Using a Concept of Operations to Support Regional Integration Projects

3 Concept of Operations in the Regional Context

As stated in Chapter 2, the Concept of Operations initiates and sets the foundation for the systems engineering process. It guides each step of the process and serves to validate the system when it becomes fully operational. This is true regardless of the scope or complexity of the effort. However, developing and using a Concept of Operations for a project involving regional integration presents special challenges. This chapter discusses the context of a regional initiative and the implications this has for development of a Concept of Operations.  

3.1 CHAPTER OVERVIEW
3.1.1 The purpose of this chapter is to discuss the necessity of developing a Concept of Operations for projects that involve regional integration and to address the challenges posed by the demands inherent in such a project. Its objectives are:

· To describe the context wherein regional projects emerge. 

· To discuss the importance of a Concept of Operations for projects that involve regional integration 

· To describe the difficulties involved in developing and using a Concept of Operations for projects that involve regional integration 

3.1.1.1 Relationship to Previous Chapter – Chapter 2 provided an overview of the Systems Engineering process. This chapter delves in detail into the Concept of Operations phase of the systems engineering process. It discusses the necessity and challenge of developing a thorough Concept of Operations to launch the Systems Engineering process for projects that involve regional integration. 

3.1.2 Chapter Sections:

· The Regional Context

· Planning Activities and Regional Projects

· The Importance of a Concept of Operations for a Regional Integration Project

· Support for High-Level Functional Requirements

· Challenges Posed by a Regional Integration Initiative

· Chapter Summary 

· Specific Literature Supporting This Chapter 

3.2 The Regional Context

The need for a project that involves regional integration does not materialize magically, out-of-the-blue.  A number of dynamic planning processes exist on a regional level that identify the transportation needs of the community. Planning is integral to the effective evolution of a transportation network. Thus, as with the need to construct new highways or add capacity, the need to create the infrastructure and policies/procedures to facilitate regional integration is established through planning processes.
3.2.1 Planning Activities and Regional Projects

The ITS Architecture has served as the foundation of many regional planning activities. "The National ITS Architecture provides a common framework for planning, defining, and integrating intelligent transportation systems."   FHWA requires regions to develop a Regional ITS Architecture if the agencies intend to use the Highway Trust Fund to finance ITS projects. The Regional ITS Architecture is based on the National ITS Architecture but tailored to address the local situation. "It is a plan for the deployment of electronic technology throughout a region with a focus on integration of systems within the region. The architecture identifies stakeholders, systems or 'elements' they operate and the information to be exchanged between stakeholder elements. The architecture also provides selected standards for information exchange." (Mark Thomas. “Regional ITS Architecture for Northern Eastern Illinois, Project Summary.” Spring 2003).  Detailed information about ITS Architecture is available at http://www.iteris.com/itsarch. 

While the ITS Architecture serves as a framework that a region may use to guide deployment of ITS improvements (most often, these improvements involve enhancement of system operations), it has become clear that regions must establish strong working relationships to sustain collaboration and coordination of operations.  This allows regional partners to plan for improved relationships and
procedures, resource arrangements, and physical enhancements necessary for a higher level of operations.  Regional transportation operations collaboration and coordination is described in a December 2002 FHWA Primer, Regional Transportation Operations Collaboration and Coordination: A Primer for Working Together to Improve Transportation Safety, Reliability, and Security. A planning tool growing out of this process is the Regional Concept for Transportation Operations (RCTO).  RCTO development involves the identification of the relationships, procedures, resource arrangements, and physical improvements needed to achieve and sustain the region’s operations objectives. A RCTO may simply define how regional partners work together, or it may also identify physical improvement needs by identifying one or more projects. It outlines 3 – 5 year transportation operations objectives for a region. In our interview with the principal author of the above referenced primer, he described this tool as an important link between planning and operations. It fosters high-level institutional relationships, helps identify regional needs, and engenders high-level explanations of how to address the needs. 
With input from regional stakeholders, such as Metropolitan Planning Organizations (MPOs), state Departments of Transportation (DOTs), Emergency response agencies, and local governments, the RCTO establishes plans for regional operations.  To make these plans a reality, they must be implemented. Any number of specific projects may be identified by this process; each of these projects should be developed using Systems Engineering, the first phase of which should be the development of a thorough Concept of Operations. The projects are planned and developed in consultation with the Regional ITS Architecture. The diagram in Figure 3.1 depicts the relationship between the ITS Architecture, RCTO, and Concepts of Operations for specific regional projects.
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It is important to differentiate here between transportation documents with similar sounding names: Operational Concept, Regional Concept for Transportation Operations (RCTO), and Concept of Operations. 

