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1. Introduction

This document is the Traffic Operations Plan for the Massachusetts Highway Department (MassHighway) Regional Traffic Operations Center (RTOC).  The primary objectives of the RTOC, which will cover the greater Boston metropolitan area, are the following:

· Improve safety by warning drivers approaching slow or stopped traffic, reducing the number of incidents.

· Maximize capacity of the region’s roadways by managing recurrent and non-recurrent congestion.  

· Facilitate coordination with emergency management services, including the Massachusetts Emergency Management Agency (MEMA), the State Police, and local city emergency services.  

· Provide information and support for the dissemination of real-time traveler information to the public.

The high-level intent of the RTOC central software subsystem is to achieve these goals, and the purpose of this document is to define the proposed logic and functions of the traffic operations portion of the central software.  This document will therefore serve as the basis for the software functional design that will follow in a later task.  

Section 2 of this document summarizes the current existing traffic operations of the RTOC.  Section 3 presents the recommended traffic operations that will form the basis of the central software for the RTOC.  These traffic operations are based on the existing IBI Group Traffic Management System (TMS) software application, with consideration of the existing MassHighway practices (reviewed in Section 2) and the requirements of Request for Response (RFR) and MassHighway/IBI Group contract.  A glossary of terms and acronyms used in this document can be found in Appendix A.

2. Existing Operations

It is essential that the existing operational procedures followed at the interim RTOC be understood in order to recommend traffic operations principles and procedures that will form the basis of the software to be developed.  This information has been obtained from documentation of current procedures provided by MassHighway and from meetings with MassHighway operations personnel.

Based on the material provided and the meetings, a number of flow diagrams have been developed that trace the RTOC’s operations through the various stages of RTOC response to events.  It should be noted for the purpose of this summary, events include:

· accidents;

· disabled vehicles;

· road debris;

· weather incidents;

· HOV activities;

· planned and unplanned construction activities; and

· any other incidents that may affect traffic.

The following sub-sections explain the various stages of events and include the corresponding flow diagrams.  The different interfaces represented in the diagrams include:
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2.1 Detection

The first stage of an event for the RTOC is to detect that an event has occurred or is active.  The flow diagram shown in Exhibit 2.1 illustrates the different sources available to the RTOC to detect an event.  In addition, the exhibit identifies the interfaces to the different sources.

Exhibit 2.1:  Existing Event Detection Process
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Of the events currently detected by the interim RTOC, which has extremely limited surveillance capabilities, approximately 95% are reported to the RTOC by the State Police through a direct telephone interface.  The State Police may directly detect these events while patrolling the highways, or they may be notified of these events by motorists or other individuals.  The remaining 5% of events are detected by other sources, including motorists, SmartRoutes, and MassHighway personnel, as explained below.  The RTOC typically receives 75-100 calls per day notifying it of events.   

Motorists can provide information regarding accidents, disabled vehicles, and roadway debris using the *SP and *321 (Project Clean) cellular services.  *321 reaches the RTOC directly but is not frequently used by the public.  *SP accesses the State Police, who can take action and relay any applicable information to the RTOC.  If a motorist dials *SP for an incident that does not require State Police involvement (e.g. debris in the road), the State Police may instead redirect the caller  to the RTOC.  

There is also the (800) 227-0608 phone number that can be used to provide incident information to the RTOC.  Cities, towns, Emergency Management Services, and local police and fire services normally use this number.  While motorists may also use this number, the telephone number is not publicized and therefore rarely used by the general public.

SmartRoutes, which can detect incidents by means of its cameras or its reporting units, informs the RTOC of events that it detects using their telephone and Nextel interfaces with the RTOC.  This is the most significant source of event detection other than the State Police.  

The MassHighway personnel and the HELP Vans can also detect incidents while they are out in the field, and they inform the RTOC of these events through their radio and Nextel interfaces.

There is communication between the District Offices and the RTOC regarding traffic events.  At times, the Nextel and telephone interfaces are used to inform the RTOC of significant events and to coordinate responses.  In addition, the District offices will fax Urgent Matter Reports to the RTOC for applicable events.  The district offices also fax Construction Reports that summarize planned construction activities.  On rare occasions, District Offices will receive notification of an incident by local police and will report this to the RTOC.

The RTOC receives forecasts and advisories from the National Weather Service via a subscription fax service.  These faxes inform the RTOC of weather-related events that may require RTOC response.  Forecasts are received four times a day during the winter and three times a day during the rest of the year.  Advisories are sent by the Weather Service when appropriate, updating the status of current or impending weather events.

TOC operators can also detect incidents themselves while viewing the CCTV cameras that are deployed in the surveillance area.  RTOC operators are also aware of the HOV activities (which are considered events because operational responses are required) that occur at regular times during the peak periods.

Currently, the RTOC does not have any Automatic Incident Detection software processing their vehicle detection data to detect the occurrence of traffic events and alert the operators.

2.2 Confirmation

Once the RTOC is aware that there is a possible event, prior to implementing any response, the occurrence of the event must be confirmed and an initial assessment is made.  The initial assessment of the event includes a precise location, description, severity, required response (i.e. police, fire, ambulance, MassHighway field personnel, etc.), and potentially an estimate of the duration of the event.

It should be noted that an event detected by the RTOC operator (via CCTV) or by State Police, MassHighway personnel, or HELP Van personnel (in the field) is considered verified, and these sources provide the initial assessment information.

The flow diagram shown in Exhibit 2.2 illustrates the methods/sources available to the RTOC to verify and assess an event.

Generally when the RTOC is informed of an unconfirmed event, the State Police are also aware of it and have dispatched personnel to investigate.  Once the Police have arrived and assessed the situation, the RTOC may be contacted via the direct telephone line with the confirmation, event details, and any required response.  Typically, however, the State Police only contact the RTOC when they require resources of MassHighway, such as field equipment or VMS messages.  

In some cases, either MassHighway or HELP Van personnel will be the first on the scene and will provide confirmation and event information (location, description, response, etc.).  Particularly in the case of construction activities, MassHighway field personnel can provide confirmation of when the construction work commences and specific details regarding the work.

If there is a MassHighway CCTV camera in the vicinity of a detected event, the RTOC operator can use the CCTV to view the event and assess its severity and the required response.

Exhibit 2.2:  Existing Event Verification Process
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2.3 Response

Once an event has been detected and confirmed, the RTOC operator must initiate the appropriate responses.  These responses can include:

Field response: dispatching field resources (e.g. police, emergency services, MassHighway personnel, HELP vans);

ITS response: using ITS infrastructure (e.g. Variable Message Signs) to advise and warn motorists of the event; and

Advisory response: notifying MassHighway contacts, other local transportation agencies, and external entities (e.g. SmartRoutes, Metro Traffic) of event information so that these parties can further disseminate the event information to the general public.

As an event evolves, the RTOC operator updates the different responses as required.  The following sub-sections examine each of the above responses as well as the response updating process.

2.3.1 Field Response

Based on the event assessment provided during the confirmation process, the RTOC operator may have to initiate some field response.  The flow diagram in Exhibit 2.3 illustrates the different field responses that may be required, and the methods by which these resources are dispatched.

If the State Police is unaware (or assumed to be unaware) of an event detected by the RTOC and if State Police or EMS response is required, the RTOC contacts the State Police using the direct telephone connection.  The State Police then dispatch their own personnel and contact EMS to coordinate emergency response, if required.  The State Police can also contact HELP Vans to request their services, or the HELP vans may be dispatched from the RTOC.  In the cases where the State Police are already aware of the event and are on the scene, the State Police independently coordinate the incident response.  

After the State Police has been notified, the RTOC contacts the MassHighway district foreman (CS III), who coordinates the response of MassHighway personnel.  The foreman may need to dispatch field personnel to help with event management, such as for HOV activities, road debris, and construction activities.  For major events it may also be necessary for the RTOC to contact other district offices for additional field support in the form of personnel and/or equipment.  

Exhibit 2.3:  Existing Field Response Process
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2.3.2 ITS Response

Once any required field responses have been initiated (or in parallel with this process), the RTOC operators implement ITS response plans.  The flow diagram in Exhibit 2.4 illustrates the different ITS resources available and the methods by which these resources are applied.

The primary ITS resources available to the RTOC are the different Variable Message Signs (VMSs).  The permanent and portable VMSs are used to provide advisory information to motorists, including information regarding the event location, description, and any suggested motorist response.  For example: “ACCIDENT, I-93 SOUTHBOUND, SEEK ALTERNATE ROUTE”.  The communication to the permanent signs uses leased telephone lines.  The communication to the portable signs is via Cellular Digital Packet Data technology (CDPD) which facilitates moving the signs to different locations, particularly for construction advisories.

Exhibit 2.4:  Existing ITS Response Process
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There are also specific VMSs deployed to provide motorists with advisory information for the Southeast expressway HOV operation (HOV VMS), and the RTOC operators control these signs during the HOV time periods.  Other signs that help to manage the HOV operations include Arrow Boards for the Southeast Expressway HOV lane and Blank-Out Signs for the I-93 North carpool lane.  These signs, however, are controlled either manually in the field (for the arrow boards) or by timers (for the blank-out signs), and are not controlled from the RTOC.  

In addition to MassHighway’s ITS resources, the RTOC operators may request that Smart Routes provide advisory information using their interactive telephone system and their website.

For major events, the RTOC operators may contact other local agencies, such as the Massachusetts Turnpike Authority and the Massachusetts Port Authority, to alert them to the situation and to request the placement of appropriate messages on their VMSs (see Section 2.3.3).  

2.3.3 Advisory Response

In addition to providing advisory information to the motorists through the use of available ITS equipment, the RTOC provides advisories to other agencies for them to pass on to the public.  The flow diagram in Exhibit 2.5 illustrates the different agencies that the RTOC contacts and the methods used to contact those agencies.

Exhibit 2.5:  Existing Advisory Response Process
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The RTOC faxes event information to the Commissioner and the Office of Public Relations.  The event information provided includes: location, description (type of event, estimated duration), severity, and what activities have been initiated to respond to the event.  This information is then used by the agencies to respond to inquiries from the media and the general public.

Similar information is provided to both SmartRoutes and Metro using telephone and Nextel communications.  These agencies then provide this information to the public via their various traveler information services (i.e. websites, audio text, etc.).

2.3.4 Event/Response Update and Logging

The previous processes were described for the initial response to an event.  However, throughout the lifecycle of an event, characteristics of the event and/or responses to the event may change.  Therefore, the same sources of information used for event detection and verification are used to provide current information to the RTOC operator regarding the characteristics of the event.  For example, field personnel on the scene of an accident may inform the operator as a lane is cleared or if the State Police choose to close the roadway.

If the State Police are coordinating the response on-site, they will contact the RTOC as the event progresses if they need further MassHighway resources, and the RTOC will contact or dispatch MassHighway field personnel as required.  

As the details of the event change, the RTOC will implement appropriate ITS responses and re-issue advisories (as described in the previous sections) to provide current information to motorists, the media, and the general public.

Once the event and its effects have cleared, the RTOC removes the ITS responses (i.e. messages and arrow control) and advises interested agencies (State Police, District Offices, Commissioner, Public Relations, SmartRoutes, and Metro) of the event’s clearance.

All incidents handled by the RTOC are logged by one of the operators.  All requests and actions taken are recorded, including a time and description of the event.  However because the State Police or district takes over coordination of the incident after being notified, the RTOC has a log only of calls and actions taken by the RTOC, not necessarily a log of the full incident response. 

3. PROPOSED Operations

The following sections summarize the recommended traffic operations that will form the basis of the central software for the RTOC.  These traffic operations principles are based on the logic used by the existing IBI Group software, with consideration for the current MassHighway operations as summarized in Section 2 and the requirements of the RFR and the MassHighway/IBI Group contract.

The RTOC will be comprised of a number of subsystems that provide detection, confirmation, and response capabilities.  The system will provide two levels of detection: automatic and non-automatic.  Automatic incident and queue detection is one of the many objectives of the RTOC software.  Vehicle detection stations (VDS) will provide volume, speed, and occupancy data that is input into detection algorithms to automatically detect incidents and queues.  Non-automatic detection will generally be achieved through information from the State Police, cell phone reporting, CCTV cameras, and patrols (Section 2.1).  Detection may also occur by information exchange through the proposed interfaces with three external systems: the State Police dispatch center, the Integrated Project Control System (IPCS) for the Central Artery/Tunnel (CA/T), and the MassHighway wide area network (WAN).  The scope and details of these interfaces will be determined in the System Integration Plan (Task 2).

The control center operators will use CCTV cameras to confirm and verify events, whether they were detected automatically or manually.  It should be noted that in the event that there is no CCTV coverage in the vicinity of the event, the event’s occurrence and information regarding the event can be confirmed by reliable sources in the field (i.e. State Police, MassHighway personnel, etc.).  Communication with these sources can be by radio, Nextel, telephone, or though the external system interfaces described above.

Section 2.3 detailed the current practices for the three forms of event responses: field, ITS, and advisory.  The proposed RTOC response plans also cover these three response types.

The RTOC system software will not significantly impact the existing operating procedures established for managing field response (as discussed in Section 2.3.1).  The operators will continue to contact dispatchers and field personnel primarily via voice communications, independently of the RTOC central software system.  Information exchange with the State Police dispatch center may also occur through the proposed system interface with the RTOC.  

The RTOC system software will provide ITS response by controlling the permanent and portable Variable Message Signs (VMSs) that are installed in key locations and that provide traffic advisory information to the motorists already on the road network.  The software will also control the portable VMSs that provide traffic control for the Southeast Expressway High Occupancy Vehicle (HOV) operations during AM and PM peak hours.

The RTOC system software will provide external advisory response by producing automated event notification, either via pager, email, or fax messages.  These notifications are for distribution to individuals or agencies that provide dissemination to a wider audience of the general public.  Final determination on what methods will be used will be confirmed in the System Integration Plan and the Software Functional Design Report (Tasks 2 and 4, respectively).  Information may also be disseminated through the system interfaces with the State Police, the CA/T IPCS, and the MassHighway WAN.

The traffic operations definition is based on a framework that consists of the detection of, confirmation of, and response to different types of problems encountered on the RTOC’s facilities.  The framework is illustrated in Exhibit 3.1 as a matrix.  The horizontal axis of the matrix represents basic traffic operations functionality associated with handling various types of traffic problems, such as events (including incidents, weather and planned events), and queues.  The vertical axis of the matrix represents functionality associated with problem detection, confirmation and response.  The detection functionality is further subdivided into automatic and non-automatic detection, and the response functionality is further subdivided according to response mechanism.

Exhibit 3.1:  System Functional Definition Framework
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The structure of the document generally follows the functional definition framework by filling in the cells of the matrix, where applicable.  Prior to proceeding with a detailed functional definition, Section 3.1 provides a practical illustration of how the RTOC would operate on a day-to-day basis.  The examples covered are intended to facilitate an understanding of the more abstract functional definition.

3.1 A Day in the Life of the System

The following narrative is intended to describe a “typical” day of the RTOC operations activities, for example Thursday, January 16, 2003. The narrative highlights the different features of the system and the various tasks of the operators, and demonstrates how people use judgment, procedures and institutional policies to work together with the software to optimize system effectiveness.

It is 7:30 in the morning on a winter weekday in 2003.  The three-person RTOC team, consisting of one supervisor and two operators, has already been on duty for an hour and a half.  So far it has been an incident-free rush hour, and commuter traffic is flowing smoothly.  The operators study their graphical display of traffic conditions throughout the highway network, looking for unusually high occupancies or any other evidence of trouble.  Occasionally, they look up to scan the rows of CCTV images, which have been preset to known trouble spots, in addition to having one of the operators cycle through every CCTV camera periodically to check system status. The Automatic Pager/Email/Fax subsystem sends out the scheduled notifications with a trouble-free report.

Minor Accident

It is now 11:30 in the morning. The RTOC operator responsible for the northern portion of the network is panning the camera over the I-93/I-95 interchange, while keeping an eye on the graphical display showing a map of the region and the current traffic conditions.

Suddenly, she hears an alarm from her console, and a flag appears on her graphical display on I-95 Southbound at Exit 33 (Route 3/3A, Burlington).  Based on the data received from the vehicle detector station at that point, the system has detected a potential incident and is waiting for confirmation from the operator.  (A map showing the incident location and the available ITS elements is shown in Exhibit 3.2.)

Exhibit 3.2:  Example Incident – Minor Accident
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The operator notes that the system has identified CCTV #21 (at Exit 33) as being in the best position to view the potential incident and has automatically switched her desktop monitor to that camera. She needs to slightly pan the camera manually to have a better view of the potential event location. She spots the source of the problem: two cars involved in a rear-end collision blocking the right-hand lane of the overpass, which has slowed traffic upstream.  The operator notifies the State Police of the problem via telephone and radios the HELP Vans to assist the motorists.

Using the incident dialog screens, the operator enters the incident details into the system, including the exact incident location and the lane blockage pattern.  The system then generates and presents to the operator the following VMS message, for display on the upstream VMS (#7):

	ACCIDENT

RT LANE BLOCKED

AT EXIT 33




The operator reviews the message and, deciding that it is appropriate, confirms the response.  The message is then sent to the VMS for display.  Because the incident is not major, the Automated Pager/Email/Fax notification subsystem is not activated. 

It is now 11:45 AM, and the growing mid-day volume has caused the queue to grow upstream from the incident.  The operator monitors the queue via the CCTV camera and inputs the location of the end of the queue into the system.  The system then suggests a new VMS message that reflects the presence of the queue:

	ACCIDENT

SLOW TRAFFIC

AT EXIT 33




This revised message is accepted and implemented by the operator.  Meanwhile, a tow truck has appeared on the scene and is in the process of clearing the incident.

It is now noon, the blockage has been cleared for ten minutes, and the queue is almost fully dissipated.  The operator judges that traffic will soon be back to normal, and removes the VMS message.  When the queue has completely disappeared, the operator officially terminates the queue management process and returns to monitoring the road network.

Road Maintenance/Planned Lane Closure

It is now 1:20 in the afternoon.  The operator responsible for the northern portion of the network hears an alarm from her terminal.  Yesterday, the RTOC received notification from District 4 maintenance that they intended to replace a failing lamp on the southbound side of I-93 just south of Roosevelt Circle at 1:30 PM. The information was entered into the event scheduler by an operator yesterday, and was reviewed by today’s operator at the beginning of his shift.  The system is now advising the operator that a planned event is about to begin and indicates the appropriate CCTV camera for monitoring the event.  The operator pans the system-suggested camera over to the specified work area so that she will be ready to invoke a response when the work crew appears on the scene.

At 1:25 PM, a maintenance truck arrives, escorted by a police car, and the crew proceeds to place traffic cones to close the right-hand lane. The operator informs the system that the planned event has begun ahead of schedule, and the system displays the suggested response, which is a pre-coded message to be displayed on the portable VMS upstream: 

	ROADWORK

RT LANE

CLOSED


	ROADWORK 

BEYOND

EXIT 33




The operator approves the message and then shifts the camera upstream of the lane closure to monitor traffic encountering the work area. The maintenance work is, of course, planned and carried out so as to cause the least disruption to traffic. Nevertheless, if traffic does start to back up, the operator and the system are prepared to treat this situation like any other lane-blocking event.  If other problems occur, the operator also has the ability to record the CCTV camera feed to videotape for future reference.  

At 2:00 PM, the operator receives notification from the District 4 foreman that the crew has completed its assignment and is ready to leave the site.  As the truck pulls away, the operator terminates the planned event, and the message is removed from the upstream VMS.

Severe Accident

It is now 4:30 in the afternoon.  The evening team has relieved the morning crew, and is currently monitoring the building afternoon traffic, when the operators receive an alarm at their terminals.  An operator sees a flag indicating a potential incident on I-95 northbound, just south of Route 9 in Wellesley.  Turning the suggested camera indicates a serious multi-vehicle accident blocking two lanes and a large backup developing. (A map showing the incident location and the available ITS elements is shown in Exhibit 3.3.)

