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1:     GENERAL INFORMATION

This document sets forth requirements and related information for a communications-based train control (CBTC) system to be installed between Babylon and Montauk, NY and on the Railroad’s entire diesel fleet.

1.1:     STRATEGIC ROLE OF CBTC

It is the intent of the Railroad to pursue CBTC technology and implement it on its entire physical plant and equipment fleet.  Eventually, all other forms of signaling and train control will be eliminated entirely.  The benefits expected from this strategy include the following.

· Increased operational capacity

· Enhanced highway crossing control

· Expanded operational safety and functionality

· Reduced  life-cycle costs

· Reduced installation costs

This project represents the first tactical step in the strategic plan.  Because of the innovative nature of the technology and the cultural changes that will result from it, a phased approach will be employed.

It is the Railroad’s intent that this project will establish a CBTC standard that will be applied to all subsequent CBTC projects.

1.2:     REFERENCES 

This document references the following documents for the purpose of expanding upon and clarifying the requirements herein.  Except as otherwise provided, the provisions of these documents shall also be considered as requirements.

1) United States Department of Transportation, Federal Railroad Administration Rules and Regulations Governing Signal and Train Control Systems; 49 CFR Parts 234 and 236 including pending Part 236 Subpart H 

2) Long Island Rail Road Drawings as follows:

A) Drawing L5-WL-02 “Babylon to Montauk CBTC Wayside Layout” dated October 17, 2000

B) Drawing L5-FL-01 “Babylon to Montauk CBTC Typical Fiber Optic Cable Arrangement” dated October 13, 2000

3) International Standards Organization ANSI/ISO Q9001-1994, 2000 

4) Institute of Electrical and Electronics Engineers (IEEE) documents as follows: 

C) 730: “Standard for Software Quality Assurance Plans”

D) 828: “Standard for Software Configuration Management Plans”

E) 829: “Standard for Software Test Documentation”

F) 830: “Recommended Practice for Software Requirements Specifications”

G) 982.1: “Standard Dictionary of Measures to Produce Reliable Software 

H) 1012: “Standard for Software Verification and Validation”

I) 1016: “Recommended Practice for Software Design Descriptions”

J) 1058: “IEEE Standard for Software Project Management Plans”

K) 1063: “IEEE Standard for Software User Documentation” 

L) 1059: “Guide for Software Verification and Validation Plans”

M) 1219: “IEEE Standard for Software Maintenance” 

N) 1228: “Standard for Software Safety Plans”

O) 1474.1: “Standard for Communications-Based Train Control (CBTC) Performance and Functional Requirements” 

P) 1474.2: “Standard for User Interface Requirements in Communications-Based Train Control (CBTC) Performance and Functional Requirements”

Q) 1483: “Standard for Safety Considerations for Software Used in Rail Transit Systems”

5) Software Engineering Institute (SEI) Software Capability Maturity Model (SW-CMM) 

1.3:     PROJECT OVERVIEW

The work to be performed is divided between two separate projects.  Project PN-L5, “CBTC: Babylon to Montauk” addresses the design of both wayside and onboard Systems as well as the installation, testing and commissioning of wayside equipment.  Project PN-N5, “CBTC Diesel Fleet Installation” addresses the installation, testing and commissioning of onboard equipment on the existing Railroad diesel fleet.  Jointly, these projects will provide a vital and reliable CBTC System that is capable of controlling train operation without reliance on conventional signal systems or equipment.

1.3.1:     SCOPE

1.3.1.1:     VENDOR RESPONSIBILITIES

The Vendor shall be responsible for the design, integration, fabrication and testing of all wayside and onboard subsystems that meet the requirements stated herein.

1.3.1.2:     RAILROAD RESPONSIBILITIES

The Railroad shall provide the following.

6) Wayside signals and switch mechanisms at interlockings including equipment huts

7) Highway crossing warning devices and their associated gate and flasher control equipment and equipment huts

8) Installation of all wayside radio equipment

9) Redundant fiber optic cables that interconnect all zone controller, interlocking, radio and crossing locations as prescribed in LIRR Drawing L5-FL-01

10) Installation of all onboard equipment 

1.3.1.3:     FUNCTIONS

This System shall support the following general functions.

11) Train separation including positive stop

12) Highway crossing operation

13) Interlocking functions including positive stop

14) Civil speed restriction enforcement

15) Temporary speed restriction enforcement

16) Supervisory control

17) Train door opening verification

18) Event recording 

The System shall provide these functions entirely independent of track circuits.

For the purposes of supervisory control, the System shall be interface with the Jamaica Central Control (JCC) system that is currently in the specification development stage under a separate project.  An auxiliary, computer-based supervisory sub-system shall be provided as part of this project to provide a temporary control interface if JCC is not operational by the time this System is to be commissioned.

The System shall comply with all applicable requirements of the Federal Railroad Administration (FRA).

The Vendor shall provide a complete functional interoperability specification in order to provide the Railroad with alternate sources of supply for future projects.

1.3.1.4:     WAYSIDE LAYOUT

The wayside layout of the System is given in LIRR Drawing L5-WL-02 “Babylon to Montauk CBTC Wayside Layout”.  This covers 78 miles of double and single track including 11 interlockings with 45 remote controlled switches and 83 wayside signals, 100 active highway crossings and four manually controlled power switches.

1.3.1.4.1:     EXISTING LAYOUT AND OPERATIONS

The 13 mile section from Babylon to Y (Sayville) is double track operated under wayside block signal rules in one direction and is equipped with continuous DC track circuits.  The 65 mile section from Y to Speonk is single track operated under manual block rules in both directions with interlockings at PD (Patchogue) and MS (Mastic-Shirley).  This section is equipped with a combination of overlay, DC and Type “C” track circuits to control the highway crossings and the interlockings.   The combined territory contains 98 active grade crossing with active warning devices.

Current operations in terms of daily trains in both directions are approximately 64 between Babylon and Patchogue, approximately 38 between Patchogue and Speonk and approximately 24 between Speonk and Montauk.