· In support of the Regional ITS Architecture described above, the Operational Concept describes the roles and responsibilities of regional stakeholders at a high-level. This is a generic description in the sense that it does not relate to a specific project or initiative within the region.

· A Regional Concept for Transportation Operations (RCTO) discusses the stakeholders’ goals for regional operations and how to achieve those goals. This may or may not include ITS. The RCTO doesn't get down to the technical details of any particular system; although it may identify one or more needed regional projects.

· A Concept of Operations is associated with a single project/initiative that covers, not only roles and responsibilities on the project, but the overall environment in which the system(s) of the project will operate. It starts and guides development of a specific initiative.

The Maricopa Association of Governments Regional Concept for Transportation Operations is a good example of this "planning to project" progression (Maricopa is a County in Arizona, which includes the Phoenix Metropolitan region.) It is described in Figure 3.2 below:

	Maricopa Association of Governments

Regional Concept of Transportation Operations

The MAG RCTO was the outcome of the ITS Strategic Plan Update for implementing ITS Architecture in the region. In shaping a regional vision, the Maricopa Association of Governments (MAG) Intelligent Transportation Systems (ITS) Committee considered several perspectives, including city, county, regional, state and federal, as well as transit and emergency services agencies. They began with the then current status of transportation operations and existing cooperative agreements in order to differentiate between regional and local functions. This generative approach enabled them to determine which functions "would provide greater benefit if approached at the regional level". They demonstrated needs, identified challenges, established goals (3 and 5 Year), and developed performance measures related to those goals. Eleven initiatives and their associated functions (action steps) were established in order to implement the goals.  In our interview with the MAG ITS and Transportation Safety Program Manager, he stated: "These functions were the first steps in implementing specific programs, such as integrated signal optimization." The initiatives and functions are depicted in the graphic below:
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	The MAG RCTO also contained an implementation strategy and Transportation Operations Guidelines, a tool to assist agencies in implementing the identified functions.

RCTO development involves the identification of the relationships, procedures, resource arrangements, and physical improvements needed to achieve and sustain the region’s operations objectives. This may include identification of one or more specific projects. A Concept of Operations and the systems engineering process can then be used to develop the specific regional integration projects (called initiatives in this example). 





3.3 THE IMPORTANCE OF A CONCEPT OF OPERATIONS FOR A REGIONAL INTEGRATION PROJECT

For the kinds of integration initiatives that might be considered necessary for a regional implementation (e.g., managing traffic for special events, enhancing response during emergencies, transit fare collection, signal system coordination), a shared set of expectations, defined by a Concept of Operations, is critical for building-in and maintaining system performance and reliability.

The systems engineering process becomes more difficult to perform when a project involves the integration of regional components. Given the challenges posed by such an undertaking, a thorough Concept of Operations is essential to provide structured, comprehensive guidance by:

· Identifying, and serving as a tool to engage the diverse array of stakeholders who will be impacted by the proposed regional integration.

· Identifying the users of the proposed system so that a description of user needs can be developed.

· Developing goals and objectives based on identified user needs and an agreed upon vision for the regional initiative.

· Revealing institutional barriers to collaboration and suggesting ways to surmount such obstacles.

