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ABSTRACT

Today, advances in the fields of data communication and automated controls make the
implementation of automated highway systems more possible. Automated highway
systems (AHS) will likely improve the safety, efficiency, and convenience of land travel
(Ease, 1999). However, the design of such an automated highway system is still a matter
of much debate (Bement et al, 1998). Currently, substantial research effort is being spent
on the design of intelligent transportation system (ITS) architectures in the United States,
Japan, Europe and Australia.

The programs under research in the regions mentioned above, however, have major
drawbacks inherent in the design methodology used. Firstly, most developers use a
process-oriented methodology for the design of ITS architectures, which reduces the
stability and the flexibility of the architecture to changes in the future. Secondly, none
address the need for a backup communication system. This dissertation addresses the
need to provide the Intelligent Transportation System of Canada (ITSC) a Stable and
flexible architecture based on an object-oriented (OO) methodology and to integrate the
backup communication concept with the new ITSC architecture, which will enhance
reliability and dependability of systems that will be developed based on the architecture.
Partial developments of ITS models are performed according to the requirements of the
Intelligent Transportation System of Canada (ITSC) architecture to a level necessary to
visualize the hidden communication problems within the architecture. To highlight
communication problems, the dissertation utilizes the Unified Modelling Language and
Rational Rose as a Case Tool.

Results show that the requirements of the proposed Canadian Intelligent Transportation
System architecture will not be fulfilled in the case of communication malfunction,
creating an urgent need for a backup communication system. The implementation of such
a backup communication system will be achieved by using an Intelligent Digital Modem
along with other components such a Stratospheric Satellite. A three-type analysis
(scientific, documental, and visual) is performed using an object-oriented methodology in
order to prove the need of a backup communication system, our solution for backup
communication is adequate, and object-oriented (OO) based architecture provide stability
and flexibility. Thus, the new Intelligent Transportation System of Canada (ITSC) is
provided a stable and flexible architecture based on an object-oriented (OO) methodology
and a backup communication concept with the new ITSC architecture integrated, which
will enhance reliability and dependability of systems that will be developed based on the
architecture. '
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Chapter 1

INTRODUCTION AND OVERVIEW

1.1 MOTIVATIONS OF THE RESEARCH
In pursuing the Intelligent Transportation Systems of Canada (ITSC) Plan (Transport

Canada, 1999), Canadian Intelligent Transportation Architecture is developed to present a
common framework for developers of the system (ITSC, 2000). The introduction of
advanced technology into our vehicle highway system may present a possible approach to
achieve our goals in obtaining and maintaining a safe, smart, strategic, sustainable
transportation system. The effectiveness of our ITSC architecture as a tool guiding the
development of our future Canadian transportation system depends on its stability and
flexibility against the changes in user needs, designer needs, environment, and technology.
These two quality attributes within the architecture cannot be maintained unless the ITSC
architecture is developed based on object-oriented methodology, and provided with a
communication backup concept as an integral part of the architecture. The main motivation
of this dissertation is to prove that flexibility and stability within the ITSC architecture can
be enhanced by adapting an object-oriented methodology and integrating a back-up

communication concept in the visualization and documentation of the architecture.

1.2 AN INTELLIGENT TRANSPORTATION SYSTEMS PLAN FOR CANADA
In a document published in November 1999, Transport Canada touched on the topic of its

vision of implementing Intelligent Transportation Systems into our vehicle highway system
(Transport Canada, 1999). The document identified the goals and means for such
implementation. In order to give Canadians a safe, smart, strategic, and sustainable
transportation system suitable for the twenty-first century, a common framework should be
developed. The main incentive for this framework is to promote transportation safety, to
support trade and tourism, to improve our quality of life, and to sustain strategic Investment in

transportation. The plan is based on five essential foundations: Partnerships for Knowledge,
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Developing Canada’s ITS Architecture, a Multimodal ITS Research and Development
(R&D) Plan, Deployment and Integration of ITS across Canada, and Strengthening
Canada’s ITS Industry. The plan explains how technology may improve and change our
transportation system. It recognizes four key components of the system: the vehicle, the

user, the infrastructure, and the communication system:

1.2.1 The Vehicle
ITS may enable us to locate, identify, assess and control vehicles within the system. New

technologies may be used to execute various functions within ‘the ITS such as fleet
management, navigation and routing advice, toll application, border crossing, and
automating the driving activities by automating the control functions on vehicles, which

can help improve the safety and efficiency of the transportation system.

1.2.2 The User
ITS will be able to provide the system user traveler information and monitoring capability.

Traveler information provides motorists with information and advisories on traffic and
infrastructure conditions as well as available services: route guidance in response to

changing traffic conditions, monitoring of driver performance and conditions.

1.2.3 The Infrastructure
ITS will enable us to monitor, detect, respond, control, and administer functions related to

applications needs, weather and environmental conditions, as well as to traffic conditions
data. For example, such data may be used to make intelligent control and activation

decisions.

1.2.4 The Communication System
ITS will enable us to integrate communication with our conventional transportation

systems. The integration of communication systems and modes is what makes ITS work.
The ability to exchange information between the above three functions in the system
provides the necessary linkages to allow for the gathering of data that can be processed into
intelligence, which can then be used to determine and activate appropriate command and

control actions.



1.3 THE CANADIAN INTELLIGENT TRANSPORTATION SYSTEM ARCHITECTURE
The development of the ITSC architecture is the second milestone in the plan of intelligent

transportation for Canadians as we mentioned earlier. A recognition of needs by the
transportation community in Canada is to ensure the subsystems that are comprising the
intelligent transpottation not only communicate in a common way effectively, but also that
each subsystem has a set of assumptions which are not in conflict with each other (ITSC,
2000). ITSC architecture, responded to 1999 Transport Canada report, published in
September 2000. The architecture is developed using process-oriented, and visualized no

backup communication. The ITSC architecture was modeled by:

35 user services

90 sub user services

32 subsystem, 71 terminators, and 405 Architecture flow
79 market packages

It benefited from the experiences of international architectural efforts of the U.S, Japan,

Europe and Australia.

This dissertation is designed to provide a fruitful solution that may help ITSC to maintain
the focus on the goals that were set for such development. This effort will present a road
map for our research and development of the futuristic transportation system for Canada
and the planning efforts in the research and development for innovation required to
increase the effectiveness of our transportation system. We may not witness that future, but
we will hope to provide a safer and healthier transportation system and mobility to our

future generations.

