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MODULE 4.  CMS OPERATING FUNDAMENTALS

4.1
BASIC CONSIDERATIONS FOR OPERATING CMSs

INTRODUCTION

It is important to remember that CMSs are tools to help manage traffic on a roadway system.  Just as a carpenter carefully selects a tool and then uses that tool to accomplish a particular construction task, one must determine when and how to use CMSs to best accomplish traffic management tasks.  

The operation of CMSs involves six basic considerations presented in logical order:

1. Determine the purpose for using a CMS;

2. Determine which CMS(s) is (are) appropriate to use;

3. Determine what to display on the CMS;

4. Determine how long to display the message (s); 

5. Resolve any message signing conflicts that exist; and

6. Display and verify CMS message.

Within each of these, several factors and issues need to be addressed.  It is important to realize that these factors often change over the duration of an incident or other event.  These changes require the operator to revisit the situation and possibly modify how the CMS is being used.  This process can be illustrated as shown in Figure 4-1.


Figure 4-1.  CMS Operating Process
DETERMINE THE PURPOSE FOR USING A CMS

CMSs should always be used with a specific purpose or objective in mind.  To determine this purpose, the CMS operator must fully understand six things:

1. What is the problem I am trying to address?

2. What verified information do I have?

3. Who is the audience that I am trying to reach with the CMS message?

4. What type of motorist response is required?

5. Where should the response take place?

6. What degree of response is required?

What Is the Problem I Am Trying to Address?
The CMS operator must consider not only the basic type of problem (i.e., crash, work zone lane closure, etc.) that exists, but also the following:

· Location of problem (position within the roadway right-of-way as well as its relation to other freeways and major traffic generators);

· Scope (number and types of agencies that will likely need to be involved, whether police officers will be required to direct traffic at the scene or on a detour, whether a major incident response team will be activated); 

· Potential duration of the situation; and

· Extent of impacts (number of lanes affected, location where lanes are affected, nearby ramps that are blocked or constrained by the traffic queue, etc.).

What Verified Information Do I Have?

Credibility is very important in CMS operations; therefore, an CMS operator must determine the information that is available about the:

· Incident,

· Conditions on the primary route, and

· Conditions on the diversion route.  

Although it is desirable to design and select messages based on complete and perfect information, situations often occur where an operator receives only limited information about a problem (particularly early on in the timeline of an event).  Furthermore, the information that is available may be from an unknown or untrained source (e.g., a motorist), or may conflict with other information that has been received.   As a result, a CMS operator must decide what information can be used, and how it can be best used to operate the CMS.

Verified information is that which is obtained directly by the CMS operator via closed circuit television or other visual means, or is provided by approved personnel of selected agencies.  Law enforcement officers, emergency response personnel, or transportation agency courtesy patrol personnel are examples of individuals who can generally provide verified information.  

Unverified information, on the other hand, is not obtained directly by the CMS operator or received from the sources above.  Most common examples of unverified information are calls received from motorists about incidents that they have encountered.  Unconfirmed commercial radio reports are another source of unverified information.

CMS operators should only use verified information to operate CMSs.  Motorists and other sources of unverified information will often provide inaccuracies about locations and effects that, if presented to the public and found to be false, degrade the credibility of the CMS system and the operating agency.  However, unverified information can be useful to the operator in identifying information items that may need to be explored further.  For example, calls from one or more motorists that an incident has cleared may prompt the CMS operator to check a closed circuit television (CCTV) camera or contact the appropriate enforcement agency to verify that the incident has indeed cleared.

If recommendations are to be made about a specific diversion route to use around a problem, the CMS operator must also have information about current conditions on that route.  If the operator cannot obtain such information, the CMS should not recommend a specific route.  The only exception to this is when the freeway has been completely closed and police officers or traffic control personnel are directing traffic along a designated detour route. 
Who Is the Audience for the CMS Message?

