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Developing and Using a Concept of Operations in Transportation Management Systems

CHAPTER 2 – The Role of the Concept of Operations in Systems Engineering
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Chapter Purpose

The concept of operations serves a specific and critical function within the systems engineering process, serving as the foundation for all subsequent activities.  To provide context for the guidance document, the purpose of this chapter is to provide an overview of the systems engineering process, with special attention to the role of the concept of operations.  

Chapter Objectives

The key objectives for this chapter are:
· To provide summary information concerning systems engineering.  The reader will gain an understanding of the basic concept of systems engineering, particularly as it relates to Transportation Management Systems (TMSs).  Systems engineering will be defined, the elements of the systems engineering process will be described, and the system life cycle will be illustrated.

· To describe to role of the concept of operations in the system life cycle.  The reader will gain an understanding of how any concept of operations fits within the systems life cycle; its relationship to the development, implementation, operations, and retirement of the system.

· To describe the role of the concept of operations in systems engineering.  The reader will gain an understanding of how the concept of operations is used in the systems engineering process, as demonstrated by the systems engineering “V.”  

Relationship to the Previous Chapter

This chapter transitions from the general introduction of Chapter 1 to provide a specific introduction to systems engineering.  This chapter is designed for readers with relatively little systems engineering experience to provide a foundation for detailed guidance contained in later chapters.

Chapter Sections

Brief descriptions of the sections of Chapter 2 are provided below:

2.1 What is Systems Engineering?

This section defines systems engineering.  It will also introduce the system’s life cycle, and the systems engineering process through the “V” diagram.  Lastly, this section will provide systems engineering reference information useful to TMS professionals.

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

This section will further detail the system life cycle and how a Concept of Operations exists as the tie that binds the phases together; assisting the stakeholders in their goals of developing, deploying, maintaining, operating, refining, and retiring a system.  

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

This section will discuss more specifically the system engineering elements that are necessary for system development, and it will focus on the role that the Concept of Operations plays in the process.  Here the reader will find descriptions relating the Concept of Operations to the “V” diagram, and sub-systems engineering elements within and beyond the “V”, such as requirements, design, testing, and operations and maintenance.
2.4 Systems Engineering Considerations for the Development of a Concept of Operations for a New or Existing System

This section will address how and when an organization may develop a Concept of Operations.  Special consideration will be given to newly developing and pre-existing systems.  For example, the chapter will deal specifically with the benefits of developing and using a concept of operations in existing systems.

2.5 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.

2.1 What is Systems Engineering?

This section provides a summary-level background in systems engineering.  Readers interested in gaining a more complete background in systems engineering are referred to the reference documents provided in Section 2.1.3.

2.1.1 Systems Engineering Defined 

The classic civil engineering design and construction approach focuses on creation of detailed system specifications, the search and acquisition of low-cost, responsive bidders, and finally the construction of the system.  For contemporary, large-scale, engineering projects involving large information technology components, this has proven to be a problematic process.  Systems Engineering is a method to facilitate the development, maintenance, refinement, and retirement, of dynamic, large-scale systems of systems consisting of both technological components (machines, information systems, etc.) and human components (users, stakeholders, etc.).  The application of systems engineering to TMSs is relevant due to the complexities inherent in the development, deployment, and operations of such systems.  TMSs are complex, multi-component, systems consisting of multiple human and technical components.  While the systems engineering methodology was originally developed for large-scale system development and management in the defense and aerospace industries, given the nature of TMSs today, systems engineering methods today are highly relevant and useful to the transportation domain in deploying TMS applications.  Despite the apparent simplicity of the definition of systems engineering, the methods it utilizes are rich enough to manage the most sophisticated system application.  These methods will be discussed further throughout this document.  The summary information provided in this chapter is founded on the document:  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 ).

