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Developing and Using a Concept of Operations in Transportation Management Systems

CHAPTER 1 – Introduction
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Chapter Purpose

This chapter provides an introduction, overview, and summary of the guidance document.  It will introduce key concepts on how to develop and use the Concept of Operations in transportation management systems (TMSs), and it will provide guidance on use of document – helping readers pinpoint chapters and sections best suited to their particular need.

Chapter Objectives

The key objectives for this chapter are:
· To introduce the reader to the Concept of Operations and its role in a TMS. A high level description of the contents and role of a Concept of Operations is provided to assist individuals new to the area/topic. 

· To provide a brief background on key topics that serve as a foundation for the guidance document.  Background information on TMSs and systems engineering is provided to provide a foundation for the document.

· To define the challenges and state-of-the-practice in Concept of Operations development and use in TMSs.  This chapter overviews how transportation professionals are dealing with challenges of developing and using a Concept of Operations.  

· To orient the reader – providing an understanding of the document contents.  After reading this chapter, one will understand the structure and content of the guidance document. 
· To provide information on how to use the document.  This chapter will identify the information that the document will provide and will highlight the ways in which the document will be useful to transportation professionals with different backgrounds and needs.

Chapter Sections

1.1 Why Use This Document?

This section provides an introduction to the information that the document will include, and describes the benefits that a Concept of Operations provides to a TMS.

1.2 Systems Engineering and Transportation Management Systems

This section will highlight the need for and benefits of using the systems engineering process to develop and operate a TMS.  The systems engineering life cycle will be introduced and the important role of the Concept of Operations within the life cycle will be discussed.

1.3 What is a Concept of Operations and Why is it Important?

Before developing and using a Concept of Operations, one must have a clear understanding of the purpose behind generating such a document, as well as how one may be structured – given organizational, fiscal, and environmental factors.  This section briefly overviews the main goals and objectives for a Concept of Operations, and it highlights the core elements necessary to include in the document.  This section also highlights the motivating principles behind the generation and use of a Concept of Operations.

1.4 What is the Challenge?

This section will address the state-of-the-practice in TMS Concept of Operations and describe the challenges involved in improving their development and use.

1.5 How to Use This Document
This section is intended to help users with different needs and degrees of experience determine how to best use the guidance document.  In addition, it identifies key supporting documents.

1.6 Guiding Principles

This section will provide a one-page overview of the key information from this chapter – it will serve as both a summary and a stand-alone page that may be useful as a quick reminder.
1.1 Why Use This Document?

The objective of this document is to provide guidance to transportation professionals as they seek to develop and use the Concept of Operations throughout the life cycle of a TMS.  It is written for transportation professionals involved in the planning, development, design, operations, and maintenance of TMSs.  However, the document is relevant to a wide audience with relatively little TMS experience given the fact that the purpose of a Concept of Operations is to document and communicate essential information about a TMS to a high-level audience. 

To provide more detail, the following common “classes” of TMS professional will find the guidance document useful for the following reasons:

· Management – Transportation managerial professionals operating either, within or in conjunction with, a TMS, will find this useful as it reiterates the necessity of system stakeholder communication.  A Concept of Operations is a critical foundation for such communication.

· Technical staff – Professionals working within a TMS that deal with all aspects of the system’s operation, including but not limited to design engineers, integration and test engineers, operators of the various system functions, and maintenance staff, will find this document useful as it will demonstrate how a Concept of Operations helps to clarify agency goals and objectives – the highest level statement of who does what and when.

· Support engineering firms – Any members of a contracted firm that work within or in conjunction with the TMS, including repairs and maintenance, system support services, etc., will find this document useful as it shows how a Concept of Operations assures that the ‘client’ has communicated, at the highest possible level, what they want the system to be – adding clarity and helping to avoid scope creep for all parties.

1.1.1 This Document’s Development Methodology

This document was developed based on significant involvement of transportation professionals using the following methods:

· Analysis of standards – Several systems engineering standards on how to develop and use a Concept of Operations were identified and examined. The ANSI/AIAA standard G-043-1992 was chosen as the chief reference on Concept of Operations development for this handbook.  It was selected given the facts that it was written in a simple fashion, yet the method outlined was rich enough to capture all of the considerations necessary in developing a Concept of Operations.  Note, the other standards may serve equally well, given the nature of an organizations’ situation. 

· Survey – An internet survey was conducted to obtain experiences and guidance from transportation professionals that are, or have been, involved in the development of a Concept of Operations.  This served as an important source of expert information for this document.

· Analysis of transportation documents – Example Concept of Operations documents were gathered from TMSs throughout the country.  These documents provided the examples given in this handbook of the different approaches to Concept of Operations development and use from real-world TMS professionals.

· Interviews with transportation professionals – The internet survey described above gathered mostly general information.  These were followed-up with one-on-one interviews to acquire more detailed testimonials for guidance on specific sections of a Concept of Operations.  Interviews were conducted with professionals in conjunction with the example documents acquired so that the guidance given from the professional and results of the development process from that system would coincide.

1.1.2 Practical Guidance within this Document

This document provides the reader with insight into TMS-focused Concept of Operations documentation, as such, this document offers:

· Guidance on developing the Concept of Operations – The handbook will provide guidance on all aspects of Concept of Operations development, including what information to include, how to begin the development process, stakeholder identification and involvement in the process, and identifying resources that will facilitate the development process.  Examples of the contents of developed and developing Concept of Operations will be provided for support.

