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��1.0 INTRODUCTION

MTA New York City Transit is the longest subway system in the world and its parent organization, The Metropolitan Transit Authority, is the largest transportation provider in the Western Hemisphere. This year, NYC Transit completed a two year, $1.5 million study and investigation of train control system technology. While initial investigations into the cost effectiveness of communications based signal (CBS) systems began in 1989� the need for NYC Transit to upgrade its existing signal systems was dramatically reinforced in 1991 when an overspeed train at 14th Street Station derailed and cut the lead car completely in half. Five passengers were killed and 135 people were injured.

The signal system at 14th St. operated as designed and the cause of the derailment was attributed to train operator error. However, to improve safety and minimize hazards associated with human error, the PTSB’s number one recommendation was for NYC Transit to investigate the feasibility of installing a state of the art train control system.

Over the last two years investigations included on-site inspections and direct discussions with senior technical representatives of major transit properties in North and South America, Europe, and Asia. The study also included presentations by, and in many cases visits to, signal and engineering firms to see first hand current products, capabilities, and future plans for CBS systems.

These discussions and visits revealed very broad support for CBS by rail transit operators throughout the world. In addition, scores of meetings with both foreign and domestic signal suppliers and engineering firms show that significant development work is also occurring by signal firms throughout the world to enhance existing CBS products where they exist, adapt existing technology systems to CBS technology, as well as completely new CBS system designs.

Our consultant’s final report� shows that even using very conservative design assumptions, CBS technology best meets our needs and has the lowest life-cycle cost. Two Peer Reviews consisting of senior train control experts from transit properties around the world also agreed with our consultant’s findings. The MTA’s Independent Engineering Consultant, which attended virtually every meeting with suppliers, peer reviews, and our internal Steering Committee also agreed with the recommendation for NYC Transit to migrate from fixed block to CBS technology.

The case has now been made and NYC Transit is about to begin a 722 mile journey to modernize its system with Communications Based Signalling technology.

2.0 SIGNAL MODERNIZATION PROGRAM

NYC Transit carries approximately 3 million passengers per day, 24 hours per day, seven days per week, using 6,000 subway cars on 722 miles of track.

Nearly half of New York City workers ride the subway system and New Yorkers expect a very high level of service and performance from their subway system. Ridership is increasing and to meet this ever increasing demand for service, and even attract new customers, we are improving the appearance of our stations, and increasing system reliability, safety, and performance.

Beginning in the early 1980’s a series of major five-year capital programs was instituted to return the NYC Transit subway system to a “State of Good Repair,” (SOGR). Rolling stock and track are now in a SOGR but the signal system is the last major element to complete this rehabilitation. Many portions of the signal system, are beyond their design life and/or do not meet current design standards. For this reason, the Signal System Modernization program today is a major component of the NYC Transit’s ongoing and future capital programs. While recent financial changes may affect the rate of capital funding for the signal modernization program, the extreme age of many of the interlocking plants require that signal modernization continue to ensure safe and reliable operation.

The NYC Transit standard is a four-track railroad. Two lines are normally dedicated to express and two for local service. Highly inter-operable lines further facilitate a high degree of flexibility which enables us to provide alternative service in the event of a track blockage. Except for two lines, the #7 Flushing and the “L” Canarsie, most trains operate over tracks served by multiple lines. Seven under river tubes connect Manhattan with the other boroughs. Most track is in subway.

NYC Transit subway (formerly The New York City Transit Authority) was originally three separate entities known as the BMT, IRT and the IND. Today, the NYC Transit subway system is divided into two main sections known as the “A” subdivision and the “B” subdivision. The “B” division is further subdivided into the “B1 subdivision” and the “B2 subdivision.” The “A” subdivision, which represents approximately one third of the subway is mostly in the island of Manhattan. While many sections of the A subdivision have been modernized in the late 1950’s (with conventional signal equipment consisting of vital relays, grade-timed signals, and train stops) it too will be upgraded with CBS technology after it reaches the end of its useful life of 50 years.

The two “B” subdivisions represent the remaining 2/3 of the system. Some of these lines still have the original equipment provided when the systems first went into service and may be operational four score years before they are eventually replaced. Most of these older systems, especially on the B2 subdivision are expected to be replaced first with a new generation of CBS technology.

3.0 existing Signal SYSTEm

The NYC Transit signal system is an automatic fixed block wayside signal system. It operates as an intermittent train control system which provides safety functions of train detection, train separation and some control and protection for train movements through interlockings. The system was not designed to be an absolute train control system and is limited with respect to train speed control. Consecutive blocks are governed by automatic and interlockings signals located at fixed locations through the system along the wayside. Train movement is controlled by train operator compliance to operating rules and wayside signal indications.

