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EXECUTIVE SUMMARY

The Maryland Department of Transportation, Mass Transit
Administration (MTA) has prepared a final report on the Train to
Wayside Identification project. The project is hereafter referred
to as the AVI (Automatic Vehicle Identification) project. It was
funded by the Federal Transportation Administration under the New
Technology Introduction Program.

The project was proposed to demonstrate the applicability of
automatic identification equipment as a substitution for the
traditional TWC (Train to Wayside Communication) systems used on
some of the more advanced rail transit systems. TWC is typically
a two way communication system utilizing the rail or wayside
transponders as the medium. These systems provide for the passing
of information and controls between operating trains, wayside
signalling and operation control centers. Train consist,
destination, identification, condition (commonly called health)
and other such information is passed from the train to the wayside.
In turn, the wayside equipment and control center passes
infermation and commands as to location, acceleration profiles,
train number assignment and destination updates.

This demonstration was designed to use significantly less costly
automatic identification equipment. Automatic identification
equipment is typically comprised of one way communication devices.
The equipment and accompanying software is arranged for use, to
the greatest extent possible, as a substitution for TWC. The
purpose of this arrangement was to determine the feasibility of
using this equipment, configured as a TWC system, for providing
real time train identification, automatic routing, generation of
statistical reports and automatic maintenance scheduling.

The AVI demonstration included the installation of RF transponder
tags on the MTA’s 50 married pair METRO railcar fleet. Six wayside
reader locations were installed along the line for receiving the
data of passing trains. The sites were selected at even intervals
and at critical locations such as the midline entrance to the yard
and terminal stations. The data is transmitted from the 6 wayside
locations to the Operations Control Center via the existing Ti1
carrier system.

The AVI software package 1is installed in the central computer
system adjacent to the central operating software. Links are
provided to the central operating software as required for
interface to the scheduling, time and display functiomns.
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Operations personnel can invoke the AVI system at any of the
existing workstations. The Operator can view the entire system in
real time as the trains pass the wayside locations. The data
transmitted from the field includes the location, time, track
number, train direction, number of cars in the consist and the
identifications of the cars in the order of passing.

The operator can view, and print as required, any of several
reports generated from this data. The reports include the system
operating data log, specific site operating data 1log, train
(activity), vehicle mileage and vehicle revenue hour operation.
The reports can be generated on any number of specific vehicles or
sites as selected by the Operator.

A vehicle maintenance scheduling report is also available. It is
included as part of the vehicle mileage and vehicle hours report.
This report is based on the previous recorded maintenance period
and utilizes the AVI mileage and revenue hour data in the
generation of the report. For this project one maintenance
scheduling report was selected to demonstrate the function.
Additional computer memory has been reserved to provide any
practical number of additional reports to be added at a later date.
These can be based on differing maintenance intervals, accumulated
vehicle mileage and accumulated vehicle revenue hour operation.

This is the first known application of this type equipment to a
rail transit system. Through this project substantial experience
and information was gathered that can be valuable for future
projects. It is the MTA’s intent to maintain this equipment as a
permanent operating system. The long term vreliability,
maintainability, use and function of the system will be assessed
and considered when planning system upgrades and expansions.

Plans for expansion of the AVI system include additional software
reports, additional wayside reader sites, upgrading of several of
the existing site capabilities, and possibly installation of a
vehicle location system for the yard. Future plans may also
include the upgrading of the fixed ID RF transponder tags to the
newer dynamic RF transponder tags. These new tags allow for the
input of dynamic vehicle data, such as failure alarms, during
actual operation as they occur.

This project has proven the practical application of a RF
transponder tag system on a rapid transit system. A well planned
AVI system can substitute for a TWC system, and be installed under
operating conditions at a significant cost savings.
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SYSTEM DESCRIPTION






1.0 SYSTEM DESCRIPTION

This report is the summation of the FTA sponsored Train To Wayside
Identification Demonstration project. The project was initiated to
demonstrate the applicability of automatic identification equipment
as a substitution for the traditional TWC (Train to Wayside
Communication) systems used on some of the more advanced rail
transit systems. TWC systems are typically two way communication
systems utilizing the rail or wayside transponders as the medium.
These systems provide for the passing of information and controls
between operating trains, wayside signalling and operation control
centers. Train consist, destination, identification, health and
other such information is passed from the train to the wayside. 1In
turn, the wayside equipment and control center passes information
and commands as to location, acceleration profiles, train number
assignment and destination updates. Automatic identification
equipment is typically, as in this project, comprised of one way
communication devices.

