
APPENDIX D: SELECTION OF THE 16 TMC FUNCTIONS

D.1 ADOPTED DEFINITIONS 

The definitions adopted for use are as follows:

TMC Function. The on-going purpose for which a set of related activities are 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 TMOT 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 as well as a defined beginning and end.

D.2 IDENTIFICATION AND SELECTION OF TMC FUNCTIONS 

Review of the TMC related source documentation reveals 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

Coordination with incident response agencies

Coordination with other local and regional transportation agencies

The functions of a TMC include activities not necessarily carried out by the Transportation Management Operations Technicians (TMOTs). The TMOT Guidelines deal only with TMOT requirements, and therefore the set of TMC functions from the literature was narrowed to only those functions that involve actions by the TMOT. As an example, “Plan, recommend, implement system and procedural upgrades” is not considered a TMOT supported function because it represents a management and supervisory function that is normally not performed by TMOTs. 

D.2.1 Concept of Operations and TMC Function Selection

The concept of operations describes how a TMC is operated to perform functions related to the highway environment and the highway users. Highway TMCs have a similar structure at the highest level. The entire set of activities within a Highway TMC will generally fall into the categories of operations or maintenance.

The basic activity categories that define the purposes of a TMC, and the further breakdown the “Operations” category with which the TMOT Guidelines is concerned, are presented in figure D-1. 


Figure D-1: Typical Concept of Operations Diagram for a Highway TMC

The operational activity categories of providing services, managing events, and performance of monitoring are essential to formulation of the TMC functions. Using the definition of a TMC function, these represent a grouping of activities that become functions when a purpose statement is applied.

D.2.1.1 Perform Monitoring

One of the most common activities undertaken by the TMOTs in a TMC is to monitor the transportation facilities that are part of TMC’s domain. Monitoring is normally visual and can also be aural. It is common to monitor conditions through the use of a computer workstation graphic display environment. The TMOT uses displays of video images and computer generated graphics, radio broadcast information (i.e. a police band radio scanner) and operational data reports. 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 is used as an integral part of many of the task descriptions included in the TMOT Guidelines; however, it would be a mistake to conclude that every TMOT action is the result of monitoring. Most TMCs have repetitive activities required of the TMOTs 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 to 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.

D.2.1.2 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. For example, a failed ITS roadside device, or the commencement of a parade is an event that is not an accident. The following types of events are managed:

Randomly Occurring Events. The number one event type that 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 TMOT. Accidents have many classifications that indicate the type and severity of the accident, plus special circumstances that may require special TMOT 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 TMOT’s attention through displays of the data, or in some cases through an audible alarm.

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 TMOT, the occurrence of a planned event outside of the TMOT’s control is still something that may require monitoring to detect, and once detected is likely to require further monitoring as it progresses.

Recurring Random Events. An important type of event, which contributes to functional definitions of TMC activities, is the “recurring random event.” Transportation engineers often separate “congestion” (meaning the degradation of traffic flow due to traffic volume demand in excess of capacity) into two categories:  Recurring congestion, and Non-recurring congestion. Recurring congestion is usually associated with the excess demand that is likely to occur at a predictable time, location, and severity, 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.” The “recurring random event” includes recurring congestion as defined above. At some TMCs, managing recurring random events to reduce delay is a major function. Activation of dynamic message signs with “congestion” type messages and 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 TMOT actions.

D.2.1.3 Provide Services

Some TMC functions provide services to their constituency on the highways on such a regular basis that these services fall outside of the category of event management. The utilization of Advanced Traveler Information Systems (ATIS) within a TMC may very likely include functions that are service oriented. The provision of traveler information, both event related and non-event related, is considered a service. As an example, the TMC in Atlanta, Georgia, currently 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. Many TMCs now participate in the provision of traveler information through a “511” telephone dial-in service. Another example of this type of function is the provision of service patrols, to aid motorists with events such as breakdowns and “out of gas” events.

D.2.2 TMC Support

The category of “TMC Support” is not included in figure 1 because support activities that facilitate the operation of the TMC tend to be more “institutional” than operational. The activities of hiring, managing, training, record keeping, interpersonal and interagency communications, and the general upkeep and improvement of the TMC are essential to the operation, but generally are incidental to real time operation. 

