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1 INTRODUCTION

The objective of the Transportation Management Center (TMC) Operator Requirements Matrix project is to describe the knowledge, skill, and ability requirements for the TMC operator position in such a way that transportation agencies may: 

· identify operator knowledge, skill, and ability requirements associated with typical TMC tasks;

· identify training requirements based on the knowledge, skill, and ability requirements;

· develop position descriptions and job classifications based on tasks the operator is required to perform; and

· make TMC staffing and design decisions based on the operator knowledge, skill, and ability requirements that those decisions imply.

Note that the word “operator” used throughout this study and in this report is meant to describe a person who sits at a console or workstation on the “front line” of operations in the operations room at a TMC. This distinction is necessary as the word “operator” is often used to describe the operational agency or entity (i.e. New York State DOT is the “operator” of the INFORM system). In this report, “operator” always refers to an individual. Managers and supervisors who primarily work in offices, even within the TMC facilities, are not described in this work. The focus is on the console or workstation operator.

Working with the Federal Highway Administration (FHWA), PB Farradyne has conducted the necessary information gathering in support of the project objectives.  The results of this information gathering, an analysis of the information, discussion of the sufficiency of the existing sources, and discussion regarding the need for additional research is documented in a predecessor report entitled Task A2 Report - Summary of Source Review Findings. 

This report, Task A4 Report - Summary of Functions documents a summary of the TMC functions and “high-level operator tasks” that have been identified.  The sources of the functions (i.e., literature, TMC site visits) are specified, and the assumed generality (occurrence across TMCs) of each function and high-level task is identified.  TMC functions are also referenced to TMC operational requirements and concepts of operations.  In many cases, this referencing serves to clarify the function definition.  Future TMC implementations that have been identified and may be deployed in the near term are also considered. 

The phrase “high level task” is essentially synonymous with function or “sub-function”. In industry jargon, many might consider “functions”, “high level tasks” and “actions” to be essentially equivalent. In this report, a distinction will be made between functions and tasks in order to create a framework for analysis and evaluation that will lead to clearly defined operator tasks upon which to base conclusions regarding the knowledge, skills and abilities required of an operator to perform those tasks. In order to establish clarity of nomenclature, phrases such as “high level task” and “sub-function” will be used sparingly if at all in this report, in favor of the term “action”. The terms “function” and “task” are both defined herein. 

2 METHODOLOGY

In the process of developing a methodology for determining TMC functions and tasks for use in the study analyses, it was determined that the results would be enhanced by first establishing a comprehensive definition for the terms “Function” and “Task” in the context of today’s Intelligent Transportation Systems (ITS). These terms are used somewhat inconsistently in the research literature, and establishing a baseline consensus on definitions provided the framework upon which to describe functions and tasks in this and subsequent reports.  Section 3 of this report provides the analysis, discussion and working definitions of functions and tasks.

Once the definitions for “function” and “task” were established, these definitions were applied to the function and task descriptions “raw data”, to create a new summary tabulation of TMC functions and associated tasks. The “raw data” essentially came from four sources:

· Published Research Literature. These documents are identified and described in the predecessor report entitled Task A2 Report - Summary of Source Review Findings. The exhaustive and highly specific task lists presented in some of the source documents were culled for representative tasks.

· TMC Pooled Fund Study Participants. Several agencies including Minnesota, Arizona, Georgia, New York, Ontario, Utah, and Connecticut submitted extensive documentation, including several examples of function and task descriptions in use at their TMCs.

· Site Visit Observations. The study team visited TMCs in Phoenix, Atlanta, and Minneapolis to interview managers and operators regarding TMC functions and operations issues. Ephemeral observation of each TMC was conducted on the same day, noting the tasks being routinely accomplished by operators. 

· Study Team Experience. Where appropriate, study team members filled data gaps by providing known functions and tasks in TMCs for which we have provided engineering, software, management, operations and maintenance services.

The degree to which the sources overlap was used as an indicator of generality across TMCs. These summary tabulations are presented in Section 4.

Section 5 presents a speculative discussion of possible future TMC functions.

A brief discussion of the report conclusions and a final “Summary of Functions” listing is provided in Section 6. 

3 FUNCTION AND TASK DEFINITION

The purpose of this section is to document the establishment of definitions for Transportation Management Center Functions and TMC Operator Tasks. Once these definitions are established they will be utilized throughout the remainder of the study.

The need for these definitions was identified early in the study by FHWA, and reiterated in written comments submitted by FHWA to PB Farradyne on the Task A.2 Literature Search report. PB Farradyne and FHWA agree that there is no consistently utilized definition of the term “function” contained in related transportation research literature. In fact, the words “function” and “task” are used quite loosely, and certain conventions have arisen in the use of these terms that perpetuate the inconsistency.