A component of establishing an objective for a CMS message is to decide who the audience will be for the message.   The audience is the group of motorists that the CMS operator wants to respond to the message in some manner.  In some cases, this may be all of the motorists who pass by the CMS.  In other cases, the message is intended for only some of the motorists (e.g., those who are travelling all the way into downtown).   Depending on the situation, it may be necessary to identify the intended audience as part of the CMS message itself.  In other situations, the intended audience is implied.

What Type of Motorist Response Is Required?

The operator of a CMS must first decide what he or she wants motorists to do in response to the message to be placed on a sign or group of signs.  Messages will be most effective when they encourage some type of response from the motorist, such as to: 

· Reduce speed;

· Move out of a blocked or closed lane; or

· Take an alternative route.

Where Should the Response Take Place?

The location where responses are desired will depend on:

· Type of response desired, 

· Layout of the roadway system, 

· Type and severity of problem being addressed, and 
· Availability of existing guide signs or those installed by the DOT in response to a major incident.  

It is important to realize that the desired motorist response to a particular problem may differ depending on where in the roadway system the motorists are at that particular time.  For example, the desired response for a motorist traveling immediately upstream of a full freeway closure might be to follow the designated traffic control devices to leave the freeway, travel along the designated alternative route, and return back to the freeway.  For motorists approaching an intersecting freeway farther upstream of the closure, however, the desired response might simply be to not exit onto the closed freeway, and find their own alternative route to their ultimate destination.  In general, the more severe the problem and the longer it is expected to last, the farther upstream messages should be displayed on CMSs. 

What Degree of Motorist Response Is Required?

· Keep message displayed to continue driver response

· Change message or turn message off to reduce  driver response
The CMS operator must monitor traffic conditions and motorist response to the CMS messages.  Suggested alternative routes must provide improved travel to motorists as compared to remaining on the freeway.  Remember, the messages on the CMSs can be changed or turned off when conditions on the alternative route(s) no longer are better than the freeway.

DETERMINE WHICH CMS(S) IS (ARE) APPROPRIATE TO USE

Proximity of CMSs to Problem
Next, the operator must determine which CMS or CMS group within the overall CMS system should be used to address a particular situation or problem.  CMS operators should have a fairly good idea of current locations of permanent CMSs or quickly be able to determine their location from maps or computerized databases.  These signs should be located where it is most advantageous to provide information to motorists.  When signing for a current incident or work zone lane closure, the CMS operator must be careful to make sure that the CMSs selected will reach the appropriate audience for the message to be displayed.  Three simple questions should be asked when determining which CMS should be activated:

· Is the incident close enough to the CMS so that the distance does not exceed the written CMS operations policy?

· Is the expected duration of the incident or lane closure longer than the expected travel time from that CMS to the incident or lane closure?

· Are there a significant number of motorists traveling past the CMS who are destined for the incident or lane closure location?

If the answer to any of these questions is “no,” the CMS is not appropriate to activate for that situation.  For advance warning of future lane closures and special events, the messages being displayed are typically of a general warning nature and so can be displayed on CMSs over a fairly wide area.

Characteristics of the CMS Hardware

The maximum length of CMS message that should be displayed will be dictated by the characteristics of the sign.  These include the type of sign (LED, fiberoptic, etc.), the number of lines available, and the number of characters on each line.  Each of these characteristics can have an effect on how far away the CMS can be read and, consequently, how much information can be presented to motorists.  It should be the responsibility of the TMC manager/supervisor to assess the CMS characteristics and determine the maximum length of message to display. 

In locations where permanent CMS have not been installed or in situations where the amount of information that needs to be presented exceeds the motorists’ processing capabilities from a single sign, it may be necessary to deploy portable CMSs to provide the necessary information to motorists.  The time needed to deploy these devices must be considered in determining whether they are appropriate for a given situation.  These CMSs should also be deployed far enough away from other CMSs, existing static signing, and complex roadway geometrics such as weaving areas.   The agency must ensure that motorists are not overloaded with information when choosing where to place the portable CMS. 