· Guidance on using Concepts of Operations – This document will provide guidance from transportation professionals concerning how their systems use the Concept of Operations.  Usage on Concept of Operations documents will be highlighted in the entire systems engineering life cycle from a variety of stakeholder vantage points.  

· Specific examples of good practice from transportation agencies – Throughout the document, testimonials, experiences and guidance from transportation professionals as well as their Concept of Operations documents are used to the greatest extent possible to make this handbook useable and applicable to a real-world TMS setting.

· That there are no “Cookbooks” for developing/using Concepts of Operations – There will be no specific multi-step process for developing the perfect Concept of Operations.  The situation for each TMS will be different, and as you will see later in the document, there is no way to create a ‘cookie cutter’ process for the development of a Concept of Operations for all TMSs.  Tailoring the Concept of Operations to your specific system is necessary for a successful development process. Experiences among the TMSs researched here will identify possible pitfalls and give strategies that are successful in the development process.

· That there is no specific content of a Concept of Operations applicable to all TMSs –There is no list of specific content that will be a necessity to include in a Concept of Operations documents.  TMSs have different needs, visions, and operations, and those differences must be captured by the Concept of Operations document.  Guidance and testimonials concerning the type of information that is positive and negative to include in the Concept of Operations document is central to this handbook.

1.2 Systems Engineering and Transportation Management Systems (TMS)

A TMS is any system focused on improving the efficiency, safety, and predictability of travel.  For the later half of the 20th century, and the beginning of the 21st, TMSs continue to proliferate to fulfill the ever-increasing complex transportation needs of society.  Modern TMSs are very complex systems, combining field equipment, operations personnel, communications, and advanced information technology to meet their mission.  Examples of frequently developed and utilized TMSs are:

· Freeway management system – Such a TMS focuses on the management of freeway traffic using a variety of technologies and personnel.  Its geographic scope may range from one interstate through an urban area, to several interstates throughout an urban area, to one interstate throughout the length of a State.  An example of a TMS – freeway management system includes the Virginia Department of Transportation’s Northern Virginia Smart Traffic Center that manages traffic flow on the Interstates in Virginia within metropolitan Washington, DC.  The center includes the use of: Closed Circuit TV – to monitor traffic flow and to detect and observe incident scenes; service patrols – to monitor traffic flow and to facilitate incident resolution; loop detectors – to monitor traffic flow and detect incidents; Variable Message Signs – to communicate with the general automotive traffic; and coordination and communication with Fire, EMS, Public Safety, and the Media.  Its continual operation, and any expansion, will be in immediate relation to similar and associated TMSs throughout the metropolitan region.  

· Traffic signal control system – This class of system manages traffic flow on streets through integrated traffic signals and their timing.  Most major metropolitan cities include some degree of an integrated signal control systems to improve traffic flow on their roadway networks.

As stated above, contemporary TMSs are extremely complex systems.  Indeed, they have become a system of systems; in particular, the level of complexity of information technology included in the systems is high.  As such, it is no longer feasible to proceed with the development and maintenance of these systems in the classic “hard side” civil engineering design and construction approach, where there is an initial creation of detailed system specifications, the search for low-cost bidders, and then construction.  In fact, TMS development is more akin to the operation of a complex space system such as a constellation of telecommunications satellites – where there are a complex array of systems and sub-systems, technical and human, all operating and performing a function to accomplish a common goal.

Such complex systems rely on a step-wise, iterative process that requires a full life cycle vision for the system in question.  This is the systems engineering life cycle process.  This process takes the developer through a series of iterative steps that have refined to help humans manage large and complex system development.  At its heart, the steps include: 

· The development of the Concept of Operations, where the goals, objectives, system components, and stakeholders are identified;

· The development of the System Requirements, where the functions of the overall system are detailed;

· The development of the System Design, where low-level sub-systems are detailed;

· The Implementation of the system, where components are built and moved into place;

· The Integration and Testing of the system, where components are linked and tested;

· System Acceptance, where the system is evaluated to see if it meets the goals and objectives outlined in the beginning;

· System Operation and Maintenance, where the system performs its on-going roll until it is modified, replaced, or retired.

The systems engineering process outlined above is typically, succinctly, encapsulated in to what is referred to as the Systems Engineering “Vee:”  Figure 1.1 illustrates this quite well.  This form places the steps in a step-wise, temporally relevant (with time moving left to right), shape that can clearly be seen in once glance.  This has become commonplace for complex system because of its effectiveness in assuring completeness and effectiveness in system design and operation.
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As one will note in Figure 1.1, the first step in this iterative process is the development of a Concept of Operations.  This is critical; it is the beginning point for an iterative development and refinement process.  All steps following the development of the Concept of Operations will relate to it in some fashion.  Most importantly are the second step, the development of the specification of the system’s functional requirements, and the final step, the validation of the developed, deployed, or refined system.  This will be discussed more thoroughly in Chapter 2 (relative to systems engineering) and 3 (relative to the importance of a Concept of Operations).

1.3 What is a Concept of Operations and Why is it Important?

The Concept of Operations serves as the foundation for the systems engineering process.  As with anything that is built and utilized, the entire entity is only as strong as its foundation.  The Concept of Operations should be a document available, and relevant, to all stakeholders in the system, no matter what their background or role within the system.  In the context of a TMS, it should be as readable and relevant to high-level decision makers as it is to the TMS manager as it is to the TMS operator, so on and so forth.  The Concept of Operations answers the who, what, when, where, why, and how for the new or existing system.  The primary motivation for moving forward with the development of such a document include:

· The identification of system stakeholders as well as the assurance that they will communicate in a common forum relative to the system in question;

· The formulation and documentation of a high-level system definition relative to the system in question;

· The foundation for all lower-level sub-system descriptions;

· The definition of all major user groups and activities.