This system and accompanying equipment of this demonstration were
installed on the Maryland Department of Transportation, Mass
Transit Administration’s METRO rapid transit line. The METRO is a
18 mile, 29 kilometer rail transit line operating in Baltimore,
Maryland on dedicated right of way. The right of way includes
elevated, at grade and subway areas. There are 100 heavy rail
transit cars operating as 50 permanently coupled married pairs.
The married pairs are bi-directional and are operated as two, four

and six car consists. The signalling system is automatic train
control with cab signals of 10 to 60 mph (16 to 96 kph) with an
overall average speed of 40 mph (64 kph). Peak headways are at 6

to 8 minutes with six car consists and off peak headways are at 10
to 12 minutes with two and four car consists. Revenue operation is
from 5am to midnight, Monday through Saturday. '

1.1 EQUIPMENT AND TECHNICAL DETAILS

The equipment used on this project includes vehicle, wayside and
central components. Following is a summary of the equipment.

1.1.1 Vehicle Eguipment

The vehicle equipment consists of RF transponder tags manufactured
by Amtech Systems Corp. of Dallas, Texas. The tags were supplied
by AVI subcontractor CCTC International of Houston, Texas and were
programmed prior to installation with each individual car number.
They are affixed to the side of each car with double sided, high
strength building construction tape by 3M. The tape was selected
in lieu of installing mounting brackets or direct fixation, which
would have required mounting holes in the car body. Weather and
chemical resistance of the tape was reviewed in detail and has thus
far proven reliable.
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The tags were installed on both sides of the cars to provide
reading of the identification regardless of the track or direction
that the car may operate. Although the cars operate as permanently
coupled married pairs, the tags were installed on every vehicle.
This arrangement allows the system to identify a married pair in
the instance of a lost or damaged tag by reading the remaining tag
on the other vehicle in the pair.

The tags selected do not reguire any maintenance. They are powered
by the RF signal transmitted by the wayside reader units. Missing
or inoperative tags can be identified by viewing the system
operating data log kept by the central computer. Maintenance
personnel can then be sent directly to the vehicle requiring
attention.

1.1.2 Wayside Equipment

The wayside equipment consists of six reader units installed at
intervals along the double track line, at terminal stations and at
the entrance/exit to the yard. Careful consideration was given to
remain within the scope of the project while providing an
arrangement that would prove to be a suitable demonstration and a
building block for the future. Three of the units were arranged as
double track units while the remaining three were installed as
single track units.

The manufacturer, again CCTC, presented several versions of the

same equipment arranged in different enclosures. The choices
included:

(1) equipment modules to be installed in owner supplied enclosures
(2) clustered modules preinstalled in mini-enclosures

(3) a complete working system built into a unique cabinet

providing full access to all the modules

(4) a bungalow style system usually provided for multi-track
installations.

The third choice, a complete working system, was selected. This
unit is called the Standalone. It can be configured as a one or a
multi-track system. The unit includes a unique double hinged
cabinet. The front has a swing open door for servicing the first
set of modules. The entire cabinet can then be unlatched from the
mounting base plate and swung open for servicing the second set of
modules. Optional control and indication panels were installed for
local indications of status and activating several self-diagnostic
routines. An optional test tag system was included with each unit
providing special transponder tags mounted within each antenna
assembly. These tags are activated by the Standalone during
diagnostics to provide a dynamic test of the readers operation.
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The power supply in the Standalone 1is a complete UPS
(uninterruptible power supply) unit capable of accepting two AC

power sources. It also contains internal rechargeable batteries.
It is an automatic switching unit capable of temporarily running
from the internal batteries if both power sources fail. The

cabinet is fully sealed with thermostatically controlled heaters
and multiple fan coolers including a caged, finned heat exchanger
mounted as part of the cabinet. Several serial computer ports are
provided for transmission of the data and for either remote or
local diagnostic and programming. Programming memory is retained
if the unit is shut down or suffers complete power failure.