1.3.1.5:     EQUIPMENT FLEET

The equipment fleet that shall be equipped for CBTC operation includes 23 DE-30 diesel-electric locomotives, 23 DM-30 dual mode diesel-electric/electric locomotives, 23 C-3 cab cars and 101 C-3 coaches.  In addition to this equipment, 20 conventional locomotives belonging to the Long Island Railroad and the New York and Atlantic Railroad will also be equipped.  The DE-30, DM-30 and C-3 equipment will be equipped by the Railroad with a continuous train line to provide CBTC communications.

2:     PROJECT IMPLEMENTATION PLAN

Because CBTC technology is new and largely undeveloped a partnering concept may be employed between the Railroad, the Vendor and the Federal Railroad Administration.  This will ensure that all aspects of various complex issues are considered and that decisions are made based on the best available expertise.

If partnering is employed, the Partnering Team will have the responsibility for solving all major technical, implementation and logistical problems related to the project and will have the authority to make the required decisions.  The group will be structured in this manner to ensure the availability of the appropriate expertise for decision making and to ensure that all points of view are represented.

2.1:     PROJECT PHASES

The project will be implemented in four phases.  The phases represent logical divisions with respect to both functionality and the physical territory.  The territory referenced is as per LIRR Drawing L5-WL-01.


System including all Technical Requirements cited in Section 3: except Sections 4.1.2:  (Highway Crossing Control and 4.1.3: (Interlocking Functions)
System including all Technical Requirements cited in Section 3: including Sections 4.1.2:  (Highway Crossing Control and 4.1.3:(Interlocking Functions)

BY 5 (Babylon) to PD 2 (Patchogue)
Phase 2
Phase 4

PD 3 (Patchogue) to SK 2 (Speonk) except yard tracks at SK 1/2 
Phase 1
Phase 3

SK 1/2 (Speonk) yard tracks to

MY 2 (Montauk) 
Phase 2
Phase 4

2.2:     SCHEDULE

The following indicates major project milestones and target completion dates.

MILESTONE
COMPLETION DATE

Phase 1
October, 2003

Phase 2
October, 2004

Interoperability Specification per Section 4.4:
March, 2005

Phase 3
June, 2005

Phase 4
June, 2006

3:     VENDOR CAPABILITIES

3.1:     CBTC

The Vendor shall demonstrate technical expertise and implementation capabilities in each of the following areas with respect to CBTC.

19) Experience in providing CBTC systems possessing functionality similar to that specified herein

20) Understanding of the functional requirements cited herein

21) Railroad and rail transit operations in general

22) Understanding of spread-spectrum radio communications

3.2:     SOFTWARE DEVELOPMENT

3.2.1:     SEI QUALIFICATION

The vendor shall demonstrate that they meet all the requirements of a Level II qualification using the Software Engineering Institute's (SEI) Capability Maturity Model (SW-CMM). A waiver of this requirement will be considered if a successful evaluation to level II requirements has been done in a period no more than six months prior to contract award. The evaluation must have been done by a SEI certified Lead Evaluator.

3.2.2:     SOFTWARE CAPABILITY EVALUATIONS

The Railroad will perform formal Software Capability Evaluations (SCE’s) as per the Software Engineering Institute on all potential Vendors.

3.3:     PROJECT MANAGEMENT 

The Vendor shall demonstrate general capabilities in project management consistent with the following requirements.

3.3.1:     PROJECT WORK PLAN

The Vendor shall maintain a current, complete and specific plan to accomplish the individual work efforts within the established schedule.  This Project Work Plan shall contain specific details of each task and subtask necessary to fulfil the requirements cited herein.  It shall include a list of activities required to complete the each task and identify the individual responsible for them.

The Vendor and all subcontractors shall utilize one common Project Work Plan to report all activities.

The basic elements shall include:

· Definition of project scope at a level of detail that will allow defining specific products/deliverables by responsibility.

· Development of an overall plan and schedule to complete the project on schedule.

· Development of resource estimates.

· Preparation of a base plan which integrates the elements of scope, schedule, and resources.

· Routine evaluation of progress achieved and resources utilized against the base plan, to be able to forecast time remaining, and estimated resources required for completion.

3.3.2:     SCHEDULES

Schedules shall be prepared for each task.  It shall be integrated into a total project schedule that reflects the requirements of each task, the project constraints and required interfaces.  The project schedule at the activity level shall be resource-loaded with estimated hours, which will form the baseline plan.  The baseline plan shall be generated both incrementally and cumulatively to indicate the planned rate of progress and number of personnel required to meet the schedule.

3.3.3:     MONTHLY REPORT

The Consultant shall submit within ten (10) days following the end of the preceding calendar month, a Monthly Report summarizing activity status for the preceding month as well as cumulative to-date in accordance with the Project Work Plan task breakdown cited above.

23) Progress on a task-by-task basis

24) Action items required by the Vendor or subcontractors including significant anticipated interface problems that could potentially delay the project if not resolved.

DBE or MBE/WBE for the reporting month. 

3.4:     QUALITY ASSURANCE 

The Vendor shall demonstrate a quality system, which conforms to industry organizational approach, processes, and documentation and past results in delivering systems similar to that specified herein.  The Vendor will be required to submit its current quality procedures and manuals in response to this document for evaluation by the Railroad.

The Vendor’s quality system shall meet the following requirements.

· Conformance with International Standards Organization ANSI/ISO Q9001-1994, 2000

· Definition of those actions, procedures and requirements necessary to ensure that all aspects of the work conform to the Contract documents

· Capability to control the processes that determine the acceptability of the products and services supplied

· Each quality system element shall be addressed to demonstrate the control the Vendor will employ to meet technical and schedule requirements. 

4:     TECHNICAL REQUIREMENTS 

The requirements cited in the following sub-sections set forth the characteristics to be incorporated in the System specifications as currently envisioned by the Railroad.  It is understood that these requirements may be refined and/or changed during subsequent specification development process.

4.1:     FUNCTIONAL REQUIREMENTS

The physical layout of System and the field appliances to which it shall interface is specified in  LIRR Drawing L5-WL-02.