He immediately picks up the phone and contacts the State Police dispatchers, supplying them with the information they need to respond quickly (such as event location, event type, and number of vehicles involved).  The State Police contact the EMS dispatcher to initiate emergency response.  The system prompts the operator for more information about the event, including the exact location and the lane blockage pattern.  The operator inputs this information, and the system generates the following message for display on the upstream PVMS at Central Avenue and prompts the operator for approval:

	ACCIDENT

RT LANE

BLOCKED


	ACCIDENT 

BEFORE

EXIT 20




Exhibit 3.3:  Example Incident – Severe Accident

[image: image8.wmf]VMS

VMS

CCTV

CCTV

CCTV

CCTV

PVMS

PVMS

L

O

O

P

S

L

O

O

P

S

X

Incident


Because the accident has been classified as severe, the system also suggests a message to be sent out via automated pager/email/fax subsystem. Once the operator accepts the suggested response, the subsystem sends notification to key MassHighway personnel and external agencies such as SmartRoutes.  

At 4:35 PM, two police cruisers and an ambulance arrive on the scene. The queue has grown rapidly, and the end of the queue is well out of camera range.  Soon after, the system alerts the operator that the tail of the queue has reached the detector station at Central Avenue.  Because the PVMS at that location is now within the queue (and therefore drivers do not need information about the tail of the queue), the system suggests the following message for the PVMS, which is accepted by the operator:

	SLOW TO 

BEFORE

EXIT 20




Now that the queue has developed, the system recommends using the VMS further downstream at Kenrick Street to display the following message, which the operator reviews and accepts:

	SLOW TRAFFIC

BEYOND

EXIT 19


	ACCIDENT 

BEFORE

EXIT 20


The operator is new on the job and is not yet comfortable dealing deal with traffic management during major accidents.  He asks his more experienced partner to take over the incident and releases ownership of the incident through the system.  The second operator takes ownership of the incident.  While awaiting a report from police at the accident site, the operator focuses his attention on the back of the queue, which is now visible from the CCTV camera at Highland Avenue (Exit 19).  Soon, the end of the queue has reached the Highland Avenue interchange, and the operator enters the updated queue location into the system.  The system then suggests revising the VMS message to the following message, and the operator accepts this revision:

	SLOW TRAFFIC

AT

EXIT 19


	ACCIDENT 

BEFORE

EXIT 20


It is now 4:50 PM.  The ambulance is leaving the scene with the injured, and the police are wrapping up their on-site investigation. The police instruct the tow trucks to remove the vehicles, and they request the maintenance crew to begin clearing the debris.  The operator continues to monitor the situation, paying particular attention to the queue-end, which has stabilized just upstream of Highland Avenue.  The VMS now displays:

	SLOW TRAFFIC

BEFORE

EXIT 19


	ACCIDENT 

BEFORE

EXIT 20


By 5:05 PM, the police notify the RTOC that the accident site is clear. The operator takes another look at the traffic situation using his graphics screen and CCTV monitor, and then terminates the incident.  However, a queue still remains, and the system revises the VMS message to reflect this:

	SLOW TRAFFIC

BEFORE

EXIT 19


	SLOW TRAFFIC 

TO BEFORE

EXIT 20


The system and the operator continue to manage the queue, now monitoring the upstream end as well as the downstream end, which is no longer fixed at the accident location.  When updated information is available, the system suggests revised messages for operator approval.  For example, when the detector station at Central Avenue/Elliot Street is clear, the system recommends removing the message from the PVMS at that location, as the sign is now beyond the queue. With no more detector stations within the queue, further queue updates are input by the operator based on the CCTV monitors.  Once the queue completely dissipates, the operator ends the event and the response is terminated.

Special Event (Hockey Game)

It is now 7:00 in the evening.  Most rush-hour traffic has cleared up when both operators hear an alarm from their terminals.  A night hockey game is set to start at the Fleet Center at 7:30, and the system is signaling that it is nearly time to begin traffic management for this planned event.

The operators focus their attention on incoming traffic and, when they deem it appropriate, inform the system that the planned event has begun.  The system calls up its pre-coded response specifically set up to handle Fleet Center events. The operators approve the response and then return to monitoring traffic, paying special attention to I-93 southbound in Charlestown where delays could be expected.

At 8:00 PM, the system notifies the operators that the event is scheduled to terminate now, and asks if the response should be terminated.  The operators take a final look at traffic in the area and decide that traffic has returned to normal.  They terminate the response and settle back to monitor traffic while waiting for the end of the game.

At 9:45 PM, the control center is notified by a State Police contact that the game is over and traffic is exiting the area.  The operators call up the response that has been coded for this planned event, which again includes special VMS messages. As before, the planned event response stays in effect until the operators determine that traffic is back to normal.

Once the planned event response is terminated, the team settles back to monitor traffic, awaiting the arrival of the night-shift operator to signal the beginning of another day in the life of the RTOC.

3.2 Basic Traffic Operations Functions

There are two basic traffic management functions that are typically handled by the RTOC central traffic management software: Event Management and Queue Management.

These functions relate to fundamental traffic problems addressed by the RTOC in achieving the primary goals of the system.  The RTOC encompasses both traffic management functions.  As illustrated in Exhibit 3.4, each of the functions involves data gathering and processing, automatic operator alerts, and operator-initiated and system-initiated response capabilities.  

Exhibit 3.4:  Traffic Operations Functions of the RTOC Central Software
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In many cases, both of the basic traffic operations functions are present and have a cause-effect relationship.  For example, a lane-blocking incident (handled by the event management function) may result in a queue (handled by the queue management function).  There are other situations, however, where the two functions can act independently, for example, a lane blocking event in the middle of the night under low traffic flow conditions, or a queue caused by recurring congestion.  Therefore, for a cleanly defined operational functionality, events and queues need to be independent functions.

3.2.1 Event Management

The event management function encompasses all functions associated with event detection, confirmation and response.  An event is defined as something which blocks or closes one or more lanes and/or shoulders on a road, or poses a safety hazard.  A blockage is a random occurrence, whereas a closure is an access restriction initiated by agencies such as Police or roadwork authorities.  Events can be planned (e.g., roadwork lane closure) or unplanned (e.g., incident, adverse weather conditions).  Full highway closures (planned or emergency) are special cases of planned and unplanned events.

3.2.1.1 Unplanned Events

Unplanned events include:

· Incidents; and

· Adverse weather conditions.

3.2.1.1.1 Incidents

An incident is an unplanned event that results in the blockage or closure of a lane and/or shoulder.  Incidents include accidents, vehicle breakdowns, debris on road, and unplanned roadwork. An incident can refer either to a point location (as in a collision), or to a range location (as in debris on the road or unplanned roadwork).

3.2.1.1.2 Adverse Weather Conditions

Weather-related conditions, such as fog or ice, may disrupt traffic or pose a safety hazard, but because of their nature cannot be treated as incidents.  From a spatial point of view, they typically affect traffic operations in a larger area and are not limited to specific locations or specific lanes.  From a temporal point of view, they may last longer than a typical incident.  If an event in this category is serious enough to cause traffic disruption, it is detected and responded to as an unplanned event.

3.2.1.2 Planned Events

This category includes events for which the operators have prior knowledge and which may generate intense but relatively predictable traffic flows such as:

· Sporting events;

· Planned maintenance or construction work; and

· Special events.

Planned events have different impacts on traffic depending on the:

· Type of event;

· Location of the event; and

· Time of day.

Capacity reductions as a result of ramp or lane closures, segment overloading as a result of event congestion (e.g. at the end of a sporting event), or planned diversions are all results of planned events.  These events may occur at one point on the highway (as in the event of maintenance on one lighting pole), or may cover a location range (as in the closure of an interchange-to-interchange highway segment, or construction work on a 500 foot segment of the shoulder).  The Southeast Expressway HOV lane operations also fall under the category of planned events.

3.2.2 Queue Management

Traffic queues form when the demand volume through a highway section exceeds that section’s capacity.  Whether the demand volume rises above roadway capacity (as during recurring congestion or special events), whether capacity is reduced (as during incidents and maintenance activities), or whether demand volume and capacity act together, the queue formation process and its effect on traffic are similar.  Consequently, the RTOC approach to queue management (i.e., all functions associated with queue detection, confirmation, and response) is the same regardless of what traffic condition resulted in formation of the queue.

From a conceptual standpoint, there are some differences between queues and events.  Queues are essentially the reaction of traffic to external stimuli (e.g., random or geometric capacity reductions relative to the traffic demand volume).  Events, on the other hand, represent the stimuli themselves that cause traffic reactions.  The difference in incident detection and queue detection algorithms is related to this distinction.  There is also a pronounced dynamic difference between queues and events.  Although there are exceptions (e.g., scheduled maintenance activities that move longitudinally along the highway, or short stable queues ending at an interchange), events are typically static and queues are typically dynamic.  As a result, queue management focuses on tracking the queue end.  These conceptual differences have driven the decision to discuss event management and queue management as two separate traffic operations functions.

Despite the conceptual distinctions, however, the functions and subsystems which are applied to managing queues are similar to those applied to event management.  For example, the declaration process for events and queues is very similar, and both events and queues require processes for updating and terminating the problem.  Therefore, in terms of software structure, it makes sense to group together events and queues.  The term “problem” is intended to encompass events (i.e., incidents, adverse weather conditions, and planned events) and queues.

3.3 Detection

A number of sources are used as inputs to the detection subsystem of the RTOC.  Because vehicle detector stations are not closely spaced, the system will rely heavily on manual detection methods.  These methods include detection via the CCTV subsystem (for problems within range of CCTV cameras) and through notification from outside sources, such as field personnel, the State Police, etc.  However, the system does have the capability for automatic detection, in which data from vehicle detector stations is monitored for potential problems.  The operators confirm system-detected problems through CCTV or outside sources, and the system generates a suggested response for implementation.  The response, once approved by an operator, is then disseminated through the field devices and the automated pager/email/fax subsystem.  An overview of system inputs for detection and the path for processing these inputs is presented in Exhibit 3.5.

Exhibit 3.5:  System Detection Inputs, Processing and Outputs
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Detection inputs are discussed throughout the course of this section, as they apply to unplanned events (incidents, adverse weather conditions), planned events, and queues.  Detection applies not only to the initial detection of a problem but also to the detection of updates to the problem status, including termination.  Automatic detection alarms must be acknowledged and “owned” by an operator, and more than one operator cannot own a problem.  However, the system allows the ownership of an incident to be relinquished by one operator and assumed by another operator.

3.3.1 Incidents

3.3.1.1 Automatic Incident Detection

All of the highway facilities covered by the RTOC are equipped with Vehicle Detection Stations (VDSs).  The majority of these VDS are paired inductive loops.  However, some of the VDS employ other technologies, such as microwave radar and lasers.  The VDS provide volume, speed, and occupancy measurements and also enable the derivation of average vehicle length data.  System users can view VDS data on the graphical user interface (GUI) as text data or graphically on a map.  

VDS data will be the main input to the Automatic Incident Detection (AID) System, which is comprised of algorithms residing in the central computer that use the real-time loop detector data to spot turbulence and anomalies in traffic flow that typically occur with incidents.  When the AID System detects a potential incident, it notifies the system operator with an alarm.

Because the existing detector stations on the highways covered by the RTOC are spaced very widely, it is likely that many incidents will be detected by manual methods before they are detected by the AID system.  Therefore, the non-automatic incident detection methods that are currently employed will continue to be essential to the operation of the RTOC.  The automatic system, however, can remain operational, as it may be valuable in detecting incidents in the area of the detector station.  In addition, the AID system will become more valuable with future expansion of the detection infrastructure.   

Another means of automatic incident detection would be through a potential interface with the Integrated Project Control System (IPCS) of the Central Artery/Tunnel, which monitors the roadways within that project scope.  As part of the interface, the two systems may exchange incident information.  Potentially, the IPCS system could provide RTOC operators with alarms and information regarding incidents detected by the IPCS.  

3.3.1.2 Non-Automatic Incident Detection

Section 2.1 provided a summary of the different non-automatic incident detection methods and sources available to the RTOC.  These methods include the following:

· Closed Circuit Television (CCTV) Cameras – The RTOC system will be equipped with CCTV cameras.  The cameras are linked to the control center, where they are routed through a video switch to be displayed on the video wall as well as at operators’ workstations.  Camera selection and movement to preset positions will be managed through the central software.  In addition, mechanical switching and full pan-tilt-zoom control will be available through camera control units linked to the communications network.

Even though the primary function of CCTV cameras for the RTOC will be to provide verification of problems, manual surveillance of CCTV camera images is expected to provide some incident detection capability.  Operating procedures will require operators to regularly and systematically cycle through all camera outputs.  Autocycle camera tours (i.e., sequencing a few seconds of each camera image on one monitor) can also assist operators in spotting incidents under conditions in which AID algorithms are less effective (e.g., very light or very heavy traffic) or before the algorithms have completed persistence checks.

· State Police/SmartRoutes – The State Police and SmartRoutes provide an important source of incident detection.  The establishment of formal agreements and standard procedures is important in the exchange of information with these agencies, in order to promote cooperation among agencies and to ensure that incident detection details are being communicated in a timely, accurate, and efficient manner.  The reciprocal distribution of information from the RTOC to these agencies may provide an incentive for external agencies to share information with the RTOC operators.

· HELP Vans/Field Personnel – The HELP vans and MassHighway personnel in the field are expected to provide some degree of incident detection.  These patrols drive along the highway and are thus able to spot incidents as they approach them and report them directly to the RTOC operators through radio.  Again, procedures should be in place so that the dialog between an operator and a patroller is comprehensive and efficient.

· External Agencies – External agencies, such as the District Offices and local emergency services, may provide a supplementary level of incident detection.  Information from these agencies will generally be received by telephone, and therefore it is essential to have set questions that prompt the operator to obtain from callers necessary information about the incident for input into the system.

3.3.2 Adverse Weather Conditions

3.3.2.1 Automatic Weather Detection

MassHighway currently operates an IceCast weather alert system out of their Arlington depot.  The central IceCast server gathers relevant weather details from 11 individual weather stations located at key positions along Route 128/I-95 and I-93. The IceCast server can be configured to send weather details and alarms to remote systems such as the RTOC.  Software running in the RTOC will parse the weather information, looking for the presence of adverse conditions that may pose hazard to the motorists. All detected adverse conditions will be presented to the RTOC operator as a potential Weather Incident.

3.3.2.2 Non-Automatic Weather Detection

Non-automatic detection of adverse weather condition events occurs through:

· Weather forecast and advisory faxes received from the Weather Service; and

· Information from the State Police or MassHighway field personnel (see Section 3.3.1).

· Operators using CCTV cameras (see Section 3.3.1) to occasionally spot problems.

In addition, an IceCast terminal will be available in the RTOC for operators to view the state of the system manually.  

3.3.3 Planned Events

Theoretically, planned events can be “detected” well in advance of their actual occurrence.  The primary means for advance detection of planned events is non-automatically through external agencies (see Section 3.3.1) via email, web site, telephone, fax, regular mail, courier, etc.  As with other external agency interactions, it is important that formal agreements and procedures be in place for transferring information, to optimize timeliness, accuracy, comprehensiveness, efficiency, etc.

In addition to the advance detection, some means of detecting that the event is actually commencing is required.  Again, this is typically non-automatic and could involve:

· Contacts with external agencies (e.g., road maintenance crews, special event generators);

· Manual detection using CCTV cameras (see Section 3.3.1);

Planned events can have more than one response stage, including a stage that takes place before the start of the actual event (e.g., notifying motorists of a future highway closure).  A planned event stage can be triggered at a specific time (e.g., 24 hours prior to the start of the event) or by a specific occurrence (e.g., the end of a basketball game).  The detection process applies to both stages of a planned event.  The system notifies operators of a time-driven event stage through an alarm, which can be offset by a user-specified time interval (e.g., alarm is given 15 minutes prior to the scheduled start of an event stage).  The system can also be set up to notify the operator with an alarm corresponding to the expected time of an occurrence-driven event stage.

3.3.4 Queues

The key to queue management is to be continually aware of the location of the back or end of the queue, so that it can be communicated to drivers approaching it so that they adjust their manner of driving, as well as allowing drivers further upstream to help them make informed route decisions.  In addition, information on the front or head of the queue is also important to obtain an indication of queue length, and once again to enable informed route decisions.  While the queue head is often static, e.g. tied to an event location, it can also be dynamic, for example when a blockage is suddenly cleared and a shock wave results.

Queue detection involves detecting the presence of a queue and defining the queue end and queue head locations.  As with incident detection, queue detection can be automatic or non-automatic.  Automatic queue detection involves obtaining input from VDS (see Section 3.3.1), processing it through an Automatic Queue Detection (AQD) System, and notifying the operator through an alarm. Similar to the AID System concept, the AQD System is comprised of algorithms residing in the central computer that use the real-time VDS data to spot turbulence and anomalies in traffic flow that typically occur with queues.  

Alarms for queue end or queue head updates are tied to user-specified geographic markers linked to field device response (see Section 3.5.2.1.4).  For example, if the queue end grows upstream of an interchange, the Variable Message Sign message changes to reflect the new queue end location, and the operator is informed that the system has detected an update in queue status requiring this response.  If desired, additional queue end/head alarms can be triggered based on a minimum queue length growth threshold (e.g., every time the queue grows a fixed number of kilometers) and/or a minimum time threshold (e.g., every time a fixed number of minutes have elapsed).  These supplementary alarms can help the operator keep closer track of queue development without having to keep checking queue status manually.

Non-automatic detection of queues is also possible, through:

· Operator observation on CCTV cameras (see Section 3.3.1);

· Information from State Police or MassHighway field personnel (see Section 3.3.1).

· Information from SmartRoutes (see Section 3.3.1).

As with incident detection, queue detection will rely heavily on manual methods due to limited detector coverage.  It should be noted that the location of the back and head of a queue can be manually adjusted by an operator through the GUI.  This allows the operator to track the queue extremes at a finer resolution than the spacing of the VDS, either with CCTV cameras or by reports from the field, which in turn allows the system to recommend more accurate response messages.

3.4 Confirmation

Once an event or queue has been detected, it needs to be confirmed by an operator prior to response implementation.  When a problem is detected automatically by the system, the system provides automatic camera selection capabilities (i.e., where the system recommends the camera determined to be nearest the problem, to which an operator can then switch one or more detail monitors (or other designated monitor) directly through the GUI) and automatic present capabilities (i.e., where a camera is automatically panned to the location at which the system detects a problem) that facilitate and expedite the confirmation process.  It should be noted that the information provided by automatic detection algorithms is not complete, and is constrained by detector spacing resolution.  For example, algorithms identify an incident location as the location of the detector station upstream of the incident, and are unable to supply the lane/shoulder blockage pattern or the cause of the problem.  This information is required as a basis for automatic response generation by the system.  An operator, therefore, must adjust the incident location information and enter lane/shoulder blockage into the system.

The presence of a problem, whether detected automatically or non-automatically, can be confirmed using the CCTV subsystem.  However, the RTOC does not have complete CCTV coverage of the highway network.  In cases when the CCTV coverage does not provide an adequate view of the problem, operators must rely on individuals at the site of the problem (e.g. State Police, HELP vans, etc.) to confirm the occurrence of the problem and/or to provide the necessary information.

Operators typically use a problem entry dialog screen on the GUI together with the GUI system map to adjust and add details on problem location, type, lane blockage pattern, etc., consulting CCTV camera images or individuals on site as appropriate to verify details.  The problem entry dialog screen is designed to support fast and accurate operator entry, including features such as diagrams, minimal key stroke requirements, alternate means of information entry, clear layout, pull-down menus, context-sensitive help, etc.

3.4.1 Incidents

Incidents are generally confirmed using CCTV cameras or with confirmation from the field if the incident location is not with camera range.  Automatic camera selection and presets are linked to the view of the detector station that triggered the incident alarm.

Secondary confirmation may be required from individuals on site regarding details such as injuries, vehicle damage, road infrastructure damage, or whether roadway closure will be necessary because of an incident.

