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1.0 INTRODUCTION

MTA New York City Transit (formerly The New York City Transit Authority) is in the process of completing a $1 million world-wide study and investigation into the status of train control systems used by rapid transit systems. Initial investigations into new technology signal systems began in early 1989
 but the need was reinforced following a catastrophic derailment in 1991. The key recommendation resulting from an independent safety investigation of this derailment was for NYC Transit to investigate the feasibility of installing a State-of-the-Art train control system.

Investigations from this study completed so far included on-site inspections and direct discussions with senior technical representatives of transit properties throughout North America and Europe. The study also included presentations by, and in many cases on-site factory inspections of, signal and systems engineering firms regarding their current capabilities, products, and future plans.

The results of these findings showed very broad support for Communications-based Signalling (CBS) by transit properties throughout the world. Further, significant development work is also occurring by suppliers throughout the world to enhance existing CBS products where they exist, to adapt existing technology systems to CBS, and to develop completely new train control systems based on a CBS paradigm. CBS is sometimes referred to as “transmission-based technology.”

While this technology has historically been referred to as “moving block technology,” NYC Transit considers this last term to be more descriptive of an attribute of the technology. As defined by NYC Transit, “Communications-based Signalling” refers to a train control system that has as its principle attribute, continuous two-way communication capability to safely control and monitor the position of trains operating in a close headway rapid transit environment.

The final report for this study is still being prepared and should be available later this year. Draft reports now clearly show, however, that CBS best meets our long term needs, has been shown to the lowest life-cycle costs, and is the recommended technology for NYC Transit. Shortly after the draft recommendation to use CBS technology was prepared, NYC Transit convened an international peer review of senior train control engineers from various transit properties to review these draft recommendations. The independent peer review agreed with the consultant’s findings and recommendation to use CBS. In a presentation to the MTA board last week, the MTA’s Independent Engineering Consultant also endorsed the use of CBS for NYC Transit.

This paper describes the background leading up to this study, some of our findings to date, comments by the peer review, procurement methodologies now under consideration by NYC Transit, and discussion of the need for industry standardization for this technology.

2.0 Background

NYC Transit is the longest rapid transit system in the world
. Like a wealthy person who does not know her own net worth, New York City Transit cannot tell you exactly how big it is. In round numbers, however the subway system 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. MTA, our parent organization, is the largest transportation provider in the Western Hemisphere and services nearly two thirds of the nation’s rail riders
.

Nearly half of New York City workers ride the subway system and New Yorkers have come to expect a very high level of service and performance from their subway system. We are endeavoring to meet this ever increasing demand for service, and even attract new customers by enhancing safety, improving the appearance of our stations, and increasing system availability, dependability 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 largely in a SOGR but the signal system is the last major element to complete this rehabilitation. Many portions of the signal system, have exceeded their useful 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 capital programs.

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 “N” Canarsie, most trains operate over tracks served by multiple lines. Seven under river tubes connect Manhattan with the other boroughs.

NYC Transit subway is divided into two main sections known as the “A” division and the “B” division. The “B” division is further subdivided into the “B1 Subdivision” and the “B2 Subdivision.” The “A” division, which represents approximately one third of the subway is mostly in the island of Manhattan. It has been largely been modernized with conventional signal equipment consisting of vital relays, grade-timed signals, and electric train stops. 

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 on the B1 and B2 subdivision are expected to be replaced with a new generation of CBS technology. In time, the entire system will be converted.

3.0 NYC Transit’s existing Signal SYSTEm

3.1 Overview

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 of typical NYC Transit signal contract costs reveals that nearly 70% is due to wayside equipment. The three greatest signal maintenance problems at NYC Transit are failures of insulated joints, track circuits, and switch machines.

3.2 The Catastrophic 14th Street Derailment

On August 28, 1991, NYC Transit train operator Robert Ray lost control of his Lexington Ave. southbound #4 train as he was about to enter a # 4 switch in the diverge position just north of 14th St. Station. The switch was designed for a maximum safe speed of 15 miles per hour but subsequent investigations estimated the train’s entry speed at 53 miles per hour. The first car of the 10-car train managed to get its first set of wheels on the local track but the excessive speed of the train resulted in the first car being cut completely in half (crosswise) causing passengers to be ejected. The derailed train sheared off completely, or severely damaged, twenty-three “I” beams which required rerouting of surface traffic and temporary emergency shoring of the subway roof to prevent a cave in from the street above. Five passengers were killed and 135 were injured. Total damage was estimated at $5 million.