4.1.1:     TRAIN SEPARATION

The System shall enforce train separation at the headway levels specified in Section 4.1.1.2:.  This shall be accomplished through the onboard interface specified in Section 4.1.7.2:. The braking criteria upon which this enforcement shall be based shall be as per Section 4.1.7.1:.  Two distinct methods of train separation shall be supported as follows.

tc \l3 "SPEED SENSITIVEThe System shall employ a “speed sensitive” method of train separation that shall take into consideration the speed of a leading train when calculating to allow trains to follow each other at less than braking distance required to stop at the current speed.  The System shall provide that a “buffer” distance shall continuously be provided between trains.  This shall be expressed as a percentage of safe braking distance and shall be adjustable in increments of five percent.

4.1.1.1:     POSITIVE STOP

The System shall enforce trains separation across the entire range of allowable speeds, from maximum authorized speed to zero, thereby providing a positive stop function. 

4.1.1.2:     LINE CAPACITY

The train separation function of the System shall support a line capacity of 80 trains per hour per track at maximum authorized speed under normal CBTC operation.

4.1.2:     HIGHWAY CROSSING CONTROL

The System shall provide for the control of all highway crossings.  It shall activate all such crossings in advance of the arrival of all trains and deactivate them immediately after they have passed.  The System shall also take advantage of the closed loop control inherent in CBTC to provide consistency in crossing warning times and to provide enhanced functionality.

4.1.2.1:     CONSISTENT WARNING TIME

The System shall provide a consistent warning time of 27 seconds regardless of the speed of approaching trains to the maximum practicable extent.  In no case shall the warning time be less than 27 seconds.

The System shall address the inherent complications posed by the possible acceleration of approaching trains.  This phenomenon reduces the ability to accurately provide the prescribed warning due to the uncertainty of speed variations after a train comes within range.  The worst case under these conditions occurs when a train accelerates after initially having been detected at a relatively slow speed.  To allow for this possibility, conventional systems must assume maximum acceleration even if the train does not do so.  The resulting warning times become excessive as a result of this.  The System shall therefore provide for the limiting of acceleration of approaching trains.  The degree of this limitation shall be variable on a site-by-site basis so that the inherent trade-off between warning time consistency and delays to trains may be balanced.

4.1.2.2:     FAILURE ALARM

The System shall provide an alarm function whereby if any highway crossing is activated or has failed for more than a given time period, a temporary speed restriction shall be automatically enforced for all movements over the affected crossings.  The time period shall be adjustable on a site-specific basis.  Such conditions shall raise an alarm both at JCC and at the auxiliary supervisory control workstation.  These locations shall be provided with the capability to override the temporary speed restrictions.

4.1.2.3:     NEAR-SIDE STATION STOP PREEMPTION

The System shall provide for the preemption of all affected highway crossings upon the approach of a train scheduled to stop at any station intervening between the train’s current location and any  crossings that would be otherwise activated.  This function shall temporarily suspend the activation of these crossings.  It shall utilize the information provided by train information function specified in Section 4.1.8: and the schedule cognizance function specified in Section 4.1.9.3.1: to initiate preemption.  Such preemption shall enforce a positive stop for the involved train at a point in approach to and not more than 100 feet from the first affected crossing in the direction of the train’s movement.  Preemption shall be released through the engineer’s crossing release button specified in Section 4.1.7.3.4:, but not before the train has stopped for a delay period that is adjustable on a site-specific basis.

If the information required to determine that a given train is scheduled to stop is not currently available, the System shall operate under the default assumption that the train is not scheduled to stop, i.e., that near-side station stop preemption shall be inactive.  

4.1.2.4:     INTERRUPTION

The System shall provide for the optional interruption of all affected highway crossings when any train stops at any point that would normally cause those crossings to be activated. This function shall temporarily suspend the activation of these crossings.  It shall be enabled only if the involved train is currently stopped for a time delay that shall be adjustable on a site-specific basis.  Interruption shall enforce a positive stop for the involved train at a point in approach to and not more than 100 feet from the first affected crossing in the direction of the train’s movement.

Interruption shall be provided in both manual and automatic modes.  The selection as to which mode will be active shall be selectable on a site-specific basis.  In manual mode, interruption shall be initiated and released through the engineer’s crossing interruption and release buttons specified in Section 4.1.7.3.4:.  In automatic mode, initiation will be automatically initiated and releasing shall be the same as for manual mode.

4.1.2.5:     HIGHWAY TRAFFIC SIGNAL INTERCONNECTION AND PRE-PULSE

The System shall provide dry (unpowered) relay contacts to provide information regarding the approach of trains to nearby highway traffic signals that require it.  Some of these require an “interconnection” whereby the contacts are opened at the time the crossing is activated.  Others require a “pre-pulse” whereby the contacts are opened at some predetermined time period before the crossing is activated.  All such circuits shall be designed on the “closed circuit” principle.

4.1.2.6:     STALLED VEHICLE DETECTION

The system shall provide for the detection of stalled vehicles at all highway crossings.  This function shall interface to Railroad-provided inductive loops.  The System shall possess the capability to distinguish between the normal passage of vehicles over the crossing and a vehicle that is actually stalled, based on a time duration that is adjustable on a site-specific basis.  When a vehicle is determined to have stalled, the System shall automatically apply a temporary speed restriction for the involved train at a point in approach to and not more than 100 feet from the first affected crossing in the direction of the train’s movement.

The System shall incorporate an override function that will allow for the normal operation of trains to be restored in the event of a failure of the detection equipment.

4.1.3:     INTERLOCKING FUNCTIONS

4.1.3.1:     SIGNALS

4.1.3.1.1:     LOGICAL SIGNALS

The System shall support the provision of “logical signals” to denote the entrance points to routes within an interlocking.  These shall be the functional equivalent of traditional interlocking signals from the standpoint of supervisory control, route locking and approach locking.  Physically, however, these will not be connected to any field devices.  Rather, trains shall be controlled with relation to these signals as if an actual wayside signal existed.  The purpose of this is to provide fine subdivisions of routes within interlockings as may be required to support more flexible operations without the need to install wayside signals.  Logical signals may therefore be provided at points not normally associated with interlocking signals.