· The identification of the environment in which the system will function.

Chapter 3 presents a thorough description of the elements that make-up an effective Concept of Operations, including numerous specific examples of content from TMS Concepts of Operation.

1.3.1 Elements of a Concept of Operations

The ANSI Concept of Operations standard (ANSI/AIAA G-043-1992) provides an excellent format for developing a Concept of Operations Document for any highly complex system.  In essence, they recommend that a Concept of Operations Document “…describes system characteristics from an operational perspective,” and answers the question, for each stakeholder, “What does it [the system] look like from my point of view?”  The standard is summarized in the diagram of Figure 1.2.  The elements are addressed in more detail following the figure.

[image: image6.emf]Demand 

Management

Traveler 

Information 

Services

Commercial 

Vehicle 

Operations

Emergency 

Management

Traffic 

Incident 

Management

Arterial 

Management

Freeway 

Management

Work Zone 

Management

Electronic 

Toll 

Collection

Freight 

Management

Roadway 

Weather 

Management

Traffic 

Detection & 

Surveillance

Automated 

Enforcement

Traffic 

Control

ROW 

Maintenance

Maintenance 

and Repair



· Scope – This section presents an overview of the entire Concept of Operations, including the following elements:

· Outline the Contents of the Document

· Purpose for Implementing the System

· Highlight Major Objectives and Goals

· Identify the Intended Audience

· Set Boundaries on the Scope of the System

· Describe an Overarching Vision for the System

· Referenced Documents – In this section, authors of the Concept of Operations list the resources used when developing the document.  This will be useful to clarify the sources of information that went into the document as well as provider the reader with guidance to find additional information.  Types of reference documents that are typically listed include:

· Business Planning Documents

· Concept of Operations for related systems

· Requirements for related systems

· Studies to Identify Operational Needs

· System Development Meeting Minutes

· User-Oriented Operational Description – This section of the document describes the system from a user vantage point.  It identifies how organization/system-specific goals and objectives are accomplished, including strategies, tactics, policies, and constraints.  This portion of the Concept of Operations should be the main focus for the entire document, as it is intended to outline the landscape of the system, and provide a clear working image for each party and how they should expect to integrate themselves within the overall system.  Information that should be highlighted in this section includes:

· User Activities

· Order of User Operations

· Operational Process Procedures

· Organizational/Personnel Structures

· Operational Needs – In this section, the Concept of Operations details agency- and region-specific goals and objectives that will drive the requirements for the system.  In other words, the section is attempting to answer the question of what is necessary to the agency or region that the current system or set of services does not provide.  

· System Overview – As the name suggests, the purpose of this section of the Concept of Operations is to provide a high-level description of the interrelationships of key system components.  All of the information contained in this section can be found in another section of the document, but this section is designed to focus on the interrelationships among the elements.  The areas this section should address include:

· Scope

· Interfaces

· System Capabilities (Functions)

· Goals and Objectives

· The Operational and Support Environments – In the ANSI/AIAA standard, two sections are described – Operational Environment and Support Environment.  However, upon examination of the standard, there is considerable overlap in these sections.  As a result, it is recommended that the sections be combined to provide information about the general environment created for operation of the new system (or created by the change in the current system).  In other words, this environment is the “world” in which system operations will take place.  This section includes information about the system’s environment in terms of the following categories:

· Facilities

· Equipment

· Hardware

· Software

· Personnel

· Operational Procedures

· Support Necessary to Operate the Deployed System

· Operational Scenarios – In this section of the Concept of Operations, the authors place themselves in the users’ position, and detail how the new system would impact their activities under differing conditions, ranging from normal to stress and failure conditions.  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

· Variety of User Classes

· Stress/Failure Scenarios

· Multiple Circumstances

Each of these elements introduced in this chapter will be full detailed in Chapter 3 of the guidance document.

1.3.2 Benefits of Developing and Using a Concept of Operations

This section highlights the main benefits of developing and using a Concept of Operations, as identified by transportation professionals.  Note that in this and following sections, text boxes will be utilized to highlight experiences and examples gathered directly from transportation professionals.

· Stakeholder consensus—an overwhelming majority of transportation professionals interviewed for this document mentioned stakeholder agreement on interrelationships, information sharing, and roles and responsibilities for the system as the most important benefit of the Concept of Operations development process.  The following quotations put the benefits in their own words:


· Reduction of risk for the system—transportation professionals agreed that a major benefit from developing a Concept of Operations deals with the reduction of the risk of failure for the project.  Their experience has shown that developing a Concept of Operations significantly increases the chance for success on the project.  The consensus supported with the Concept of Operations can reduce cost overruns, more accurately define the system earlier in the development stage, and decrease the chances that stakeholder dissatisfaction will terminate the project.
1.3.3 The Concept of Operations and Regional Transportation Operations

The Concept of Operations for any TMS does not exist, nor can it be developed, within a vacuum.  There are regional and organizational entities that exist beyond the immediate system’s “boundaries” that impact the operation and performance of the system in question. This idea is communicated simply in Figure 1.3.



