak and FEe approaches, while cost effective in their particular operating
environments, involve investments that are likely not sustainable over the national rail
system. As such, they do not appear to be affordable alternatives to ATCS for much broader
applications.

During roundtable discussions on PTC issues, and in discussions with suppliers, FRA
developed information regarding alternative PTC concepts that might be no more costly, or
less costly, than ATCS. Suppliers identified a variety of approaches, such as -

• Augmentation of existing signal systems with ATCS-compliant components that might
communicate locally with an on-board computer;

• Use of range-finding technology with on-board computers to provide safety and
facilitate flexible block lengths;

• Use of "spread spectrum" radio to track and manage trains on a very localized basis
between signal system control points, potentially facilitating very short headways.

• Radio-based control that places all intelligence in the field, such that key route and
traffic information is downloaded to the on-board computer for determination of
movement authority, again providing for flexible blocks and short headways.

FRA is satisfied that a reasonably wide range of technologies could be employed with a high
degree of effectiveness to achieve PTC. Selection of technology should rest with the railroad
industry based upon all pertinent safety and non-safety requirements, cost, interoperability,
and adaptability to changing requirements and technology.
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