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Chapter 3:  

Concept of Operations

5.1 Purpose of this Document

This document describes the activities and considerations specific to migration projects that occur during the concept of operations phase of a migration project.  

5.2 Concept of Operations Activities Defined

The following provides a brief overview of the Concept of Operations step of the systems engineering process.  The systems engineering process begins by developing a relatively high-level description of the project, which is called the concept of operations.  It is the first step in the ‘V’, as shown in Figure 1, and sets the stage for the definition of the project functional requirements.  The overall objectives of the concept of operations include:

· Reference to the operational characteristics that the system needs to fulfill.
· A mission for the system that is aligned with the missions of the stakeholder organizations.
· A long-range view of the system’s capabilities.  This will serve as the basis for planning future enhancements, and may affect the design of the project being considered.
The Concept of Operations must address the following questions:

· Where will the system be used?
· What jurisdictions will use it?
· What geographic area will it cover?
· How will the system be used?
· What functions will the system be capable of performing?
· What system functions take priority over others?
· What performance expectations are there?
· Under what conditions will users interact with the system?
· What measures can be defined now to evaluate the post-deployment system?
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Figure 1:  Systems Engineering “V” Diagram (Concept of Operations Step Highlighted)
Development of a concept of operations realizes these benefits:

· Ensures that users and supporters have the same understanding – By writing a description of operations, misunderstandings should be minimized.  Expectations can also be managed.
· Conditions for use are clearly defined – A written description will clarify who may use the system(s) and the associated information/data under what conditions.
· Describes the operational needs of users (and other stakeholders) without getting bogged down in the technical issues that belong in other systems analysis activities.
· Documents the operational needs and the proposed characteristics of the system such that the user can verify these without needing any more technical knowledge than that required to perform normal job functions.
· It is a place where the users can state what they’d like to see in the system without having to provide testable, quantified requirements.
· It lets the users state their needs in broad terms (e.g., “highly reliable” as opposed to a measurable value for reliability).
The key elements of a concept of operations are:

· Engagement of stakeholders.
· Vision.
· Details of the system.
· Deployment.

· Practices and procedures.
· Performance.
· Utilization.
· Effectiveness.
· Life cycle.
· Environment.
5.2.1 Engagement of Stakeholders

Involvement of stakeholders – individuals or organizations who stand to gain or lose from the success or failure of a system – is critical.  Stakeholders include customers or clients (who pay for the system), developers (who design, construct and maintain the system), and users (who interact with the system to get their work done).  For interactive systems, users play a central role in the elicitation process, as usability can only be defined in terms of the target user population. Users themselves are not homogeneous, and part of the elicitation process is to identify the needs of different user classes.  

Stakeholders play an important role in the development of the concept of operations.  Their participation in the development of the concept of operations offers the stakeholders the opportunity to provide input into the system.  Stakeholders’ participation could be in, but is not limited to, the following areas:

· Defining system goals and objectives.
· Validating user needs.
· Identifying technical and institutional issues.
· Developing alternative concepts and solutions.
· Developing alternative project architectures.
· Consensus building.
5.2.2 System Vision

The system vision describes, from the perspective of the operators and the other system users, how the system is envisioned to function, including the potential benefits it should provide.  The vision should describe what the system should do in the short-term and how it fits into the overall plan for the system in the long-term.  The particular project being implemented may be considered a temporary fix, and is not planned to be part of a long-term system strategy.  Or, the system life-cycle may overtake other developments, and the system could be retired in the long-run.  The long-term vision encompasses the overall migration plan and approach for the larger system. 

The vision should be precise in wording.  It is not meant to be a flowery description.  Rather, it should be a precise description of the system goals and objectives, and how the system fits into the overall plan.  

A poor project vision statement would look something like the following:

The project is planned to synergistically revolutionize access to transit schedule information as well as to interactively pursue quality technology to stay competitive in tomorrow's world. 