Limited control of train speed is provided through the use of an overlap signal system referred to as station timing. Station timing is defined by NYC Transit as a fixed signal used at certain locations to permit a train to close in on a preceding train standing in or moving out of a station, at an interlocking, or approaching terminals and is used to meet scheduling requirements. The signal can be preceded by either a time control sign with the letters “T” or “ST” on it which indicates the presence of the time control area.

Station timing and adherence to operating rules provide for safe stopping distances. However, if an approaching train’s position is such that a pre-calculated safe stopping distance does not exist, the train is put into emergency stop by an automatic trip arm which works in conjunction with the signal system. This system provides rear end collision protection for trains in stations but can only be activated when there is a train either in the station or in the station timing circuit area ahead.

Train speed control can also be accomplished through the use of grade timing circuits. NYC Transit defines grade timers as a fixed signal used to enforce a predetermined train speed in areas that require slower operation such as sharp curves, on down-grades, and at line ending terminals. This signal is always preceded either by a time control “T” or “GT” sign and a sign designating the allowable speed. Normally, several blocks or a series of grade timers are used to control train speed.

Because virtually all track circuits are single rail, the ability of the signal system to detect some broken rails does not exist at all on nearly 50% of the rails. The few double rail circuits that exist are being replaced with single rail track circuits as the system is upgraded. Further, rail breaks frequently occur at locations where there are bolt holes in the web of the rail. Many serious rail breaks have occurred that were not detected by the signal system.

An analysis by NYC Transit shows that nearly 70% of a typical signal contract costs is due to wayside installation and wayside equipment. The three most common signal maintenance problems are failures of insulated joints, track circuits, and switch machines and a staff of nearly 1,000 workers are needed to maintain the signal system.

4.0 NEW TECHNOLOGY STUDY

In 1992 a New Technology Signals Steering Committee was formed. It consisted of representatives of key departments from NYC Transit and the MTA. Its charter was to develop a consultant scope of work and oversee and monitor the study to ensure that input from all NYCT departments were properly considered.

On March 12, 1993 De Leuw Cather & Company of New York, Inc., in association with Booz Allen & Hamilton, Inc., Abacus Technology Incorporated, ARINC Research Corporation, and Interactive Elements Incorporated was given notice to proceed on a $990,000 (and later expanded) to investigate and evaluate alternative signal technologies for NYC Transit. Task 1 was to recommend a technology.

In addition, two Peer Reviews were convened in New York City. They consisted of signal system experts from transit properties throughout the world to provide an industry overview and overall project advice and guidance. The success and synergy of these Peer Review resulted in the desire to establish annual meetings to periodically review the status of the NYC Transit program, share “lessons learned,” and promote standardization for CBS technology.

4.1 Survey of Transit Properties

An initial part of the New Technology Signals program was a survey of key transit properties around the world. NYC Transit was most fortunate in meeting with the most senior members of the technical staff of a large number of international properties. These direct meetings have provided us with very good insight not otherwise possible.

Perhaps the most significant finding was the universal acceptance by these operators that CBS was considered proven technology. In addition, discussions with representatives of other transit properties have shown a keen interest in the development of standards so as to minimize the number of proprietary systems.

The following is a brief synopsis of what has been learned as a result of our meetings and/or subsequent discussions with transit properties.

BCRTC’s SkyTrain 

SkyTrain is a driverless CBS in revenue service for nine years. The Alcatel Seltrack train control system� is similar to that provided by UTDC for Toronto and Detroit. In North America, SkyTrain is probably the best-known service proven CBS system. The design provides for a totally and inherently flexible operation so unlike traditional fixed-block systems (where system costs is directly related to headway performance) SkyTrain operation is constrained only by vehicle performance and civil track constraints. Thirty-two speed commands are available along with stable speed maintaining down to approximately 1 MPH. Despite these operational advantages, only two signal maintainers (and four track switch maintainers) are required for 44 miles of yard and mainline tracks.

Scheduling computers at the Control Center send non-vital messages to vital two sets of triple modular redundant wayside computers(VCCs). A single VCC is able to control the entire SkyTrain mainline and a second VCC is controls automatic operation in the yard. Automatic coupling and uncoupling does not require additional wayside hardware and BCRTC reports that these additional capabilities have proven to be extremely effective by providing more space in yards and overall, more efficient operation. During the 1986 EXPO, when crush loads were experienced, SkyTrain delivered headways under 60 seconds. Today, minimum operating headways are 110 seconds.

