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ABSTRACT

Why is Interoperability Important to NYCT?

What is Interoperability to NYCT?

How is NYCT planning to achieve Interoperability?

As part of its ongoing capital program, New York City Transit (NYCT) is modernizing its signal system with Communications-Based Train Control (CBTC) technology. The Canarsie Line is the first NYCT line to be equipped with CBTC and a unique aspect of the Canarsie Line project is the procurement process that is being used to select the new signal system and attain interoperability. 

Given the size of the NYCT subway system, the transition to CBTC technology must be implemented in stages over a number of decades.  The implementation strategy is further complicated by the fact that the NYCT system is a complex rail network of highly interoperable lines. This interoperability permits a high degree of operational flexibility and NYCT desires to retain this flexibility where feasible as it transitions to CBTC technology.  As a consequence, CBTC-equipped trains which normally run on one line, must also be capable of operating over other CBTC-equipped lines, including those resignaled by other suppliers.  NYCT also expects interoperability within a train set where a 4 car unit with one CBTC supplier’s equipment may be coupled to a 4 car unit equipped by another supplier. 

NYCT has selected the CBTC system best suited for its requirements; it will be installed on the Canarsie Line (Phase II) and will become NYCT's standard for CBTC technology.  As part of this installation contract, this "lead" supplier must also provide detailed interoperability interface specifications for this "standard" system so that the other two "follower" suppliers can develop compatible systems and demonstrate the interoperability of their systems with the "lead" supplier's system (Phase III).

Two Phase III contracts, for approximately $10 million each, to demonstrate interoperability with the "lead" supplier's system (and validate the interoperability interface specifications) will be awarded to the two remaining suppliers ("followers")  in early 2000.  Both the Phase II and Phase III contracts will be completed in 2004. 

With this approach, NYCT will have 3 qualified suppliers of carborne CBTC equipment and 3 qualified suppliers of wayside CBTC equipment.  Establishing practical interoperability interface standards and obtaining multiple supply sources for wayside and carborne CBTC equipment is key to the success of NYCT’s CBTC implementation strategy.

BACKGROUND

The New York City Transit (NYCT) subway system is one of the largest and most complex in the world. It consists of approximately 722 track miles, and provides service to 469 stations in four boroughs, carrying over 4 million passengers per day.  Its 25 subway lines are interconnected with free transfers between lines permitted at more than 50 locations. The subway system has approximately 10,675 wayside signals, safely controlling over 6,000 revenue and non-revenue rail vehicles.  

Almost half of the existing signal system is more than 75 years old and as part of its ongoing modernization program, NYCT plans to upgrade its signal system from fixed block, wayside signals/trip stop technology to state-of-the-art communications-based train control (CBTC) technology, utilizing two-way digital RF communications between intelligent trains, and a network of distributed wayside zone controllers. 

NYCT’s decision to adopt CBTC technology was made after an extensive technology assessment which concluded that CBTC was the best solution for NYCT’s needs, offering shorter headways, greater operational flexibility, enhanced safety, lower life-cycle cost and minimum operational disruption during implementation. The technology assessment also recommended a 20-year implementation strategy, and proposed a procurement approach using NYCT’s Canarsie Line as the Pilot project for proving the new technology.

NYCT’S CBTC IMPLEMENTATION STRATEGY

Given the size of the NYCT subway system, the transition to CBTC technology must be implemented in stages over a number of years. 

The implementation strategy is further complicated by the fact that the NYCT track is a complex rail network of highly interoperable lines. This interoperability permits a high degree of operational flexibility and system-wide fault tolerance and NYCT desires to retain this flexibility where feasible as it transitions to CBTC technology. Trains on the F Line, for example, running between Jamaica, Queens and Coney Island, Brooklyn can be rerouted over portions of the N, B or D Lines when necessary.  As a consequence, CBTC-equipped trains which normally run on one line, must also be capable of operating over other CBTC-equipped lines modernized both prior to and subsequent to equipping of the cars. 

A key element of NYCT’s CBTC implementation strategy, therefore, is to establish interoperability interface standards that will permit independent procurement of wayside and carborne CBTC equipment. 

CANARSIE LINE PROCUREMENT STRATEGY

The procurement process that is being used to select the new signal system is unique both to NYCT and the signal industry. 

As a first step (Phase I), NYCT shortlisted three suppliers to demonstrate their CBTC systems on a designated test track.  Each of the shortlisted suppliers was compensated a fixed sum ($1.1 million) for participating in the demonstration tests.  

From these tests results, technical and management proposals, software and system safety audits, references from other properties and price proposals, the CBTC  system best suited for NYCT's requirements was selected for installation on the Canarsie Line (Phase II).  A contract for this design/supply/install/commission contract, totaling $133 Million, was awarded to a joint venture of Siemens-MATRA/Union Switch & Signal/RWKS Comstock on December 23, 1999.   