The developers of the ITSC architecture tried to cover as much as possible the main quality
attributes areas such as “emergent properties”, “usability”, “manageability” but was
inadequate in improving other areas of quality attributes such as “command and control”,

reliability, availability, degraded operation, safety, and stability. In order to understand the
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general direction of this dissertation and its contribution to the knowledge in this particular

area we would like to explore these important facts in more detail:

1.3.1 Command and Control
It is not clear from the ITSC architecture what controls what and what triggers the function

or the process. There appears to be disarray. The initial analysis of its visualization
indicates that the presentation of the Canadian architecture failed in giving a full picture of
what should be the sequence of the process or the functionality. We think that this is due
one factor, which is the methodological framework that was used in this architecture. This
factor is the use of process-oriented development methodology, which was chosen by the
developers to create a level of compatibility with the United States National Intelligent
Transportation architecture. This is understandable due to the continuity of both national
networks but there were inherent problems with the United States National Architecture.
This undermined any technical or financial benefit of following the process-oriented
concept. The solution to this problem is to have a parallel architecture developed using
object-oriented techniques in order to have a better understanding of the system itself by

understanding the flow of events and the actor that will trigger the events.

1.3.2 Reliability
The ITSC Architecture explores and visualizes the various designated functions needed in

order to satisfy the user need. These functions need an integrated communication between
the subsystems in order to execute these functions. In the case of the malfunctioning of this
communication, the architecture does not show any backup Communication reliability to
cover these set events or these functionality types. This should be the core of any system

that will be developed according to the ITSC architecture.

1.3.3 Availability
The ITSC architecture touches on the various functionalities that are required to satisfy the

user requirements and needs. These functions should be available when required by the
user. In the case of Communication malfunctioning, ITS will not work as the “Intelligent

Transportation Plan for Canadians” (Transport Canada, 1999). This will undermine the
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great effort by the ITSC community and the developers to have this quality attribute
affected negatively.

1.3.4 Degraded operation
The graceful degradation operation should be a part of any ITS architecture in order to

include the predefined procedures in every design as part of the requirements of every
subsystem within the architecture. ITS is a large system, and very few large systems with
many separate sub-systems rarely operate at a hundred percent functionality. There are
usually errors. In order to reduce the effects of any faulty modes of operation, safety valves
must be incorporated within the architecture. The moment these systems are developed and
implemented based on a process-oriented architecture, without back-up communication
systems, if any malfunction occurs in the system, then most likely, the faults may be traced
back to the architecture since the back-up communication system was not mentioned, or it
may lead one to the understanding that the back-up communication was not required. The

request is for the architecture to be modified.

1.3.5 Safety
Most of the functions and processes that are within the ITSC architecture have a safety

impact on the operators or the end users of the system. The malfunction of the subsystem or
the communication network will have safety impact. The ITSC architecture does not cover
this case. The implementation of a backup communication system within the architecture

will reduce the safety risk.

1.3.6 Security
The Integrity of the system itself and the data it uses should be explicitly indicated within

the documentation and visualization of the ITSC architecture.

1.3.7 Stability
The ITSC architecture is the base of all future ITS development. This base should be stable

by meeting the present and the future needs of the user and the developer.
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Due to the time and the resource limitations, this dissertation will focus on finding a
solution for two of the problems that the ITSC architecture possesses. The first problem is
within the development methodology and the second problem is within the communication

structure.

1.4 RESEARCH OBJECTIVES
The research has two main objectives:

1. To provide the Intelligent Transportation System of Canada (ITSC) a Stable and
flexible architecture based on object-oriented (OO) methodology.

2. To integrate the backup communication concept with the new ITSC architecture,
which will enhance reliability and dependability of systems that will be developed
based on the architecture.

1.5 METHODOLOGICAL FRAMEWORK
In order to satisfy the objectives laid out in the previous section, the following steps

and tasks were performed:

1. The development of a partial object-oriented Canadian Automated Highway
System (CAHS) conceptual project development in order to prove the need for
backup communication.

2. The development of a partial object-oriented Satellitic Automated Highway System
(SAHS) conceptual project development in order to prove, that our solution for
backup communication is adequate and object-oriented (OO) based architecture

provide stability & flexibility.

1.6 CONTRIBUTION OF THIS DISSERTATION
The contributions of this dissertation is summarized by the following:

e Identification of a backup communication problem within ITSC architecture.
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Application of object-oriented methodology to ITSC architecture enhances the
stability and the flexibility.

Analytical, documental and visualization need for a backup communication system.
Integration of a backup communication concept into ITSC architecture by using
object-oriented methodology.

Analytical, documental and = visualization demonstrations for a backup

communication solution.

1.7 SCOPES AND STRUCTURE OF DISSERTATION
This dissertation consists of eight chapters:

1.
2.

Chapter 1 is an introductory chapter.

Chapter 2 presents a review of the literature available on ITS architectures presently
under development, worldwide. It also provides historical perspectives and a
comparison of methodologies used.

Chapter 3 provides an insight to the dilemma of architecture development
methodologies and notation. An overview of the process-oriented and object
oriented development concepts and their historical background.

Chapter 4 covers the methodological framework that is adapted throughout the
dissertation.

Chapter 5 covers the scientific analysis; documental analysis; and visual analysis of
the Canadian Automated Highway System (CAHS) conceptual project in order to
prove the need for a backup communication system need.

Chapter 6 covers the scientific analysis; documental analysis; and visual analysis of
the Satellitic Automated Highway System (SAHS) conceptual project in order to
provide proves, that our solution for backup communication is adequate with an
object-oriented (OO) based architecture providing stability and flexibility.

Chapter 7 provides a discussion about an object-oriented ITSC communication
architecture prospective within SAHS. An overview of the role of an Intelligent

Digital Modem (IDM) in the SAHS communication system.
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8. Chapter 8 includes the conclusions drawn from this dissertation and

recommendations for future research and development.



Chapter 2

REVIEW OF ITS ARCHITECTURE WORLD EXPERIENCE: METHODOLOGY
AND VISUALIZATION PERSPECTIVES

2.1 OVERVIEW OF ITS ARCHITECTURE
The Intelligent Transportation Architecture for every nation that has a ITS program is the

basis for developing and implementing an ITS technology. ITS architecture is the basis for
finding areas where it can standardize its specification that is in contact with ITS
technology. In order to achieve that standard and specification, the ITS Architecture must
be stable enough for developers to perform present and future developments. Stable
architecture without deficiency means business opportunities for the nation that developed
the architecture. Other nations may like to deyelop their own systems based on the stable
architecture, its standards and specifications. ITS programs in the world are competing for
this opportunity. Although, there is a working relationship between these nations, there is
national competition in the international market. At this point, we will discuss briefly the
current developments of the ITS programs worldwide. We will focus on both the strengths

and weaknesses of the ITS programs of the leading nations.