Logical interlocking signals shall be the primary method by which CBTC-equipped trains will be routed.

4.1.3.1.2:     WAYSIDE SIGNALS

The system shall support the provision of wayside signals to provide for the routing of non-equipped trains.  These signals shall be provided only at those points necessary to sustain operation under such contingency conditions.  With regard to CBTC-equipped trains, wayside signals shall function similar to logical signals.  

The Railroad shall supply physical signals for each wayside signal that are capable of displaying red and green fundamental aspects.  The system shall provide for the display of the following specific aspects in conjunction with the corresponding operational conditions.

CONDITION
ASPECT

Red
NAME

Signal not cleared or route not verified
Red
Stop

Signal cleared and route verified for CBTC-equipped train
Green
Proceed CBTC

Signal cleared and route verified for non-equipped train on normal route, and track clear to next wayside signal as prescribed in Section 4.1.3.2:
Flashing Green
Absolute Normal

Signal cleared and route verified for non-equipped train on diverging route, and track clear to next wayside signal as prescribed in Section 4.1.3.2:
Red & Flashing Green
Absolute Diverging

Signal cleared and route verified for non-equipped train on route to unsignaled territory
Flashing Red
Restricted

4.1.3.2:     ABSOLUTE BLOCK CHECK FOR NON-EQUIPPED TRAINS

Both trains with CBTC equipment having failed and trains without CBTC equipment installed will be referred to as “non-equipped”.

The System shall incorporate a subsystem to detect the passage of non-equipped trains at grade crossings, interlockings and other key points such that operations may continue.  

The operation of non-equipped trains shall be characterized by the following as compared with CBTC-equipped trains.

25) Absolute blocking of trains based on the location of the wayside signals specified in Section 4.1.3.1.2: shall be enforced.  When routes are verified in accordance with Section 4.1.3.2: and are clear to the next wayside signal, “Absolute Normal” and “Absolute Diverging” aspects shall be displayed for normal and diverging routes, respectively.

26) Route locking shall be released when trains have entirely cleared the associated opposing wayside signal.

27) Highway crossings shall operate under the control of conventional fixed approach limits and conventional directional release shall be provided.

4.1.3.3:     ROUTE VERIFICATION

The System shall provide verification that routes at interlockings are safe for the passage of trains as a condition for authorizing trains movements over them.  Such verification shall include the following.

28) Verification that switches are positioned properly and mechanically locked as verified by switch mechanism circuit controllers

29) Verification that no movements have been authorized over conflicting or opposing routes

Each individual switch shall be considered as being independent, even if it is part of a conventional crossover configuration.  Switch position verification shall be necessary only for those switches involved in the actual route.

Route verification shall also be applied to the territory between interlockings to provide the equivalent of conventional traffic locking.

4.1.3.4:     ROUTE BYPASS

The System shall provide a function that bypasses the interlocking route verification specified in Section 4.1.3.2: so that trains may be operated when that function has failed.  This function shall be available either via Jamaica Central Control specified in Section 4.1.9.3: or via the Alternate Supervisory Control System specified in Section 4.1.9.4:.  This bypass function shall enable the display of a “Proceed” aspect on the wayside signals specified in Section 4.1.3.1.2:.  Simultaneously, the system shall display a message on the Engineer’s display specified in Section 4.1.7.3: indicating the specific route being authorized and shall enforce a maximum speed of 15 MPH.  The System shall ensure that movements over routes conflicting with the one being authorized through this function are inhibited to the maximum extent possible given the nature of the failure.

4.1.3.5:     POSITIVE STOP

The System shall provide a function whereby CBTC equipped trains will not be permitted to proceed past the entrance point of a route that has not been verified as described above.

4.1.3.6:     ROUTE LOCKING

The System shall provide that all the positions of all switches involved in a route shall not be permitted to be changed while being traversed by a train.  Sectional release functionality shall be provided whereby all switches shall be released immediately after the rear end of a train passes beyond the fouling point of the switch.  Route locking for each individual switch shall be considered as being independent, even if it is part of a conventional crossover configuration.

4.1.3.7:     APPROACH LOCKING

The System shall provide that the positions of all switches involved in a route shall not be permitted to be changed while being approached by any train that is less than safe stopping distance at full service brake rate from that switch.

The System shall provide for the automatic release of route locking when the corresponding logical signal is cancelled and all trains approaching that signal can be brought to a stop at the full service brake rate.  Such canceling of any signal shall be reflected in the engineer’s display specified in Section 4.1.7.3:.

4.1.3.8:     SWITCH LOCK BYPASS

The System shall provide a function which bypasses the interlocking route locking and approach locking specified in Sections 4.1.3.6: and 4.1.3.7: respectively so that switches may be operated when those functions have failed.  This function shall be available either via Jamaica Central Control specified in Section 4.1.9.3: or via the Alternate Supervisory Control System specified in Section 4.1.9.4:.  The System shall ensure that before these functions may be invoked, that all train movements over the affected switch are inhibited to the maximum extent possible given the nature of the failure.

4.1.3.9:     DIVERGING ROUTE SPEED ENFORCEMENT

The System shall enforce reduced allowable speeds due to diverging routes at interlockings.  These speeds shall be determined by the physical geometry and switch position of the switches involved.  These speeds and shall not necessarily be limited to the discrete speeds enforced by the existing wayside and cab signal Systems or operating rules. This enforcement shall be accomplished through the onboard interface specified in Section 4.1.7.2:. The braking criteria upon which this enforcement shall be based shall be as per Section 4.1.7.1:.

4.1.4:     CIVIL SPEED ENFORCEMENT

The System shall enforce reduced allowable speeds imposed by the physical geometry of the track at all points along the right-of-way.  This enforcement shall be accomplished through the onboard interface specified in Section 4.1.7.2:. The braking criteria upon which this enforcement shall be based shall be as per Section 4.1.7.1:.

