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CHAPTER 6 – The Next Step:  Using the Concept of Operations to Drive Requirements
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Chapter Purpose

This chapter will describe the transition from the first “step” of the systems engineering process, concept of operations, to the development of system Requirements. In particular, it will highlight the critical role that a well-formed concept of operations document plays in providing the foundation for an effective set of Requirements.

Chapter Objectives

The chapter objectives for are:
· To provide a description of Requirements and their importance to system development.

· To define the relationship between Requirements and the concept of operations.

· To describe how to effectively transition from a concept of operations to Requirements.

· To provide information on resources needed and/or available to support this transition.

Relationship to Previous Chapter 

Beyond supporting planning, a concept of operations plays a central role in the development of system Requirements.  This chapter may serve as a stand-alone section for those primarily interested in Requirements development and use.

Chapter Sections

Brief descriptions of the sections of Chapter 6 follow:

6.1 What Are Requirements? 

The reader will be introduced to Requirements, and their critical role in system development and testing in the systems engineering process.  There will be a description of high-level types of Requirements, followed by types of Requirements specifically found within a TMS, and finally, seven tips on generating good Requirements.
6.2 How to Transition from a Concept of Operations to Requirements  


This section will introduce the reader to considerations necessary to make an effective transition from a Concept of Operations into Requirements development.  These considerations will be supported by demonstrating Concept of Operations and Requirements document linkages from real-world TMSs
6.3 Resources for Concept of Operations to Requirements Transition

This section will identify materials useful to assist transportation professionals in making the transition from Concept of Operations to Requirements development.  Additionally, the section describes transportation professional’s experiences in securing the human and fiscal resources necessary for the development of Requirements.
6.4 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.
6.1 What are Requirements?

Developing Functional Requirements for ITS (FHWA-OP-02-047. April 2002.) defines Requirements as being, “…statements of the capabilities that a system must have, geared to addressing the [needs] that a system must satisfy.”  
Generally, there are two levels of Requirements: functional and non-functional Requirements.  Requirements Engineering defines the difference as being, “…functional Requirements describe what the system should do and non-functional Requirements place constraints on how these functional Requirements are implemented.”  It is often the case, however, that these are combined.

For a more in-depth look at Requirements, see Peter Sawyer and Ian Sommerville’s Requirements Engineering.
 This book reviews the steps for the development and analysis of Requirements.  It provides guidelines for various processes in Requirements development and identifies major problems that occur with projects related to system management.
Without a clearly defined concept of a system, developed, and agreed to, by the stakeholders, along with a solid understanding of the environment in which the system will exist, it is impossible to define clear Requirements for a system.  It is the effort of individuals and organizations in developing the Concept of Operations that afford systems engineers the opportunity to identify, and document, and develop, functional and non-functional Requirements.  

6.1.1 Requirements’ Role in Systems Engineering

Requirements generation represents the step of refining and expanding on the concepts developed in the Concept of Operations into clear, unambiguous text that is interpretable for engineers to design, build, and operate a system.  A Requirement is a statement of system functionality that conveys some task or objective that the system must perform or meet.  Similar to the Concept of Operations development process, the Requirements development process is iterative.  The Concept of Operations document should provide the foundation for a set of high-level Requirements, as well as the institutional and environmental characteristics that will help to provide scope extent and context to assist in the constraining of additional Requirements.  The systems engineering process, the Vee diagram, highlights the sequential relationship from Concept of Operations to Requirements.
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Figure 6.1:  The Systems Engineering Vee diagram with the iterative process of Requirements development highlighted.

The Concept of Operations phase plays an important foundation role for the entire system development process.  It serves as the starting point of a highly iterative method.  Directly relating to the Concept of Operations document are the System Validation Plan, which later serves to validate the system once it is operational, and the System Requirements phase, which an entire development step unto itself, the second step in this process.

The Requirements development phase includes the development of high and low level functional and non-functional Requirements.  This is where the system engineer and the developer work on specifying the details of what each feature, system component, will and will not do given the context outlined in the Concept of Operations.



The following examples illustrate the type of statements that should be seen in a Requirements document versus a Concept of Operations document.  The Requirements document contains more specific information on a particular aspect of functionality for the system, whereas the Concept of Operations document will describe the high-level objective for the system the spawned the individual requirement.  The examples come from the Concept of Operations and Functional Requirements documents from ADMS Virginia.