2.2 ITS AMERICA ARCHITECTURE
The United State National ITS Architecture (ITSA, 2002) was the first ITS program in the

world, it led to the establishment of standardization and specification activities in the
international arenas in relation to ITS technology. Their process-oriented methodology was
widely adopted by other nations. Over five years of effort has produced the functions that
are required for ITS programs, the physical entities or subsystems where these functions
reside, and the information flows that connect these functions and physical subsystems
together into an integrated system. The illustration given in figure 2.1 visualizes such

views.
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The United States National ITS architecture supports seven-user bundles:

Travel And Traffic Management
Public Transportation Management
Electronic Payment

Commercial Vehicle Operations
Emergency Management

Advanced Vehicle Safety Systems

© "Wy oWy

Information Management

In the national United States architecture, user services play the role of basic requirements
for system development and they are what architecture may provide to the user. The

details of the user services are given as follows:

A. Travel and Traffic Management (User Services)
1. Pre-trip Travel Information
2. En-route Driver Information
3. Route Guidance
4. Ride Matching And Reservation
5. Traveler Services Information
6. Traffic Control
7. Incident Management
8. Travel Demand Management
9. Emissions Testing and Mitigation

10. Highway-rail Intersection
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Figure 2.1 United States National ITS
Architecture Views (ITSA, 2002)



B. Public Transportation Management (User Services)

1.
2.

3.

Public Transportation Management

En route Transit Information

Personalized Public Transit

4. Public Travel Security

C. Electronic Payment (User Setvices)

1.

Electronic Payment Services

D. Commercial Vehicle Operations (User Services)

1.
2.
3.

Commercial Vehicle Electronic Clearance
Automated Roadside Safety Inspection
On-board Safety Monitoring

Commercial Vehicle Administrative Processes
Hazardous Material Incident Response

Commercial Fleet Management

E. Emergency Management (User Services)

1.

2.

Emergency Notification And Personal Security

Emergency Vehicle Management

E. Advanced Vehicle Safety Systems (User Services)

1.

2.

Longitudinal Collision Avoidance

Lateral Collision Avoidance

Intersection Collision Avoidance

Vision Enhancement For Crash Avoidance
Safety Readiness

Pre-crash Restraint Deployment
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7. Automated Vehicle Operation

F. Information Management (User Service Bundle)

1. Archived Data Function

An example of the United States ITS Logical Architecture visualization of a process using

process oriented development methodology is shown in Figure 2.2.

The logical Architecture defines the processes and the data required to fulfill the
requirements of the user. The main functions that are supported by the United States

National Logical Architecture are as listed below.

1. Manage Traffic

2. Manage Commercial Vehicles

3. Provide Vehicle Monitoring and Control
4. Manage Transit

5. Manage Emergency Services

6. Provide Driver and Traveler Services

7. Provide Electronic Payment Services

8. Manage Archived Data
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The United States Nation Physical Architecture support the following subsystems:
A. Center

1. Commercial Vehicle Administration (cvas)
2. Emergency Management (em)
3. Emissions Management (emms)
4. Fleet and Freight Management (fms)
5. Information Service Provider (isp)
6. Toll Administration (tas)
7. Traffic Management (tms)
8. Transit Management (trms)
B. Roadside

1. Commercial Vehicle Check (cves)
2. Parking Management (pms)

3. Roadway Subsystem (rs)

4. Toll Collection (tcs)
T

C. Traveler

1. Personal Information Access (pias)
2. Remote Traveler Support (rts)
D. Vehicle

1. Commercial Vehicle Subsystem (cvs)
2. Emergency Vehicle Subsystem (evs)
3. Transit Vehicle Subsystem (trvs)

4. Vehicle (vs)

See Figure 2.3 for the visualizations and the physical view of the sub systems of the US
National ITS Architecture.
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The United States National Intelligent Transportation Architecture has two weaknesses. It uses
a process-otiented development and diagrammatic (visual) explanations and documentation.
Such diagrams do not clearly delineate the beginnings, the middle and the endings of the
processes. The second weakness is that there is a lack of a backup communication system
lending to an unstable, and inflexible architecture. Since there is no back-up communication

system, it is unreliable for usets.

2.3 JAPAN NATIONAL ITS ARCHITECTURE
In 1996, the Japanese government agencies have published a document that describes the

long-term vision for achieving Japan’s ITS goals. Based on this document, the Japanese
ITS architecture was developed. The Japanese where the first to develop an ITS
architecture, using an object-oriented development methodology as a way to provide

flexibility toward the changing needs of users and developers ( ITSJ, 2001 ).

This development methodology made Japan’s ITS one of the most stable architectures in
the world. Japan’s architecture identifies nine development areas, twenty-one user services,
fifty-six specific user services and one hundred and seventy-two specific user sub services.

The lists of their user services are as follows:

1. Provision of route guidance traffic information

2. Provision of destination-related information

3. Electronic toll collection

4. Provision of driving and road conditions information

5. Danger warning

6. Assistance for dnving

7. Automated highway systems

8. Optimization of traffic flow

9. Provision of traffic restriction information in case of incident

10. Improvement of maintenance operations
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11. Management of specially permitted commercial vehicles
12. Provision of roadway hazard information
13. Provision of public transport information
14. Assistance for public transport operations and operations management
15. Assistance for commercial vehicle operations management
16. Automated platooning of commercial vehicles
17. Pedestrian route guidance
- 18. Vehicle-pedestrian accident avoidance
19. Automated emergency notification
20. Route guidance for emergency vehicles and support for relief activities
21. Utilization of information in the advanced information and telecommunications
society

2.3.1 Logical Architecture
Japans logical architecture consists of two main parts: the Informational Model and the

Control Model:

3.3.1.1 Information Model
An information model is a diagrammatic representation of the relationships between the

functions and the information to be handled by those functions. An example of the
Information Model is given in figure 2.4. The Model represents a class diagram that gives
the relation between the data and the function that operated on that data. The seven types of
attributes are as follows: spot, routes, roadway, moving body, schedule, operational body,

and external institute.

2.3.1.2 Control Model
The control model is the result of modeling the relationships among the procedures and

functions. The objectives of determining the control model are to clarify the functions in
the subsystems such as Centers, Roads and Vehicles in constructing physical class diagram.

An Example for the Control Model is given in Figure 2.5.
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2.3.2 Physical Architecture
The Japanese ITS Physical Architecture is a model of the overall image of the system to

visualize the systems and sub-systems of the architecture. It arranges the vehicles, roads,
centers; It integrates the physical entities of the entire system with regard to the
combination of the functions determined by the Logical Architecture and the information
handled by those functions. The Japanese physical architecture is given in Figure2.6.
Although, Japan’s ITS architecture is one of the most stable and flexible architectures in
the world, it has flaws as all other ITS programs do. Japan’s ITS program was one of the
first programs that realized the object-oriented process is the only way to meet the ever-
changing needs of both the users and developers. This allows the ITS Japanese
architectural users and developers to change the information, functions, and data to meet
the specific needs of time and technology. This advantage gives the Japanese users and
developers the upper hand in the competitive race of standardization and specification of
very stable and flexible architecture. However, The Japanese ITS program has failed to
realize one of the most important safety concerns which all the ITS program should have.
A backup communication system is what worldwide ITS programs need for enhanced

reliability.