4.1.5:     TEMPORARY SPEED RESTRICTION ENFORCEMENT 

The System shall enforce reduced allowable speeds as may need to be applied manually in response to various operating conditions that are not inherently detected by the system.  These shall be initiated through the supervisory control function described in Section 4.1.9:.  This enforcement shall be accomplished through the onboard interface specified in Section 4.1.7.2:. The braking criteria upon which this enforcement shall be based shall be as per Section 4.1.7.1:.

4.1.6:     BROKEN RAIL DETECTION AND PROTECTION

4.1.6.1:     DETECTION

The System shall provide for the implementation of broken rail detection via one of the following options.

4.1.6.1.1:     INTEGRATED OPTION

Under this option, a complete broken rail detection subsystem shall be provided.  It shall be capable of detecting complete breaks in either rail including the stock and closure rails of turnouts.

This subsystem shall not require insulated rail joints.

The Vendor shall be responsible for integrating this subsystem into the System. 

4.1.6.1.2:     INTERFACE OPTION

Under this option, an interface to a broken rail detection subsystem shall be provided.  The subsystem itself shall be provided by the Railroad and shall be activated during Phase 3 as referenced in Section 2.2:.  The broken rail detection subsystem will cover finite sections of track in a manner similar to conventional track circuits, except that it will not detect the presence of trains.  Dry (unpowered), vital contact closures will be provided for each track section.  These will interface to the System at radio, crossing, interlocking and/or zone controller locations as required.

4.1.6.2:     PROTECTION FUNCTIONALITY

Regardless of the option for detection chosen above, the System shall provide for the automatic implementation of speed restrictions when broken rails are detected.  This protection shall consist of the following.

30) Restriction of the speeds of all affected trains to 15 MPH

31) Display of the broken rail condition on the Engineer’s display in accordance with Section 4.1.7.3:.

32) Application of the speed restriction only in the section in which the broken rail is detected, based on the capability of the broken rail detection subsystem specified in Section 4.1.6.1: to determine the limits thereof.

This enforcement shall be accomplished through the onboard interface specified in Section 4.1.7.2:. The braking criteria upon which this enforcement shall be based shall be as per Section 4.1.7.1:.

4.1.7:     ONBOARD FUNCTIONS

4.1.7.1:     SPEED ENFORCEMENT

The System shall enforce train speed based on the actual braking characteristics for each type or class of equipment.  The System shall have the ability to distinguish the braking characteristics of trains of varying length as well as those with mixed consists.

The System shall apply a continuously graduated brake application in response to the functions listed below after an adjustable time delay has expired.  The requested brake rate shall gradually increase if the required brake rate is not being satisfied.  The System shall provide variable parameters so that the degree of this graduation may be changed based on actual operations and circumstances. 

33) Train separation as specified in Section 4.1.1:
34) Near-side station stop preemption as specified in Section 4.1.2.3:
35) Highway crossing interruption as specified in Section 4.1.2.4:
36) Positive stop as specified in Section 4.1.3.5:
37) Diverging route speed enforcement as specified in Section 4.1.3.9:
38) Civil speed enforcement as specified in Section 4.1.4:
39) Temporary speed restriction enforcement as specified in Section 4.1.5:
4.1.7.2:     BRAKING SYSTEM INTERFACE

The System shall enforce all speed restrictions regardless of their source via a fail-safe, active interface to onboard braking systems.  The Vendor shall accomplish this by providing one of the following.

· An interface compatible with the existing onboard systems

· A complete functional replacement for the onboard braking system that meets Railroad specifications for the same and provides continued conventional cab signal functionality

4.1.7.3:     ENGINEER’S DISPLAY AND INTERFACE

4.1.7.3.1:     DISPLAY HARDWARE

The train engineer’s display shall consist of graphical color LCD display.  It shall be clearly readable in bright sunlight and shall be capable of sufficient resolution to display the information required.

In addition to providing the CBTC functions specified below, the display shall be designed to physically replace the existing cab signal module.  The display shall be designed to be readily installed in the existing space using the existing mounting method, and shall accept the same interconnections as does the existing module.  It shall provide the functional equivalent of the seven-aspect cab signal indicator, speedometer and cab signal test button.  When CBTC is active the display shall convey the associated information.  When CBTC is not active, it shall display conventional cab signal and speed information.

4.1.7.3.2:     INFORMATION DISPLAYED

The expanded capabilities of CBTC make it necessary to display information regarding speed commands due to various conditions.  The required speeds associated with these conditions shall be known as “targets”.  The fundamental parameters to be displayed shall include the following.

40) Actual speed

41) Target speeds

42) Distance to target

43) Type of target

44) Brake rate required to comply with most restrictive target

45) Route established at next interlocking

46) Crossing preemption status

47) Nature of temporary speed restriction

4.1.7.3.3:     GENERAL DISPLAY CONFIGURATION

The engineer’s display shall consist of three major sections as follows.

48) Circular display for actual speed, most restrictive target speed and required brake rate

49) Linear display for distance to targets

50) Text information display

The following figure sets forth the basic configuration of the engineer’s display.

The following table relates the figure characteristics to their intended functions

DISPLAY SECTION
COMPONENT
FUNCTION

Circular


Solid arc
Actual speed


Large number



Dashed arc
Most restrictive target speed


Arrowed arc
Required brake rate to comply with most restrictive target

Linear
Left vertical line
Reference for train position


Number scale
Distance in miles


Circle/square symbol
Target positioned at relative distance from train


Number in circle
Target speed


Letter in square
Type of target:  T = train ahead, S = interlocking switch, R = temporary speed restriction, etc.

Text
--
Route at next interlocking, temporary speed restriction and crossing pre-empt information

The actual speed arc shall be colored based on the following conditions. 