Roadway, Traffic, and Environmental Characteristics in the Vicinity of the CMS

The CMS operator needs to also know about the actual site characteristics in the vicinity of the CMS.  These characteristics dictate the amount of information that can be displayed.  Among the items of interest are the following:

· The operating speed of traffic on the roadway;

· The presence and design characteristics of any vertical curves affecting sight distance;

· The presence of horizontal curves and obstructions such as trees, bridge abutments, or construction vehicles that constrain sight distance to the CMS around the curve;

· The location of the CMS relative to the position of the sun (for daytime conditions);

· The presence, number, and information on static guide signs in the vicinity; and

· Whether or not rain or fog is present to degrade visibility to the sign.

DETERMINE WHAT TO DISPLAY ON THE CMS

Basic Information Needs and CMS Message

CMSs are a transportation agency’s direct link to the motoring public.  Displaying well-designed messages on CMSs is key to effectively managing traffic and to maintaining credibility with motorists.  The majority of this Manual is devoted to proper design of CMS messages.

Proper design begins with understanding the basic information needs of motorists.  Motorists want several different types of information in order to make their driving decisions.  For lane closure incidents and roadwork, these elements include the following:

· The type of problem (incident or road work descriptor);

· Location of the problem;

· The lanes that are affected (closure description);

· Location of the lane closure;

· The effect on travel;

· The audience for the message;

· Proper response or driving action by motorists; and

· A reason to follow the recommended driving action.

Unfortunately, motorists are not equipped to perceive, process, and remember a large amount of information at one time.  Consequently, the job of the CMS operator is to decide what information is most important, and how to present that information on a CMS in a way that maximizes motorist understanding and encourages them to take appropriate actions.  Guidelines for accomplishing this are presented in other modules in this Manual.

Diversion Routes

Motorists must not be diverted to arbitrary routes.  It is important that the suggested diversion route result in a significant time savings in comparison to remaining on the primary freeway.  In addition, it must be a route that contains adequate static guide signs so that motorists can travel without getting lost.  It must be an acceptable pre-established alternative route according to the CMS operations policy.  Before a recommended diversion route is displayed on a CMS, the CMS operator must know the following about the route given that it is acceptable according to policy:

· Current traffic capacity constraints; and

· Current traffic conditions.

When motorists are advised by the CMS message to divert and take a specific highway or route, it is essential that the destination names and routes used in the message are the same as those displayed on the existing guide signs.  Inconsistency between the CMS message and the existing guide signs will lead to motorist confusion and cause some to take incorrect routes.  Therefore, if the CMS operator is composing new messages, he/she must have full knowledge of the wording and route markers on the existing guide signs before diversion messages directing motorists to a specific highway or route are used in a CMS message.

CMS Operator Message Options

The design of a safe, effective CMS message requires consideration of a number of different factors and the interactions between factors.   This design process is complex, as is shown in the following modules, and can take a significant amount of time to utilize properly.  Fortunately, many situations require a message or group of messages that are identical to those used in other past situations or that have been developed in advance for a particular event.  In other situations, a CMS message or message group can utilize a general template and modify an item or two prior to display on the CMS(s).  Finally, an extremely complicated or unusual situation may necessitate following the complete design process in order to determine the best CMS message to display.  Basic considerations under each of these approaches are discussed below.

Selecting a Message From a Message Library
In the simplest case, a CMS operator may be able to select a proper message from an existing message library on the CMS operating system.  The agency would have a predefined scenario prepared (following the proper message design process) for a given type of problem, location, severity (such as how many and which lanes are blocked or closed), and time of day.  If a problem develops that fits the scenario, the CMS operator can simply call up a message from the library and display it on the appropriate sign(s).   This approach only requires that the CMS operator be able to verify that all of the information to be displayed on the CMS is correct (which lane or lanes are blocked, the location of the problem, etc.).

Modifying a Message From a Message Library 

Another type of CMS message that may be included in message libraries is one that requires some modification by the operator prior to displaying it on a sign.  The modification may be needed to display the correct location of a problem to motorists, the lane(s) that are affected, the action that should be taken, etc. 