VCCs send vital data messages at 1200 bits per second to each “Vehicle On Board Computer” (VOBC) on a married pair. VOBC’s return messages to the VCC’s at 600 bits per second. This vital and continuous two-way communication is accomplished via a simple stranded wire loop that runs the length of the track. While 1200 bits per second may not seem high by today’s standards, data rates for most conventional track circuit and cab signal systems in the world today are one hundred times slower�.

Extremely high availability is necessary because the system is driverless. This is achieved by having TMR (triple modular redundant) wayside and central computers. Failure of a checked-redundant (for safety, not reliability) VOBC in one married pair results in automatic handback to a second or even a third computer on another car, if necessary. All VOBCs, whether or not they are in active control, report regularly to the VCCs to ensure health and availability.

Vancouver has experienced a few system shutdowns due to weather and software bugs. The bugs appear to have been largely or completely eliminated and last year VCCs based on microcomputers were transparently cut in to revenue service. The upgrade to microcomputers effectively doubled the number of trains that the VCC system can support. No changes to wayside hardware was required.

BCRTC has no plans to install a separate backup system because the reliability of the existing primary and redundant backup system is now so high that BCRTC plans to address this increasingly more rare failure as they always have: Driverless trains will come to a safe stop until personnel arrive to drive them to the next station.

High system availability and performance are reflected in ridership several years ahead of forecast. The system’s mean speed is 45% above the North American rapid transit average, and energy consumption is only 40% of that for diesel bus operation. In 1991, for example, SkyTrain operating costs were only $0.13 cents per passenger mile, lower than any new light rail or metro system in North America, and less than one third of BC Transit’s bus system operating costs.�

Docklands Light Rail

Docklands Light Rail� is replacing its nearly new fixed-block system with an Alcatel Seltrac inductive loop system. This changeover was because the original fixed block system was unable to meet reliability and performance requirements and also limited train performance to 18 trains. In addition, lack of redundancy, absolutely critical to a driverless system, was missing from the original fixed-block design concept.

Last year Docklands Light Rail (DLR) opened the Beckton Extension. When the rest of the system is cutover DLR can be expanded to between 38 and 45 trains. Cutover from a fixed-block system under revenue service, even using CBS, has proven to be difficult. While early design delays on the part of Alcatel may have been the initial cause, it also appears that lack of good schedule coordination between DLR and Alcatel during precious non-revenue periods appears also to have been an important factor causing delay. DLR Engineering Director Mike Lockyear believes that four (rather than three) years may be a more reasonable time to cutover a CBS during revenue operation.

For Docklands, Alcatel is provided an upgraded non-vital SMC (System Management Computer) design replacing obsolete General Automation minicomputers with industry standard IBM type PC computers. The SMC computers will use SELNET, aka IBM’s OS/2. Likewise, vital minicomputer-based wayside computers (VCC’s) are being upgraded with similar IBM PC type computers configured in a standard Triple Modular redundant architecture (TMR)�. Use of industry standard PC-type hardware and operating system software appears prudent and will likely to mitigate hardware and software technology obsolescence both for Alcatel and its customers.

Driverless operation, combined with the inherent flexibility of CBS and its ability to maximize capacity and reduce operating and maintenance costs has the same potential for DLR as similar systems have shown at Lille, France and Vancouver. B.C. DLR’s railway development director Mr. Stephen Gibbs told International Railway Journal last year that he saw no reason why, ultimately DLR could not operate in the black.�

London Underground Limited

General Observations

LUL shares with NYC Transit and others concerns about proprietary designs and the strong industry need for standards. It has agreed to participate in exchanges of technical information that will further a common goal of establishing standards for compatibility for new technology signal systems.

Senior LUL technical staff strongly advised NYC Transit against the use of existing vital solid state interlocking technology as a basis or backbone for new communications-based signalling technology. The concern was that these existing products do not have the performance capability and likely cannot keep up with the much greater information processing demands required of CBS.

Central Line Fixed-Block Upgrade

London Underground (LUL) experienced considerable difficulty resignalling the Central Line with Audio Frequency track circuits. In general, LUL is disappointed with overall system reliability of its new AF track circuit system and the inability of the contractors to complete cutovers quickly and in such a manner as to minimize disruption to revenue service. Based upon these experiences LUL officials informed NYC Transit that LUL intends to make the Central Line the last line it will upgrade with fixed-block technology. All future resignalling will use CBS technology.