2.1.2 An Introduction to the Systems Engineering Life cycle and the Systems Engineering “V” 
At the heart of systems engineering is an understanding that every system must be considered from the perspective of a birth-to-death life cycle.  In an engineered system, this may be envisioned as a series of engineering activities across time and relevant to the existence of the system being developed, maintained, or retired.  Taking into account a system’s life cycle, the conceptualization of any developing, or refining, system being engineered may be viewed as “…a decomposition (or design) process followed by a recomposition (or integration) process.” (Buede, 2000)  This method has been refined through time and across several disciplines to arrive at its current state.  This iterative, and step-wise, process is referred to as the systems engineering “V” process or model.
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At the very beginning of this process is the development of the Concept of Operations.  A Concept of Operations is a high-level description of what the major system capabilities will be – it attempts to answer the Who, What, When, Where, Why, and How for new system in general terms for all participants.  This is a critical first step, it sets the stage for the remainder of the development of the system, and it assists in the continual validation of the system once it has become operational.  While Section 2.2 of this chapter will further detail the relationship between the Concept of Operations and the System Life cycle, and Section 2.3 of this chapter will further detail the relationship between the Concept of Operations and the Systems Engineering process – or the “V,” below are brief definitions of the steps as within the “V” as shown in Figure 2.1.  Finally, Chapter 3 will go into further detail of definition of a Concept of Operations.

· 
Concept of Operations – The Concept of Operations is the first step in the Systems Engineering “V” – while integral throughout the entire process; its most critical, and directly related, roles will be in the direct assistance to the generation of System Requirements, and in System Validation once it has entered an Operations and Maintenance phase.
· System Requirements – The second step in the Systems Engineering “V” is the development of the overall System Requirements.  The purpose of the requirements is to clearly define what the system will do.
· 
Architecture Subsystem Requirements/High Level Design – The third step is driven by the Systems Requirements.  This step begins the process of organizing system functions into higher-level units.  This is commonly referred to as system architecture.  

· 
Configuration Item Level Design – This fourth step may be considered entering into a more commonly accepted design phase in engineering.  At this stage, the process moves from a functional perspective of what the system will do, to a definition of how it will accomplish the functions.
· 
Component Level (Unit) Design/Detailed Design – This step involves the detailed design of all elements of the system.  It is important to note that this is driven by all previous activities.
· 
Software Coding/Hardware Fabrication – With detailed input from the previous step, the actual build process begins here; software code is written, parts fabricated, system assembled.  As this completes, an early testing phase initiates to see if individual components function as intended.
· 
Unit Testing – At the stage, each subcomponent, or unit, which will exist within the greater system, is tested individually; they are verified by comparing with the component level design complete two steps earlier.
· 
Configuration Item Verification – As each subcomponent has been assembled, integration begins and appropriate configuration for each subcomponent must be performed.  This step takes the components past the unit testing and begins to configure them for appropriate system operation.  This configuration is tested by examining the original configuration item level design developed several steps earlier.
· Subsystem Verification – As subcomponents come together and are configured, they are tested to ensure proper operation.
· 
System Verification Acceptance Testing – This final testing step involves ensuring that all aspects perform as intended, and the system may be “accepted” for operation.
· System Validation/Operations and Maintenance – The last step, the system operates to fulfill its mission in the real world.

2.1.3 Additional Information on Systems Engineering for Transportation 

The following resources are focused on systems engineering applied to transportation systems, they provide detailed information in the subject and are recommended to readers that are new to systems engineering

· 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.

· National Highway Institute Training. The National Highway Institute offers a wide-ranging selection of courses that relate directly to transportation operations.  Their series on ITS includes the following courses directly addressing systems engineering (for additional information, please see the NHI web site, http://www.nhi.fhwa.dot.gov): 

· 137024A Introduction to Systems Engineering for Advanced Transportation 

· 137026A Managing High Technology Projects in Transportation

· Freeway Management Handbook. 2003 http://ops.fhwa.dot.gov/Travel/traffic/handbook.htm  

· This document contains detailed information about freeway management systems, functioning as a “how to” manual for system planning, design, operations, and maintenance.  For each specific element of freeway management systems, the document contains an overview, the systems engineering process explanation, techniques and technology used, special issues, and further references.