3.1 Literal Definitions. 

The general definition of the word function in this context is “the action for which a person or thing is specially fitted or used or for which a thing exists: Purpose”
. There are two key words in this literal definition that will aid in the development of a contextual definition for TMC Function: 1. “action” and 2. “purpose”. Although lists of TMC functions readily found in transportation research literature are not consistent with any one definition, the presence of an action and implied purpose is very common.

The general definition of the word task in this context is “a usually assigned piece of work often to be finished within a certain time”
. There are three key phrases in this literal definition that will aid in the development of a contextual definition for TMC Operator Tasks: 1. “usually assigned”,  2. “piece of work”, and 3 “finished within a certain time”. Lists of TMC Operator Tasks readily found in transportation research literature are generally not consistent with this or any other definition, and often functions and tasks are transposed.

3.2 Describing TMC Functions - The State of the Practice. 

According to the literal definition, the characterization of an activity, or group of activities, as a function should contain two parts, a verb that conveys action being taken, and a word or phrase that conveys the purpose of the action. The most common action verbs seen in many of the “TMC Functions” lists in representative literature are contained in the following table:

	Publication Number FHWA-RD-95-181
	DTFH61-92-C-00094 Paper G.1

	Detect, sense, receive, verify, assess, anticipate, identify, predict, select, determine, monitor, post, control, provide, formulate, issue, transmit, store, retrieve, perform, implement, maintain, coordinate.
	Assess, select, identify, determine, receive, provide, control, perform, store, predict, monitor, verify, transmit, store, post, issue, implement, verify, maintain, develop, anticipate, retrieve.


Table 1. Action Verbs Used in Representative Research on Functions

The similarity of these lists is most likely attributable to commonality in the way we characterize activities of human interaction with real-time operational computer systems.

The definition of the “purpose” portion of a function’s description is a more difficult endeavor, as this is where there has been the most “abuse” by professionals in casual references to certain widely accepted TMC activities as functions. A common example is to refer to “incident management” as a function. So many transportation professionals know what is meant by incident management and it is a phrase in such common use that few would argue that further definition is required to state that incident management is a function. To meet the literal definition requirements, we would have to accept that “Incident” is the function’s purpose. The fix to this problem is relatively simple in this case. The function could be identified as “Perform Incident Management”, and it would become both more correct and more meaningful, as “incident management” is a better statement of “purpose”. An alternative would be “Manage Incidents”, implying that the activity “manage” has the purpose of introducing order to a chaotic event “incident”.

Another good example of professional terminology being somewhat inaccurate albeit readily accepted is to say that “ramp metering” is a function.  Most engineers know that the purpose of metering ramps is to improve mainline flow conditions and reduce accidents, however this purpose is not literally conveyed. “Meter Entrance Ramps on Congested Highway Segments” is a function description that is more precise, but probably no more meaningful to the professional. Others might misinterpret “ramp metering” to be a system component, and not a function at all, since ramp metering is a commonly referred to subsystem or market package in the ITS industry.

In the literature, “things” are used frequently and interchangeably for the purpose portion of the description, and the reader is expected to understand how this “thing” contributes to the larger “mission” or  “objective” of the TMC. “Meter Ramps” and “Meter Ramps to Improve Highway Conditions” mean the same thing, and precision is frequently sacrificed for brevity, especially when the functions are described in tabular text format, which is most often the case. “Traffic Signal Control” is essentially the same as “Control Traffic Signals to Prevent Collisions and Minimize Delay”.

An example of this kind of abbreviation of function descriptions appears in Traffic Management Center Functions, NCHRP Project 20-5, June 1998. Table 4 on page 30 lists the TMC functions under consideration as follows:

	Surveillance
	Incident Management
	Public Information Dissemination

	Private Information Dissemination
	Interagency Information Sharing
	Environmental Monitoring

	Special Event Management
	Coordination with Emergency Agencies
	HAZMAT

	Emergency Management
	HOV Operations
	Planned Track/Lane Closure

	Ramp Metering
	Traffic/Track Signal Control
	Lane Signal Control

	Toll Management
	Risk/Liability Management
	Data Fusion


Table 2: NCHRP 20-5 TMC Function Descriptions

The connection between these functions and the purpose, being the overall objectives or mission of the center is supplied by the reader, and not described, even implicitly, in these function descriptions.  

3.3 Technical Definition of Function 

Consideration of the Merriam Webster and similar literal definitions is helpful but not sufficient for definition in a technical context. Classic technical and military definitions of functions introduce a more mathematical concept, that a function “operates” on an input and produces a result. “Input, Throughput and Output” are a typical characterization of a function. Traffic Management Center Functions, NCHRP Project 20-5, June 1998 on page 22 states as follows:

“Transportation Management Centers perform three basic functions: gathering, synthesizing, and disseminating traffic and travel condition information”.

