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MODULE 2.  OVERVIEW OF CMS APPLICATIONS, ISSUES, AND MESSAGE DESIGN

2.1
BACKGROUND 

INTRODUCTION

Road signs exist to communicate information to motorists.  Static guide signs are permanent and are limited to presenting information that is largely "geographically linked." Changeable message signs (CMSs), sometimes referred to as variable message signs or dynamic message sign, can present up-to-the-moment traffic information.

CMSs are programmable traffic control devices that can usually display any combination of characters to present messages to motorists.  These signs are either permanently installed above or on the side of the roadway, or portable devices attached to a trailer or mounted directly on a truck and driven to a desired location.  Portable CMSs are much smaller than permanent CMSs and are oftentimes used in highway work zones, when major crashes or natural disasters occur, or for special events (e.g., sport events). 

When installed, CMSs become a part of the total motorist information system.  Thus the information presented on CMSs and the placement of the signs must be consistent and compatible with static signs used on the freeway.

CMSs are used to manage traffic by displaying:
· Early warning messages

· Advisory messages

· Alternative route messages

CMSs perform a critical role on freeways. Such signs can furnish motorists with real-time information that advises them of a problem and in some cases, a suggested course of action.  CMSs are also used to improve motorist safety and reduce traffic congestion and delay.  CMSs can also be used to manage traffic by displaying early warning, advisory and alternative route messages.

EARLY WARNING MESSAGES

Early warning messages give motorists advance notice of slow traffic and queuing ahead and are effective in reducing secondary crashes.  When used in freeway work zones, early warning messages also give notice of new detours, changes in detour route, changes in lane patterns, special speed control measures, etc. 

ADVISORY MESSAGES

Advisory messages provide motorists with useful information about a specific problem along their route.  This information allows motorists to change their speed or path in advance of the problem area, or may encourage them to voluntarily take an alternative route to their destination.

ALTERNATIVE ROUTE MESSAGES

Alternative route messages influence motorists to travel to their chosen destination by using different routes than originally intended.  The alternative route is one designated by the transportation agency.  In cases when the freeway is physically closed as a result of construction, crash, or natural disaster, the motorists are notified that an alternative route must be used. 

Applications of CMSs

Permanently mounted CMSs are used primarily for the following applications: 

· Non-recurrent problems – Caused by random, unpredictable incidents such as crashes, stalled vehicles, spilled loads; or caused by temporary, preplanned activities such as construction, maintenance, or utility operations.

· Environmental problems – Caused by acts of nature such as fog, floods, ice, snow, etc.

· Special event traffic problems – Problems associated with special events (e.g., ballgames, parades, etc.).

· Special operational problems – Operational features such as high occupancy, reversible, exclusive or contraflow lanes and certain design features such as drawbridges, tunnels, ferry services.

A limited number of agencies are also using CMSs for:

· Recurrent problems – Caused by daily peak period traffic demands exceeding freeway capacities.  In some cases, limits-of-congestion messages are displayed; in other cases, travel time messages are displayed.

Overview of Issues

CMSs are one of the primary links a transportation agency has to the motoring public it serves. Since the signs represent the primary concept of intelligent transportation systems (ITS) to motorists, improperly designed or operated CMS messages will have a negative impact on the perception of the public about ITS in general.  The design and display of messages on CMSs introduce many challenges to transportation agencies.  Some of the more relevant issues involved are briefly summarized in the following paragraphs.

CMSs are the direct link with the motoring public—CMSs can be an effective tool for communicating with motorists.  However, displaying messages that are too long for motorists to read at prevailing highway speeds or that are too complex or inappropriately designed leading to motorist confusion, can adversely affect both traffic flow and the transportation agency's credibility.

Efforts must be made to ensure that CMS messages are standardized and consistently applied throughout a state or region—The messages displayed must be "transparent" to travelers in the state or region.  Therefore, messages need to be presented in a consistent manner and order based on motorists’ expectancies.