London Jubilee Line

LUL’s 22 mile Jubilee Line is one fourth underground and planned extensions will increase this by 15 subway miles. Like SF Muni’s Contract MR-1034R, a performance based specification was developed which permitted either fixed-block and radio-based CBS technology. In a competitive competition, Alcatel Canada was awarded the Jubilee Line.

However, it was subsequently decided (perhaps not by LUL) that the CBS wayside portion will be a Westinghouse Signals, UK design. The central control portion will still be installed by Alcatel. The CBS concept proposed by Westinghouse, however, is not service proven. Westinghouse UK is one of the few signal suppliers that have not proposed or shared any of its product design details with NYC Transit.�

Los Angeles

Blue Line

The Los Angeles Blue Line uses conventional power frequency track circuits and insulated joints and LRVs have manual cab signals with overspeed protection. However, like SF Muni and other systems, Blue Line LRVs have not always been successful at reliably shunting signal currents in the running rails. Problem associated with loss of shunt have been largely mitigated by operating not less than two-car trains and adding new operating rules that require train operators to maintain a minimum distance between trains.

Green Line

The Green Line is to be a driverless system with functionality similar to Vancouver, Lille, and Jacksonville. Functions to be provided include fully automated coupling and uncoupling and a 1.0 MPH speed code. Unlike recent train control specifications from Stockholm, London, San Francisco Muni and San Francisco BART (which specify “what” they need rather than “how” to do it), the Green Line’s train control specifications mandated track circuits and required that speed commands be transmitted to trains via the running rails. � This effectively precluded suppliers with service-proven CBS systems from submitting competitive bids. 

While the Green Line was a natural for a super turnkey functional procurement, Los Angeles elected instead to issue detailed specifications for train control and separate specifications for vehicles. US&S is providing all signalling work. Its new AF track circuits will use FM (FSK) modulation like SF BART’. But it will use a longer 56-bit vital message at a ten times higher 200 bits per second data rate. These information rates may strain the ability of a conventional solid state interlockings. Unique “redundant” track circuits are being provided to insure high availability, a necessary requirement since the line operates down the middle of the Century City Freeway. The need to double up on track circuit hardware increases costs, lowers reliability, and increases maintenance.

Paris - RATP

Much of the existing RATP signalling system was provided by Jeumont Schneider (JS) which is no longer in business and taken over by GEC Alsthom. The original JS track circuit which is used at RATP today uses high voltage, high current impulses to help break through contamination that may develop between the wheel and rail interface. Impulse type track circuits help ensure good shunting and therefore good train detection.

To increase the capacity of its severely overloaded RER Line A, an overlay system known as SACEM was used. SACEM was developed for RATP by a joint venture consisting of MATRA Transport (50%) GEC Alsthom� (25%) and CSEE� (25%). NYC Transit understands that the safety critical source code for SACEM is in the public domain but that only MATRA� and GEC Alsthom presently offer SACEM-based product because CSEE dropped out early during the development�.

With SACEM, RATP was able to reduce actual AM and PM peak headway on RER Line A from 150 seconds to a 120 seconds. This reduced headway is achieved even with station dwells of 50 seconds. Because the enormous 50 seconds dwell seriously erodes operating margin RATP assigns “door attendants” for every train door at critical downtown stations. At the exiting end of these stations is a bank of high resolution video monitors, a station dispatcher with a microphone, and a digital clock displaying the time to a resolution of one second.

When operating close headways safety braking rates become a limiting factor especially with downgrades. RATP uses a brake rate of 1 m/sec2  but 15% of that braking effort comes from electromagnetic track brakes. Electromagnetic track brakes are also standard equipment on the French TGV and Light Rail Vehicles in the United States. Considering the valuable contribution they provide, It remains a mystery why these simple and effective devices are not used by more US heavily rail systems to achieve close headway operation.

In the yard shops electronic maintenance technicians using standard IBM PC type computers are able to observe in real time SACEM system faults even before they are apparent to the train operator. Advanced diagnostic system diagnostics and of which were developed by RATP engineers and advanced three level modular maintenance design philosophy provides a well thought out system for RATP.

SACEM uses internally-checked single string microprocessors and mathematical signatures to represent Boolean values and to achieve vitality. While designed originally to be an overlay system, (and in its present form does not provide continuous two way communications nor radio communications) there is evidence to suggest that a large base of solid engineering design and safety critical software exists upon which to produce a CBS system closer to what NYC Transit and its consultant envisions.

San Francisco Municipal Railway

The merging of five surface lines into a single dual track subway line under Market Street requires performance in excess of 60 trains per hour for optimal operation. To achieve this headway trains must dwell and depart their Embarcadero Station terminus in 40 seconds. Muni has been unable to operate more than 23 trains per hour with manual operation and its primitive cab signal system, it was clear to senior Muni management in the late 1980’s that fully automatic operation without operator involvement was necessary.