Once the presence and details of an incident have been determined, the operator adjusts and adds details on the problem entry dialog screen, including incident location, whether the incident involves a closure or blockage, and the lane/shoulder blockage pattern.  The information items relating to incidents on the problem entry dialog screen are outlined in Exhibit 3.6. 

The operator continues to monitor the incident throughout its life-cycle and updates the problem entry dialog screen to reflect any changes in status, e.g., change in lane/shoulder blockage pattern resulting from moving a vehicle from a live lane to the shoulder, roadway closure resulting from Police incident investigation, termination of incident, etc.  Queues forming as a result of incident blockages/closures are confirmed and documented as independent problems, but can have combined responses (see Section 3.5).

Exhibit 3.6:  Problem Entry Dialog Screen Items for Incidents

	Item
	System

Supplied
	Operator Supplied
	Comments

	
	
	
	

	DETECTION DETAILS

	Problem ID No.
	(
	
	

	Event Stage No.
	
	
	

	Update No.
	(
	
	

	Detection/Update Date/Time
	(
	
	Time of automatic detection/update or time that operator opened screen for non-automatic detection/update.

	Expected Start Date/Time
	
	
	

	Expected End Date/Time
	
	
	

	Detection/Update Source
	(
	(
	For automatic incident detection/update, system supplies name of detection algorithm(s).

For non-automatic detection/update, operator supplies source from configurable list.

Multiple sources are allowed.

	Problem Owner
	(
	
	System supplies based on log-on ID of operator entering information.

	PROBLEM TYPE

	Major Problem Type (e.g.,  incident, weather, planned event, or queue)
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Problem Subtype 

(user-defined terms, e.g. accident, road debris, etc.)
	
	(
	

	Lane Blockage Pattern Diagram
	
	(
	

	Contra-Flow Traffic Pattern
	
	(
	

	Problem Description

(memo field)
	
	(
	

	PROBLEM LOCATION

	Highway Name
	(
	(
	Supplied by system for automatic detection/update. 

Supplied by operator for non-automatic detection/update.

	Highway/Ramp
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Direction of Travel

(e.g., eastbound, westbound)
	(
	(
	Supplied by system for automatic detection/update. 

Supplied by operator for non-automatic detection/update.

	Upstream End Location

(distance and direction from configured cross-street or landmark)
	(
	(
	Supplied by system and corrected by operator for automatic detection/update. 

Supplied by operator for non-automatic detection/update.

	Downstream End Location

(distance and direction from configured cross-street or landmark)
	(
	(
	Supplied by system and corrected by operator for automatic detection/update. 

Supplied by operator for non-automatic detection/update.

	SPECIAL FEATURES

	Option for Closure in Opposite Direction with Same Limits

(e.g., pop-up dialog box for full closures)
	
	(
	Simplifies the entry of bi-directional closures covering the same segment of road.

	Other Combined Problems
	(
	
	Problems are not combined using the problem entry dialog screen, but any previously combined problems are tracked by the system and displayed here.


3.4.2 Adverse weather conditions

Adverse weather conditions events are generally confirmed by field personnel, although some weather types (e.g. fog) may be possible to confirm by camera.  Confirmation may also come from external agencies such as the State Police.

Once the presence and details of an adverse weather conditions event have been determined, the operator adjusts and adds details on the problem entry dialog screen, such as the upstream and downstream event location.  The information items relating to weather events on the problem entry dialog screen are outlined in Exhibit 3.7.  The operator continues to monitor the adverse weather conditions event throughout its life-cycle and updates the problem entry dialog screen to reflect any changes in status, e.g., change in location due to fog gradually lifting, termination of weather event, etc.  Adverse weather conditions events typically would not require frequent updating.

Exhibit 3.7:  Problem Entry Dialog Screen Items for Weather Events

	Item
	System

Supplied
	Operator Supplied
	Comments

	
	
	
	

	DETECTION DETAILS

	Problem ID No.
	(
	
	

	Event Stage No.
	
	
	

	Update No.
	(
	
	

	Detection/Update Date/Time
	(
	
	Time of automatic detection/update or time that operator opened screen for non-automatic detection/update.

	Expected Start Date/Time
	
	
	

	Expected End Date/Time
	
	
	

	Detection/Update Source
	(
	(
	For automatic detection/update, system supplies name of Viasala Icecast System station(s) detecting the problem.

For non-automatic detection/update, operator supplies source from configurable list.

Multiple sources are allowed.

	Problem Owner
	(
	
	System supplies based on log-on ID of operator entering information.

	PROBLEM TYPE

	Major Problem Type (e.g.,  incident, weather, planned event, or queue)
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Problem Subtype 

(user-defined terms, e.g. accident, road debris, etc.)
	
	(
	

	Lane Blockage Pattern Diagram
	
	
	

	Contra-Flow Traffic Pattern
	
	
	

	Problem Description

(memo field)


	
	(
	

	PROBLEM LOCATION

	Highway Name
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Highway/Ramp
	
	
	

	Direction of Travel

(e.g., eastbound, westbound)
	
	
	

	Upstream End Location

(distance and direction from configured cross-street or landmark)
	(
	(
	Supplied by system and corrected by operator for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Downstream End Location

(distance and direction from configured cross-street or landmark)
	(
	(
	Supplied by system and corrected by operator for automatic detection/update.

Supplied by operator for non-automatic detection/update.

For point weather event, downstream end location is the same as upstream end location.

	Other
	
	
	

	SPECIAL FEATURES

	Option for Closure in Opposite Direction with Same Limits

(e.g., pop-up dialog box for full closures)
	
	
	.

	Other Combined Problems
	(
	
	Problems are not combined using the problem entry dialog screen, but any previously combined problems are tracked by the system and displayed here.


3.4.3 Planned Events

The start of active planned events is generally confirmed using CCTV cameras.  Automatic camera selection and presets can be configured into the system in advance to facilitate the confirmation and monitoring of specific events.  Secondary confirmation may be required from external agencies (such as road maintenance crews or special event generators) or from HELP van patrols.

For planned events, problem entry dialog screens are completed prior to the start of the event.  The screens include details such as event location, whether the event involves a closure or blockage, the lane/shoulder blockage pattern (if applicable), and the expected start and end time.  The information items relating to planned events on the problem entry dialog screen are outlined in Exhibit 3.8.  Once the event becomes active, an operator may have to adjust some of the pre-entered information (e.g., change the start time if the event started later than originally expected).  The operator continues to monitor the active planned event throughout its life-cycle and updates the problem entry dialog screen to reflect any changes in status, e.g., change in lane/shoulder blockage pattern, termination of event, etc.  Queues forming as a result of planned event blockages/closures are confirmed and documented as independent problems, but can have combined responses (see Section 3.5).

Exhibit 3.8:  Problem Entry Dialog Screen Items for Planned Events

	Item
	System

Supplied
	Operator Supplied
	Comments

	
	
	
	

	DETECTION DETAILS

	Problem ID No.
	(
	
	

	Event Stage No.
	
	(
	

	Update No.
	(
	
	

	Detection/Update Date/Time
	
	(
	

	Expected Start Date/Time
	
	(
	

	Expected End Date/Time
	
	(
	

	Detection/Update Source
	
	(
	Operator supplies source from configurable list.

Multiple sources are allowed.

	Problem Owner
	(
	
	System supplies based on log-on ID of operator entering information.

	PROBLEM TYPE

	Major Problem Type (e.g.,  incident, weather, planned event, or queue)
	
	(
	

	Problem Subtype

(user-defined terms, e.g. accident, CO tunnel closure, etc.)
	
	(
	

	Lane Blockage Pattern Diagram
	
	(
	

	Contra-Flow Traffic Pattern
	
	(
	Applies to HOV operations.

	Problem Description

(memo field)
	
	(
	

	PROBLEM LOCATION

	Highway Name
	
	(
	

	Highway/Ramp
	
	(
	

	Direction of Travel

(e.g., eastbound, westbound)
	
	(
	

	Upstream End Location

(distance and direction from configured cross-street or landmark)
	
	(
	

	Downstream End Location

(distance and direction from configured cross-street or landmark)
	
	(
	

	Other
	
	
	

	SPECIAL FEATURES

	Option for Closure in Opposite Direction with Same Limits

(e.g., pop-up dialog box for full closures)
	
	(
	Simplifies the entry of bi-directional closures covering the same segment of road.

	Other Combined Problems
	(
	
	Problems are not combined using the problem entry dialog screen, but any previously combined problems are tracked by the system and displayed here.


3.4.4 Queues

Queues are generally confirmed using CCTV cameras.  If the queue was detected through the AQD System, automatic camera selection and presets provide a view of the queue end detector station that triggered the queue alarm and also a view of the queue head detector station.  Secondary confirmation of additional details is not normally required for queues, unless there is a CCTV subsystem problem, in which case patrols could assist in confirmation.

Once the presence and details of a queue have been determined, the operator adjusts and adds details on the problem entry dialog screen, including queue head and queue end location.  The information items relating to queues on the problem entry dialog screen are outlined in Exhibit 3.9.  The operator continues to monitor the queue throughout its life-cycle and updates the problem entry dialog screen to reflect any changes in status, e.g., change in queue end location, change in queue head location, termination of the queue.  Incidents, adverse weather conditions, or planned events resulting in queues are confirmed and documented as independent problems, but can have combined responses (see Section 3.5).

Exhibit 3.9:  Problem Entry Dialog Screen Items for Queues

	Item
	System

Supplied
	Operator Supplied
	Comments

	
	
	
	

	DETECTION DETAILS

	Problem ID No.
	(
	
	

	Event Stage No.
	
	
	

	Update No.
	(
	
	

	Detection/Update Date/Time
	(
	
	Time of automatic detection/update or time that operator opened screen for non-automatic detection/update.

	Expected Start Date/Time
	
	
	

	Expected End Date/Time
	
	
	

	Detection/Update Source
	(
	(
	For AQD System automatic detection/update, system supplies name of detection algorithm(s).

For non-automatic detection/update, operator supplies source from configurable list.

Multiple sources are allowed.

	Problem Owner
	(
	
	System supplies based on log-on ID of operator entering information.

	PROBLEM TYPE

	Major Problem Type (e.g.,  incident, weather, planned event, or queue)
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Problem Subtype 

(user-defined terms, e.g. accident, CO tunnel closure, etc.)
	
	(
	

	Lane Blockage Pattern Diagram
	
	
	

	Contra-Flow Traffic Pattern
	
	
	

	Problem Description

(memo field)
	
	(
	

	PROBLEM LOCATION

	Highway Name
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Highway/Ramp
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Direction of Travel

(e.g., eastbound, westbound)
	(
	(
	Supplied by system for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Upstream End Location

(distance and direction from configured cross-street or landmark)
	(
	(
	Supplied by system and corrected by operator for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Downstream End Location

(distance and direction from configured cross-street or landmark)
	(
	(
	Supplied by system and corrected by operator for automatic detection/update.

Supplied by operator for non-automatic detection/update.

	Other
	
	
	

	SPECIAL FEATURES

	Closure Due to Problem 

(e.g., checkbox, initiating new problem entry dialog box)
	
	
	

	Option for Closure in Opposite Direction with Same Limits

(e.g., pop-up dialog box for full closures)
	
	
	

	Other Combined Problems
	(
	
	Problems are not combined using the problem entry dialog screen, but any previously combined problems are tracked by the system and displayed here.


3.5 Response

RTOC response plan generation is primarily automatic.  Based on confirmed data from the problem entry dialog screens and other data resident in the system, the system uses rules of logic to generate a response that encompasses all the automatic response subsystem technologies that apply.  These include field response subsystems targeted at the en route traveler (i.e., fixed and portable variable message signs) and information dissemination to external agencies (via pager, email, fax, or other interfaces), which can then be redistributed (e.g., on broadcast radio) as en route and pre-trip traveler information.  In the following sections of the report, the functionality of each response mechanism available to the RTOC is discussed in terms of the basic traffic operations functions.

Once an integrated response plan has been generated, it must be approved by an operator prior to implementation.  An exception to this rule is the display of “soft” response messages on VMSs without operator approval, if this capability is enabled.  The system will have GUI screens enabling the operator to:

· Review the entire response plan through the display of device schematics and their suggested response state on the map GUI, showing both phases of any two-phase responses, as well as the suggested pager/email/fax messages;

· Approve individual components of the response plan (e.g., VMS message, pager/email/fax message);

· Change any individual components of the response plan that are inappropriate or incorrect.

The operator may exercise judgment in the selective approval of individual response plan components.  For example, if an update in the response plan is relatively insignificant, the operator may decide not to send this information by pager/email/fax, and would only approve the field device components of the response.

Since the response plan is dependent on information in the problem entry dialog screen, if the information on this screen is incorrect, the response plan will also be incorrect.  Therefore, as a first step, an operator wishing to change the system-generated response is prompted by the system to check and modify the problem entry dialog screen.  Assuming that the problem entry dialog screen is correct, any changes to the response other than deleting a response plan component require the sanction of a more senior RTOC staff position (e.g., RTOC Supervisor).  For example, changing the wording of a VMS message would require this type of approval.

The system has the capability of allowing operators to combine responses to two or more individual problems, while retaining independent records and descriptions of the separate problems.  Exhibit 3.10 shows which problem types can be combined by an operator.  Combined problems can also be “uncombined”.  The combining capability is especially useful in the following situations:

· Two queues that are merging.  The system will generate a response appropriate for a single queue spanning the total range of all the combined queues (i.e., from the end of the upstream-most queue to the head of the downstream-most queue);

· Two incidents with different blockage patterns that are very close together.  The system will generate a response for a lane blockage pattern that is a summation of the blockage/closure patterns of all the combined incidents, and that spans the total range of all the combined incidents (i.e., from the upstream end location of the upstream-most incident to the downstream end location of the downstream-most incident);

· An incident that has resulted in the formation of a queue.  The system can generate a response whereby the VMSs in the queue display a combined message responding to both the incident and the queue.

Active emergency response through external agency contacts is a non-automatic response mechanism.  Direct contact, typically by telephone, is necessary for emergency response to events, especially incidents, which require immediate response.  While active emergency response involves the transfer of information, it is distinct from pure information exchange through automatic means (i.e., via pager, email, fax, or other mechanisms).  With the exception of providing an on-line directory of emergency contact information (e.g., agency names, names and staff positions of individuals, telephone numbers, etc.), the central software system does not play a role in active emergency response.

Exhibit 3.10:  Permitted Combinations of Problem Types

	
	Incidents
	Weather
	Planned Events
	Queues

	Incidents
	(
	
	(
	(

	Weather
	
	(
	
	(

	Planned Events
	(
	
	(
	(

	Queues
	(
	(
	(
	(


3.5.1 Field Response

The RTOC system software will not impact the existing operating procedures established for managing field response outlined in Section 2.3.1.  The operators will continue to contact external agencies, such as the State Police, via voice communications, independently of the RTOC central software system.  The RTOC interface to the State Police will be determined under Task 2.  

3.5.2 ITS Response

Direct ITS response from the RTOC is provided through Variable Message Signs (VMSs), which present information directly to drivers on the road network.  These signs include Permanent VMSs, which are large signs mounted on fixed overhead structures, as well as Portable VMSs, which are smaller signs mounted on trailers that can be easily repositioned.  

Other traffic control devices in use on the network include arrow boards used in the operation of the Southeast Expressway zipper lane and blank-out signs indicating the status of the I-93 North carpool lane.  These signs, however, will operate in the existing manner (i.e. controlled manually or by timers) and not be controlled from the RTOC.

The response logic for the VMSs is described in this section.  This logic is the basis for the creation of the messages that the system suggests in response to a problem.  It should be stressed that the operator retains full control over the messages that are placed on the VMSs, as all messages (with one exception noted below) must have operator approval before being displayed on a sign.  The operator also has the option to override a suggested message and display a message from a library or a message created ad hoc (by or with approval of a supervisor).  

3.5.2.1 Permanent Variable Message Signs

Permanent overhead VMSs are located upstream of key route decision points to provide traffic advisory information to motorists already on the road network.  The VMSs have the capability to display two-phase messages, with each phase limited to three lines of fifteen characters each.

For response to traffic problems, the VMS message content is generally designed to provide the following information:

· Nature of the problem, e.g. accident, queue (what);

· Problem location (where);

· Suggested driver response, if any (action).

Not all information components in this structure are required in all situations, however, and there also are exceptions to this structure, as appropriate to specific situations.  

3.5.2.1.1 Incidents

The VMS subsystem responds to incidents on two levels:

1. “Soft” messages (e.g., “DRIVE WITH CAUTION”) that are displayed upon system detection of an incident through the Automatic Incident Detection System and that do not require operator approval; and

2. Operator-approved messages (system-generated dynamic messages or library messages).

Soft messages ensure that a basic level of response is provided to motorists as soon as possible.  The wording is deliberately vague to prevent driver overreaction and reduce liability in the event of a false alarm.

Operator-approved messages in the response are typically based on problem management response logic, which applies consistent principles to events (i.e., incidents, adverse weather conditions, and planned events) and queues.  The response logic utilizes the repetitions inherent in the physical road geometry and the layout of the detection/confirmation equipment and VMSs, as well as the predictability of incident progressions, to generate VMS output dynamically, following a set of logical rules.  Dynamic generation involves the use of skeletal messages in a “fill in the blanks” format, where the “blanks” are items such as problem location and problem type, as identified in the problem entry dialog screen.  This approach allows for the automatic generation of thousands of accurate and consistent messages by the system, assuming that the inputs from the problem entry dialog screen are correct.

In rare cases where a VMS response is required that does not follow the generation rules, individual messages from a library are used.  The library messages are tied to a specific set of incident parameters (e.g., location, lane blockage/closure pattern) which, when fulfilled, trigger a specific plan of messages from the library.  Where a library message exists for a set of incident parameters, it takes precedence over a dynamically generated message.

In addition to the logic that governs VMS message generation, logic also applies to parameters governing which VMSs display the messages.  For example, it may not be effective to display incident messages very far upstream of the actual incident, since some drivers may not need the information (i.e., drivers who exit the highway upstream of the incident), and since the situation may change by the time the driver reaches the incident.  Rules of logic also apply to parameters such as the minimum length of a range incident (i.e., so that it is signed as a range incident rather than a point incident).  These types of parameters are referred to as thresholds in the response logic.

Operator-approved VMS messages for incident response provide information on the type of incident (e.g., blockage, closure), the lane blockage/closure pattern and the location of the incident (including upstream end location and downstream end location in the case of a range incident).  This information enables drivers to either avoid a major incident by exiting the facility or to merge into the clear lanes to safely circumvent the blockage.  With the exception of full roadway closures, explicit diversion messages are not displayed on VMSs.

The incident location uses the terminology “before,” “at,” or “beyond” an interchange.  The terminology used is based on a combination of geometric, proportional, and distance measures, all of which are configurable by interchange, and which are illustrated in Exhibit 3.11.  The term “at” is used if the incident is located between the off-ramps and on-ramps of an interchange.  For locations outside of the interchange ramps, it is generally preferable to refer to that location as being “beyond” a specified interchange, rather than “before” the next downstream interchange, so that motorists who do not know the order of all interchanges on the facility can exit at the specified interchange to avoid encountering traffic problems, without having to count back or guess based on the downstream interchange name.  However, if an incident location is very close to a downstream interchange, the “beyond” terminology may be misleading.  Therefore, an incident location that is fairly close to a downstream interchange is signed as being “before” an interchange (i.e., within a user-specified proportion of the distance between “at” zones (e.g., 25 percent) upstream of the interchange “at” zone boundary, and less than a user-specified distance (e.g., 1 mile) upstream of the interchange “at” zone boundary).  Any incident location that is not “at” or “before” an interchange is signed to be “beyond” an upstream interchange.