Only a few seconds are available to communicate a message—At prevailing highway speeds, the CMS message must be presented to motorists in about eight seconds or less.  This translates to a message with a maximum of eight words.  Uninformed transportation personnel sometimes design and display messages that are too long for motorists to read while driving at prevailing speeds.

Available exposure time controls the maximum length of message that should be displayed—Results of research have indicated that the reading times for CMSs are higher than for static guide signs.  One distinguishing factor is that motorists can scan guide signs for relevant information; whereas, they must read the entire message displayed on CMSs in order to understand the message.  Exposure time is directly related to message legibility distance and driving speed.  For a specific type and design of CMS, the available message exposure time dictates the maximum length of message that can be displayed for a given highway operating speed.  Another difference is that motorist view static signs regularly and are familiar with them.  Additionally static signs are uniform throughout the U.S., particularly with respect to message formatting.

In many signing situations, some of the basic information that could be useful to motorists must be omitted from the CMS message—Key CMS objectives include maximizing information transfer to motorists; providing explicit advice; eliciting specific motorist response; and inducing motorist confidence.  One major challenge is that this must be accomplished within a short time frame.  CMS operators must strive to satisfy basic motorist information needs that allow more informed driving decisions to be made during incidents and roadwork.  However, in most cases these basic needs exceed the number of information units that a motorist can read and comprehend at prevailing driving speeds.  Therefore, some of the information in the basic message must be omitted in order to meet the maximum number of information units that can be processed by motorists. Tradeoffs must be made as to what elements of the message should be omitted.

In many signing situations, CMS legibility distance constraints reduce the amount of information that can be communicated to motorists—The length of message that can be displayed on a CMS at a location also depends on how far away the motorists can adequately view the message and the prevailing speed of vehicles.  At some locations, geometric features sometimes obscure the visibility to the CMS.  At times, trucks in the traffic stream may obscure the motorist’s view to the CMS.  Environmental conditions such as rain and fog deteriorate the amount of light that is coming from the CMS, thus reducing the distance at which motorists can read the message.  The CMS message length must be reduced to compensate for the reduced legibility distance when and where these conditions exist.

Steps can be taken when developing CMS messages to enhance motorist understanding of messages—In developing messages, factors that enhance understanding of messages include the following:

· Simplicity of words,

· Brevity,

· Standardized order of words,

· Standardized order of message informational units, 

· Understood abbreviations when abbreviations are needed, and

· Standardized applications of messages.

An efficient, brief, and to-the-point message is a good message.  Just because there are spaces available on a CMS does not mean that all spaces should be used for a message.

CMS messages should be displayed and changed in a timely manner—The importance of timely display of CMS messages stems back to credibility.  CMS operators do not always have all the information necessary to display messages that provide all of the details for motorists to make decisions.  This is particularly true immediately after the operators are notified that an incident has occurred.  Information should be displayed as quickly as it becomes available, recognizing that the CMS operator may have to change a message several times over the course of the event as new information becomes available or traffic conditions change.

Another consideration is that in some systems operators must manually type in all new messages before they are displayed.  Other systems are designed with computer assisted message design and display.

In practice, the design and display of CMS messages are not always consistent with published recommendations based on human factors laboratory, controlled field, and operational research studies—CMS message design and display practice should be consistent with recommendations based on human factors research.  The underlying reasons for the inconsistencies are not totally known.  However, it is speculated that some managers and supervisors are tempted to display as much information that could fit on a CMS without recognizing that the messages exceed the capabilities of drivers to read and comprehend the messages.  Results of a survey indicated that not all TMC managers have access to pertinent reports that are available to assist them in designing and operating CMS (5).

Operating agencies should have written CMS policies and/or operational procedures—CMS message design and display should be predicated on CMS operational policies and procedures.  Although an agency is more likely to have written operational procedures, most do not have written policies.  Operational policies dictate some of the requirements for operational procedures.