A better project vision statement would describe the actual system in high-level terms as suggested in the following:

The transit trip itinerary planning system is planned to provide a single point of access for planning fixed-route transit trips in Yellow County, by merging the fixed-route schedule information from the 6 transit properties operating in the County. The system will be accessible via the Internet and phone using IVR
, and will be used by call takers at each property.  The goal is to reduce calls at our service centers by at least 33%, while increasing overall transit itinerary queries by 50%.  The system will be expandable to add additional properties, and to handle additional calls. In addition, the system will be able to accommodate special services (non-fixed route transit), which is funded for implementation within 3 years.

5.2.3 Details of the System

The following aspects of the system details are also provided in the project-level concept of operations:

· Deployment.  Defining the deployment identifies where and when the project will be deployed. It also identifies which portions of a long-range system vision will be implemented.  
· Practices and procedures.  The manner in which the system will execute its  functions must be described. This section identifies the current processes and procedures, defines how the project will implement the practices and procedures (all or some), and indicates if any changes will need to be made to the practices and/or procedures by implementing the project.  For migration projects, this is particularly important.  By definition, a system must already be in place in order to migrate.  This implies that there are practices and procedures that will be affected by the migration.  It will critical to decide which practices and procedures have to be changed and which ones can remain the same, recognizing that some changes are necessary and will keep the operation up to date, but too many changes may be too disruptive.  Caution should be used so accepted and effective practices and procedures aren’t revised just because it is convenient to do so with the migrated system.  
· Performance.  In the concept of operations, performance is defined in terms of how fast, how reliable and how many.  For example, it may be desired that travel times be posted on dynamic message signs.  The concept of operations may state that the updates to travel time be posted within 30 seconds of verification of the update.  This may or may not be feasible, given other elements of the system such as the telecommunications network, and the other control systems.  Performance measures may be unattainable on a particular project, but may remain as part of a long-range vision.  Performance in the Concept of Operations should be based on identified needs, not simply on typical performance parameters.  (These “typical” performance requirements can be identified during the requirements process.)  For example, the DMS update time stated above should be derived from needs of the operators, field personnel, or motorists.  A possible rationale for the 30 second DMS performance requirement could be that responders will be en route within 30 seconds and the DMS will help alert motorists to the problem so they will be more attuned to the arrival of emergency vehicles and move more quickly out of the way.  Identifying the needs and performance may be easier in a migration project because stakeholders will likely have more specific operational experience that is relevant to the target system.
· Utilization.  This describes the operator/user environment including other systems that are being used simultaneously, other concurrent activities, how the intended use of the system will affect the other systems and concurrent activities, and the skill level of the operators.  The intention is to provide a basis for determining needs for updated computer or communication architecture, additional computer or communication equipment, more staff, or other needs that may not be obvious from the other sections of the document.  
· Effectiveness.  Describing the project effectiveness may be the first step in defining performance measures.  Or, effectiveness may be defined in terms of pre-developed performance measures.  Ask, how does this system help us meet our mission?  Will it reduce secondary accidents from incidents?  Minimize delays at traffic signals?  What is the ultimate purpose, in operational terms, of the system?
· Life cycle.  The life cycle expected for the project should be defined. Some projects are stop-gap measures, and have very short life cycles.  In no case should any TMS project have an expected life-cycle of greater than ten years. On the average, current life-cycles are at approximately 5 years. 
· Environment.  The environment describes the temperature, humidity, vibration, noise and other external climatic and environmental parameters under which the system is to be operated.  These factors are typically most important for field equipment or other equipment and applications that will be operated outside. 
There are several approaches and outlines for communicating the project-level concept of operations.  One common standard used is the IEEE Guide for Information Technology – System Definition – Concept of Operations (ConOps) Document: IEEE Std 1362-1998.  The suggested outline for a concept of operations, based on that standard, is shown in Figure 2.