This basic truth is inarguable; although there is no doubt that these functions need to be further defined with additional information to be useful in analyzing operator requirements. This classic definition is the most basic elemental functional description, and is common to almost all ITS system and TMC design processes. This definition is consistent with the technical definition of functions, as it reflects input, process, and output. The definition is useful in breaking down some of our very general and abbreviated functions such as “Incident management” into more meaningful functional descriptions, if the input, process and outputs that characterize incident management are considered. Most incident management training courses break down incident management into the sub-activities of detection, verification, response, and recovery; essentially input, process, and output.

3.4 Describing TMC Operator Tasks - The State of the Practice.

According to the literal definition, TMC Operator Tasks are: 1. “usually assigned”,  2. “piece of work”, and 3 “finished within a certain time”. A very interesting observation is that the key distinction between functions and tasks can be derived from the task definition. By definition, a “function” is an on-going process, where as a task is a discrete entity, with a beginning and an end. Literally, the function is the “work” and the task is the “piece of work”.

Operator task descriptions in the same literature previously referenced rely very heavily upon the same action words, especially “receive”, “assess”, “monitor”, “transmit”, “issue” and “select”. The task descriptions almost always include the “thing” involved, namely the item acted upon (e.g. traffic detector data). 

The state of the practice in definition of operator tasks is also highly inconsistent and arbitrary, in that review of any extensive list will lead to exceptions to this rule. Task descriptions can easily be found that are too general “monitor traffic conditions” or too specific “override restrictive metering rate at saturated ramp”. 

In the context of developing operator tasks upon which to base knowledge, skill and ability assessments for operators, a determination must be made as to the appropriate level of specificity required. Every function described for use in the study must have at least one task, and every task must contribute to at least one, and quite possible more than one, function.

3.5 Analysis

The adoption of functional descriptions where the purpose is only implied is acceptable for this study, in that the main emphasis is to identify functions that are common to many TMCs where TMC Operators work. The goal is to develop matrices that identify the tasks associated with major functions, so that if a function is present, the operator tasks and associated knowledge, skills and abilities for performing those tasks are definable. Some of the Operator tasks identified in this project will differ from those commonly found in the literature regarding TMC Operations; and may be new, unique, and trend setting. The ability to control a pan, tilt and zoom video camera remotely through a software interface, and understand the orientation of the image viewed and the content thereof should be a required skill, but is rarely, if ever, described in operator position descriptions. This is partly because “Video Surveillance” is not a popularly referenced function, and in fact some might argue that it is not a function at all because the sole purpose is to support other functions such as incident management or the metering of ramps (for visual queue monitoring). The ability to compose a Dynamic Message Sign message using a user interface, and understand the implications of sending the message to the sign is very common in TMCs, but rarely included in position descriptions for the same reason. This traditional rigidity in thinking, that tasks must be derivatives of major functions, coupled with the desire to separate tasks from technology to make the analysis more “pure”, is part of the problem and contributes to the poor position descriptions that are “on file” for most TMCs today. The ability to master and utilize technologies in these centers is absolutely critical to meeting TMC objectives, but is very frequently not identified in position descriptions. The practice of formulating position descriptions by starting with those used in another center, often randomly acquired, coupled with elimination of technology descriptions from consideration to avoid endorsing any particular technology solution, have lead to this shortcoming in the available position descriptions.

In order to derive the necessary level of detail to accomplish the goals of this project, the functions described can be very similar to those typically used to define TMC objectives, however the operator task descriptions need to be better defined than what is typically available in the literature. 

3.6 Adopted Definitions 

The definitions adopted for use on this study will combine the best elements of the literal, technical, and state of the practice to set a benchmark for this and future research programs. Based upon the discussion contained in this memorandum, two new definitions composed by the author are proposed for use in the study.

The definitions adopted for use are as follows:

· TMC Function. The on-going purpose for which a set of related activities are routinely conducted in the TMC. Function definitions will include a macroscopic action descriptor such as “provide”, “manage” and “monitor”. Function definitions will also include complex macroscopic operational entities such as “incidents”, traffic conditions”, “traveler information”, etc. 

· TMC Operator Task. A discrete work element conducted by a TMC operator that contributes to a function. Task descriptions will always include a discrete action statement and an item to be acted upon, and may also include an output descriptor.

The utilization of these definitions is likely to result in continued usage of many familiar functions and tasks, and possibly the development of some new and very unique functions and tasks. These will be initially defined in Section 4 of this report. 

There will always be discussion, disagreement and exceptions to any general rule provided in a technical analysis, and adoption of these definitions does not close the door to adjustments to wording should many examples of exceptions become apparent as the study proceeds. The definitions adopted are intentionally brief, simple and broad to provide flexibility in application of the general principles involved.

