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Developing and Using a Concept of Operations in Transportation Management Systems

CHAPTER 4 – How to Develop a Concept of Operations
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 “Note to the reviewers:  After receiving some initial reviews on Chapter 3, the writing team concluded that portions of Chapter 3 that were prescriptive will be improved upon and moved into Chapter 4, and the essence of Chapter 3 restored – Chapter 3 being WHAT is a Concept of Operations and Chapter 4 being HOW to build such a document.  As such, there will be features of this Chapter 4 that may feel, and are, similar to those in the previous Chapter.  For the purposes of editing, the paragraphs that have been pulled/modified from the original Chapter 3 are herein denoted with an ‘*’.” 

Chapter Purpose

This chapter will provide guidance and best practices on the development of a Concept of Operations document.  The advice and examples come from real-world TMC documents and information acquired through interviews with officials involved with the development process.  

Chapter Objectives

The key objectives for this chapter are:
· The takeaways from this chapter include a strategy for development of a Concept of Operations and ideas for gathering, synthesizing, and presenting the information in the document – Information presented here will serve as a rich starting point for developers of Concept of Operations.  This Chapter will help the new developer an opportunity to walk through the elements and features that will be necessary in the Concept of Operations development process.

· To provide specific guidance and examples on how to develop a concept of operations – Examples from TMS Concept of Operations documents as well as interviews with their developers and a survey of the domain will serve as supplementary material to the Concept of Operations development guidance presented.  Readers will be shown what works well, and how others have done it, and what they have recommended.  

· To address critical issues such as resources, stakeholders, performance measures, etc – The development of Concept of Operations documentation is not sufficient enough for an individual; knowing characteristics of associative organizational, technical, and peripheral resources will be of immense value in developing such a document.  The reader will be presented with such information.

· To provide guidance that may be considered as a whole, or for specific questions – The reader will be able to select from the following Chapter sections whether or not reading the entire Chapter is necessary for them, or whether their questions will be answered by reading just a few sections.  This follows the overall theme of this entire document.

Relationship to the Previous Chapter

Chapter 3 defines the Concept of Operations, including explaining the goals and objectives of the document as a whole, defining the individual core elements of a Concept of Operations, and offering examples of each core element from Concept of Operations from real TMSs. This chapter describes guidance for developing a Concept of Operations for a TMS, including advice for beginning the process, developing each of the individual core elements, and guidance from TMS professionals concerning stakeholder identification and involvement.

Chapter Sections

Brief descriptions of the sections of Chapter 4 are provided below:

4.1 Where Do I Start?

This section identifies what questions ought to be answered by the development of a Concept of Operations.  It also reviews the level of necessary technical expertise, team effort, and it iterates that the generation of the overall scope of a Concept of Operations documentation development will depend entirely on the purpose, or intent, of the TMS – whether the organization is new, or a regional integrative effort, or a TMS adding functionality.

4.2 How to Develop the Elements of the Concept of Operations

This section demonstrates, through real-world TMS examples, how to develop the standard elements of a concept of operations. Chapter 3 described the elements to the reader – this section describes how to develop the elements.

4.3 Resources Required for Concept of Operations Development

Depending on the size/scope of the system, this section will remark on the varying resources necessary to complete a Concept of Operations document development.  Topics discussed in this section include agency staffing versus and private firms.

4.4 Stakeholder Identification
This section will review the various stakeholder types often encountered by TMS, and it will help the reader identify stakeholders for a TMS by offering guidance and examples.  From this section, the reader will understand that there are numerous classes of stakeholders, and that much time of the development process will be spent on identifying the appropriate classes, from the appropriate organizations.

4.5 Stakeholder Involvement

Active participation among stakeholders is essential for a successful concept of operations development, and here guidance and testimonials from TMS professionals will be given to offer advice on how best to involve stakeholders in the Concept of Operations development process.  This section will rely on advice and lessons learned from transportation professionals, several issues will be explored: goal definition within organization, addressing needs and goal alignment of stakeholders. 
4.6 Definition of Performance Measures

The development of a Concept of Operations is a natural springboard for creating performance measures for a system.  The goals and objectives defined in the Concept of Operations are important high-level performance measures that will be decomposed into specific measures throughout the system lifecycle.  Metrics may be developed for nearly every level of the system, for each stakeholder and for each stakeholder sub-system.  Generic examples will be demonstrated, as well as specific, real-world transportation management system examples.
4.7 Key Resources for Writing a Concept of Operations

Reference documents and standards that assist in the composition of the document will be identified.  Also to be discussed is which document will be useful and when it is a key resource.

4.8 Guiding Principles 

This section provides a one-page overview of the key information from this chapter – it will serve as both a summary and a stand-alone page that will be useful as a quick reminder.
4.1 Where do I start?

4.1.1 What questions must be answered by the Concept of Operations?

For all of the stakeholders involved in the system, the Concept of Operations must address the who, what, when, where, why, and how.  It is recommended that for such a description, that each stakeholders’ system perspective be addressed.  
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· What – What are the known elements and the high-level capabilities of the system?

· Where – What are the geographical and physical extents of the system?

· When – What is the time-sequence of activities that will be performed?

· How – What resources do we need to design, build, or retrofit the system?

· Who – Who are the stakeholders involved with the system?

· Why – What does your organization lack that the system will provide?

4.1.2 Does this require technical expertise?

The Concept of Operations document is intended to have a wide audience.  As such, its writing must balance generality with specificity; general enough for individuals or stakeholders at the periphery of the system, with limited system knowledge, to understand the overall system; detailed enough such that in-system technical stakeholders are able to glean sufficient understanding so as to transition from step-to-step within the systems engineering process to build or refine the system.

This writing balance is often best assured by having a writing team, or group, that consists of a broad set of backgrounds that encompass the very core of the stakeholder group.  The leaders of such the group are the individuals that will be responsible for operating the system.  Thus, the short answer is, yes, technical expertise is necessary for the development of the Concept of Operations, but only so far as a previous, technically relevant, system is concerned, not with regard to actually writing a Concept of Operations document – though that experience is useful.

4.1.3 Team Effort

An effective concept of operations depends on a solid team compiled to create and use the document.  

· Begin compiling the team immediately – Much like the system engineering process of which the Concept of Operations is a part, the process to build the Concept is iterative.  A Concept based upon a need will be developed, and it will need be refined by individuals who are perceived to have a stake in the newly evolving system.  The process involves a core group, to initially define and refine the idea sufficiently to bring in additional stakeholders, they then refine the idea, and then, if necessary, more stakeholders are brought in.  At some point, there the scope and scale of the ideal system will come to some point where core stakeholders, and the core idea, have balanced; this is the transition point into pulling together a true Concept of Operations document.  Thus, finding individuals who have the time and interest in developing the concept is critical in the earliest stages.

· Focus on those who will be responsible for using the system – as stated earlier, the leaders of the Concept of Operations development should be those stakeholders who will be at the core of the system; those who will be the immediate users.  The expansive, reiterative, process involved in idea/concept development should involve all stakeholders, but the writing should involve only a core group.  This is necessary to assure momentum to those stakeholders whose need for the system is most critical, vs. the involvement of nearly peripheral stakeholders whose need for the system is less than critical, and may attempt to redirect the effort.
4.1.4 Scope Depends on Purpose

A concept of operations may be developed for many different classes of systems initiatives.
· New Center – To some extent, it will be perceived that a new TMS, without any existing influencing system, will be easier to develop.  This is not always true.  The challenges in developing a new system lie within the ‘clean slate’ – where are the system boundaries, who should be involved, what should the system do, and so on.  In essence, within the systems engineering process, for the new TMS, the greatest of all challenges may simply be defining the new system and meeting the true needs of the people.  Therefore, the Concept of Operations, as the starting point for the systems engineering process, becomes a very critical piece.  It serves to define scope, need, and assure that the stakeholders are all on the same sheet of paper.  The primary difference between a new system development, from the ground up, and an existing, is that there may not be existing critical systems that may be jeopardized by a system alteration. 

· Regional Integration Program – Such TMSs have the unique challenge of integrating systems representing similar and different technologies, organizations, and missions.  A Concept of Operations, in this case, serves as much as an assurance to stakeholders as it does an expression of a new system: a system of systems of systems.  By assurance, the Concept of Operations generates a new, overarching, mission – demonstrating a new regional systemic need that can only be met by integrating some or all aspects of existing regional TMSs.  In this situation, an existing Concept of Operations for each system gives a clear, concise mission and vision for each of the systems in question, which facilitates the integration process.