2.2 What Role Does the Concept of Operations Play in the System Life Cycle?

A general view of any systems’ life cycle was portrayed in Figure 2.1 in the previous section.  Such a general example may further be broken out into roughly four periods: a development period; a period of pre-initial operational capability; a period of operational use and refinement; and finally, a retirement period.  

The Concept of Operations document is first a tool for the development phase of a project; however, as previously stated, the systems engineering process supports the entire life cycle of the system, from the initial idea to build the system until the retirement of that system, and all steps in between.  In general, planning, discussion, and coordination must occur between all of the phases of the system life cycle, and the Concept of Operations is designed to play a major role in the planning between each phase.   At a high level, the role of the Concept of Operations in each of these transitional steps will be to verify that the system being built (or to verify through testing after the system is built) actually does what the stakeholders agreed it should do.  Since the Concept of Operations is a guide for describing system operation at a high level, it suits the verification role well throughout the system life cycle.  From Figure 2.1, it is clear that each phase is based on the previous phase, so the Concept of Operations is the basis for the entire systems life cycle, and guides the system development process from the outset of planning to the retirement of the system.  This section will highlight how the Concept of Operations supports the different phases of the system life cycle.  

2.2.1 The Concept of Operations Supporting Each Phase of the Life Cycle 
The Concept of Operations will play a role in transitions throughout the system life cycle.  It is important to note that the requirements definition and the operations and maintenance phases are directly supported (i.e. these two phases will use the Concept of Operations document extensively in order to define requirements and for stakeholders to validate that the system functions meet their needs), and the other phases are indirectly supported, meaning that the Concept of Operations offers general guidance and vision without direct influence on that phase.  

The following series of figures are presented to illustrate the role of the Concept of Operations in the various phases of the system life cycle.  The diagrams have been derived from those developed by Dennis M. Buede in his book, The Engineering Design of Systems.
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Figure 2.2 represents the components of a system in a development phase.  To develop a system, this phase involves the stakeholders, organized through the common vision of the Concept of Operations, and utilizing a development system (or process):

· Providing guidance and approvals

· Developing documentation and funding

· Provisioning of people and tools

· Developing resources for feedback to the developing system, Concept of Operations, and Stakeholders

The yellow box below relates this concept directly to TMS through experiences of transportation professionals.  Note, that these boxes will be used throughout the document to highlight TMS-specific guidance.




Figure 2.3 represents the components of a system in a pre-initial operational capability.  To manufacture, deploy, and train for a system involves the stakeholders, again bound through the common vision of the Concept of Operations, and utilizing a manufacturing (developing) system, a deployment system, and a training system:

· Pooling experience from the Development Period of the system

· Developing specifications

· Developing documentation

· Developing resources for feedback to the manufacturing system, deployment system, the training system, Concept of Operations, and Stakeholders


Figure 2.4 represents the components of a system in a phase of operational use and refinement.  During this phase, the concept of operations may act as a mechanism to ensure that stakeholders’ needs are truly being met by the system.  To refine or use the new system requires the involvement of the stakeholders, bound through the common vision of the Concept of Operations, and utilizing a refinement system:

· Pooling experience from the Development Period of the system

· Pooling experience from the Period of Pre-Initial Operational Capability

· Developing specifications

· Understanding and documenting needs

· Developing documentation

· Developing resources for feedback to the refinement system, Concept of Operations, and Stakeholders
· Defining user operations and training protocols




Figure 2.5 represents the components of a system entering a phase of retirement.  In TMS application, system retirement almost always should be considered as a transition to a new, more capable system.  In this way, stakeholder involvement, and the core goals of the original system must be communicated through the Concept of Operations to ensure that the “new” system continue to provide core, needed functionality.

Critical to the transition from one period to the next must be a common underlying theme.  From the description and figures listed and displayed above, it is evident that the stakeholders serve as this critical linkage.  It will seem obvious to the reader that relying alone on often-disparate individuals and organizations to serve as the linkage between development states could prove problematic.  This is where the Concept of Operations plays such an important role.  