As stated above, the foundation for the iterative systems engineering development and refinement process is the Concept of Operations document.  In serving the operational arena, the TMS’s Concept of Operations document is useful in assuring the linkage between the operational world and the planning.  The most effective TMS Concept of Operations will “pull” information from a wide range of planning documents.  From the vantage point of the Concept of Operation’s developer, there will be several planning categories to consider.  

· “Looking Up” – the plans and planning procedures at a level “above” the TMS.  The Concept of Operations must reflect goals of larger agency level plans.  Furthermore, the Concept of Operations can provide excellent input as these larger plans are developed – by clearly articulating transportation management system goals, vision, and functionality. 

· “Looking Across” – the plans and planning procedures in the same geographic region.  As transportation operations plays a larger role in surface transportation; formal planning procedures and practices are becoming prevalent.  A Concept of Operations is an important input into regional operations planning.  Furthermore, when a regional operations plan or architecture exists, the Concept of Operations should reflect the regional goals and functionality.

· “Looking Within” – the plans and planning procedures specific to the system under development or in existence.  Planning is an important activity within a TMS.  The Concept of Operations plays a key supporting role in this planning.  

Looking Up, Across, or Within will completely depend upon where your organization exists in both an organizational and a geographic context.  Figure 1.3 illustrates the relationship between the operational (TMS) world, and the planning world.  But for the extent of relationships, Figures 1.4 and 1.5 below illustrate the organizational and functional planning relationships that will need to be considered in developing a Concept of Operations.  Simply put, this is no small task.  Nevertheless, in an era of integration, consideration must be given to these organizations.  This will be discussed thoroughly in Chapter 5.


1.4 What is the Challenge?

This section addresses the challenges that face transportation professionals as they seek to develop and effectively use Concepts of Operations.  First, the state of the practice and needs will be summarized.  This will be followed by the identification of specific challenges that this guidance document is designed to address.

1.4.1 State of the Practice & Needs in TMS Concept of Operations Development and Use 

In reviewing many of the Concept of Operations documents that have been developed for TMSs to date, key trends can be highlighted.  Many of the documents have similarities, though there are still differences.  Specifically, there are strengths as well as features that need improvement within these documents.  Below, some of these strengths and improvement needs will be reviewed.  Later, Chapter 4 of this document, “How to Develop a Concept of Operations,” will provide specific guidance to illustrate the desired practice for Concept of Operations development.

· A Unified Concept of Operations

· An increasing number of TMSs are developing a single document that sufficiently conveys all or most of the elements that are desired within a Concept of Operations.  It is noted that there is little universal conformity on what precisely this document is titled – it may be referred to as an Operational Concept Document, or it may be that a TMS has effectively expressed what has been defined as necessary for a Concept of Operations in their Business Plan.  Consistency in nomenclature for such a document is not to be found, as there is so much variety in the TMSs developing these documents.

· Some systems continue to develop multiple, separate, documents that collectively convey the full meaning of a Concept of Operations.  This does not necessarily mean that these systems have done a poor job in conveying meaning to their stakeholders, developers, operators, and integrators; rather, they may have succeeded.  Nevertheless, an ‘executive summary’ of the system concept – outlining the who, what, when, where, why, and how at the highest level from various perspectives, will always prove a useful document in immediately conveying meaning, especially to newly added stakeholders from integrating, formerly, peripheral systems.

· Active Use of a Concept of Operations

· The nature of the systems engineering process as applied to the systems life cycle is that it is an iterative process; there really is no end unless the system is exiting the retirement phase.  As such, with developing or existing systems, every document that is developed in conjunction with every step of the systems process within a phase of the life cycle, may be considered a ‘living document.’  TMSs that exist, that maintain their Concept of Operations, and find themselves in the context of massive change – for example the addition of a new stakeholder and their associative systemic burdens – will update their overall Concept of Operations.  This is good practice, as, given the systems engineering process, the foundation, the beginning and ending point that encompasses the goals and objectives of the system, has been improved and therefore the upgrade of the system may proceed, with all the stakeholders ‘on the same page.’ 

· It is appears to be equally the case that there is the impression that once the Concept of Operations for a TMS has been defined, the document can shelved or used for little more than expressing the starting point for the overall TMS to new stakeholders.  While it may be useful in utilizing the Concept of Operations in this way, given the nature of recent cross-discipline integration in transportation, who’s Concept has truly gone unaltered?

· Use of Graphics

· Many TMS Concept of Operations documents use graphics to highlight key points in a variety of sections in the document.  When systems diagrams are used, they tend to be thorough without such a high level of detail that the diagram is useless.  As the Concept of Operations should be accessible to many different backgrounds, a diagram showing functional flows and communication lines is a valuable tool in conveying the vision of the system to a diverse audience.  The main goal of the diagram is to set the scope of the system, which can be achieved without every function or module being included.
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Figure 1.6: Maricopa Association of Governments uses the following diagram to graphically show the different goals and vision for its Regional Concept of Transportation Operations.  It succinctly states the goals of the system as a whole and summarizes the high-level vision for the region.  
· Unfortunately, most Concepts of Operations are text heavy, which is reasonable considering the amount of information the authors must convey in the Concept of Operations.   Pictures, while often time consuming to develop, and often believed to be to simplistic, can ‘convey 1000 words.’ 

· Grouping by Functionality

· One aspect of organization for many of the documents is to group information around a particular function of the system/organization instead of a more traditional systems approach (scope, system overview, scenarios, etc.).  The benefit to the owners of the system is clear:  it makes sense to organize the document to mirror the organizational structure of the department.  