In considering the structures and close clearances of the transit
line the readers were installed as single antenna sites versus the
more conventional dual antenna, dual read sites when used on the
freight railroads. The single antenna sites also allowed more
flexibility in choosing reader locations since free space only had
to be on one side of the track for equipment installation.

Dual magnetic wheel sensor assemblies by CCTC were installed at
reader locations for each track being monitored. The wheel
detectors are used to activate readers in the presence of trains
and in determining speed and direction data for the AVI message to
be transmitted to central.

An optional "presence" signal feature was not used. This involves
connection to existing track circuits or installation of overlay
track circuits. When used it can turn on the reader in advance of

an oncoming train and provide a more reliable operation. It was
determined that considering the lower train speeds in the areas of
the reader installations that this feature was not required. If

needed it can be added at a later date.

System activation occurs when a train is detected by the wheel
sensors. The reader transmits a 900 MHz range RF signal to the
train. The transponder tags on the train utilize the transmitted
power from the reader to assemble a message containing the coded
car identification and transmits the message back to the reader.
The reader then uses the information from the wheel detectors and
the tag reads to assemble a message to be transmitted to the
central computer system. The message includes the time (which is
updated periodically by the central system), location, track,
direction, speed (not used), and the number of cars in the
consist with the identification of each in the order of passing.
Additionally the reader runs through a proprietary error correcting
and filtering routine in assembling the message since the tags are
read multiple times on each passing.



1.1.3 Communication Equipment

Wescom channel unit modules were installed in spare slots on the
existing T1 carrier system. Modems were installed at both the
wayside and central ends of the system.

The manufacturer normally supplies a 2 wire dial up modem for the
reader units. This modem could not be used with the 4 wire channel
unit modules. A high quality, extended temperature modem
manufactured by Motorola was selected and installed directly in the
Standalone units. The central modems are manufactured by Microcom
and were provided as six plug in units in a rack mounted card cage.

1.1.4 Central Control Equipment

Connection of the modems to the central computers was made by the
addition of an Annex III terminal server on the primary ethernet
line. The AVI system is considered non critical and therefore no
provisions were made for connection to the secondary ethernet.

A dedicated printer was installed, remotely in the equipment room,
to allow both operations and maintenance personnel to print reports
as required.

The control and display of the system is accomplished at any of the
existing central computer workstations. These are located in the
main control room and at several remote sites.

1.2 SOFTWARE

The AVI system software was developed by prime AVI contractor
SYSECA Inc. of Marina del Ray, California. It was assembled as a
complete operating package. This was done to provide a distinct
separation of AVI software functions as compared to the central
operating functions. It was installed in the existing central
computers with links to the central operating software as required
for interface to the scheduling, time and display functions.
Record keeping is eternal and a backlog of data is purged only
through memory management maintenance of the central computer
system. Any of the given reports can be displayed and/or printed
as desired. Assembling the reports for specific periods,
locations and vehicles is provided. The package provides for the
following displays and reports:



1.2.1 AVI System Operation Report

This is the overall AVI system display exhibiting the complete
operation. AVI messages are transmitted to central as trains pass
the reader sites and assembled on this display in a scrolling
fashion. One line of information on the System Operation Display
represents a train passing an AVI reader on the wayside. The
information contained on each line includes:

Train Number (The AVI software compares the move time to the
system schedule currently selected in the central operating
system. If the move time falls within a given tolerance of a
scheduled train, then the number of the scheduled train is
assigned to the AVI record. If the move time is outside of
the tolerance for a scheduled train, then the train is
identified with a ? symbol in the AVI record.)