4 TMC Functions

The TMC Function is “The on-going purpose for which a set of related activities are routinely conducted in the TMC”. In this section, we will define typical TMC functions in accordance with this definition. The functions in the context of TMC operations will be defined with a clear purpose, and represented by a set of activities that are performed routinely in an on-going manner. Lists of TMC functions certainly exist and are described in existing documents, and could simply be listed here as well. Unfortunately, previous attempts to list functions have lead to extensive and sometimes unwieldy tabular compilations. This can occur in an attempt to be correct by virtue of being all-inclusive and not leave out any important function that might exist in some TMC, regardless of how important that function may be to the transportation community as a whole. An example would be a function related to management of overheight vehicle detection at a tunnel entrance. At the TMC in which this purpose exists, the function is highly important. In reality, a survey of all U.S. TMCs would find this purpose established at a very small number of centers. The function is known and certainly worthy of mention in this report, but development of the complex set of tasks associated with this function will not be warranted as it is not a common function on a large scale. In order to establish a sense of what functions to include and what functions not to include in the entire set of known functions associated with TMCs, the important functions will be established through an a evaluation of a common “concept of operations” in an attempt to capture most of the important functions that should be considered in establishing operator requirements for as broad cross section of center types.

In the review of the TMC related source documentation documented in the predecessor report entitled Task A2 Report - Summary of Source Review Findings, it was found that the most commonly referenced groups of functions are as follows:

· Traffic monitoring

· Control of ITS devices

· Maintenance, repair, and troubleshooting

· Disseminate information

· Personnel management

· Data analysis

· Interface with media and public

· Plan, recommend, implement system and procedural upgrades

These findings are most useful in the context of this report when narrowed to discuss only those functions that involve actions by TMC operators. These groups are represented in the summary of functions developed later in this report, with the exception of the group “Plan, recommend, implement system and procedural upgrades”. This group is excluded because it represents a management and supervisory function that is normally not performed by control room operators.

4.1 Concept of Operations

The following discussion will address the quantification and description of many of the purposes for which TMCs are typically established, which collectively will establish a common concept of operations. 

As stated in the previous section, the most generally accepted overarching structure in discussing the characteristics and capabilities of any TMC operation is:

· Information Gathering,

· Information Processing

· Information Dissemination,

· Control.

These four categories are not functions by our adopted definition, because they do not describe a purpose. They can be thought of as categories of basic capabilities, or “tools” that are common to the broadest set of TMCs. These capabilities are routinely established to provide the mechanisms with which the TMC can perform its chosen functions.

The physical characteristic most common to TMCs upon which the functions “operate” is the highway itself. The highways managed and operated by TMCs can include:

· Freeways (including mainline lanes, ramps, connectors, collector/distributors, interchanges and service or frontage roads)

· Expressways (“free” or “tolled”)

· Arterial Streets (urban and suburban).

· Urban Arterial Street Networks or “Grids”

· Bridges and Viaducts

· Tunnels

In general, the vehicles (private, public and commercially owned) that operate on these facilities include:

· Passenger cars & motorcycles

· Buses

· Trucks (many classes)

· Bicycles (on streets)

· Light Rail (rare, and under special right-of-way provisions)

The concept of operations describes how the TMC operates, using the established capabilities, to perform functions related to the highway environment and the highway users. All TMCs surveyed in this study, and those documented in the literature, have a common structure at the highest level. Without exception, the entire set of activities within a TMC will generally fall into one of the following two categories:

· Operations

· Maintenance

A model to describe the basic activity categories that define the purposes of a TMC, and the further breakdown the “Operations” category is presented in Figure 4.1.

Figure 4.1 breaks down the concept of operations into three sub-categories or “types” of operational concepts.

4.1.1 Perform Monitoring

One of the most common activities undertaken by the operators in a TMC is “monitoring” of the transportation facilities that are part of TMCs domain. Monitoring is visual and can also be aural. It is very common in today’s TMC for operators to monitor conditions through the use of a computer workstation graphic display environment, through which they can access real-time operational data and images, through the use of displays of video images and computer generated graphics, and through listening to radio broadcast information such as “scanned” channels on a police band radio. Monitoring is not a function by definition, as it requires further definition to convey a purpose. Monitoring is a very common part of the activities involved with delivering and performing many of the functions described herein. The definition of monitoring is:

· “To watch, keep track of, or check usually for a special purpose” 

Monitoring is an action verb that will be used as an integral part of many of the task descriptions to be developed in subsequent reports as part of this project.

Is every operator action the result of monitoring? No. Most TMCs have repetitive activities required of the operators as part of the normal work of their shift. These are often “check-list” based activities. A “maintenance” example would be a requirement to obtain a system generated failure report, or list all failed devices over which the TMC has control once per day or once per shift.  An “operations” example would be to initiate the opening or closing of a reversible lane facility at the same time every day according to procedural requirements. These are examples of required activities that are not a result of monitoring.

[image: image2.png]
4.1.2  Manage Events

If the definition of monitoring is to “watch, keep track of, or check usually for a special purpose”, then the observation or detection of an “event” is certainly one of the most common reasons to monitor. Events can be either randomly occurring or planned/scheduled phenomena.  Events are a broad category that includes the “incidents” that trigger incident management in a TMC. An incident is always an event, although an event is not always an incident, and certainly not always a vehicular accident.