Modified messages present special challenges in CMS operations.  They require CMS operators to make sometimes complex decisions about message elements that need to be changed, whether a change in overall message format is required (e.g., if the location name is fairly long), the proper term to use for a location, etc.  Consequently, the potential for errors to creep into modified messages can increase during periods of high operator workload.  CMS operators need to pay special attention to ensure that they review such messages prior to posting on a CMS.

Creating a New Message
If a message in the library does not properly address the particular situation of interest or cannot be modified to address the situation, a new message must be created.  Principles and procedures illustrated elsewhere in this Manual should be followed to formulate the message.  This requires the highest level of reasoning and decision making from the CMS operator.  Those operators who have responsibility for creating new messages must have adequate training of the message design process.

DETERMINE HOW LONG TO DISPLAY THE MESSAGE(S)

After messages have been selected and conflicts resolved, the CMS operator must decide how long to display the message on the sign.  For advance warning of upcoming work activity or special events, the message can be shown for several hours or even days prior to the event.  However, it is more difficult to determine an appropriate duration for incidents.  If the CMS operator has responsibility for only a limited number of CMSs and the incident occurs during off-peak periods when demand for attention is lower, it may be acceptable to set an extremely long duration on the message and simply change the message or turn the message off when the incident clears.  This means that the operator must constantly monitor the incident and then remember to deactivate the signs at its conclusion.

During periods of high operator workload or if the operator has a large number of CMS to operate, it may be necessary to estimate the expected duration of the incident and set the message display time to that duration.  This may require the operator to periodically adjust the time setting if the expected duration changes as more information about the incident is obtained.  The advantage of such a procedure is that it ensures against an operator forgetting that an incident message is being displayed long after the incident is cleared.   Failure to change or deactivate messages that are no longer relevant can degrade the agency’s credibility with the motoring public.

RESOLVE ANY MESSAGE SIGNING CONFLICTS THAT EXIST 

There are two levels of message display priorities that must be established in a TMC.  These are

· Priorities of message types, and

· Priorities when two or more events occur on the freeway.

Priorities of Message Types
There are a variety of message types (incident, construction, weather, test messages, etc.) that an agency may consider displaying on CMSs.  The priorities of message types should be based on the criticality of the message (e.g., motorist safety, mobility, and information).

A review of the information that TTI received from the states indicate that a) not all states have established a list of message type display priority, b) there are differences in terminology used among the states, c) there are differences in the number of message types used by the states, and d) there are sometimes differences in priorities between TMCs within a state. A summary of message type priorities from four states from which information was available to the researcher is shown in Table 10-1.

Table 4-1.  Examples of State DOT Message Type Priorities

	State DOT 1
	State DOT 2
	State DOT 3 (Draft)
	State DOT 4*

	Region 1 (Draft)
	Region 2 (Draft)
	
	
	

	1.
Dedicated lane control and regulatory CMS – (lane control near entrance to express lanes, variable speed limits)
	1.
Safety related
	1.
Drawbridge operations, road or ramp closures, emergency situations
	1.
Safety related – message that is directly related to specific safety incident (emergency closures of a tunnel or highway).
	1.
Emergencies – Unplanned events where extreme traffic diversions are required (hurricanes, closure of facility, etc).

	2.
Safety related – (emergency tunnel or highway closure, flammable restrictions for tunnels, etc.)
	2.
Information impacting the route a driver would take
	2.
Incident or accident
	2.
Roadway closures – message related to an active road or ramp closure (accident, construction).
	2.
Hazardous conditions – (Extreme weather, unusual roadway conditions, accident or emergency vehicles on shoulder, severe congestion causing reduced speeds.)

	3.
Roadway or ramp closures 
	3.
Incidents of minor traffic impacts (construction and delay information)
	3.
Construction or maintenance operations
	3.
Minor traffic impacts – blocking incidents, (construction, lane closures, delay, etc.)
	3.
Short-term detour – detours lasting less than one week (overnight ramp closure, temporary weight restriction.