Installed in the late 1970’s, San Francisco Muni’s existing signal system uses 100 Hertz coded track circuits. Modulation is AM with a 50% duty cycle. The three modulation rates result in the cab display of signal speed indications of 10, 27 and 50 MPH. Cars are equipped with an overspeed protection but the absence of a zero speed code and wayside enforcement has resulted in serious track and vehicle damage, derailments, and passenger injury due to operator error.

Despite shunting sensitivities over 0.30 ohms, SF Muni, like many rail properties, experiences occasional instances of sustained loss of shunt. All instances at Muni were on mainline track in regular daily subway service. All were associated with single-car trains. Several potentially catastrophic accidents were averted only because train operators applied the emergency track brake which provides Muni’s Light Rail Vehicles with an impressive deceleration rate of 6.0 mphps�.

Like Stockholm’s and London’s performance-based specifications, Muni’s Contract MR-1034R specifically permitted track circuit-based systems but also permitted other service-proven systems. Contract language required, however, that if track circuits were used, loss of shunt could not cause an unsafe condition.

One means by which this requirement could be satisfied was sequential release of track circuits. Since sequential detection should occur normally, this requirement was expected to be transparent to operation. Also, by not specifying a specific track circuit shunting sensitivity (if track circuits were used), the train control supplier was held fully responsible for the safe detection and separation of trains.

San Francisco Muni is now in the process of replacing track circuit-based system with an Alcatel Seltrac system. The $52.7 million contract price included installation of all central and wayside train control equipment for the existing Market St. Subway and installation and retrofit of train control equipment on 168 cars. An “Auxiliary Wayside System” comprised of SEL axle counters will provide additional backup capability and seamless transition during commissioning.

Minimum requirements included fully automatic coupling and uncoupling, 18,000 passengers/hr/ direction operation, full operation without driver involvement and installation without disruption to existing revenue service. This latter requirement is the key reason a proposal by AEG using fixed-blocks could not be considered as it would have required manual operation and reduced speeds during an extended cutover period.

Installation is behind schedule so new Alcatel VOBCs on new Breda LRV2’s will decode Muni’s existing cab signals until the CBS wayside is fully tested. Revenue Operation is expected during the second half of 1996�. 

Destination signs on new Breda vehicles will use Echelon LONWORKS to provide independent control of each LRV from the controlling LRV’s train control system.

San Francisco BART

San Francisco BART’s existing signal system uses FM AF track. Six-bit comma-less words representing eight speed codes are transmitted down to and received back from active wayside equipment and track circuits. Speed codes are transmitted at 18 hertz using a fail-safe time-division multiplex system. Because each bit of received track circuit data must agree with each bit transmitted, it is not possible for dc chopper or ac propulsion noise to falsely pick a BART track circuit.�

BART was unable to demonstrate reliable shunting to the State Public Utilities Commission using unpowered two-car trains when it first went into revenue service. To address this a redundant, but non-vital Sequential Occupancy Release (SOR) system was added. SOR releases track circuits only if detection of train movement is sequential. As part of new contract extensions, SOR algorithms are implemented in new solid state interlockings which also perform speed code selection.

BART construction contracts are extending track in all directions. These extensions when completed will place a critical demand on the Trans-bay Tube and the San Francisco/Daly City line where three lines merge. To obtain the needed closer headways BART studies show that the only practical way to achieve required headways is with a CBS system. 

Last year the Department of Defense (as part of ARPA’s Dual Use program) agreed to provide up to $19.5 million along with $12.5 million from Hughes and Morrison Knudsen (HMK)�� and in kind services from BART to develop a prototype a CBS system based upon Hughes’ Enhanced Position Locating and Reporting System (EPLRS). According to the FTA, hundreds of millions of dollars went into the development of EPLRS and understandably, DOD is interested in preserving its investment by developing other applications for EPLRS. This will help ensure its long term availability. In fact, continued funding for BART’s Advanced Automatic Train Control System is contingent upon the BART-HMK alliance finding additional commercial applications for EPLRS.

EPLRS, is an extremely sophisticated mobile communications network system that uses both frequency hopping and direct sequence spread spectrum to ensure highly reliable, and jam resistant communications. EPLRS uses a Time Domain Multiple Access network originally designed to provide highly reliable communications and precisely locate infantry personnel ground vehicles and aircraft in three dimensions as they enter and pass through a zone of control. Communication from one point on a network to any other point on the network requires no wires because messages are communicated via “bucket brigade.” 