· Adding/Modifying Functionality to an Existing System – The Regional Integration Program shares the unique challenge with any other system that is attempting to add or modify the functionality of an existing system.  Where the greatest challenge arises is in the form of timing – both in the pace of documentation development, and when to develop a new Concept of Operations document when adding new functionality.  As to the latter, it is generally considered a good idea to redevelop a Concept of Operations document when substantially new functionality is added to the system.  This is entirely dependent on the situation, but it may involve the addition of functionality that changes the nature of the mission, adds substantially new capabilities, or adds a stakeholder class.  As for the pace, systems are in a continual state of flux, enough such that in defining, or redefining, how a new (additive) system fits into an older system, developing documentation (which is often static) is problematic.
4.2 How to Develop Elements of the Concept of Operations

4.2.1 What should be found within a concept of operations document and how is each element developed?

4.2.1.1 Concept of Operations Element: Scope

Description – The Scope section of the document serves several purposes: 

· It identifies this document as a unique description of a unique system; 

· It details the purpose, or mission, or objectives of the system as well as a brief overview of the system itself (the system definition);

· It identifies the intended audience as well as outlining and summarizing the remainder of the document.

Guidance in Developing – Scope has the dual role of introducing to the reader both the document and the system.  In this sense, it serves as an executive summary for the Concept of Operations document.  A reader should be able to walk away from reading the scope with a high-level understanding of the system and its mission, as well as what they ought to expect, or what they would like to delve further into, relative to the remainder of the document.  The scope may be visited in the beginning of your Concept of Operations document development process to consider the mission and system definition as well as the intended audience, but the bulk of the section will likely be written toward the end of the many iterations of Concept refinement.  All of the example excerpts for this subsection come from the executive summary and introduction sections of the Cross Westchester ITS Concept of Operations document.

The following elements should be considered or included when developing Scope:

· Outline the Contents of the Document.  The Scope should explain the layout of the document and be clear on the information that is contained in each section of the overall document. *
· Set Boundaries on the Scope of the System.  The Scope should define entities or groups that will be included in the system, as well as identify groups that will be an external interface for the system.  Upon a first iteration of a Concept of Operations, this distinction could be difficult to define, but as the development phase continues, these flows will become easier to describe.  The following example highlights both the contents and bounded scope of the system. *
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Purpose for Implementing the System. The scope section of the document should briefly describe the rationale behind the system.  There should be an attempt made to explain the needs for the new system, as well as the shortcomings of the existing situation or system.  The following provides such an example. *
· Highlight Major Objectives and Goals.  At the very least, the document should make accessible, to the broadest possible audience, the main goals for the system.  This is important information to convey in the introductory section for several reasons; first, as the introduction serves as an executive summary, the essence of the system is relayed immediately, and second, so that the later sections detailing the operations of the system will be traceable to particular high-level objectives for the system. *

· Identify the Intended Audience.  The intended audience for the document should be as broad as possible, including both internal stakeholders (those within the scope of the system) and external stakeholders (those outside the system scope that are affected by the system in some way). *
· Describe an Overarching Vision for the System.  The scope section should include a brief vision statement for the system.  A vision statement creates a picture of the future state of the system in which all the stakeholders’ needs are met to the greatest degree possible, and all stakeholders have a shared understanding of the purpose for the system. * 

Issues to Consider – There are several issues that are encountered when developing scope as it serves as both the first and last stop on the Concept of Operations document development path:

· Defining mission, goals, or objective – Scope is where the system’s overall existence is given support.  Its mission, goals, and objectives are laid out and defined, as driven to respond to some observes, common, and given need.  This is the very crux on which the very existence of the system exists, this is where the Concept of Operations document developers as well as the stakeholders will need be unified.

· Establishing the boundaries of the system – There will be few systems engineers who will tell you that defining the scope of a system is an easy task.  What may seem very clear cut to one Concept developer, will most certainly not for another. This process will begin in the Scope, but will be worked out, and very clearly detailed in the System Overview Concept of Operations element.  Once defined, the system’s highest-level description is then placed in Scope.  However, as it is the starting place, defining the system, one will need to consider, and later to describe, in addition to the mission, goals, and objectives, the functional, spatial, and temporal characteristics of the system at the highest possible level of detail. 

· Many readers will get no further than the scope section of the document – a Concept of Operations will be quite long, and there will be a majority of people that pick up the document who will not read past the scope section.  It is imperative to mention all important high-level goals and objectives in this section so that someone who only reads this section will have a good understanding of the functionality, goals and vision for the system. 
· Diagramming – Scope provides an excellent medium to display high-level systems diagrams (for addition insight, see section 4.2.1.5 “System Overview”.  In addition to text, diagrams serve to reiterate the relationships, and processes, within a system, and often is the case that diagrams work better to convey system functions in certain instances, especially when viewing the entire system when functional flows and feedback is substantially less time consuming to develop, and to understand.  




4.2.1.2 Concept of Operations Element: Referenced Resources

Description – The Referenced Resources element of the Concept of Operations document serves as a guide to resources utilized in the development of the Concept of Operations document, as well as a potential source for alternative information sets relevant for further systems development or refinement.

Guidance in Developing – The most useful resources in the documents development, should be listed, this includes: texts, journals, other TMS Concept of Operations or TMS development documentation, guides, standards, transportation or systems engineering professionals, and internet resources.  These may include:

· Business Planning Documents – Documentation and resources associated with business processes for your agency and region may prove valuable in defining vision, identifying stakeholders, and establishing scope. *
· Concept of Operations – While it is unlikely that there will exist another system whose purpose, scope, and domain are precisely the same as yours, reviewing other systems’ Concept of Operations will prove very useful in assisting you in refining precisely what needs to be considered.  The Concept of Operations documents from other systems that will be integrated with or will work in cooperation with in a regional planning situation will be valuable resources to understand the interfaces and coordination necessary for a regional integration project. *
· System Expertise – Documenting human resources is also important – individuals, who singularly added unique and valuable experience to the development of your document, and system, may prove equally useful to another system’s development. *
· Requirements – There may exist systems whose development will be useful to your system’s development.  Referencing the requirements of these other systems may provide detailed insight into their workings, and thus, how far you may need to go in order to completely specify your system’s activities, operation, and concept. *
· Studies to Identify Operational Needs – Reviewing documentation related to your, or another anticipated-similar, system that address operational needs will be useful in assuring that your Concept of Operations addresses real-world needs. *
· System Development Meeting Minutes – Documenting most meetings associated with the development of your system may, again, be useful in further refining your system in the future, or provide others an excellent opportunity to review what will be required on their part, in a very detailed context, when developing their Concept of Operations.*
· Early Deployment/Strategic Plans  – Agencies governing specific functions may have generated strategic plans that may, or may not, explicitly denote the development, or refinement, of your TMS.  Utilizing such plans as a starting point for the development of your Concept of Operations should be considered a high-priority for not only institutional issues, but also for defining goals, and later, performance measures.


· Regional ITS Architecture – It may be the case that your region has assembled a regional ITS architecture.  Reviewing it should prove useful in determining your system will fit in, and what changes need be made. 

Issues to Consider – While seemingly fairly straightforward, it will seem surprising how many resources will be accessed that will assist in developing the Concept of Operations document.  

· Presentation/organization of referenced resources:  In the domain, there is tremendous variance on how referenced resources are organized.  Organization methods include: list with no organization; list with some level of relative relationship to the system being described; functional list; etc.
· Reference resource availability: A feature available to TMS developing, or refining, in an already ITS rich environment, may have an advantage over other systems in that the documentation they may reference from regionally mature systems may be available and well defined.

4.2.1.3 Concept of Operations Element: User-Oriented Operational Description

Description – This core Concept of Operation’s section should be devoted to providing an operational description relative to the users and primary system actors.  Per the ANSI/AIAA document, this section of the document addresses:

· Operational overview – Operational strategies, tactics, policies, and constraints that describe how the goals and objectives are to be accomplished;
· Personnel – Organization, activities, and interactions that describe who the users are and what the uses do in accomplishing the goals and objectives;
· Operational processes – That provide a model describing when and in what order operations take place, including such things as dependencies and concurrencies. 
Guidance in Developing – The ANSI/AIAA document provides further insight into what ought to be included:

	ANSI/AIAA recommended inclusion 
	How to Develop a Concept of Operations Guidance

	Operational overview 

· Goals and objectives

· Policies 

· Constraints 

· Existing Operational and Support Environments
	From the vantage point of the primary system users, a holistic overview for the new system, its goals, objectives, governing policies (if known), constraints (such as environmental, geographic, or organizational), and the existing human and technological resources should be expressed.  