2.4 EUROPEAN NATIONAL ITS ARCHITECTURE
The Keystone Architecture Required for European Networks (KAREN) started on April 1,

1998, and ended in the spring, 2000. It was the European ITS system architecture effort,
requested by the High Level Group on road transport telematics, approved by the European
Council of Ministers, and funded as part of the fourth Framework Program (ITSE, 2000).
The KAREN Functional Architecture describes the European ITS structure in terms of the
functions that can implement the KAREN list of User Needs, and how these functions link
to the outside world (the terminators), in particular to the users of the ITS system. It also
shows the data that are used in the ITS architecture. At its highest level, the KAREN

Functional Architecture consists of a number of Functional Areas:
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Al-provide electronic payment facilities
A2-provide safety and emergency facilities
A3-manage traffic

A4-manage public transport operations
AS5-provide advanced driving facilities
A6-provide traveler journey assistance
A’-provide support for law enforcement

A8-manage freight and fleet operations.

Figures 2.7 illustrate the eight functional types supported by KAREN. The physical
architecture given by KAREN is set of examples utilizing the functional decomposition.
Figure 2.8 demonstrates an example for part of the physical architecture. The European
National ITS architecture program does not offer stable architecture for its users and
developers because the methodology used to develop the ITS architecture is process-
oriented. It is very difficult if not impossible to change a small part of the architecture
without changing the whole structure of the architecture. Furthermore, the European ITS
architecture has as many deficits as many others ITS programs in the world do, with regard

to lack of back-up communications, thus adversely affecting safety. In other words, the
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The physical architecture given by KAREN is set of examples utilizing the functional
decomposition. Figure 2.8 demonstrates an example for part of the physical architecture.
The European National ITS architecture program does not offer a stable architecture for its
users and developers because the methodology used to develop the ITS architecture is
process-oriented. It is very difficult if not impossible to change a small part of the
architecture without changing the whole structure of the architecture. Furthermore, the
European ITS architecture has as many deficits as many others ITS programs in the world
do, with regard to lack of back-up communications, thus adversely affecting safety. In
other words, the European ITS architecture does not offer backup communication functions

in case of a malfunction to the backbone communication functions.

European ITS architecture does not offer backup communication functions in case of a

malfunction to the backbone communication functions.

2.5 AUSTRALIA NATIONAL ITS ARCHITECTURE
In 1998 The Intelligent Transportation Systems Australia (ITSAU) published a report titled

"Intelligent Transport Solutions for Australia: Summary Report" recommending: "further
effort on standards and agreement on a national architecture would facilitate the
deployment of ITS applications". In response to this request, effort started to develop a
multi-modal National ITS Reference Architecture (ITSAu, 1999), summarizing ITS uses,
systems, communication linkages and actors that will improve the future development and
deployment of ITS services within Australia by providing a framework for the
development of standards, acting as an educational tool, promoting the integration of
systems and increasing the competitiveness of the ITS industry. The Australians identified

several stages in the architecture development process, these include development of a:
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1. Reference architecture

2. Logical architecture

3. Physical architecture

The first stage was finalized in 1999.

The development methodology was object-oriented to develop the Unified Modeling
Language (UML) views of the system. This methodology involves:

1. Use of Case Diagrams
2. Class Diagrams
3. Package Diagrams

>

Sequence (or Interaction) Diagrams.

The Australian National ITS Architecture supports the following user services:

A. Traveler Information
1. Pre-trip Information
2. On-trip Driver Information
3. On-trip Public Transport Information
4. Personal Information Services
5. Route Guidance and Navigation
6. Transportation Planning Suppotrt
B. Traffic Management
1. Traffic Control



Incident Management
Demand Management

Policing/Enforcing Traffic Regulations

A

Infrastructure Maintenance Management

C. Vehicle

1. Vision Enhancement

2. Automated Vehicle Operation

3. Longitudinal Collision Avoidance

4. Lateral Collision Avoidance

5. Safety Readiness

6. Pre-crash Restraint Deployment
D. Freight and Fleet

1. Commercial Vehicle Pre-clearance

Commercial Vehicle Administrative Processes
Automated Roadside Safety Inspection
Commercial Vehicle On-board Safety Monitoring

A

Commercial Vehicle Fleet Management

E. Public Transport
1. Public Transport Management
2. Demand Responsive Transport Management
3. Shared Transport Management

F. Emergency
1. Emergency Notification and Personal Security
2. Emergency Vehicle Management
3. Hazardous Materials and Incident Notification

A. Electronic Payment
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1. Electronic Financial Transactions

B. Safety

1. Public Travel Security
2. Safety Enhancement for Vulnerable Road Users

3. Intelligent Junctions and Links

Examples of Australian package diagrams are: use case diagram, sequence diagram and
class operation diagrams are shown in Figures 2.9 - 2.12. The Australian ITS program is in
the preliminary stage. However, the Australians are in the right direction with regard to
developing a very stable and flexible architecture by using an object-oriented methodology,
while learning from the experience of the other nations that have developed their ITS

architecture with regard to a process-oriented methodology.

2.6 AUTOMATED HIGHWAY SYSTEM CONCEPTS WITHIN THE WORLDS ARCHITECTURE
Automated Highway System refers to development concepts for a system that will

automate “ vehicles (cars, buses, and trucks) operating on special lanes [networks], where
drivers totally relinquish vehicle control to on-board and infrastructure computers. Once the
computers take over, drivers can take both hands off the steering wheel, both feet off the
pedals, and both eyes off the road. The primary goal of AHS is to improve the capacity and
safety of transportation systems in both urban and rural area." The Automated highway
System is believed to produce the most noticeable improvement in efficiency and safety
between the other ITS bundle (Easa, 1999). The concept of automated highway systems
was first introduced in the US by General Motors in General Motors Futurama, displayed at
the 1939-1940 New York Worlds Fair. The US Intermodal Surface Transportation
Efficiency Act (ISTEA), which was passed in 1991, called for the development of an AHS
prototype. In 1994 the National Automated Highway System Consortium (NAHSC) was
formed. In California, the highway automation was successfully demonstrated in 1997

(Bement, 1998). The two partial development examples in this study to evaluate the ITSC
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architecture were based on this concept to promote the establishment of such research

program in Canada.

A Fully Automated Highway System has pros and cons that were the basis of debates for
some time, in spite of the proven pros concerning its ability to cause a positive impact on:

highway capacity; travel time; safety; adverse driving behavior; predictable traffic
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condition and travel time; exhaust emission and energy consumptions. The cons of having
fully automated highway system are in the area of stretch of concept, long-term aspect,
vehicle costs, reliability and safety, and social equity (Shladover, 1998). The
Transportation Research Board special report 253 by the Committee for a Review of the
National Automated Highway System Consortium Research reported the need for research

in the area of liability and communication (Bement, 1998).