Exhibit 3.11:  Conventions for VMS Location Terminology
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Specific message types and their applications (including the skeletal format and an example of each type) are outlined below.  The following conventions are used in the skeletal formats:

· [TEXT]: indicates variable text generated by the dynamic system logic, with the variables separated by forward slashes (i.e., “/”);

· {TEXT}: indicates optional text that is not always part of a message of a given type.  The optional text may include variables separated by forward slashes (i.e., “/”);

· TEXT: indicates required text within a phase, even though the phrase which holds this text may itself be optional;

· [text]: indicates a parameter that is provided from problem entry dialog screen information and/or from data resident in the system;

· ------: separates the first and second phases of a two-phase message.

Type SFT (Soft): This message is a general message urging caution to drivers upstream of an unconfirmed problem. When the Automatic Incident Detection system detects a potential incident, the first VMS upstream of the detection site will display this message until the operator confirms the incident. This is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	DRIVE WITH

CAUTION


	DRIVE WITH

CAUTION




Support for this message type will be included in the central software functionality, but this feature will be disabled in the initial implementation.  If soft messages are required at a later time, it will be possible for a user with administrative privileges (e.g. RTOC supervisor) to enable this message type.  

Type INC (Point Incident): This message provides information on the event type, the location, and the lane blockage pattern. This message will be displayed on the first VMS upstream of a point incident that is not a full closure, as illustrated in the following figure:
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If a point incident has resulted in a queue and an operator has combined the two problems, any VMSs upstream of the incident and within the queue also display the same message. Drivers within the queue can use the incident blockage information to maneuver around the blocked lanes. This application is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[event type]

[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]

[BLOCKED/CLOSED]

-------------------------------

[event type]

[BEFORE/AT/BEYOND]

[incident upstream end]


	ACCIDENT

RIGHT LANES

BLOCKED

---------------------------

ACCIDENT

BEFORE

HIGHLAND AVE




Type INC (Range Incident): This message provides information on the event type, the upstream and downstream end locations, and the lane blockage pattern. This message will be displayed on the first VMS upstream of a range incident that is not a full closure, as illustrated in the following figure:
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If a range incident has resulted in a queue and an operator has combined the two problems, any VMSs upstream of the incident and within the queue also display the same message. Drivers within the queue can use the incident blockage information to maneuver around the blocked lanes. This application is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[event type]

[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]

[BLOCKED/CLOSED]

-------------------------------

[incident upstream end]

TO

[incident downstream end]


	ROADWORK

RIGHT LANES

CLOSED 

---------------------------

HIGHLAND AVE

TO

ROUTE 9


Type CII (Caught in Incident): VMSs within the range of an incident that is not a full closure provide information on the lane blockage pattern and where the incident clears (i.e., downstream end location), since information on the upstream end location is irrelevant to the motorist at this point. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]

[BLOCKED/CLOSED]

-------------------------------

TO {BEFORE/BEYOND}

[incident downstream end]


	RIGHT LANE

CLOSED 

---------------------------

TO BEYOND

ROUTE 9


Type CLS1 (Closure 1): The first VMS upstream of the final off-ramp before a full highway closure provides information on the upstream closure location and instructs traffic to follow the posted detour, if applicable. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[roadway] CLOSED

AT [closure upstream end]

FOLLOW DETOUR


	I-95 CLOSED

AT HIGHLAND AVE

FOLLOW DETOUR




Type CLS2 (Closure 2): Subsequent VMSs upstream of the one displaying the CLS1 message provide information on the upstream and downstream closure locations, allowing drivers to seek other routes that will avoid the closure. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[roadway] {[direction]} CLOSED

{AT} [closure upstream end]

{TO [closure downstream end]}

-------------------------------

SEEK

ALTERNATE

ROUTE


	I-95 NB CLOSED

HIGHLAND AVE

TO ROUTE 9

---------------------------

SEEK

ALTERNATE

ROUTE




Type STP-I (Stop-Incident): A VMS that is very close to the upstream incident location displays a strong message warning drivers of the upcoming incident. The purpose of the message is to encourage drivers to exercise caution to avoid conflicts with the incident itself. This case is illustrated in the following figure:
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The message syntax is shown below:


	Skeletal Format
	Example

	
	

	PREPARE TO STOP

[event type]

AHEAD


	PREPARE TO STOP

ACCIDENT

AHEAD




3.5.2.1.2 Adverse weather conditions

The VMS subsystem responds to adverse weather conditions on an operator-approved basis only.  Like for incidents, the system uses rules of logic to generate weather messages automatically and to determine the signs on which they are to be displayed.  In certain cases, a VMS response may be required that does not follow the generation rules.  For example, an advisory based on an unconfirmed report might use a library message such as the following:

	ROADS MAY

BE SLIPPERY

USE CAUTION




System-generated VMS messages responding to adverse weather conditions provide information on the type of weather condition (e.g., fog, ice, high winds).  Location information is not provided, since weather conditions cannot be precisely tied to interchange locations and since attempting to do so may have liability implications.  Instead, motorists are informed that general areas of adverse weather conditions can be expected downstream of the specific VMSs displaying response messages.

Specific message types and their applications include the following (see Section 3.5.2.1.1 for skeletal message format conventions):

Type WEA (Weather): VMSs upstream of a point or range adverse weather condition event, as illustrated below, provide information on the event type (e.g., fog, ice, high winds) downstream of the VMS and a safety advisory. 
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[weather event type]

AHEAD

REDUCE SPEED


	ICING

AHEAD

REDUCE SPEED




Type CIW (Caught in Weather): VMSs within the range of a weather event, as illustrated below, provide information on the event type and a safety advisory.
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[weather event type]

REDUCE SPEED


	ICING

REDUCE SPEED




3.5.2.1.3 Planned Events

The system will use library-based response messages for planned events.  A set of messages and the associated VMSs on which they are to be displayed are created by RTOC staff (e.g., the shift supervisor) before the event begins.  These messages are stored in a library, along with all other response plans for planned events.  The library can be accessed for similar future events, and can be modified to improve and evolve with operational experience.

Planned event responses can commence prior to the actual activation of the event.  For example, motorists can be informed of a weekend construction closure during the week leading up to the event.  Response plans for planned events can therefore have two response stages – an advance response stage that ends at the time that the planned event begins, and a second response stage that runs concurrently with the planned event.  Advancing to the next response stage can be triggered at a specific time or by a specific occurrence, and the system alerts the operator at the event time or the expected time or the occurrence (see Section 3.3.3).  The operator must always approve the implementation of the next response stage.

Procedures need to be in place to ensure that planned event response messages are generally consistent with other planned event response messages, and that they conform to the general guidelines and terminology conventions for VMS event responses described for incidents (see Section 3.5.2.1.1).  Additional information on the type of event provides unique information that motorists can relate to event location and time.  Examples of planned event VMS messages could include the following:

	BRIDGE WORK

9 PM TO 5 AM

EXPECT DELAYS


	
	EXIT 13 CLOSED

USE EXIT 14


3.5.2.1.4 Queues

As with the incident response system, the VMS subsystem responds to queues on two levels:

1. “Soft” messages (e.g., “DRIVE WITH CAUTION”) that are displayed upon system detection of a queue through the Automatic Queue Detection System and that do not require operator approval; and

2. Operator-approved messages (system-generated dynamic messages or library messages).

Similar to the incident response logic, operator-approved messages for queue response are typically based on problem management response logic, using skeletal messages and various length and location thresholds.  The provision exists, however, for using library messages in the rare event that a required VMS response does not follow the automatic generation rules.

The overriding concern in queue response is safety.  The back of a queue on a highway is a very turbulent and dangerous zone, where traffic moving freely may be required to come to a full stop within a short distance.  Effective queue management and signing can reduce the potential for secondary accidents such as rear-end collisions.

A secondary concern of queue management is traffic flow efficiency.  The capacity of a bottleneck is usually below theoretical capacity, due to the abrupt transition to congested conditions.  Preparing traffic upstream of a queue helps ease the shock of transition and allows traffic to flow more efficiently through the bottleneck.  This information may also be communicated to motorists further upstream, and can be used by them to influence their route choice.

Finally, although not a key objective of the system, the information gathered to meet the objectives of safety and efficiency can also be used to reduce driver frustration.  Information about the extent of a queue can be disseminated to motorists caught in the queue, as well as to those upstream of it, so that drivers can know how much delay to expect.

Operator-approved VMS messages for queue response are based on the safety issues inherent in queue management, and therefore provide appropriate information on the queue end and queue head locations. As with the incident response logic, the locations are described as being “before,” “at,” or “beyond” an interchange, using the same criteria illustrated in Exhibit 3.11.  The general VMS message structure guidelines that apply to incidents (see Section 3.5.2.1.1) also apply to queues.

Specific message types and their applications include the following:

Type SFT (Soft): This message is a general message urging caution to drivers upstream of an unconfirmed problem. When the Automatic Queue Detection system detects a potential queue, the first VMS upstream of the detection site will display this message until the operator confirms the queue. This is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	DRIVE WITH

CAUTION


	DRIVE WITH

CAUTION




As with soft messages for incidents, support for this message type will be included in the central software functionality, but this feature will be disabled in the initial implementation.  If soft messages are required at a later time, it will be possible for a user with administrative privileges (e.g. RTOC supervisor) to enable this message type.  

Type QUE (Queue): VMSs upstream of the queue end provide information on the queue end location and the queue head location. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	SLOW TRAFFIC

[BEFORE/AT/BEYOND]

[queue upstream end]

-------------------------------

SLOW TRAFFIC

TO {BEFORE/BEYOND}

[queue downstream end]


	SLOW TRAFFIC

BEYOND

HIGHLAND AVE

-------------------------------

SLOW TRAFFIC

TO BEFORE

ROUTE 9


On the roadways covered by the RTOC, the queue head and end locations may not always be known due to gaps in detector and CCTV coverage.  In the case in which the extent or location of a queue is unspecified, a more generic message shall be provided, as shown below:

	Skeletal Format
	Example

	
	

	SLOW TRAFFIC

EXPECT DELAYS


	SLOW TRAFFIC

EXPECT DELAYS




Type CIQ (Caught in Queue):  VMSs within the range of a queue provide information on where the incident clears (i.e., queue head location), since information on the queue end location is irrelevant to the motorist at this point. This case is illustrated in the following figure:


[image: image25.wmf]Queue

VMS


The message syntax is shown below:

	Skeletal Format
	Example

	
	

	SLOW TRAFFIC

TO {BEFORE/BEYOND}

[queue downstream end]


	SLOW TRAFFIC

TO BEFORE

ROUTE 9


Type IAQ (Incident and Queue): If an operator has combined an incident and a queue, any VMS upstream of the combined problem provides information on the upstream queue end location and the downstream event type and location. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	SLOW TRAFFIC

[BEFORE/AT/BEYOND]

[queue upstream end]

-------------------------------

 [event type]

[BEFORE/AT/BEYOND]

[incident upstream end]


	SLOW TRAFFIC

BEYOND

HIGHLAND AVE

---------------------------

ACCIDENT

BEFORE

ROUTE 9




In the case in which the extent or location of a queue is unspecified, the following template shall apply:

	Skeletal Format
	Example

	
	

	SLOW TRAFFIC

USE CAUTION

-------------------------------

 [event type]

[BEFORE/AT/BEYOND]

[incident upstream end]


	SLOW TRAFFIC

USE CAUTION

---------------------------

ACCIDENT

BEFORE

ROUTE 9




Type STP-Q (Stop-Queue): A VMS that is very close to the upstream queue end displays a strong message warning drivers of the upcoming queue. The purpose of the message is to alert drivers to the rapid speed reductions that are imminent. This case is illustrated in the following figure:
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The message syntax is shown below:


	Skeletal Format
	Example

	
	

	PREPARE TO STOP

SLOW TRAFFIC

AHEAD


	PREPARE TO STOP

SLOW TRAFFIC

AHEAD




3.5.2.1.5 Regional Signage

Within the area under the jurisdiction of the RTOC, the highway network structure provides many alternate routes between origins and destinations and many opportunities for route diversion.  For example, traffic from the north of the city bound for points south of the city (or vice versa) has two major options: I-93 through downtown or I-95/Route 128 bypassing the city.  For traffic entering the city, there are multiple options, most notably I-93 from the south, I-90 and Route 2 from the west, and I-93 and Route 1 from the north, all of which are accessible from Route 128.  This means that traffic on any roadway intersecting with Route 128 faces a choice between at least two routes for entering the city, and a driver must make this choice when Route 128 is reached.  

VMSs are located at most key decision points within the network and are used in the incident and queue management response.  However, the incident and queue management logic, as described above, is primarily concerned with the local response, focusing on safety and efficiency in the area of the event or queue.  For this reason, information is not presented well upstream of a problem.  The typical distance threshold for signing upstream of problems is 3 to 5 miles, meaning that VMSs located at greater distances upstream do not display information about the problem.  

From a network perspective, however, greater efficiency may be achieved by presenting information to drivers at major decision points, allowing them to make more informed route choices based on downstream conditions.  VMSs at these decision points can be used for this purpose, informing drivers about delays on the routes ahead.  

However, several factors must be considered.  First is the availability of the information.  While information is available for the highways under RTOC surveillance, information about other highways is not directly available to the RTOC.  For example, I-90 and the Central Artery/Tunnel portion of I-93 are under the jurisdiction of the Massachusetts Turnpike Authority (MTA), and the RTOC must rely on the information provided by them.  If this information is unavailable, providing delay information for other roads may be misleading, as it implies that there are no delays on MTA roads.  

A related factor is information accuracy.  While problems can be verified on MassHighway roads with RTOC surveillance equipment, problems on roads without surveillance or under the authority of other agencies cannot be directly verified.  

A third factor is the dynamic nature of events and queues.  If information is provided to a driver well upstream of the problem, this information may no longer apply when that driver reaches the location of the problem.  Furthermore, providing information further complicates the issue by adding an external factor that influences route choice, thereby changing the dynamics of the event.  

Due to these factors, a limited approach to regional signing is recommended.  This involves providing information only for events or queues that result in extreme delays and only when other routes are known to be free of significant delays.  In addition, the information provided should be descriptive and not prescriptive in nature, i.e., notifying drivers of a delay but not suggesting an alternate route.  With these guidelines, potential liability in the case of inaccurate information or suggested diversions is minimized.  

The issue of event dynamics can be addressed to a limited extent by providing an indication of the queue growth.  The simplest indication is describing the queue length as “growing,” “clearing,” or neither.  This indicates to a driver that the indicated queue length may be different when reached, but does not change the accuracy of the information provided.  However, the limited display capability of the signs may be prohibitive; therefore, the recommended templates do not display this information.

The recommended messages and their applications are outlined below.  The same conventions for the skeletal formats are used as in the sections above.

Type QUE-R (Queue-Regional): Regional VMSs upstream of major queues (i.e., greater than a specified minimum length) provide information about the affected roadway, the queue length, and the queue location. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[roadway] [direction]

 [length] DELAY

-------------------------------

{AT}

[queue upstream end]

{TO

[queue downstream end]}


	I-95 NORTHBOUND

3 MILE DELAY

-------------------------------

GREAT PLAIN AVE

TO

ROUTE 9




Type CLS-R (Closure-Regional): Regional VMSs upstream of a full roadway closure (i.e., all lanes closed) provide information about the affected roadway and the extent of the closure. This case is illustrated in the following figure:
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The message syntax is shown below:

	Skeletal Format
	Example

	
	

	[roadway] {[direction]} CLOSED

{AT} [closure upstream end]

{TO [closure downstream end]}


	I-95 NB CLOSED

HIGHLAND AVE

TO ROUTE 9




Because the queue and incident management functions are based on safety considerations, these messages should always override any regional signing messages.  This can be achieved by assigning a low priority to the QUE-R and CLS-R message types, meaning that local messages will have priority.  This logic is discussed in the following section.

3.5.2.1.6 Integrated Response

At any given time, there may be multiple problems on the highways controlled by the RTOC that compete for the use of VMSs.  The problems include those declared to the system as separate problems as well as those that have been combined by the operator and are being handled by the response subsystem as a single problem (see Section 3.5).  The assignment of VMS messages to respond to problems is handled in two ways:

1. Dynamic Message Assignment Rules, which are used to select the most appropriate VMSs for a response plan to one uncombined problem or to one set of combined problems, and to assign a message type to each VMS.  The rules, which apply to an individual problem or combined problem set, must be executed in a particular sequence to ensure that the later rules override the earlier rules. These rules apply only to unplanned events and queues.

2. Commanded State Priority Values, which assign values to messages competing for the same VMS.  Each message type is assigned a base value that is adjusted based on two factors: (1) the distance between the VMS and the upstream end of the event or queue, and (2) the number of lanes blocked by an incident.  The message with the highest commanded state priority value is implemented, subject to operator approval.  The adjustment factor enables applications such as allocating a VMS just upstream of an incident to incident response while allocating signs further upstream to queue response. The commanded state priority generation process takes into account all problem types, including planned event messages, which are assigned a base value at the time of creation.

Messages with lower commanded state priority values competing for VMS display are “queued up” by the system in order of commanded state priority value.  If a new message is generated that has a higher commanded state priority value, it overrides the existing message.  Conversely, if a displayed message is removed (e.g., due to event termination), the message with the next highest commanded state priority value is implemented.  In exceptional situations, an operator may override the recommendations of the system by manually changing the commanded state priority value of a specific message.

More details on dynamic message assignment rules and commanded state priority values for VMSs are provided in Appendix B.

3.5.2.2 Portable Variable Message Signs

Portable Variable Message Signs (PVMSs) differ from the Permanent VMSs in that their locations are not fixed and their message length is more limited.  Most of the portable signs have a display capability of three lines of eight characters each.  Therefore, these signs must have a syntax that differs from the syntax of the permanent VMSs.  

However, even though the sign locations are not fixed, the same logic as for the permanent VMSs can apply.  This is because the system response logic is not dependent on pre-defined sign locations.  Instead, the logic is rule-based, with the location of the sign relative to the event or queue locations as the key parameter.  Therefore, as long as the system knows the location of a portable VMS, that VMS can be governed by the same logic as for the permanent VMSs.  However, this is completely dependent on the location of the PVMS as known to the system matching the physical location of the PVMS in the field. If the PVMS has been moved and the location has not been updated in the system, inappropriate or incorrect messages could be displayed.  Therefore, accurate location information is essential for the proper system response.

This section follows the structure of Section 3.5.2.1, presenting the shortened syntax for each response type.  