Inspections and testing of the signal system before and after the accident showed that the system was, and did, operate as designed. As a result of the accident, however, NYC Transit modified the signal system north of 14th street to require a mandatory call-on which forces all trains making a diverging move to be stopped by signal indications at the approach home signal and train operators now must make contact with the control tower to confirm the diverging move before the switches are lined and the signals set.

The number one recommendation by the New York State Public Transportation Safety Board (PTSB) as a result of this accident was for NYC Transit to investigate the feasibility of installing a State-of-the-Art train control system.

In subsequent meetings PTSB staff has remained firm that the NYC Transit signal system must be designed to remove human error to the greatest extent possible. The PTSB believes the NYC Transit’s signal system, which is primarily dependent on human performance and adherence to rules, is in need of modernization.

3.3 Wheel Detectors at Priority Locations

On June 15, 1993, AEG was awarded a $16 Million contract to install speed protection at 31 priority locations. Using wheel detectors provided by Alcatel Canada and vital microprocessors by Harmon, AEG will provide the first of two new speed control backup systems intended to reduce the likelihood of another 14th street incident. A second, similar contract, is expected to be advertised early next year for an additional 37 locations.

The new speed detection system will measure the time it takes for wheels to traverse between two wheel detectors separated by approximately five feet. If excessive speed is detected, trip stops will come up under the train and place the train in emergency braking. Speed restrictions using wheel detectors is regarded as an interim solution until CBS is installed. The cost to provide this protection is approximately $500,000 per location.

4.0 NEW TECHNOLOGY STUDY

In 1992 a New Technology Signals Steering Committee was formed consisting of representatives of key departments from NYC Transit and the MTA to develop a consultant scope of work and oversee and review the process of the consultant study. The purpose was to ensure that input from all departments is properly considered in the subsequent investigations by the consultant.

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 scope of work to investigate and evaluate alternative signal technologies for NYC Transit. Task 1 was to recommend a technology.

In addition, a Peer Review of signal system experts from a number of transit properties was convened to provide an industry overview from the perspective of other transit properties. The success and synergy of the Peer Review have resulted in the desire to meet periodically to continue to review the status of the NYC Transit program, to share experiences, and information and promote standardization.

On September 27-29, 1993, the Peer Review met to review the results of a draft “Task 1” report. Its findings, which supported the consultant’s recommendation, are contained in Section 5 of this report. The MTA’s Independent Engineering Consultant reviewed the New Technology Signal Program, the consultant’s findings, and the Peer Review findings and agreed with these recommendations to use CBS technology in a presentation to the MTA Board on June 9, 1994.

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  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 discovery was the universal acceptance by these transit properties that CBS was 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.

London Underground Limited

London Underground (LUL) has recently experienced considerable difficulty resignalling the Central Line with AF track circuits. In general LUL is disappointed by overall system reliability of the new AF track circuit system and the inability of the contractors properly complete cutovers in such a manner as to minimize disruption to revenue service. Based upon these and other recent experiences the LUL has now decided that all future resignalling will use CBS.

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 against the use of existing vital solid state interlocking as a basis or backbone for new communications-based signalling technology. The concern was that these existing products probably do not have the performance capability needed for the greater demands required of CBS.

London Docklands

The driverless Docklands Light Rail (DLR) recently opened the new Beckton Extension. Trains are controlled by a CBS Seltrac system provided by Alcatel. The original fixed-block system is being completely replaced with CBS because it was unable to meet reliability and performance requirements and also limited train performance to 18 trains. In addition to these problems, lack of redundancy, so critical to a driverless system, was missing from the original fixed-block system.

When the CBS is ultimately cutover on the remaining portions of the system still controlled by the fixed-block, the whole system 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. DLR Engineering Director Mike Lockyear believes for example that four years may be a more reasonable installation time for a service-proven system such as Seltrac.

The inherent flexibility of a CBS and its ability to increase capacity and reduce operating 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 recently that he saw no reason why, after the Lesham extension is completed, DLR could not operate in the black.

London Jubilee Line

London’s Jubilee Line consists of 22 miles, one fourth of which is underground. Planned extensions will increase this by 15 miles which will all be subway.

As in the case of SF Muni, a performance based specification was developed which permitted both fixed-block and radio-based CBS. A radio-based system for the wayside is currently planned to be installed by Westinghouse Signals, UK and the central portion will be installed by Alcatel.