	Concept of Operations Statement
	Requirements Statement

	Based on the all the archived data (for Hampton Roads Region) hosted at the STL, the system will provide information services to help measure the operation and performance of the transportation system and the TMCs. 
	For any user input spatial selection and temporal selection, the user shall be able to run the following different query scenarios on the incident database, to either obtain individual records or for counts of the incidents:

· To obtain all the incidents (or counts of incidents) that occurred

· To obtain all the incidents (or counts of incidents) that occurred under “particular selected weather conditions”.

· To obtain all the incidents (or counts of incidents) that “started within a particular selected time period of the day”

· To obtain all the incidents (or counts of incidents) that “ended within a particular time period of the day”

	An additional sub-result of this project is an enhanced archived database system at the STL. 
	· The system shall be able to connect to the Oracle database in the STL to retrieve all relevant data as mentioned in section 3.2.

	The system will also support traditional and innovative regional transportation analyses.
	· The outputs for the incident database queries (individual incidents or counts of incidents) shall be available in the data format.

· Plot outputs shall be available for counts of the number of incidents, for any combination of the input selections, for the selected basis of the plot.

· If the basis of the plot is ”incidents type”, the plot format shall be a pie chart.

· For any other basis for the plot (other than the ‘incident type’), the plot format shall be histogram, with the incident count on the Y-axis and the basis on the X-axis.


6.1.2 The Requirements Development Process

Like the Concept of Operations development process, and the entire systems engineering development process, the Requirements development process consists of several input and output categories
.
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Figure 6.2:  This flow diagram taken from IEEE 1233 Guide for Developing System Requirements Specifications shows the different input/output flows for developing a set of Requirements for a system—this process will be iterative, and communication among the major entities will be vital for a successful process.


The figure above represents the Requirements development process.  Key nodes include: the focal point of action, the developing Requirements collection, and adjoining feeders of Requirements, the customer community, the environment, and the technical community.  Each node is connected to the one another via input-output linkages: from the environmental node, constraints are placed upon the Requirements; from the technical community, technical representation and feedback provide Requirements; from the customer (possibly the ultimate user), feedback, representation, and the basis for raw Requirements are associated with the Requirements collection.  
Each of the nodes in this figure, have been defined by the Concept of Operations document.  The technical community, environment, and customer, have all be identified and established, and agreed upon by the stakeholders in their earlier effort – and the basis for the central node, the development of systems requirement collection, too has been established by earlier work.
From the previous Chapters in this document, it becomes clear that the basis for many of the features listed above will be found within a Concept of Operations document.  What is occurring in the Requirements development process is a refinement of precisely what is required of the system, in its environment, by its users, given its objectives; a further, more detailed, specification of the activities of the system under development or refinement.  Examples of these linkages between the Concept of Operations and the Requirements will be displayed later in this document.  
6.1.3 Typical Types of Requirements for TMS Projects 

The Developing Functional Requirements for ITS Projects document details different types of Requirements relative to Intelligent Transportation Systems, they follow:
· Performance Requirements – This type of system Requirement states the performance parameters of some capability within the system.  The document provides the following example of a performance Requirement: The Maryland Transportation Authority’s (MdTA’s) Device Control Subsystem must be … designed to allow for expansion of up to 10,000 devices and 100 protocols.

· Interface Requirements – …distinguishing…between “interfaces” with users (Human-Machine Interface, which we’ll cover next) and “interfaces” with other systems. Most systems interact with other systems, either already deployed or being deployed.  In general, you must work out the interface between any two systems carefully and specify it (or them, if there are several interfaces between two systems) in considerable detail.  Sometimes, these Requirements go beyond functionality and border on detailed design, including language that mentions specific manufacturer’s parts.  The document provides the following example of an interface Requirement:  An example of an external interface is a toll collection system that connects to systems at financial institutions to initiate transfer of money.  