· Describing the current infrastructure and institutional framework. 

"The description of the existing system provides an agreed context for system development. All of the participants need to understand the elements of all systems to be managed. As additional participants are added they will need this context for what they are building upon. The existing system description can probably be assembled, in large part, from existing planning documents and from the legacy systems description of the regional ITS architecture." (FHWA White Paper: Regional Concepts of Operations for Transportation System Management and Operations, Discussion Draft 2.1, February 6, 2003)

· Providing a comprehensive view of how the proposed system should function under expected conditions (scenarios).

· Describing the current operations within the region and describing how those operations will be affected by the proposed regional project.

· Differentiating between those functions and services that would provide greater benefit if approached at the regional level and those that should continue to be performed at the local level. 

· Identifying the resources necessary to build, operate, and maintain the new system.

· Detailing the number and types of agreements needed to implement the proposed project.

· Defining the roles and responsibilities of the various agencies that will build, operate, and maintain the proposed system. 

3.3.1 SUPPORTING HIGH-LEVEL FUNCTIONAL REQUIREMENTS 

The Concept of Operations describes, in laymen's terms, the needs and expectations for a proposed system from the user viewpoint. It describes how the system will work once it’s built. This description should address current operations, needs not satisfied by the current system, the proposed system, context and scope of the proposed system, scenarios showing how the proposed system should operate under expected conditions, and resources required to build, operate, and maintain the new system.

This concept description should be adequate to support the next step in the systems engineering process, the development of high-level functional requirements. Functional Requirements spell out the capabilities of the system in greater detail, with a view toward design and implementation. It asks: "What needs to be done to implement the user-defined system that was described in the Concept of Operations?"  It is important to note that the persons who develop the Concept of Operations are often not the same persons who develop the functional requirements. The latter will need to be able to use the Concept of Operations to specify requirements for the proposed system.

 Providing a clear and complete statement of the needed capabilities of the system can be especially challenging for a project involving regional integration. Among these challenges are: 1) to provide an adequate description of desired capability so that no confusion could arise when developing requirements for interconnectivity among the various ITS elements; 2) to support the development of adequate data sharing capabilities between the cooperating jurisdictions; 3) to support the development of a security system which will prevent unauthorized users from getting access to the system; and 4) to ensure that cooperating jurisdictions have compatible equipment and software so as to make interconnections simple, faster and less costly.

By comprehensively describing the needs and expectations of users in the region, a Concept of Operations aids in the development of user requirements for a regional integration initiative and helps avoid costly changes much later in the development process.

3.4 CHALLENGES POSED BY A REGIONAL INTEGRATION INITIATIVE

Developing a project involving regional integration presents unique challenges because, as compared with a stand-alone TMC or a localized system, in a regional system there is:

· Greater difficulty in identifying and bringing together stakeholders, who represent diverse and sometimes competing interests. 

The Washington Metropolitan region will attempt to integrate existing transportation information and management systems in Virginia, Maryland, and the District of Columbia into a Regional Integrated Transportation Information System (RITIS). Their draft stakeholder description (See Figure 3.3 below) is a good example of the large number and diverse types of agencies that have an interest and stake in regional TMC operations: 


	Metropolitan Washington Regional ITS Architecture  

Draft Stakeholder Description
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· A more complex process for forging essential agreements. 

National Cooperative Highway Research Program, Synthesis 337, Cooperative Agreements for Corridor Management reported on a survey of 22 transportation agencies in its study of cross-jurisdictional agreements. This quote from the summary of this report gives a flavor of the difficulties posed in creating, maintaining, and implementing such agreements:

"A variety of institutional, political, economic, and interpersonal factors were identified as potentially derailing the agreement process or causing an agreement to be unsuccessful. Institutional factors included bureaucratic resistance to long-term commitments, agency reluctance to assume a leadership or mediation role, and lack of internal cooperation across divisions. Political factors included turnover of elected officials, reluctance to adhere to prior commitments, intergovernmental competition, perceived inequity in the allocation of responsibilities and resources, growth/no-growth politics, or anti-government attitudes. A general lack of trust, personality conflicts, or even controversy over unrelated community issues can destabilize support for the agreement."