	Title page

Revision chart

Preface

Table of contents

List of figures

List of tables

1. Scope

1.1 Identification


1.2 Document overview


1.3 System overview

2. 
Referenced documents

3. 
Current system or situation


3.1 Background, objectives, and scope


3.2 Operational policies and constraints


3.3 Description of the current system or situation


3.4 Modes of operation for the current system or situation


3.5 User classes and other involved personnel


3.6 Support environment

4. 
Justification for and nature of changes


4.1 Justification of changes


4.2 Description of desired changes


4.3 Priorities among changes


4.4 Changes considered but not included

5. 
Concepts for the proposed system


5.1 Background, objectives, and scope


5.2 Operational policies and constraints


5.3 Description of the proposed system


5.4 Modes of operation


5.5 User classes and other involved personnel


5.6 Support environment

6. 
Operational scenarios

7. 
Summary of impacts


7.1 Operational impacts


7.2 Organizational impacts


7.3 Impacts during development

8. 
Analysis of the proposed system


8.1 Summary of improvements


8.2 Disadvantages and limitations


8.3 Alternatives and trade-offs considered

9. 
Notes

Appendices

Glossary


Figure 2:  Figure Concept of Operations Document Outline per IEEE 1362-1998

5.3 Application to Migration Projects

The Concept of Operations is the first definitive expression that describes how newly built or upgraded systems will operate once the legacy system is decommissioned.  The concept of operations typically represents a high-level understanding of the functions target systems are intended to perform and how they accomplish them.  It should also draw a clear connection between the needs that drive the migration and the system functions and features.  

To help clarify the concept of operations the heart patient analogy is revisited.  One key aspect of the heart patient analogy does not work well when using it to describe a concept of operations.  That is the stakeholder involvement step. In the case of the heart patient, although others are very concerned with the outcome of any treatments, the only stakeholder allowed to make a decision is the patient.  So, excluding the stakeholder involvement step of the concept of operations, the surgeon would:

· Include the patient (the only stakeholder) in the development and understanding of the patient’s (the user’s) needs from a high-level functional standpoint. 
· Develop a description of the current condition. This would include the patient’s symptoms (e.g. shortness of breath, chest pain), and the results of various tests that better define the problem (such as CAT scans, blood work, heart monitoring, etc.).
· Describe the justification for and nature of the change. This would be where the doctor indicates whether medication, diet and lifestyle changes or mechanical intervention (surgery) is required, and justifies the approach. 
· If surgery is indicated, the alternative surgeries would then be described (e.g. balloon angioplasty, install stents and types of stents used, bypass(es), transplant) including combinations of treatments and possible alternative methods. 
· Then, the concept of operations would describe each surgical alternative’s potential prognosis, the risks, and the fit with the patient’s lifestyle and goals. The interactions with any other of the patient’s body “systems” and potential impacts would also be described.
· The preferred alternative would be proposed. Additional details regarding the treatment alternative would be outlined including the resources needed, the team required, when and how the treatment should be applied, and what the patient should do to prepare for the treatment and addressing a post-treatment care plan. 
It must be made clear that the doctor has not developed any requirements or detailed designs for the treatment, although he is likely familiar with the approach based on prior experience.  At this stage, only the highest-level requirements are defined. 

5.3.1 What is different about migration projects that may affect the Concept of Operations stage?

In addition to the suggestion for more project-level detail, the concept of operations stage for a migration project includes one additional step: mapping the existing systems concept of operations to the target system’s concept of operations.  A critical step is understanding the differences between the two systems.  The challenge is that most existing systems have no concept of operations developed, or only very sketchy ones are available.  In addition, there is no guarantee that the available documentation accurately reflects the legacy system. 

The fact that the existing system can never be completely understood is one of the most important concepts in migration project development and implementation.  This means that the impact of the various cuts and repairs made in a migration project cannot always be predicted.  The project manager must approach migration projects understanding that they have much more risk than initial implementations. 

The following summarizes the key issue and challenges at the concept of operations stage that affect the outcome of migration projects. 