· Human-Machine Interface Requirements – The way that a user interacts with a system strongly influences what the user thinks about the system capabilities.  A system could be a high-quality, well performing system, but if the user interface is poor, that’s not the way it’s perceived.  Getting these Requirements right might not be the most important thing you do on a project, but it ranks up there among the top five.  It’s not just important from a user satisfaction point of view; user interfaces can affect how well the system is operated.  While the document provides three examples of poor human-machine interface Requirements through engineering’s history, they are not explicitly related to ITS systems.  One hypothetical example may be that of poor interface design into conveying Reversible High-Occupancy Vehicle (RHOV) lane control gates as represented in the interface – a poor design, conveying an uncertainty as to the status of the gate and lane’s status, could mean fatal results for freeway drivers.  While most Freeway TMS maintain a policy of visual and physical verification of the status of such lanes, there is still a potential for hazard in this area.
6.1.4 Properties for Writing Good Requirements 

Developing Functional Requirements for ITS identifies seven properties for writing good Requirements.

· Necessary – Something that must be included or an element of the system is missing and other system components can’t compensate for its absence. 

· Concise (minimal, understandable) – Stated in language that is easy to read, yet conveys the essence of what is needed. 
· Attainable (achievable or feasible) – A realistic capability that can be implemented for the available money, with the available resources, in the available time. 

· Complete (standalone) – Described in such a manner that does not force the reader to look at additional text to know what the Requirement means. 
· Consistent – Does not contradict other stated Requirements nor is it contradicted by other Requirements.  In addition, uses terms and language that means the same from one Requirements statement to the next. 

· Unambiguous – Open to only one interpretation. 

· Verifiable – Must be able to determine that the Requirement has been met through one of four possible methods: inspection, analysis, demonstration, or test.
Obviously, it will be important for the Concept of Operations to have been rich and robust enough to ensure that these properties are met to a satisfactory degree.  To do so, the following section will present considerations and examples for Concept of Operations to Requirements transition.

6.2 Transition from a Concept of Operations to Requirements
Developing Functional Requirements for ITS states “…the information you gather during this “basic homework” [Concept of Operations] forms the basis of all … Requirements, since it deals with what the system must do, and the context in which it must operate.  Once this information is in hand, you begin to write your Requirements document.”  Building Quality Intelligent Transportation Systems Through Systems Engineering supports this; “…You develop a Concept of Operations to help communicate your vision of the system to the other stakeholders… It also highlights the interfaces that the system has and ensures, through the publication and discussion of the concept of operations with others, that you have identified all interfaces.  During this stage, you establish the high-level Requirements for the system.”

All of the effort from identifying systemic need, to bringing together a writing team, to identifying and collaborating with stakeholders, to expressing the concept from multiple viewpoints, to expressing system capabilities under various conditions, now gives way to stating, in detail, what the system must have in order to achieve those features and characteristics detailed in the Concept of Operations.  That being the case, the transition from a Concept of Operations document to the development of a Requirements document, is not necessarily accomplished with the greatest of ease.  A good Concept of Operations document simply makes the Requirements development process easier, affording the developer the opportunity to avoid stepping back into Concept of Operations development territory.  
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The figures above separate features that are found within the earliest stages of the systems engineering development process; as seen earlier in the systems engineering Vee, the concept and Requirements, the first two steps.  Generally, however, any Concept of Operations should have addressed, and included in some fashion, the integration of the concept, the systems’ diagram, and the commonly accepted stakeholder system objectives, referenced above as an Objectives Hierarchy.  These are the features that will be of immense value for the Requirements development team.  From such a perspective, the figure above depicts Requirements as having three inputs (displayed separately here, but typically all originating from a well developed Concept of Operations): the systems’ Complete Inputs and Outputs as identified in the Systems Diagram; the systems’ Test scenarios as identified and developed from the originating Concept; the systems’ Objectives as identified, and prioritized, by the Stakeholders.  Each of these is addressed below:

· Diagramed Inputs and Outputs – a good Concept of Operations will have developed a Systems Diagram – often a single image depicting critical links and nodes – the connections and the key features – of the system in question.  Also found within such a document, there should exist a textual description of the graphic, often referred to as a User Oriented Operational Description – explaining the links and nodes of the system in its operational context.  At the very least, Requirements, as defined above in terms of how they ought to physically and logically relate, will need to address each of these links and nodes, as well as how they connect. In the initial stages of the Concept of Operations development, the concept of the system is laid out – stakeholders work to come to agreement on the human, technical, and organizational components of the system.  Much of this is generally, rather than specifically, expressed as features within the system, and inputs and outputs of the system.  Capturing these details is often a challenge, hence, diagramming frequently assists in this effort.  The diagram generated in the Concept of Operations demonstrates to the Requirements development team the stakeholders’ viewpoint of what the system should logically and physically ‘look like.’  This is a first step in assisting in the functional specification of what each component will do and when.
· Test Scenarios – a good Concept of Operations will have developed sufficient expressions of the system’s operation under various contexts with respect to select key users.  These depictions of the system in action will assist the Requirements developer in understanding the relationships between the features identified above; understanding the environmental, social, and institutional conditions of the system. The System Diagram and User-Oriented Operational Description can step the Requirements development team down the right path – often ensuring that each of the components is addressed, but, as with any static depiction, they often lack the complexities brought upon the system by external and internal forces through time.  Scenarios generated in the Concept of Operations will help the Requirements team in generating lower-level requirements than would have been able to just by reviewing an User-Oriented Operational Description or System Diagram.  If a fairly complete set of Scenarios has been generated, the Requirements development team should have available to them scenarios describing:

· Key Users’ Perspectives – affording the opportunity to generate requirements based upon each component of the system, relative to key users.  Key users will be represented actively in scenarios, giving greater opportunity for Requirements developers to generate, and specify, thorough requirements, for each system component, for each of the key users, given a specific context;
· Variety of User Classes – affording the opportunity to generate requirements based upon each component of the system, relative to the multiple classes of users.  This is differentiated from the Key Users’ Perspectives by being focused on larger groups – differing for example, a key user, and a key user group, of a TMS system dedicated to freeway management may be a Service Patrollers, whereas a freeway motorist may be a type of user class that, while the system is dedicated to them, is not operated by them, and therefore, their individual descriptions may have less to no description or scenario from a key user perspective;
· Stress/Failure Scenarios  – affording the opportunity to generate requirements based upon each component of the system, relative to the extreme events that are expected to cause the system to fail.  Such scenarios will give the Requirements developers the opportunity to specify requirements for the system that may assist in its reliable and safe operation;
· Multiple Circumstances – affording the opportunity to generate requirements based upon each component of the system, relative to the multiple normal situations expected by the systems’ developers.  Key normal events relative to the system being described will further assist the Requirements developers in defining the basic requirements for each element of the system;
· Objectives – a good Concept of Operations development process will have assimilated and ranked the common objectives of the system’s stakeholders.  These objectives will serve to provide consistent context and scope for the Requirements development process.  A major objective of the Concept of Operations development process is the agreement among all the stakeholders of the overall objectives of the system.  The Concept of Operations process should have afforded the opportunity for the key, and peripheral, stakeholder to identify and rank the system objectives.  That done, an Objectives Hierarchy is established.  This expression of ranked objectives is frequently a non-numerical list of system goals and objectives, often with the implicit assumption that the top-most objective the one of the greatest importance.  Such a hierarchy of objectives assists the Requirements developers in focusing on system components in such a manner so as to assure each component meets the objectives relative to their priority.  For example, if a TMS has a highest ranked objective as being freeway incident management, the specifications for a user interface in the TMS Control Center may be to highlight incidents – to assure their display outmatches other information, such as weather, traffic flow, etc.



6.2.1 Examples of TMS Requirements

It is recommended to utilize the above referenced technique, that of examining your Concept of Operation’s System Diagram’s links and nodes, considering each and considering the linkage points between; examining the test scenarios for unique operational characteristics, modes, and constraints; examining the objectives to assure that the Requirements strive to assure that the related system element relates to the overall big picture of the system.  The Concept of Operations to Requirements considerations should be performed for each type (functional and non-functional) and class (performance, interface, and human-machine interface) of Requirement.  This will yield a very rich, and practical, set of Requirements.

Below are examples of Requirements that have been generated based on the pre-existence of a Concept of Operations.  To the extent possible, examples will demonstrate the recommended practices outlined above, however, at the writing of this document, the above recommended linkages, are infrequently fully accomplished by the developing organization; at best there is often only an implicit linkage.

Several of the following examples are taken from the Oregon TOCS Concept of Operations and Functional Requirements documents.  Below is a statement describing the fundamental goals and objectives for the system as a whole:


Oregon TOCS Goals and Objectives. The goals and objectives of the TOCS is to integrate the hardware and software systems used by the TOC operators and district office personnel to provide a seamless operational platform that provides for immediate information dissemination and close operational ties between TOC’s and their customers and partners both public and private.