RATP (Paris METRO)

Much of the existing RATP signalling system was provided by the French signal supplier Jeumont Schneider (JS) which is no longer in business. Vital relays and systems manufactured originally by JS are presently being supplied by GEC Alsthom. The JS track circuit is a high voltage high current impulse which insures good wheel to rail shunting.

To increase the capacity of the severely overloaded RER Line A, an overlay track circuit system known as SACEM (manufactured by MATRA Transport) was provided which enabled RATP to reduce headways from 150 seconds to 120 seconds. The 120 second headway is achieved with station dwells of 50 seconds. System safety is based on a single string internally checked system.

SACEM is designed to be an overlay to an existing track circuit based system. Therefore, in its current implementation, it is perhaps not directly applicable to NYC Transit’s plans for modernization of “B” division with CBS. However, NYC Transit officials and its new technology signal consultant were impressed with RATP’s engineering expertise, and the robustness and maintenance approach of its train control systems.

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.

Vancouver

SkyTrain is a driverless CBS in revenue service since 1986. A similar system provided by UTDC was installed in 1987 in Detroit and a predecessor was installed in Toronto on the Scaroborough Line in 1985. SkyTrain is perhaps the best-known CBS system in North America and has come under considerable scrutiny after it first opened.

Full vital bi-directional communications at 1200 bits per second (uplink) and 600 bits per second (downlink) is accomplished via a simple stranded wire parallel to the track that is periodically transposed. This loop is similar in concept to that used by the Deutches Bundesbahn for the last 20 years on several hundred miles of mainline track.

Inductive coupling is via antennas located under the middle of each married pair. Fully automatic coupling and uncoupling have proven to be extremely useful, can be accomplished in any pre-defined location, and does not require additional wayside hardware. During the 1986 EXPO, when crush loads were experienced, the SkyTrain delivered headways as low as 40 seconds but today, minimum operating headways are 110 seconds. Very high availability (necessary, because the system is driverless) is achieved by multiple, fully redundant wayside and central computers. Failure of a vehicle computer results in automatic handback to a second or even a third computer on another car, if necessary.

Vancouver has experienced a few system shutdowns due to weather and software bugs. The bugs appear to have been largely or completely eliminated. In 1994, a new generation of vital wayside computers based on microcomputers replaced the VCC minicomputers and were transparently cut in to revenue service. This upgrade doubled the number of trains that the VCC system can support at any one time.

SkyTrain has no plans to install an additional backup system to address the possibility of future shutdown problems. Apparently, this is because the reliability of the existing primary and redundant backup system is now so high that BC Transit plans to address this rare failure as they always have: Driverless trains will safely stop until personnel arrive to drive them to the next station.

Only two signal maintainers and 4 track maintainers (for switch maintenance) are required for the entire 44 route miles of yard and mainline tracks.

Very high system availability, dependability and performance are reflected in ridership which is several years ahead of forecast. The system’s average speed is 45% above the North American rapid transit average, and energy consumption, due to efficient train operation, is only 40% of that for diesel bus operation. In 1991, for example, SkyTrain operating costs were only $0.13 cents per passenger mile. This is 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.

Toronto Transit

Toronto Transit is very interested in CBS and is about to issue an RFP for a system with this technology for two new line extensions. To enable suppliers to demonstrate their ideas, the TTC intends to provide a short test track, two trains and access to a non-revenue station. Interested suppliers will each be given approximately five weeks to demonstrate its product. 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. TTC is also planned to be added to the International Peer Review.

Los Angeles Green Line

The Los Angeles Green Line is to be a State-of-the-Art driverless system with functionality and operation similar to that of Vancouver’s SkyTrain and Lille’s VAL system. Requirements include automatic coupling and uncoupling and a speed code of 1.0 miles per hour. Specifications for the Los Angeles Green Line train control system, however, mandate track circuits and require that speed commands be transmitted to trains via the running rails. 
 This functional requirement effectively precluded CBS suppliers from submitting competitive bids. Further, the decision to issue separate specifications for the vehicle and train control apparently made it difficult and/or unattractive for firms with past experience with turnkey driverless systems to bid.

US&S is providing the signalling work for $57.8 million which included installation of train control equipment on 41 light rail cars. A temporary stop work order and delay in vehicle procurement will undoubtedly have a negative impact on meeting the overall project schedule.