3.5.2.2.1 Incidents

Type SFT (Soft): 
Note: This message type will be disabled in the initial system implementation.
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	Skeletal Format
	Example

	
	

	DRIVE

WITH

CAUTION


	DRIVE

WITH

CAUTION




Type INC (Point Incident): 
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	Skeletal Format
	Example

	
	

	[event type]

[LT/CTR/RT/ALL] [LANE{S}/SHLDR/SHOULDRS]

 [BLOCKED/CLOSED]

-------------------------------

[event type]

[BEFORE/AT/BEYOND]

[incident upstream end]


	ACCIDENT

RT LANES

BLOCKED 

---------------------------

ACCIDENT

BEFORE

HIGHLAND




Type INC (Range Incident): 
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	Skeletal Format
	Example

	
	

	[event type]

[LT/CTR/RT/ALL] [LANE{S}/SHLDR/SHOULDRS]

 [BLOCKED/CLOSED]

-------------------------------

[incident upstream end]

TO

[incident downstream end]


	ROADWORK

RT LANES

CLOSED 

---------------------------

HIGHLAND

TO

ROUTE 9


Type CII (Caught in Incident): 
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	Skeletal Format
	Example

	
	

	[LEFT/CENTER/RIGHT/ALL/BOTH]

[LANE{S}/SHOULDER/SHOULDRS]

[BLOCKED/CLOSED]

---------------------------

TO

{BEFORE/BEYOND}

[incident downstream end]


	RIGHT

LANE

CLOSED 

---------------------------

TO

BEYOND

ROUTE 9


Type CLS1 (Closure 1): 


[image: image36.wmf]Detour

Full Closure

VMS


	Skeletal Format
	Example

	
	

	[roadway]

CLOSED

AHEAD

---------------------------

FOLLOW

DETOUR


	I-95 

CLOSED

AHEAD

---------------------------

FOLLOW

DETOUR




Type CLS2 (Closure 2): 
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	Skeletal Format
	Example

	
	

	[roadway] {[direction]}

CLOSED

---------------------------

{AT}

[closure upstream end]

{TO

[closure downstream end]}


	I-95 NB

CLOSED

---------------------------

HIGHLAND

TO

ROUTE 9




Type STP-I (Stop-Incident): 
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	Skeletal Format
	Example

	
	

	PREPARE

TO STOP

--------------------------- 

[event type]

AHEAD


	PREPARE

TO STOP

--------------------------- 

ACCIDENT

AHEAD




3.5.2.2.2 Adverse weather conditions

Type WEA (Weather): 
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	Skeletal Format
	Example

	
	

	[weather event type]

AHEAD

-------------------------------

REDUCE

SPEED


	ICING

AHEAD

---------------------------

REDUCE

SPEED




Type CIW (Caught in Weather):
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	Skeletal Format
	Example

	
	

	[weather event type]

REDUCE

SPEED


	ICING

REDUCE

SPEED


3.5.2.2.3 Planned Events

RTOC operators can create and use library messages with syntax limited by the PVMS display constraints.  Examples of planned event VMS messages could include the following:

	BRIDGE

WORK

9PM-5AM

--------------------

EXPECT

DELAYS


	
	EXIT 13

CLOSED

--------------------

USE

EXIT 14


3.5.2.2.4 Queues

Type SFT (Soft): 
Note: This message type will be disabled in the initial system implementation.
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	Skeletal Format
	Example

	
	

	DRIVE

WITH

CAUTION


	DRIVE

WITH

CAUTION




Type QUE (Queue): 
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	Skeletal Format
	Example

	
	

	SLOW

[BEFORE/AT/BEYOND]

[queue upstream end]

-------------------------------

SLOW TO

{BEFORE/BEYOND}

[queue downstream end]


	SLOW

BEYOND

HIGHLAND

-------------------------------

SLOW TO

BEFORE

ROUTE 9


If extent or location of queue unspecified:
	Skeletal Format
	Example

	
	

	SLOW

TRAFFIC

-------------------------------

EXPECT

DELAYS


	SLOW

TRAFFIC

-------------------------------

EXPECT

DELAYS




Type CIQ (Caught in Queue):  
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	Skeletal Format
	Example

	
	

	SLOW TO

{BEFORE/BEYOND}

[queue downstream end]


	SLOW TO

BEFORE

ROUTE 9


Type IAQ (Incident and Queue): 
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	Skeletal Format
	Example

	
	

	SLOW

[BEFORE/AT/BEYOND]

[queue upstream end]

-------------------------------

 [event type]

[BEFORE/AT/BEYOND]

[incident upstream end]


	SLOW

BEYOND

HIGHLAND

---------------------------

ACCIDENT

BEFORE

ROUTE 9




If extent or location of queue unspecified:
	Skeletal Format
	Example

	
	

	SLOW

TRAFFIC

-------------------------------

 [event type]

[BEFORE/AT/BEYOND]

[incident upstream end]


	SLOW

TRAFFIC

---------------------------

ACCIDENT

BEFORE

ROUTE 9




Type STP-Q (Stop-Queue): 
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	Skeletal Format
	Example

	
	

	PREPARE

TO STOP

---------------------------

SLOW

TRAFFIC

AHEAD


	PREPARE

TO STOP

---------------------------

SLOW

TRAFFIC

AHEAD




3.5.2.2.5 Regional Signage

Type QUE-R (Queue-Regional):
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	Skeletal Format
	Example

	
	

	[roadway] [direction]

 [length]

DELAY

-------------------------------

{AT}

[queue upstream end]

{TO

[queue downstream end]}


	I-95 NB

3 MILE

DELAY

-------------------------------

GR PLAIN

TO

ROUTE 9




Type CLS-R (Closure-Regional):
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	Skeletal Format
	Example

	
	

	[roadway]

{[direction]}

CLOSED

---------------------------

{AT}

[closure upstream end]

{TO

[closure downstream end]}


	I-95

NORTH

CLOSED

---------------------------

HIGHLAND

TO

ROUTE 9




3.5.2.2.6 Integrated Response

Both the Dynamic Message Assignment Rules and the Commanded State Priority Values are the same as for the Permanent VMSs.

3.5.2.3 HOV VMSs

The I-93 Southeast Expressway HOV lane uses several Portable VMSs in the operation of the contra-flow HOV lane during peak periods.  These VMSs are located at or upstream of the entrances to the HOV lanes and indicate whether the lane is open or closed.  The operation of these devices by the central software will rely on library-based responses associated with the normal operation of the HOV lane, which is treated as a planned event.  Under normal circumstances, these should be the only messages required.  However, the RTOC supervisor will have the ability to place new messages by adding messages to the library.  The library messages will be defined by MassHighway, but will be similar to the examples below:

	HOV LANE

OPEN

1/2 MILE

--------------------

HOV LANE

KEEP

LEFT
	
	HOV 2+

LANE

OPEN

--------------------

HOV 2+

KEEP

LEFT


When the HOV VMSs are not in use (i.e., during off-peak hours), the central software will include these signs in any problem response plan according to the same rule-based logic that governs the VMSs and PVMSs.  When the HOV VMSs are in use as part of the daily HOV operations, the base commanded state priority value for the HOV event (which is defined when the event is generated) will determine whether the VMS will be used in an automatic response plan.  

3.5.3 Advisory Response

3.5.3.1 Automatic Notification

The RTOC central software will include a comprehensive automatic response subsystem to address the dissemination of traffic information to external agency subscribers.  The subsystem, which can provide information via pager, email, fax, or other methods, is intended for the purpose of information exchange, rather than for active emergency response.  Active emergency response communications are expected to be primarily by telephone (see Section 3.5.3.2).

As with other responses, messages are generated automatically by the system based on the problem entry dialog screen and other data resident in the system, and require operator approval prior to being automatically sent by the system.  The system uses rules of syntax to develop the messages in a format that is easily understood by the recipients.  The message formats will be determined with the input of MassHighway and detailed in the Software Functional Design (Task 4).

The dissemination of messages is managed through a subscriber database that enables customization of reports according to scheduling criteria.  Depending on subscriber needs and preferences, reports can be timed (disseminated according to a user specified schedule), event driven (disseminated when an event is added or updated), or a combination of both.  Subscribers to event-driven notification may also chose whether to receive the entire report or only the new added/updated event message.  Subscribers who receive entire reports may elect to receive only active traffic problem information (including recently terminated traffic problems) or only planned event information.

3.5.3.1.1 Incidents

New incident information and incident update information from the problem entry dialog screen are dispatched to subscribers.  The key information items relating to incidents that are included in notification messages are summarized in Exhibit 3.12.  The response takes advantage of the following linkages resident in the system to present incident information in the context of other related problems:

· Linkage of full roadway closures and their source incidents;

· Linkage of contra-flow tunnel closures and their source incidents;

· Linkage of incidents and associated queues;

· Linkage of incidents and other combined problems.

Exhibit 3.12:  Automatic Notification Information Items for Incidents

	Item
	Applies to Incidents

	
	

	DESCRIPTION DATA

	Problem ID No.
	(

	Problem Type
	(

	Blockage/Shoulder Pattern
	(

	Distance Covered
	May Apply

	Planned Event Flag
	

	Memo Description
	May Apply

	TIME DATA

	Problem Start Time
	(

	Most Recent Update Time
	(

	Expected Start Date/Time
	

	Expected End Date/Time
	

	Report Date/Time
	(

	LOCATION DATA

	Highway Name
	(

	Highway/Ramp
	(

	Open/Tunnel
	(

	Direction of Travel (e.g., eastbound, westbound)
	(

	Upstream End Location (before/at/beyond interchange)
	(

	Downstream End Location (before/at/beyond interchange)
	May Apply

	STATUS DATA

	Problem Status (New, Update, Termination)
	(

	Staging Status (Advance, Active, Cancelled)
	


3.5.3.1.2 Adverse weather conditions

The key information items relating to adverse weather conditions events that are included in notification messages are summarized in Exhibit 3.13.  The response takes advantage of the following linkages resident in the system to present weather event information in the context of other related problems:

· Linkage of adverse weather conditions events and associated queues;

· Linkage of adverse weather conditions events and other combined problems.

Exhibit 3.13:  Automatic Notification Information Items for Weather Events

	Item
	Applies to Weather Events

	
	

	DESCRIPTION DATA

	Problem ID No.
	(

	Problem Type
	(

	Blockage/Shoulder Pattern
	

	Distance Covered
	(

	Planned Event Flag
	

	Memo Description
	May Apply

	TIME DATA

	Problem Start Time
	(

	Most Recent Update Time
	(

	Expected Start Date/Time
	

	Expected End Date/Time
	

	Report Date/Time
	(

	LOCATION DATA

	Highway Name
	(

	Highway/Ramp
	

	Open/Tunnel
	

	Direction of Travel (e.g., eastbound, westbound)
	

	Upstream End Location (before/at/beyond interchange)
	(

	Downstream End Location (before/at/beyond interchange)
	(

	STATUS DATA

	Problem Status (New, Update, Termination)
	(

	Staging Status (Advance, Active, Cancelled)
	


3.5.3.1.3 Planned Events

Advance information on planned events is provided in a separate section of the notification reports.  Once a planned event becomes active, it is included in the list of active problems, but is still identified as a planned event.  Cancelled planned events are also identified in a separate section of the reports.

The key information items relating to planned events that are included in notification messages are summarized in Exhibit 3.14.  The response uses the linkages between planned events and queues resident in the system to present these items together in reports.

Exhibit 3.14:  Automatic Notification Information Items for Planned Events

	Item
	Applies to Planned Events

	
	

	DESCRIPTION DATA

	Problem ID No.
	(

	Problem Type
	(

	Blockage/Shoulder Pattern
	May Apply

	Distance Covered
	May Apply

	Planned Event Flag
	(

	Memo Description
	(

	TIME DATA

	Problem Start Time
	(

	Most Recent Update Time
	(

	Expected Start Date/Time
	(

	Expected End Date/Time
	(

	Report Date/Time
	(

	LOCATION DATA

	Highway Name
	(

	Highway/Ramp
	(

	Open/Tunnel
	(

	Direction of Travel (e.g., eastbound, westbound)
	(

	Upstream End Location (before/at/beyond interchange)
	(

	Downstream End Location (before/at/beyond interchange)
	May Apply

	STATUS DATA

	Problem Status (New, Update, Termination)
	(

	Staging Status (Advance, Active, Cancelled)
	(


3.5.3.1.4 Queues

The key information items relating to queues that are included in notification messages are summarized in Exhibit 3.15.  The response takes advantage of the following linkages resident in the system to present weather event information in the context of other related problems:

· Linkage of queues and their causative events;

· Linkage of queues and other combined problems.

Exhibit 3.15:  Automatic Notification Information Items for Queues

	Item
	Applies to Queues

	
	

	DESCRIPTION DATA

	Problem ID No.
	(

	Problem Type
	(

	Blockage/Shoulder Pattern
	

	Distance Covered
	(

	Planned Event Flag
	

	Memo Description
	May Apply

	TIME DATA

	Problem Start Time
	(

	Most Recent Update Time
	(

	Expected Start Date/Time
	

	Expected End Date/Time
	

	Report Date/Time
	(

	LOCATION DATA

	Highway Name
	(

	Highway/Ramp
	(

	Open/Tunnel
	(

	Direction of Travel (e.g., eastbound, westbound)
	(

	Upstream End Location (before/at/beyond interchange)
	(

	Downstream End Location (before/at/beyond interchange)
	(

	STATUS DATA

	Problem Status (New, Update, Termination)
	(

	Staging Status (Advance, Active, Cancelled)
	


3.5.3.1.5 Integrated response

The pager-email report is structured according to the following main categories:

· Active problems;

· Cleared problems;

· Upcoming planned events;

· Cancelled planned events;

· Travel time.

The first four categories include sentence-format items on problems.  Combined problems and closures (including contra-flow closures) resulting from incidents are described together as one item in a pager-email report.  The items within each category are subdivided by highway (i.e., I-93 South, I-93 North, and I-95), which are further subdivided by direction of travel.  In each case the problems are ordered from the upstream-most problem to the downstream-most, proceeding in the direction of travel.  The upstream end of a problem determines its position with respect to ordering.

Subscribers may elect to receive only active traffic problem information (including recently terminated traffic problems) or only planned event information.  The rationale for subdividing the overall report is that certain subscriber agencies (e.g., radio broadcast media) focus on real-time traffic status, while others are more interested in the longer-term outlook (e.g., planning agencies).  Both of the sub-reports include information on planned events that are currently active and planned events that have been cleared.  The planned event report does not include travel time information.

3.5.3.2 Non-Automatic Response

Although the automatic response subsystem can provide information to external agencies, the system is intended for the purpose of information exchange, rather than for active emergency response.  Active emergency response communications are expected to be primarily by telephone, similar to the existing operating procedure (see Section 2.3.3), and independent of the RTOC system software.  

A. Glossary of Terms and Acronyms

	Active Emergency Response
	Non-automatic emergency on-site response to problems, typically by telephone calls to emergency agencies.

	Adverse Weather Conditions Event
	Weather related conditions, such as fog or ice, which disrupt traffic or pose a safety hazard.

	AID
	Automatic Incident Detection

	Alarms
	System generated dynamic warnings inviting operators’ attention.

	APID
	All Purpose Incident Detection

	AQDS
	Automatic Queue Detection Subsystem

	Automatic Detection
	The detection of incidents or queues by algorithms based on volume, speed and occupancy data provided by vehicle detection stations.

	Blockages 
	Random occurrences that block a lane.  Blockages are a subset of incidents.

	Capacity
	Maximum traffic volume (number of vehicles per hour) that can pass through a highway section.

	CA/T
	Central Artery/Tunnel

	CCTV
	Closed Circuit Television

	CIQ
	Caught in Queue

	Closures
	Access restriction initiated by agencies such as Police or roadwork authorities.  Closures are a subset of incidents.

	CLS
	Closure message type

	Combined Problems
	Manual combination by operator of two or more individual problems.

	Commanded State Priority Values
	Assigned values to messages competing for the same VMS.  The message with the highest commanded state priority value is implemented based on operator approval.

	Confirmation
	Verification by an operator of system-generated details regarding a problem prior to response implementation.

	Contra-Flow Lanes
	One or more lanes of the opposing roadway closed to be available to traffic in the opposite direction.

	Downstream End Location
	Intersection associated with the downstream endpoint of an event or with a queue head.

	Dynamic Messages
	Messages generated dynamically based on problem management response logic, which applies consistent principles to events (i.e., incidents, adverse weather conditions, planned events) and queues.

	Events
	A disruption of traffic status quo.  Can be incidents, adverse weather conditions events, or planned events.

	External Agencies
	Agencies that are external to the RTOC control room, e.g. Police, emergency maintenance crews, tunnel management staff.

	FAR
	False Alarm Rate

	GUI
	Graphical User Interface

	HOV
	High-Occupancy Vehicle

	I/C
	Interchange

	INC
	Incident message type

	INC/STP
	Incident/stop message type

	Incidents
	Unplanned events, resulting in the blockages or closures of one or more lanes and/or shoulders.

	Integrated Response
	Response taking into account multiple combined and uncombined problems competing for devices.

	Library Messages
	Messages in response to a problem that do not follow the dynamic generation rules.  These messages are exceptional and small in number.

	MassHighway
	Massachusetts Highway Department

	MTA
	Massachusetts Turnpike Authority

	VMS
	Mainline Variable Message Sign

	Non-Automatic Detection
	The detection of problems by an operator through manual means, such as cell phone reporting, emergency roadside telephones (ERT), CCTV cameras and patrols.

	Operator-Approved Messages 
	Messages displayed after they have been reviewed and confirmed by an operator.

	Planned Events
	Events for which the operators have prior knowledge and which may generate intense but relatively predictable traffic flows, such as maintenance or construction work, and sports events.

	Primary Confirmation
	Verification of a problem using CCTV cameras.

	Problems
	Encompasses events (i.e., incidents, adverse weather conditions and planned events) and queues.

	PVMS
	Portable Variable Message Sign

	QUE
	Queue message type

	Queue
	A range (greater than a user-defined length) of slow moving traffic (slower than a user-defined speed).

	Queue End
	Upstream end of a queue. Vehicles become a part of the queue when they arrive at the queue end.

	Queue Head
	Downstream end of a queue. Vehicles exit a queue from the queue head.

	RESCU
	Road Emergency Services Communications Unit

	Response Plan
	Sequence of actions to be taken in response to an incident or queue.

	RTOC
	Regional Traffic Operations Center

	Secondary Confirmation
	Verification of an incident other than by CCTV cameras (e.g., through patrols and external agencies).

	Soft Messages
	Cautionary messages displayed prior to confirmation at locations where there are suspected incidents or queues, according to AIDS or AQDS.

	STP
	Stop message type

	Upstream End Location
	Intersection associated with the upstream endpoint of an event or with a queue end.

	VDS
	Vehicle Detection Station

	VMS
	Variable Message Sign


B. VMS Integrated Response Rules

This appendix defines the rules used for the dynamic generation of VMS response plan entries for inclusion in an overall problem response plan.  The rules enable the central software system to automatically select appropriate VMSs to respond to a wide range of traffic problems, and to dynamically generate an appropriate message and associated message priority for each applicable VMS.

The first step in VMS message generation is the selection of all VMS devices appropriate for the response to a single problem or a single set of combined problems.  This requires that VMS message types first be assigned to specific geographic areas of the RTOC on the location of the problem or combined problems.  VMSs located within these geographic areas are selected for the response plan and dynamic message assignment rules are used to assign specific messages to the available VMSs.  

Next, the commanded state priority values associated with each rule-assigned message are generated based on the specific traffic problem conditions.  The commanded state priority values are applied to all problems being responded to by the system at a given point in time, and are used to determine which message from a number of competing messages is displayed on a specific VMS.

B.1
DYNAMIC MESSAGE GENERATION AND ASSIGNMENT RULES

Each VMS message type for unplanned events and queues has an associated skeletal message that is divided into a number of fields that, when concatenated, form two or three lines of text.  Some fields contain static text while others contain text generated based on the specific conditions of the traffic problem.  Exhibit B.1 and Exhibit B.2 show VMS message templates used by the system.  Descriptions of the various message types are found in Sections 3.5.2.1 and 3.5.2.2 in the main document.

The following conventions are used in the skeletal message formats shown in the templates:

· [text]: indicates variable text generated by the dynamic system logic, with the variables separated by forward slashes (i.e., “/”);

· {text}: indicates optional text, that is not always part of a message of a given type.  The optional text may include variables separated by forward slashes (i.e., “/”);

· text: indicates required text within a phase, even though the phrase which holds this text may itself be optional;

· text: indicates a parameter that is provided from problem entry dialog screen information and/or from data resident in the system.