	4.
Minor traffic impacts – (construction lane closures, blocking incidents, delay information, etc.)
	
	4.
Adverse weather or environmental conditions
	4.
Pre-Warners – planned, major highway closures.
	4.
Traveler information and suggested alternative routes (expected delay, suggested alternative route, suggested routes to large generator, availability of alternative modes).

	5.
Public service announcements 
	
	5.
Traffic information associated with special events
	5.
Test messages
	5.
Advance notice for scheduled incidents (lane closures, road closures, special events).

	6.
Test messages
	
	6.
Travel related information directed at individual vehicles
	
	6.
Other public information that assists the Department in improving highway safety and reducing congestion.  The message must require motorists to alter their driving.

	
	
	7.
Travel time information


	
	

	
	
	8.
Public service announcements


	
	


(Safety messages do not include those associated with safety campaigns such as suggestions for safer driving or seatbelt usage).  

* Portable CMSs

Priorities When Two or More Events Occur on the Freeway

Sometimes the CMS operator is faced with competing message needs when two or more events take place on the freeway at the same time.  For example, the CMS may contain a message about a downstream crash when a second crash occurs on the freeway.  The CMS operator must decide which of the two crashes should be presented on the CMS because it is neither possible nor advisable to display information about two crashes on the CMS.  

Basic Message Priorities

There are a number of different combinations of events that can take place on the primary freeway, on intersecting freeways, and on freeways in an adjoining state.  In general the following priority principles should apply:

· Messages about downstream lane closures (blockages) or full closures (blockages) on the primary freeway should receive priority over events on downstream intersecting freeways or on freeways in other states; and

· Messages about lane closures (blockages) or full closures (blockages) on downstream intersecting freeways should receive priority over events on freeways in other states.

Common Types of Competing Message Needs

Competing CMS message needs for incidents that occur downstream of the CMS can be classified according to whether:

· Two events occur concurrently on the same freeway;

· One event occurs on the primary freeway and the second occurs concurrently on an intersecting freeway;

· One event occurs on the primary freeway and the second occurs concurrently on a connecting freeway in an adjoining state;

· Two events occur concurrently on an intersecting freeway; or

· One event occurs on an intersecting freeway and the second occurs concurrently on a connecting freeway in an adjoining state.

Tables 4-2 and 4-3 are examples of message display priorities when a major crash occurs upstream and downstream of another freeway event that was established by the New Jersey DOT.  Similar priority lists when other types of events occur can be found in the New Jersey DOT Variable Message Sign Operations Manual (1).  Note that when a major crash occurs upstream of any of the other events shown in the list in Table 4-2, the CMSs will display messages for the upstream major crash.  However, when a major crash occurs downstream, it does not always receive priority as shown in Table 4-3.

THE CMS MESSAGE PRIORITIES ASSUME:

· Motorists who travel past the CMS will be adversely affected by the incidents; and

· A high majority of motorists normally remain on the primary freeway rather than turning onto an intersecting freeway.

In establishing the priorities, New Jersey DOT assumed that incidents that occur on the freeways have a good chance of adversely affecting a large percentage of motorists on the freeways.  For example, a major incident on an intersecting freeway may possibly have an adverse affect on motorists who will turn off the primary freeway onto the intersecting freeway.  However, if the major incident is far downstream (e.g., 10 miles) of the interchange, then the likelihood that the incident would affect motorists turning onto the intersecting freeway would greatly diminish.  Typical procedures would require the CMS operator to consult with the TMC manager when the operator is uncertain about possible adverse affects to motorists on the primary freeway.