Move Time (time that the train passed the reader)

Scheduled Time (Scheduled time of the train as called for in
the selected operating schedule)

Deviation (Difference in the scheduled time as compared to the
move time of train passage)

Station (name of the closest station to the given reader)
Track (track number)
Direction (East or West for this line)
Length (Length of train consist indicated as number of cars)
Cars (Car identification numbers in order of passing. Note
that any cars with defective or missing tags are listed with
a "?" gymbol.)
1.2.2 AVI Station Report
This report contains the same information as the System Operating
Report except it is selected by the operator for any one of the 6
AVI reader locations.
1.2.3 AVI Train Report
This report is invoked to allowing viewing a period of operation
for specific trains by train number (train numbers are assigned to

operating consists on the line and are used for the tracking and
scheduling of the system).
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1.2.4 AVI Vehicle Mileage / Hours Report

This report can be generated for each car to assist in vehicle
mileage and revenue hour tracking. Developed primarily for vehicle
maintenance tracking it can also be used for statistical record
keeping and financial operating budget reports. The following
information is listed for each car.

Car Number

Daily Hours (Number of revenue operating hours for the given
day)

Daily Mileage (Number of operating miles for the given day)

Accumulated Hours Since Last Maintenance (Last maintenance is
the date the vehicle was last maintained and is data
enterable)

Next Maintenance (This is a data enterable duration in days to
the next scheduled maintenance. The system calculates and
displays the reguired date.)

Life Hours (Number of total revenue operating hours on the
vehicle. The number is calculated automatically and is based
on the cumulative time between reader sites. It is also data
enterable to allow periodic updates to correct for slight
system drift.)

Life Mileage (Number of travel miles on the vehicle. This
number 1is calculated automatically and is based on the
cumulative distance recorded between reader sites. It is also
data enterable to allow periodic updates to correct for slight
system drift.)

1.2.5 AVI Daily Summary Report

This report is generated daily at the end of revenue service. It
displays the mileage traveled on the main line for each train by
train number. Included is the daily total for the number of trains
passing AVI sites and a summary report of bad tag reads.

1.2.6 AVI Active Trains Report

This report displays a list of current active trains operating on
the system. Listed by train number the information includes the
number of cars, the car numbers, and the last station/track
direction of movement recorded. This report is not generated by
the AVI software. Generated and maintained by the central
operating software, it 1s viewable via an alternate command to
allow a quick reference to the train list by operations personnel
when working with the AVI package.
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1.3 Testing

The contract specification for this project required a 30 day
demonstration period. This period was to start upon notification
from the Contractor that the system was complete. The
demonstration was to stop at any time that a problem or failure
occurred and resume upon correction.

From May 1997 to September 1997 the testing period was started and
canceled two times. Multiple problems with software operation and

several changes to operating parameters were identified. It is
important to note that this was a Ilengthy process. System
performance was monitored by reviewing the daily reports. The

problems that were prevalent tended to mask the minor or less
frequently occurring problems. Corrections therefore became a step
by step process of identifying a problem, investigation,
correction and checkout. This was followed by the next review of
the daily reports and a repeat of this process.

During the September 1997 to October 1997 period the 30 day
demonstration test was successfully completed. The MTA allowed the
test to proceed with two existing problems. The first being a
timeout problem at a terminal station where trains are regularly
stopped at the reader site. The solution was identified as a
change in the timing parameter of the CCTC Standalone reader for
that site. The second problem was an occasional error in reading
identifications of train consists with tagged and untagged cars.
The solution was corrected by tagging the remainder of the
railcars. The test period was allowed to proceed since solutions
to both problems were identified and additional time was required
to proceed with the corrective measures. These corrective actions
were later performed with positive results.
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2.0 PROBLEMS AND SOLUTIONS

Following are details of several of the more significant problems
encountered and the resolution of each.

2.1 Time Clock Coordination

Problem -
Each reader unit on the wayside contains a clock for the time
stamping of train passings in the data. Time stamping at the

central location was not practical considering the time delay
caused by data processing at the readers before the data packet is
transmitted to the central computer system. Synchronized clocks
are required to provide coordinated data collection and accuracy in
the reports.

Solution -

A method was developed using the main user serial data port to
transmit a global clock setting command from the central location.
The clocks in the wayside units are now all synchronized through
this periodic command.

2.2 Remote Healthcheck

Problem -

The Standalone reader units have both local and remote diagnostic
capabilities. The local capabilities are easily accessed through
the optional test panels built into the wunits and through
connection of a portable computer for a more detailed diagnostic
routine. The same testing was not initially available from the
remote (central computer) location. The problem was due to the
need for a second communications line from each reader to central
for use of the test port on the reader.