VMS size limitations will restrict the length of the parameter text.  For example, all locations have short, medium, and long names defined.  The short name is a maximum of eight characters, or one PVMS line.  The long name is a maximum of 15 characters, or one Permanent VMS line.  The medium name is a maximum of 12 characters, and is used in certain cases for the Permanent VMS syntax.  Examples are shown below:

	Short (8)
	
	Medium (12)
	
	Long (15)

	HIGHLAND
	   
	HIGHLAND AVE
	   
	HIGHLAND AVENUE

	GR PLAIN
	   
	GR PLAIN AVE
	   
	GREAT PLAIN AVE


Exhibit B.1: VMS Message Templates
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Message Template

Type

Phase 1

Phase 2

SFT

DRIVE WITH

CAUTION

WEA

[

weather event type

]

AHEAD

REDUCE SPEED

CIW

[

weather event type

]

REDUCE SPEED

INC

[

event type

]

[

event type

]

(point)

[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]

[BEFORE/AT/BEYOND]

[BLOCKED/CLOSED]

[

incident upstream end

]

INC

[

event type

]

[

incident upstream end

]

(range)

[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]

TO

[BLOCKED/CLOSED]

[

incident downstream end

]

CII

[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]

TO {BEFORE/BEYOND}

[BLOCKED/CLOSED]

[

incident downstream end

]

QUE

SLOW TRAFFIC

SLOW TRAFFIC

[BEFORE/AT/BEYOND]

TO {BEFORE/BEYOND}

[

queue upstream end

]

[

queue downstream end

]

IAQ

SLOW TRAFFIC

[

event type

]

[BEFORE/AT/BEYOND]

[BEFORE/AT/BEYOND]

[

queue upstream end

]

[

incident upstream end

]

CIQ

SLOW TRAFFIC

TO {BEFORE/BEYOND}

[

queue downstream end

]

CLS1

[

roadway

] CLOSED AT

[

closure upstream end

]

{FOLLOW DETOUR}

CLS2

[

roadway

] {[

direction

]} CLOSED

SEEK

{AT} [

closure upstream end

]

ALTERNATE

{TO [

closure downstream end

]}

ROUTE

STP-Q

PREPARE TO STOP

SLOW TRAFFIC

AHEAD

STP-I

PREPARE TO STOP

[

event type

]

AHEAD

QUE-R

[

roadway

] [

direction

]

{AT} [

queue upstream end

]

[

length

] DELAY

TO

[

queue downstream end

]

CLS-R

[

roadway

] {[

direction

]} CLOSED

{AT} [

closure upstream end

]

{TO [

closure downstream end

]}


Exhibit B.2: PVMS Message Templates
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Message Template

Type

Phase 1

Phase 2

SFT

DRIVE

WITH

CAUTION

WEA

[

weather event type

]

REDUCE

AHEAD

SPEED

CIW

[

weather event type

]

REDUCE

SPEED

INC

[

event type

]

[

event type

]

(point)

[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]

[BEFORE/AT/BEYOND]

[BLOCKED/CLOSED]

[

incident upstream end

]

INC

[

event type

]

[

incident upstream end

]

(range)

[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]

TO

[BLOCKED/CLOSED]

[

incident downstream end

]

CII

[LEFT/CENTER/RIGHT/ALL/BOTH]

TO

[LANE{S}/SHOULDER/SHOULDRS]

{BEFORE/BEYOND}

[BLOCKED/CLOSED]

[

incident downstream end

]

QUE

SLOW

SLOW TO

[BEFORE/AT/BEYOND]

{BEFORE/BEYOND}

[

queue upstream end

]

[

queue downstream end

]

IAQ

SLOW

[

event type

]

[BEFORE/AT/BEYOND]

[BEFORE/AT/BEYOND]

[

queue upstream end

]

[

incident upstream end

]

CIQ

SLOW TO

{BEFORE/BEYOND}

[

queue downstream end

]

CLS1

[

roadway

]

{FOLLOW

CLOSED

DETOUR}

AHEAD

CLS2

[

roadway

] {[direction]}

{AT} [

closure upstream end

]

CLOSED

{TO

[

closure downstream end

]}

STP-Q

PREPARE

SLOW

TO STOP

TRAFFIC

AHEAD

STP-I

PREPARE

[

event type

]

TO STOP

AHEAD

QUE-R

[

roadway

] [

direction

]

{AT} [

queue upstream end

]

[

length

]

TO

DELAY

[

queue downstream end

]

CLS-R

[

roadway

]

{AT} [

closure upstream end

]

{[

direction

]}

{TO

CLOSED

[

closure downstream end

]}


The following rules are used to select the most appropriate VMS for a response plan to one uncombined problem or to one set of combined problems, and to assign a message type to each selected VMS.  The rules deal with unplanned events and queues only.  The rules must be executed in the sequence shown below to ensure that later rules override earlier rules where more than one rule applies to an individual uncombined problem or an individual set of combined problems.  For example, for an uncombined queue, Rule 9 and Rule 10 may both apply.  If this is the case, an STP message as opposed to a QUE message, is assigned to the VMS upstream of the queue end, because Rule 10 has overridden Rule 9.

3. In the case that there is an unconfirmed incident or queue detected, the first VMS upstream of the detection site is assigned an SFT message type if it is located at a distance upstream from the detection site that is less than the maximum soft message signing distance threshold.  (Note: This message type will be disabled in the initial system implementation.)

4. In the case that there is an adverse weather conditions event, any VMS that is located between consecutive weather event downstream end and upstream end locations is assigned a CIW message type if the VMS is located at a distance upstream from the weather event downstream end location that is greater than the minimum weather event downstream end signing distance threshold.
5. In the case that there is an adverse weather conditions event, the first VMS upstream of the upstream end location of the weather event is assigned a WEA message type if it is located at a distance upstream from the weather event upstream end location that is less than the maximum weather event signing distance threshold.
6. In the case that there is a range incident that is not a full roadway closure, any VMS that is located between consecutive incident downstream end and upstream end locations is assigned an CII message type if the VMS is located at a distance upstream from the incident downstream end location that is greater than the minimum range incident downstream end signing distance threshold.
7. In the case that there is a queue, any VMS that is located between consecutive queue head and queue end locations is assigned a CIQ message type if the VMS is located at a distance upstream from the queue head that is greater than the minimum queue head signing distance threshold.

8. In the case that there is an incident that is not a full roadway closure, the first VMS upstream of the incident is assigned an INC message type if it is located at a distance upstream from the incident upstream end location that is less than the maximum incident signing distance threshold.

9. In the case that there is an incident that is not a full roadway closure that has been combined with a queue, any VMS that is located between consecutive queue head and queue end locations is assigned an IAQ message type if the VMS is located at a distance upstream from the queue head that is greater than the minimum queue head signing distance threshold.
10. In the case that there is a queue, any VMS that is located at a distance upstream from the queue end that is less than the maximum queue end signing distance threshold is assigned a QUE message type.

11. In the case that there is a queue, any VMS that is located at a distance upstream from the queue end that is less than the minimum safe stopping distance threshold is assigned a STP-Q message type.

12. In the case that there is an incident that is not a full roadway closure, any VMS that is located at a distance upstream from the incident upstream end location that is less than the minimum safe stopping distance threshold is assigned an STP-I message type.

13. In the case that there is a full roadway closure incident (all lanes closed), any VMS that is located at a distance upstream from the closure upstream end location that is less than the maximum incident signing distance threshold is assigned a CLS2 message type.

14. In the case that there is a full roadway closure incident (all lanes closed), the first VMS upstream of the closure upstream end location is assigned a CLS1 message type if an off-ramp is located between the VMS and the closure upstream end location, and if the VMS is located at a distance upstream from the closure upstream end location that is less than the maximum incident signing distance threshold.
15. In the case that there is a queue greater than the minimum regional signing queue length threshold, any Regional VMS that is located upstream of the incident upstream end location is assigned a QUE-R message type.

16. In the case that there is a full roadway closure incident (all lanes closed), any Regional VMS that is located upstream from the closure upstream end location is assigned a CLS-R message type.

B.2
MESSAGE PRIORITY
Exhibit B.3 lists the message types for unplanned events and queues, along with their suggested defaults for configurable base priority values.  Base priority values for planned events are determined by the system user and entered into the system as part of the planned event response.  Different planned event base priority values can be assigned to the different stages of planned event response.  Manually created/selected messages for unplanned problem response are also assigned a base priority value, which is higher than the base priority value for dynamic system-generated messages or pre-assigned library messages.

Generating the Commanded State Priority value begins with the base value, which is modified by summing values assigned to the traffic event conditions used to generate the VMS message.  Specifically, the Commanded State Priority value for a VMS message may be increased based on any combination of the following criteria:

17. The distance between the VMS and the queue end location.

18. The distance between the VMS and the event upstream end location.

19. The number of blocked/closed lanes in the event.

The criteria shown above are listed in order of importance.  The first criterion recognizes the importance of warning drivers that they are approaching a queue end location.  The closer the VMS is to a downstream queue end location, the higher the priority that is assigned to messages containing the queue end location.  The second criterion recognizes the importance of warning drivers that they are approaching an event location.  An event with an upstream end location that is immediately downstream of a VMS is most important.  The third criterion allows differentiation between events.  This allows the incident with the most blocked/closed lanes to be assigned a higher priority.

Exhibit B.3: VMS Message Base Priority Values (Suggested Defaults)

	MESSAGE TYPE
	BASE PRIORITY

(DEFAULT)

	SFT
	20

	QUE-R
	30

	CLS-R
	30

	WEA
	50

	CIW
	50

	INC
	1000

	CII
	1000

	QUE
	1000

	CIQ
	2000

	IAQ
	2000

	CLS1
	3000

	CLS2
	3000

	STP-Q
	4000

	STP-I
	4000


The following rules are used to generate the Commanded State Priority values for each VMS message:

· Based on the message type, the base priority value becomes the initial Commanded State Priority value.

· Based on the message type, the criteria that impact the Commanded State Priority value are determined.  The associations between message types and criteria are illustrated in Exhibit B.4.

· The Commanded State Priority value is adjusted by methods that directly correspond to the criteria selected above.

Since each VMS message is generated based on different traffic problem conditions, not all messages are adjusted by all the criteria described above.  In fact, some messages are not adjusted at all, resulting in a Commanded State Priority value that is equal to the base value.  The table shown in Exhibit B.4 relates each VMS message type with its associated commanded state priority generation criteria.

Exhibit B.4: Adjustment Criteria Selection Table

	MESSAGE TYPE
	ADJUSTMENT CRITERIA

	
	VMS to Queue End Location
	VMS to Event Upstream End Location
	Number of Blocked/Closed  Lanes 

	SFT
	
	
	

	QUE-R
	(
	
	

	CLS-R
	
	(
	

	WEA
	
	
	

	CIW
	
	
	

	INC
	
	(
	(

	CII
	
	
	(

	QUE
	(
	
	

	CIQ
	
	
	

	IAQ
	
	(
	(

	CLS1
	
	(
	(

	CLS2
	
	(
	(

	STP
	(
	(
	(


The following methods are used, as they apply, to adjust the Commanded State Priority values for each VMS message:

· Method 1 - The distance (in feet) between the VMS location and the queue end location is subtracted from 50,000.  This difference is divided by 65.  The resulting value is added to the Commanded State Priority value.

· Method 2 - The distance (in feet) between the VMS location and the event upstream end location is subtracted from 50,000.  This difference is divided by 65.  The resulting value is added to the Commanded State Priority value.

· Method 3 - The number of lanes blocked/closed in the event is added to the Commanded State Priority value.

It is suggested that all three methods are implemented and the user may pick whichever is applicable through a user definable parameter.  Divisors used in the methods and weighting values for the three methods are also user configurable.
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Short - numbers

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE						DRIVE

						WITH						WITH

						CAUTION						CAUTION

		WEA				[weather event type]		DRIVE				ICY		DRIVE

						AHEAD		WITH				ROAD		WITH

								CAUTION				AHEAD		CAUTION

		CIW				[weather event type]		DRIVE				ICY		DRIVE

								WITH				ROAD		WITH

								CAUTION						CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		[BEFORE/AT/BEYOND]				RT LANES		BEFORE

						[BLOCKED/CLOSED]		EXIT [incident upstream end]				BLOCKED		EXIT 19

		INC				[event type]		[event type]				ROADWORK		ROADWORK

		(range)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		EXITS				RT LANES		EXITS

						[BLOCKED/CLOSED]		[incident upstream end]-[incident downstream end]				CLOSED		19-20

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH]		TO				RIGHT		TO

						[LANE{S}/SHOULDER/SHOULDRS]		{BEFORE/BEYOND}				LANE		BEYOND

						[BLOCKED/CLOSED]		EXIT [incident downstream end]				CLOSED		EXIT 19

		QUE				SLOW		SLOW TO				SLOW		SLOW TO

						[BEFORE/AT/BEYOND]		{BEFORE/BEYOND}				BEYOND		BEFORE

						EXIT [queue upstream end]		EXIT [queue downstream end]				EXIT 19		EXIT 20

		IAQ				SLOW		[event type]				SLOW		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						EXIT [queue upstream end]		EXIT [incident upstream end]				EXIT 19		EXIT 20

		CIQ				SLOW TO						SLOW TO

						{BEFORE/BEYOND}						BEFORE

						EXIT [queue downstream end]						EXIT 20

		CLS1				[roadway]		{FOLLOW				I-95		FOLLOW

						CLOSED		DETOUR}				CLOSED		DETOUR

						AHEAD						AHEAD

		CLS2				[roadway]		{AT}				I-95		EXITS

						{[direction]}		EXIT{S}				NORTH		19-20

						CLOSED		[closure upstream end]{-[closure downstream end]}				CLOSED

		STP-Q				PREPARE		SLOW				PREPARE		SLOW

						TO STOP		TRAFFIC				TO STOP		TRAFFIC

								AHEAD						AHEAD

		STP-I				PREPARE		[event type]				PREPARE		ACCIDENT

						TO STOP		AHEAD				TO STOP		AHEAD

		QUE-R				[roadway] [direction]		{AT}				I-95 NB		EXITS

						[length]		EXIT{S}				3 MILE		18-20

						DELAY		[queue upstream end]{-[queue downstream end]}				DELAY

		CLS-R				[roadway]		{AT}				I-95		EXITS

						{[direction]}		EXIT{S}				NORTH		19-20

						CLOSED		[closure upstream end]{-[closure downstream end]}				CLOSED
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Short - names

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE						DRIVE

						WITH						WITH

						CAUTION						CAUTION

		WEA				[weather event type]		REDUCE				ICY		DRIVE

						AHEAD		SPEED				ROAD		WITH

												AHEAD		CAUTION

		CIW				[weather event type]						ICY		DRIVE

						REDUCE						ROAD		WITH

						SPEED								CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		[BEFORE/AT/BEYOND]				RT LANES		BEFORE

						[BLOCKED/CLOSED]		[incident upstream end]				BLOCKED		HIGHLAND

		INC				[event type]		[incident upstream end]				ROADWORK		HIGHLAND

		(range)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		TO				RT LANES		TO

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		ROUTE 9

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH]		TO				RIGHT		TO

						[LANE{S}/SHOULDER/SHOULDRS]		{BEFORE/BEYOND}				LANE		BEYOND

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		HIGHLAND

		QUE				SLOW		SLOW TO				SLOW		SLOW TO

						[BEFORE/AT/BEYOND]		{BEFORE/BEYOND}				BEYOND		BEFORE

						[queue upstream end]		[queue downstream end]				HIGHLAND		ROUTE 9

		IAQ				SLOW		[event type]				SLOW		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						[queue upstream end]		[incident upstream end]				HIGHLAND		ROUTE 9

		CIQ				SLOW TO						SLOW TO

						{BEFORE/BEYOND}						BEFORE

						[queue downstream end]						ROUTE 9

		CLS1				[roadway]		{FOLLOW				I-95		FOLLOW

						CLOSED		DETOUR}				CLOSED		DETOUR

						AHEAD						AHEAD

		CLS2				[roadway] {[direction]}		{AT} [closure upstream end]				I-95		HIGHLAND

						CLOSED		{TO				NORTH		TO

								[closure downstream end]}				CLOSED		ROUTE 9

		STP-Q				PREPARE		SLOW				PREPARE		SLOW

						TO STOP		TRAFFIC				TO STOP		TRAFFIC

								AHEAD						AHEAD

		STP-I				PREPARE		[event type]				PREPARE		ACCIDENT

						TO STOP		AHEAD				TO STOP		AHEAD

		QUE-R				[roadway] [direction]		{AT} [queue upstream end]				I-95 NB		GR PLAIN

						[length]		TO				3 MILE		TO

						DELAY		[queue downstream end]				DELAY		ROUTE 9

		CLS-R				[roadway]		{AT} [closure upstream end]				I-95		HIGHLAND

						{[direction]}		{TO				NORTH		TO

						CLOSED		[closure downstream end]}				CLOSED		ROUTE 9
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Long - numbers

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		WEA				[weather event type]		DRIVE WITH				ICY ROAD		DRIVE WITH

						AHEAD		CAUTION				AHEAD		CAUTION

		CIW				[weather event type]						ICY ROAD

						DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		[BEFORE/AT/BEYOND]				RIGHT LANES		BEFORE

						[BLOCKED/CLOSED]		EXIT [incident upstream end]				BLOCKED		EXIT 19

		INC				[event type]		[event type]				ROADWORK		ROADWORK

		(range)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		EXITS				RIGHT LANES		EXITS

						[BLOCKED/CLOSED]		[incident upstream end]-[incident downstream end]				CLOSED		19-20

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		TO {BEFORE/BEYOND}				RIGHT LANE		TO BEYOND

						[BLOCKED/CLOSED]		EXIT [incident downstream end]				CLOSED		EXIT 20

		QUE				SLOW TRAFFIC		SLOW TRAFFIC				SLOW TRAFFIC		SLOW TRAFFIC

						[BEFORE/AT/BEYOND]		TO {BEFORE/BEYOND}				BEYOND		TO BEFORE

						EXIT [queue upstream end]		EXIT [queue downstream end]				EXIT 19		EXIT 20

		IAQ				SLOW TRAFFIC		[event type]				SLOW TRAFFIC		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						EXIT [queue upstream end]		EXIT [incident upstream end]				EXIT 19		EXIT 20

		CIQ				SLOW TRAFFIC						SLOW TRAFFIC

						TO {BEFORE/BEYOND}						TO BEFORE

						EXIT [queue downstream end]						EXIT 20

		CLS1				[roadway] CLOSED						I-95 CLOSED

						AT EXIT [closure upstream end]						AT EXIT 19

						{FOLLOW DETOUR}						FOLLOW DETOUR

		CLS2				[roadway] {[direction]}						I-95 NORTHBOUND

						CLOSED						CLOSED

						{AT} EXIT{S} [closure upstream end]{-[closure downstream end]}						EXITS 19-20

		STP-Q				PREPARE TO STOP						PREPARE TO STOP

						SLOW TRAFFIC						SLOW TRAFFIC

						AHEAD						AHEAD

		STP-I				PREPARE TO STOP						PREPARE TO STOP

						[event type]						ACCIDENT

						AHEAD						AHEAD

		QUE-R				[roadway] [direction]						I-95 NORTHBOUND

						[length] DELAY						3 MILE DELAY

						{AT} EXIT{S} [queue upstream end]{-[queue downstream end]}						EXITS 18-20

		CLS-R				[roadway] {[direction]}						I-95 NORTHBOUND

						CLOSED						CLOSED

						{AT} EXIT{S} [closure upstream end]{-[closure downstream end]}						EXITS 19-20
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Long - names

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		WEA				[weather event type]		DRIVE WITH				ICY ROAD		DRIVE WITH

						AHEAD		CAUTION				AHEAD		CAUTION

		CIW				[weather event type]						ICY ROAD

						DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		[BEFORE/AT/BEYOND]				RIGHT LANES		BEFORE

						[BLOCKED/CLOSED]		[incident upstream end]				BLOCKED		HIGHLAND AVE

		INC				[event type]		[incident upstream end]				ROADWORK		HIGHLAND AVE

		(range)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		TO				RIGHT LANES		TO

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		ROUTE 9

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		TO {BEFORE/BEYOND}				RIGHT LANE		TO BEYOND

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		ROUTE 9

		QUE				SLOW TRAFFIC		SLOW TRAFFIC				SLOW TRAFFIC		SLOW TRAFFIC

						[BEFORE/AT/BEYOND]		TO {BEFORE/BEYOND}				BEYOND		TO BEFORE

						[queue upstream end]		[queue downstream end]				HIGHLAND AVE		ROUTE 9

		IAQ				SLOW TRAFFIC		[event type]				SLOW TRAFFIC		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						[queue upstream end]		[incident upstream end]				HIGHLAND AVE		ROUTE 9