	Personnel

· Profiles

· Type

· Organizational structure

· Interactions

· Activities
	The document should identify who the users are and what the users do. This may take a form as simple as identifying, at a high level, the various classes of users and detailing what their role is relative to the system.  The boundary as to what level of description is necessary is subtle.  There is no single correct path for this – it will be necessary to determine what is required for your system and document: scope, scale, readability, and time and budget.  However, describing the individual class and its relationship to the system is sufficient for the Concept of Operations, and will be useful to any related document where additional details may be found on that user class. *
Often it will be useful to demonstrate a step-wise process of user activities within the system.  The advantage at developing such a process in the Concept of Operations is that it will involve the incorporation of event-specific information relative to the user, assuring that later technological and functional requirements development will be more robust.  However, for the same reason, including this level of step-wise detail within the user descriptions may be too prescriptive at an early stage of system development, and as the system ultimately deploys, it may become necessary to return and refine the user-Oriented steps. *
System-specific and organizational hierarchic relationships are useful in conveying how the users will interact, and if necessary, under what circumstances.  *

	Operational processes
	Operational process models including sequences and interrelationships are similar, but more encompassing, than that of the order of user operations.  Models can effectively demonstrate, through the use of graphics, the relationships of all parts, and given a temporal and event context, highlight the relationships through time.  While richer than the order of user operations, the advantages and disadvantages to incorporating this detail of description at an early stage are similar.  And while similar to scenarios, this type of demonstration does not necessarily prescribe any particular event. *


Issues to Consider – 

· Assuring the whole system is captured – In providing such detail for a system concept, it will become very clear to the development team that loosing track of select elements of the system, especially when providing a user-oriented operational description, will be a simple feat.  Recommending that the writing team focus on documentation organization is expected.  One simple method may be to set to the diagramming of the system overview first, and as the system develops, refine this, and then use it as a ‘check-off’ sheet when assembling the operational descriptions.

· Clarifying between existing and proposed systems – Where regions have little ITS, applying TMS descriptions should occur with greater ease.  Where regions have a great deal of ITS, and are working on integration of those systems, clarifying your systems position may prove difficult.  
· Scenarios vs. User Orientated Operational Descriptions – In the current state-of-the-practice in Concept of Operations, user-oriented system descriptions often are found within scenarios.  A reasonable question then arises, “is it then necessary to provide separate descriptions – non-scenario and scenario based – of users within the system?”  The answer again will rely on your circumstances, but separate descriptions provide greater illumination to a broader audience – which may be very useful to the development of your system.  *
Examples of User Oriented Operational Description from TMS Concept of Operations Documents – the following example(s) will illustrate the guidance given for this element.





4.2.1.4 Concept of Operations Element: Operational Needs

Description – According to the ANSI/AIAA document, this section of a Concept of Operations is to provide a mechanism for relaying an identified need for enhancement of the existing and proposed system – within the Concept of Operations document, it links the User-Orientated Operational Description with the System Overview – within the Systems Engineering Life Cycle, it provides the basis for requirements development.  

Guidance in Developing – The ANSI/AIAA document recommends that the questions that should be answered in this section include: What is the old system (if any) lacking that should be addressed?  What will the new system require in order to get the job done?  If the system exists, developers will discuss how the current system lacks some particular function that is now necessary for the system to allow the organization to meet its objectives.  As such, what develops is a list of features required to accomplish the earlier identified goals and objectives.  There is tremendous variance within the domain as to how this is accomplished.  This includes developing entirely separate documents that review need, to simple lists of justification for changes to an existing system.  
Issues to Consider – 

· User needs assessment – The development of a new system, and therefore the development of a Concept of Operations may occur before, during, or after an officially or unofficially mandated ‘user needs assessment’ has been developed.  The linkage between Concept of Operations and such an activity will be crucial. 

· Analysis of current system function – as previously stated, an existing system will require a change in design as the mission and goals of the organization transforms over time. 

Examples of Operational Needs Definition from TMS Concept of Operations Documents – the following example(s) will illustrate the guidance given for this element.
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Figure 0‑2:  the Maricopa Concept of Operations highlights needs by “operational categories” and derives high-level system functionality based on those identified needs.
4.2.1.5 Concept of Operations Element: System Overview

Description – The System Overview is to provide a very general picture of what the system will do, when, and how.

Guidance in Developing – The most important feature of your System Overview should be a graphic, a diagram, of your system.  This can convey immediate meaning to the readers as to the intended operation and context of your system.  For some, this may actually be the starting point of the concept development.  In the table below, the ANSI/AIAA document provides further insight into what ought to be included; an attempt should be made to document these both in text, but also in graphics.  With specific regard to the states and modes of the system, it may be necessary to graphically capture the normal state for the overall system overview, and then re-utilize the graphics under various states and modes during scenario development.
	ANSI/AIAA recommended inclusion
	How to Develop a Concept of Operations Guidance

	System scope
	The section should convey the geographical boundaries of the system, and the range of participating stakeholders. *

	Users
	The users should be identified in their respective relationships to the remainder of the system.

	System Interfaces
	The section should identify and describe both internal and external interfaces:  how entities within the system relate to one another, and how different aspects of the system relate to entities outside the system. *

	System states and modes
	Operating modes and states should be identified, for example, ‘start-up’ or ‘shut-down’ or ‘emergency’ or ‘normal’ as well as demonstrating how any of the other system components change in such a state.

	System capabilities
	The system overview section should describe all the high-level capabilities of the system. * 

	System goals and objectives
	The goals and objectives conveyed in the scope section should also be included in the system overview section in order to show traceability between system capabilities and goals of the system.  It is important to see some user mode or capability of the system for each high-level goal to ensure that stakeholders see that the system has a way to meet their particular goal or objective. *

	System architecture
	A high-level interrelationship architecture should be presented.



Issues to Consider – 

· Complexities in system overviews often summarized well in a diagram – a picture speaks 1000 words – The section is intended to describe all aspects of the system at once, which is typically a difficult task. Often, this information is best conveyed via a systems diagram since that is a way to concisely communicate a large amount of information concerning both the components and functions of the system as well as all the interfaces among them. *
· This is not an architecture, nor a requirements document, but only the foundation – In many cases, individuals confuse the system overview (particularly a system diagram) with architecture.  It should be noted that these are different entities with different purposes.  The System Overview is holistic, giving as much interest to policy and organizational constraints as it does to technological system components and arcs; vs the architecture which focuses on the system’s organizational and technological interrelationships; flows and states. *
Examples of System Overview from TMS Concept of Operations Documents – the following example(s) will illustrate the guidance given for this element.
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Figure 4.3:  iFlorida’s System data Flow diagram shows interactions among the functional aspects of the system.  It does a good job on capturing the entire system.
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Figure 4.0‑4:  The Oregon TOCS System Overview diagram relates all the functions and stakeholders for the system in one place, showing functional flows of manpower and information.  It is superb synopsis of the system as a whole, and it conveys the information to a broad audience. 

4.2.1.6 Concept of Operations Element: Operational and Support Environments

Description – A summarization of the ANSI/AIAA document’s description of this element includes: a 

description of the required physical operational and support environments, if known, in terms of facilities, equipment, computing hardware, software, personnel, operational and support procedures, and support necessary to operate and maintain the deployed system.