Solution -

An alternate method of accessing the diagnostic routine through the
main user serial data port was invoked (as was done for the global
clock setting command). Additional central software was developed
for this function including decoding and display of the large
number of failure codes involved. The second communication line
was not required for this method of providing the remote
diagnostics.
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2.3 Communications Delay

Problem -

A delay from the time a train passed the reader until the message
was transmitted to the central computer of approximately 180
seconds was occurring. This produced, on a rapid transit system
such as this, a somewhat significant difference between the
display status of the AVI system and the actual display of train
operation in the central control room. The problem was caused by
additional timing introduced by CCTC to the reader units. This
time was originally intended for freight operations in order to
keep the reader in the active mode under slow or intermittent train
operation such as encountered in yard areas. '

Solution -
The additional timing was removed by changing the software switch
associated with that function in the reader units. A remaining

time delay of approximately 60 seconds still exists. This delay is
caused primarily by the machine speed and large amount of
computations involved in the reader with the error detection and
filtering functions. Although CCTC indicated that further
reduction of the time may be possible, it would reguire revision
of the executive program of the unit and may sacrifice performance.
The remaining time was accepted as reasonable and as necessary to
retain the accuracy of the data involved.

2.4 Automatic Routing

Problem -
The project called for automatic routing of trains at one
interlocking as a demonstration of that feature. The required

route was to be selected by the AVI system through comparison of
the approaching train, by train number, to the train move called
for in the current active schedule at the central control.
Although possible, there were several problems as follows:

-The first problem was associated with the aforementioned time
delay. The MTA determined and specified the reader locations based
on a minimum system resolution required. The locations selected in
advance to the interlocking in question were placed to close to
allow for advance route alignment with the communication delay.

-The interlocking in question currently has three modes of
operation. Those modes being by manual control, automatic control
through a PLC (programmable logic controller) logic routine and
remote control from the central computer. When in remote control
the central computer system is capable of four different modes of
operation for reguesting routes at that interlocking.
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-At the time the original specification was written, the
interlocking was in use as a short turnback for alternate mainline
trains during off peak periods. Following the start of this

project, the short turnback operation was abandoned and full line
service resumed.

Solution -

The requirement for automatic interlocking operation was
eliminated. With the timing problem it would regquire using readers
significantly farther from the interlocking. This would have
proved impractical considering the yard turnout in the section of
track involved that could have introduced unidentified trains
entering the mainline. These trains would require additional
checks to determine the required routing and also the timing
problem would be introduced again. The complexity of the existing
multiple modes of operation and the cancellation of the short
turnback operation were additional considerations.

2.5 Vehicle Identification Errors

Problem -

Vehicle identification errors appeared when operating train
consists mixed with tagged and untagged cars. The original scope
of the project covered the installation of tags on one half of the
rail car fleet as adequate for demonstration purposes. The

operation of these mixed consists therefore occurred quite often.
The problem appeared to involve the reader executive program. The
error correcting process in this program involves comparing the
multiple reading of tags to develop some level of confidence. This
comparison process was disturbed by the additional wheel counts of
the untagged vehicles. CCTC expressed hesitance in addressing any
issues with the executive program due to the additional time,
expense, and special program status that would be created.

Solution -

It was determined that tagging the remainder of the rail car fleet
would solve the problem. Since vehicle tagging is relatively low
cost, at approximately $100 total per installed tag, an equitable
solution was achieved. It also provided a more realistic
demonstration of this type system by eliminating the unidentified
vehicles and therefore providing complete operating reports.
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2.6 Wire and Cable Installatiocn

Problem -

Through the development of the specification and cost estimation of
this project it was found that the wire and cable installation
could add considerable cost. The reader installations would
require power and communication cabling installed from the wayside
locations to the signal and communications rooms of the nearest
stations. The cable routes and available wire ways were unknown.
At issue was the contingency involved with the labor and materials
for installation.

Solution -
The MTA undertook an investigation to identify the routing of these
cables including the available wireways, cable troughs and

conduits. These details were added to the specification including
reference drawings. The local wiring on the wayside for the reader
layouts was limited to 50 feet and changed from buried
installations to surface mount, hose protected cabling.