A side effect of direct sequence modulation is the ability to accurately measure the distance between two radios by measuring the time of arrival of the signal. EPLRS, which was used successfully in Operation Desert Storm, will be prototyped at two BART stations to demonstrate the feasibility of a new train control system and locating train positions as accuracy as +/- 15 feet.

The HMK design also uses Echelon’s LONWORKS technology to communication between each end of a ten car train. Like most transit vehicles, BART’s trainlines have no spare pins but by using LONWORKS and its direct sequence powerline modems, digital communications can be provided by using existing trainlines.

In a Peer Review at BART (in which NYC Transit was represented) there was consensus that the HMK system was likely to result in a significant improvement in safety over conventional track circuit based technology. The basis for this belief was that EPLRS would likely dramatically reduce the quantity of hardware for such a system.

Sao Paulo Metro

Sao Paulo Metro in Sao Paulo, Brazil is upgrading its existing East-West Line from a fixed block AF track circuits to CBS. To meet high customer demands for increased system capacity, the new CBS system is expected to reduce headways from the current 90 seconds to 70 second headways. The upgrade must be done without disruption to revenue service.

The system will be designed and installed by CMW, a Brazilian signal supplier which set up a branch office in Pittsburgh, PA. A stabilized Brazilian currency, however, has now caused interest rates to rise dramatically and CMW has closed its Pittsburgh, PA Office.

Stockholm

In discussions with senior technical staff of Stockholm Transit, Communications-based signal systems are accepted as a proven technology. Recent performance specifications, for example, permit service-proven train control systems that do not use track circuits. Local representation or a local partner is required for non-domestic suppliers, however.

Toronto Transit

Over the next year Toronto Transit will be reviewing a number of CBS proposals for two new line extensions. To help evaluate suppliers proposals TTC will provide a short test track and trains. Respondents to the RFP will each be given several weeks.  This is the basic means by which TTC will first pre-qualify bidders. The key focus of these demonstrations will be the full duplex radio communications link.

TTC’s schedule, interests, and concerns are similar to those of NYC Transit and we have agreed to exchange technical information and remain in close contact regarding our two projects.

4.2 Second Peer Review Findings

In 1993 and 1994 NYC Transit held two Peer Review of its project. The first Peer Review sustained the consultant’s findings to use CBS technology for NYC Transit and committee’s findings are generally known to the signal industry� On November 14-16, 1994 a second peer review was held in New York City. In addition to the same representatives who participated the prior year, three additional transit property representatives were added: Hong Kong, Sao Paulo, and Toronto Transit. All three either have CBS technology systems or were planning to install them in the near future.

Question #1 - Procurement Methodology:

Taking into consideration the issues raised in our recent Request for Information, 94RFI-G07, how do you recommend NYC Transit proceed with future procurements of Communications based Signalling Systems? Are their other alternatives we should consider? What do you see are the strengths and weaknesses of these alternatives?

The Procurement driven approach was preferred by a majority of the Peer Review members (7 vs 2). There was a general view that NYC Transit will set the standards for this technology and that by fully documenting the interfaces and system operation, in time multiple suppliers will be able to build compatible systems.

Question #2 - Canarsie Pilot Installation: 

Do you recommend that the Pilot Installation of this technology include ATP only or should it evaluate both ATP and ATO?

There was clear consensus that the Pilot Installation should evaluate both ATO as well as ATP and that there were many benefits to be gained . However, because the Pilot Installation on Canarsie would require cars to be retrofit and that the existing cars used cam controllers, it would be appropriate to retrofit only a few cars with full ATO capability. 

Question #3 - Dedicated Communications (Radio & Wayside)

A communications based signal system permits continuous two-way digital communication between trains and the control center. Based on your experience, and considering operational, maintenance, and security impacts, do you recommend the communications equipment be dedicated to train control functions or should it be viewed as a general purpose resource?

The general consensus was to keep the two systems separate.

Question #4 - System Safety

Suppliers implement safety in different ways. With regard future communications based signaling, do you recommend NYC Transit have a single unified approach to safety, or should different techniques to achieve safety be permitted?

There was consensus that different techniques to achieve safety should be permitted.

Question #5 - Intelligence: Train Vs Wayside:

Suppliers have proposed various techniques for controlling trains.  Do you recommend that most of the intelligence (such as track configuration, civil speed limits, etc.) be located on the vehicle or is it better to have it in wayside computers?

There was a 7-2 preference to having the intelligence in the wayside computers. 