		CIQ				SLOW TRAFFIC						SLOW TRAFFIC

						TO {BEFORE/BEYOND}						TO BEFORE

						[queue downstream end]						ROUTE 9

		CLS1				[roadway] CLOSED AT						I-95 CLOSED AT

						[closure upstream end]						HIGHLAND AVE

						{FOLLOW DETOUR}						FOLLOW DETOUR

		CLS2				[roadway] {[direction]} CLOSED						I-95 NB CLOSED

						{AT} [closure upstream end]						HIGHLAND AVE

						{TO [closure downstream end]}						TO ROUTE 9

		STP-Q				PREPARE TO STOP						PREPARE TO STOP

						SLOW TRAFFIC						SLOW TRAFFIC

						AHEAD						AHEAD

		STP-I				PREPARE TO STOP						PREPARE TO STOP

						[event type]						ACCIDENT

						AHEAD						AHEAD

		QUE-R				[roadway] [direction]		{AT} [queue upstream end]				I-95 NORTHBOUND		GREAT PLAIN AVE

						[length] DELAY		TO				3 MILE DELAY		TO

								[queue downstream end]						ROUTE 9

		CLS-R				[roadway] {[direction]} CLOSED						I-95 NB CLOSED

						{AT} [closure upstream end]						HIGHLAND AVE

						{TO [closure downstream end]}						TO ROUTE 9
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Examples

						Short - exit numbers						Short - exit names						Long - exit numbers						Long - exit names

		Type				Phase 1		Phase 2				Phase 1		Phase 2				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE						DRIVE						DRIVE WITH						DRIVE WITH

						WITH						WITH						CAUTION						CAUTION

						CAUTION						CAUTION

		WEA				ICY		DRIVE				ICY		DRIVE				ICY ROAD		DRIVE WITH				ICY ROAD		DRIVE WITH

						ROAD		WITH				ROAD		WITH				AHEAD		CAUTION				AHEAD		CAUTION

						AHEAD		CAUTION				AHEAD		CAUTION

		CIW				ICY		DRIVE				ICY		DRIVE				ICY ROAD						ICY ROAD

						ROAD		WITH				ROAD		WITH				DRIVE WITH						DRIVE WITH

								CAUTION						CAUTION				CAUTION						CAUTION

		INC				ACCIDENT		ACCIDENT				ACCIDENT		ACCIDENT				ACCIDENT		ACCIDENT				ACCIDENT		ACCIDENT

		(point)				RT LANES		BEFORE				RT LANES		BEFORE				RIGHT LANES		BEFORE				RIGHT LANES		BEFORE

						BLOCKED		EXIT 19				BLOCKED		HIGHLAND				BLOCKED		EXIT 19				BLOCKED		HIGHLAND AVE

		INC				ROADWORK		ROADWORK				ROADWORK		HIGHLAND				ROADWORK		ROADWORK				ROADWORK		HIGHLAND AVE

		(range)				RT LANES		EXITS				RT LANES		TO				RIGHT LANES		EXITS				RIGHT LANES		TO

						CLOSED		19-20				CLOSED		ROUTE 9				CLOSED		19-20				CLOSED		ROUTE 9

		CII				RIGHT		TO				RIGHT		TO				RIGHT LANE		TO BEYOND				RIGHT LANE		TO BEYOND

						LANE		BEYOND				LANE		BEYOND				CLOSED		EXIT 20				CLOSED		ROUTE 9

						CLOSED		EXIT 19				CLOSED		HIGHLAND

		QUE				SLOW		SLOW TO				SLOW		SLOW TO				SLOW TRAFFIC		SLOW TRAFFIC				SLOW TRAFFIC		SLOW TRAFFIC

						BEYOND		BEFORE				BEYOND		BEFORE				BEYOND		TO BEFORE				BEYOND		TO BEFORE

						EXIT 19		EXIT 20				HIGHLAND		ROUTE 9				EXIT 19		EXIT 20				HIGHLAND AVE		ROUTE 9

		IAQ				SLOW		ACCIDENT				SLOW		ACCIDENT				SLOW TRAFFIC		ACCIDENT				SLOW TRAFFIC		ACCIDENT

						BEYOND		BEFORE				BEYOND		BEFORE				BEYOND		BEFORE				BEYOND		BEFORE

						EXIT 19		EXIT 20				HIGHLAND		ROUTE 9				EXIT 19		EXIT 20				HIGHLAND AVE		ROUTE 9

		CIQ				SLOW TO						SLOW TO						SLOW TRAFFIC						SLOW TRAFFIC

						BEFORE						BEFORE						TO BEFORE						TO BEFORE

						EXIT 20						ROUTE 9						EXIT 20						ROUTE 9

		CLS1				I-95		FOLLOW				I-95		FOLLOW				I-95 CLOSED						I-95 CLOSED AT

						CLOSED		DETOUR				CLOSED		DETOUR				AT EXIT 19						HIGHLAND AVE

						AHEAD						AHEAD						FOLLOW DETOUR						FOLLOW DETOUR

		CLS2				I-95		EXITS				I-95		HIGHLAND				I-95 NORTHBOUND						I-95 NB CLOSED

						NORTH		19-20				NORTH		TO				CLOSED						HIGHLAND AVE

						CLOSED						CLOSED		ROUTE 9				EXITS 19-20						TO ROUTE 9

		STP-Q				PREPARE		SLOW				PREPARE		SLOW				PREPARE TO STOP						PREPARE TO STOP

						TO STOP		TRAFFIC				TO STOP		TRAFFIC				SLOW TRAFFIC						SLOW TRAFFIC

								AHEAD						AHEAD				AHEAD						AHEAD

		STP-I				PREPARE		ACCIDENT				PREPARE		ACCIDENT				PREPARE TO STOP						PREPARE TO STOP

						TO STOP		AHEAD				TO STOP		AHEAD				ACCIDENT						ACCIDENT

																		AHEAD						AHEAD

		QUE-R				I-95 NB		EXITS				I-95 NB		GR PLAIN				I-95 NORTHBOUND						I-95 NORTHBOUND		GREAT PLAIN AVE

						3 MILE		18-20				3 MILE		TO				3 MILE DELAY						3 MILE DELAY		TO

						DELAY						DELAY		ROUTE 9				EXITS 18-20								ROUTE 9

		CLS-R				I-95		EXITS				I-95		HIGHLAND				I-95 NORTHBOUND						I-95 NB CLOSED

						NORTH		19-20				NORTH		TO				CLOSED						HIGHLAND AVE

						CLOSED						CLOSED		ROUTE 9				EXITS 19-20						TO ROUTE 9
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I-95 Exits

		Exit						Short (2p)				Short (1p)				Medium				Long

		Number		Full Name		Town Name		(8 x 2)				(8 x 1)				(1 x 12)				(15 x 1)

		11		Neponset St		Norwood		NEPONSET				NEPONSET				NEPONSET ST				NEPONSET STREET

								STREET

		12		I-93 Northbound		Canton		I-93				I-93 NB				I-93 NORTH				I-93 NORTHBOUND

								NORTH

		13		University Ave		Dedham		UNIVER-				UNIVRSTY				UNIVERSITY				UNIVERSITY AVE

								SITY AVE

		14		East St		Westwood		EAST				EAST ST				EAST STREET				EAST STREET

				Canton St				STREET

		15		Route 1 Southbound		Dedham		ROUTE 1				RTE 1 SB				RTE 1 SOUTH				ROUTE 1 SOUTH

								SOUTH

		16		Route 109		Dedham		ROUTE				RTE 109				ROUTE 109				ROUTE 109

				High Street				109

		17		Route 135		Dedham		ROUTE				RTE 135				ROUTE 135				ROUTE 135

								135

		18		Great Plain Ave		Needham		GREAT				GR PLAIN				GR PLAIN AVE				GREAT PLAIN AVE

								PLAIN AV

		19		Highland Ave		Needham		HIGHLAND				HIGHLAND				HIGHLAND AVE				HIGHLAND AVE

								AVE

		20		Route 9		Wellesley		ROUTE 9				ROUTE 9				ROUTE 9				ROUTE 9

		Northbound

		21		Route 16		Newton		ROUTE 16				ROUTE 16				ROUTE 16				ROUTE 16

		22		Grove St		Newton		GROVE				GROVE ST				GROVE STREET				GROVE STREET

								STREET

		23-24-25		Recreation Rd		Weston		MASSPIKE				MASSPIKE				MASSPIKE				MASSPIKE/RTE 30

				Mass Turnpike				/ RTE 30

				Route 30

		Southbound

		21A		Route 16 Eastbound		Newton		ROUTE 16				RTE 16 E				RTE 16 EAST				ROUTE 16 EAST

								EAST

		22-21B		Route 16 Westbound		Newton		RTE 16W/				RTE 16 W				RTE 16 WEST				RTE 16/GROVE ST

				Grove St				GROVE ST

		24		Route 30		Weston		ROUTE 30				ROUTE 30				ROUTE 30				ROUTE 30

		25		Mass Turnpike		Weston		MASSPIKE				MASSPIKE				MASSPIKE				MASSPIKE (I-90)

								(I-90)

		26		Route 20		Waltham		ROUTE 20				ROUTE 20				ROUTE 20				ROUTE 20

		27		Totten Pond Rd		Waltham		TOTTEN				TOTTN PD				TOTTEN POND				TOTTEN POND RD

				Winter St				POND RD

		28		Trapelo Rd		Waltham		TRAPELO				TRAPELO				TRAPELO ROAD				TRAPELO ROAD

								ROAD

		29		Route 2		Lexington		ROUTE 2				ROUTE 2				ROUTE 2				ROUTE 2

		30		Route 2A		Lexington		ROUTE 2A				ROUTE 2A				ROUTE 2A				ROUTE 2A

		31		Route 4 / Route 225		Lexington		ROUTE				RT 4/225				ROUTE 4/225				ROUTE 4/225

								4/225

		32		Route 3 Northbound		Burlington		ROUTE 3				RTE 3 NB				RTE 3 NORTH				ROUTE 3 NORTH

				Middlesex Turnpike				NORTH

		33		Route 3 Southbound		Burlington		RTE 3/3A				RTE 3/3A				ROUTE 3/3A				ROUTE 3/3A

				Route 3A

		34		Winn St		Burlington		WINN				WINN ST				WINN STREET				WINN STREET

								STREET

		35		Route 38		Woburn		ROUTE 38				ROUTE 38				ROUTE 38				ROUTE 38

		36		Washington St		Woburn		WASHING-				WASHNGTN				WASHINGTN ST				WASHINGTON ST

								TON ST

		37		I-93		Reading		I-93				I-93				I-93				I-93

		38		Route 28		Reading		ROUTE 28				ROUTE 28				ROUTE 28				ROUTE 28

		39		North Ave		Wakefield		NORTH				NORTH AV				NORTH AVE				NORTH AVE

								AVE
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I-93 Exits

		Exit						Short (2p)_				Short (1p)				Medium				Long

		Number		Full Name		Town Name		(8 x 2)				(8 x 1)				(12 x 1)				(15 x 1)

		1		I-95		Canton		I-95				I-95				I-95				I-95

		2		Route 138		Canton		ROUTE				RTE 138				ROUTE 138				ROUTE 138

								138

		3		Ponkapoag Trail		Milton		PONKA-				PONKAPG				PONKAPOAG TR				PONKAPOAG TRAIL

								POAG TR

		4		Route 24		Randolph		ROUTE 24				ROUTE 24				ROUTE 24				ROUTE 24

		5		Route 28		Quincy/Randolph		ROUTE 28				ROUTE 28				ROUTE 28				ROUTE 28

		6		Route 37		Braintree		ROUTE 37				ROUTE 37				ROUTE 37				ROUTE 37

				Willard St / Granite St

		7		Route 3 Southbound		Braintree/Quincy		ROUTE 3				RTE 3 SB				RTE 3 SOUTH				ROUTE 3 SOUTH

								SOUTH

		8		Furnace Brook Parkway		Quincy		FURNACE				FRNC BRK				FURNACE BRK				FURNACE BRK PKY

								BRK PKWY

		Northbound only

		9		Adams St		Milton		ADAMS				ADAMS ST				ADAMS STREET				ADAMS STREET

								STREET

		Southbound only

		9		Bryant Ave		Milton		BRYANT				BRYNT AV				BRYANT AVE				BRYANT AVE

								AVE

		10		Squantum St		Milton		SQUANTUM				SQUANTUM				SQUANTUM ST				SQUANTUM STREET

								STREET

		11		Granite Ave		Milton		GRANITE				GRANITE				GRANITE AVE				GRANITE AVE

								AVE

		Southbound only

		12		Route 3A Southbound		Boston		NEPONSET				NEPONSET				NEPONSET CIR				NEPONSET CIRCLE

				Neponset Ave				CIRCLE

				Neponset Circle

		Northbound only

		13		Freeport St		Boston		FREEPORT				FREEPORT				FREEPORT ST				FREEPORT STREET

								STREET

		14		Morrissey Blvd		Boston		MORRIS-				MORRISSY				MORRISSEY				MORRISSEY BLVD

								SEY BLVD

		15		Columbia Rd		Boston		COLUMBIA				COLUMBIA				COLUMBIA RD				COLUMBIA ROAD

								ROAD

		16		Andrew Sq		Boston		ANDREW				ANDREW				ANDREW SQ				ANDREW SQUARE

								SQUARE

		Northbound only

		17		East Berkeley St		Boston		EAST				E BERKLY				E. BERKELEY				E. BERKELEY ST

								BERKELEY

		28		Sullivan Sq		Charlestown		SULLIVAN				SULLIVAN				SULLIVAN SQ				SULLIVAN SQUARE

								SQUARE

		Northbound only

		29		Route 28 / Route 38		Somerville		ROUTES				RT 28/38				ROUTES 28/38				ROUTES 28/38

								28/38

		Southbound only

		30		Route 28 / Route 38		Medford		MYSTIC				MYSTIC				MYSTIC AVE				MYSTIC AVE

				Mystic Ave				AVE

		31		Route 16		Medford		ROUTE 16				ROUTE 16				ROUTE 16				ROUTE 16

				Mystic Valley Parkway

		32		Route 60		Medford		ROUTE 60				ROUTE 60				ROUTE 60				ROUTE 60

				Medford Sq

		33		Route 28 - Fellsway West		Medford		FELLSWAY				FELLSWAY				FELLSWAY W				FELLSWAY WEST

				Roosevelt Circle				WEST

		Northbound only

		34		Route 28 North		Stoneham		ROUTE 28				RTE 28 N				RTE 28 NORTH				ROUTE 28 NORTH

								NORTH

		Southbound only

		35		Winchester Highlands		Stoneham		WINCHES-				WINCHSTR				WNCHSTR HLDS				WINCHESTER HLDS

								TER HLDS

		36		Montvale Ave		Woburn		MONTVALE				MONTVALE				MONTVALE AVE				MONTVALE AVE

								AVE

		37		I-95		Reading		I-95				I-95				I-95				I-95
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_1080127275.xls
Short - numbers

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE						DRIVE

						WITH						WITH

						CAUTION						CAUTION

		WEA				[weather event type]		DRIVE				ICY		DRIVE

						AHEAD		WITH				ROAD		WITH

								CAUTION				AHEAD		CAUTION

		CIW				[weather event type]		DRIVE				ICY		DRIVE

								WITH				ROAD		WITH

								CAUTION						CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		[BEFORE/AT/BEYOND]				RT LANES		BEFORE

						[BLOCKED/CLOSED]		EXIT [incident upstream end]				BLOCKED		EXIT 19

		INC				[event type]		[event type]				ROADWORK		ROADWORK

		(range)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		EXITS				RT LANES		EXITS

						[BLOCKED/CLOSED]		[incident upstream end]-[incident downstream end]				CLOSED		19-20

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH]		TO				RIGHT		TO

						[LANE{S}/SHOULDER/SHOULDRS]		{BEFORE/BEYOND}				LANE		BEYOND

						[BLOCKED/CLOSED]		EXIT [incident downstream end]				CLOSED		EXIT 19

		QUE				SLOW		SLOW TO				SLOW		SLOW TO

						[BEFORE/AT/BEYOND]		{BEFORE/BEYOND}				BEYOND		BEFORE

						EXIT [queue upstream end]		EXIT [queue downstream end]				EXIT 19		EXIT 20

		IAQ				SLOW		[event type]				SLOW		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						EXIT [queue upstream end]		EXIT [incident upstream end]				EXIT 19		EXIT 20

		CIQ				SLOW TO						SLOW TO

						{BEFORE/BEYOND}						BEFORE

						EXIT [queue downstream end]						EXIT 20

		CLS1				[roadway]		{FOLLOW				I-95		FOLLOW

						CLOSED		DETOUR}				CLOSED		DETOUR

						AHEAD						AHEAD

		CLS2				[roadway]		{AT}				I-95		EXITS

						{[direction]}		EXIT{S}				NORTH		19-20

						CLOSED		[closure upstream end]{-[closure downstream end]}				CLOSED

		STP-Q				PREPARE		SLOW				PREPARE		SLOW

						TO STOP		TRAFFIC				TO STOP		TRAFFIC

								AHEAD						AHEAD

		STP-I				PREPARE		[event type]				PREPARE		ACCIDENT

						TO STOP		AHEAD				TO STOP		AHEAD

		QUE-R				[roadway] [direction]		{AT}				I-95 NB		EXITS

						[length]		EXIT{S}				3 MILE		18-20

						DELAY		[queue upstream end]{-[queue downstream end]}				DELAY

		CLS-R				[roadway]		{AT}				I-95		EXITS

						{[direction]}		EXIT{S}				NORTH		19-20

						CLOSED		[closure upstream end]{-[closure downstream end]}				CLOSED
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Short - names

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE						DRIVE

						WITH						WITH

						CAUTION						CAUTION

		WEA				[weather event type]		DRIVE				ICY		DRIVE

						AHEAD		WITH				ROAD		WITH

								CAUTION				AHEAD		CAUTION

		CIW				[weather event type]		DRIVE				ICY		DRIVE

								WITH				ROAD		WITH

								CAUTION						CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		[BEFORE/AT/BEYOND]				RT LANES		BEFORE

						[BLOCKED/CLOSED]		[incident upstream end]				BLOCKED		HIGHLAND

		INC				[event type]		[incident upstream end]				ROADWORK		HIGHLAND

		(range)				[LT/CTR/RT/ALL] [LANE{S}/LNS/SHLDR/SHOULDRS]		TO				RT LANES		TO

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		ROUTE 9

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH]		TO				RIGHT		TO

						[LANE{S}/SHOULDER/SHOULDRS]		{BEFORE/BEYOND}				LANE		BEYOND

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		HIGHLAND

		QUE				SLOW		SLOW TO				SLOW		SLOW TO

						[BEFORE/AT/BEYOND]		{BEFORE/BEYOND}				BEYOND		BEFORE

						[queue upstream end]		[queue downstream end]				HIGHLAND		ROUTE 9

		IAQ				SLOW		[event type]				SLOW		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						[queue upstream end]		[incident upstream end]				HIGHLAND		ROUTE 9

		CIQ				SLOW TO						SLOW TO

						{BEFORE/BEYOND}						BEFORE

						[queue downstream end]						ROUTE 9

		CLS1				[roadway]		{FOLLOW				I-95		FOLLOW

						CLOSED		DETOUR}				CLOSED		DETOUR

						AHEAD						AHEAD

		CLS2				[roadway]		{AT} [closure upstream end]				I-95		HIGHLAND

						{[direction]}		{TO				NORTH		TO

						CLOSED		[closure downstream end]}				CLOSED		ROUTE 9

		STP-Q				PREPARE		SLOW				PREPARE		SLOW

						TO STOP		TRAFFIC				TO STOP		TRAFFIC

								AHEAD						AHEAD

		STP-I				PREPARE		[event type]				PREPARE		ACCIDENT

						TO STOP		AHEAD				TO STOP		AHEAD

		QUE-R				[roadway] [direction]		{AT} [queue upstream end]				I-95 NB		GR PLAIN

						[length]		TO				3 MILE		TO

						DELAY		[queue downstream end]				DELAY		ROUTE 9

		CLS-R				[roadway]		{AT} [closure upstream end]				I-95		HIGHLAND

						{[direction]}		{TO				NORTH		TO

						CLOSED		[closure downstream end]}				CLOSED		ROUTE 9
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Long - numbers

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		WEA				[weather event type]		DRIVE WITH				ICY ROAD		DRIVE WITH