4.1.2.1 Randomly Occurring Events. 

The number one event, which concerns most TMCs, is the vehicular accident. Although certain factors may increase the probability of accidents occurring, such as the onset of rainfall during a peak travel period, they are essentially random. There are many other types of events including vehicle breakdowns, debris on the highway, weather related events, etc. that will draw the attention of a monitoring operator. Accidents have many classifications that indicate the type and severity of the accident, plus special circumstances that may require special operator action such as fire, spilled loads, hazardous materials, injuries or fatalities. Events can also be “system generated”, meaning that a computerized system has detected a state change or other electronically monitored phenomena that constitutes an event. System generated events may be brought to the operator’s attention through displays of the data, or in some cases through an audible alarm.

4.1.2.2 Planned Events.

A planned event is an expected event for which a schedule has been established. It is most frequently an event that is expected to have a measurable and significant impact on the transportation system. The reality of TMC operations is that planned events (often called “special events” in transportation jargon) such as a professional or college football game or other sporting event, a parade or motorcade, a lane closure for construction, etc. rarely occur at a precise planned time, and sometimes occur significantly early, late, or not at all. Therefore from the standpoint of the TMC operator, the occurrence of a planned event outside of the operator’s control is still something that may require monitoring to detect, and once detected is likely to require further monitoring as it progresses.

4.1.2.3 Recurring Random Events.

A very important type of event, which contributes to functional definitions of TMC activities, is the “recurring random event”. Many transportation engineers separate “congestion” (meaning the degradation of traffic flow due to traffic volume demand in excess of capacity) into two categories; 1. Recurring Congestion, and 2. Non-recurring Congestion. Recurring congestion is usually associated with the excess demand that is likely to occur in a somewhat predictable fashion, at a somewhat predictable time and location, especially in urban and suburban areas where there is a clearly defined “peak” travel period associated normally with work generated trips. Non-recurring congestion is generally accepted to be associated with “incidents”. Although there is no need to change those definitions for the purpose of this study, the  phrase “recurring random event” includes recurring congestion as defined above. Major TMC functions and activities are often undertaken to mitigate and manage recurring random events, especially recurring congestion. Therefore, activities such as the activation of ramp meters to manage mainline traffic flow would fall into this category. The paradigm change inherent in the adoption of this definition is the inclusion of recurring congestion management activities into the general category of “manage events”. Since the onset of congestion due to excess demand is expected but not precise, it will be considered an event that may be cause for monitoring and other system or operator actions. 

4.1.3  Provide Services

Some TMCs provide services to their constituency on the highways on such a regular basis that the provision of these services generally falls outside of the concept of managing events. The utilization of Advanced Traveler Information Systems (ATIS) within a TMC may very likely include functions that are service oriented. As an example, the TMC in Atlanta Georgia provides a service to motorists by responding to incoming telephone calls from the public for requests related to highway conditions, delays, accidents or best routes for them to take to get to a specific destination.

4.1.4  TMC Support

The category of “TMC Support” is not included in Figure 4.1 because support activities that facilitate the operation of the TMC tend to be more “institutional” than operational. The activities of staffing, managing, training, record keeping, interpersonal and interagency communications and the general up keep and improvement of the TMC are essential to the operation, but generally are incidental to real time operation. Operational events such as managing an incident would certainly take precedence over a support activity such as training a new operator. In some very large or complex TMCs, the “shift operator” may rarely if ever be involved in this type of activity, working an eight hour shift completely focused on real time operations. In a very small TMC operation, it is entirely possible that the operator may also be the maintainer, troubleshooter, manager and administrator of the TMC! In this project to develop TMC operator requirements, the “norm” seems to indicate that many operators are involved in some type of TMC support activities at some point in their shift. As a result of this finding, some common functions related to TMC Support will be defined in this report.

4.2 Systems

Since the early 1990’s, the Intelligent Transportation Society of America (ITS America) has supported the categorization of ITS into four basic system types:

· Advanced Transportation Management Systems (ATMS)

· Advanced Traveler Information Systems (ATIS)

· Advanced Public Transportation Systems (APTS)

· Commercial Vehicle Operations (CVO)

These systems are normally operated from a TMC environment. These systems, and the equipment utilized to create these systems, are not “functions” as defined in this report. Rather, these systems are “tools”, or created capabilities, used to accomplish the functions of a TMC. Much of the operator activity in most TMCs involves interaction with this type of system in the course of doing their job. The listing of these general categories of systems, is a “check” to help determine if the TMC function identified are inclusive of the types of functions supported by these systems. Activities such as monitoring traffic signal control systems (a type of ATMS), locating a transit vehicle in distress (a capability of some APTS), activating a highway advisory radio system (a capability of some ATIS and ATMS), all point to overriding purpose, or function for which theses systems are put in place.

4.3 Summary of Functions

The following tabulation considers the previously discussed operational concepts, sources, systems, actions and purposes to define TMC functions.