2.7 Lightning/Surge Protection

Problem -

When developing the specification, i1t was determined that four of
the reader sites would be located in outdoor locations with the
remaining two installed in the underground tunnel portion of the
line. The signal system equipment installed throughout the outdoor
section had a history of severe, multiple damage failures from
electrical storms. The incidence and severity of damage was
greatly reduced through applying increasingly higher levels of
electrical protection to this equipment.

There was great concern with planning to install the AVI equipment
in this area. The nature of the electronic circuits in the AVI
equipment is far more sensitive to damage than the signaling
equipment.

Solution -

Three level lightning/surge protection was specified as well as the
minimum grounding and bonding requirements. The AVI equipment was
reviewed and found to be well protected as a standard feature.
During installation the grounding regquirements were strictly
enforced as required to support the operation of the
lightning/surge protection equipment. The installation has thus
far proven reliable with no incidents of damage to date.
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3.0 CONCLUSIONS AND RECOMMENDATIONS
Following are conclusions and recommendations concerning the
equipment and any other potential applications involving similar
equipment.

3.1 Additional Programming

Additional programming will be reguired. Regardless of the level
of detail applied to the preparation of the specification, there

will be more programming needed. The need for additional
programming will become evident considering the lack of detail and
errors that can occur in a specification, the learning curve,

personal preferences and personnel changes, errors and assumptions
by contractors, and new requirements as the project progresses.

It 1s suggested that, assuming a standard construction
specification, an additional bid item be added for hourly on-call
programming or a software maintenance period to begin at the
conclusion of the project. Making this provision in the initial
specification will save considerable expense.

3.2 Software Development Plan

A documented software development plan should be specified. Use
standard software guality control and development plan
specifications that are available. This approach will insure
considerable reduction in the amount of errors and
misinterpretations. If such a plan is not used, the software will
be developed and applied as interpreted by the contractor.
Software, once developed, tends to either stay as it is or become
modified in lieu of proper redevelopment. A contractor will also
contest any changes in the software as unspecified and possible
additional work.

3.3 Detailed Display and Reports Specification

Provide detailed specifications for the type of displays and
reports regquired. In-house specification review cycle(s) and
follow up meetings will greatly reduce the need for any future
changes. Require written response to in-house reviews and document
meeting minutes to help settle any future misunderstandings.
Alternately, the scope (in particular the gquantity) and basic
requirements of the displays and reports can be specified and a
development cycle with the contractor be required as part of a
project.
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3.4 License Registration

Specify that the contractor be required to obtain the FCC license
in the owners name. (The requirement was included in this
project.) The FCC’s understanding of this equipment and the
current status of it 1s still somewhat unsettled. Differing
statements as to FCC requirements from the equipment manufacturers
caused additional confusion. The contractor spent considerable
time and effort in settling the issue with the FCC. Part of the
problem involved a temporary experimental status assigned to this
type equipment. A multiple location radio station license was
issued as a final settlement. Note that the contractor also had to
expend the effort required to attain the longitude, Ilatitude and
elevation for the license.

3.5 Technical Information

The specification for this project required full disclosure of

technical information. This was to provide the MTA with the
capability of in-house service and shop repairs down to the
component level. This is the normal approach for repairs on MTA
systems, with fall back agreements to the manufacturers and
service shops for repairs as required. The specification had a
detailed section for providing this information including component
level schematics with all operating data, illustrated part

breakdowns with part lists including vendor and generic component
part numbers, and circuit operating descriptions.

The manufacturer of the AVI equipment, CCTC, was a subcontractor
on this project. Having been paid for progress in providing and
installing the equipment, CCTC subsequently refused to provide the
shop level information. This problem required an extended period
of negotiations, resulting in delivery of the required data.