The Concept of Operations:

· Will serve as the starting place, where concept, goals, and objectives are worked out;

· Will serve to keep the system developers and stakeholders ‘on the same page’ as they progress through the different periods

· Will serve as a tool for validation. 

Thus, the Concept of Operations documentation serves as the organizational memory for the stakeholders’ relative to the system in question – while implicit in the life cycle, its importance and relevance is made even more explicit when viewed in the context of systems engineering – through the use of the “V” diagram (Figure 2.1). 
2.2.2 Events Prior to the System Life cycle that Lead the Concept of Operations Development 

Planning is an essential part of any successful organization, and Transportation Management Systems are no exception.  Although the process of predicting future needs is sometimes daunting, long term planning efforts such as Transportation Improvement Programs (TIPs) or Regional Plans are necessary for budget and staffing concerns as well as dealing with public agencies that demand certain functionality for TMSs.  The process for developing a Concept of Operations can flow directly from both internal (within the organization) and external (including the political environment of the center) planning activities for an organization.  While performing both internal and external planning, an organization often discovers certain functions that the current operations cannot support.  This need assessment can surface from within the organization or from the needs of external entities which can be best fulfilled by Traffic Management System.  The planning process also identifies a core list of internal and external stakeholders, which is a fundamental step in the Concept of Operations development process.  As the planning activities begin to discuss the vision and goals of either new functionality to an existing system or a new system entirely, then the Concept of Operations process has begun, even if the organization conducts the effort under a different title.  For more information on this topic, see Chapter 5, Using the Concept of Operations to Support Planning. 

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

The Systems Engineering “V” diagram succinctly captures the relationship that the Concept of Operations maintains with the Systems Engineering process.  The “V” diagram demonstrates how the development process begins and ends with the Concept of Operations – critical as a starting point; critical as the ending point to see if the new system meets the objectives originally laid out at the beginning.  It is obvious that the best development practice, to assure the meeting of the original goals at the end, would be to incorporate the Concept of Operations at every phase of development, keeping the goals and stakeholders involved at every step of the way.  Within a systems engineering “V”, the Concept of Operations supports each step, but it also goes beyond the “V”, beyond system development, construction, and acceptance, and supports the operation, maintenance and retirement of a system in the life cycle – this is described below:
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Figure 2.6:  This diagram shows the breakdown of the systems engineering elements that are within the “V” and outside of the “V”.  It highlights the relationship between systems engineering processes and the systems life cycle.
2.3.1 Before the “V” and within the System’s Life Cycle

Pre-Concept of Operations – There exists an initial phase for the initiation of the development of a system immediately prior to the first step within the Systems Engineering “V”.  This phase is typically initiated by a handful of individuals, often representing several different organizations, when they begin to perceive a need.  If they perceive a great enough need, they begin to move forward, often establishing the foundation for early core elements within the systems engineering process.  Note that in transportation agencies, this phase includes “traditional” planning processes.
2.3.2 Within the “V”, within the System’s Life cycle
Concept of Operations – The very first step in the Systems Engineering process, within the “V”, is the development of a Concept of Operations.  

Highlights of Phase:

· Defines goals, objectives, vision, user operations for the system

· Creates basis for defining functional requirements

· Major roll played in validating finished system

· Supportive for all other system engineering elements by providing a guiding vision for the system

System Requirements – A set of requirements for a system will describe in detail all the functionality for the system.  

Highlights of Phase:

· Formally lists all necessary functions that the system needs in order to meet the high-level goals and user needs outlined in the Concept of Operations.

· Requirements development is an Iterative process, from high-level requirements to detailed requirements definition.

· Entire phase is driven and guided by the Concept of Operations.

· The transition to the requirements phase of the system engineering process continues this coordination among stakeholders.