The column headings are directly related to the preceding discussions, for example “Operations Concepts” and “Types” are described in Section 4.1. The two columns of “Purpose” and “Action” provide the two essential components of a function, which we have defined as “The on-going purpose for which a set of related activities are routinely conducted in the TMC”. In order to meet the definition of a function, there must be a purpose and an action or actions, and the purpose and actions must be on-going by nature, rather than discrete. Tasks, which are not presented in this report but will be defined in future reports, are discrete. They have a purpose, an action, and a well defined beginning and end, usually of short duration. 

The inclusion of an action in this table does not indicate that all TMCs support this action or the related function. The “Source” column refers to the sources listed in Section 2. The sources from which the related “actions” are synthesized are numbered in the table as follows:

(1) Published Research Literature. 

(2) TMC Pooled Fund Study Participants. 

(3) Site Visit Observations. 

(4) Study Team Experience.

Finally, in Section 1 of this report, a distinction was made between the phrase “high level operator task” and “action”. Table 4.1 utilizes the word “action” to provide a linkage between the source documentation and the new function definitions. The development of the tasks necessary to support these functions will be contained in a subsequent report, only functions are described herein. 

TABLE 4.1 SUMMARY OF TMC FUNCTIONS 

	Operations Concept
	Type
	Purpose
	Action(s)
	TMC Function(s)
	Source
	Notes

	Perform Monitoring
	Delays
	Evaluate Real Time Travel Conditions for Impediments
	View Traffic Data
	Traffic Flow Monitoring 

Environmental & RWIS Monitoring

Transit Vehicle Monitoring
	1,2,3,4
	· RWIS = Roadway Weather Information Systems

	
	
	
	View Video Images
	
	
	· 

	
	Hazards
	
	View Weather Data
	
	· 
	· 

	
	
	
	Emissions Data
	
	· 
	· 

	Manage Events
	Random Events


	Mitigate Impact of Incidents by Management
	Detect 
	Incident Management

Emergency Management
	1,2,3,4
	· CCTV = Closed Circuit Television Cameras

· Lane Signals = Regulatory Lane Control, or Lane Use Signals

· Traffic Signal Timings can be adjusted to facilitate improved traffic flow on an arterial diversion route

· DMS = Dynamic Message Signs

· HAR = Highway Advisory Radio

· ATIS = Advanced Traveler Information Systems 

· ATMS = Advanced Transportation Management Systems 

· Incident Response includes a complex set of actions.



	
	
	
	Verify (CCTV)
	
	
	· 

	
	
	
	Respond
	
	
	· 

	
	
	
	Provide Agency Coordination
	
	
	· 

	
	
	
	Recover
	
	
	· 

	
	
	Control Traffic Flow to Improve Safety, Reduce Travel Time
	Activate Lane Signals
	
	· 
	

	
	
	
	Adjust Traffic Signal Timings
	
	
	· 

	
	
	
	Utilize Ramp Meters
	
	2,3 
	· 

	
	
	Keep Systems and Devices Functioning
	Detect Failures
	Failure Management
	1,2,3,4
	· 

	
	
	
	Acknowledge Failures
	
	· 
	· 

	
	Recurring Events
	Mitigate Delay Propagation on Highway Segments
	Use DMS & HAR
	Congestion Management
	1,2,3,4
	· 

	
	
	
	Utilize ATIS
	
	
	· 

	
	
	
	Meter Ramps
	
	
	· 

	
	
	
	Toll Plaza Ops.
	
	
	· 

	
	
	Reduce Demand on Congested Segments
	Utilize ATMS
	
	
	· 

	
	Scheduled Events
	Mitigate Impact of Special Event Demand on Traffic Flow 
	Utilize ATIS
	Special Event Management
	1,2,3,4
	· 

	
	
	
	Respond to public inquiries 
	
	
	· 

	Provide Services
	Traveler Information
	Enhance Travel by Providing Trip Information Directly to Travelers
	Utilize ATIS
	Provide Travel Information 


	1,2,3,4
	· APTS = Advanced Public Transportation Systems, a type of Intelligent Transportation System (ITS) 

· Overheight Vehicle Control is a Service, because it is intended to prevent an incident. When an overheight accident happens, it is part of incident management. 

· Some reversible and HOV lane gates are controlled by TMC operators, but the norm is for field control of gates, and visual sweeps of CCTV views prior to reversal. 

· Most TMCs do not received signal malfunction calls, however there are enough important exceptions to warrant inclusion in this table.

