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1 Introduction

1.1 Purpose of the Guide

The purpose of this publication is to provide guidance to designers, systems integrators, civil
engineers and ITS vendors to enable the consistent deployment of an Intelligent Transportation
System (ITS) to support Ashghal’s transportation operations and requirements. This document is not
prescriptive nor is it to be treated as a standard, but a guide to decision making and design
considerations. Designers are expected to utilize and leverage their own specialist skills in the
development of ITS related designs, adding to the value of their offerings in line with international
standards.

1.2 Intended Audience

This document is directed at individuals and organizations involved in the design and deployment of
ITS devices. Expected users of this document are expected to be designers, systems integrators,
contractors and equipment vendors.

1.3 Supporting Resources and References

REFERENCE DESCRIPTION

Ashghal
The intent of these documents is to standardize the design of

Civil and Structural Standards | jnfrastructure elements that support ITS. This series should be

for Intelligent Transportation | referred to by Ashghal and their consultants for all ITS projects.
Systems

The Qatar Construction Specifications are intended for use with
the General Conditions of Contract. Contractors shall comply

with every requirement of the Qatar Construction Specification
Qatar Construction

Specifications 2010

that is relevant to the type of work forming any part of the
Contract and shall adopt whichever permissible option or
(QCS 2010) alternative that is best suited to the needs of the construction
work being undertaken. Where there is a conflict between this
document and the Qatar Construction Specifications 2010 (QCS
2010) the QCS 2010 shall apply.

i This manual provides guidance on the basic principles of traffic
Qatar Traffic Manual (QTM) . )
signage and road markings.

Qatar Highway Design Manual | This manual provides the guidelines for the design of roadways
(QHDM) and intersections in Qatar.
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IES=
AESHEHAL

Intelligent Transport System (ITS) Deployment Guidelines bl g aty b
g Dewsrees Thae Best

State of Qatar Public Works Authority

The ITS Specifications should be referred to by Ashghal and their

Ashghal’s ITS Specifications .
consultants for all ITS projects.

The NTCIP Guide is a document created to assist in
understanding, specifying, and using a consistent set of defined
and standardized communications protocols and methods for
The National Transportation | ITS devices, (The NTCIP Guide is supported with freely available
Communications for ITS | and open protocol based data definitions for all types of ITS
Protocol (NTCIP) Guide devices). The NTCIP collection of data and protocol definitions
should be used to assure that devices and systems, both at the
roadside and between control centers, use open protocols and
can easily communicate with each other.

Table 1-1 Client Resources

The references supplied above are provided as a starting point for designers with regards to
supporting documentation. In addition to these references, additional resources and references
may be required or identified during the system’s engineering lifecycle and project development
process. The local environment, requirements and specifications need to be taken into consideration
when designing for ITS elements as part of any scheme for any type of roading infrastructure
program in the State of Qatar. Pragmatic equipment selection, connectivity and system functional
choices should always be made in the interests of creating a holistic and workable ITS framework by
designers using this or any other ITS reference materials. It is expected that the designers’ reference
material will be the most current version of a particular standard or specification which includes any
interim amendments or inclusions.

It is the designers’ responsibility to ensure that designs comply with the most up-to-date standards
and specifications at the time of the design, with reference to current international practice in the
industry.
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2 Systems Engineering Process

The Systems Engineering (SE) approach to the delivery of technology projects is accepted
internationally as the best method to follow when undertaking the planning, designing, and
implementing of ITS projects. As such, the SE process is the recommended approach to be taken in
Qatar for the delivery of ITS programs. This section leads the user step by step through the entire
project life cycle and describes the SE approach at each step. The section describes how to use the
SE approach on ITS projects to achieve the following goals:

e Increase the likelihood that an ITS project will meet the user’s needs.
e Reduce the risk of schedule and cost overruns.
e Develop more flexible, resilient systems and reduce the risk of obsolescence.

e Verify functionality and reduce defects through structured testing and correct validation and
verifications processes

e Improve documentation.
e Clearly demarcate project completion

2.1 Systems Engineering Overview

SE focuses on defining customer needs and required functionality early in the development cycle,
documenting the requirements, and then proceeding with design development/evolution and
system validation while considering the complete problem: operations, cost and schedule,
performance, training and support, testing, manufacturing, and disposal. SE considers both the
business and the technical needs of all customers with the goal of providing a quality product that
meets the user needs.'

SE it will help to identify issues earlier in the project schedule and will improve the chances for a
successful project in the end. SE does this by focusing on the following key principles:

International  Council on Systems  Engineering (INCOSE), What is Systems Engineering?,
http://www.incose.org/practice/whatissystemseng.aspx, 14 June 2004.

2 Principles are taken from USDOT, Systems Engineering for ITS, An Introduction for Transportation
Professionals, January, 2007.
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e Stakeholder Involvement

Successful projects involve the customer, users, operators, and other stakeholders in the
project development. The SE process includes reviews and decision points intended to
provide visibility into the process and encourage stakeholder involvement. The SE process
involves stakeholders through all stages of the project, from initial needs definition through
system verification and acceptance.

e Start with a clear definition of success

Consensus should be reached at the beginning of the project on what will constitute success
at the end. This means that the stakeholders should start with an agreement of what the
project should accomplish (through a definition of user needs) and the metrics that will be
used to measure the success of the project.

o Delay Technology ChoicesThe choices available when a project is initially conceived may
well be replaced by even better technology by the time the project is implemented.
Specifying technology too early will result in outdated technology or constant baseline
changes as you try to keep up with technological advancements.

Baseline, a frequently used term in SE, is a reference point against which all members of a
project team works.

e Simplify and Componentise

Many systems are large and complex. A key SE strategy is to break down such a system into
smaller subsystems, and subsystems into more manageable hardware and software
components. These simpler components are easier to understand and define and ultimately
are easier to build.

o Implement Full Traceability

As a project or system moves from one step to the next in the SE process, it is important to
be able to relate the items in one step with those of another step in the SE process. The
relationship between items is called traceability, which is used to relate a requirement to the
subsystem that will fulfill the requirement. Traceability connects many items together. The
requirement will be related to a user need as well as to a test that will be used to verify the
requirement. Traceability should allow a direct transparent and complete relationship
between technologies selected and user requirements to be established including what the
technology will do and how it is to be used.

2.2 The Systems Engineering Process

What exactly is the SE process? There have been many representations of it over the years, but one
that is commonly used in transportation is called the Vee model. This model defines a set of steps
that any project using SE can follow and covers the entire life cycle of the system being developed,
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from the planning that occurs prior to the start of the project development all the way through to
the decisions that are taken to retire or replace a system once it is at the end of its life cycle.