The new Green Line AF track circuits will use FM (FSK) modulation like SF BART’s. The long 56-bit vital messages to each train at 200 bps, however, may put an excessive demand on the vital solid-state interlockings which are planned to control train operation. Vital communication is unidirectional. Specification language requires system interfaces to be non-proprietary. Intended to insure multiple sources and future competition, only time will tell whether other firms will be able to submit future competitive bids that will enable them to recover the development costs to make a compatible system.

In the absence of a backup system, the normally safe failure mode of a standard track circuit (i.e., false occupancy) would strand Green Line trains in the middle of a multi-lane expressway. Therefore, unique redundant track circuits are being provided to insure a “fail operational” design. While increasing availability, this doubling of track circuit hardware lowers system reliability and increases maintenance costs. Track circuit shunting sensitivity is 0.20 ohms except in interlockings where it is 1.0 ohms.

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. The problem has been largely mitigated by operating not less than two-car trains and adding new operating rules requiring a minimum separation between trains.

San Francisco Municipal Railway

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. Mechanical timers generate modulation frequencies of 2.0, 3.0, and 4.5 Hertz. The use of mechanical timers has caused problems in speed code detection. The modulation rates result in the cab display of signal speed indications of 10, 27 and 50 MPH. Cars are equipped with 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.

Like many other transit properties, SF Muni has experienced several instances of loss of shunt. These instances were all on mainline rail in regular daily service in the subway. The instances lasted several minutes and all instances were with single-car trains. Investigations following these incidents demonstrated track circuit shunting sensitivities in excess of 0.35 ohms and single axle wheel-to-wheel resistance measurements less than 0.003 ohms. A separate independent review failed to pinpoint the cause other than to suggest probable failure to shunt between the wheels and rails.

The merging of five surface LRV lines into a single dual track subway line under Market Street requires performance in excess of 60 trains per hour. A key solution to achieving this headway is the need for trains to depart the stub end pocket track not more than 40 seconds after they are berthed. Because Muni has been unable to operate more than 23 trains per hour with its existing signal system, it was clear that fully automatic operation without operator involvement was necessary. Muni required systems to be service-proven for a minimum of two years to be considered.

Performance 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 release of track circuits if and only if detection is sequential. Since sequential detection should occur normally, the overlaying of this requirement was expected to be transparent to operation. Further, by not specifying a specific track circuit shunting sensitivity, 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.

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 using fixed-blocks could not be considered as it would have necessarily required manual operation at reduced speed during an extended cutover period.

Recently, a Cost-Benefit evaluation of MR-1034R was performed which showed that the total overall CBS program cost of $68.4 million compared favorably with benefits totaling $158 million, of which $100 million was due to improvement of through capacity in the existing subway infrastructure.
 

San Francisco BART

San Francisco BART’s existing signal system uses FM AF track circuits in the 5KHz to 10KHz range. Six-bit comma-free words representing eight speed codes are transmitted down to and received back from active wayside equipment and track circuits. The data words are transmitted at an 18 hertz clock rate using a unique fail-safe time-division multiplex system. Due to the inherent closed loop bit comparison of transmitted and received track circuit data, BART never experienced the problems at Atlanta and elsewhere whereby D.C. inverter interference caused track circuits occupied by trains to appear unoccupied but immediately prior to system start up, BART was unable to demonstrate reliable shunting of unpowered two-car trains to the California Public Utilities Commission.

To address this problem, a redundant, non-vital sequential occupancy release (SOR) system was added. SOR, which remains in operation today, permits release of track circuits if and only if detection of train movement is sequential. It is a matter of some industry debate whether SOR or BART’s very conservative brake rate model is the major factor constraining closer headways. The SOR requirement is being implemented in vital software logic in GRS solid state interlockings as part of new extension contracts.

Recently, DARPA awarded $40 million in R&D seed money in response to a proposal by GM-Hughes, Morrison Knudsen and BART to prototype a CBS system using Hughes’ Enhanced Position Locating and Reporting System (EPLRS), which uses Spread-Spectrum Radio technology. The system which was used successfully in Operation Desert Storm, will be prototyped at two BART stations to demonstrate the feasibility of a new overlay train control system. By measuring time of arrival of signals, train position accuracy of +/- 15 feet is expected. The system is designed to provide a very high degree of fault-tolerance.