· The document however, sometimes suffers from lack of readability because of this, and many times the document will not convey the central vision of the system as a whole because the separation into functions early on in the document.  A functional breakdown of the document is by no means detrimental to writing a good Concept of Operations, but there were many documents that need better system definition at the outset before the functional breakdown. 

· Scenarios

· The example documents provide scenario development from a multiplicity of user classes.  Some documents have well developed descriptions of one user class, but left out other classes, while others include many types of classes without an in depth analysis of any.

· The Concept of Operations documents offer a variety of operational scenarios that deal with typical occurrences for a TMS.  These include failure modes, incident management, weather, normal operations, etc. The following example provides a list of scenarios on par with most of the documents researched.


· Because of the diversity of the audience, including as many user types as possible will increase the effectiveness of the document, and through the development process, thorough scenario development will bring system design flaws to light earlier when they are more easily solved.

· Level of Technicality of Writing

· For a majority of the documents, the level of technical nomenclature is kept at a minimum, especially at the beginning of the documents when the scope and vision are discussed.  However, when the documents switch to specific functions, the level of technical expertise necessary to fully understand the document increases.  TMSs are complex software/hardware integration projects with a large number of inputs and outputs, so naturally there will be some level of technical information included in the document.

· One positive note about nomenclature is that most documents defined terminology when using words that could be unfamiliar to readers.  This practice of assuming a low level of technical knowledge is beneficial to preparing readable Concept of Operations documents.

· Stakeholder Identification

· Many documents lacked a section on identifying stakeholders or had an incomplete list.  It is clear that stakeholders were included in the development process, since most documents mention most of the excluded groups later in the documents.

· Thoroughness

· For the majority of the documents, the level of detail was sufficient for the beginning stage of the systems engineering process.  In fact, most documents included all of the elements of a Concept of Operations identified in this document in some form or fashion.  Organization, structure, medium or depth of coverage in conveying the information might be different than the guidance given here, but completely leaving out entire elements did not occur most of the time.  

· The level of detail did not vary to a great extent in the documents, and this regardless of the specific situation of the TMSs.   For example, regional Concepts of Operations typically were at a similar level of detail than a Concept of Operations for a specific center.  The following example highlights this idea with definitions of traffic management from two different documents, one from a regional perspective and one from a single center perspective.




Needs Assessment

· The majority of the documents did address the functionality of the new system as it is related to some organizational need or goal, which is important in Concept of Operations development and the document itself.  Some of the documents separated the needs by function and others included on a system level, but all included this information in one form or another.

· It was obvious from the example documents that performing an in-depth needs assessment is a current practice for most systems that develop a Concept of Operations.


· Support Environment

· The ANSI standard lists the support environment (i.e. all aspects of the system play a supporting role in defining and enabling the system to operate) as a separate section in a Concept of Operations, but few if any documents had a section based solely on this information.  Of all the suggested sections given by the standard, this one was the hardest to identify, and the information that should be here was the most scattered throughout the document.

1.4.2 General Challenges for Concept of Operations Development

There continue to be substantial hurdles to achieving the effective development and use of a Concept of Operations in TMSs.  Chief among these is assuring that the Concept of Operations is meaningful.  This is certainly not an easy task considering the level of subjectivity involved in that expression.  Nevertheless, much of what is critical for the development of the Concept of Operations, and its follow-on system, are integration of the very human viewpoints and characteristics that must be tended to in the earliest stages of development.  Not surprisingly, the issues, the challenges, in assuring the meaningfulness of the Concept of Operations are interrelated and often have immediate effect on one another.  The following challenges and guidance comes from transportation professionals:

· Stakeholder Involvement—Arriving at a consensus for a TMS among a group of transportation organizations can be a difficult task.  Transportation professionals explain that both getting all the stakeholders to the table and coming to a consensus on a complex, integrated system can be a challenge for the Concept of Operations development process:
· Time and Money—Staffing and budget are large concerns for TMS professionals, and these concerns add to the difficulty of developing a Concept of Operations.  Diverting staff time from other projects and securing funding for the development process are critical challenges identified by transportation professionals.


1.5 How to Use This Document

1.5.1 This Document Complements other ITS Guides

This document serves as a companion to industry standards and existing transportation materials – The Concept of Operations is a core element of the systems engineering process that has been proven to support the development and operations of ITS.  Sound generic guidance currently exists in the form of industry standards and previously developed transportation-related documents.  This document complements these resources by focusing on how to develop and use the Concept of Operations.  The focus is addressed through the use of a large number of transportation-specific examples.  Key companion documents include:

· 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.

· Bjorke, Per, et al. IEEE Guide for Information Technology — System Definition — Concept of Operations (ConOps) Documents. New York: The Institute of 
Electronics and Electrical Engineers, Inc., 1998. Report No IEEE Std 1362-1998. – This guide presents the format and the contents of a Concept of Operations document to be used when developing or modifying a software-intensive system.  It describes the essential elements to the Concept of Operations document as well as the importance of the specific element to the system.  This document also has excellent definitions of the terminology related to the Concept of Operations.  