As part of this contract, this "Lead" Contractor  must also provide detailed interoperability interface specifications for this "standard" system so that  two "Follower" Contractors  can develop compatible systems and demonstrate the interoperability of their systems with the "Lead" Contractor's system (Phase III).  

The Phase III program will run concurrently with the Phase II program with the Followers’ preliminary and final design phases lagging behind the Lead Contractor’s preliminary and final design phases.  The interoperability demonstration tests are expected to be approximately  6 months in duration during 2004, with both the Phase II and Phase III programs substantially completed by December 2004.

With this approach, after the successful completion of the Canarsie Line project, NYCT will have 3 qualified suppliers of carborne CBTC equipment and 3 qualified suppliers of wayside CBTC equipment.  For future car procurements, carborne CBTC equipment will typically be included in the carbuilder's scope of supply (using the pre-qualified CBTC suppliers).  CBTC wayside equipment will be procured on a line segment-by-line segment basis under the signal modernization program, and interoperability will be assured through the interface specifications developed during the Canarsie Line project.

CANARSIE LINE PILOT PROJECT 
The Canarsie Line is a two track line between 8th Avenue station in Manhattan and Rockaway Parkway station in Brooklyn. The line is 11 miles in length and includes 24 stations and 7 interlockings. The Canarsie Line is one of only two lines in the NYCT system that is essentially self-contained with a dedicated right-of-way. The Phase II Canarsie Line contract consists of designing, furnishing, installing and testing:

· Six new relay-based interlockings.  This work includes home signals, switch machines, automatic trip stops, insulated joints, track circuits, interlocking vital and non-vital logic circuits, cabling and associated equipment room construction.

· CBTC zone controller equipment with typically one (redundant) zone controller at each interlocking

· Wayside transponders throughout the Canarsie line for CBTC train location

· CBTC train-to-wayside RF data communication consisting of wayside and carborne transceivers, antennas, data communications controllers and fiber optic interconnections. 

· CBTC carborne equipment for 184 new R143 cars.  The R143 cars include ac propulsion and employ a significant level of new technology in their control.  Maximum operating consists will be 8 cars formed of 2 4-car units. There will be an operating cab at each end of a 4-car unit with  train operator controls and displays.
· CBTC-ATS system located at NYCT’s new Control Center to provide Automatic Train Supervision (ATS) functions for the Canarsie Line. This will track and display the locations, identities, vehicle numbers, train schedule and other pertinent data for all equipped and unequipped trains operating on the Canarsie Line.  The CBTC-ATS system will support computer-aided automatic routing and dispatching functions, and will monitor, report on, and control the performance of all trains in relation to variance from schedule and/or headway. 
· An Auxiliary Wayside System (AWS) to provide for mixed mode operations. The AWS will consist of the “conventional” interlockings (without approach signals) and track circuits (without signals) between interlockings.  CBTC and AWS will be treated as one integrated train control system, thereby eliminating or reducing conflict and arbitration between CBTC and AWS functionality during failed or degraded states. The AWS will be designed to support approximately 10 minute operating headway; it will also provide limited broken rail detection.
PHASE III – INTEROPERABILITY

General

Phase III is not a competitive process.  The objective of all contractors and NYCT will be to work cooperatively to successfully develop and validate Interoperability Interface Specifications such that all participating contractors are pre-qualified to bid on future NYCT CBTC equipment procurements (both wayside and carborne).  

While not a competitive process, Phase III is also not, in any way, a consensus standard development effort, since the system architecture, functional allocations, interfaces and protocols will be defined by the Phase II (Lead Contractor’s) CBTC system.  Input from the Follower Contractors will however be critical to ensure that the Interoperability Interface Specifications submitted by the Lead Contractor are complete and unambiguous.

To achieve the Phase III objectives, a separate project Working Group has been established focused solely on interoperability.  This working group will concentrate on resolving Phase III technical issues and interpretations and will consist of the three contractors plus NYCT and their engineering consultant.  A major challenge will be to maintain a partnering spirit during Phase III between all parties so that contractual issues do not interfere with the success of the interoperability program.

To offset the costs associated with participation in the Phase III program, NYCT is prepared to offer each Follower a “grant” in the order of $10-13 million. Negotiations are currently taking place with Alcatel and Alstom and award of Phase III contracts is now scheduled for the summer of 2000.

Developing the NYCT Interoperability Interface Specifications

As part of the Phase II contract, the Lead Contractor will provide detailed Interoperability Interface Specifications for the CBTC system being designed and installed for the Canarsie Line so that the two "Follower" Contractors can develop compatible systems and demonstrate the interoperability of their systems with the Lead Contractor’s system.  The Interoperability Interface Specification will be reviewed by NYCT and the Followers for completeness, comprehensiveness and clarity.  