· A greater need for communication, while communication is usually more difficult to establish and maintain

An ITS Transportation Safety Program Manager spoke to this issue when we interviewed him in conjunction with preparing this guide: "Issues are arising now around the establishment of center-to-center communication. Because of liability issues, some jurisdictions do not want to give access to video camera recordings; they are much more willing to share maintenance resources."

· A greater need for the coordination of management and control (interoperability) of the system, which is made more difficult by inter-jurisdictional institutional barriers.

Figure 3.4 displays an excerpt from a brochure entitled, When They Can't Talk, Lives are Lost: What Public Officials Need to Know about Interoperability (February 2003), prepared through the collaboration of numerous Public Safety/Emergency Services stakeholders. This excerpt addresses the issue of barriers to interoperability across jurisdictions.


	When They Can't Talk, Lives are Lost:

 What Public Officials Need to Know about Interoperability
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· Greater technical complexity in the proposed integration, making it difficult to present and therefore "sell" to stakeholders and the public.

The National Cooperative Highway Research Program, Synthesis 337, Cooperative Agreements for Corridor Management report, alluded to above, queried agencies about difficulties with corridor management agreements. Fifty-four percent "cited a lack of local government understanding of corridor management".  Also, 23% cited the need for technical assistance as a problem in implementing specific elements of such agreements.

· Greater difficulty in securing funding for the building, operation and maintenance of the proposed system

The Kentucky Transportation Center's Intelligent Transportation Systems Strategic Plan (Figure 3.5) places significant emphasis on an ITS operations and maintenance plan (O&M) and lists specific challenges:

	
University of Kentucky

Kentucky Transportation  Center

Intelligent Transportation Systems Strategic Plan
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The use of Systems Engineering is essential to the surmounting of these obstacles and to the successful implementation of a regional initiative.  

3.5 CHAPTER SUMMARY

This chapter described the context wherein regional transportation projects emerge and the relationship between planning activities and a Concept of Operations for a regional initiative. It discussed the necessity of developing a Concept of Operations, as part of the systems engineering process, for a regional integration project and addressed the challenges posed by the demands inherent in such a project. 
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Figure 3.1 – Concept of Operations, ITS Architecture, and RCTO


This diagram shows how RCTOs, with input from regional stakeholders and ITS Architecture, can develop plans for regional operations leading to individual projects, each of which can be implemented using Systems Engineering guided by a Concept of Operations.








Figure 3.2 – Maricopa Association of Governments Regional Concept of Transportation Operations


This figure describes how the MAG region performed regional transportation planning, resulting in a Regional Concept of Transportation Operations (RCTO), to be implemented with a shorter time horizon than Regional ITS Architecture. A table contains a list of identified initiatives with their associated functions. These functions can guide the creation of specific regional projects, for which a Concept of Operations can be developed.











Regional


Example








Figure 3.3 – Metropolitan Washington Regional ITS Architecture Draft Stakeholder Description


This figure lists and describes the various stakeholders for the Regional Integrated Transportation Information System (RITIS) for the Washington, D.C. metropolitan region.
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Figure 3.5 – Kentucky Transportation Center's Intelligent Transportation Systems Strategic Plan


Section 8.0 of this document is displayed. It outlines Operations and Maintenance challenges involved in deploying ITS systems. 
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Figure 3.4– When They Can't Talk, Lives are Lost: What Public Officials Need to Know about Interoperability


A brochure is displayed which discusses five barriers to interoperability of communications components in Public Safety/Emergency Services operations: Incompatible and aging communications equipment, limited and fragmented funding, limited and fragmented planning, a lack of cooperation and coordination, and limited and fragmented radio spectrum.
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