	
	
	
	Utilize ATMS
	
	
	· 

	
	
	
	Utilize Parking Management Systems
	
	
	· 

	
	
	
	Respond to media inquiries 
	
	1
	· 

	
	Broadcast Media Information
	Providing Trip  & Event Information Directly to Media Outlets for Re-broadcast
	Prepare event information for periodic dissemination
	
	2,4
	· 

	
	
	
	Provide Service Patrols with incident Information
	
	
	· 

	
	Service Patrols
	Respond to Minor Incidents Such as Vehicle Breakdown 
	Select  & implement appropriate timing plans
	Provide/Coordinate Service Patrols
	1,2,3,4
	· 

	
	Traffic Signal Control
	Coordinate Traffic Signals to Optimize Arterial Street Traffic Flow
	Determine appropriate  jurisdiction
	Traffic Signal System Management
	1,2,3,4
	· 

	
	
	Respond to Signal Malfunction Reports/calls
	Dispatch/notify traffic signal repair technician (s)
	
	
	· 

	
	
	
	Notify Travelers of Transit Locations & Headways
	
	
	· 

	
	Public Transit
	Provide Transit Information to Improve Service to Users
	Utilize APTS
	APTS  System Management
	1,3,4
	· 

	
	
	
	Utilize ATIS
	
	
	· 

	
	
	
	Open/close gates
	
	
	· 

	
	Reversible Lane & HOV
	Manage Reversible Lane(s) to adjust capacity to meet demand
	Visually verify status
	Reversible & HOV Lane Management
	1,2,4
	· 

	
	
	
	Utilize DMS
	
	
	· 

	
	
	
	Notify rail operator of compromised crossing
	
	
	· 

	
	At-Grade Rail Crossings
	Manage At-Grade Rail Crossings to improve safety
	Utilize control equipment (signals & gates) if available.
	Rail Crossing Management
	1
	· 

	
	
	
	
	
	
	· 

	
	Overheight Vehicle Control
	Prevent Transportation Facility Damage & Accidents by Over-height Vehicles
	Coordinate operator schedules to ensure appropriate coverage is available


	Overheight Vehicle Management
	4
	· 

	TMC Support


	Human Resources Staffing
	Provide staff to accomplish TMC mission
	Train New Operators
	Human Resource Management
	2,3,4
	

	
	Human Resources Training


	Provide training to establish the needed capabilities
	Train Operators on New Capabilities
	· 
	2,4
	· 

	
	
	
	Enter Data into Systems
	· 
	
	· 

	
	Record Keeping & Reporting
	Document Operations and Maintenance activities as required by policies
	Keep manual records
	Records Management
	2,3,4
	· 

	
	
	
	Print or store reports.
	
	2,3,4
	· 

	
	
	
	Data Warehousing
	
	2,3,4
	· 

	
	
	
	Preventive Maintenance
	
	1
	· 

	
	System Maintenance Monitoring
	Keep equipment and systems operational
	Routine Maintenance
	Maintenance Management Configuration Management
	2,3,4
	· 

	
	
	
	Document System Configuration
	
	· 
	· 


5 Future TMC Functions

As of the writing of this document in November of 2001, certain trends are apparent that may change or add to the TMC functions listed in Section 4. In general, the trends can be thought of as technological and institutional.

5.1 Technological Trends

Some of the impending changes apparent in the ITS National Architecture, either in the case of new architectural elements or new technologies to support elements already defined, may provide some insight into changes that may occur to functional listings in the relatively near future.

5.1.1 Pedestrian Safety

Pedestrian safety is a stated goal of many operational agencies, however the technologies that might be available to monitor and manage pedestrian crosswalks are limited. The implementation of pedestrian safety systems would also be likely to introduce new functions only in centers that are providing traffic signal system management services.

5.1.2  May-Day & Call Box Services

May-Day technologies were considered during the development of the ITS National Architecture to consist mainly of a sophisticated monitoring system that would receive a signal from a motorist in distress, or automatically from a crashed vehicle sustaining enough damage to automatically issue a distress signal, providing vehicle location and other information to aid in the response. May-Day was and is technically feasible, and has been demonstrated, however its use has been limited to demonstration type projects. Wide spread deployment by government agencies has not occurred due to the expense involved in establishing the monitoring capability. On the other hand, the private sector has deployed on-call services for customers willing to pay to have their automobile in contact with a management center provided by the automobile manufacturer. This is likely to become the successor to the original mayday concepts. Should the economic support for such systems falter, it is possible, but not likely, that the governments would step in and add the capability to existing TMCs.

Call box systems function on a similar concept of operations, with the important distinction that the distress signaling is mounted roadside and not in the vehicle. Although there are still a tremendous number of these devices and systems in active and productive use in the USA, it is possible that the proliferation of mobile telephones (cell phones) has diluted the need for these systems.

5.1.3 Video Image Processing

Improvements in the technologies for Video Image Processing (VIPS) technology is already improving the ways in which TMCs can gather transportation system performance data. So far, the data has served as simply a replacement for loop detectors, and therefore no real change to functions is apparent. In the future, the capabilities that these systems possess for vehicle tracking have potential for lane-change monitoring, road rage, racing and reckless driver recognition, as well as other enforcement activities such as red-light violations. Advances in VIPS technology may result in new TMC functions not listed today.