The Vee model includes a series of major milestones where the output of the previous step is
reviewed and the customer and project team determine whether the project is ready to move to the
next step in the process. The project moves forward only if the criteria for the decision point have
been satisfied. These decision points /gates are important control points for the project and provide
visibility into the project’s development, allowing for issue identification and course correction
during development phases.

The steps of the SE process are summarized below.
2.2.1 ITS Architecture

ITS Architecture is intended to define the technical, functional, practical and institutional ITS
requirements planned for ITS deployments in a specific region. It is a macro level tool to support ITS
planning in the region, serving as a guide for how different ITS-related projects should fit together
into an overall plan for the best use of ITS & ICT technology, operations, Stakeholders and processes
to meet Transportation objectives. Every outcome which meets a functional requirement for ITS
shouldbe able to be described completely within the Architecture and forms a Transportation
Package that delivers that outcome. With reference to Qatar, this macro viewpoint is provided by
the State of Qatar ITS Architecture, which is available through Ashghal.

2.2.2 Project Planning

A Project Management Plan (PMP) and Systems Engineering Management Plan (SEMP) for the
development of the project are required. The PMP identifies the detailed work plans for both the
administrative and technical tasks. The plan estimates the resources (people, equipment, and
facilities) needed for each task along with an estimated budget for each task. The plan also identifies
key events and the technical and program milestones/gateways and establishes a schedule for the
project. The PMP is the primary document for tracking the schedule and budget of the project.

The SEMP is the top-level plan for organizing and managing all engineering activities for the project.
The SEMP defines how the SE portion of the work item will be organized, structured, conducted and
how the total engineering process will be controlled to provide a product that fulfills customer
requirements. The SEMP will be used in technical management of this project, describing the
process and steps to be performed in the conduct of the project, and the roles and responsibilities of
the participants in the project. The SEMP describes how each SE subtask of the PMP will be
performed and completed, and defines the controls to ensure that each subtask is completed
correctly and on-schedule. The PMP focuses on the management processes whereas the SEMP
concentrates on applying the SE structure. Templates for the PMP and SEMP are shown in Table 2-1
and Table 2-2, respectively.

Hard Copies of this document are uncontrolled Page 5



IES=
AESHEHAL

Intelligent Transport System (ITS) Deployment Guidelines bl g aty b
g Dewsrees Thae Best

State of Qatar Public Works Authority

SECTION CONTENTS

1.0 Purpose of The purpose of this document is the plan for the execution of the project,
Document including defining all necessary tasks and their products.

This section provides a brief description of the planned project and the
functional purpose of the system to be built. Special emphasis is placed on the
project’s complexities and challenges to be addressed by the project’s

2.0 Scope of managers.

Project This section also defines the project’s relationship to the State of Qatar ITS

Architecture. It defines the relationship of the project’s system to other
systems with which it interfaces, either physically [with a data interface] or
operationally.

This section is the heart of the PMP. It defines each task of the project in
terms of the task inputs, approach, and outputs.

Inputs: Identification of the inputs to each task. Inputs can be a variety of
things, including, but not limited to: documents from outside the project or
from other tasks of the project, or products other than documents from other
tasks that are a necessary precursor to the performance of this task.

Approach: A description of the approach to be taken by the team performing
the task. This may include a description of the products of the task or a
breakdown of the tasks into sub-tasks. This description may include
3.0 Project identification of procurement activities that need to be taken in this task. For
Tasks SE and design tasks, this description may be expanded as necessary in the
SEMP, which would be an activity and output of one of the tasks.

Outputs: A description of the products of the task. As with inputs, the outputs
may take many forms, including, but not limited to:

e Documents to be produced by the task team, such as specifications or
Verifications Plans.

e Meetings, including management meetings and technical reviews

e Other products, such as software code, procured hardware, and
integrated or verified sub-systems.

This section provides a hierarchical structure of all tasks and sub-tasks of the
4.0 Work project, identifying the name of the task or sub-task, the allocated budget, and
Breakdown the team or organization with the authorization and responsibility to perform
Structure and the task. The budget may not be allocated to each sub-task but may be
Task Budgets allocated to a higher level group of sub-tasks, tasks, or group of tasks, as
necessary to manage the project.
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5.0 Schedule

Development of a schedule for each task, for each sub-task, and for each
output of a task. This schedule is under complete control of the project’s
management by a variety of means, including the assignment of more or fewer
resources. This schedule takes into account the necessary precursors [inputs]
to each task or sub-task.

6.0 Deliverable
Requirements
List

This section is, as much as possible, a complete and precise list of the tangible
deliverables of each and every task. In general, a tangible deliverable may
include, from the list of outputs of a task:

e Documents, especially documents to be reviewed by stakeholders and
documents to be used after the system is built.

e Meetings and reviews to be attended by project stakeholders.

e Other products, such as deliverable hardware [by name, part number,
and quantity] and deliverable software products, such as source code
and executable codes.

7.0 Referenced
Documents

This section lists the applicable documents that are inputs to the project [that
is, are needed by but not produced by the project].

Table 2-1: Project Management Plan (PMP) Template

SECTION

CONTENTS

1.0 Purpose of

This section is a brief statement of the purpose of this document and the plan
for the SE activities with special emphasis on the engineering challenges of the

Document system to be built.
This section gives a brief description of the planned project and the purpose of
the system to be built. Special emphasis is placed on the project’s complexities
and challenges that must be managed by the SE efforts.

2.0 Scope of

Project This section defines the general process for developing the SEMP, including the

draft framework version prepared by Ashghal or their Systems Engineer and the
complete version prepared in conjunction with the Systems Engineer and
development teams.
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3.0 Technical
Planning and
Control

This section lays out the plan for the SE activities. It should be written in close
synchronization with the project’s Project Plan. Unnecessary duplication
between the Project Plan and the SEMP should be avoided.