In the precursor system analyses of Automated Highway System final report an elaboration
on the two main concepts of integrating automated highway into our freeway system, the
Shared and Dedicated space concepts. In the first concept, both automated and manual
vehicles use common right-of-way and common on and off ramps. The second concepts
are based on the need to build new-dedicated lanes for automated vehicles served by

exclusive on and off ramps. Examples of the two concepts are illustrated in Figure 2.13 &
2.14 (US DOT, 1997).

2.7 SUMMARY
This chapter is an overview of attempts by leading nations in the field of ITS and ITS

architectural development. These nations’ experience and findings were the basis for the
ITSC architecture. This fact leads to the inheritance of their strengths and weaknesses,
especially in the case of the United States national ITS architecture. Their development
methodologies and their adaptation of a backup communication system within their ITS

architecture documentation and visualization are summarized in Table 2.1.
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Table 2.1 Summary of development methodology
and backup communication implementation in
leading nations of ITS and ITS architecture.

Nation Development Methodology Backup Communication
UsS Process-Oriented No
Japan Object-Oriented No
Europe Process-Oriented , No
Australia Object-Oriented Unclear
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Chapter 3

PROCESS-ORIENTED OR OBJECT-ORIENTED ARCHITECTURE THE
SYSTEM MODELING DILEMMA

The main objective of this chapter is to introduce the two basic methodologies that are
available to develop system architecture. An overview of the backgrounds and concepts,
notation, and offering is provided. In order to provide ITSC a stable and flexible
architecture that the current architecture lacks, object-oriented methodology was selected
for reasons that will be explored in this chapter. Object-oriented is the means that enable us
to integrate the backup communication concept with the new ITSC architecture, which will
enhance reliability and dependability of systems that will be developed based on the

architecture.

3.1 PROCESS-ORIENTED APPROACH

The process-oriented methodology was chosen to provide the foundation for the
structural development concept behind the ITSC architecture. The technique in
perception is that the developers define what the system should do before deciding how it
should do it. The new system architecture specification evolved from a series of data flow
diagrams DFD. The concept itself is not new, beginning in the early 1960’s, although its
acceptability was after the publication of a paper by Stevens and others in IBM System
Journal (Stevens et al., 1974).

The process-oriented methodology starts with the users need and system expectations.

The documentation of this stage covers the unsatisfied desires (users need), the proposed
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solution (System concept) and the main feature of the proposed solution. Then the
documentation of the users need is organized in hierarchical manner. The users need
forms the basis of the user requirements, which are analysed to extract the process
(functional) requirements. The terminator that is documented in the physical architecture
and the context of the architecture are developed in this stage.

The development of the logical architecture for ITSC starts with process decomposition.
The primary objective of this type of decomposition is to create hierarchical layers of
processes that can be broken to a “primitive “ level; construct a levelled set of Data Flow
Diagrams using concepts based on Gane & Sarson and Yourdon/DeMarco ((Gane and
Sarson, 1979); (De Marco, 1982); (Yourdon, 1991)); define specifications for low-level
processes definitions; and decomposition of diagrams to show the hierarchical structure
of the ITSC logical levelled set of diagrams. In a study conducted by The Software
Engineering Institute of Carnegie Mellon University, Bchmann and others reported that
the logical view should take into account requirements such as performance and system
availability. It should address concurrency, distribution, and fault tolerance (Bchmann et
al., 2000). The ITSC architecture did not clearly address these aspects. The physical
architecture is last stop in the process-oriented architecture development methodology. It
represents the grouping of processes into physical units, locations, and the
communication path (Hately and Pirbhai, 1987). The groups then reorganized to form
marketable units. Issues such as simplicity in system development and maintenance,
localization of change, maximum opportunity for re-use of components, good
management of variability, protection of data from illegal access, and better management
of complexity can address better by having an object-oriented alternative (Jesty et al.,
1998).

In main object of the ITSC architecture is to provide a vehicle for communicating the ITS
to interested stakeholder and developers in Canada. In order to achieve this target, the
quality attributes of system architecture should be built within the documentation and
visualization of the architecture (Barbacci et al., 1995). The study is designed to address

two quality attributes concerns, the flexibility and stability of the architecture, plus the
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solution to these concerns by adapting an object-oriented methodology along with a
backup communication system clearly mentioned in the documentation and visualization

of the ITSC architecture.

3.2 ORIGINS OF THE OBJECT-ORIENTED PARADIGM

The origins of Object-oriented concepts can be rooted the development of object and frame
concepts within the emerging software engineering communities in the sixties and
seventies. The work of Ole-Johan Dahl and Kristen Nygaard of Norway created the
influential work on an object-oriented concept with their introduction of Simula67 in 1967
(Dahl And Nygaard, 1966). As the name implies, Simula67 was generally used for
simulation modeling and proved to be a significant influence on later object-oriented
languages and concepts. Smalltalk, developed at XEROX in Palo Alto in the 1970s The
software engineering community in the artificial intelligent side developed a twin concept
to object called frames, which appears in the pioneer work of Marvin Minsky around 1975
(Minsky, 1975).

Since then, many methodologists participate in developing the concept we will cover some
of their contributions. Grady Booch gave a good analogy to the essence of the object-
oriented approach. His work covers the notation of the method, discusses analysis and
design strategies (Booch, 1994). Peter Coad& Edward Yourdon in their book titled
“Object-Oriented Analysis” introduced object-oriented analysis in a clear manner and
introduced an object-oriented analysis (OOA) methodology consisting of five steps:
identifying classes and objects, identifying structures, identifying subjects, defining
attributes, and defining services. All of these items are combined into an "object diagram,"
which resembles a dataflow diagram combined with an entity-relationship diagram(Coad
and Yourdon, 1991). Jacobson et al provided in depth introduction to the object-oriented
technique. It presents object-oriented software engineering (OOSE) as a new methodology
that emphasizes the interaction of the user with the system and emphasizes the problem

domain (Jacobson et al , 1992). In an attempt to provide a smooth transition to object-
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oriented techniques from procedure-oriented technique Rumbaugh et al proposed a
complete methodology called the object modeling technique (OMT), which covers
analysis, design, and implementation. The authors contrast their OMT with structured
analysis and design and with Jackson's structured development method (Rumbaugh et al,
1991). The object-oriented approached were defined by Wirfs-Brock et al and provided a
complete coverage of object-oriented principles. They emphasize a responsibility-driven
viewpoint of analysis and design that emphasizes clients and servers. They also suggest
that quality of design can be measured by counts of the number of classes, the number of
subsystems, the number of contracts per class, and the number of abstract classes (Wirfs-
Brock et al, 1991). In an attempt to incorporate the methods of Booch, Rumbaugh, and
others to provide a direct route from requirements to implementation Coleman et al
introduce fusion method. This method, fusion, is a systematic method for use by medium-
to large-size teams in the industrial environment and was developed at Hewlett-Packard
Labs, Bristol, UK (Coleman et al, 1993). For most of the history of object-oriented, as seen
from the previous examples there have been many methods competing to be the singular
way to model objects. As a result, the object-oriented community has been fractured into
various factions, each supporting its favorite modeling language. Now with the introduction
of the Unified Modeling Language (UML)(OMG, 2001), object-oriented practitioners and
purveyors of OO tools and technology have been united behind a single language, if not a
single methodology. What is accomplished by the object-oriented paradigm is that the data
and how to manipulate the data are combined (encapsulated) into a single representation
(an Object or Class). Additionally, UML defines diagrams that deal with the distribution
and timing of the system. By combining multiple, related, diagram types, UML do address

all aspects of system architecture.