There is a clear high to low level flow in the transition from Concept of Operations to requirements.  The above statement and the needs assessment statements in the examples below show a high level need of certain system functionality that was agreed upon by a group of stakeholders.  Operating procedures, goals, vision statements, etc. are not enough to fully define the nuances of system function that will be necessary to build or add functionality to the system in question.   The following examples show the level of detail that should be included in a Requirements document, and that level of detail is compared to the goals and procedures outlined in a Concept of Operations document.

Performance Requirements – Example(s) and ‘how to use’ Concept of Operations to support Requirements development related to the performance parameters of some capability within the system.

Interface Requirements – Examples(s) and ‘how to use’ Concept of Operations to support Requirements specification of the “interfaces” with other systems (external or internal)

 
Human-Machine Interface Requirements – Example(s) and ‘how to use’ Concept of Operations to support Requirements specification of the way that a user interacts with the system.




6.3 Resources for Concept of Operations to Requirements Transition

There are numerous resources dedicated to both general Concept of Operations and general Requirements development.  Referencing both of these resources will leave your development team with a thorough understanding of what will be needed in each, and therefore, it will become implicitly clear to the developers, the linkages, leaps, and associations that will be required.  Expressed below are useful resources, and insightful comments made during interviews, as to the development of Requirements.  


6.3.1 References Useful for Concept of Operations to Requirements Transition

· Buede, Dennis M. The Engineering Design of Systems: Models and Methods. New York: John Wiley & Sons, Inc, 2000.  This book has an explanation of the “Vee” diagram that illustrates the systems engineering process.  It also provides detailed key concepts and different methods of Requirements tracing.  It does not illustrate the systems engineering process using a specific system but gives a broad perspective of the process.  Further insight on CONOPS to Requirements Development may be found on page 139.

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


Developing Requirements – Two features are addressed: personnel and budget.  As stated in earlier Chapters in this document, personnel and budget necessary to develop a Concept of Operations, or later, a set of Requirement specifications, will be entirely dependent on the nature of the TMS, with variables including the geography, function, organizational participation, and even timeliness (for instance, the Capital Wireless Integrated Network was originally scheduled to take many more years than is now intended – post 9/11 Congressional funding moved the deployment date forward by making more immediate developmental man-hours available).  As such, it is nearly impossible to convey detailed estimates for each and every TMS context.  Nevertheless, survey and interviews revealed that for personnel [DWW – who said this… organizationally?] there were required “…three person years to develop 3000 individual statements and to map them to the use cases and scenarios.”  Additionally, it seems that most organizations use at least some contracting, for example, Caltrans needed experienced assistance in developing Requirements, especially on the more technical matters.

As for budgetary matters, one survey respondent highlighted that the total cost of Concept of Operations and Requirements were roughly $400,000 (Hudson Valley TMC).


6.4 Guiding Principles

What are Requirements? – Developing Functional Requirements for ITS (FHWA-OP-02-047. April 2002.) defines Requirements as being, “…statements of the capabilities that a system must have, geared to addressing the [needs] that a system must satisfy.”  

Requirements’ Role in Systems Engineering – Requirements generation represents the step of refining and expanding on the concepts developed in the Concept of Operations into clear, unambiguous text that is interpretable for engineers to design, build, and operate a system.  

The Requirements Development Process – Developing a collection of requirements requires the analysis of the interaction between the customer, the environment, and the technical community while assuring that the goals and objectives of the system, outlined in the Concept of Operation are being met. 
Typical Types of Requirements for TMS Projects – Developing Functional Requirements for ITS Projects details different types of Requirements relative to Intelligent Transportation Systems, they follow: Performance Requirements, Interface Requirements, Human-Machine Interface Requirements.
Properties for Writing Good Requirements – Developing Functional Requirements for ITS identifies seven properties for writing good Requirements: Necessary, Concise (minimal, understandable), Attainable (achievable or feasible), Complete (standalone), Consistent, Unambiguous, Verifiable.