The purpose of the section is to identify the products of each SE activity, such as
documentation, meetings, and reviews. This list of required products will
control the activities of the team performing the activity and will control the
satisfactory completion of the activity. Some of these plans may be completely
defined in the SEMP. For other plans, the SEMP may only define the
requirements for a particular plan. The plan itself is to be prepared as one of the
subsequent SE activities, such as may be the case with a Verification Plan or a
Deployment Plan. Almost any of the plans described below may fall into either
category.

e Configuration Management Plan describes the development team’s
approach and methods to manage the configuration of the system’s
products and processes. It will also describe the change control
procedures and management of the system’s baselines as they evolve.

e Risk Management Plan addresses the processes for identifying,
assessing, mitigating, and monitoring the risks expected or encountered
during a project’s life cycle. It identifies the roles and responsibilities of
all participating organizations for risk management.

e Validation & Verification Plan, this critical plan is written along with the
requirements specifications. This is the heart of all testing and includes
all test planning and executions.

e Verification Procedures are developed by the development team and
this defines the step-by-step procedure to conduct verification and must
be traceable to the Verification Plan.

e Other plans that must be considered for inclusion are, Software
Development Plan, Hardware Development Plan, Technology Plan,
Interface Control Plan, Installation Plan, Operations & Maintenance Plan,
Training Plan, Data Management Plan, and a Validation Plan.

4.0 Systems
Engineering
Process

This section describes the intended execution of the SE processes used to
develop the system. The SEMP describes the processes specifically needed for a
project in sufficient detail to guide the work of the SE and development teams.

Table 2-2: Systems Engineering Management Plan (SEMP) Template

2.2.3 Concept of Operations

The purpose of the Concept of Operations (ConOps) is to clearly convey a high-level scenario driven
viewpoint of the system to be developed, which each stakeholder can understand and develop a
perspective on. This step of the process identifies the user needs that must be addressed by the
project — that is, what transportation problem/packages or operational needs is the project or
system trying to address. It documents a clear definition of the stakeholders’ needs and constraints

that will support system requirements development in the next step.
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This is a foundation step that frames the overall system and sets part of the technical course for the
project. A good ConOps answers who, what, where, when, why, and how questions about the
project from the viewpoint of each stakeholder, as shown in below.

e Who — Who are the stakeholders involved with the system?

e What — What are the elements and the high-level capabilities of the system?
e Where — What is the geographic and physical extent of the system?

e When —What is the sequence of activities that will be performed?

e Why— What does your organization lack that the system will provide?

e How — What resources are needed to develop, operate, and maintain the system?

The ConOps is a powerful tool for defining needs since it forces the stakeholders to think about the
way the system will behave and how it will interact with users and other systems. Interviews,
workshops, and surveys are some of the techniques that are used to develop a ConOps.

The following criteria should be used as the basis for documenting well-written needs:

1. Uniquely Identifiable. Each need must be uniquely identified (i.e., each need shall be
assigned a unique number and title).

2. Major Desired Capability (MDC). Each need shall express a major desired capability in the
system, regardless of whether the capability exists in the current system or situation, or is a

gap.

3. Solution Free. Each need shall be solution free, thus giving designers flexibility and latitude
to produce the best feasible solution.

4. Capture Rationale. Each need shall capture the rationale or intent as to why the capability is
needed in the system.

The list of user needs that is generated also should be prioritized by the stakeholders. Once
stakeholders start to compare and rank the user needs, they will discover that some of their “needs”
are really “wants” or “nice-to-haves”. A template for the development of a ConOps is shown in
Table 2-3.
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SECTION

CONTENTS

1.0 Purpose of
Document

This section is a brief statement of the purpose of this document. It is a
description and rationale of the expected operations of the system under
development. It is a vehicle for stakeholder discussion and consensus to ensure
that the system to be built is operationally feasible. This will briefly describe
contents, intention, and audience. One or two paragraphs will suffice.

2.0 Scope of
Project

This short section gives a brief overview of the system to be built. It includes the
purpose and a high-level description. It describes what area will be covered and
which agencies will be involved, either directly or through interfaces. One or
two paragraphs will suffice.

3.0 The
Current
System

Here is a brief description of the current system or situation, how it is used
currently, and the drawbacks and limitations of the current system. This leads
into the reasons for the proposed development and the general approach to
improving the system. This is followed by a discussion of the nature of the
planned changes and a justification for them.

4.0
Justification
for and Nature
of Changes

This section contains a discussion of why the changes are needed and describes
the user needs that the proposed system should meet. The user needs are one
of the key outputs of the SE process. User needs are summarized in the Ashghal
Contract 5 - Concept of Operations document, and one or more of the needs
found in the comprehensive list of user needs for Qatar in that document can be
used as a starting point for this section. Needs selected from this document for
a specific project may need to be edited to correspond with the intended scope
of the project.

5.0 Concept
for the
Proposed
System

This section is an overview of the system to be developed. The section describes
the project scope, the users of the system, what it interfaces with, the states and
modes of the system, the planned capabilities, the goals and objectives, and the
system architecture. Note that the system architecture is not a design [that will
be done later]. It provides a structure for describing the operations, in terms of
where the operations will be carried out, and what the lines of communication
will be. This section can be developed by starting with a selection of one or
more customized service packages from the Qatar ITS Architecture. Start by
reviewing each of the customized service packages in the Qatar ITS Architecture
(found at http://consystec.com/qatar/web/services.htm), and select those that
are relevant to the project. These selected customized service package diagrams
can then be combined and edited to create a project architecture identifying
stakeholder ITS elements and architecture flows of information between the
selected ITS elements.
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Each scenario describes a sequence of events, activities carried out by the user,
the system, and the environment. It specifies what triggers the sequence, who
or what performs each step, when communications occur and to whom or what
[e.g., a log file], and what information is being communicated. The scenarios will

6.0 . . .

. need to cover all normal conditions, stress conditions, failure events,

Operational . . .

Scenarios maintenance, and anomalies and exceptions. There are many ways for
presenting scenarios, but the important thing is that each stakeholder can
clearly see what his expected role is to be. Examples of project operational
scenarios are shown in the Ashghal Contract 5 - Concept of Operations
document.

This section describes the concept exploration, if one occurred, but will be
removed if no set of alternatives was evaluated. It starts with a list and
description of the alternative concepts examined. The evaluation and
. assessment of each alternative follows. This leads into the justification for the

7.0 Analysis of .. . . .
selected approach. This is not a design, but a high-level, conceptual, operational

Proposed . ;

System description. It uses only as much detail as needed to be able to develop

meaningful scenarios. In particular, if alternative approaches differ in terms of
which agency does what, that will need to be resolved and described. An
example would be the question of whether or not a regional signal system will
have centralized control.

This section is a place to list any supporting documentation used and other
8.0 Applicable | resources that are useful in understanding the operations of the system. This
Documents could include any documentation of current operations and any strategic plans
that drive the goals of the system under development.