· The tendency for the needs assessment to focus too strongly on technology, rather than the basic operational needs being addressed, can be stronger when a legacy system exists.  This is because it allows comparisons between the existing technology and what is currently available or what is being implemented at peer agencies. In addition, vendors often present new products to current clients.  This is not to say that technology should not be upgraded. Rather, the impetus for technology migration should derive from operational, rather than technological needs.  (Keep in mind that obsolescence of a particular technology may lead to an operational need to replace the legacy equipment.  However, using a newer technology that may represent enhanced performance when existing technology meets all requirements does not meet an operational need.)  
· On the other side of the coin, a resistance to change, despite operational needs, can also be encountered.  This can be based on various factors, most of which are connected to individuals.  For instance, if someone has been deeply involved in the development of a system, they may be resistant to changing that system (their ”baby”) out.  Or, some staff are resistant to learning how to operate and maintain any new systems.  A common issue in the ITS world is a resistance to request replacement of a particular system that took several years and significant investment to implement – no matter what the potential benefits are.  In the ITS world, there are many systems that were the first of their kind when initially implemented over the past decade or so.  Any “first of its kind” system will require significant investment – always more than any second generation or upgrade system will.  There is a reluctance to replace systems that required such large investments of money and staff time and effort.  The result of this resistance is that additional investments are made in the legacy system even if it may be better to replace the legacy system entirely.  
· There often exists no or very little documentation on the functionality, performance, effectiveness, etc. of a current system, making it difficult to describe the difference between the existing and target system. 
· Likewise, there often exists no or very little documentation of the system design and architecture, making alternatives analysis very difficult. 
· In a migration project, the need for maintaining parallel systems for some portion of the target system implementation may need to be addressed.  Alternatively, some other strategy for maintaining operations, or justifying a lapse in operations, must be addressed.
5.2.2 Identify Stakeholders

Perhaps the first step in preparing for and planning a migration project is assembling a team or set of teams, through which specific migration activities can be more easily completed.  The formation of teams for a migration project does not substantially differ from forming teams for developing and implementing a new system.  A key difference is that, in a migration project, these teams must include individuals with a good understanding of the legacy system.  ITS migration teams usually consist of individuals within the agency performing the migration and contractors, but also may include individuals from other agencies that have a stake in the migration.  

5.2.3 Vision

For any systems project, but particularly with a migration project with high uncertainty for which significant requirements changes are anticipated, creating a project vision statement helps teams remain focused on the critical aspects of the project, even when details are changing rapidly.
This means that the vision developed for a migration project must emphasize goals and objectives.  The goals and objectives will be the driving factors for decision making when changes are required as the project moves forward. 

Developing a vision of a migration project requires looking several years in the future so the target system can be developed in-line with strategic goals and objectives.  The project vision should also address why the new system is needed, how it will work, what functions it will perform, what existing systems will be leveraged, interfaces with existing systems that are needed, and the approximate horizon for when it will be implemented.  

5.2.4 Project Scope and Details of the System

In the business planning project, a high-level scope was developed. For example, the project may be initially described as:

“Modify the freeway management system (FMS) to add ramp metering functionality. Key aspects include field devices, controller firmware changes, and central software changes.”

At this step in the process, the scope will be further refined to provide more detailed descriptions of what field device changes are needed, what the controller firmware modification will be, and what the potential approaches to central software changes are (e.g. modify current system software, implement all new software, run parallel systems). 

The scope of the migration project helps define the approach or path by which systems will be migrated.  The migration scope clearly defines what work will be completed and what work will not.  It also defines the timeframes in which major aspects of the project need to be completed.  This is accomplished by assessing the limitations inherent to the following aspects of the agency:

· Funding levels and priorities.  Scope is typically constrained by budget. This reality should not be ignored, but should be managed considering the unknowns of any particular migration project, and how well the project delivers on outcomes considered priorities for the program.  To manage unknowns, a portion of the budget should be held in reserve to address issues that may come up during design, implementation, testing and operations.  And the highest priority needs should be addressed as much as possible given financial constraints. The project high-level requirements should be ranked to help establish the management approach.  This will help ensure that the “must haves” will be implemented, and that the remaining requirements will also be implemented as the budget allows. 
· Staff levels and competencies.  At the project level, addressing staff levels and competencies becomes part of the overall system design, as well as potentially identifying a need for budget allocation during and after the project.  There must be adequate staff to oversee the design, testing and implementation process. There must be resources to operate and maintain the system.  Staff may need to be trained in new technologies or software languages to maintain a system. 
· Agency timelines.  If a system must be available for a particular event, it must be defined in the project scope. 