Guidance in Developing – The ANSI/AIAA standard identifies two environments that need be described; an Operational Environment and a Support Environment.  However, from the perspective of a Concept of Operations developing TMS, there is considerable overlap, and for these reasons, we recommend one section to deal with both topic areas.  In describing the Operational and Support Environments, the writing team should consider having sub-sections that consider the following: 
· Facilities – The section should identify physical facilities necessary to meet the needs of the fully functional system (e.g. buildings, garages, etc.). *
· Equipment – It should describe equipment necessary for the system to be operational at a high-level (e.g. closed circuit TV cameras, variable message signs, etc.). *
· Hardware – Typically, this refers to the physical computational machines, or information systems, that the users of the system will access. *
· Software – A description of the information system applications necessary for system operations. *
· Personnel – The section should describe the personnel necessary to staff all facilities needed for the system to be operational.  This should include a concise subset of the system users identified in the User-Oriented Operational Description.  Descriptions into the capabilities of these individuals may be generated, but it is generally considered to be beyond a Concept of Operations document; a better place for such descriptions would be the Business Plan for the same system. *
· Operational Procedures – If not already addressed within the User-Oriented Operational Description, a description of what the users, and system components, should be performing and when under specific conditions. * 

· Support Necessary to Operate the Deployed System – This category includes all other supporting labor support services that is not specifically designated by the operations of the system.  This support could include facility management, accounting/finance, human resources, etc. *
Issues to Consider – 

· Per the ANSI/AIAA document – The availability of information on the computing hardware and software will depend on the approach taken for system development (i.e. software first, hardware first, or concurrent) and the time frame, in relation to the system life cycle.
Examples of Operational and Support Environments from TMS Concept of Operations Documents – the following example(s) will illustrate the guidance given for this element.

4.2.1.7 Concept of Operations Element: Operational Scenarios
Description – The ANSI/AIAA document recommends that for each identified operational process, there is a description of how the system is used in terms of and related to the elements defined above.  It should provide typical usage scenarios for each for the operational processes served by the system.  Scenarios describe typical detailed sequences of user, system, and environment events.  

Guidance in Developing – The ANSI/AIAA document recommends that this portion of the Concept of Operations delve into system processes given certain system-related events.  The operational scenario should tell different stories from perspectives of different user classes over a variety of circumstances.  This is a very useful tool in conveying to the reader the event-related usage of the system.  It will be through scenarios that the system developer may be able to glean the most information about how to piece the system together – stakeholders and users should be able to easily relate to the system through the ‘story-telling’ means that operational scenarios utilize.  There are four basic elements to considering operational scenario development*:

· Included User’s Perspectives – Key users of the system ought to be included to some degree within each scenario; this should be done by generating a ‘story’ written from the perspective of each key class of user. *
· 
Variety of User Classes – Incorporating all user classes related to the system will be necessary in assuring system effectiveness (meeting the goals) and stakeholder ‘buy in.’ *

· 
Stress/Failure Scenarios – Special consideration should be given to the ‘extreme event’ scenario.  Such a scenario should describe characteristics that are conceivable to cause the system great stress – even to push the system to the point of failure.  While it may not be possible to accurately gauge most the actual failure points of the system, incorporating such thought into the development will most certainly assure that some of the stress points will be identified, and hypothetical solutions developed. * Unfortunately, at the writing of this document, there were few identified examples of existing TMS Concept of Operations documents that addressed a stressed or failed system scenario.  In the present climate of assuring the graceful degradation of integrated systems of systems to ensure public service and safety, it is of paramount importance to consider such events.


· 
Multiple Circumstances – More than one scenario with multiple associated sub-events will be necessary to develop a rich enough picture and story. *  For the TMS, given the specific function of the TMS, each stakeholder should be able to generate a concept of how they will utilize the system and under what circumstances – each stakeholder may be able to generate more than one.  These stakeholder usage characteristics can easily be revised into hypothetical scenarios.


Issues to Consider –
· Per the ANSI/AIAA document – by far the most important part of the Concept of Operations document, the scenarios help to reveal the developers’ vision of how the system should operate under a wide variety of circumstances, from a wide variety of vantage points.  In some sense, all of the afore mentioned data and information collection and elucidation was mounting to build these scenarios.  It allows the developer to conceptually test the system prior to building the system.  The greatest challenge is not whether or not to generate scenarios, but how many to generate at all?

· The number of scenarios needed – It will be natural to avoid generating too many scenarios, but performing too few may be equally detrimental to your Concept of Operations development.  As mentioned above, the ANSI/AIAA standard considers scenarios as one of the most useful and important features of the entire Concept of Operations document.  One final note, the list below suggests that a TMS developing a Concept of Operations might end up developing hundreds of scenarios.  However, as scenarios are thought pieces, and there is an interest in being cost effective (brief) in generating a Concept of Operations, much of what follows for consideration may be rolled up into a handful of scenarios – that is, one scenario may capture more than one scenario need.

· Consider active user and stakeholder focus – the number of scenarios will be dependent on the number of primary, high-level, uses core users and stakeholders will have for the system.  While your organization may have multiple users and stakeholders involved in their system, there may only be a handful that are either the primary system operators or entirely dependent on the system’s existence for their operations.  As such, developed scenarios should consider there heavily, while referencing the other, more peripheral, users and stakeholders.

· Consider unique features – the number of scenarios will be dependent on the number of unique features in the system.  There may be characteristics of the system that have never yet been deployed in a TMS, as such, it will be important to include these features in scenarios, or dedicate whole scenarios to them for their benefit.

· Consider system boundaries – the number of scenarios will be dependent on the system’s boundaries, spatially, temporally, or functionally.  By spatially, develop scenarios that demonstrate how the system interacts with a geographically neighboring system that is functionally relevant.  By temporally, develop scenarios that demonstrate how the system interacts with functionally relevant systems throughout its critical life cycle phases.  Finally, by functionally, develop scenarios that relate to systems that are functionally associated but peripheral – for example, if your system is a freeway management system, it may be of value to generate a scenario that captures its relationship with a geographically and temporally relevant signal system.

· Consider system states – the number of scenarios will be dependent on the system number of critical system states – that is, normal operation, stressed, failing, etc.
Examples of Operational Scenarios from TMS Concept of Operations Documents – the following example(s) will illustrate the guidance given for this element.



4.3 Resources Required for Concept of Operations Development

There is no appropriate recommendation for proscribing the necessary marshalling of resources relative to the generation of a Concept of Operations document.  Simply, this will vary greatly from system to system depending on institutional issues, as well as the size and scope of the system in question.  However, there are a few issues to consider:

· Owning agency leadership – First and foremost, it will be well understood that without leadership from the owning agency, with out their majority support, moving forward with a Concept or with any system, would prove an unnecessarily immense undertaking and become generally destructive to the overall effort.  Individuals and individual organizations should proceed with a Concept of Operations for their new system only if their superior, and owning, agency greatly supports their effort.  

· Logistics of a major development – Next, the undertaking of a new system, beginning with the Concept of Operations, involves a tremendous logistical effort.  In this sense, the owning organization should seek out experienced professionals to bare the brunt of the load for select tasks – let their expertise work for you.  Experienced professionals may include the acquisition of consultants, however, this does not imply that the owning agency may wash their hands of the Concept of Operations development, but the writing and the facilitation will be placed on the experts’ shoulders while the thinking necessary for the system design and function be placed squarely on the shoulders of the owning agency, and later, the other stakeholders.  
· Appropriate Concept of Operations drivers – Finally, it would be an error for an organization to pull up one of their technical system operators to lead the Concept of Operations development – their insight is invaluable to select characteristics of the system, however, their perspective may be far to narrow to facilitate good overall system design.

· Staffing, Duration, and Funding – information gathered from surveys and interviews suggests that the average development team for a Concept of Operations is between 2-4 people, and typically those staff members do not solely work on the single project.  The development processes of those interviewed and surveyed took no less than two months and no more than six months.  Budgeting for a Concept of Operations development depends heavily on the salary of the members of the team and the size of the project.  Project budgets of those researched here varied from $10,000 to $400,000.  It is clear that the scope of the project will greatly affect the staff time and funds that is necessary for completing a Concept of Operations.  A single center that is developing a Concept of Operations can expect to be on the minimum of the ranges given, whereas a multi-agency integration project can expect to have significantly larger budgets and staffs. 

4.4 Stakeholder Identification
The ANSI/AIAA standard explains a concept of operations as being written to afford better understanding of the system at hand for a wide variety of key players.  Many stakeholder groups are readily apparent in the early stages of system development, but others are identified later in the process, as system definition and scope become more detailed.  It is beneficial to separate stakeholders into internal and external groups.  Internal stakeholders are those individuals, groups and organizations that are considered within the scope of the system.  External stakeholders entail those individuals, groups, and organizations that are outside the defined scope of the system but interact with the system.  Here are some general attributes of each class: 

	Internal Stakeholders
	External Stakeholders

	· Within in the primary organization(s) that is developing or operates the system
· Play a significant role in system function

· Are significantly affected by changes in system design and function
	· Interact with the system but are outside the scope of the system

· Play a secondary role in system function or are only affected by system function


Table 4.1: Highlights of the Different Attributes of Internal and External Stakeholders

It is important to include both internal and external stakeholders throughout the development process of the system.  Internal stakeholders will surface more quickly since system definition will begin with organizations that will use and interact within the system scope.  Identification of external stakeholders will become possible as the system definition continues.  A more detailed system design will undoubtedly create more stakeholders, and once these are identified, they should be included in the development process and in the Concept of Operations.  Recall that the systems engineering process is iterative, and it is likely that all stakeholders will not be identified on the first try.  The Concept of Operations should be a living document throughout the systems engineering lifecycle, and as stakeholders are identified and included in the development process, the Concept of Operations should change along with those additions.