SEPTA

SEPTA has a subway surface trolley line track configuration very similar to San Francisco Muni. Five surface lines merge into one subway line putting a very significant performance demand on the line. To address this need for close headway, SEPTA is seriously considering a CBS system for its downtown subway surface trolley line.

Recent specifications require between 0.25 and 0.5 ohm shunting sensitivities.

Sao Paulo Metro

Sao Paulo Metro in Brazil is upgrading its existing East-West Line from 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 has recently set up a branch office in Pittsburgh, PA.

CMW has expressed interest in furthering the development of standards for CBS and is apparently interested in being an active participant in the U.S. signal market.

4.2 Signal Supplier Products

Presently, most of the signal suppliers who have made presentations to NYC Transit have done so with the understanding and/or expectation that the information they have presenting is confidential. Therefore, we believe it inappropriate to discuss specific designs at this time. The encouraging news, however, is that there are recent indications which suggest that a number of suppliers are about to make more disclosures of their designs and we encourage this as a first dialogue in the development of standards. We remain concerned, however, by incompatible system designs.

The French High Speed Train, for example, carries three separate racks of train control equipment and three separate antennae. It is not uncommon for some trains in Europe to have to carry up to seven separate train control systems to receive all cab signals as they move from country to country. Clearly, this incompatibility is not in the industry’s best interest as there does not appear to be room in the signal market place for ten incompatible and proprietary CBS systems. However, in the absence of external forces coming to bear on this market, this appears to be what is happening. All CBS systems proposed to NYC Transit to date are incompatible.

In the recent video tape format wars between VHS and Beta, Sony’s Beta, was clearly technically superior but Sony agreed to license only one other company. JVC, with its inferior VHS system agreed to license its design to multiple manufacturers. Today, not many people care that Beta is superior to VHS.

As part of our study, we have attempted to discover what products exist. The answer we tend to get is, “We make it, just tell us what you want.” We have concern that many are attempting to represent new ideas and new technology as finished or nearly finished products. Many suppliers appear to be in a situation whereby they have conventional signal experience but limited experience in advanced communications and computer technology. Conversely, others clearly have very significant experience in advanced communications and computer technology but lack the knowledge of the signal industry we believe is necessary for a successful system. Few appear to have both capabilities within one company. We have also seen some very impressive train control systems and capabilities originating outside the United States.

4.3 Radio based and Spread Spectrum Communications

Based upon presentations made to NYC Transit and our consultant, it appears that virtually all signal suppliers are working on radio CBS. Many of them appear to be working closely with a technology partner and most firms appear to be turning to Spread Spectrum Technology (SST).

SST is relatively new technology for the signal industry but it has been used for over 40 years by the military. An inherent immunity to noise is a fundamental attribute of SST but the technology is not constrained to any particular frequency band. For example, gaining considerable popularity recently is a direct sequence spread spectrum technology in the 100-350 Khz range to transmit forward error corrected information packets using existing trainlines used for other functions. At the other end, the FCC’s unlicensed 900 and 2400 Mhz SST bands are gaining in popularity as well.

Advances in SST are improving quite rapidly. For example, a recently announced spread spectrum demodulator integrated circuit replaces in 2 square inches what would otherwise require several large printed circuit boards. Economies of scale and increased integration of circuits onto silicon can reasonably be expected to do to the digital communications industry what it has done for the computer industry. Further, as the benefits of SST become more widely used and known, increased competition will drive down prices of SST radio communications equipment.

Ranging information (i.e., distance measurement) is an inherent attribute of SST. Ranging information (based upon time of arrival of the signal), is useful for locating train position and it can also be used with a lossy-line (provided appropriate corrections are taken into consideration). The option to use this ranging attribute of SST has, thus far, been limited to the HMK-BART concept.

A major signal supplier and its communications partner recently completed a series of radio communications tests in the NYC Transit subway. The purpose of these tests was to determine the feasibility and viability of using radio CBS in our subway environment. A report describing the results of these tests is now available. The conclusions reached support the feasibility of radio CBS using Spread Spectrum technology in either the 900 Mhz or 2400 Mhz unlicensed bands.

Others interested in making similar tests and measurements in the NYC Transit subway may also do so. Firms wishing to make such tests must submit a test plan for approval and agree to provide NYC Transit with a copy of the test results. NYC Transit intends to make all tests results publicly available.

GM-Hughes, in coordination with San Francisco Bay Area Rapid Transit, recently performed an extensive test of their ranging spread spectrum radio in the Berkeley Hills tunnel. These tests have apparently confirmed the ability of Spread Spectrum radio signals to propagate reliably.