It is assumed that most other transit agencies have similar
arrangements for repairs and require full technical disclosures by
manufacturers. Requirements for technical disclosures should be
clearly presented during the bid cycle. The technical data can
also be connected to a preliminary design submittal, and tied to
the initial progress payment, to be transmitted early in a project
to insure receipt of the information. Note that, as was the case
on this project, CCTC used several units within the assembly that
were built by others. CCTC could not supply complete technical
information on several of these sub-assemblies. This problem
significantly affects the MTA in the repairs of the equipment and
will influence decisions when considering future additions or
enhancements. In the end, regardless of the effort put forth,
some of the information specified may not be acquired.
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4.0 SUMMARY

The availability of contractors and manufacturers in this field is
the single most significant issue. Additionally, the apparent
lack of commitment on the part of the manufacturer of the AVI
equipment, to the MTA project, was a continuing difficulty.

The standard railroad industry term for AVI equipment is Automatic
Equipment Identification (AEI). The type used on this project was
a RF (Radio Frequency) Transponder Tag System. Mandated for use on
freight railroads by the Association of American Railroads (AAR) in
the early 1990s, the business boomed with the rush for the
equipment and installations. The MTA project took place during the
rush of freight business, and therefore suffered accordingly.

Only one known manufacturer makes the base equipment meeting the
AAR specification for AEI equipment, AMTECH Corporation of Dallas,
Texas. In the railroad industry there are several other
manufacturers, such as CCTC, that use the base AMTECH equipment
and assemble it into entire working systems as was used on this
project. The experience of AMTECH and these other manufacturers is
almost entirely in the freight railroad field. The impression
gained through the course of this project is that both AMTECH and
these other manufacturers consider the rail transit industry
inconseqguential.

The MTA specified AEI equipment meeting the AAR specifications.
This was done to insure an industry standard product of known
reliability and performance as well as gaining some sense of long
term support. There are several other manufacturers of AEI tag
type equipment and systems not meeting the AAR specifications. The
manufacturers of this other equipment are interested, and may be
quite willing to apply their product and attention towards rail
transit projects of this type in the future. There will, however,
be more trial and error in the successful application of this other
equipment to rail transit. The requirement of equipment meeting
the AAR specifications is still recommended for the aforementioned
reasons.
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Another problem in applying this equipment to rail transit involves
AMTECH and other manufacturers as well. They customarily provide
the AEI data to a customer supplied communication line and are not
involved with it’s ultimate use. They have no business interests
with computer systems, data handling and the software involved.
While there is a multitude of system integrators and programming
firms available to design this type system, there are fewer with
rail transit experience interested in being the prime contractor on
this type of project. Retaining a competent prime contractor with
responsible subcontractors for the various disciplines involved is
a difficult problem to overcome.

The conclusion is the system works reasonably well, is reliable
(with only two minor failures in over a year) and has a growing
value. A variety of things can be done with the data attained,
such as train tracking, automated vehicle maintenance scheduling,
life cycle studies, and assembly of statistical reports for
various purposes.

This type system is also readily adapted to a personal computer in
lieu of the central system used on this project. New advances
including dynamic tags and less costly, simplified reader packages
have become available and are worth review.

Development of advance relationships with available systems
integrators, software developers and AEI equipment manufacturers
is highly recommended. Specifying a practical, working system is
more 1likely when a complete understanding of the eguipment,
configurations and options is understood beforehand.

Note that there are multiple configurations of this equipment and
it will be great advantage 1in identifying the required
configuration prior to contracting the work. The configurations
involve the quantity of readers and antennas versus the number of
tracks and frequency of the trains being monitored. Alsc to be
considered is the reading of single tags with a train passage as
opposed to reading tags on both sides of the vehicles. The two tag
reading method adds a level of reliability by providing the reader
a means of additional comparisons in the error checking routine.
Options such as tests panels, self-diagnostics and remote access
should also be identified and chosen.

Finally, as was demonstrated by this project, application of
these products in a similar configuration can be accomplished at
significantly lower costs than through TWC or other such custom
products



APPENDIX A

DRAWINGS
Note - Drawings A-2 through A-5 are original contract
specification drawings. Although there may be minor
differences, the drawings are an appropriate

representation of the as-built system.
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Note

APPENDIX B

AVI REPORTS

These reports are a sampling of the actual system
printouts. Previous to these printouts the system was in
a lengthy operate/test/modify period. Specific data such
as mileage, hours, etc. may therefore appear somewhat
ambiguous pending a resetting of the data to starting
values.
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