The conceptual views of system objectives and user operations must be decomposed into functional requirements, and the stakeholders involved must agree with these functional requirements developed.  In this way, the transition between the Concept of Operations phase and the requirements phase require planning, discussion, and cooperation between the design team and the relevant stakeholders.  For more detailed information on this topic, see Chapter 6, The Next Step - Using the Concept of Operations to Drive Requirements.
System Design – A finished system design will take the functionality defined in the requirements and explain how all of the functional processes of the system will actually work.

Highlights of Phase:

· This process is iterative, meaning that beginning with the low level requirements, a high level design is developed, and then this process is repeated to define lower and lower levels of design.

· The Concept of Operations supports the design phase of the systems engineering process by providing the overall vision and objectives of the system to which designers can refer back during this phase.   

· The context provided by the Concept of Operations (such as personnel and organizational issues) will lead to designs that can “work” under given circumstances.


Implementation – Since the design phase of the system defines how the system will be implemented, the next step is to build the system that was designed.  

Highlights of Phase:

· The system will be built according to the specifications developed in the design phase.

· Again, the Concept of Operations plays a supporting roll in building the system by keeping the goals and vision of the system in mind.


Integration and Testing – This phase entails testing the components built in the previous phase in order to build and integrate the system to meet the design specifications.  

Highlights of Phase:

· Functional testing makes sure the system includes all the necessary functions, and it verifies that each system function meets its given requirement.  
· Volume or stress testing checks that the system can handle the necessary flow of data, and it also looks for failure points of data volume.  
· Integration testing looks at the entire integrated system as a whole and checks the interactions among components and subsystems to ensure that all desired operations will functional for the finished system.  
· The Concept of Operations plays a role here of defining user scenarios that will help in the integration and test process, since stress and failure modes must be considered in this phase.  
· The Concept of Operations gives the final definition of system operations and functionality, and this is the model of what the finished system should do which necessary for robust integration testing.
System Acceptance – After the software and hardware for the system are fully tested and integrated, a working system exists, but it remains to show that the end users of the system are satisfied with its function and operation.  

Highlights of Phase:

· Final user acceptance testing is performed to see if the system built is in fact the system planned.

· The Concept of Operations begins to have more of a direct supporting role, by serving as the basis for verifying whether the system meets the goals and objectives originally outlined in the Concept of Operations.
· The user classes and user operational descriptions developed in the Concept of Operations are essential to the process of verification and acceptance.

If the development of the Concept of Operations process was completed in a robust and complete manner, this phase in theory should be relatively simple.  In reality, it is difficult for stakeholders to know exactly what they want during the initial development phase of a project, so that many times this phase causes increased cost and effort for the project, especially when the system functionality is changed this late in the life cycle.  A well-discussed and coordinated Concept of Operations development process, as outlined in this document, should help to support user acceptance of the system.
System Operation and Maintenance – When the system has been fully accepted by all stakeholders, then it is ready for full operation. 

Highlights of Phase:

· The Concept of Operations has a major roll in this phase, since it is an outline of user operations and procedures for the finished system.  

· The Concept of Operations benefits the training of new employees.

· It aids in evaluating performance for existing employees.

· It outlines information that is used to evaluate the performance of the system itself.

· It serves as reference document for users of the system.

2.3.3 Beyond the “V” and into the System’s Life Cycle

Retirement – This is the phase of the system life cycle where the system is phased out in favor of a new solution, when the current system no longer can provide the functionality necessary to the stakeholders. 

Highlights of Phase:

· The Concept of Operations can serve as a guide to a replacement system.

· It will perform a supporting roll in the retirement process, demonstrating, to some degree, that the existing system is still meeting its original goals and should remain on-line.

· It will act as a guide to the development of a step-wise retirement plan.  

The Concept of Operations is of unique use in this phase of a system’s life.  Here, for some reason that may range from fiscal constraints, to social or technological change, to political efficacy, or to overall system degradation, the system has become unnecessary.   The Concept of Operations will play a vital roll in the decision making process in the phase.
2.4 Systems Engineering Considerations for the Development of a Concept of Operations for a New or Existing System
The Concept of Operations, as part of the Systems Engineering process, is applicable to any system whether being developed from the ground-up or during refinement or enhancement.  This is so primarily due to the holistic and iterative nature of the process.  For systems who are just starting out, with no previous experience, a tremendous amount of time may by spent on simply identifying the appropriate stakeholders, and ‘getting everyone one the same page.’  In this case, one can “use” systems engineering and the concept of operations as they were intended – from the beginning of the ““V”.”  