Gather and Analyze Existing System Documentation

Existing documentation and plans may provide valuable insight in regard to how existing systems currently operate and how they will operate in the future.  Documentation of the legacy system helps define the environment in which legacy systems operate, including the agencies and systems with which the legacy system exchanges data.  Documentation may also offer insights on the positive and negative aspects of the legacy system that may be either retained or improved.  It is critical that a complete understanding of the legacy system be developed. It is on this foundation that future system design decisions, including decisions to discard all or part of the legacy system, are made.

Although they may support practitioners in their efforts to understand legacy systems and to define procedures to migrate these systems to desired or target platforms, existing plans and documents may not represent current knowledge or current system states.  It is possible that existing documentation may be misleading, and may not reference recent upgrades or improvements made to the legacy system.  In these cases, documentation may be a drawback rather than a benefit, and may be a worse alternative than no documentation at all.  Therefore, before migrating systems, practitioners should confirm that collected plans and documents represent current conditions and configurations.  

Documentation

Regional ITS Architecture

A regional ITS architecture defines the system components, key functions and information that are shared among regional agencies.  The regional ITS architecture helps identify the players and systems with which proposed target systems must interface.  This understanding will help focus outreach efforts to only those specific individuals and agencies affected by a migration project.  In addition, the regional ITS architecture may lessen the time and effort needed to identify system interfaces and the requirements for completing them.

Software Architecture 

Documentation of legacy software architecture will provide insight into the need to change software or system structure, assuming documentation of the software architecture is accurate.  The software design documents that show the structure of the code may not exist or be available.  Should this project change the architecture? Is the software structured so that the planned and future changes would be very difficult and thus, more costly?

Software Code 

Initially, the most important question to ask is whether or not source code exists or is available for the legacy system.  If not, are there well-defined application program interfaces (API) established and documented that will allow new code to interface with existing code.  If source code exists and is available or well defined APIs exist, then documentation of legacy software code or API is critical.  Is the documentation accurate?  Be sure to assess the language(s) and the tools used to develop the code.  Is the language used still viable?  Are the tools viable and available?  In many instances, the code will either not be available or will be obsolete.  This may require larger portions of the system to be replaced than originally thought.  

System Architecture

Review or create documentation of system architecture to include device types, models, ages, software versions supported, interfaces, and communication media and pathways.  This information will be used to determine if system components have remaining useful life, if they will continue to be supported by the manufacturers, and if they meet functional requirements.

Operations Plans and Manuals

Operations plans and manuals describe in detail the specific procedures operators perform on a day-to-day basis.  Operations plans and manuals may provide valuable insights on features and interfaces that should be developed for the target systems and software.  They may also provide information on individuals inside and outside the agency with whom the operators communicate.  Identifying contacts ensures that these individuals can have input into the development of the target system and interface design and can be included as part of the system migration process overall.  

Maintenance Plans and Manuals

Maintenance plans and manuals may provide system engineers, planners, and designers with insights on how target systems may affect maintenance activities.  Maintenance manuals outline the activities for maintaining systems and the requirements for keeping these systems operational.  In the course of system migration, however, maintenance activities may change and actually be significantly different for the target system than they were for the legacy system.  System designers should review existing maintenance manuals before decisions are made regarding the development of target systems to gauge the impact that different target system designs will have on existing maintenance procedures, including equipment and skills needed.  

Plans

Geographic System Plans

Maps of the location of field devices are often required when migration projects affect the field devices and functions.