CONDITION
COLOR

Actual speed is less than or equal to most restrictive target speed
Green

Actual speed is greater than most restrictive target speed and brake rate required to comply with most restrictive target speed is equal to or less than full service brake rate
Yellow

Actual speed greater than most restrictive target speed, brake rate required to comply with most restrictive target speed is greater than full service brake rate
Red

The required brake rate arc shall be scaled relative to the full service brake rate.  If conditions are such that the required brake rate to comply with the most restrictive target speed is equal to the full service brake rate, then the arc length shall extend the entire distance from the actual speed position to the target speed position.  If the required brake rate is less than the full service brake rate, then the arc length shall extend proportionately from the actual speed toward the target speed, but not reaching it.  Likewise, if the required brake rate is greater than the full service brake rate, then the arc length shall extend proportionately from the actual speed toward and beyond the target speed.

4.1.7.3.4:     HIGHWAY CROSSING INTERRUPTION AND RELEASE CONTROL

The engineer’s interface shall include separate controls for highway crossing interruption and release respectively so that the corresponding functions specified in Sections 4.1.2.3: and 4.1.2.4: may be controlled.

4.1.7.3.5:      APPLICABLE STANDARDS

The of IEEE Standard 1474.2 shall apply to the Engineer’s display and Interface except where the requirements specified herein conflict.

4.1.8:     TRAIN IDENTIFICATION AND INFORMATION

The System shall automatically and dynamically determine the following characteristics of all trains operating in the territory.

51) Lead locomotive or cab car number

52) Train length

4.1.9:     SUPERVISORY CONTROL

Supervisory control functions shall be provided as part of the System.  These may be implemented in non-vital manner and need not necessarily meet the requirements of Section 4.3.1:.

4.1.9.1:     REMOTE TERMINAL UNITS (RTU’S)

The System shall provide RTU’s located primarily at the interlockings for the purpose of interfacing to field equipment.

4.1.9.1.1:     COMMUNICATIONS PROTOCOL

RTU’s shall employ communications compatible with the Modicon Modbus communication protocol.

4.1.9.1.2:     FUNCTIONS

RTU’s shall provide interfaces for the following functions.

53) Signal control, indication and request status (for both logical and auxiliary wayside signals per Sections 4.1.3.1.1: and 4.1.3.1.2:)

54) Switch control, indication and request status

55) Train occupancy

56) Alarm monitoring and acknowledgement

4.1.9.2:     COMMUNICATIONS 

The supervisory control subsystem shall utilize the existing Railroad packet switch X.25 communications network.  The Vendor shall provide the following interface equipment for each RTU configured in the Railroad’s standard redundant configuration.

57) Modems (4 each):  Motorola model 49176-3512 CSU/DSU and part 49206-3512 Mini Nest or equivalent

58) Nodes (2 each):  Timeplex Synchrony model BNP-350 Branch Nodal Processor or equivalent

The Vendor shall be responsible for providing any additional components and any engineering necessary to provide an operational interface.

4.1.9.3:     SUPERVISORY CONTROL VIA JAMAICA CENTRAL CONTROL (JCC)

The supervisory control subsystem shall interface with the JCC system.  The Railroad will be responsible for implementing software and/or database development within JCC to provide all the functionality in the territory covered by the System.

4.1.9.3.1:     TRAIN MOVEMENT AND SCHEDULE COGNIZANCE

In conjunction with the train identification function specified in Section 4.1.8:, the System shall correlate lead locomotive/cab car numbers with train numbers.  Through its interface with the JCC system, the System shall obtain information regarding the schedule of each train.  In this manner the System shall be continually cognizant of the train number and scheduled stops for each train.

4.1.9.3.2:     TRAIN TRACKING

The System shall continually and dynamically update the progress of each train as identified by train number to the JCC system.

4.1.9.4:     ALTERNATE SUPERVISORY CONTROL SUBSYSTEM

An alternate supervisory control subsystem shall be provided as part of the System.  This shall utilize the same RTU’s provided for the JCC system specified in Section 4.1.9.3:.  It shall include one or more PC-based graphical workstations to provide master control and user interface functions.

4.1.9.4.1:     HARDWARE

The hardware for the alternate supervisory control workstations shall consist of industrial grade personal computers.  Monitors shall be 19-inch or larger flat-panel LCD displays. 

4.1.9.4.2:     SOFTWARE

The alternate supervisory control workstations shall be compatible with the Windows NT or Windows 2000 operating system.  The operator interface software shall be the FIX package by Intellution or equivalent.

4.1.9.4.3:     FUNCTIONALITY

The alternate supervisory control workstations shall provide the following functions.

59) Unit lever signal control, indication and request status (for both logical and wayside signal per Sections 4.1.3.1.1: and 4.1.3.1.2:)

60) Unit lever switch control, indication and request status

61) Train occupancy

62) Alarm monitoring and acknowledgement

This functionality shall be implemented in a manner similar to that of the existing control system at the Railroad’s Brook Interlocking.

4.1.10:     TRAIN DOOR OPENING VERIFICATION

The System shall inhibit the opening of train doors on the C-3 cab cars and coaches when they are not aligned adjacent to a station platform.  This shall be done independently on a per door basis.  A provision to override this function shall be included on an individual car basis. 

4.1.11:     EVENT RECORDING

The System shall provide event recording capabilities on a continuous basis for a period of not less than 72 hours.  The functions to be recorded shall include but not necessarily be limited to the following.

63) Train movement information 

R) Train number (via JCC as specified in Section 4.1.9.3: if active)

S) Engine number

T) Location

U) Speed

V) Brake rate

W) Control settings

64) Interlocking functions (per FRA regulations)

X) Signal requests and status

Y) Switch requests and status

Z) Switch locking

AA) Route locking

AB) Approach locking

65) Highway crossing functions

AC) Activation  (per FRA regulations)

AD) Warning time (per FRA regulations)

AE) Preemption and interruption

66) CBTC equipment status

AF) Onboard equipment

AG) Wayside equipment

These functions may be implemented through a combination of onboard and wayside equipment or subsystems.

4.1.12:     AUTOMATIC TRAIN OPERATION (ATO)

The System shall provide for Automatic Train Operation (ATO).  The requirements of section 6.2 of IEEE Standard 1474.1 shall define the ATO requirements of the System, except where these conflict with other requirements specified herein.

4.1.13:     VOICE COMMUNICATIONS

The System shall support six channels for voice communications for between trains and the following.