CMS message objectives should be established and messages should be designed before CMSs are purchased—Too often, agencies purchase CMSs before signing objectives and messages are determined.  The consequence is disappointment in the inability of the CMS system to display the appropriate messages because the sign does not have enough lines, and/or the line length is not long enough to display the desired messages.  In addition, the CMSs have lower than expected target value and legibility for the environmental conditions present at the site.

2.2
Relationship of Message Design to CMS Purchase
Dudek (3) emphasizes the importance of establishing signing objectives and designing the messages prior to finalizing the specifications and purchasing CMS hardware.  Too often, agencies purchase CMSs before signing objectives and messages are determined.  The consequence is disappointment in the inability of the CMS system to display the appropriate messages because the number of lines is not enough, and/or the line length is not long enough to display the desired messages.  In addition, the CMSs can have lower than expected target value and legibility for the environmental conditions present at the site.

Although the emphasis in this report is not on hardware, a recommended procedure for determining the types of CMSs that will be acceptable for a given application is given below.  It should be noted that the nine steps of the procedure are interrelated and that the procedure is an iterative process.  Therefore, it is likely in practice that some of the steps will be repeated.  (3)

1. Clearly establish the objectives of the CMS.

2. Prepare the messages necessary to accomplish the objectives.

3. Determine legibility distance required to allow motorists ample time to read and comprehend the messages.

4. Determine locations of the CMS that allows motorists ample distance to read, comprehend and react to the messages.

5. Identify type and extent of localized constraints that might affect the legibility of the CMS.

6. Identify the environmental conditions under which the CMS will operate.

7. Determine the target value and legibility of candidate CMSs.

8. Determine the costs of candidate CMSs.

9. Select the CMS that will allow the selected messages to be read under all environmental conditions within the cost constraints of the agency.

1. Clearly Establish the Objectives of the CMS

The importance of setting signing objectives cannot be overemphasized because the objectives directly influence message content, format, length, and redundancy, and consequently, the size and placement of the CMS.  When setting objectives, the agency must first be specific in defining:

· What the problem is that is to be addressed with the CMS,

then specify:

· Who is to be communicated with (audience);

· What type of driver response is desired;

· Where the change should take place;

· What degree of driver response is required; and

· How the CMS system will be operated.

2. Prepare the Messages Necessary to Accomplish the Objectives

Once the objectives are set, then the various CMS messages necessary to accomplish the objectives should be developed.  The length of the messages will help define the character size, message line length, and number of message lines required on the CMS.  It may be necessary to modify some of the messages to reduce their lengths as a result of conditions determined in steps 3 through 9.

3. Determine Required Legibility Distance

Using guidelines presented in this report and the Basic References, the legibility distance required to allow motorists ample time to read and comprehend the messages is determined.

4. Determine CMS Locations

Based on the required legibility distance, the potential locations for the CMS are determined which will allow ample time for motorists to read, comprehend and then react to the messages.  The CMS must be placed such that the CMS and existing static signs form an integrated and compatible system of information.  Guidelines for CMS placement can be found in the Manual on Real-Time Motorist Information Displays (2).

5. Identify Type and Extent of Localized Constraints

Field inspections are advisable to ensure that there are no physical obstructions due to bridges, sign structures, geometries, etc. that would adversely affect CMS legibility.  In addition, field inspections will also help determine whether or not it is possible to actually install a CMS at the site.  Obstruction problems would require that the agency either relocate the CMS or reduce the length of the messages.

6. Identify Environmental Conditions

The environmental conditions in which the CMS must operate should be clearly identified.  Weather conditions such as snow, rain, etc. and other conditions such as blowing dust, heat, cold, etc. will have an effect on the sign's operation and will, in most cases affect the legibility of the messages.  These environmental conditions should be made known to the manufacturer so that the best CMS performance characteristics can be achieved.  The effects of rain and fog on maximum CMS message size can be found in Reference 4.