Communications Network Plans

A detailed plan of the existing communications network in the field and within the TMC should be developed for any projects affecting communications with field devices.  The location of any junction boxes (hand holes), hubs, splices, and the type and characteristics of the communications media and hardware are needed. 

Other Sources

There are several other sources of information that may be referenced to better understand legacy systems and to build cost-effective yet practical target systems.  

Error Logs

Error logs may be used to identify system elements that are working correctly and those that are not.  As such, error logs provide insight into elements of the legacy system that are not stable and should not be re-used in the target systems.  By default, those elements that do not have reported errors may be candidates for re-use.  

Vendor Information

Vendor information, in the form of instruction manuals, contacts, system descriptions, and maintenance procedures, may benefit migration efforts in a variety of ways.  First, system descriptions help individuals become more familiar with systems or software they need to migrate, but are otherwise unfamiliar with.  Second, vendor contacts may be useful in obtaining additional information about legacy systems such as whether systems were built using standards, and what standards were used.  Last, but not least, maintenance procedures provided by the vendor can be referenced to determine maintenance needs, and based on these needs make decisions regarding whether or not it is practical to re-use legacy elements.  

Details of the System

The concept of operations is not typically a document that addresses the technical approach.  However, in a migration there are often certain technical constraints that must be defined.  This may affect system details (deployment, performance, effectiveness, etc.). 

Migration Projects and Deployment Details

Unlike an initial deployment, migration projects require more feedback and interaction among the development of the concept of operations, writing requirements, designing the target system, and implementing and testing it.  There are more unknowns in a migration project.  Even if the current system is well defined and described, the interactions among various systems, databases, telecommunications and other aspects of a system are never completely known. 

At the concept of operations stage of a migration project, the potential locations of “cuts and repairs” should be assessed at a preliminary level.  This ensures a better understanding of the potential issues with the project.  It is critical that the project team does not design a solution yet. Simply the full potential scope of the project should be explored.  As design and analysis progresses, the team can determine the best solution that trades off user needs, outcomes, cost, and deployment, in short, that meets the project needs most effectively. 

Of the system details outlined earlier, practices and procedures are of particular importance for migration projects.  By definition, a system must already be in place in order to migrate.  This implies that there are practices and procedures that will be affected by the migration.  It will be critical to decide which practices and procedures have to be changed and which ones can remain the same, recognizing that some changes are necessary and will keep the operation up to date, but too many changes may be too disruptive.  Caution should be used so accepted and effective practices and procedures aren’t revised just because it is convenient to do so with the migrated system.  

In assessing the ramp metering system example discussed earlier:

“Modify the FMS to add ramp metering functionality.  Key aspects include field devices, controller firmware changes, and central software changes.”

The project description begs several key questions that should be at least presented during the concept of operations stage, a short list of which may include:

· How will ramp metering functionality be added to the central system software?  What databases and interfaces must be modified?  Are there options for modifying the software architecture?  Are there options for modifying the databases?
· How will the firmware interact with the local controller?  With the central software? 
· How will these changes affect our operations processes?  How should my staff be assigned to managing ramp metering?  What type of training will be needed?  Will additional operations space or workstations be needed?
· How will adding ramp metering affect our controller testing capabilities?  Do we need additional equipment to manage controller testing and acceptance?
These questions begin the exploration of how the change will impact current systems, software, staff and space.  All should be addressed in the concept of operations.  

One example of the early assessment of potential migration approaches (the cuts and repairs) can be found in the case study for the State of Washington Department of Licensing Mainframe Migration Project
.  The project involved a complex migration from an existing mainframe system that supported many key applications.  The applications were developed in house based on Unisys application code and contained over one million lines of COBOL code to access numerous files, databases, middleware and user interface screens.  The department had mandated that all servers must be migrated to meet specific standards including server hardware, database, internet standards, and source code languages.  The solution options were thus constrained by these technical requirements. 

Several migration options were available.  Each had various advantages and disadvantages from the system, performance, cost, schedule and user standpoints.  All were assessed at a high level for feasibility and identification of opportunities and challenges, before additional work was completed.  A final solution was not developed until a more detailed assessment was conducted in the later stages of the systems engineering approach. 