3.3 ELEMENTS OF THE OBJECT-ORIENTED APPROACHED
The basic element in an object-oriented system architecture modeling is an object. An
object is an encapsulation of both data and functionality with the added support of

message passing and inheritance. We refer to the data in an object as the attributes of the
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object, while the functionality is provided by the methods. These two entities—attributes
and functionality—form a single logical entity, an object. This contrasts with the more
traditional structured programming, which considers data separately from the procedures
that act on them. Such a logical grouping of data, along with the procedures that will
affect them, gives a conceptual as well as a physical basis for an object. For example, the
same logical grouping mimics some nice properties that humans take for granted in the
way we conceptualise everyday objects. The old joke about whether the price of the car
includes a steering wheel indicates to us that we have predetermined that the object has
the functionality of steering embedded in the concept of the car (object). Objects
themselves are usually created through an instantiation process that uses a general
template called a class. The template contains the characteristics of the class, without
containing the specific data that needs to be inserted into the template to form the object.

Classes are the basis for most design work in objects. Although the purpose may be to
instantiate objects, that particular task can be delayed as the higher level of abstraction is
created. Classes are either superclasses (root classes), created with a set of basic attributes
and methods, or subclasses, meaning they inherit the characteristics of the parent's class
and may add (or remove) functionality as desired. A superclass may be created with
general characteristics found in all classes of a particular relationship. This type of
relationship forms what we call a class hierarchy lattice. Another type of relationship,
interaction between classes, may take two different forms: classes may share data through
aggregate or component grouping, or classes may share objects. Aggregate classes
interact through messages, which are directed requests for services from one class (called
a client) to another class (called a server). Notice that the class that makes the request
depends upon the collaborating server class; the client is said to be coupled to the server.
The serving class may have no dependence on the class using the requested material, so
clearly this relationship is not commutative. The relationship in which two or more
different classes form a component, thus developing a PART OF, is also called a
HAS_A relationship. If one object uses another object through another class, the

dependency is now upon the attributes and methods of the used object. Because of this
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additional complexity, we choose to consider the uses relationship separately from simply
the passing of attributes. This dissertation will used techniques from Booch’s Object-
oriented Analysis and Design (OOAD) development method to address the research
objectives. The following common stapes that was taken to partially develop the object

oriented architecture:
1. Gather Information about the proposed Satellitic Automated Highway

Systems
2. Beginning a Project.
3. Creating use cases.
4. Finding Classes
5. Discovering Object Interaction
6. Specifying Relationships.
7. Adding Behavior and Structure.
8. Discovering Inheritance
9. Checking the Model

The building elements of system architecture should simulate the environment that these
systems will interact. The environment is modeled with objects from the world that the
system exists within. These objects represent instances of a more general object, which is
called class. These classes combined the data and the operation that are going to operate on
that data in the same building component when it receives a certain message. This has a
significant value when we want to develop software that uses the same class. This process
is called reuse, which has a big impact on the software industry in general and on traffic
information and control systems. The object-oriented approach offers the same features
such as polymorphism and inheritance that later helped greatly in the reuse Processes and
where one of powerful factors that led the information, communication, and computing

revolution. The object-oriented development started with efforts to simulate the real world



44

such as cars and traffic lights and road systems. It is natural to continue being the logical
method of preference in development of a Satellitic Automated Highway Systems that this
dissertation is all about as a target for the Intelligent Transportation movement. The object—
oriented approach should be in a position to respond to the special need of such systems
that are characterized as a communication critical and safety critical systems. Moreover,
the specification that guide use in the development processes should take the same

direction.

3.4 UML VISUALIZATION OF THE OBJECT-ORIENTED APPROACHED
The robust notation that is represented by UML plays important roles in modeling the
system architecture. The UML is an evolution from Booch, OMT, OOSE, other object-
oriented methods, and many other sources. In Figure 3.1, some methodologies that had been
participating in the evolution of UML are illustrated. UML acts as means for decision
communication, an important tesponsibility. It provides the semantics that help in capturing all
important and strategic tactical decision. The structure of UML provides a sold base for
human to reason and tool to manipulate. The Canadian Automated Highway System (CAHS)
and the Satellitic automated Highway System (SAHS) are very complex system, therefore it is
essential to visualize and model such system architectures to for fill our objectives. The UML
is the ndustry standard modeling language after the standardizing processes conducted and
adapted by MOG in 1997. UML was the language of choice throughout this dissertation.
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Therefore, it is essential to visualize and model such system architectures to fulfill our
objectives. The UML is the industry standard modeling language afier the standardizing
processes conducted and adapted by MOG in 1997. UML was the language of choice
throughout this dissertation.

The two prospective of defining the artifact that can be modeled and produces are the
definition and the development artifacts. The first view, the definition prospective is
detailed in the specification of the language itself. The first view is in areas where UML
semantics, notation guide, and UML standard profile are explained. The second
prospective is the development project artifacts. The type of the model to be visualized
during the development, effects how we see the intensive software system compared to
the real world in the eyes of the developer. The focusing on the necessary details while
ignoring others or what is called abstraction determines the development artifacts that are
going to be created. To capture the characteristic of a computer intensive system like A
Satellitic Automated Highway system, we divide the system into small set of nearly
independent views, no one view is sufficient to present the totality of the system. These
models can be visualized in different levels of detail. The evaluation of the different
development models that were chosen in this dissertation was based on two things: the
- adhesiveness to the real word, and the ability to capered the functional requirements.
The UML supports in different views the following visualizing diagrams:
e Use Case Diagram
e (lass Diagram
e Behaviour Diagrams:
o State Chart Diagram
o Activity Diagram
o Interaction Diagram
o Sequence Diagram
o Collaboration Diagram