London Underground has also performed UHF frequency testing in their subway infrastructure with similar successful results. This testing was performed as part of feasibility studies associated with the Jubilee Line extension which will use radio CBS.

Another firm recently demonstrated to NYC Transit officials the viability of spread spectrum communications using lossy lines on its own test track. We have also observed first-hand working demonstrations of prototype ATCS systems in Canada.

4.4 Availability, Reliability and System Safety

Conventional railroad-type signal systems have historically been applied to rapid transit systems using classical concepts based upon the fail-safe principle. A safety critical system or component generally requires that in the event of a failure, the system must revert to a state that is known to be safe.

However, with regard to this, P.W. Stanley of the British Railways Board, has pointed out that:

The application of the fail-safe principle often results in trains being stopped, to the detriment of overall performance and service to the customer. It also results in human intervention and the probability of human error that, overall, results in a reduced level of safety.

Consideration of the risks of the traditional approach indicates that human intervention can reintroduce many of the risks that the close down of the failed system is presumed to eliminate.

The safest possible system requires a significant change to the traditional trade off between signalling equipment safety and the quality of service. This change must be in the use of new technology in two distinct areas, the increased availability of systems and the support of operations under disturbed or failure conditions, giving greatly improved operational availability.

The signal engineer must recognize that safety is but one important feature that must not be pursued to the exclusion of all else. When a train is stopped by a failure it may be safe, but no longer satisfies the expectation of the customers. Even the level of safety cannot be taken for granted because human intervention to get traffic moving again will almost certainly reduce it.

The CBS modeled for NYC Transit by our consultant is one designed for very high availability. All “mission critical” systems are either redundant, triple-modular redundant, or have full fallback/handback capability. With this type of redundant system architecture, system availability can be very high. How high, is a strong function of the “mean-time-to-restore-to-service” when one of the two redundant systems fails. With a fully redundant system, if a failed component is restored to service in a reasonable time, then overall system availability numbers approaching unity can be realized.

With most conventional signal systems in use to day, virtually any single point failure requires a “fire alarm” type response from the signal maintenance department. Thus, full backup which our consultant studies now show is feasible with CBS, is extremely attractive to a transit property such as the NYC Transit. It permits our customers to experience very reliable service and allows us to deploy our maintenance forces more efficiently.

Because they are made up of physically discrete parts and subsystems, fixed-block track circuit systems become less attractive as the performance requirements increase. Further, a simple way to increase availability of track circuit based systems is to provide redundant track circuits. The increased maintenance costs, however, make this approach particularly unattractive.

Proven technology, low life cycle costs, high system performance and availability, and low maintenance costs are all important factors in selecting a signal system technology. Our studies now shown that CBS technology is best positioned to meet these objectives for NYC Transit today. As the technology matures, more competition appears, and standards develop, the capital costs of CBS technology can reasonably expected to decrease. The lower maintenance costs, however, associated with CBS are of particular interest to a transit property and they can always be expected to be lower than those for a fixed block system.

5.0 peer review Findings

5.1 Executive Summary

On September 27-29, 1993 the NYCTA's Division of Electrical Systems hosted a Peer Review of international train control system experts. The purpose of the Peer Review was to comment upon an interim draft report prepared as part of a consultant study on New Technology Train Control for the NYCTA. The tasks requested of this group were as follows:

1. Review the Consultant's Scope of Work
2. Review the Consultant's Task 1 Draft Report
3. Answer questions and comment upon this Report.

The first day consisted of orientation, field trips, and presentations to the Peer Review by the Division of Electrical Systems. On the second day the Peer Review discussed the draft report among themselves and then held discussions with the Consultant. On the third day the Peer Review prepared written answers to ten questions which framed their review activities.

While not unanimous on every issue, there was consensus by the Peer Review that the Consultant's key recommendation to use "Communications-based Signaling" was the most appropriate technology for the future of the NYCTA.

5.2 Peer Review Members

Paul Downs - BCRTC, Vancouver SkyTrain
Alan Hooper - London Underground
John LaForce - SEPTA
Martin Lukes - WMATA
Steven Mullerheim - SF BART
Jacques Valancogne - RATP

OBSERVERS:
Edward Farrelly - O'Brien-Kreitzberg
Venkat Pindiprolu - Federal Transit Administration
Louis Sanders - APTA

5.3 Peer Review Questions & Answers

Question #1 - (Overall Recommendation):

What is your overall opinion of the recommendation for Transmission-Based Signaling for the NYCTA? Is there sufficient data in its report to sustain these findings? Do you agree or disagree with the assumptions made?