5.1.4 Communication Trends

Trends in the communications industry are significant for the designers and deployers of ITS systems, but in general these systems do not have an effect on the types of functions TMCs perform. 

5.2 Institutional Trends

The need to protect our transportation assets from attack by terrorists may result in future functions not in widespread use at TMCs today. TMCs already are participating in the management of natural and man made disasters such as hurricanes and nuclear power plant evacuation scenarios. The types of surveillance and communications facilities regularly in use at TMCs has an obvious benefit to enforcement and emergency personnel in the event of a terrorist attack involving transportation facilities.

The trend toward out-sourcing of operational responsibilities to private sector firms may result in the consolidation of functions in privatized TMCs. As an example, consider a DOT where Traffic Signals are operated by one group, freeways are operated by another, and call boxes are operated by still another. If the agency decides to out-source the operations, it is likely that these activities could be consolidated into a single TMC operation.

6 Summary and Conclusions

The TMC Functions identified herein will serve as the basis for development of operator tasks important to the definition of knowledge, skill and ability descriptions essential to defining operator requirements.

6.1 Summary of Functions

The nineteen (19) defined TMC Functions, extracted from Table 4.1 are, in alphabetical order:

· APTS  System Management

· Configuration Management

· Congestion Management

· Emergency Management

· Environmental & RWIS Monitoring

· Failure Management

· Human Resource Management

· Incident Management

· Maintenance Management

· Overheight Vehicle Management

· Provide/Coordinate Service Patrols

· Provide Travel Information

· Rail Crossing Management

· Records Management

· Reversible & HOV Lane Management

· Special Event Management

· Traffic Flow Monitoring

· Traffic Signal System Management

· Transit Vehicle Monitoring

It is doubtful that any list generated in an industry as broad and complex as the transportation industry will be comprehensive and inarguably complete. This list captures a very extensive volume of source category activities associated with TMC operations and management.

The summary of functions adopted for use in subsequent reports must be sufficient to generate operator tasks that are representative of the tasks for which operator knowledge, skill and abilities are to be defined. As an example, if an operator has to be able to operate a CCTV camera remotely and evaluate the images for the desired content, the knowledge, skill and ability required will be very similar regardless of whether an operator is verifying an incident or determining if a ramp meter queue is excessive. Therefore, obscure functions are of little value unless they pertain to accident prevention (as in the case of overheight vehicle management) or other life-safety or regulatory issues that may require special skills to accomplish.

6.2 Generality Across TMCs

The following table provides an indication of how common, or general, the nineteen (19) functions are across TMCs. 

Table 6.1   Generality of TMC Functions

	Universal
	Prevalent
	Common
	Sporadic

	Human Resource Management
	Configuration Management
	Emergency Management
	APTS  System Management

	Maintenance Management
	Congestion Management
	Provide/Coordinate Service Patrols
	Environmental & RWIS Monitoring

	Provide Travel Information
	Failure Management
	Reversible & HOV Lane Management
	Overheight Vehicle Management

	Records Management
	Incident Management
	Traffic Signal System Management
	Rail Crossing Management

	
	Special Event Management
	Transit Vehicle Monitoring
	

	
	Traffic Flow Monitoring
	
	


These classifications are somewhat subjective, and are intended only to provide a hint at the commonality. Commonality should not necessarily be synonymous with importance in this case, because the quality of an operation may depend upon uncommon features that are deployed to address issues critical to the TMC.

6.3 Conclusions

The findings of this report are for the large part essentially consistent with common practice, however some of the findings represent a change in the common conventions. The definition of operation concepts into three categories of monitoring, event management and services are intuitive, and yet provide a novel grouping of activities and functions. As an example, consider the widely accepted convention that the function of “incident management” is made up of detection, verification, response and clearance. In the new grouping, incident detection becomes a monitoring activity rather than an integral part of incident management. This common sense approach is intuitively obvious (you cannot manage an incident until it is detected), however it defies convention.  Similarly, the definition of event being broadened to include the onset of recurring congestion is a significant departure in the common operational concept of operations to treat recurring congestion as a more static than dynamic phenomena.

The dichotomy of conformance to convention, and departure from conventional thinking in a few cases is necessary to achieve the overall goals of the project. The main goal is to define operator requirements in a new way that will catalyze improvement in future TMC staffing, training and operations.

Figure 4.1 Basic Activity Categories of a TMC for a “Concept of Operations”
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� "function" Merriam-Webster Online: Collegiate Dictionary. 2001. http://www.merriam-webster.com/dictionary.htm (29 Nov. 2001).  


� "task" Merriam-Webster Online: Collegiate Dictionary. 2001. http://www.merriam-webster.com/dictionary.htm (29 Nov. 2001).  


� "monitor" Merriam-Webster Online: Collegiate Dictionary. 2001. http://www.merriam-webster.com/dictionary.htm (08 Dec. 2001).  
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