Draft versions of the Interoperability Interface specifications were submitted for evaluation by NYCT during Phase I.  An updated version of this draft was submitted by the Lead Contractor in March 2000, and a Preliminary version of the specifications will be submitted after completion of the Preliminary Design phase of the Canarsie project (in April 2001).  The Preliminary version of the Interoperability Interface Specifications will be a complete document, but will be subject to change as the Leader’s design is completed with the Final version of the Interoperability Interface Specifications available in February 2003.

The Lead Contractor will be liable for any compensation of the Follower Contractors for their documented costs resulting from changes initiated by the Lead Contractor after Authority approval of the Final Interoperability Interface Specifications.  Any disputes between the Lead Contractor and the Follower Contractor(s) will be arbitrated and resolved by NYCT.

An outline of the Interoperability Interface Specifications includes the following:

1. Scope

2. References

3. System Requirements Specification (summarizes operating, performance and functional requirements of the complete CBTC system)

4. System Description (describes the system architecture and principles of operation for the selected Phase II CBTC system)

5. Allocation of Functions (describes the allocation of the system requirements to each subsystem  (include safety targets for vital functions) for the selected Phase II system)

6. Interoperability Interface Requirements (lists all system interfaces for interoperability and for each interface defines general, functional, performance and physical characteristics.  This includes items such as control flows, data elements, protocols and message descriptions.)

7. Interoperability Interface testing (for each interface, defines the tests that need to be performed to verify interoperability)

The Interoperability Interface Specification will be a substantial document, running to several hundred pages when complete.  It will not include all details of design within each “black box”/subsystems but it will include such information concerning apportioning of reliability, availability, maintainability and safety targets.

Validating the NYCT Interoperability Interface Specifications

The scope of the Phase III interoperability interface validation test program is to demonstrate at a minimum, the interoperability between:

· Lead Contractor’s wayside CBTC equipment and Follower Contractor’s wayside CBTC equipment (including seamless hand-off of trains and ability to interface with a common CBTC-ATS system). 

· Lead Contractor’s wayside CBTC equipment and Follow Contractor’s carborne CBTC equipment. 

· Lead Contractor’s carborne CBTC equipment and Follower Contractor’s wayside CBTC equipment. 

· Lead Contractor’s carborne CBTC equipment and Follower Contractor’s carborne CBTC equipment (in multi-unit train). 

· Interoperability demonstrations between Followers’ equipment is not required.

This means that at a minimum, these interfaces need to be fully specified:

· RF datalink (bi-directional)…train to wayside

· Transponder link…train to wayside

· Zone controller to adjacent zone controller

· Zone controller to Auxiliary Wayside System (inc. interlockings)

· 4 car unit to 4 car unit via couplers

· Zone controller to central ATS

The test track used in Phase I will also be used in Phase III. The test track is  approximately 2.0 miles long, and is  between 4th Avenue and Church Avenue on the Culver Line in Brooklyn. The Lead and Follower Contractors will each provide at least one Zone Controller, data communications equipment, transponders, and onboard CBTC equipment to equip two R42 married pairs.

Each contractor will submit an Interoperability Demonstration Test Plan and the Lead Contractor will develop, for NYCT’s approval, an Integrated Test Plan that all Contractors will follow 
The successful interoperability demonstrations in Phase III will qualify the Lead Contractor and Follower Contractors for future participation in the Authority’s procurements of CBTC equipment under the signal system modernization program and new technology train program.

Phase III Evaluation Criteria

NYCT is currently finalizing the minimum criteria to be satisfied in Phase III in order for a contractor to be qualified to bid on future CBTC contracts at NYCT.  In summary, a contractor will need to demonstrate:

· Successful completion of interoperability demonstration test program verifying Contractor’s ability to supply CBTC equipment that complies with the Interoperability Interface Specifications

· Ability to supply hardware capable of operating in the NYCT environment.  This is unlikely to include formal hardware qualification tests in Phase III (temperature, shock and vibration, EMI, reliability, etc.), but would rather rely on the Phase III demonstrations 

· Ability to supply software capable of meeting NYCT standards

· Ability to supply a "safety certified" CBTC subsystem 

These minimum criteria will set the level of design submittals and design reviews required of the Followers.  It is expected that a Follower may elect to do more than these minimum criteria in order to be better positioned for the next procurement, which is expected to be an invitation for bid. 

CONCLUSIONS 

The establishment of practical interoperability interface standards, their validation and obtaining multiple supply sources for  wayside and carborne CBTC equipment is a challenging and crucial part of NYCT’s CBTC implementation strategy.

With the award of the Phase II Contract for the Canarsie Line and impending Phase III Follower contracts, NYCT (working in partnership with three signaling suppliers) is moving forward, on schedule, with the effort to establish a CBTC standard for New York and one that may be attractive to other North American transit properties.
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