4.4.1 Key Stakeholder Categories

It is impossible to create a list that will include every possible stakeholder for any TMS, but there are key classes of stakeholders that will be present in most, if not all, TMSs.  Note that these are general categories of stakeholders, and the list for a particular system could be quite different since it will include system specific groups.  The categories of stakeholders listed in the ANSI standard include:

· Users— this is a very broad category of individuals, as such, it includes any individual, organization, or system, that interacts with the system.
· Operators— staff members who actively manage the system from its core.
· Maintainers—staff within the organization or contracted staff that deal with system upkeep including software, hardware, sources for collecting information (i.e. VMS, CCTV, etc.), and data storage.
· System Engineers and Architects—those internal and/or contracted staff members who design the system from the Concept of Operations stage throughout the systems lifecycle.
· System Implementers—those in charge of building the system or implementing new functionality to an existing system.  This can include software coding, implementation of data collection sources, and integration among various sub systems.
· Customers and Buyers—any group that is purchasing some aspect of the system from organizations or contractors outside the scope of the system
· Testers—entails all staff members that test all aspects of the system, from the component level of software development to testing the completed, working system for user acceptance.
· Customer and Developer Organization Management— managerial-level members of the organizations (commercial or non-commercial) involved in the development or operation of the system in question.

4.4.2 Examples of Stakeholder Identification

To see more clearly how existing or developing TMSs handle stakeholder identification, some lists of stakeholders will be listed here.  These final lists could be more thorough than if the systems development process has just begun or a particular TMS could be much longer if multiple organizations or jurisdictions are included on a project.



From these examples, it is clear that there are a wide range of entities that are considered stakeholders.  Listing the group of stakeholders in the Concept of Operations document has the major benefit of building goodwill with stakeholders by making them all feel included in the development process.  Benefits of stakeholder involvement will be discussed further in the next section on stakeholder involvement.

4.5 Stakeholder Involvement

How does one involve stakeholders in a constructive way? Active participation among stakeholders is essential for a successful concept of operations development.  Advice obtained from transportation professionals overwhelmingly agrees that stakeholder involvement is necessary, and that the sooner it is done, the better. 


It is clear that TMS professionals agree that stakeholder involvement is essential, and now some specifics concerning the benefits of stakeholder involvement for the systems development process.

4.5.1 Goal Definition within Organization 

Interview information suggests that it is essential for each stakeholder to hold meetings to come to a conclusion for that organization before opening up discussion to all stakeholders.  Virginia Department of Transportation’s Hampton Roads Smart Traffic Center refers to this as an “incubation stage.”  It is critical in this phase that the goals within the organization are aligned before attempting to agree on system function with a group of stakeholders with different, and perhaps competing, interests.  If this process is overlooked, the stakeholder agreement can become more difficult than it already is since certain organizations in the process have not yet come to a consensus on vision, goals, and desired function for the system. 

4.5.2 Addressing Needs of all Stakeholders

Research suggests that problems occur during the development phase of a project if all stakeholders do not feel like their mission/goals are being met.  All parties do not necessarily have to agree on every aspect of the system, but all stakeholders must feel like they are not compromising their major goals as an organization by agreeing to some aspect of the system.  A specific TMS professional recollects that the Concept of Operations “would not have been successful without each organization feeling like it could meet its goals and objectives.”

Most agree that stakeholder consensus is necessary, by that it is also a challenging process for a TMS that is developing a Concept of Operations. Goal alignment among stake holders is not always easy, but it is necessary for the success of the system.  The following testimonials discuss how TMSs have tackled the issue of stakeholder discussion and goal alignment.


4.6 Definition of Performance Measures

Goals and objectives drive requirements development for the operation of a system, but measuring how close or how far one is from those goals and objectives once the system is operational requires some sense of system performance.  Metrics may be developed for nearly every level of the system, for each stakeholder and for each stakeholder sub-system.  As the Concept of Operations facilitates the communication of the systems’ goals, so too would it be an appropriate place to communicate how those goals may be measured.  By generating initial performance measures in the Concept of Operations, System Acceptance and System Validation plans, for the later half of the Systems Engineering Vee, will have a basis from which to build.  It should be noted that the system will change, and expectations for the system will change over time as it is built, and as such, performance measures outlined in the Concept of Operations, should be high-level enough, or flexible enough, to allow for some re-interpretation and application.  

Generally, in TMS, the Concept of Operations developer will need to consider at least these performance measure focus areas:

· Applied System – The final built system is intended to improve some characteristic of the transportation world external to itself; as such, performance measures may be developed that look to explaining the before and after system-states of some transportation characteristic of interest.  Examples include: travel time or travel cost.

· Inter/Intra – The system will have features unique unto itself that may be useful to measure to determine efficiency of its own operation.  Such an example would include system reliability.

· Peripheral – The system may have associations with other systems, technically or organizationally, that may be of interest in measuring; such measurements may address both applied system performance and inter/intra system performance.  Such an example would include regional traveler level of satisfaction with regional transportation services.

4.6.1 Examples of Performance Measures
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Figure 0‑6:  Maricopa Concept of Operations uses a diagram to show high-level performance measures for the different aspects of system function

4.7 Key Resources for Writing a Concept of Operations

Reference documents and standards that assist in the composition of the document will be identified.  Also to be discussed is which document will be useful and when it is a key resource.

· Guide for the Preparation of Operational Concept Documents. (ANSI/AIAA G-043-1992). American National Standards Institute, 1992.  This report gives guidelines for creating a concept of operations document.  It includes practical information on applying and packaging the operational concept technique and an example of the process’s application to the development of a major NASA system.

· Transportation Management Center: Concepts of Operation. Intelligent Transportation Systems. Report No FHWA-OP-99-029.  Dec 1999. http://www.itsdocs.fhwa.dot.gov/jpodocs/rept_mis/8v@01!.pdf - This document focuses on Transportation Management Centers (TMCs) and concepts of operations.  It discusses the importance of concepts of operations, the reasons agencies need them, and the challenges a transportation management center faces when planning, maintaining, and operating the system.

· National ITS Architecture, http://www.its.dot.gov/arch/arch.htm. - This resource is a comprehensive collection of information designed to aid in the development and implementation of an intelligent transportation system. The Theory of Operations within the architecture should be particularly helpful.  The Architecture is particularly helpful in identifying most of the components that will be found within any TMS, as such, it serves as a terrific starting point for defining and refining a TMS concept.  Specifically, per the National ITS Architecture, it provides details into: 

· User Services – …describe what the system will do from the user's perspective.  …  A set of requirements covering each of these User Services are the basis for the National ITS Architecture definition. 

· Logical Architecture – … defines the Processes (the activities or functions) that are required to satisfy the User Services.  Many different Processes must work together and share information to provide a User Service.  Data Flows identify the information that is shared by the Processes.  

· Physical Architecture – …forms a high-level structure around the processes and data flows in the Logical Architecture.  The physical architecture defines the Physical Entities (Subsystems and Terminators) that make up an intelligent transportation system.  It defines the Architecture Flows that connect the various Subsystems and Terminators into an integrated system.  The subsystems generally provide a rich set of capabilities, more than would be implemented at any one place or time.   Equipment Packages break up the subsystems into deployment-sized pieces.  

· Market Packages – …represent slices of the Physical Architecture that address specific services like surface street control.  A market package collects together several different subsystems, equipment packages, terminators, and architecture flows that provide the desired service.
4.8 Guiding Principles 

What questions must be answered by the Concept of Operations?

The Concept of Operations should explain the who, what, when, where, why and how of the system, with respect to a variety of stakeholders.  Technical expertise is not necessary to develop a Concept of Operations, but it is essential in the overall system development process.  Building the development team quickly with a focus on the core stakeholders of the system will facilitate the Concept of Operations development process.