At this point, it may be possible to select a preferred approach, however it is cautioned that as design, implementation and testing proceed, there may be new information encountered about the “cuts and repairs” that were made, and alternative solutions may present themselves as the process proceeds.  The more “cuts and repairs”, the more unknowns, and the more prepared for changes the project team must be.

5.4 Mini Cases – Discussion

For each mini-case described in Chapter 1, the following questions are posed:

· Does this step apply to the mini-case? 

· If no, why not? 

· If yes, what are the possible actions that should be taken? 

5.4.1 Field Device Migration: DMS for NTCIP Conformance
In most cases, a migration of a type of field device to one with more features or, as in this case, one which takes advantage of newer concepts (standards) or features may not require a separate Concept of Operations.  The description of this case study states that the DMS are integrated into an ATMS.  It is important that the concept of how the DMS operate be integral to the operation of the ATMS.  Therefore, it is critical that there be a Concept of Operations for the system in which the DMS operate and that the migration is consistent with that Concept of Operations.  In most cases, however, legacy systems were developed without a Concept of Operations and it is not practical or cost effective to develop a full, detailed ATMS Concept of Operations as part of a smaller project, such as this device migration.  A Concept of Operations should be developed for as part of the migration project that covers the entire ATMS at a high level, but details the specific concepts for the DMS.  This document will then provide a basis for a more detailed Concept of Operations for the whole ATMS or for taking the next step when another subsystem is upgraded.  

There are several ideas presented in this chapter that are important to consider in this migration that should be documented in the project Concept of Operations.  

Identify Stakeholders

The agency must understand and determine the real needs of their system.  A good way to better understand the needs of the system is to engage stakeholders.  

It would be easy to think of the stakeholders as only the operators and maintainers of the DMS.  However, there are other stakeholders that should be considered.  For example, enforcement and emergency response agencies may request messages be displayed on the signs.  In some cases, operators from these agencies may even have access to the control system and be allowed to select or compose messages.  There needs and perspectives are important to consider.  

The traveling public is also a key stakeholder.  Although it is probably not practical to engage the public directly as a stakeholder to provide input into the project, it is wise to consider the public’s needs, perhaps by engaging an agency employee who nothing to do with the ITS program.

The stakeholder input should be reviewed and incorporated in the Concept of Operations for the ATMS, if that document doesn’t already incorporate their views.

Project Scope and Details of the System

The agency must fully understand what is involved in a migration using NTCIP.  The costs to implement the migration can be leveraged against the future equipment costs.  In the future, with NTCIP, they won’t be dependent on one particular vendor.  As technologies change, vendors will, to the extent possible, change their products to take advantage of new technology and conform to the NTCIP standards.  This will allow future replacements and upgrades easier.  

It is important that an agency, after establishing the needs for DMS, scope the project to address those needs.  If a function is included in the scope, it should be supporting a specific need that was identified.  Migrating to an NTCIP version of DMS will likely affect the sign control portion of the central system.  As a minimum, the system will have to communicate to the signs using a new protocol.  However, there may be other changes that are needed that must be provided for.  

In this case, the agency was comfortable with the existing functions of the sign module within their ATMS and fought the temptation to identify nice to have features and include them in the scope.  They were able to keep the scope constrained to just adding an NTCIP driver for new NTCIP compliant signs while continuing to operate the older signs with in the same system.  Developing a Concept of Operations that states how this subsystem fits into the entire ATMS will help to identify what should be included in the project and what “cuts” to make in the existing ATMS system.  In this case, there was a single “cut” in the interface to the field units, represented by the new NTCIP compliant device driver.  

5.4.2 Communications Systems Migration

Communications systems are integral to essentially all ITS.  Similar to the DMS migration case, if no Concept of Operations exists for the existing TMC and its subsystems, a Concept of Operations must be developed that will allow a clear statement of what the system is intended to do.  In the case of the communications system, the Concept of Operations will have to include more detail on the other subsystems and the operation of the TMC as a whole because the communication system has to support all functions included in the TMC.  