· Metropolitan Transportation Management Center Concepts of Operations. Intelligent Transportation Systems. Report No FHWA-JPO-99-020. Oct. 1999. http://www.itsdocs.fhwa.dot.gov/jpodocs/repts_te/8ff01!.pdf - This document describes in detail the successful practices and lessons learned of eight TMCs: Boston Central Artery/Tunnel Integrated Project Control System; Toronto, Ontario Compass Downsview TMC; Long Island, New York INFROM; Detroit, Michigan Intelligent Transportation System Center; Milwaukee, Wisconsin MONITOR; Atlanta, Georgia NAViGAtor; Phoenix, Arizona TrailMaster; and Houston, Texas TranStar.   It also discusses potential future system improvements.

· TMC Concepts of Operation: Implementation Guide.  ITS Joint Program Office, Federal Highway Works Administration, December 1999.  http://tmcpfs.ops.fhwa.dot.gov/cfprojects/uploaded_files/TMCConOpsImplmGuide.pdf - This document reviews the purpose behind developing a Concept of Operations document for regional TMCs.  It demonstrates the importance and provides examples and resources as identified and utilized in several developing TMCs throughout the nation.  

· Fowler, Thomas B. and Paul J. Gonzalez. Developing Functional Requirements for
 ITS Projects Report No FHWA-OP-02-047. April 2002. http://www.itsdocs.fhwa.dot.gov//JPODOCS/REPTS_TE/13621.html - This document gives an overview of systems engineering and functional requirements.  It illustrates the relationship between functional requirements and the National ITS Architecture and contains a description of the systems engineering life cycle in terms of the “Vee” diagram.  This document also identifies the benefits and problems associated with developing functional requirements.

· Gonzalez, Paul J. Building Quality Intelligent Transportation Systems Through Systems Engineering. Report No FHWA-OP-02-046. April 2002. http://www.itsdocs.fhwa.dot.gov/JPODOCS/REPTS_TE/13620.html - This document introduces the concept and practice of systems engineering and its application to the acquisition, development, and fielding of Intelligent Transportation Systems (ITS).  It gives detailed definitions of key concepts and discusses the challenges and benefits within the systems engineering approach.  The systems engineering life cycle is also described in detail.

1.5.2 The Chapters within this Handbook

Chapter 1: Introduction – Managers, technical staff, and supporting engineering firms with or without systems engineering backgrounds and with or without TMS will find this chapter useful as it serves in part, to introduce the reader to the purpose of the overall guidance document, but also as an ‘executive summary’ where many of the highlights of the overall document’s findings have been detailed.  This is a good staring place for all readers to determine which section may be most appropriate for them.

Chapter sections:

· Why Use This Handbook?

· What is the Challenge?

· Systems Engineering and TMS

· What is a Concept of Operations and Why is it Important?

· How to Use This Document

Chapter 2: Role of a Concept of Operations in Systems Engineering – Managers, technical staff, and supporting engineering firms without systems engineering backgrounds will find this chapter useful as it demonstrates that the Concept of Operations serves a specific and critical function within the systems engineering process, which this chapter also briefly reviews by introducing the key systems engineering principles.

Chapter sections:

· What is Systems Engineering?

· What Role Does the Concept of Operations Play in the System Life cycle?

· What Role Does the Concept of Operations Play in Systems Engineering?

Chapter 3: What is a Concept of Operations? – Managers, technical staff, and supporting engineering firms without systems engineering backgrounds and with or without TMS will be given guidance and best practices on what is a Concept of Operations and how they have been developed for TMSs.

Chapter sections include:

· The Concept of Operations

· Core Elements of a Concept of Operations

· Not a “One-Size-Fits-All” Document

Chapter 4: How to Develop a Concept of Operations – Managers, technical staff, and supporting engineering firms with or without systems engineering backgrounds and with or without TMS will be given guidance and best practices on how they should develop 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 sections include:

· Where Do I Start?

· How to Develop the Elements of the Concept of Operations

· Resources Required for Concept of Operations Development

· Stakeholder Identification

· Stakeholder Involvement

· Definition of Performance Measures

· Key Resources for Writing a Concept of Operations

Chapter 5: Using the Concept of Operations to Support Planning – Managers with or without systems engineering backgrounds and with or without TMS will have illustrated for them how the Concept of Operations can be used to support (and is supported by) a wide range of transportation planning activities.  

Chapter sections include:

· Systems Engineering and Planning

· “Looking Up” – Agency and Program Level Planning

· “Looking Across” - Regional Operations Planning

· “Looking Within” - System-Specific Planning

Chapter 6: The Next Step – Using the Concept of Operations to Drive Requirements – Managers, technical staff, and supporting engineering firms with systems engineering backgrounds and with or without TMS will have detailed for them the transition from the concept phase to developing high-level requirements for the system, and highlighting the assistance a well-formed Concept of Operations document can provide in this process.

Chapter sections include:

· What Are Requirements?

· How to Transition from a Concept of Operations to Requirements

· Resources for Concept of Operations to Requirements Transition

Chapter 7: Transportation Management System Concept of Operations Case Studies – Managers, technical staff, and supporting engineering firms with or without systems engineering backgrounds and with or without TMS will have provided for them detailed real-world examples of the concepts and guidance documented in the handbook. 

Chapter sections include:

· Case Study 1:  Large Metropolitan Region Transportation Management System – Dallas, Texas (DalTrans)

· Case Study 2:  Regional Integration Program – iFlorida

· Case Study 3:  Adding Functionality to a Medium Metropolitan Region Transportation Management System – Hampton Roads Virginia Archived Data Management System.