Stakeholders

Identification and Involvement — Identifying stakeholders early in the development process will ensure that all groups who area part of the functioning system or who interact with the system will be included in the system development process.  This will allow goal alignment between goals of the system and those of the stakeholder organizations.  Advice given from TMS professionals highlights this as the key to a successful Concept of Operations development process.

How to Develop the Elements of the Concept of Operations

· Scope — This element should outline the contents of the document, set the scope of the system, describe the purpose of the system, highlight the goals and objectives for the system, identify the intended audience of the system, and convey a vision for the system.
· Reference Documents — Documents that will be beneficial in developing a Concept of Operations include example Concept of Operations documents, requirements documents, organizational studies and planning documents, and minutes from meetings concerning system development. 
· User-Oriented Operational Description — This section should explain the operations of all the various aspects of the system, including personnel activities, operational processes, user classes, and any other system interaction.  Adequately capturing all of the functionality of the system is essential for writing a complete and useful Concept of Operations.
· Operational Needs — Tying system function to organizational needs is one of the main goals of a Concept of Operations.  Thoroughly assessing operational needs will align the goals and vision of the system with those of the organization.
· System Overview — This section is the place in the Concept of Operations where the system should be summarized, and the most effective way in which to present this information is via a system diagram.
· Operational and Support Environments — This section should describe the world in which the system operates, and it should include information about the facilities, equipment, and supporting staff the system needs to function.
· Operational Scenarios — The development of operational scenarios using a wide variety of user classes and system functionality gives the reader of the Concept of Operations a more realistic view of the how the system will work.
Performance Measures

Goals and objectives drive requirements development for the operation of a system, but measuring how close or how far one is from those goals and objectives once the system is operational requires some sense of system performance.  Generally, in TMS, the Concept of Operations developer will need to consider at least these performance measure focus areas: 

· Applied System – Examples include: travel time or travel cost.

· Inter/Intra System – Such an example would include system reliability.

· Peripheral – Such an example would include regional traveler level of satisfaction with regional transportation services.

Resources for Writing a Concept of Operations

Human Resources and Organizational Input – There is no appropriate recommendation for proscribing the necessary marshalling of resources relative to the generation of a Concept of Operations document.  Simply, this will vary greatly from system to system depending on institutional issues, as well as the size and scope of the system in question.  However, there are a few issues to consider: assuring owning agency leadership, preparation for the logistics of a major development, and the identification of appropriate Concept of Operations drivers (systems engineers in the lead with technical users as key players).

Reference Resources – Documents that will be helpful in developing a Concept of Operations include systems engineering standards, FHWA case studies, and the National ITS Architecture.

Quick-look at the Concept of Operations Development Process
Personnel Activities





The Arizona DOT Concept of Operations gives the following sequence of events for emergency traffic control requests for the Phoenix area:





Emergency traffic control requests are often received from DPS or other police agencies and will be handled as follows:





Ask for the name, call sign, and location of the officer in charge. 


Log the caller’s name and telephone number. 


Log the type of incident, direction of travel, route, milepost, crossroad, and/or ramp if involved. 


Determine what type of traffic control is requested and who is now at the location.


Request the officer standby for the contact with the ADOT responder.


Dispatch the closest four ALERT team members.


Use the appropriate VMS signs.


Monitor the incident through radio and cameras.





Traffic control requests from other sources will be referred to DPS for review prior to dispatching ADOT resources.  








Operational Processes





DalTrans uses the following description and graphic to describe the process of regional traffic control for the system:





Regional Traffic Control


This market package advances the Surface Street Control and Freeway Control Market Packages by adding the communications links and coordinated control strategies that enable Interjurisdictional traffic control. This market package provides for the sharing of traffic information and control among traffic management centers to support a regional control strategy. The nature of optimization and extent of information and control sharing is determined through working arrangements between jurisdictions. This package relies principally on roadside instrumentation supported by the Surface Street Control and Freeway Control Market Packages and adds hardware, software, and wireline communications capabilities to implement traffic management strategies, which are coordinated between allied traffic management centers. Several levels of coordination are supported, from sharing of information through sharing of control between traffic management centers.


The DalTrans tailored Regional Traffic Control market package is shown in Figure 16.





�





This element of the Concept of Operations attempts to describe such a wide range of information to the reader, it is strongly suggested that a diagram is employed in conveying this information.  The interrelationships among users, system functions, and external entities are important to show all at once to give the reader a clear high-level viewpoint of the system as a whole.  A system diagram is necessary to communicate this viewpoint.





iFlorida highlights the functional requirements document in the Concept of Operations as a referenced document:


Functional Requirements, iFlorida – Statewide and Central Florida Conditions System, FDOT, August 2003.








iFlorida also references developmental meetings in the Concept of Operations document:


iFlorida Conditions System Functional requirements Meeting Summary. PBS&J, July 9, 2003.


Conditions System ITN Concept Meeting #2 Presentation, PBS&J, July 16, 2003.











Note that an analysis of existing TMS concepts of operation revealed that most documents do not include scopes including all of the information called for by the ANSI/AIAA standard.  This illustrates a need in future TMS development and operation to devote more attention to developing a comprehensive scope.  When crafted well, the scope can serve as an executive summary for quick communications with multiple stakeholders.





In short, this document defines the vision of the Hudson Valley ITS, based upon inputs from its planners and stakeholders, and as perceived by the system’s designers. It defines the ITS concept by defining the integration approach to achieve the program’s goals, the logical and physical architectures, and the intended software operations. It also defines the system’s use through multiple sample operational scenarios. 








This document communicates the vision of the ITS to the planners and stakeholders in this effort, as it has been perceived by the designers. It is very important that the planners and stakeholders review this document carefully & provide their feedback concerning preferences, priorities, or changes desired to the designers. Your feedback ensures that the designers understand your needs, enabling them to make necessary changes to meet those needs.





The primary mission of the Hudson Valley Intelligent Transportation System (ITS) is to improve the safety of the traveling community in the Hudson Valley. Improved safety will be realized through efficient use of the major highways with timely and accurate information being made available to the traveling public for making their transportation decisions.








The Hudson Valley ITS is a logical continuation of the intelligent transportation system development initiated by the New York State Department of Transportation’s formal ITS needs study, titled the Lower Hudson Valley Early Deployment Planning Study.





The ITS system for the Hudson Valley will be used to detect, verify, and respond to traffic congestion on the major highways and parkways throughout the entire Hudson Valley. In achieving this goal, the Hudson Valley ITS will provide an integrated incident management and emergency notification system within a single Transportation Management Center (TMC); thus, optimizing both of these critical services through enhanced cooperation and the sharing of a common database of incident information. The Hudson Valley ITS is also being developed to accommodate the expansion of ITS services to include advanced traffic control and traveler & transit information services.





This document provides the technical approach to implementing the Hudson Valley ITS and explains how the system will detect, verify and respond to congestion in a timely and efficient manner. It also provides an overview of the Hudson Valley ITS’s functional architecture and how it fits into the National ITS Architecture Program, which enables more standardized means of synergistically interfacing with other critical ITS projects that already exist throughout the New York area, the northeast region, and nationally.








Upon conclusion of this introductory Section A, the following sections document the Hudson Valley ITS Concept of Operations as derived from the Lower Hudson Valley Early Deployment Planning Study, the Intelligent Transportation System (ITS) Preliminary Design Report, and technical discussions with the New York State Department of Transportation (NYSDOT), NYS Police, New York State Thruway Authority (NYSTA), and Westchester County officials. More specifically, upcoming items include:





Section B – a detailed approach to integration of the Hudson Valley ITS to develop a foundation for the growing ITS capabilities in the Lower Hudson Valley, including delineation of the functional needs for the Hudson Valley ITS.


Section C – a high-level description of the Hudson Valley ITS’s recommended integration logical architecture, including an overview and a list of data-, video-, voice-, and external interface major functional elements;


Section D – a presentation of the software framework for providing the “glue” for integrating the physical subsystems of System Control, Automatic Traffic Recording, Video Surveillance, Variable Message Signs, and Voice Communications;


Section E – a presentation of the Hudson Valley ITS recommended hardware= architecture, including an overview and a detailed description of its recommended hardware framework for data collection, surveillance, and communications.


 Section F – a presentation of a sample operational scenario to demonstrate the use of the Hudson Valley ITS in a realistic environment.