Table 4-2.  Example of Message Priority for Major Crashes that Occur

UPSTREAM of Another Event (Ref 1)
	Major Crash Occurs Upstream of:
	Give Message Priority to:

	· Crash (Major)
	Upstream major crash

	· Crash (Minor)
	Upstream major crash

	· Construction project
	Upstream major crash

	· Construction project with temporary lane closure(s) 
	Upstream major crash

	· Disabled vehicle blocking a lane
	Upstream major crash

	· Incident (Load spill, debris, etc.) requiring lane closure
	Upstream major crash

	· Incident (Load spill, debris, etc.) requiring total freeway closure
	Upstream major crash

	· Maintenance operations with lane closure(s) 
	Upstream major crash

	· Maintenance operations requiring total freeway closure
	Upstream major crash

	· Special event exit
	Upstream major crash

	· Adjoining state crash (Major)
	Upstream major crash

	· Adjoining state maintenance operations requiring total freeway closure
	Upstream major crash

	· Adjoining state incident (Load spill, debris, etc.) requiring total freeway closure
	Upstream major crash


Table 4-3.  Example of Message Priority for Major Crashes that Occur

DOWNSTREAM of Another Event (Ref 1)
	Major Crash Occurs Downstream of:
	Give Message Priority to:

	· Crash (Major)
	Upstream major crash

	· Crash (Minor)
	Upstream minor crash

	· Construction project
	Downstream major crash

	· Construction project with temporary lane closure(s) 
	Downstream major crash

	· Disabled vehicle blocking a lane
	Downstream major crash

	· Incident (Load spill, debris, etc.) requiring lane closure
	Downstream major crash

	· Incident (Load spill, debris, etc.) requiring total freeway closure
	Upstream incident

	· Maintenance operations with lane closure(s) 
	Downstream major crash

	· Maintenance operations requiring total freeway closure
	Upstream maintenance

	· Special event exit
	Downstream major crash


DISPLAY AND VERIFY CMS MESSAGE
Once the operator is satisfied with the accuracy of the information available, the information in the message and the message format, the selected message can be displayed.  After the CMS message is activated, it is important that the operator validate that the correct message is displayed on the CMSs.  Validation can be accomplished by viewing the messages via the CCTV.  The operator should not rely solely upon electronic validation from the software/computer system.

4.2
CMS OPERATIONAL MODES
There are two basic modes for displaying messages on CMSs from a TMC:

· Manual signing, and

· Automated signing.

Manual Signing
Manual signing is a process where all messages are typed in and displayed by the operators.  Although well-trained and experienced CMS operators can perform effectively, there are many disadvantages to manual signing including the following:

· Difficulty in changing messages in a timely manner, particularly when there are several CMSs in the system or when more than one incident occurs;

· Increased chance of displaying inconsistent messages among the CMS operators and by individual operators;

· Inability to automatically display and update travel time information; and

· Increased chance of incorrect messages being displayed, particularly when the operators are inexperienced.

Automated Signing
Automated signing helps to circumvent the problems of manual signing.  Important features include automatic sign message generation, display, update and removal.  However, it is important that the software produces efficient and accurate results.  A good deal of operational testing is needed to arrive at proper message display levels.  The INFORM system experience reported by Smith (2) revealed that initially, only about one third of the automated sign messages generated were accurate compared to human sign message generation based on the same data.  The accuracy level increased following software improvements and further operational testing.

Automated signing involves a multilevel process.  For example, the INFORM system operates under four levels of automated signing (2):

· Intervention,

· Semi-automatic,

· Use, and

· Automatic.

Intervention

In this mode, the operator receives an audible and visual prompt that the system has detected a need to place a message for a specific sign on the system.  The system will display the proposed sign message.  The operator may then accept or reject the prompt.  If the prompt is accepted, the message is sent out to the sign, after which all updates then occur automatically.  This mode is frequently used for mainline signs in areas where delays are complex and difficult to analyze, and the system is less likely to generate an accurate message.  The mode can be specified for any of the signs on the system.

Semi-Automatic

In this mode, the system automatically sends the problem statement line and the problem location line.  Updates are automatic.  No diversion statements are processed.

Use

In this mode, lines one and two are handled identically as in Semi-Automatic, however diversions are processed and prompted for line three as in an intervention mode.

Automatic

In this mode, all sign messages are sent and updated automatically for all lines with no prompting.
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