D.2.3 Use of Intelligent Transportation 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 used 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 functions 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 these systems are put in place.

D.3 SUMMARY OF FUNCTIONS

Table D-1 shows the common TMC functions for which TMOT tasks were developed. The relationships have to be established to objectively define TMC functions. Table D-1 depicts the relationships between the TMC functions, operational concepts, source of the function, systems, actions, and purposes in tabular format. The two columns of “Purpose” and “Action” provide the two essential components of a function. The “Source” column in table D-1 contains one or more numbers between one and four, to indicate that the source of the function was::

(1)  Published Research Literature. 

(2)  TMC Pooled Fund Study Participants. 

(3)  Site Visit Observations. 

(4)  Study Team Experience.

The summary of functions in table D-1 is sufficient to generate representative TMOT tasks for which knowledge, skills, and abilities are to be defined. As an example, if a TMOT has to be able to operate a CCTV camera remotely and evaluate the images for the desired content, the knowledge, skill, and ability required would be very similar regardless of whether a TMOT is verifying an incident or determining if a ramp meter queue is excessive. More obscure functions found in only a small set of TMCs are of little value here 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. table D-1 is, for the large part, 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 provide a consistent framework for activities and functions. One change in convention documented in table D-1 regards incident detection. There is a widely accepted convention that the function of “incident management” is made up of detection, verification, response, and clearance. In table D-1, incident detection (detect events) is a monitoring activity rather than a 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  “randomly recurring congestion” is a significant departure, as the convention is to treat recurring congestion as a static rather than dynamic phenomena. The main goal is to define operator requirements in these TMOT Guidelines in a consistent way, regardless of convention.

Table D-1: SUMMARY OF TMC FUNCTIONS 

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

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

Environmental and RWIS Monitoring

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

	
	
	
	View Video Images
	
	
	· 

	
	Hazards
	
	View Weather Data
	
	· 
	· 

	
	
	
	View Emissions Data
	
	· 
	· 

	
	
	
	Detect Events
	
	· 
	· 

	Manage Events

Manage Events (cont.)
	Random Events


	Mitigate Impact of Incidents by Management
	Acknowledge Detection 
	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
	
	
	· 

	
	
	
	Coordinate with interagency traffic management personnel.
	
	
	· 

	
	
	
	Recover
	
	
	· 

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

	
	
	
	Adjust Traffic Signal Timings
	
	
	· 

	
	
	
	Utilize Ramp Meters
	
	2,3 
	· 

	
	
	Respond to and repair equipment failures.
	Acknowledge Detected Failures
	Failure Management
	1,2,3,4
	· 

	
	
	
	Diagnose Failures
	
	· 
	· 

	
	
	
	Implement Repairs
	
	· 
	· 

	
	Recurring Events

Recurring Events (cont.)
	Mitigate Delay Propagation on Highway Segments
	Use DMS and HAR
	Congestion Management

Congestion Management (cont.)
	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

Provide Services (cont.)


	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 receive 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  and 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 
	
	Provide/Coordinate Service Patrols
	1,2,3,4
	· 

	
	Traffic Signal Control
	Coordinate Traffic Signals to Optimize Arterial Street Traffic Flow
	Determine appropriate jurisdiction Select and implement appropriate timing plans
	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 and Headways
	
	
	· 

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

	
	
	
	Utilize ATIS
	
	
	· 

	
	Reversible Lane and HOV
	Manage Reversible Lane(s) to manage capacity
	Visually verify status, open/close gates
	Reversible and HOV Lane Management
	1,2,4
	· 

	
	
	
	Utilize DMS
	
	
	· 

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

	
	
	
	Notify rail operator of compromised crossing
	
	
	· 

	
	Overheight Vehicle Control
	Prevent Facility Damage and Accidents 
	Acknowledge Detection
	Overheight Vehicle Management
	4
	· 

	
	
	
	Implement Response
	
	
	· 

	
	
	
	Manage Delay
	
	
	· 

	TMC Support


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

	
	Human Resources Training


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

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

	
	
	
	Enter Data into Systems
	
	
	· 

	
	
	
	Print or store reports.
	