¢ Implementation Diagrams:
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o Component Diagrams
o Deployment Diagrams
In modeling the requirement of A Satellitic Automated Highway Systems, we chose the
actors, use case diagram, class diagram, and the sequence diagram to visualize the
communication problems within the architecture and to visualize the solution by partially
developing the Satellitic Automated Highway System. The Use case Model is one of the
first stages in software development as they model the functional requirements and scope.
The two major components of a use case are actor and a use case. An actor is a role player
interacting externally with the system. A possible one physical user of the system with
several roles will be visualized with several actors. The external interaction of an actor may
be input information to the system, receive information for the software system or input
and receive information to and from a system. A use case can be defined as series of
communications performed by a system that yields a quantifiable outcomes for a
meticulous actor, In other words, a presentation of the functionality of the system, the
capabilities that will be given to the user of the system. With the actor outside the boundary
of the system that we hold the authority to change communicating externally though
messages. The figure that associates the use case and the actor and the communication that
is going between them is called the use case diagram. Another important part of the
intensive software system model is a Class, which captures the common, behavior of a set
of objects. UML provide a graphical way to present it. These classes when exist in the real
world they are in a state of object. These objects are instance of the class. The graphical
representation of the class in UML as a 3-part box, with the class name in the top part, a list
of attributes, with optional types and values in the middle part, and a list of operations, with
optional argument lists and return types in the bottom part. The attribute and operation
sections of the class box can be suppressed to reduce detail in an overview. Suppressing a
section makes no statement about the absence of attributes or operations, but drawing an
empty section explicitly states that there are no elements in that part. The classes of the
software intensive system are joined to gather forming a Class diagram. A class diagram is

a picture for describing general descriptions of possible systems. Class diagrams and object
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diagrams are alternate representations of object models. Class diagrams contain classes and
object diagrams contain objects, but it is possible to mix classes and objects when dealing
with various kinds of metadata, so the separation is not rigid. Class diagrams are more
prevalent than object diagrams. Normally you will build class diagrams plus occasional
object diagrams illustrating complicated data structures or message-passing structures.
Class diagrams contain icons representing classes, interfaces, and their relationships. You
can create one or more class diagrams to depict the classes at the top level of the current
model; such class diagrams are themselves contained by the top level of the current model.
During the Analysis stage the class diagram serve as a presentation to of common roles and
responsibilities of the entities that provide the system's behavior. In the Design stage the
class diagram can help in capturing the structure of the classes that form the intensive
software system's design. Another important part of the model is a Package. Packages
serve to partition the logical model of a system. They are clusters of highly related classes
that are themselves cohesive, but are loosely coupled relative to other such clusters. You

can use packages to group classes, interfaces, and other packages.

You can draw logical packages only in class diagrams. While many object-oriented
programming languages do not yet support this concept, using packages in a class diagram
allows us to express and preserve important architectural elements of the intensive software
system design. You can capture a high-level design of the system by creating a class
diagram that consists only of packages. The relationships that capture certain characteristics
of the software intensive system form an important part of the UML notation. Some of the
relationships that UML allowed us to reflect in our model Association Relationship,
Aggregate Relationship, Generalize/Inherits Relationship, Instantiates Relationship, and
Meta Relationship. In order to comprehend the modeling power that is within UML the
description of these relations:
e Association Relationship, a semantic related to connection type between two
classes, or between a class and an interface. The Associations work in both

directions it is the weakest among the relations.
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o Aggregate Relationship; a relation between two classes that have a whole and part
relationship.

¢ Generalize/Inherits Relationship, A generalize relationship between classes shows
that the subclass shares the structure or behavior defined in one or more super
classes. .

e Instantiates Relationship, One of the relations that UML can model is the
instantiates relationship, which in intensive software systems represents the act of
substituting actual values for the parameters of a parameterized class, or
parameterized class utility to create a specialized version of the more general item.

e Meta Relationship, the UML provide us with notation to present the relation
between the metaclass and its class. The Meta Relationship is a gray line with an

arrowhead pointing toward the metaclass.

Sequence Diagrams, OMG UML supports sequence diagram by providing a graphical
representation of an interaction of the intensive software system. A sequence diagram
traces the execution of an interaction in time. Message sequence numbers should be
mentioned on the message's vertical order. The initiating of a message or the destination
address should be from or to an object, which, is represented by a rectangular box with a

vertical line below it. The vertical line allows us to create messages between objects.

Collaboration Diagrams, OMG UML support the Collaboration Diagram and provide a
graphical representation of that. A collaboration diagram is an interaction diagram that
shows the sequence of messages that implement an operation or a transaction.
Collaboration diagrams show objects, their links, and their messages. They can also

contain simple class instances and class utility instances.

OMG UML is rich with providing graphical icons and presentation of all modelling
aspect of a system architecture of a complex system such as a Satellitic Automated

Highway Systems. It does not suggest a development process methodology or any
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programming langue. The use of OMG UML in this dissertation is to the extent that is
enough to fulfil our objectives.
3.5 The need for an Object-oriented based system architecture
Object oriented development methodology provides ITSC a Stable and flexible architecture
and help to integrate the backup communication concept with the new ITSC architecture,
which will enhance reliability and dependability of systems that will be developed based on
the architecture, because object-oriented offers:

1. Greater simplicity in system development and maintenance.

2. Localization of change.

3. Maximum opportunity for the re-use of components.

4. Good management of variability.

5. Protection of data from illegal access.

6. Better management of complexity.

3.6 The Object-oriented mechanism to provide stable and flexible architecture:
Object-oriented development methodology provide us with the means to attach two
important system qualities the current ITSC architecture lack i.e. Stability and flexibility
by:

1. Alternates/Expands some parts of the System Architecture.

2. Unifies functions and information.

()

Describes a target system with "objects" making it possible to create a unified model
of information and functions.

Organizes and structures information based on its similarities.

Detects the function and its related information to be added and/or changed.

Finds the parts that needed to be corrected quickly as well as minimizing corrections.

N e » e

Meets future changes in social needs and development in technology.
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Chapter 4

METHODOLOGICAL FRAMWORK

4.1 OVERVIEW OF METHODOLOGICAL FRAMEWORK
The methodological framework that was applied throughout the various phases of the study

depends mainly on the techniques associated with the OOAD (Booch, 1997) method.
These techniques may provide the tools that can allow us to visualize the problem clearly.
This environment should lead us to the solution that will provide a balanced proportion of
flexibility and stability to our ITSC architecture. The implementation of the above-
mentioned points is in addition to the use of the UML (OMG, 2002) notation. A
methodology is required to be developed. This chapter offers some insight into such

methodology.

There is no standard method of analysis for determining the influence of quality
architecture attributes on system. The lack of such method hinders the development of a
clear relationship between architectural stability, represented by a backup communication
system; and the system usability and functionality, represented by user and functional
requirements. Therefore, meaningful results and physical insight into the influence of
architectural attributes are better obtained through modeling or the use of diagrams. The
use of OOAD in modeling can ease changes in the architectural design when a backup

communication system is introduced.

4.2 STEPS OF ANALYSIS
The following steps were taken in order to prove that stability and flexibility couldn’t be

maintained in the ITSC architecture without adopting an object-oriented methodology and

a backup communication system concept integrated within the ITSC architecture:
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4.2.1 CAHS Conceptual Project:
To prove the need of a backup communication system clearly visualized and document

within the ITSC architecture, a partial object-oriented development is required. CAHS

possess all ITSC architecture requirements. All communication modes that are available in

ITSC architecture are presented in CAHS. A Three parts analysis were conducted:

4.2.1.1 CAHS Scientific Analysis

1.