67) Jamaica Central Control (JCC)

68) Alternate Supervisory Control System office location

69) Wayside mobile units

70) Other trains

Such voice communications shall utilize the same communications network, radios and equipment as for the other CBTC functions specified herein.

4.1.14:     DIAGNOSTICS

The System shall report all diagnostic information as specified in the following subsections to either Jamaica Central Control (JCC) or the Alternate Supervisory Control System office location.

4.1.14.1:     SYSTEM DIAGNOSTICS

The System shall be capable of generating diagnostic information related to failures of System components to aid troubleshooting and to maintain operations.  These diagnostics shall identify and isolate failures to specific modules as specified in Section 4.2.5.2:.

4.1.14.2:     EQUIPMENT FLEET DIAGNOSTICS

The System shall support the communication of diagnostic information related to the equipment fleet including, but not necessarily limited to, the following.

71) Propulsion system

72) Traction motors

73) Braking system

74) Doors

75) Air conditioning

76) Auxiliary power

4.2:     DESIGN REQUIREMENTS

4.2.1:     RADIO COMMUNICATIONS

The System shall employ radio frequency (RF) communications to provide vital bi-directional information transfer between equipped trains and wayside equipment.  This shall employ spread-spectrum technology to ensure reliable and secure communications.  Discrete radio units shall be installed on the fleet and at specific points along the wayside.  The use of feeder cables for wayside RF propagation shall not be permitted. Radio frequencies shall reside within one of the following bands:

· 902.0 - 928.0 MHz (L Band)

· 2400.0 - 2483.5 Mhz (S Band)

· 5725.0 - 5850.0 Mhz (C Band)

4.2.2:     TRAIN POSITIONING

Train position determination shall be performed on a continuous and dynamic basis.  The technologies to be applied may consist of, but not necessarily be limited to, the following or combinations thereof.

· Beacons and readers

· Ranging radio

· Global Positioning System (GPS)

· Inertial guidance

4.2.2.1:     END-OF-TRAIN POSITIONING

The System shall determine the location of the rear end of all trains on a continuous and dynamic basis including cars, particularly common-carrier freight cars, that are not permanently equipped with CBTC.  This may be accomplished by one of the following approaches.

· Provision of portable devices similar to the current industry standard end-of-train devices that monitor air brake line integrity.

· Provision of additional wayside detection equipment, such as wheel detectors, at points where train consists can change during the course of operations.

4.2.3:     WAYSIDE COMPONENTS

4.2.3.1:     ZONE CONTROLLERS

The System shall include the zone controllers indicated in LIRR Drawing L5-WL-02 to be installed along the wayside for the purpose of processing train movement information for all trains within each zone and for those moving to/from adjacent zones.  Multiple wayside spread-spectrum radio transceivers shall be provided along the right-of-way at regular intervals.  These shall each be interconnected with and controlled by one of the zone controllers so as to provide train/wayside communications.

4.2.3.2:     INTERLOCKING CONTROLLERS


The System shall include microprocessor-based interlocking controllers as indicated in LIRR Drawing L5-WL-02 as “Y”, “PD 1/2/3”, “MS 1/2”, “SK 1/2”, “ND 1/2”, “SN 1/2”, “BH 1/2”, “HA”, “AG 1/2” and “MY 1/2”.  These shall interface with switch control and indication circuits, track circuits and signal control circuits provided by the Railroad in equipment huts.  These huts will provide spare space for the subsequent installation of the interlocking controllers.  The Railroad will also provide transfer circuitry between CBTC and conventional control for the switches and signals so that an efficient cutover may be performed with a minimum of disruption to operations.

These locations will be equipped by the Railroad with vital microprocessor-based control systems which the Vendor may elect to either replace or utilize as part of its CBTC design. 

4.2.3.3:     HIGHWAY CROSSING CONTROLLERS

The System shall include microprocessor-based interface and control equipment for all highway crossings.  This equipment will be housed in Railroad-supplied signal huts at each highway crossing location.  The interface shall be implemented through the control of Railroad-supplied vital crossing control relays and the monitoring of the contacts of Railroad-supplied vital crossing normal relays. 
4.2.3.4:     COMMUNICATION LINES

Railroad-supplied fiber optic lines will be provided to provide the interconnections between adjacent zone controllers, interlocking units, and crossing controllers as well as between each radio transceiver and its associated zone controller.  Auxiliary communication facilities will be provided by the Railroad between zone controllers for the purpose of providing redundancy.

4.2.4:     ONBOARD COMPONENTS

The System shall include microprocessor-based controllers to provide onboard CBTC functionality.  These will be mounted in specified spaces on the C-3 cars and the DE/DM-30 locomotives located above floor level.

4.2.5:     HARDWARE

4.2.5.1:     COMMERCIAL OFF-THE-SHELF EQUIPMENTtc \l3 "COMMERCIAL OFF-THE-SHELF EQUIPMENT
System hardware shall employ, to the extent practical, commercial off-the-shelf (COTS) equipment for the purpose of reducing development costs, time and risk; increasing reliability and ensuring the long-term availability of replacement components.

4.2.5.2:     MODULARITY

Equipment shall be modular so as to facilitate troubleshooting and maintenance.  Modules shall be such that they are easily replaceable without requiring the use of special tools.  They shall also be clearly marked to avoid the installation of incorrect modules.  Various functions shall generally be implemented in separate modules so as to further support the isolation of failures to a particular unit.

4.2.5.3:     MICROPROCESSOR EQUIPMENT

Vital microprocessor-based equipment shall be employed as part of both the wayside and onboard subsystems to provide the functionality specified herein.

4.2.6:     SOFTWARE

The Vendor shall meet the following requirements with respect to software development in the  phases cited below including the listed standards of the Institute of Electrical and Electronics Engineers (IEEE).