Transitioning from a Concept of Operations to Requirements – A Concept of Operations should have addressed the integration of the concept, the systems’ diagram, and the commonly accepted stakeholder system objectives.  From the perspective of the developer of Requirements, the following should be utilized to support their effort: 

· Diagramed Inputs and Outputs – The diagram generated in the Concept of Operations demonstrates to the Requirements development team the stakeholders’ viewpoint of what the system should logically and physically ‘look like.’  
· Test Scenarios – Scenarios generated in the Concept of Operations will help the Requirements team in generating lower-level requirements than would have been able to just by reviewing an User-Oriented Operational Description or System Diagram.  If a fairly complete set of Scenarios has been generated, the Requirements development team should have available to them scenarios describing:
· Key Users’ Perspectives – affording the opportunity to generate requirements based upon each component of the system, relative to key users; 

· Variety of User Classes – affording the opportunity to generate requirements based upon each component of the system, relative to the multiple classes of users; 

· Stress/Failure Scenarios  – affording the opportunity to generate requirements based upon each component of the system, relative to the extreme events that are expected to cause the system to fail; 

· Multiple Circumstances – affording the opportunity to generate requirements based upon each component of the system, relative to the multiple normal situations the system will experience. 
· Objectives – A hierarchy of objectives assists the Requirements developers in focusing on system components in such a manner so as to assure each component meets the objectives relative to their priority.  
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Identified High-Level Needs Assessment Statement from Oregon TOCS Concept of Operations 


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





Oregon TOCS has the followingFunctional requirementsRequirements concerning the tracking of DOT vehicles via the Automatic Vehicle Location (AVL) system:


The TOCS shall Track Vehicle Resources


The TOCS shall provide communications and data/information flows with all ODOT fleet vehicles equipped with ODOT standard AVL system.


The TOCS system shall automatically enter/update an incident location into an Incident Report based on ODOT fleet vehicles’ AVL system latitudinal and longitudinal coordinates.


The TOCS shall provide the Tracking of ODOT winter maintenance vehicles to support winter maintenance management


TOCS system operators shall use the AVL system as a Winter Maintenance Management Tool.


The TOCS shall provide the Tracking of ODOT Incident Response vehicles to support incident management 


The TOCS shall track the locations and message displayed on ODOT Incident Response vehicles.








Link to Systems Diagram in the Concept of Operations for Oregon TOCS
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Identified High-Level Needs Assessment Statement from Oregon TOCS Concept of Operations 


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





Link to Needs Assessment from Oregon TOCS Concept of Operations


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





Oregon TOCS gives the following requirementsRequirements for the interface of data between the TOCS system and the Oregon State Patrol (OPS) Computer Aided Dispatch (CAD) system:


The TOCS shall do Incident Management.


The TOCS shall provide an interface to enable access to LEDS for license and warrant checks.  


The TOCS shall provide an interface to the OSP CAD system.


TOCS Interface to OSP will support geo-coding of incidents to match. 


TOCS Interface to OSP will enable two-way transfer of incident records between OSP and ODOT TOC.


The TOCS shall provide Towing Dispatch functionality using the OSP Tow rotation system.


The TOCS system shall provide electronic access to the OSP’s tow rotation system.


TOCS Interface to OSP will enable read data access to all OSP incidents- both current and archival. 


TOCS Interface to OSP will include "Administrative Messaging" functionality of PSSI CAD.


TOCS Interface to OSP will support "Screen to Screen Messaging" functionality of PSSI CAD.


Link to Systems Diagram in the Concept of Operations for Oregon TOCS


�





Link to Needs Assessment from Oregon TOCS Concept of Operations


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





Oregon TOCS gives the following requirementsRequirements for the user’s interface with the control of Dynamic Message Signs (DMS):


The TOCS user interface shall have a GUI screen to control DMS signs.


The DMS control GUI will incorporate the following abilities:


-Shall provide a selectable listing of all TOCS signs, where users with permissions can take control of a sign directly from this listing with a single action.


-Shall provide a message library, which lists all sign messages contained therein and allows users to view selected messages prior to choosing them.


-Once the desired sign(s) are selected, users shall be able to post a message to them in a single step.


-Shall provide a free-form message text editor with basic editing functions.


-This editor shall display messages within a simulated sign face, which represents the selected sign properties (i.e., full vs. line matrix, 2 vs. 3 lines, correct character count, etc.).


-Once the sign(s) for display have been selected, the editor shall allow users to post a message to them in a single step.


The TOCS shall provide a sign properties configuration GUI, where items such as font, brightness, number of phases, time between phase transitions, etc. may be specified.


The TOCS system shall support the concept of “tool tips” or “fly-over” help to provide further details to the operator without the need to open additional windows.


Within the “tool tips”, the TOCS system shall be capable of manual note entry and/or edits to the information/details.


The TOCS user interface will allow message to be posted to DMS signs.