Figure � STYLEREF 1 \s �0��� SEQ Figure \* ARABIC \s 1 �1� Gary Chicago Milwaukee High Level System Diagram





Jurisdictional concerns also plague stakeholder negotiations. The Capital Wireless Integrated Network (CapWIN) is developing a system to share incident information between public safety and transportation agencies operating within metropolitan Washington, DC.  Jurisdictional concerns are at the heart of the issues involving the development of the system.  Stakeholders were forced to migrate from informal inter-organization arrangements to formal, putting a tremendous weight on the defining, conceptually and legally, who would do what and when.








The Emergency Transportation Operations meeting suggested that sometimes a quid pro quo system of negotiating is sometimes necessary to get stakeholders on the same page.  The example used was a traffic management center asking what it could give local law enforcement to get on the same page in responding to an emergency.  Dialogue among stakeholders here was important—many transportation officials here felt that law enforcement did not even know what transportation organizations could bring to the table.











 A TMS professional recalls the development process for a Concept of Operations:  “We didn’t start with bringing the stakeholders in for a first meeting.  We had task force meetings within the department to come to a consensus for our organization.  This presented a unified front during stakeholder meetings.”  This process decreases confusion of communication among stakeholders and presents a unified front for that organization.








Another testimonial from transportation professionals highlights the importance of stakeholder consensus:  “The biggest benefit [of developing and using a Concept of Operations] is getting all the stakeholders to agree on what they all need to do for each other.”








Discussions with TMS professionals all identified the critical roll of stakeholder identification and involvement in the Concept of Operations development process.  One noted that “the most important item [in the systems development process] is getting the stakeholders involved and building consensus with regards to systems outcomes, not processes, in order to create a clear vision for the system.”





Survey results from transportation professionals identified several different classes of stakeholders including:





Departments of transportation


Local government (city, county, etc.) 


Authorities (bridge, port, etc.) 


Local law enforcement


Emergency response (EMS, fire rescue, etc.) 


Transit operators, state agencies and authorities


Contractors working on the system 


The public








Example 2 – iFlorida gives the following list of partners on page 7 of the Concept of Operations:


Project Partners


The iFlorida Project Team is composed of representatives from all public and private partners involved in iFlorida. These include:


Public Agencies:


City of Daytona Beach & Orlando


FDOT District 2 & 5


FHP, Troops D and G


Florida Division of Emergency Management


Florida’s Turnpike Enterprise


Greater Orlando Airport Authority


LYNX


METROPLAN


OOCEA


Brevard, Orange, Seminole, and Volusia Counties


USDOT


University of Central Florida’s Advanced Transportation Systems Simulation


University of North Florida





Private Organizations:


3M


Boeing Autometric


Cambridge Systematics, Inc.


International Speedway Corporation


Meteorlogix


PBS&J





Together, their role is to facilitate full program team communications. To this end, iFlorida Project Team partners have agreed to host full program team meetings on a rotating basis.








TxDOT’s ATMC  Operations Concept Document for Austin includes the following scenario from the document’s Chapter 5, Section 5: Incident Management Scenario with ATMS Down and TMC Operator on Duty.


Overview


The same basic incident scenario described in Section 5.1. for a major accident is used in this scenario except that the incident occurs  during the work day  with the ATMS down. 


TMC Operator is on duty and communications are operational.  The TMC Operator switches the System Control Unit RS-232 interface from ATMS to FTM.  The FTM System provides existing incident management capabilities to monitor traffic, detect potential incidents, and monitor and control traffic devices including Lane Control Signals and Ramp Meter Controllers.  Cameras are selected and controlled by Control Panels and Pan/Zoom/Tilt Keyboards.  Messages are sent to Changeable Message Signs using the existing Master CMS Controllers. The incident is detected by the FTM System and reported to the TMC Operator.


5.51	Detect Incident 


FTM:


Monitor traffic flow on freeways with volume, occupancy, speed, and classification data derived from detector stations along the roadway.


Detect potential incident based on comparison of current measured occupancy to a pre-defined occupancy threshold limit for the detector station near incident.  


Notify TMC Operator of potential incident and identification of nearest camera with recommended preset and monitor. 


5.52	Evaluate Incident


TMC Operator:


Initiate incident report.


Select and control camera to find and view incident scene.


Verify incident as true incident report or false report.


Assess precise location, severity, and condition of incident; impact on traffic and roadway; and access to incident.


Notify emergency services.  Message includes verification, location, severity, conditions, and impact.





iFlorida presents the following operational scenarios for the iFlorida Conditions System, a integration of current traffic information from sources all over the state:


In the normal, automatic operating mode, Conditions System data will be collected, fused, and disseminated to FDOT and travelers via the web sites and the 511 systems. In the alert mode, the Conditions System will automatically provide alerts to the RTMC operator that something requires immediate attention. Below are sample scenarios that would initiate an alert mode.


Calculating a Roadway Diversion Message – The Conditions System will calculate and compare the travel times a southbound trucker or other traveler might encounter while traveling from the northern intersection of I-4 and S.R. 417 to the I-4 Disney area. For this to occur, two calculations will have to be completed - one for traveling to Disney via I-4 and the other for traveling to Disney via S.R. 417. The Conditions System will perform these calculations using both real-time and Data Collection Link forecasting capability.


If an accident occurs on either of these two roadways, the Conditions System operator will be alerted and the Conditions System will re-calculate the travel times for these two critical roadways. The Conditions System operator will then request that the RTMC operator change/update the appropriate DMS.


Localized Weather Event – The Conditions System will provide thunderstorm and tornado bulletins (alerts) for the next hour, as well as 15 and 30-minute forecasts for significant storm motion that will likely affect a roadway segment. Weather-related alerts will be available to the RTMC operator via the Operator Interface and to the public via the statewide website and/or the Central Florida website, depending upon which roads are affected. The weather model deployed as part of iFlorida will also provide the Conditions System operator with Road Speed Impact data, current observational data, and storm corridor data. Road Speed Impact is a short-term "nowcast" of the road speed index (delivered as a “flow factor” where the factor is a percentage (%) of the posted speed limits).


Road Speed Impact is based upon current precipitation levels and can provide Conditions System operators with a valuable tool to assist in managing traffic by giving an estimate of how travel times are affected due to inclement weather. If the RTMC operator determines that the alerts are severe enough to warrant updating the 511 Telephone service, the RTMC operator can create an override message, or messages, which the Conditions System will deliver to the Central Florida and/or statewide 511 Telephone service.





The Traffic Operations Plan for Massachusetts Highway Department’s Regional Traffic Operations Center gives the following scenario for scheduled road maintenance and lane closure:





Road Maintenance/Planned Lane Closure


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


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





ROADWORK


RT LANE


CLOSED


�



ROADWORK 


BEYOND


EXIT 33


�
�



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


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








Figure � STYLEREF 1 \s �0��� SEQ Figure \* ARABIC \s 1 �5� - From CalTrans' 1997 TMC Master Plan - Appendix B: Calculation of Annual Savings has a detailed list of performance measures intended to track prior to and post the deployment of a TMC.





The Cross Westchester ITS Concept of Operations offers three sample operational scenarios:





Truck Rollover-Related Closure


Roadway Debris Report


Operational Support Request





For the Truck Rollover-Related Closure, five functional areas were discussed in detail:





Incident Detection


Incident Verification


Incident Response/Dispatch


Incident Monitoring


Incident Closure





The Fontana/Ontario Concept of Operations gives different user perspectives for several different scenarios, which are listed below:





Fontana TMC Operator


Fontana Maintenance Operator


Fontana Engineering 


Police Department: Caltrans District 8 Operator


Caltrans District 8 Signal Engineer


Major Event Generator


Traveling Public


Ontario International Airport








The Arizona DOT Concept of Operations gives the following explanation of computer security:





COMPUTER SECURITY


All TOC computer systems are subject to a variety of problems that can degrade performance or compromise the integrity of the system.  There are safeguards that every employee must take to maintain the system in proper working order.  There are also ethical and legal issues related to equipment use by ADOT employees.  The following policies and procedures outline the proper use of ADOT computers.





COMPUTER SOFTWARE POLICY


“Software piracy” is the illegal copying or use of copyrighted software programs.  Federal law prohibits reproducing, transmitting, transcribing, storing in any retrieval system, or translating material into any language by any means without the written permission of the author.