Question #6 - Vehicle Train Control Equipment

Based on your experience, where on the vehicle is the best location for the train control equipment? How should vehicle train control equipment be maintained?

There was a clear preference that the equipment should be in the car and preferably near the train operator’s cabin. There was also a clear consensus that the vehicle train control equipment should be maintained by vehicle staff.

Question #7 - Fallback System

Based upon your experience and understanding of our operational requirements, please comment upon what you believe should be the key functional requirements of the fallback system.

There was a general agreement that this system needs further study.

Observations and Recommendations:�

In addition to answering the above questions the 2nd Peer Review provide NYCT with additional comments. Key recommendations are summarized and listed below;

Develop a mission statement for the project.

Encourage active participation by suppliers during all phases of the program.

Don't start the System Design phase until you have completed and confirm the System Requirements phase of the project.

NYCT needs to clearly identify and specify its requirements/desires. This should include its intent with regard to ATO and ATS.  Requirements should be "bottom-line" performance requirements (MTBUF, MTBF, MTBSS, etc.) and not in terms of design details.

The design should both maximize fault-tolerance, and minimize the restart time in cases of complete system failure. A Mean-Time-Between System Shutdown (MTBS) should be specified and justified in proposals with preliminary analysis. The scoring system should also give weight to this.

The operations group must be an integral part of the process and should be part of the day to day team which specifies reviews, tests any system considered.

Will maintenance be carried out by the supplier or NYC Transit? If to be carried out by NYC Transit, does the authority have the caliber of staff required, and if not how is this to be overcome? Can existing staff be retrained or will new staff be recruited? The supplier must be encouraged to take into account maintenance issues during the design phase. NYCT will have to bring this out in its dealings with the supplier, and if it has not given earlier consideration internally, it will not come out to the supplier.

While how and who maintains this equipment should not be a paralyzing problem, it must be carefully considered since there is an opportunity to integrate signalling, telecom and rolling stock expertise. It may be worth considering breaking down some of the jurisdictional lines and create new groups to maintain the equipment and other electronic equipment that is being procured (e.g. auto fare collection, propulsion, remote control and indication systems).

A strategic planning team should be formed to address training issues to confront the migration of unqualified personnel into the new technology maintenance force.

Issues affecting different disciplines (signalling, rolling stock, power, operating) requiring resolution will increase as the project progresses. It appears that the organization to resolve these issues is not immediately obvious. I recommend that consideration be given to setting up a dedicated multi-disciplinary project team with representatives from each discipline who collectively have responsibility for resolving these issues. The scoring system for the proposals should emphasize this.

It seems that the fallback system rationale and philosophy is still not yet precisely defined. Besides assisting in maintaining efficient operation during a wayside outage the fallback system is to provide broken rail protection. However with long track circuits and close headways it can be seen that a track circuit may not be energized for long periods of time and therefore if a rail would break it would not be detected.

The Transportation Dept. also could examine some self imposed constraints on their operational feasibility in order to bring a CBS on line more efficiently and less costly.

Why fund for broken rail detection via the signalling project budget? Justification of costs should be the responsibility of the discipline which requires the facility.

5.0 APPROACH to procurement

NYC Transit must ensure that systems it purchases will be compatible with future system from other suppliers. The ability to execute a procurement process whereby NYC Transit is able to purchase a system based upon factors other than the lowest price, is an option available now for only a limited time period. It is based upon special New York State legislation and is not normally an option. In all cases, the use of Request for Proposal (RFP) and negotiated procurements must be justified by special circumstances.

In the long term NYC Transit must expect that future purchases of CBS systems will be use an Information For Bid (IFB) procurement process. With an IFB, NYC Transit will issue detailed specifications and it will select the lowest responsible and responsive bidder. Under this procurement approach, if a bid proposal is qualified in a way that would affect the price, it is normally a basis for rejection.

Based upon recommendations from the Peer Review and comments from supplier meetings, NYC Transit plans to issue its first procurement of CBS using consultant developed performance specifications and a RFP type procurement. Included in the RFP would be a detailed list of criteria and weighting factors. An important criterion, for example, will be compatibility with other systems. Therefore “teams” or temporary “joint ventures” of suppliers which agree to build a common system are likely to receive more favorable consideration during the shortlisting process.

NYC Transit will likely shortlist two or three firms who will each perform a comprehensive test program on separate portions of the Canarsie Line. The test program is expected to last approximately one year. After this test, and review of each firms Form, Fit and Functional specification one firm (or team of firms) with then be selected to become the standard design for NYC Transit. This firm will then complete the rest of the Canarsie Line. The Form, Fit, and Function specifications provided by this firm will then be used by others to build fully compatible systems.