						AHEAD		CAUTION				AHEAD		CAUTION

		CIW				[weather event type]						ICY ROAD

						DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		[BEFORE/AT/BEYOND]				RIGHT LANES		BEFORE

						[BLOCKED/CLOSED]		EXIT [incident upstream end]				BLOCKED		EXIT 19

		INC				[event type]		[event type]				ROADWORK		ROADWORK

		(range)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		EXITS				RIGHT LANES		EXITS

						[BLOCKED/CLOSED]		[incident upstream end]-[incident downstream end]				CLOSED		19-20

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		TO {BEFORE/BEYOND}				RIGHT LANE		TO BEYOND

						[BLOCKED/CLOSED]		EXIT [incident downstream end]				CLOSED		EXIT 20

		QUE				SLOW TRAFFIC		SLOW TRAFFIC				SLOW TRAFFIC		SLOW TRAFFIC

						[BEFORE/AT/BEYOND]		TO {BEFORE/BEYOND}				BEYOND		TO BEFORE

						EXIT [queue upstream end]		EXIT [queue downstream end]				EXIT 19		EXIT 20

		IAQ				SLOW TRAFFIC		[event type]				SLOW TRAFFIC		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						EXIT [queue upstream end]		EXIT [incident upstream end]				EXIT 19		EXIT 20

		CIQ				SLOW TRAFFIC						SLOW TRAFFIC

						TO {BEFORE/BEYOND}						TO BEFORE

						EXIT [queue downstream end]						EXIT 20

		CLS1				[roadway] CLOSED						I-95 CLOSED

						AT EXIT [closure upstream end]						AT EXIT 19

						{FOLLOW DETOUR}						FOLLOW DETOUR

		CLS2				[roadway] {[direction]}						I-95 NORTHBOUND

						CLOSED						CLOSED

						{AT} EXIT{S} [closure upstream end]{-[closure downstream end]}						EXITS 19-20

		STP-Q				PREPARE TO STOP						PREPARE TO STOP

						SLOW TRAFFIC						SLOW TRAFFIC

						AHEAD						AHEAD

		STP-I				PREPARE TO STOP						PREPARE TO STOP

						[event type]						ACCIDENT

						AHEAD						AHEAD

		QUE-R				[roadway] [direction]						I-95 NORTHBOUND

						[length] DELAY						3 MILE DELAY

						{AT} EXIT{S} [queue upstream end]{-[queue downstream end]}						EXITS 18-20

		CLS-R				[roadway] {[direction]}						I-95 NORTHBOUND

						CLOSED						CLOSED

						{AT} EXIT{S} [closure upstream end]{-[closure downstream end]}						EXITS 19-20
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Long - names

		Message				Message Template						Sample Message

		Type				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE WITH						DRIVE WITH

						CAUTION						CAUTION

		WEA				[weather event type]						ICY ROAD		DRIVE WITH

						AHEAD						AHEAD		CAUTION

						REDUCE SPEED

		CIW				[weather event type]						ICY ROAD

						REDUCE SPEED						DRIVE WITH

												CAUTION

		INC				[event type]		[event type]				ACCIDENT		ACCIDENT

		(point)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		[BEFORE/AT/BEYOND]				RIGHT LANES		BEFORE

						[BLOCKED/CLOSED]		[incident upstream end]				BLOCKED		HIGHLAND AVE

		INC				[event type]		[incident upstream end]				ROADWORK		HIGHLAND AVE

		(range)				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		TO				RIGHT LANES		TO

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		ROUTE 9

		CII				[LEFT/CENTER/RIGHT/ALL/BOTH] [LANE{S}/SHOULDER{S}]		TO {BEFORE/BEYOND}				RIGHT LANE		TO BEYOND

						[BLOCKED/CLOSED]		[incident downstream end]				CLOSED		ROUTE 9

		QUE				SLOW TRAFFIC		SLOW TRAFFIC				SLOW TRAFFIC		SLOW TRAFFIC

						[BEFORE/AT/BEYOND]		TO {BEFORE/BEYOND}				BEYOND		TO BEFORE

						[queue upstream end]		[queue downstream end]				HIGHLAND AVE		ROUTE 9

		IAQ				SLOW TRAFFIC		[event type]				SLOW TRAFFIC		ACCIDENT

						[BEFORE/AT/BEYOND]		[BEFORE/AT/BEYOND]				BEYOND		BEFORE

						[queue upstream end]		[incident upstream end]				HIGHLAND AVE		ROUTE 9

		CIQ				SLOW TRAFFIC						SLOW TRAFFIC

						TO {BEFORE/BEYOND}						TO BEFORE

						[queue downstream end]						ROUTE 9

		CLS1				[roadway] CLOSED AT						I-95 CLOSED AT

						[closure upstream end]						HIGHLAND AVE

						{FOLLOW DETOUR}						FOLLOW DETOUR

		CLS2				[roadway] {[direction]} CLOSED		SEEK				I-95 NB CLOSED

						{AT} [closure upstream end]		ALTERNATE				HIGHLAND AVE

						{TO [closure downstream end]}		ROUTE				TO ROUTE 9

		STP-Q				PREPARE TO STOP						PREPARE TO STOP

						SLOW TRAFFIC						SLOW TRAFFIC

						AHEAD						AHEAD

		STP-I				PREPARE TO STOP						PREPARE TO STOP

						[event type]						ACCIDENT

						AHEAD						AHEAD

		QUE-R				[roadway] [direction]		{AT} [queue upstream end]				I-95 NORTHBOUND		GREAT PLAIN AVE

						[length] DELAY		TO				3 MILE DELAY		TO

								[queue downstream end]						ROUTE 9

		CLS-R				[roadway] {[direction]} CLOSED						I-95 NB CLOSED

						{AT} [closure upstream end]						HIGHLAND AVE

						{TO [closure downstream end]}						TO ROUTE 9
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Examples

						Short - exit numbers						Short - exit names						Long - exit numbers						Long - exit names

		Type				Phase 1		Phase 2				Phase 1		Phase 2				Phase 1		Phase 2				Phase 1		Phase 2

		SFT				DRIVE						DRIVE						DRIVE WITH						DRIVE WITH

						WITH						WITH						CAUTION						CAUTION

						CAUTION						CAUTION

		WEA				ICY		DRIVE				ICY		DRIVE				ICY ROAD		DRIVE WITH				ICY ROAD		DRIVE WITH

						ROAD		WITH				ROAD		WITH				AHEAD		CAUTION				AHEAD		CAUTION

						AHEAD		CAUTION				AHEAD		CAUTION

		CIW				ICY		DRIVE				ICY		DRIVE				ICY ROAD						ICY ROAD

						ROAD		WITH				ROAD		WITH				DRIVE WITH						DRIVE WITH

								CAUTION						CAUTION				CAUTION						CAUTION

		INC				ACCIDENT		ACCIDENT				ACCIDENT		ACCIDENT				ACCIDENT		ACCIDENT				ACCIDENT		ACCIDENT

		(point)				RT LANES		BEFORE				RT LANES		BEFORE				RIGHT LANES		BEFORE				RIGHT LANES		BEFORE

						BLOCKED		EXIT 19				BLOCKED		HIGHLAND				BLOCKED		EXIT 19				BLOCKED		HIGHLAND AVE

		INC				ROADWORK		ROADWORK				ROADWORK		HIGHLAND				ROADWORK		ROADWORK				ROADWORK		HIGHLAND AVE

		(range)				RT LANES		EXITS				RT LANES		TO				RIGHT LANES		EXITS				RIGHT LANES		TO

						CLOSED		19-20				CLOSED		ROUTE 9				CLOSED		19-20				CLOSED		ROUTE 9

		CII				RIGHT		TO				RIGHT		TO				RIGHT LANE		TO BEYOND				RIGHT LANE		TO BEYOND

						LANE		BEYOND				LANE		BEYOND				CLOSED		EXIT 20				CLOSED		ROUTE 9

						CLOSED		EXIT 19				CLOSED		HIGHLAND

		QUE				SLOW		SLOW TO				SLOW		SLOW TO				SLOW TRAFFIC		SLOW TRAFFIC				SLOW TRAFFIC		SLOW TRAFFIC

						BEYOND		BEFORE				BEYOND		BEFORE				BEYOND		TO BEFORE				BEYOND		TO BEFORE

						EXIT 19		EXIT 20				HIGHLAND		ROUTE 9				EXIT 19		EXIT 20				HIGHLAND AVE		ROUTE 9

		IAQ				SLOW		ACCIDENT				SLOW		ACCIDENT				SLOW TRAFFIC		ACCIDENT				SLOW TRAFFIC		ACCIDENT

						BEYOND		BEFORE				BEYOND		BEFORE				BEYOND		BEFORE				BEYOND		BEFORE

						EXIT 19		EXIT 20				HIGHLAND		ROUTE 9				EXIT 19		EXIT 20				HIGHLAND AVE		ROUTE 9

		CIQ				SLOW TO						SLOW TO						SLOW TRAFFIC						SLOW TRAFFIC

						BEFORE						BEFORE						TO BEFORE						TO BEFORE

						EXIT 20						ROUTE 9						EXIT 20						ROUTE 9

		CLS1				I-95		FOLLOW				I-95		FOLLOW				I-95 CLOSED						I-95 CLOSED AT

						CLOSED		DETOUR				CLOSED		DETOUR				AT EXIT 19						HIGHLAND AVE

						AHEAD						AHEAD						FOLLOW DETOUR						FOLLOW DETOUR

		CLS2				I-95		EXITS				I-95		HIGHLAND				I-95 NORTHBOUND						I-95 NB CLOSED

						NORTH		19-20				NORTH		TO				CLOSED						HIGHLAND AVE

						CLOSED						CLOSED		ROUTE 9				EXITS 19-20						TO ROUTE 9

		STP-Q				PREPARE		SLOW				PREPARE		SLOW				PREPARE TO STOP						PREPARE TO STOP

						TO STOP		TRAFFIC				TO STOP		TRAFFIC				SLOW TRAFFIC						SLOW TRAFFIC

								AHEAD						AHEAD				AHEAD						AHEAD

		STP-I				PREPARE		ACCIDENT				PREPARE		ACCIDENT				PREPARE TO STOP						PREPARE TO STOP

						TO STOP		AHEAD				TO STOP		AHEAD				ACCIDENT						ACCIDENT

																		AHEAD						AHEAD

		QUE-R				I-95 NB		EXITS				I-95 NB		GR PLAIN				I-95 NORTHBOUND						I-95 NORTHBOUND		GREAT PLAIN AVE

						3 MILE		18-20				3 MILE		TO				3 MILE DELAY						3 MILE DELAY		TO

						DELAY						DELAY		ROUTE 9				EXITS 18-20								ROUTE 9

		CLS-R				I-95		EXITS				I-95		HIGHLAND				I-95 NORTHBOUND						I-95 NB CLOSED

						NORTH		19-20				NORTH		TO				CLOSED						HIGHLAND AVE

						CLOSED						CLOSED		ROUTE 9				EXITS 19-20						TO ROUTE 9
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I-95 Exits

		Exit						Short (2p)				Short (1p)				Medium				Long

		Number		Full Name		Town Name		(8 x 2)				(8 x 1)				(1 x 12)				(15 x 1)

		11		Neponset St		Norwood		NEPONSET				NEPONSET				NEPONSET ST				NEPONSET STREET

								STREET

		12		I-93 Northbound		Canton		I-93				I-93 NB				I-93 NORTH				I-93 NORTHBOUND

								NORTH

		13		University Ave		Dedham		UNIVER-				UNIVRSTY				UNIVERSITY				UNIVERSITY AVE

								SITY AVE

		14		East St		Westwood		EAST				EAST ST				EAST STREET				EAST STREET

				Canton St				STREET

		15		Route 1 Southbound		Dedham		ROUTE 1				RTE 1 SB				RTE 1 SOUTH				ROUTE 1 SOUTH

								SOUTH

		16		Route 109		Dedham		ROUTE				RTE 109				ROUTE 109				ROUTE 109

				High Street				109

		17		Route 135		Dedham		ROUTE				RTE 135				ROUTE 135				ROUTE 135

								135

		18		Great Plain Ave		Needham		GREAT				GR PLAIN				GR PLAIN AVE				GREAT PLAIN AVE

								PLAIN AV

		19		Highland Ave		Needham		HIGHLAND				HIGHLAND				HIGHLAND AVE				HIGHLAND AVE

								AVE

		20		Route 9		Wellesley		ROUTE 9				ROUTE 9				ROUTE 9				ROUTE 9

		Northbound

		21		Route 16		Newton		ROUTE 16				ROUTE 16				ROUTE 16				ROUTE 16

		22		Grove St		Newton		GROVE				GROVE ST				GROVE STREET				GROVE STREET

								STREET

		23-24-25		Recreation Rd		Weston		MASSPIKE				MASSPIKE				MASSPIKE				MASSPIKE/RTE 30

				Mass Turnpike				/ RTE 30

				Route 30

		Southbound

		21A		Route 16 Eastbound		Newton		ROUTE 16				RTE 16 E				RTE 16 EAST				ROUTE 16 EAST

								EAST

		22-21B		Route 16 Westbound		Newton		RTE 16W/				RTE 16 W				RTE 16 WEST				RTE 16/GROVE ST

				Grove St				GROVE ST

		24		Route 30		Weston		ROUTE 30				ROUTE 30				ROUTE 30				ROUTE 30

		25		Mass Turnpike		Weston		MASSPIKE				MASSPIKE				MASSPIKE				MASSPIKE (I-90)

								(I-90)

		26		Route 20		Waltham		ROUTE 20				ROUTE 20				ROUTE 20				ROUTE 20

		27		Totten Pond Rd		Waltham		TOTTEN				TOTTN PD				TOTTEN POND				TOTTEN POND RD

				Winter St				POND RD

		28		Trapelo Rd		Waltham		TRAPELO				TRAPELO				TRAPELO ROAD				TRAPELO ROAD

								ROAD

		29		Route 2		Lexington		ROUTE 2				ROUTE 2				ROUTE 2				ROUTE 2

		30		Route 2A		Lexington		ROUTE 2A				ROUTE 2A				ROUTE 2A				ROUTE 2A

		31		Route 4 / Route 225		Lexington		ROUTE				RT 4/225				ROUTE 4/225				ROUTE 4/225

								4/225

		32		Route 3 Northbound		Burlington		ROUTE 3				RTE 3 NB				RTE 3 NORTH				ROUTE 3 NORTH

				Middlesex Turnpike				NORTH

		33		Route 3 Southbound		Burlington		RTE 3/3A				RTE 3/3A				ROUTE 3/3A				ROUTE 3/3A

				Route 3A

		34		Winn St		Burlington		WINN				WINN ST				WINN STREET				WINN STREET

								STREET

		35		Route 38		Woburn		ROUTE 38				ROUTE 38				ROUTE 38				ROUTE 38

		36		Washington St		Woburn		WASHING-				WASHNGTN				WASHINGTN ST				WASHINGTON ST

								TON ST

		37		I-93		Reading		I-93				I-93				I-93				I-93

		38		Route 28		Reading		ROUTE 28				ROUTE 28				ROUTE 28				ROUTE 28

		39		North Ave		Wakefield		NORTH				NORTH AV				NORTH AVE				NORTH AVE

								AVE
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I-93 Exits

		Exit						Short (2p)_				Short (1p)				Medium				Long

		Number		Full Name		Town Name		(8 x 2)				(8 x 1)				(12 x 1)				(15 x 1)

		1		I-95		Canton		I-95				I-95				I-95				I-95

		2		Route 138		Canton		ROUTE				RTE 138				ROUTE 138				ROUTE 138

								138

		3		Ponkapoag Trail		Milton		PONKA-				PONKAPG				PONKAPOAG TR				PONKAPOAG TRAIL

								POAG TR

		4		Route 24		Randolph		ROUTE 24				ROUTE 24				ROUTE 24				ROUTE 24

		5		Route 28		Quincy/Randolph		ROUTE 28				ROUTE 28				ROUTE 28				ROUTE 28

		6		Route 37		Braintree		ROUTE 37				ROUTE 37				ROUTE 37				ROUTE 37

				Willard St / Granite St

		7		Route 3 Southbound		Braintree/Quincy		ROUTE 3				RTE 3 SB				RTE 3 SOUTH				ROUTE 3 SOUTH

								SOUTH

		8		Furnace Brook Parkway		Quincy		FURNACE				FRNC BRK				FURNACE BRK				FURNACE BRK PKY

								BRK PKWY

		Northbound only

		9		Adams St		Milton		ADAMS				ADAMS ST				ADAMS STREET				ADAMS STREET

								STREET

		Southbound only

		9		Bryant Ave		Milton		BRYANT				BRYNT AV				BRYANT AVE				BRYANT AVE

								AVE

		10		Squantum St		Milton		SQUANTUM				SQUANTUM				SQUANTUM ST				SQUANTUM STREET

								STREET

		11		Granite Ave		Milton		GRANITE				GRANITE				GRANITE AVE				GRANITE AVE

								AVE

		Southbound only

		12		Route 3A Southbound		Boston		NEPONSET				NEPONSET				NEPONSET CIR				NEPONSET CIRCLE

				Neponset Ave				CIRCLE

				Neponset Circle

		Northbound only

		13		Freeport St		Boston		FREEPORT				FREEPORT				FREEPORT ST				FREEPORT STREET

								STREET

		14		Morrissey Blvd		Boston		MORRIS-				MORRISSY				MORRISSEY				MORRISSEY BLVD

								SEY BLVD

		15		Columbia Rd		Boston		COLUMBIA				COLUMBIA				COLUMBIA RD				COLUMBIA ROAD

								ROAD

		16		Andrew Sq		Boston		ANDREW				ANDREW				ANDREW SQ				ANDREW SQUARE

								SQUARE

		Northbound only

		17		East Berkeley St		Boston		EAST				E BERKLY				E. BERKELEY				E. BERKELEY ST

								BERKELEY

		28		Sullivan Sq		Charlestown		SULLIVAN				SULLIVAN				SULLIVAN SQ				SULLIVAN SQUARE

								SQUARE

		Northbound only

		29		Route 28 / Route 38		Somerville		ROUTES				RT 28/38				ROUTES 28/38				ROUTES 28/38

								28/38

		Southbound only

		30		Route 28 / Route 38		Medford		MYSTIC				MYSTIC				MYSTIC AVE				MYSTIC AVE

				Mystic Ave				AVE

		31		Route 16		Medford		ROUTE 16				ROUTE 16				ROUTE 16				ROUTE 16

				Mystic Valley Parkway

		32		Route 60		Medford		ROUTE 60				ROUTE 60				ROUTE 60				ROUTE 60

				Medford Sq

		33		Route 28 - Fellsway West		Medford		FELLSWAY				FELLSWAY				FELLSWAY W				FELLSWAY WEST

				Roosevelt Circle				WEST

		Northbound only

		34		Route 28 North		Stoneham		ROUTE 28				RTE 28 N				RTE 28 NORTH				ROUTE 28 NORTH

								NORTH

		Southbound only

		35		Winchester Highlands		Stoneham		WINCHES-				WINCHSTR				WNCHSTR HLDS				WINCHESTER HLDS

								TER HLDS

		36		Montvale Ave		Woburn		MONTVALE				MONTVALE				MONTVALE AVE				MONTVALE AVE

								AVE

		37		I-95		Reading		I-95				I-95				I-95				I-95



&L&F&R&A




_1071666299.vsd

_1071578331.vsd

_1071579415.vsd

_1071582327.vsd

_1071582901.vsd

_1071579681.vsd

_1071578976.vsd

_1071578138.vsd

_1071573716.vsd

_1071573973.vsd

_1071573056.vsd

_1070449362.vsd

_1071496252.vsd

_1071500127.vsd

_1071501305.vsd

_1071501572.vsd

_1071501178.vsd

_1071496902.vsd

_1071046681.vsd

_1071469548.vsd

_1070453866.vsd

_1065430975.vsd

_1070449014.vsd

_1065433672.vsd

_1059469477.vsd