9.0 This is a place to put a glossary, notes, and backup or background material for
Appendices any of the sections.

Table 2-3: ConOps Template
2.2.4 System Requirements

One definition of a requirement is a condition or capability needed by a user to solve a problem or
achieve an objective (see Institute of Electrical and Electronics Engineers (IEEE) Standard 1233-1998).
Requirements comprise the basis of Ashghal’s Specifications that are used for testing and play a
cross-cutting role in governing the expectations of a system across the entire system life cycle.

This purpose of this step of the SE process is to identify the system requirements that will
completely fulfill the user needs to be addressed by the project. One of the most important
attributes of a successful project is a clear statement of requirements that meet the stakeholders’
needs. When considering the implementation of a project, it is good practice to understand the
requirements of the devices and/or systems being implemented. Knowing these requirements early
in the project life-cycle can alleviate potential problems during subsequent phases. Successful
projects rely on the understanding of functional, design, and testing requirements before any
procurement, development, or implementation.
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It is important to involve stakeholders in requirements development. Stakeholders may not have
experience in writing requirements, but they are the experts concerning their own requirements.
The system requirements ultimately are the primary formal communication from the system
stakeholders to the contractor. The project will be successful only if the requirements adequately
represent stakeholders’ needs and are written so they will be interpreted correctly by the
contractor.

Each developed requirement should be documented and uniquely numbered to support traceability
throughout the project. Note that each user need maps to a number of requirements; just one for
each need is shown as an example.

Each requirement should use “shall” in the sentence, and above all, the requirement should be
measurable and testable. Functions should be defined in a manner reflective of the nature of the
operation, such as manual, automated, or semi-automated. The following criteria should be used
when documenting and writing requirements:

1. Is it a “well-formed” requirement? Some of the attributes of “well-formed” requirements
are:

a. Necessary — Is the requirement an essential part of the system?

b. Clear —Can the requirement be interpreted one and only one way?

c. Complete — Is the function fully defined without needing further clarification?

d. Consistent — Does the requirement contradict or duplicate another requirement?

e. Achievable — Is the requirement technically feasible at a reasonable cost and in a
reasonable time?

f.  Verifiable — Can one unambiguously determine if the requirement has been met?
g. Concise — Is the requirement described succinctly and without superfluous text?
h. Technology independent — Is the requirement statement technology independent?

2. Is the requirement mapped to one or more user needs? This will also address whether the
requirement is in fact needed.

3. Does the requirement satisfy the intent and all key items of the need?

A template for the development of System Requirements is shown in Table 2-4.
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SECTION CONTENTS
e Contains a full identification of the system.
e Provides a system overview and briefly states the purpose of the system.
1.0 Scope of e Describes the general nature of the system.

System or Sub-
system

e Summarizes the history of system development, operation, and
maintenance.

e Identifies the project stakeholders, acquirer, users, and support agencies.

e Identifies current and planned operating sites.

2.0 Reference

Identifies all needed standards, policies, laws, concepts of operations, concept
exploration documents and other reference material that support the
requirements.

3.0 Requirements

e Functional requirements [What the system should do]. These
requirements can be used as a resource for initially developing the
project functional requirements.

e Performance requirements [How well the requirements should perform].
An example of this type of requirement might be requirement defining
how quickly (in seconds) traffic sensor information is displayed at the
center.

e Interface requirements [Definition of the interfaces]. Recommended
open standards, where they exist, should be used.

e Data requirements [Data elements and definitions of the system].

e Non-Functional requirements, such as reliability, safety, and
environmental requirements [e.g., temperature range over which the
equipment must operate].

e Enabling requirements [e.g. Production, development, testing, training,
support, deployment, and disposal requirements]. This can be developed
through references to other documents or embedded in these
requirements.

e Constraints — [e.g., technology, design, tools, and/or standards]. For
example, the continuation where appropriate of legacy technology
investments in Qatar.
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4.0 Validation
and Verification
Methods

The Validation and Verification Plan is a critical requirement and shall be
provided by all ITS vendors and contractors in support of their proposed ITS
designs and solutions, this requirement shall be documented as a contractual
requirement in any ITS tender process:

e Demonstration is a requirement that the system can demonstrate
without external test equipment.

e Test is a requirement that requires some external piece of test
equipment, e.g., logic analyzer and/or volt meter.

e Analyze is a requirement that is met indirectly through a logical
conclusion or mathematical analysis of a result, e.g., algorithms for
congestion. The designer may need to show that the requirement is met
through the analysis of count and occupancy calculations in software or
firmware.

e Inspection is verification through a visual comparison. For example,
quality of welding may be done through a visual comparison against an
in-house standard.

5.0 Supporting
Documentation

Catch-all for anything that may add to the understanding of the Requirements
without going elsewhere [Reference section]

Examples: diagrams, analysis, key notes, memos, rationale, stakeholders contact
list

6.0 Traceability
Matrix

This is a table that traces the requirements in this document to the user needs
contained in the ConOps.

7.0 Glossary

Terms, acronyms, definitions.

Table 2-4: System Requirements Template

2.2.5 Design

The design step in the SE process can be broken into three distinct parts which will be described

below:

e High-Level Design

e Preliminary Design & Specifications

e Detailed Design

In High-Level Design, conceptual design elements and transportation packages are identified which

are going to be required to satisfy the operational and functional requirements of the Concept of

Operations. This step is intended to provide a collection or list of required systems that need to be in

place to achieve functional objectives. Subsystems are therefore identified and broken down further

into smaller, more manageable pieces of functionality, called components. Interfaces are specified

in detail, requirements are analyzed and derived, and all requirements are allocated to the system

components. The definition of interfaces in high-level design permits identification of the standards

that will be used. The definition of subsystems and interfaces defines a project architecture, which
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can be developed as a subset of the regional ITS architecture. If the project architecture, as
envisioned, differs from the representation in the regional ITS architecture, a revised project
architecture should be created that accurately reflects the project. If there are alternative
approaches to implementing the project, alternative architectures should be developed and
evaluated in order to select a desired approach.

One of the key activities of high-level design is to develop and evaluate alternative high-level
designs. To do this, the system is partitioned into subsystems and the subsystems are partitioned
into smaller assemblies in turn. The partitioning process continues until system components — the
elemental hardware and software configuration items — are identified. The partitioning is driven by
many factors including consideration of existing physical and institutional boundaries, ease of
development, ease of integration, and ease of upgrading. One of the most important objectives is to
keep the interfaces as simple and as standard as possible.

There are times when an informal high-level design is all that is required. If the ITS project being
developed is a stand-alone system or a system that is in a single “box” that will be developed by a
single group, the project doesn’t need a lot of high-level design because the project will be dealing
with few external or internal interface issues. Take a look at the size and complexity of the project,
particularly the number of components and interfaces, to determine whether a formal high-level
design is warranted.