In many cases, agencies are in the midst of building or operating systems without a Concept of Operations (or perhaps, without using systems engineering).  Generating a Concept of Operations at this point will have benefits and costs.  The benefits include:

· Much of the material necessary for Concept of Operations development already exists in a variety of existing documents (business planning, system requirements, regional planning documents).  Thus, it is often somewhat faster and less costly to generate a Concept of Operations at this point.

· Stakeholder consensus is important to document even if the system development process is past the Concept of Operations phase.


· The Concept of Operations will capture stakeholder agreement and succinctly describe the system.  This will support future testing, additional integration, and communications.

· The information in the Concept of Operations is necessary for future steps in the life cycle of the system, so creating a Concept of Operations puts all the necessary information in one place that will play both an passive (e.g. integration and testing) and active (e.g. system acceptance) roll in the system development process.

· Operational procedures might not be clearly defined without a Concept of Operations.


· Developing the Concept of Operations will help define the overall environment for the existing system, including internal and external interfaces and information flows for the system.

The costs of adding a Concept of Operations to an existing system include:

· Developing a Concept of Operations for an existing system could put a strain on human resource availability (i.e. the individual leader of this effort, and their colleagues, are doing this in addition to performing their primary tasks).

· The developer of the Concept of Operations could find that the goals, objectives, and features they describe, end up demonstrating some inadequacy of the existing system (as a Concept of Operations document often serves double time as a system validation document).  

In such a case where Concept of Operations development identifies an inadequacy of the existing system, one will naturally begin to understand the iterative process of the systems engineering process; and in such a case, it is wise to pursue the Concept of Operations development, as any Concept of Operations development in an incubatory non-existing system would: that the initial group developing the document ought to be very small, but diverse, so as to maximize the richness, and minimize the administrative issues, of the draft document. 

2.5 Guiding Principles

Systems engineering is defined as a method to facilitate the development, maintenance, refinement, and retirement, of dynamic, large-scale systems of systems consisting of both technological components (machines, information systems, etc.) and human components (users, stakeholders, etc.).  Transportation Management Systems fit this description of a large-scale, complex system – thus the use of systems engineering processes is critical to successfully deal with the intricacies in defining, developing and operating TMSs.

The systems life cycle is defined as a series of engineering activities across time and relevant to the existence of the system being developed, maintained, or retired.  The systems engineering “Vee” diagram serves as an overview of the systems life cycle.  The individual phases are as follows:

· Concept of Operations

· System Requirements

· System Design 

· Implementation

· Integration and Testing

· System Acceptance

· System Operation and Maintenance

The Concept of Operations will support the entire systems life cycle, from the time it is developed to the fully operational system and beyond to the retirement of the system.  During the requirements phase and system operation and maintenance phases, the Concept of Operations will have a direct roll in defining functional requirements and serving as a precursor to the operations manual for all users of the system.  As testimonials in the chapter illustrated, the Concept of Operations plays a supportive roll in all other aspects of the systems life cycle, mainly because it outlines the collective goals and vision of the stakeholders for the system, and it helps to keep those goals in the forefront throughout the systems engineering process.
Finally, while the ideal time to create a Concept of Operations is at the beginning of a system’s life cycle, experience has shown that there are tangible benefits to developing a Concept of Operations for an existing system


































If a system is being developed without a Concept of Operations, the team might feel that the information exists and is robust enough to capture the wide range of functions for a TMS, but this testimonial indicates that is not always the case:  “Developing operational procedures, operational manuals [for an existing system], to clarify what their client (e.g. a department of transportation) wants of them for certain tasks.  Under the present circumstances, if you ask one person who is a user in the system, what they're supposed to do, they will give you a slightly different, but similar, perspective on their duties or tasks.  A Concept of Operations would serve as the baseline, spelling out what we do; the operational manuals developed thereafter, would tell us how we do it, but they need the underlying purpose (from the Concept of Operations).