Five of the six members of the Peer Review agreed with this key finding and were satisfied that the report had sufficient data to sustain the finding. One member agreed that the technology was promising, but recommended caution, particularly with radio-based communications.

Question #2 - (Architecture):

Do you recommend that the proposed system be based primarily on a distributed or centralized architecture? Why?

The general consensus was that a distributed architecture was preferred. However, neither a completely decentralized nor a completely centralized architecture was recommended. One member felt that rather than concentrate on architecture, it was better to concentrate on achieving specific numeric goals for such items as availability and reliability criteria.

Question #3 - (Techniques for Communications):
Suppliers have proposed various techniques for communications between trains and the wayside including loops, radio, and spread spectrum technology. What are the strengths and weaknesses of these approaches and do you recommend any particular method?

There was general consensus that the loop technology, while proven and reliable in a number of installations, has a number of disadvantages. These include damage by maintenance equipment and vandalism. However, there was also concern about the ability of a digital radio-based system to maintain highly reliable and continuous coverage, especially in complex and variable subway infrastructures. Radio-based digital communications in subways is relatively new, and little test data is available. Spread Spectrum Technology, while potentially promising, has undergone only preliminary testing in subway environments.

Question #4 - (System Maturity):

Technologies presented to the TA vary from new concepts to systems in revenue operation for many years. How "mature" should a system be before it is considered?

There was agreement that every new system proposed for the TA will have to be adapted to meet specific needs imposed by the TA. Therefore, the concept of selecting a system that is fully proven is unrealistic. The extent to which a supplier's system operating on another property is functionally similar to the NYCTA's requirements, and the degree to which a subsystem operating in a different environment is comparable, should be evaluation factors considered as part of a Request for Proposal.

Question #5 - (Broken Rail Detection):

How important is "Broken Rail" detection?

Five of the six members felt that broken rail detection using track circuits was not an important issue and should not be a consideration in selection of a technology or backup system. One member raised the point that because the NYCTA uses single rail track circuits, only 50% of its rails have some form of broken rail detection via track circuits, and further by eliminating track circuits altogether, both rails can be used for traction power return. This could result in considerable savings in energy.

One member stated that high speed railroads in Europe have never considered broken rail detection an issue. Several members pointed out that if the NYCTA feels this is a problem that there are other means to detect rail breaks, including CWR, and visual and ultrasonic inspections.

Question #6 - (Verification of System Safety):

New technology systems make extensive use of computers for achieving safety. How do you recommend we approach issues relating to vitality of computer hardware, software and system safety?

The consensus was to require suppliers to conform to existing national or international standards for software safety and subject them to independent audits for compliance, apply a rigorous system safety program plan, and require suppliers to permit detailed examination by independent safety experts. Strict adherence to software quality control procedures was also felt to be very important.

Question #7 - (Fallback Capability):

Assuming the fallback system will have less capability than the primary system, what essential features should be provided (E.g., following train ATP, continuous overspeed control, intermittent speed control, limiting train speed, etc.)?

A backup wayside system using either axle counters or track circuits was recommended but with the goal of minimizing wayside hardware. Wayside signals at interlockings appears to be the minimum capability recommended.  One member stated that the fallback system need not have as high a safety level because it is rarely used.

Question #8 - (Procurement Schedule):

Present NYCTA schedules presume that the "Pilot" line can be fully operational 3 years after "Notice to Proceed." Please comment on the reasonableness of this schedule.

There was consensus that the present 3-4 year schedule was too short. Depending upon the degree to which the proposed system was a product versus a concept, the estimated range was from 4 to 9 years.

Question #9 - (Specifications & Procurement):

What is your opinion of performance / functional specifications and how do you recommend future specifications be developed to procure new technology?  How should tendered systems be evaluated?

There was consensus that the specifications should be functional and that proposals be evaluated based upon their technical merit and maturity and that price should be a secondary consideration.

Question #10 - (Competition & Compatibility):

All new technology systems proposed to the NYCTA are incompatible and/or highly proprietary in nature. How do you propose we deal with both the initial and subsequent procurements for future equipment to ensure compatibility and competition?