Detailed design involves the specification of hardware and software in sufficient detail to be able to
procure or develop the products. Detailed “build to” design specifications are created for each
hardware and software component to be developed. If products are procured, procurement
specifications are created. In the case of standards-based interfaces, the detailed customization of
the standard that will be used on the interface is defined for use in procurement. A simple user
interface prototype is developed as a quick way to help users visualize the software and several
iterations are created based on user feedback. Any necessary requirements and high-level design
changes are identified, evaluated, and incorporated as appropriate.

There are key decision points that occur at the conclusion of High-Level and Detailed design. These
usually take the form of design reviews, where the customer and the project team review the design
and approve moving to the next step in the development process. In addition, in parallel with the
development process the project team must obtain any approvals required to deploy the project
(such as environmental approvals).

A template for the development of design documentation is shown in Table 2-5 and Table 2-6.

SECTION CONTENTS

This section is a brief statement of the purpose of this document. It is a high-
level description of the architecture [hardware and software] of the system. It
summarizes the contents of the document.

1.0 Purpose of
Document
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This section gives a brief description of the planned project and the purpose of
the system to be built. This section can be copied from a previous document,
and is included for completeness. This may be the only document which some
project participants and stakeholders may see.

2.0 Scope of
Project

This section describes the architecture of the system and how it is divided into
sub-systems, when that is found to be necessary. Simpler systems may not
need to be subdivided, and if so, this section is void.

When sub-systems are needed, each is described in terms of the purpose,
functionality, interfaces with other sub-systems, and component parts
[hardware and software]. If the requirements call for different capabilities at
3.0 Sub-systems | multiple sites, the allocation of the sub-systems to these sites is shown.

In order to describe the functionality of a sub-system, it is necessary to
allocate system requirements to each sub-system. All requirements must be
covered by at least one sub-system. However, some requirements [and
especially performance requirements] may be applicable to several sub-
systems. An explicit trace of all requirements from the Requirements
Document into the sub-systems is a part of this document.

This section identifies the hardware components of each sub-system. It
identifies them by name, function, capabilities, source [manufacturer], and
guantity. It shows the interconnections between the components [e.g., point-
4.0 Hardware to-point or local area network]. If a hardware component needs optional
Components components or features, they are listed and defined at this time.

This section also includes a trace of requirements, where applicable, into the
hardware components.

This section describes the preliminary design of the software application. It
shows the allocation of the software to sub-systems and to hardware
elements. It shows and identifies the COTS software packages to be used, and
their allocation to sub-systems and to hardware components. It also
shows/identifies all custom-designed software packages and their allocation
to sub-systems and hardware components. It shows the architectural
relationship between the various software packages, both custom and COTS.

5.0 Software
Components

The high-level design of each custom software package is described. The
method used for this description depends on the methodology being used for
software design. That methodology may be object-oriented design, data flow
design, structured design, or any other method chosen by the project and the
software development team.
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This document may be used to describe additional requirements that were
not covered in the requirements specifications.

These may include, but are not limited to:

e Showing greater detail of previously defined functional requirements
based on additional functional analysis; for instance, defining the
details of a complex algorithm.

e Providing complete details of complex requirements, such as a
detailed description of a complex operator interface where

6.0 Sub-system considerable work with operations personnel is necessary before a

Requirements definitive statement of the requirement can be made.

e Providing complete details of an interface with an external system.

e Stating requirements which result from the separation of the system
into sub-systems; that is, identifying functional requirements for the
way these sub-systems work together.

These types of requirements [with the exception of the last type] also may be

included in the Requirements Document or documented in separate
documents, as deemed appropriate.

Table 2-5: High Level Design Template

SECTION CONTENTS

This section is a brief statement of the purpose of this document. The purpose

1.0 Purpose of is to expand and complete the preliminary design descriptions included in the

D

ocument High-Level Design Document.
2.0 Scope of This section describes the project and may be copied from the High-Level Design
Project Document.
3.0 Sub- This section completes the description of the system architecture and the sub-
systems systems, as necessary.

This section completes the description of the hardware components. It contains
a detailed list of the exact hardware items to be procured by name, part
number, manufacturer, and quantity. If necessary, it lists any hardware
component specifications or drawings which have been prepared by the design
team.

4.0 Hardware
Components

Hard Copies of this document are uncontrolled Page 17



State of Qatar Public Works Authority

IES=
AESHEHAL

Intelligent Transport System (ITS) Deployment Guidelines bl g aty b

Qonar Detsrees The Best

5.0 Software
Components

This section completes the description of the software components. It contains
a detailed list of the COTS software products to be procured, by vendor, name,
part number, and options.

If the project involves custom software applications, this section becomes the
dominant and largest part of the Detailed Design Document. The section’s
purpose is to provide enough information so the code can be developed, and
understood for maintenance and system upgrades. As a result, the overriding
requirement is that the descriptions of the software components are complete
and the link between these descriptions and the actual source code is clear and
explicit.

The Detailed Design Specification is primarily a completion of the preliminary
information in the High-Level Design Specification. Any corrections to the
information in the previous document should be made at this time. Again, if a
software design tool is used, it may produce most of the Detailed Design
Specification.

Table 2-6: Detailed Design Template

2.2.6 Development / Installation

The next step of the SE process is the procurement, development, and installation of the various
hardware and software components of the project, based on the project specifications. This step
may involve the selection of a contractor to provide the desired components of the system to be
procured, based on the requirements and design from the previous steps. Once a development
team is on board, the SE team primarily provides technical oversight as an implementation team of
hardware and software specialists create the detailed component-level design, fabricate the

hardware, and write the software programs. Some of the key activities of this step are:

Plan software/hardware development (if the project includes hardware or software
development) — The implementation team documents their development process, best
practices, and conventions that will be used. The plan should address development
methods, documentation requirements, delivery stages, configuration control procedures,
and technical tracking and control processes for the implementation effort, including
reviews. This is one of the key documents that should be reviewed by the customer and the
broader project team.

Establish development environment — The development environment is assembled and
integrated, including design and development tools, source control tools, third party
application libraries, test simulators, etc. Every tool that is used should be documented
specifically enough so that the development environment can be replicated if necessary.