Department employees are not to use computer software in violation of the law.  They are not to copy, possess, or use illegally copied (pirated) software in any department facility nor on any department owned or issued computer equipment.  This policy includes any copyrighted software purchased by a section or division of the agency that is restricted to a single site.





The Cross Westchester ITS Concept of Operations document discusses the following needs for the video surveillance function of the system:





VIDEO SURVEILLANCE


The video surveillance camera subsystem should provide the capability to monitor traffic headway and to verify incidents relative to their operational locations. Video equipment must be remotely controllable and generate standard video signals for routing to the TMC.


More specifically, the video functional element should as a minimum include:


Video information collected through a surveillance closed-circuit television (CCTV) network;


Selectable presentation of video information to ATMS personnel to support validation of congestion conditions, monitoring of overall traffic flow, confirmation of potential incident detections, and status of incident removal;


Capability to monitor commercial and public television and cable channels for incident information and weather conditions;


Management and control of all cameras; and


Video input and output ports for internal and external organizations, including IRVN, and the NYSTA CCTV’s.








DalTrans gives the following definitions for the system’s different modes of operation:





The DalTrans system will operate in the following modes:


Normal – This is the normal operational mode of the system in which all services available. The TMC will operate on normal business hours with a set operational staffing plan.


Maintenance – This operational mode will be used when system upgrades or repairs are taking place. The system will more than likely be run from a single workstation in this mode.


Simulation/training mode – This operational mode will be used periodically for the training of a new operator. This user interaction involved in this mode is described in Section 4.5.1.4. January 7, 2002 DalTrans-OCD-1.15


Emergency – This operational mode will involve the coordination of the DalTrans system and personnel with many external emergency management agencies and the media. There will be other users (possibly not all TxDOT) that will be logging into and using the DalTrans system for emergency management information and control coordination. TxDOT will staff the TMC appropriately until the emergency situation has subsided.





Example 1  – CalTrans TMC Master Plan lists the following partnerships for the state of California’s system of Traffic Management Centers:


Caltrans—deals with incident response, planned lane closures, and special events.  The Caltrans role also includes designing, constructing, operating, and maintaining the state highway system.


California Highway Patrol—is responsible for state highway incident management, emergency road closures, law enforcement, and maintaining the integrity of its automated computer systems and associated information.


Metropolitan Planning Organizations—created to provide transportation planning for their communities in urban areas, MPOs are responsible for the development blueprint for mass transit, highway, airport, seaport, railroad, bicycle, and pedestrian facilities


Local Emergency Responders—facilitate efficient emergency services to the public, increasing the likelihood of saving lives and reducing congestion and personal injuries.


Local Mass Transit—Partnerships with transit operators (i.e. bus, train, plane, etc.) are importing in making transit ridership a viable alternative to automobile travel.  Real-time information provided to and from the transit vehicle allows for vehicle tracking, alternative routing, fleet management, passenger and fare management, maintenance, and security.


Academia—their ability to examine, evaluate, and advance available traffic systems technology through student resources provides labor to address current issues while training future professionals for this growing field.


Media—partnerships with media are critical in providing accurate information to the public.


Federal Highway Administration—provides the means for funding, demonstrating, and implementing Advanced Transportation Systems.


Private Entities—these allow collaboration in transportation and information systems projects the need testing, evaluation, and implementation.





Example - The following current system weaknesses need to be addressed by the Oregon TOCS project:


Multiple software packages must be open and available for use to support operations. Some of the problems associated with using multiple software packages are duplication of effort, inconsistent response, and valuable screen space is used up and less than optimal response times.


There exists a need for robust ad Hoc and comprehensive pre-formatted reporting tools for system and operations management.


Information is not exchanged between subsystems. The data should be centralized and shared between many types of providers including emergency personnel, transit providers, and highway helpers.


Region 2 has statewide backup capability for radio dispatch and control to any region’s crews and maintenance personnel; however, in most system functions, the TMOC can’t backup the TOC, and the TOC can’t backup the TMOC.


There are too many VMS applications in use due to the need to use specific software for each vendor’s sign. This is a training and system maintenance problem. This is an especially serious problem in backup situations where the TOC doing the backup may not even have the correct software for a given sign.


The current CAD system is optimized for law enforcement.


Systems are not well integrated with external emergency services partners


Systems are not optimized to support transportation operations and maintenance.


O&M-specific applications have been homegrown to support immediate needs and are not architected to sustain and support operations statewide.


There is a need for additional weather alarm systems with integrated notification processes.


Currently district offices are unable to enter incidents into the CAD system. This is a significant problem for efficient incident tracking and management reporting purposes.








It is clear from looking at example Concept of Operations documents from TMSs that many organizations are not including the documents used in developing the documents.  For a reader who is attempting to gain insight on the system, giving that reader a place to go for more detailed information is helpful, especially when in the situation of a regional integration project.





Personnel Profiles





The Cross Westchester Expressway Concept of Operations provides a very succinct and high-level description of the users relative to the system.  


In approaching the issue of developing an Intelligent Transportation System, a customer-specific Concept of Operations is a powerful tool for enabling system designers to gain valuable insight into both the day-to-day needs of a system’s users, and the ways in which the users envision the system will be used. To fully understand the operational needs of this system we must first understand who the users are. The classes of users have been defined to include motorists, media, transportation agencies, external agencies, and TMC operators. Each user class’s interaction with the ITS is further defined as follows:


Motorists


Motorists will receive both regulatory and advisory information from the Hudson Valley ITS via Variable Message Signs (VMS), Highway Advisory Radio, (HAR), and AM and FM broadcasts. Their vehicles passing over and through the Hudson Valley ITS sensor fields generate the data for Traffic Management processing. With the widespread use of cellular phones, the motorists provide additional input for the identification and verification of highway incidents.


Travelers


Travelers or pre-trip planners make travel decisions based on information distributed by the Hudson Valley ITS regarding traffic conditions within the project limits. This information will normally be received through a Traveler Advisory Telephone System (TATS), commercial media, tuning to the HAR, or via the Internet.


External Agencies


External agencies such as individual county Departments of Transportation/Departments of Public Works, law enforcement agencies, and transit authorities will rely on the Hudson Valley ITS for highway information as well as access to VMS and HAR for communications to the motorists. External agencies who choose not to physically occupy the TMC can still be active partners in this project via dedicated, linked communications networks and remote workstations for input and output of transportation related data.  Traffic engineers from the NYSDOT and public safety officials from various state and local jurisdictions will continually review response plans and results from response plan initiation. They will provide recommendations for enhancing and modifying system response plans.


TMC Operators


The operators are responsible for the daily operations of Hudson Valley ITS which include:


Monitoring of traffic flow on the expressway and lateral connections via the vehicle detection system


Verification of incidents through video surveillance system and audio communications


Enactment of response plans consistent with regional/local policies and procedures


Documenting traffic/incident status and occurrences as necessary


These operations are carried out from the TMC workstations with integrated computer and communications support during normal operational hours and during special events. The Hudson Valley ITS also provides for the on-line training of TMC operators using real-time field data and simulation data but without access to control of the remote field devices. In addition to the expected traffic operators as described above the Hudson Valley TMC will include C911 Call Takers/Dispatchers, HELP Dispatchers, and other remote users. Management and support staff will also occupy the TMC and will have remote access to the same traffic information as the traffic operators through their own workstations.


Hudson Valley ITS Administrator


The Hudson Valley ITS Administrator is responsible for the quality of work of the TMC operators as well as normal administrative functions.  The administrator will set responsibilities for TMC operators and define or limit the range of their monitoring and control of the TMC resources.





Daltrans also identifies a strategic planning document as a resource for the Concept of Operations document: 


Dallas Area-Wide Intelligent Transportation System Plan, Texas Transportation Institute for the Texas Department of Transportation, July 1996








Daltrans cites the system requirements document as a “related document” to the Concept of Operations:


System Requirements Specification for the Dallas Transportation Management Center, Texas Department of Transportation/Southwest Research Institute/Texas Transportation Institute, January 7, 2002.








Figure 4.x – The Concept of Operations must answer who, what, when, where, why, and how about the system to satisfy each of the system stakeholder perspectives (awaiting copyright permission from ANSI/AIAA).





The Cross Westchester Expressway ITS Concept of Operations document cites a planning study as a main source on the development of the document:  “The Hudson Valley ITS is a logical continuation of the intelligent transportation system development initiated by the New York State Department of Transportation’s formal ITS needs study, titled the Lower Hudson Valley Early Deployment Planning Study.”
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