1.5.3 Different Organizations should expect Different Viewpoints

This document will present information on the development of Concept of Operations for TMS with the understanding that not all of the TMS organizations reviewing this document will be in the same place of overall operations or development.  As such, there will be consideration given to the following classes of organization and individual:

· New to Concept of Operations – Organizations or individuals, who have never developed a Concept of Operations before, and who have no existing system from where to begin, will find this document understandable and straightforward.  It will be possible to utilize this document to initiate a walk-through of a Concept of Operations development process, a first step.  

· Agencies with limited experience, seeking to develop and use Concept of Operations to fullest advantage – Organizations or individuals with some systems engineering experience will find this document useful in shedding additional light onto the benefits of starting with a Concept of Operations, and how it will integrate and improve their overall system development experience.

· Agencies seeking to develop and use a Concept of Operations for an existing system – Due to the nature of the TMS domain, that there are systems in existence without a written concept, this document has given consideration to them as well.  Interviews and research has been conducted with organizations that have existing TMS and have developed a Concept of Operations – their experiences, expression of challenges, expression of benefits have been documented.

1.6 Guiding Principles

Why Use This Document? – The objective of this document is to provide guidance to transportation professionals as they seek to develop and use the Concept of Operations throughout the life cycle of a TMS.  

What is a Concept of Operations and Why is it Important? – The Concept of Operations serves as the foundation, the starting point, for the systems engineering process.  As such, it should be a document available, and relevant, to all stakeholders in the system, no matter what their background or role within the system.  The primary motivation for moving forward with the development of such a document include:

· The identification of system stakeholders as well as the assurance that they will communicate in a common forum relative to the system in question;

· The formulation and documentation of a high-level system definition relative to the system in question;

· The foundation for all lower-level sub-system descriptions;

· The definition of all major user group and activities.

Elements of a Concept of Operations – The core elements of a Concept of Operations are:  

· Scope

· Referenced Documents

· User-Orientated Operational Description

· Operational Needs

· System Overview

· Operational and Support Environments

· Operational Scenarios 

Benefits of Developing and Using a Concept of Operations – There are more reasons to develop a Concept of Operations than just because it is the first step in the systems engineering process, these include: 

· Stakeholder consensus 

· Reduction of risk for the system 

The Concept of Operations and Regional Transportation Operations – There are regional and organizational peripheral entities that exist beyond the immediate system’s scope that impact the operation and performance of the system in question, as expected, these peripheral systems are also impacted by the operation and performance of the immediate system.  

The most effective TMS Concept of Operations will “pull” information from a wide range of planning documents.  

· “Looking Up” – the plans and planning procedures at a level “above” the TMS; 

· “Looking Across” – the plans and planning procedures in the same geographic region; 

· “Looking Within” – the plans and planning procedures specific to the system under development or in existence.  

What is the Challenge? – A Transportation Management System (TMS) is any system focused on improving the efficiency, safety, and predictability of travel.  With such a definition, there are therefore many shapes and sizes to existing and developing TMSs.  Developers of TMS Concept of Operations must therefore consider, for their own context, the following when developing their document: 

· Express the concept in one document, or at least assure that the richness of a Concept of Operations document may be found in specified documents;

· Let the Concept of Operations exist as a living document, improve upon it when there are significant changes to the system as a whole;

· Use graphics, a good picture is worth a thousand words;

· Group by functionality, but consider grouping by other methods too;

· Scenarios help to define the roles of all stakeholders under many circumstances relative to the system;

· Assure that the level of technical writing is kept at a minimum while retaining technical meaning;

· Identify the stakeholders, keep them involved;

· Be thorough; 

· Perform a needs assessment;

· Don’t forget the time and the money involved.




























Figure 1.5:  A graphic from the presentation, “A NATIONAL CAMPAIGN FOR IMPROVING REGIONAL TRANSPORTATION OPERATIONS,” A Special Session of the National Association Working Group (NAWG), US DOT, February, 2004.  – This highlights many of transportation functions the TMS’s organization will need to consider in planning and Concept of Operations development.





Figure 1.4:  A graphic from the presentation, “A NATIONAL CAMPAIGN FOR IMPROVING REGIONAL TRANSPORTATION OPERATIONS,” A Special Session of the National Association Working Group (NAWG), US DOT, February, 2004.  – This highlights many of organizations/agencies the TMS’s organization will need to consider in planning and Concept of Operations development.





Figure 1.3:  A graphic from the presentation, “Linking Planning and Operations,” TRB 2004 Annual Meeting Session 401, Robin M. Mayhew, FHWA, January 13, 2004. – This highlights many of the interrelationships that must be addressed by any TMS – thus, their Concept of Operations must reflect these relationships to some degree.





Figure 1.2:  The Core Elements of a Concept of Operations (awaiting copyright permission from ANSI/AIAA)





Figure 1.1 – [FHWA] The Systems Engineering "V" model effectively balances the concept of the system life cycle with the system engineering method of decomposition and integration.  Though the entire process is inherently iterative, the first and last step in this model include the Concept of Operations.





“The biggest challenge is persuading people that the effort to create the Concept of Operations is worthwhile.”


“Defending your funding is of chief concern when writing a Concept of Operations—those with the money always ask ‘What do you need that for?’ ”


“An organization should develop a Concept of Operations in a continuing effort [i.e. one meeting, or one week of stakeholder discussion typically is not enough to do a thorough job in developing your Concept of Operations].”





“The biggest challenges in developing a Concept of Operations are the time necessary to meet all the stakeholders and the difficulty in meeting all the stakeholders’ expectations.