	2,3,4
	· 

	
	
	
	Facilitate Data Warehousing
	
	2,3,4
	· 

	
	
	
	
	
	1
	· 

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

	
	
	
	Preventive Maintenance
	
	
	· 

	
	
	
	Monitor Current System Configuration
	
	· 
	· 


The selected TMC Functions serve as the basis for development of TMOT tasks important to the definition of knowledge, skill, and ability descriptions essential to defining TMOT requirements. The 19 defined TMC Functions, extracted from table D-1, are, in alphabetical order:

· APTS System Management

· Configuration Management

· Congestion Management

· Emergency Management

· Environmental and 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 and 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; however, this list captures the essential functions identified in a very extensive volume of source material associated with TMC operations and management.

D.4 GENERALITY ACROSS TMCS

Table 5 provides an indication of how common, or general, the 19 functions are across today’s existing North American TMCs.

Table D-2: Generality of TMC Functions

	Universal: Almost all TMCs have this function. (90 to 99% of TMCs)
	Prevalent: A majority of TMCs have this function. (75 to 90% of TMCs) 
	Common: A significant number of TMCs have this function. (50 to 75% of TMCs) 
	Sporadic: A relatively small number of TMCs have this function) (50% or less of TMCs)

	Human Resource Management
	Configuration Management
	Emergency Management
	APTS System Management

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

	Provide Travel Information
	Failure Management
	Reversible and 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 in table 5 are subjective, based upon the author’s experience. Commonality is not necessarily synonymous with operational importance in this case, especially since sporadically used functions are likely to require advanced knowledge, skill and ability of the TMOT. 

D.5 DETERMINATION OF TASK INTEGRAL FUNCTIONS

The 19 TMC Functions are evaluated in table 6 to determine which functions are “Task Integral” for the typical TMC. In this context, “Task Integral” means that the function can be broken down into tasks collectively forming the function, and that these tasks will be performed by the TMOT in the TMC. 

Table 6 is a decision matrix by which each TMC function is evaluated to determine if it meets the criteria for being classified as a task integral function.

Table D-3:  “Task Integral” TMC Functions

	TMC Function
	Task Integral?
	TMC Function
	Task Integral?

	1. Human Resource Management
	No. The typical TMOT has no actions related to this function.
	11. Emergency Management
	Yes.

	2. Maintenance Management
	No. The TMOT plays a role in maintenance, with tasks supporting Failure Management (7.)
	12. Provide/Coordinate Service Patrols
	Yes.

	3. Provide Travel Information
	Yes.
	13. Reversible and HOV Lane Management
	Yes.

	4. Records Management
	Yes. TMOTs are required to keep records.
	14. Traffic Signal System Management
	Yes.

	5. Configuration Management
	No. Configuration management is typically performed by engineering or supervisor personnel
	15. Transit Vehicle Monitoring
	Yes.

	6. Congestion Management
	Yes.
	16. APTS System Management
	Yes.

	7. Failure Management
	Yes.
	17. Environmental and RWIS Monitoring
	Yes.

	8. Incident Management
	Yes.
	18. Overheight Vehicle Management
	Yes.

	9. Special Event Management
	Yes.
	19. Rail Crossing Management
	Yes.

	10. Traffic Flow Monitoring
	Yes.
	
	


The result of the “Task Integral” filter applied to the TMC functions produces the following ordered list for task differentiation:

1.  Provide Travel Information

2.  Records Management 

3.  Congestion Management

4.  Failure Management

5.  Incident Management

6.  Special Event Management

7.  Traffic Flow Monitoring

8.  Emergency Management

9.  Provide/Coordinate Service Patrols

10.  Reversible and HOV Lane Management

11.  Traffic Signal System Management

12.  Transit Vehicle Monitoring

13.  APTS System Management

14.  Environmental and RWIS Monitoring

15.  Overheight Vehicle Management

16.  Rail Crossing Management

These 16 TMC functions will be differentiated to determine the associated TMC TMOT Tasks.

Perform Monitoring


































































































































































































































































































































































































Manage Events


























































































































































































































































































































































































































Provide Services






























































































































































































































































































































































Maintenance


































































































































































































































































































































































































Operations




























































































































































































































































































































































































Transportation Management Center















































































































































































































































































































































































































































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