Link to Systems Diagram in the Concept of Operations for Oregon TOCS
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Oregon TOCS human-machine requirementsRequirements development example continued:





Needs Assessment Statement in Oregon TOCS Concept of Operations


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








ADMS Virginia gives the following high-level description of the user interface in the Concept of Operations:





User Interface and Additional System Functions


The main user interface for the ADMS system will be accessed via standard HTML web browsers. The ADMS web site will require a username and password before the user can access the site. The site will be designed according to the following goals:


The site should be “browser agnostic” and should run equally as well from the Microsoft IE (5.0 and above) web browser and the Netscape Navigator (6.0 and above) web browser.


Users will navigate the web site by selecting a series of menu options. Furthermore, the data to be displayed may be filtered and sorted based on selections made by the user on the web pages. Limited map-based options will also be available to the users, for further navigation and finally obtaining data/information. For spatial selections, and data display, stick maps of the Hampton Roads freeway system with pre-determined zoom-in capabilities will be used. At different zoom levels of the maps, the users will be able to select entire corridors, or pre-defined road segments, or specific stations of their interest.


Data will be processed in the web server when needed to reduce the amount of raw data sent over the HTTP channel.


Simple parameter checks will be made to ensure that the user does not request a query or service that would take an excessive amount of time to process.





ADMS Virginia (DESCRIPTION) ggives the following requirementsRequirements for the user’s interface with the system GUI:





3.1.2.7 Inputs


3.1.2.7.1.1.1 The user shall be able to run only one query at a time.


3.1.2.7.1.1.2 The System shall take advantage of typical web browser functionality. For example, web browsers adorned with 'Back' and 'Forward' arrows will take the user back through the pages recently visited since starting up the browser. The Forward button is only active if you have used the Back button. The user will be able to take advantage of this web browser functionality and return to previously visited pages during the current ADMS web-browsing session to change inputs and re-run a query.


3.1.2.7.1.1.3 If multiple pages of input are needed, a ‘Back’ or ‘Forward’ action by the user may not erase the latest inputs selected by the user, for each page, when a query (1) is not submitted, or (2) is completed (with the requested output obtained).


3.1.2.7.1.1.4 All such previously visited pages may display the latest user-selected inputs during the current web-browsing session.








Figure � SEQ Figure \* ARABIC �2� Concept of Operations and Requirements Relationship – The work done during the Concept of Operations development process directly supports the specification of requirements in the next life-cycle phase. 





Concept of Operations has Guiding Influence











A Concept of Operations is an overarching document for a systemsfor a system engineering process that looks at what the system should do, in broad terms. A Functional Requirements document defines this “what” in a very detailed manner, removing any possible ambiguities. The two must go hand in hand. Once the Concept of Operations is agreed upon by all partiesall parties agree upon the Concept of Operations, it serves to guide the Functional Requirements for the project scope.





The objectives contained in a Concept of Operations are central for maintaining consistent context and scope between the Concept of Operations and Functional Requirements. Diagrams and Test scenarios further facilitate this objective. I am the only person generating documents for the project. So I am 'aware' of all the scenarios fully. I discuss with the partners when doubts arise, and put it in writing if ambiguities surface. Otherwise, I have a fair idea from the beginning as to where we want to go. I can readily see how for a large scalelarge-scale project, probably with many people doing different parts, diagrams and test scenarios can be very useful.





Oregon TOCS has the following requirementsRequirements concerning the tracking of DOT vehicles via the Automatic Vehicle Location (AVL) system:


The TOCS shall Track Vehicle Resources


The TOCS shall provide communications and data/information flows with all ODOT fleet vehicles equipped with ODOT standard AVL system.


The TOCS system shall automatically enter/update an incident location into an Incident Report based on ODOT fleet vehicles’ AVL system latitudinal and longitudinal coordinates.


The TOCS shall provide the Tracking of ODOT winter maintenance vehicles to support winter maintenance management


TOCS system operators shall use the AVL system as a Winter Maintenance Management Tool.


The TOCS shall provide the Tracking of ODOT Incident Response vehicles to support incident management 


The TOCS shall track the locations and message displayed on ODOT Incident Response vehicles.





Link to Systems Diagram in the Concept of Operations for Oregon TOCS
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Identified High-Level Needs Assessment Statement from Oregon TOCS Concept of Operations 


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