7. DETERMINE TARGET VALUE AND LEGIBILITY OF CANDIDATE CMSs

An obviously important, but unfortunately elusive, step is to determine the target value and legibility of the candidate CMSs that are being considered by the agency.  An evaluation of the capabilities of the CMSs may dictate the need to reduce the message length or to require the manufacturer to modify the hardware and/or electronics to improve legibility.  There are many subjective claims made concerning the legibility distance of selected types of CMSs, but it is important that objective data be used as a basis for determining target value and legibility distances.  The latest objective information is presented in this report and can be found in Reference 4.

8. DETERMINE COSTS OF CANDIDATE CMSs

Detailed cost analyses should be made of the candidate CMSs.

9. Select CMS Type

The CMS can be selected based on satisfying the system requirements.

2.3
Importance of Maintaining CMS Credibility
Paramount to the message design and display, CMSs must provide timely, reliable, accurate and relevant information and they must be operated properly to be effective.  Credibility is an extremely important consideration in properly operating a CMS system.  Regardless of how well a message is designed, motorists will eventually come to distrust the signing system if the messages are not changed at the correct times and updated to reflect current traffic conditions.  Each time the information displayed is disproved, the credibility of the system decreases.  Eventually the messages are ignored and the CMS system is in jeopardy.

There are at least eight reasons why message credibility suffers:

· Information is inaccurate (e.g., no crash is observed when traffic passes by the location where an incident was displayed on a CMS).

· Information is not current (e.g., the message is not consistent with current conditions). 

· Information is irrelevant to essentially all motorists using that facility.

· Information is obvious by inspection, and hence, is redundant (e.g., displaying HEAVY CONGESTION when motorists are driving bumper to bumper in peak traffic).

· Information is repetitive (the message is the same each morning when motorists pass the sign).  Displaying the same information on a CMS each day for recurrent congestion can result in many motorists ignoring the CMS after a time.  When an important message is displayed that will impact their trip, the motorists may not read the message.  Some agencies are even considering the use of flashing beacons on CMSs to attract the attention of motorists when important messages are displayed.

· Information is trivial (e.g., DRIVE CAREFULLY, SUPPORT YOUR LOCAL RED CROSS, time and temperature).  Displaying trivial information can result in many motorists, particularly commuters, ignoring the messages that have no direct impact on their trips and consequently will begin ignoring the CMS.  When an important message is displayed that will impact their trip, the motorists may not read the message.

· Information is erroneous and can be easily checked and disproved.  Traffic speeds and time to reach a destination are examples of information that can be easily disproved.  Delay time is more difficult to disprove by motorists.

· Messages are poorly designed.  The information is poorly structured resulting in messages that are difficult to read and comprehend, or are confusing.  The messages may also contain misspelled words.

2.4
CMS operations policies and procedures
Transportation agencies will have much more success in operating CMSs when they have both 1) written operations policies, and 2) written operations procedures and guidelines.  CMS operations policies contain the guiding principles that are considered to be prudent and that influence the actions taken by the managers of TMCs in the operation of CMSs.  An example is a policy on whether the CMSs should be blank when there are no incidents or roadwork on the freeway.  CMS operations procedures and guidelines outline and describe the day-to-day operation of the CMSs (e.g., the content and format of CMS messages).  

Most agencies, unfortunately, operate without statewide or regional operations policies.  Consequently, when requests come to a TMC manager to display certain types of messages that are not consistent with the agency’s practice, he/she does not have written documents to help justify decisions about displaying the messages.  Module 3 – CMS Operations Policies in the Manual provides a shopping list of candidate policy statements that an agency may want to include in their own operations policies.