Stakeholder interaction and involvement can be more difficult than simply gathering groups of people and talking:  “It can be very difficult to maintain good relationships with the participating agencies.”


“Stakeholders should be involved early and often” in the Concept of Operations development process.











One transportation professional listed these main benefits of creating a Concept of Operations for a Transportation Management System:


It allows the stakeholders to get what they want.


It leads to more accurate requirements definition for the system.


It helps minimize risk for the operation.


It aids in managing expenditure for the project.


Lastly, this professional describes the Concept of Operations as “not a silver bullet [i.e. not a one document cure to the problems of developing and maintaining a TMS], but it does decrease the likelihood of failure for a project.”


“The most important benefit is that you have a document describing the operations of the system when people begin to doubt that you have a plan.”





“The Concept of Operations helps define the roles and responsibilities of the participating agencies.”


A testimonial from transportation professional identified the following benefits of developing a Concept of Operations:


It develops a consensus on the priority of needs for the organization.


It bridges the gap between the technical and operational sides of the organization.


It provides continuity over the ebbs and flows of the economy and politics.


“The biggest benefit from developing a Concept of Operations is getting all the stakeholders to agree on what they all do and what the need from each other.”





















































Example – The iFlorida Concept of Operations (Draft), has been written to describe a statewide TMS integration project across multiple jurisdictions and agencies, provides the following list of needs for the first procurement of the project:





Justification for and Nature of Changes


As this procurement has several different aspects, there are a number of different goals and justifications for the various elements of the deployment.


Travel time / speed monitoring data collection – An overall goal for travel time / speed monitoring on limited access roadways is to achieve 100% coverage in the Metropolitan Orlando area. There is also a need to acquire travel time / speed data on arterials in order to provide information on alternatives to limited access highway routes, as well as facilitate system performance monitoring. Arterial roadways selected for deployment as part of this project are part of the Consortium’s top priorities. (The Consortium’s 5-year plan calls for 50% of arterials in the Orlando Metropolitan area to be covered.)


Arterial CCTV cameras – There is a need to provide cost effective visual coverage of key arterial intersections/interchanges. This will support verification of incidents as well as weather, pavement, and traffic congestion conditions.


SR 528 Corridor Monitoring System –As part of this project, there is a desire to increase roadway sensor and CCTV coverage along SR 528 and SR 520. This increased coverage is needed to support hurricane evacuations, incident management, and special events.


Telecommunications Network Enhancements and Brevard County Agency Integration – With the expansion of several systems to provide increased data sensor and CCTV coverage, additional fiber-based communications infrastructure is needed. Additionally, part of the purpose of the iFlorida project is to facilitate increased coordination between various local agencies. To support this increased coordination, the involved agencies need to be interconnected via a common communications infrastructure. Both the LYNX and Brevard 911 Center need to be connected to the fiber trunk system in order to allow them to gain access to RTMC data and video information. Moreover, additional communications infrastructure is needed to provide redundancy for the existing communications system.


Variable speed limits – There is a desire to test a variable speed limit (VSL) system in order to determine its effectiveness in increasing safety and roadway capacity. A number of VSL signs will be deployed and tested along I-4 in the Orlando Metropolitan area to accomplish this desire.





Example 2 – The Oregon Traffic Operations Center System (TOC), which is a statewide (i.e. regional) view of traffic operations, gives the following functional description of traffic management:





Traffic management is the work done by TOC’s , as directed by management, to alert the public to hazards or congestion as well as to control the direction and flow of traffic in an incident area.   





The activities of Traffic management include control of Variable Message Signs, Variable Speed Limit signs and other Dynamic Message Signs as well as Highway Advisory Radio (HAR) messages to alert the public to potential problems or congestion.  Ramp meter timings and traffic signals can be automated to implement pre-planned timing plans to mitigate incident impacts. Incident Responder (Comet etc.) vehicles are dispatched to incident locations for traffic direction and hazard removal. 





Business impacts of the proposed new TOCS system include:


A single control interface for the majority of ODOT’s DMS.   This should assist in regional back-up planning and training as well as enable the integration of DMS control with automated responses.  Ramp Metering will likely remain an urban traffic control solution for the foreseeable future; however, the system needs to support expansion of this functionality beyond the Portland urban area.  Urban areas outside of Region 1 will be able to take advantage of some of the stronger traffic management features of ATMS and will have added options for regional growth including interfaces to traffic signal systems.





Example 1 – The Cross Westchester Expressway Intelligent Transportation System Concept of Operations Document, a document written for a single center in Hudson Valley area of New York State, gives the following functional view of traffic management:





Traffic Management:





Monitor traffic flow on the Interstates and lateral connectors via a vehicle detection system


Verify incidents through a video surveillance system & audio communications


Enact response plans consistent with regional/local policies and procedures


Document traffic/incident status and occurrences as necessary


Control regional traffic as necessary to optimize movement of traffic


Control roadway traffic signals to support regional traffic flow


Disseminate traffic information


Monitor and evaluate the traffic network performance


Monitor system performance to optimize maintenance





Example – The Advanced Traffic Management System (ATMS) for Austin, Texas provides the following operational scenarios:





Incident Management Scenario With Automated Detection


Incident Management Scenario With Manual Detection


After Hours Incident Management Scenario With ATMS Up


After Hours Incident Management Scenario with ATMS Down


Incident Management Scenario with ATMS Down and TMC Operator on Duty


Road Closure Scenario


Maintenance Scenario
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