A transportation professional that is currently working on writing a Concept of Operations for an existing system indicated the following benefits a Concept of Operations provides for that existing system:


A Concept of Operations helps to communicate ideas about the system.


Concepts of Operations are useful in facilitating discussion about what a system needs to be, through discourse among all stakeholders.


A Concept of Operations helps me clear up ideas about the system.








A quote from a transportation professional highlights the necessity of the guiding vision that the Concept of Operation provides as the project moves though the life cycle:  “In the systems life cycle, the Concept of Operations defines the players and the objectives, as system developers move through the systems life cycle, going deeper and deeper into the details of the system development, it is often easy to loose track of what one is to accomplish overall, no matter what the stage of the systems' development, the CONOPS helps to clear this up –  it helps to keep the big picture in mind.”





One testimonial highlighted the supportive roll that the Concept of Operations development process has on the design phase of a project.  They noted “without the scenario development we performed in creating a Concept of Operations, we would not have been able to finalize our software design.” 





Figure 2.5  [Buede 2000] The retirement period of a systems’ life cycle with its necessary ingredients.





Figure 2.4 [Buede 2000] The period of operational use and refinement of a systems’ life cycle with its necessary ingredients. 





Figure 2.3 [Buede 2000] The period of pre-initial operational capability of a systems’ life cycle with its necessary ingredients. 





Figure 2.2 [Buede, 2000] The development period of a systems’ life cycle with its necessary ingredients.






































It is clear from TMS professionals that the Concept of Operations is used widely during the operational use phase of the life cycle.  One common use is as a training tool for new employees.  Multiple sources highlighted the benefits that a completed Concept of Operations has on training procedures.








Another example of a transportation professional identifying the necessity of stakeholder discussion for a successful system deals with cooperation over jurisdiction of organizations:  “The development of the Concept of Operations was helpful in showing practical use of the system, it facilitated understanding of the system, and it stressed the cooperative nature of the facility—i.e., we are not taking over.”





Discussions with TMS professionals made it quite clear that the Concept of Operations facilitated the critical activity of stakeholder identification and involvement.  One noted that the discussions among stakeholders during the Concept of Operations development were essential for the success of the system, since all organizations came to a consensus on the vision for the project.  This allowed each organization that interacted with the system to feel like it could achieve its own goals within the joint vision on the project.  This lead to a more successful operation since no group felt infringed upon after the stakeholder discussions.








A quote from a transportation professional that highlights the challenge of writing a Concept of Operations for an existing system:  “It is difficult to fit something to a moving target.”





Research has indicated that a benefit for developing a Concept of Operations for an existing system concerns the context for the system including the reasoning for certain system interactions.  Without a formal Concept of Operations, these reasons could be implied but not written for all stakeholders to understand and agree.  The following quote highlights this benefit:  “Adding a Concept of Operations [to an existing system] provides context to all other aspects of the system; what we're supposed to do; why we support others; how will things be improved; why we should share information.”








Consensus from transportation professionals indicates there is an essential link between a Concept of Operations and a requirements document:  “The Concept of Operations forms an essential reference point for the further development of requirements documentation and for system specifications.” 





Figure 2.1 – [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.





One testimonial provided the following example of the link between the Concept of Operations, requirements, and requirements validation:  "Concepts of Operations really are critical to functional requirements and validation.  For example:


The Concept of Operations iterates that the system will allow regional transportation service patrols to communicate with all transportation services to improve traffic incident clearance response.


The functional requirements state that the service patrols shall be able to communicate data and voice with an operations center. 


Detailed requirements state that the service patrols shall be able to communicate with an operations center using specific protocols within such a frequency, etc.  


After going through the whole systems engineering “V”, when the system is implemented and put into the field, it can be validated by comparing current operations (as built) to the Concept of Operations (as needed).”
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