Procure commercial off-the-shelf products — Commercial Off-the-shelf (COTS) products are
compared and COTS solutions are selected and procured. An alternatives analysis
documents the alternatives that were considered and how the superior alternative was
selected. The evaluation of COTS products should be reviewed to verify that the evaluation
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criteria were properly defined, an appropriate range of products was considered, and the
evaluation criteria were applied fairly.

e Develop software and hardware — The software is written and the hardware is built based on
the detailed design. On most projects, there is an easy transition from detailed design to
software/hardware construction because the same person that does the detailed design for
a specific part of the project also writes the software for that part. The current state of the
practice is to develop the software incrementally and release the software in stages. The
initial releases implement a few core features and subsequent releases add more features
until all requirements are satisfied. This incremental approach enables early and on-going
feedback between the customer and the implementation team. If this approach is used, a
staged delivery plan should define the order in which the software will be developed and the
staged release process.

e Develop Supporting Products — Enabling products such as training materials, user manuals
and on-line help, installation and conversion software, and maintenance manuals are also
developed. It is natural to focus on the hardware and software in the “end product”, but
there is also a need to also develop and account for all the ancillary products that are
needed in a working system.

2.2.7 Testing

After the development and installation of the system, the next step of the SE process involves
testing. All tests required and testing outlined in this document may be superceded by an officially
published Validation and Verification plan reviewers of this document should check to see if this is
available before planning any form of testing. From Ashghal’s perspective, the primary purpose of
testing is to verify that the requirements stated in Ashghal’s Specifications are delivered by the
contractor. Technically, testing is performed for verification and validation:

e Testing verifies that the requirements (hardware, software, and device communications
interface) identified in Ashghal’s Specification are fulfilled; that is, that the system was built
right.

e Testing also validates that the system satisfies the user needs; that is, the right system was
built.

A complete ITS device testing program consists of many phases of testing, taking place in a
methodical approach. Overall, the testing program should cover all requirements leading to a
complete system, including electrical requirements, mechanical requirements, operational
requirements, communications requirements and design requirements. Each phase may be
described in a separate test plan covering a set of test items: one for hardware and environmental
requirements (e.g., structural, mechanical, electrical or environmental), one for software-related
requirements (e.g., functional, operational), and one for communications requirements (e.g.,
communications interfaces).
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For ITS projects in Qatar, the following minimum testing requirements apply:
e Factory Acceptance Tests (FAT)
e Site Acceptance Tests (SAT)
e System Integration Test (SIT)
e 400-Day Operational Support Period
e Any test deemed required either by the project owner or the supervising consultant

All systems must be iteratively tested and incrementally tested as more equipment is added to those
systems. In short all equipment irrespective of what its function is including communications
equipment is subject to the minimum tests as outlined above.

Shoud firmware or software or any other change occur to a piece of equipment or software that
materially changes that element of a system then that element of the system will need to be fully
retested and the system which it is part of in line with the minimum tests outlined above.

Please note the 400 Day Operational Support Period places an obligation on the contractor/vendors
to not only provide fault resolution but also preventative maintenance services for the
system/equipment installed.

Test documentation is a key element of a testing program. Test documentation is based on
Ashghal’s Specifications and are traceable to requirements. Ashghal will utilize test documentation
on all ITS deployments, which specifies what and how to verify that the delivered product fulfills
Ashghal’s Specifications and the defined requirements. Test documentation specifies the extent of
testing that is required for the ITS device. For example, a custom-designed ITS device with new
hardware and software is likely to require significantly more testing and more stringent testing than
an unmodified device with extensive field deployments. Based upon the risk involved in the project
development, Ashghal should decide upon the level of testing that is needed. Test documentation
includes:

e Integration Plan, Verification Plan, Deployment Plan, and Validation Plan - Templates of each
are provided in Table 2-7, Table 2-8, Table 2-9 and Table 2-10 respectively.

e Test Plan - Describes the scope, approach, resources and schedule of testing activities.

e Test Design - References the test cases applicable to a particular test plan associated with
the test design. The test design also references the features (requirements) to be tested.

e Test Cases and Procedures - Describe the inputs, outputs, expected results and procedures
used to verify one or more requirements. A Verification Procedure Template is provided in
Table 2-11.
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e Test Reports. Document the test plan execution. A Verification Report Template and
Validation Report Template are provided in Table 2-12 and Table 2-13, respectively.

SECTION CONTENTS

1.0 Purpose A brief statement of the purpose of this document. It is the plan for integrating
of Document | the components and sub-systems of the project prior to verification.

This section gives a brief description of the planned project and the purpose of
the system to be built. Special emphasis is placed on the project’s deployment

2.0 Scope of complexities and challenges.

Project This section may be copied from earlier documents. It is important only to

people [stakeholders] who will be introduced to the project for the first time by
this document.

This section informs the reader what the high-level plan is for integration and,
most importantly, why the integration plan is structured the way it is. As
mentioned before, the Integration Plan is subject to several constraints,
sometimes conflicting constraints. Also, it is one part of the larger process of
build, integrate, verify, and deploy, all of which must be synchronized to support
the same project strategy. For even a moderately complex project, the
integration strategy, based on a clear and concise statement of the project’s
3.0 goals and objectives, is described here at a high, but all-inclusive, level. It may
Integration also be necessary to describe the analysis of alternative strategies to make it
Strategy clear why this particular strategy was selected.

This section covers and describes each step in the integration process. It
describes what components are integrated at each step and gives a general idea
of what threads of the operational capabilities [requirements] are covered. It ties
the plan to the previously identified goals and objectives so the stakeholders can
understand the rationale for each integration step. This summary level
description also defines the schedule for all the integration efforts.
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This, and the following sections, define and explain each step in the integration
process. The intent here is to identify all the needed participants and to describe
to them what they have to do.

In general, the description of each integration step should identify:

e The location of the activities.

e The project-developed equipment and software products to be
integrated. Initially, this is just a high-level list but eventually the list must
be exact and complete, showing part numbers and quantity.

4.0 Phase 1 e Any support equipment [special software, test hardware, software stubs,

Integration and drivers to simulate yet-to-be-integrated software components,
external systems] needed for this integration step. The same support
equipment is most likely needed for the subsequent verification step.

e All integration activities that need to be performed after installation,
including integration with on-site systems and external systems at other
sites.

e A description of the verification activities [as defined in the applicable
Verification Plan] that occur after this integration step.

e The responsible parties for each activity in the integration step.

e The schedule for each activity.

5.0 Multiple This, and any needed additional sections, follows the format for section 3. Each
Phase covers each step in a multiple step integration effort.
Integration

Steps [1or N
steps]

Table 2-7: Integration Plan Template

SECTION

CONTENTS

1.0 Purpose
of Document

This section identifies the type of verification activity to be performed within this
Verification Plan. For instance, this activity may verify the entire system, a sub-
system, the deployment at a site, a burn-in test, or any other verification activity.