REQUIREMENT
IEEE

STD.
SOFTWARE PHASE



1
2
3
4
5
6
7
8

Requirements specification
830
X




R



Development Plan
1058
X
R
R
R





Design Description
1016


X


R



Quality Assurance Plan
730
X

R






Configuration Management Plan
828
X

R






Verification and Validation Plan
1059

X
R
R





Verification and Validation Report
1012




X




Req’s Verification Traceability Matrix

X
R
R
R





Acceptance Test Plan
829

X
R
R
R




Acceptance Test Procedure Specification 
829



X
R




Acceptance Test Incident Report
829





X



Acceptance Test Summary Report
829





X



Safety Critical Software
1228
X








Safety Verification Plan
1483
X
R
R
R





User Manual
1016/1063



X
R

R


Maintenance Plan
1219

X
R
R
R


R

Reliability
982




X




(Key:  X - Initial Release   R - Revision)

SOFTWARE PHASE
DESCRIPTION

1
Requirements Analysis

2
Preliminary Design

3
Detail Design

4
Development

5
Integration and Testing

6
Acceptance and Verification

7
Installation and Delivery

8
Maintenance

4.3:     PERFORMANCE REQUIREMENTS

4.3.1:     FAIL-SAFETY

Unless specified otherwise, all System functions shall be implemented in a fail-safe (vital) manner that meets the requirements set forth in the following subsections. The Vendor shall submit the specific methodology to be applied in meeting these requirements, including conformance to related standards.

4.3.1.1:     IDENTIFICATION OF HAZARDS

The following identifies the hazards against which the fail-safety of the System must protect.

77) Train permitted to operate at a speed higher than intended due to any of the following conditions:

AH) Another train ahead

AI) Civil speed restrictions

AJ) Temporary speed restrictions

AK) Absence of interlocking route verification

AL) Interlocking diverging route speed restrictions

78) Interlocking switch unlocked under any of the following conditions:

AM) Train movement authorized over the switch (the equivalent of a signal being cleared)

AN) Train movement in progress approaching the switch within safe braking distance at the train’s current speed

AO) Train movement in progress over the switch at any speed or stopped

79) Highway crossing not actuated upon the approach of a train or while being occupied by a train

4.3.1.2:     HAZARD PROBABILITY

The maximum allowable probability that any of the hazards identified in Section 4.3.1.1: will occur shall be:

1.0 x 10-8 (0.00000001) per “at-risk” hour.

This probability shall apply to each train, each interlocking switch and each highway crossing.  Each train and each switch shall be considered “at risk” when any of the conditions specified in identified in Section 4.3.1.1: are present.

4.3.1.3:     SYSTEM ASSURANCE

The requirements of section 5.4 of IEEE Standard 1474.1 shall apply to the System.  The Vendor shall submit the specific methodology to be applied in meeting these requirements, including conformance to related standards.

4.3.1.4:     AVAILABILITY

The System shall have an availability of 0.999 as defined in section 5.4.2 of IEEE Standard 1474.1.  The delay threshold (tx) as defined therein shall be five minutes.
4.3.2:     TRAFFIC DENSITY CAPACITY

The System shall be designed to support the operation of multiple trains based on the traffic levels specified in Section 1.3.1.4.1:, multiplied by a factor of four.
4.3.3:     COMMUNICATIONS CAPACITY

The System shall provide a communications capacity corresponding to four times the level necessary to support the requirements specified herein.

4.3.4:     SPEED DETERMINATION ACCURACY

The System shall determine instantaneous train speed with an accuracy of plus/minus one percent or less.  This accuracy shall be maintained despite the presence of the following conditions.

80) Wheel slip

81) Wheel slide

82) Wheel diameter variation

4.4:     INTEROPERABILITY

The Vendor shall provide an interoperability specification of sufficient detail such that an alternate supplier may develop functionally equivalent systems that meet the following criteria.

83) Wayside subsystems provided by the Vendor must operate without degradation with onboard subsystems provided by the alternate supplier.

84) Onboard subsystems provided by the Vendor must operate without degradation with wayside subsystems provided by the alternate supplier.

85) Wayside subsystems provided by the Vendor must operate without degradation with wayside subsystems provided by the alternate supplier.

86) Onboard subsystems provided by the Vendor must operate without degradation with onboard subsystems provided by the alternate supplier.

4.5:     FRA COMPLIANCE

The System shall meet the requirements of Federal Railroad Administration 49 CFR Parts 234 and 236 including the currently pending Subpart H of Part 236.

The Vendor shall assist the Railroad in the preparation of its Railroad Safety Program Plan (RSPP) in accordance with including the currently pending Subpart H of Part 236.

The Vendor shall prepare a Project Safety Plan (PSP) for the specific design employed by the System in accordance with all applicable regulations including, but not limited to, the currently pending Subpart H of Part 236.

4.6:     TRAINING

The Vendor shall conduct a detailed, comprehensive training program for Railroad personnel.

4.6.1:     TRAINING CATEGORIES

4.6.1.1:     DESIGN TRAINING

The Vendor’s training program shall accommodate the training of 12 individuals in the area of System design focusing specifically on site-specific applications and database revisions. It is not the intent to focus this training the internal operation of System.  These individuals shall be trained for a number of hours as required to become proficient in these specific skills.

4.6.1.2:     MAINTENANCE TRAINING

The Vendor’s training program shall accommodate the training of 72 individuals in the area of System installation, testing and maintenance.  The training shall be divided into groups of 12 employees, who will be trained for the number of hours required to become proficient in these specific skills.  This training shall include material on any specialized test equipment required for all installation, testing and maintenance tasks.

4.6.2:     LESSON PLANS

A lesson plan shall be developed and submitted for each unit of instruction, whether conducted in the classroom or field, and shall include the following:

· Student prerequisites, including Railroad craft or job category

· Learning objective

· Lesson summary

· Material covered

· Time frames for instructional units of the lesson

· Lists of training aids and other training technology

· Set-up time and lists of equipment for hands-on sessions

· Instructor preparation

· Student preparation

· Evaluation of students (tests)

· Student application of material

· Student assignments

4.6.3:     PERFORMANCE 

All training shall be performed on Railroad property.  The Railroad reserves the right to videotape all classroom and field instruction.  All instructional aids and training technology such as software and overhead projection panels used in the presentation of the training program shall be furnished to the Railroad upon completion of the program.
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