There was consensus that system compatibility is an extremely important but because of its size, the NYCTA may be able to force compatibility among vendors. One approach is to bring in firms outside the traditional signal industry as part of a joint venture, another is to require a minimum of two sources for equipment. One member suggested, however, that safety is an issue that is prejudicial to compatibility and that compatibility increases development costs and risks delays.

6.0 NYCT procurement METHODOLOGIES

NYC Transit must ensure that systems it purchases today can be compatible with future system from other suppliers in the future. To that end, NYC Transit is investigating a number of procurement alternatives for CBS.

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 we 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.

NYC Transit is extremely reluctant to place itself in a position whereby there may only be two practical compatible suppliers of a CBS. Thus, is it essential that we construct procurement processes which facilitate, to the fullest extent possible, the maximum number of viable and competitive bidders. The two approaches to procurement of a CBS now under consideration are described below:

6.1 Procurement Driven Approach

The procurement-driven approach more closely represents a process which is consistent with some past NYC Transit procurements. With the procurement-driven approach, NYC Transit will issue an RFP for the procurement using performance specifications.

Included in this RFP would be a detailed list of criteria and weighting factors which will indicate to bidders, the importance of each the evaluation factor. An important criterion, for example, will be compatibility with other systems and therefore “alliances” or other “group proposals” may be possible.

NYC Transit will likely select the two (or possibly three) strongest proposals and these two or three entities will each start a comprehensive test program on portions of a line. The test program is expected to last one year. In addition, to helping us evaluate the strongest technical proposal, a key part of this demonstration test evaluation will be the degree to which the proposals have demonstrated compatibility among multiple suppliers.

The selected firm will then be given notice to proceed to retrofit the entire line with their CBS system.

6.2 Development Driven Procurement

With the Development-driven approach, NYC Transit will seek the services an engineering partner that will design for NYC Transit, what will become its standard CBS system. This design will be the basis for all future procurements. The engineering firm will not be developing specifications. Rather, the engineering firm will be developing a detailed design, including development of all software and designing all hardware for a CBS system. It is reasonable to expect that this firm will be compensated on a time and materials basis.

This engineering firm will remain NYC Transit’s engineering partner for a number of years. The long term goal of this relationship is to provide technology transfer to NYC Transit so that eventually, NYC Transit will be able to do its own designs without the assistance of its engineering partner using software tools developed specifically for this purpose by the engineering firm.

The initial product from this engineering firm would be a set of detailed plans and specifications that NYC Transit can issue for the fabrication and installation of a CBS.

6.3 Request for Information

NYC Transit will be issuing shortly a Request for Information (RFI) to the industry to discuss these two procurement options in greater detail. The RFI will also pose a number of specific questions regarding compatibility and other related issues so that NYC Transit can better understand the issues associated with achieving compatibility.

Interested respondents will be requested to discuss these issues individually with NYC Transit. All specific answers and comments, if requested, will be treated confidential. However, the collective responses will be made known without identifying any specific entity.

Additional information on the RFI will be forthcoming in the next several weeks.

7.0 CONCLUSION

NYC Transit believes there is a historic opportunity for the signal industry to develop a standard for Communications-based Signalling system.  Further, it is the intent of NYC Transit to work with the international signal industry and transit community, the FTA and APTA to seek ideas on how to facilitate this process towards standardization.

In his paper, “A Vision for 21 Century Guided Transit,” Dr. Dennis Gary has written:

The history of the transportation industry has had defining moments of vision which have led to lasting benefits for society. For example:

· In 1883, the American railroads created the common time zones which we currently take for granted.

· A standard gauge for railroads and transit was not settled on without a struggle, but its utility has been accepted worldwide.

· The world’s most successful transit vehicle, the President’s Conference Car, or PCC, was an American transit design of the 1930’s; close to 30,000 of these vehicles were built over 50 years.

Each of these achievements is the story of a concerted effort to see beyond immediate vested interests in favor of the longer term productivity of the industry.

In contrast, American hi-tech applications to transit and efforts to develop standard industry designs in the 1970’s (e.g. Transbus, State-of-the-Art Car, Standard Light Rail Vehicle) were noteworthy more for their failures than for their successes. Today technical advances in fixed Guideway transit appear to offer great diversity, but that same diversity threatens the transit industry with fragmentation which may be counter-productive in the long run.

We concur. Our desire is for the industry to work together to develop its own standards. To the extent we can facilitate this, we encourage the industry’s active participation through our initial RFI process.
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