NYC Transit is presently developing a consultant Scope of Work for the Canarsie Line. Advertising for this Consultant is expected to be in late Spring or early Summer, 1995. This consultant will develop performance based specifications for Canarsie and assist NYC Transit in all aspects of the Canarsie Line procurement and Form Fit and Function specification standardization.

6.0 CONCLUSION

NYC Transit is encouraged by the progress the signal electronics and communications industry has made in the last year to help develop standards and interoperability of equipment for CBS systems and technology. Such progress must continue.

NYC Transit intends to continue to seek the counsel of transit properties throughout the world who presently are experienced with CBS, as well as those who share our common interests and concerns as we migrate to a safer and more efficient and effective means to transport our customers.

We intend to review and follow the recommendations of our Peer Reviews. In particular, we intend to partner with the industry in developing our CBS specifications. This is clearly in our mutual best interest because it will ensure that the challenging work that lies ahead can be accomplished as efficiently as possible.

The attached staging plan and work sequence are intended to provide the industry with a glimpse of the scope work planned over the next several years. Naturally, many of the details are subject to change, but it appears clear that a new direction has been set. 



7.0 postscript – (September 1997)

Subsequent to two signal industry reviews, procurement specifications for NYCT’s first CBTC (Communications Based Train Control), is only slightly behind schedule.

Recent papers presented by NYCT suggest a philosophical movement towards the “what” rather than the “how” in its current specifications. This change effectively provides greater latitude to the signal suppliers in implementing their individual designs. The overall CBTC paradigm, however, is unchanged. The issue of compatibility continues to loom very large as a concern for NYCT because of the highly interoperable nature of its trains and lines and the need to have multiple procurements of compatible CBTC equipment over many years.

The Canarsie Line, is due on the street in October, 1997. Construction cost estimates are estimated to be over $100M. Subsequent CBTC procurement projects are likely to be in this same range.

In addition to the ongoing consulting contract by the Parsons Technology Group, headed by Dr. Alan Rumsey, an independent Safety Consultant request for qualifications has just been issued. The author of this paper, who is no longer with New York City Transit, maintains a web site which provides general and reasonably up to date information and papers on the New York CBTC program and other CBTC programs at www.tsd.org.

�Ghaly, N. N., Ph.D., P.E., A look into the Future, NYCTA, January 4, 1989

� A limited number of printed copies of this report are still available. The report can also  be downloaded from NYC Transit’s electronic bulletin board: 212-492-8069.

� Seltrack has evolved from a 20 year old design called LZB which was a joint venture by Siemens and Alcatel (formerly SEL) for the Deutches Bundesbahn in Germany.

� For example, the traditional cab signalling system installed at the San Francisco Muni in the late 1970’s uses  data rates of 2, 3 and 4.5 bits per second. San Francisco BART’s train-to-wayside and wayside-to-train data rates are 18 bps.

�Middleton, WD, Automatic Guideway transit systems come of age, Transit Connections, March 1994

� Formerly a part of LUL, DLR is now a separate entity.

� TMR architectures are also used by Siemens, Ansaldo, AEG, and others to achieve both vitality and high availability. It is the exception in the US signal industry.

�International Railway Journal, March 1994, p 20

� As recently as June 1997 Westinghouse UK continues to have difficulty making its radio based train control system operate properly.

�LAC-MTA Specification R23-T07-H1100, Section 4.4.2.

� “GEC Alsthom” is a 50/50 partnership with Alcatel France and GEC UK.

� CSEE is (or perhaps was) 49% owned by Ansaldo

� In circa 1996 Siemens purchased 51% of MATRA Transport

� Recently NYCT has learned that there may be a third firm offering SACEM or perhaps a derivative of SACEM.

� Many signal system experts today still deny that loss of shunt is a serious problem in the US today. These same experts also advise that electric track brakes are not “fail-safe.” (They’re just prevent collisions).

� Delays continue to plague installation of Alcatel’s Seltrac system. Full revenue operation under Seltrac is unlikely before 1998.

� The Transportation Division of Westinghouse Electric Corporation provided BART’s first train control system. This division was subsequently purchased by AEG and AEG has subsequently merged with ABB Daimler Benz to form Adtranz. 

� In August of 1997 Harmon Industries replaced Morrison Knudsen as BART’s AATC signal supplier. Harmon also has the exclusive rights to Market the Hughes EPLRS radio in the US for fixed guideway transit applications.

� In late 1995 CMW was purchased by GEC Alsthom

� Railway Age, October, 1994
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