This section gives a brief description of the planned project and the purpose of

i;?,jicc(:pe of the system to be built. Special emphasis is placed on the project’s complexities
and challenges that must be addressed and verified by the SE efforts.
This is a list of all documents used in the preparation of this Verification Plan.
3.0 This almost always includes the Project Plan, the SEMP [if one was written], and
Referenced the applicable Requirements Documents. However, reference of other
Documents documents, such as descriptions of external systems, standards, a ConOps, and

manuals may need to be included.
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4.0 Test
Conduct

This section provides details on how the testing is accomplished. It defines who
does the testing, when and where it is to be done, the responsibilities of each
participant before, during, and after each test; the hardware and software to be
used [and other systems as well], and the documents to be prepared as a record
of the testing activity. Another very important part of this section defines how
testing anomalies are to be handled [that is, what to do when a test fails].

In general, the following information should be included in this section:

e A description of the participating organizations and personnel, and
identification of their roles and responsibilities.

e |dentification of the location of the testing effort.

e The hardware and software configuration for all of the test cases,
including hardware and software under test and any supporting test
equipment, software, or external systems. Several configurations may
be necessary.

e Identification of the documents to be prepared to support the testing,
including Verification Procedures, a Verification Report, and descriptions
of special test equipment and software.

e Details on the actual conduct of the testing, including:

o Notification of participants

o Procedures for approving last minute changes to the procedures

o The processes for handling a test failure, including recording of
critical information, determination of whether to stop the
testing, restart, or skip a procedure, resolution of the cause of a
failure and determination of the retesting activities necessary as
a result of the failure.
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This section is the heart, and largest, section of the Verification Plan. It identifies
the specific test cases to be performed. A test case is a logical grouping of
functions and performance criteria [all from the Requirements Documents] that
is to be tested together. For instance, a specific test case may cover all the
control capabilities to be provided for control of a changeable message sign.
There may be several individual requirements that define this capability, and
they all are verified in one test case. The actual grouping of requirements into a
test case is arbitrary. They should be related and easily combined into a
reasonable set of test procedure actions.

Each test case should contain at least the following information:

e Adescription name and a reference number.

e A complete list of the requirements to be verified. For ease of tracing of
requirements into the Verification Plan and other documents, the

5.0 Test requirements are given numbers. They can be accurately and
conveniently referenced without repeating all the words of the
requirement.

e A description of the objective of the test case, usually taken from the
wording of the requirements, to aid the reader understanding the scope
of the test case.

e Any data to be recorded or noted during the test, such as expected
results of a test step. Other data, such as a recording of a digital message
sent to an external system, may be required to verify the performance of
the system.

e A statement of the pass/fail criteria. Often, this is just a statement that
the system operates per the requirements.

e A description of the test configuration. That is a list of the hardware and
software items needed for the test and how they should be connected.
Often, the same configuration is used for several tests.

e A list of any other important assumptions and constraints necessary for
conduct of the test case.

Identification

Table 2-8: Verification Plan Template3

SECTION CONTENTS

A brief statement of the purpose of this document. It is the plan for deploying
the systems of the project over one or more phases and into one or more
physical locations [sites].

1.0 Purpose of
Document

* |EEE 1012-1998 Independent Verification and Validation
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This section gives a brief description of the planned project and the purpose of
the system to be built. Special emphasis is placed on the project’s deployment
complexities and challenges. This section may be copied from earlier
documents. It is important only to people [stakeholders] who will be introduced
to the project for the first time by this document.

2.0 Scope of
Project

A complex deployment, involving multiple deployment steps at multiple sites, is
based on certain goals and objectives. This section lists those goals and
objectives and is used to “sell” the Deployment Plan to the stakeholders. It is
also important that the deployment participants understand why the
deployment is proceeding as it is so they can work with and support the plan.

The significant goals and objectives guiding the deployment strategy should be
relatively few [no more than a dozen] and need to be clearly stated in this
section. Some typical examples of goals and objectives include:

3.0
Deployment
Strategy

e The funding profile for a multi-year project which limits the scope of
deployment in a single year.

e Development and installation prerequisites. An analysis of the system
may show that feature A must be deployed first before features B, C, or
D, all of which need A to function.

e Construction activities that must precede deployment.

e Deployment of interfacing systems [especially by other agencies] that
must precede deployment of a system feature.

e The need to create a viable operational capability at each stage of the
deployment. This influences how much of the system must be deployed
at each step.

Hard Copies of this document are uncontrolled Page 25



State of Qatar Public Works Authority

Intelligent Transport System (ITS) Deployment Guidelines

IES=
AESHEHAL

bl g ality bl
Gotar Deseres The Best

This, and the following sections, define and explain each phase of the
deployment. The intent here is to identify all the needed participants and to
describe to them what they have to do. In general, each phase description
should identify:

e The location of the deployment activities.

e The project-developed equipment and software products to be
deployed. Initially this is just a high-level list but eventually the list must
be exact and complete, showing part numbers and quantity. If detailed
hardware installation drawings have been prepared, they are referenced

4.0 Phase 1 here.

Deployment e All site work [including construction and facilities] that is needed before
installation can begin. Again, reference to drawings may be required.
Also, any necessary inspection and testing of this work is defined.

e All integration activities which need to be performed after installation,
including integration with on-site systems and with external systems at
other sites.

e All verification activities [as defined in the applicable Verification Plan]
that must occur prior to acceptance of the site.

e All supporting activities that must be completed before site acceptance,
such as training and manuals.

e The responsible parties and schedule for each activity.

5.0 This, and any needed additional sections, follows the format for Section 4. Each
covers each step in a multiple step deployment effort.

Multiple

Phase

Deployment

Steps[1orN
steps]

Table 2-9: Deployment Plan Template

SECTION CONTENTS
1.0 This section identifies the type of validation activity to be performed within this
Plan. For instance, this activity may validate the entire system, a sub-system, the
Purpose of deployment at a site, or any other validation activity called for in the PMP or in
Document the SEMP.
This section gives a brief description of the planned project and the purpose of
the system to be built. Special emphasis is placed on the project’s complexities
20 and challenges that must be addressed by the SE efforts.
Scope of This section also describes the environment in which the project operates. It
Projpect identifies the organization structures that encompass all stakeholders. It also

gives a brief description of the role to be played by each stakeholder. This
includes ad hoc and existing management work groups and multi-disciplinary
technical teams that should be formed for supporting the project.
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3.0
Referenced
Documents

This is a list of all documents used in the preparation of this Validation Plan. This
almost always includes the PMP, the SEMP [if one was written], and the ConOps.
However, reference of other documents, such as descriptions of external
systems, standards, and manuals may need to be included.