2.5
message DESIGN process

The Guidelines for Changeable Message Sign Messages is written with a focus on a) the design of effective CMS messages for incident conditions and roadwork and b) when and where to display messages.  This emphasis is intentional for the following reason.  CMS operations require the user to have a good understanding of not only traffic operations but also of how messages are designed.  The latter is important because the CMS message design procedure in this Manual helps the TMC manager to learn more about traffic operations and to understand the strengths, limitations and possible consequences of the messages that are displayed.

The CMS message design process, which was initially developed for the New Jersey DOT, begins with the development of a Basic CMS Message using guidelines of acceptable words and message terms for either incident or roadwork events.  The Basic CMS Message is the sum total of all the information that motorists need to make fully informed driving decisions (e.g., whether to take an alternative route).  In most cases, the Basic CMS Message must be shortened because it will exceed the amount of information that motorists can read and comprehend in the short time they have available to read the message, or will exceed the amount of information that can physically fit on the CMS. (4)

The maximum length of message that can be displayed on a CMS depends on how far away motorists can adequately view the message and on their perception and information processing capabilities.  Viewing distance will be affected by the type of sign used (light-emitting diode, fiberoptic, etc.), the sun position, geometric design of the roadway, and environmental conditions at the CMS location.  Travel speed will affect the amount of information that motorists can read and comprehend.

Guidance is given in the Manual in tables on the maximum number of units of information that can be displayed on a CMS based on type of CMS, travel speed, and sun position.  In cases where portable CMSs are used, it may be necessary to reduce the maximum number of units of information (using tables in the Manual) because of sight distance restrictions to the CMS due to vertical grades or horizontal curves.  Additional guidelines are given for sight distance restrictions to the CMS because of heavy rain or fog.

After the maximum number of units of information that can be displayed on a CMS is determined, guidance is provided to shorten the Basic CMS Message so that the maximum is not exceeded while keeping the most important information in the message.  The process provides for consistency of information and format.  Furthermore, the process assures that motorists will be able to read and understand the messages.  The underlying objective is to keep messages as complete and concise as possible.

2.6
cms messages vs. ntcip messages

It is very likely that transportation agency personnel who design CMS messages and/or are responsible for the operation of CMSs in TMCs may become involved with using the National Transportation Communications for ITS Protocol (NTCIP), center-to-center standards like Traffic Management Data Dictionary (TMDD) and Message Sets for External Traffic Management Center Communications (MS/ETMCC) (6) and other ITS standards.  The NTCIP is a family of ITS standards that provides both the rules for communicating (called protocols) and the vocabulary (called objects or data elements) necessary to allow electronic traffic control equipment from different manufacturers to operate with each other as a system—a very desirable feature. (7).  

It is important to recognize that NTCIP standards do not affect the design and types of messages that agencies desire to display on CMSs.  The NTCIP is being developed to be responsive to the CMS message needs of the transportation agencies.  And as such, the CMS messages actually “drive” the development of the NTCIP standards, and not vice-versa.  Thus, transportation agency personnel do not have to know the details of the NTCIP standards in order to design CMS messages or to operate CMSs.

As one becomes involved with applying the NTCIP and other ITS standards, it will become clear that the word message is used with two distinct meanings—one that is common to transportation engineers and users of CMSs, and the other that is common to the electronic communications industry.  Transportation agencies communicate with motorists about real-time events (crashes, roadwork, etc.) by displaying messages on CMSs.  The message is the information that is displayed to the motorist.  It is this definition that is used in the NTCIP standard on Object Definitions for Dynamic Message Signs (7).  

In the communications industry, on the other hand, a message contains a basic set of data and includes information about how the data elements are assembled and how they are to be interpreted by the software as the information is transferred.  Thus, when data are transferred between equipment (for instance between TMCs), they are transferred in the form of data messages.  A message set is a group of individual messages.  It is this definition of message and message set that is used in the center-to-center ITS standards Traffic Management Data Dictionary (TMDD) and Message Sets for External Traffic Management Center Communications (MS/ETMCC)” (6).  
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