Identify Stakeholders

The primary stakeholders in the case of the communications migration to Ethernet with IP addressable field devices are agency personnel who maintain and operate the systems connected to the communication system.  The public are also important stakeholders because they use certain aspects of the system, particularly the video images delivered to television stations and traveler information websites.  

Vision

The primary driver in this migration was the opportunity to upgrade technology that will allow improved quality in the video system and longer-term stability in equipment availability.  

Project Scope and Details of the System

The current TMC configuration has video outputs from the decoders going through a video switch to the Freeway Management System (FMS) and to the video wall in the traffic operations center.  In the future, the agency plans to remove the video switch, but first the FMS software will have to be upgraded to support IP video addressing and the video wall hardware replaced with a system that supports digital video.  Until this change is implemented, each encoder in the field will require a dedicated decoder at the TMC even though the decoders will support up to six (6) Ethernet edge devices.  The agency realized that there will be extra decoders and those extras will be kept as spares.  

The agency had a desire to stay current with technology in the field.  Since the vendor offered them a deal to upgrade their encoders and decoders, it was an opportunity to convert to digital.  However, the agency still needed to maintain the majority of their older equipment in the TMC.  The project scope had to take these considerations into account.  The agency decided to make the “cuts” in the existing system at the encoders and decoders, for this project.  The scope is limited and can be accomplished in a reasonably short period of time.  Additional modifications to allow digital images to be shown on the video wall and to incorporate IP addressing can be made at a later date when those systems are closer to the end of their useful life.  

5.4.3 Change in Function: TMC Central Software Migration

This migration project is much more complex than any of the projects previously discussed.  Software for many of the subsystems is being replaced.  In a situation such as this, it would be very easy to lose focus on the most important needs that should be addressed if there was not a well formulated and considered Concept of Operations.  Regardless of whether there is an existing Concept of Operation for the system or not, a full and detailed Concept of Operations will need to be developed.  All of the features mentioned in this chapter about Concepts of Operation will be important.  

Identify Stakeholders

With something as critical as migrating the central system software, outreach to stakeholders outside the owning agency will be important.  The field devices controlled by the central software affects motorists, enforcement agencies, and partner transportation agencies.  Discussions are also needed with internal stakeholders and upper management to make sure needs and expectations for the new software functionality is very specific.  The needs articulated by the stakeholders influence the content of the Concept of Operations and the Concept of Operations in turn helps in obtaining the support of internal and external stakeholders and upper management.  

Vision

A critical section of the Concept of Operations in this project is the Vision.  The vision will help guide the project when decisions are needed.  By articulating a clear vision, project team members will be able to clearly focus on the most important aspects of the system.  In this case, the vision will keep the focus on upgrading the ramp metering and incident management modules.  Without a clear focus, it would be easy to allow the changes to expand and the scope to creep beyond the budget availability and schedule needs.  

Project Scope and Details of the System

One way to streamline the central software is to develop shared components/functionality that can be used by multiple sub-systems instead of redundant or duplicative components.  For example, the previous design included a separate scheduling function within each individual module.  By sharing a common scheduling function amongst all of the new modules, efficiencies were gained in the software that require less time to develop than if the scheduling functionality was replicated for each module.  This also allows the operator to access the scheduling functionality for all of the new modules in one place within the system.

Another feature articulated in the Concept of Operations is to create one user interface for the new modules.  A single navigator that can be used for accessing all features of new/replaced modules helps to minimize training efforts and eases the transition for new modules.

Most importantly, any document submittals from consultants must be provided electronically as well as with a hard copy.  The agency must think about maintenance down the road.  Electronic documents can be easily updated for future migrations.

� http://download.microsoft.com/documents/customerevidence








�Seems a bit out of place to list sub-bullets here.  Suggest deleting these and to introduce these later.  


�This may be too technology specific for the vision.  Using and automated system might be better.  
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