4.0 Validation
Conduct

This section provides details on how the validation is accomplished. It defines:
who does it; when and where it is to be done; the responsibilities of each
participant before, during, and after each event/activity; the hardware and
software to be used [and other systems as well]; and the documents to be
prepared as a record of the activity.

In general, the following information should be included in this section:

A description of the participating organizations and personnel, and
identification of their roles and responsibilities.

Identification of the location of the activity.

The schedule of when Validation will occur including a sequencing of the
events that make up the Validation activity.

The system configuration for all of the activities, including the main
system hardware and software and any supporting equipment, software,
or external systems. Several configurations may be used depending on
the type of system and type of development that was just completed.
Identification of the documents to be prepared to support the validation,
including any special scenarios, a Validation Report, and descriptions of
special test equipment and software.

Details on the actual conduct of the activity, including:

o Notification of participants
o Procedures for approving last minute changes to the scenarios

The processes for handling anomalies, including recording of critical
information, resolution of the cause of a failure [e.g., fix the software,
reset the system, change the ConOps, record planned future changes],
and determination of any retesting activities necessary.
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5.0 Validation
Event
Identification

This section identifies the specific scenarios and other events to be
performed. For Validation, scenarios can be clustered around a typical
operator’s use of the system. It may also be structured around the operational
needs defined in the baseline ConOps.

Each event should contain at least the following information:

e Adescription name and a reference number.

e A complete list of the needs to be validated. For ease of tracing into the
Validation Plan and other documents, the Needs are given numbers.
They can be accurately and conveniently referenced without repeating
all the words from the ConOps.

e A description of the objective of the event, usually taken from the
wording of the Needs.

e Any data to be recorded or noted during the event.

e A statement of the pass/fail criteria. Often, this is just a statement that
the system satisfies the needs.

e A description of the system configuration. This is a list of the hardware
and software items needed and how they should be connected. Often,
the same configuration is used for several events/scenarios.

e A list of any other important assumptions and constraints necessary for
conduct of the event.

Table 2-10: Validation Plan Template

SECTION

CONTENTS

1.0 Purpose of

This section identifies the type of verification performed. For instance, the
activity may verify the entire system, a sub-system, the deployment at a site, a
burn-in test, or any other verification activity called for in the PMP or in the

Document . . . N
SEMP. This section can be taken from the applicable Verification Procedure.
This section identifies the equipment and software verified. It also identifies
2.0 all equipment and software necessary for this verification activity that is

Identification of
the
Configuration
Under Test

external to the system / sub-system configuration under test. This may include
special test equipment and any external systems with an interface to the
configuration under test. This section can be taken from the applicable
Verification Procedure.
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This section summarizes the purpose and results of each test case performed
in the applicable Verification Procedure. Special attention is paid to any test
case where a failure occurred and how the failure was resolved. This section
covers:

e Test case overview and results.

3.0 Individual e Completed Verification Procedure pages annotated with pass / fail
Test Case results.
Report e Description of each failure, if any, from the expected result called for in

the Verification Procedure.

e Any back-up data or records related to the field procedure.

e Details of the resolution of each test failure, including procedure
modification, software fix, re-testing and results, regression testing
and results, and required document changes [including changes to the
requirements].

Table 2-11: Verification Procedure Template

SECTION CONTENTS
1.0 This section identifies the type of verification to be performed. For instance, this
Purpose of activity may verify the entire system, a sub-system, the deployment at a site, a
burn-in test, or any other verification activity called for in the Program Plan or in
Document
the SEMP.
This section identifies the equipment and software to be verified. It also
identifies all equipment and software necessary for this verification activity that
is external to the system / sub-system configuration under test. This may include
special test equipment and any external systems with an interface to the
configuration under test. For the hardware / software configuration under test,
this section identifies:
2.0
Verification e Each hardware item by part number and serial number.
Configuration e Each item of COTS software, by part number and version number.
and Software e Each source code file of custom developed software, by file name and
Under Test version number.
e For all special test equipment / software, this section identifies:
o Each hardware item by part, serial, and version number
o Each item of COTS software, by part number and version number
o Each source code file of custom developed software by file name
and version number.
3.0 This section describes the steps to be taken to set up each verification
Verification configura.tion, including, but no't limited to,.tuning of the hardware, configuring
Setup and starting the software, starting the special test software, and set-up steps at
each external system to be used.
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4.0
Verification
Procedures

This section describes the step-by-step actions to be taken by the verification
operator for each verification case. Each step includes:

e Operator action to be taken. This operator action may be, for example,
an entry at a workstation, initiation of a routine in the special test
software, or an action at an external system.

e Expected result to be observed. This too may take several forms, for
example, display of certain information at a workstation, a response at
an external system, recording of data for subsequent analysis, or an
action by a field device.

e Pass / fail entry space. Here the verification conductor records whether
or not the expected result occurred. If the expected results are not
observed, the procedures for dealing with failures contained in the
Verification Plan are invoked.

e A trace of each verification step from a verification case in the applicable
Verification Plan and a trace from a requirement in the applicable
Requirements Document.

Table 2-12: Verification Report Template

SECTION CONTENTS
1.0 This section identifies the type of validation performed. For instance, the activity
may validate the entire system, a sub-system, the deployment at a site, or any
Purpose of other validation activity called for in the PMP or in the SEMP. This section can be
Document taken from the applicable Validation Plan.
20 This section identifies the equipment and software validated. It also identifies all

Identification of
the
Configuration

equipment and software necessary for this validation activity that is external to
the system / sub-system configuration. This may include special test equipment
and any external systems with an interface to the system. This section can be
taken from the applicable Validation Plan and updated to reflect the actual system

Under Test .
as delivered.
This section summarizes the purpose and results of each event performed in the
applicable Validation Plan. Special attention is paid to any situation where a
failure (or deviation from the expected System performance) occurred and how
the failure was resolved. This section covers:

. e Event overview and results.
3.0I.Ind|.wdual e Completed Validation Plan pages annotated with results.
Xa |datt|on e Description of each anomaly, if any, from the expected result called for in
eports

the Validation Plan.

e Any back-up data or records related to the experience.

e Details of the resolution of each anomaly, including procedure
modifications, software fix, re-testing and results, regression testing and
results, and required document changes [including changes to the
ConOps, new requirements for next version].

Table 2-13: Validation Report Template
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