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CONTROL SYSTEM OUTLINE

I.
CONTROL SYSTEM DESIGN CRITERIA

A. Adaptability

1. Changing traffic conditions

2. Changing wind conditions

3. Fail-Safe Occurrences

4. Demand Responsiveness

B. Capacity

C. Ride Comfort

D. Expandability

E. Fail-Safe Design

F. Fault Tolerance

II. Safety

A. Stressful Conditions

B. Malfunctions

1. Failure Detection

2. Regaining and Maintaining Safe State

3. Minimizing cascading safety risks

C. Fault Detection/Fault Tolerance

D. Fail-Safe Attributes

Interruption of propulsion command

1. Emergency Braking

2. Vehicle Location Signal

3. Safe Path Signal

III. Functional Requirements

A. Maneuver Profiles

1. Acceleration

2. Deceleration

3. Station advance

4. Slot slipping

5. Line speed change

VEHICLE CONTROLLER

The vehicle controller controls the longitudinal motion of the vehicle by commands to the propulsion motors based upon line speed and maneuvering commands dictated from wayside and vehicle position and velocity sensing.  The vehicle controller also controls switch operation, barking, opening and closing of doors, vehicle-to-vehicle coupling, HVAC, communications and fail-safe actions in response to failures.  The vehicle controller includes the following components:

· Microprocessors

· RF modems and antennas

· Incremental position encoders and tachometers

· Actuators and position sensors for doors, the switch, the auxiliary brake, and the vehicle-to-vehicle coupler

· Heat, smoke, and built-in test sensors

· Low voltage power controller

Except for the microprocessor which is installed in the cabin, the vehicle controller components may be installed on the chassis.

SYSTEM CONTROL

The control system element consists of software, computers, communications networks, central displays, vehicle drive motors, sensors and actuators which function such that automatic GRT system performance requirements in terms of service, capacity and safety can be met.  The subsystems and components of the control system physically reside on the vehicle chassis, in the guideway, in the stations and at Central Control.

The system control is based upon a quasi-synchronous control concept with the point follower principle involving a system of virtual slots which move along the various lines of the network at the nominal speed defined for each line, with overall network synchronization of slot positioning and movement, and with the vehicles operating within discrete slots.  The slot size is equal to the length of the vehicle plus the minimum allowable separation distance between adjacent vehicles.  In this approach, traffic situations are controlled enroute with the vehicles being capable of maneuvering upon command from one discrete slot to another as necessary to resolve conflicts.  The quasi-synchronous concept involves a hierarchical architecture of fault tolerant, fail safe control computers which are physically distributed throughout the system.  This distributed control system allows.

· The implementation of control decisions at the lowest hierarchical level possible

· Sufficient top down system coordination to achieve quasi-synchronous vehicle control

· The division of the control function into manageable proportions

· The GRT system to be modularly expandable

There are four types of controllers used in this control system concept:

· Vehicle controller


· Zone controller
-
Slots

· Station controller
-
fare collection

· Central controller
-
origin & destination – tracks demand

The vehicle longitudinal control, switching, braking, and door open/close functions are performed by onboard vehicle controllers.  Local traffic operations are under the direction of zone controllers, one for each physical network element or zone such as a line segment, a merge/diverge section or a station siding.  Station controllers are used to coordinate passenger access to and from vehicles and to convey trip destination to the vehicles.  Functions which have overall network implications, such as empty car dispatching, traffic congestion avoidance, vehicle maintenance scheduling, and corrective action management in event of failure, are handled by a central controller and operations personnel at Central Control.

The vehicle controller is in the computer on board the vehicle.  For each station, its station controller and zone controllers, which control the zones clustered about that station reside in a single wayside computer installed in the station.  The central controller and its display and control consoles will be located at Central Control which is part of the Maintenance and Control Facility.  There are four top-level applications software configuration items – one for each functional controller.

Fault tolerant local area networks are used to provide full time communications among the zone controllers, station controllers and central controller.  The networks will use standard topology protocol, and fiber optic cables.  A specialized form of local area network is used to connect a zone controller with the vehicles in its zone.  This network will use close coupled radio frequency transmission vial slotted coax cable in the guideway.