List the user and functional requirements in the CAHS
requirement shell. The requirement used in the CAHS was used as
the requirements for the ITSC architecture in the CAHS
requirement shell.

Formulate the relationship between user and functional
requirements according to the two attributes of class responsibility
and use cases in the CAHS requirement shell.

List the relationship between the user and functional requirements
in the CAHS requirement shell.

Determine the relationship between the use case numbers and the
requirements numbers in the CAHS requirement shell.

List the classes in relation to the user and function requirements in
a manner that corresponds to the CAHS requirement numbering
system, in order to establish the class responsibility.

Analyze the extent to which the backbone communication class

participates in fulfilling most requirements.

4.2.1.2 CAHS Documental Analysis

1.

For each use case of CAHS document Characteristic Information

2. For each use case of CAHS document Main Success Scenario
3.
4

. For each use case of CAHS document Related Information

For each use case of CAHS document Scenario Extensions
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5. For each use case of CAHS document Open Issues
6. Analyze the extent to which the backbone communication class
participates in fulfilling all use cases in order to have a successful

scenario

4.2.1.3 CAHS Visual analysis
1. Utilize the OOAD technique to develop use case diagrams. Use

case diagrams define the architecture boundary, the external
actors, and the services provided.

2. Utilize the OOAD technique to develop sequence (interaction)
diagrams describing how the implied objects of the system co-
operate to provide the services defined in the use case.

3. Utilize the OOAD technique to develop class diagrams. These
diagrams define the abstract elements that comprise the
architecture of the system.

4. Analyze the extent to which the‘ backbone communication class
participates in fulfilling most sequence diagrams in order to have a

successful scenario.

Since CAHS possess all ITSC architecture requirements, then the result of the analysis can
be directly generalized to the ITSC architecture.

4.2.2 SAHS Conceptual Project
In order to prove, that our solution for backup communication is adequate and an object-

oriented based architecture provides stability and flexibility to the ITSC architecture a
partial Object-oriented development is required. CAHS possesses all ITSC architecture
requirements plus any that covers the backup communication system requirements. SAHS
communication system is an integration of backbone communication system with backup

communication system. A three parts solution analysis was conducted:
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4.2.2.1 SAHS Scientific Analysis

1.

List the user and functional requirements in the SAHS
requirement shell. The requirement used in the SAHS was used
as the requirements for the ITSC architecture in the SAHS
requirement shell.

Formulate the relationship between user and functional
requirements according to the two attributes of class responsibility
and use cases in the SAHS requirement shell.

List the relationship between the user and functional requirements
in the SAHS requirement shell.

Determine the relationship between the use case numbers and the
requirements numbers in the SAHS requirement shell.

List the classes in relation to the user and function requirements in
a manner that corresponds to the SAHS requirement numbering
system, in order to establish the class responsibility.

Analyze the extent to which the backbone communication class
and a backup communication class are participates in fulfilling

most SAHS requirements and examine the object-oriented

‘localization of change offering regarding the stability and

flexibility of SAHS architecture.

4.2.2.2 SAHS Documental Analysis

1.

N I S

For each use case of SAHS document Characteristic Information
For each use case of SAHS document Main Success Scenario
For each use case of SAHS document Scenario Extensions

For each use case of SAHS document Related Information

For each use case of SAHS document Open Issues
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6. Analyze the extent to which the backbone communication class
and a backup communication class are participates in fulfilling
most SAHS use cases and examine the object-oriented localization
of change offering regarding the stability and flexibility of SAHS

architecture within the documentation.

4.2.2.3 SAHS Visual Analysis

1. Utilize the OOAD technique to develop use case diagrams. Use
case diagrams define the architecture boundary, the external
actors, and the services provided.

2. Utilize the OOAD technique to develop sequence (interaction)
diagrams describing how the implied objects of the system co-
operate to provide the services defined in the use case.

3. Utilize the OOAD technique to develop class diagrams. These
diagrams define the abstract elements that comprise the
architecture of the system.

4. Analyze the extent to which the backbone communication class
and a backup communication class participate in fulfilling most
sequence diagrams of SAHS and examine the object-oriented
localization of change offering regarding the stability and

flexibility of SAHS architecture within the visualization.

Since SAHS possess all ITSC architecture requirements plus (Backup Communication
system) architecture requirements, then the analysis result can be directly generalize to

ITSC architecture.

4.3 RATIONAL ROSE, THE CASE TOOL
Rational Rose is a graphical software-modeling tool that uses Unified Modeling

Language (UML) as a primary notation. A case tool is used within our effort to deal with
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complexity that is reflected from the details of the Satellitic Automated Highway Systems
development. The use of patterns and heuristics extracts the system information that is
required for a certain detailing. Rational Rose creates a working environment in
implementing abstraction. Abstraction in the use of a subset of classes and models
element, to present the development model in a easy way to comprehend and to modify.
It gives a chance to experiment with different configuration and system arrangements in

order to achieve the research goals.

With this tool, we will be able to:

1. Identify and design related objects, and then map them to architectural
components.
2. Partition services across Rose model.

Our partial object-oriented development of Canadian Automated Highway System
(CAHS) and Satellitic Automated Highway System (SAHS) depends essentially on two
elements of modern system architecture development and engineering: component based
development and controlled interactive development. Rational Rose supports both
independent concept and implies them in the construction of our object-oriented

development (Rational Software Corp., 1998).

4.3.1 Notations
As we mentioned in a previous section that notation plays an important role in the
development of an intensive software system; a Satellitic Automated Highway Systems is
not different. The UML is standardize notation By Object Modeling Group (OMG) and
are supported by Rational Rose. The Unified modeling language enables us to

communicate decisions that are not obvious or cannot be abstracted from the code it self.
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UML provides us with the technique to visualize important strategic and tactical

characteristics of the proposed system architecture.

4.3.2 Features of Rational Rose

Many of Rational Rose features will be used in analysis, design, and iterative

construction. It is a logical decision to utilize in our development for:

1.

NS e

e

10.
11.

Use -Case Analysis to capturer fhe functionality and the component of the
system.

Object-Oriented Modeling.

User Configurable Support for UML.

Semantic Checking.

Support for Controlled Interactive Development.

Round -Trip Engineering.

DDL Generation and Integration with Data Modeling Tools.
Documentation Generation.

Rose Scripting for Integration and Extensibility.

OLE Linking

OLE Automation.

4.3.3 Rational Rose User Interface

Rational Rose provides us with a Windows platform for our development with the

following areas:

1.
2.
3.

Model Browser.
In-Place Editing.
Reduced levels of Dialog Boxes.

Wizards for Frequent Operations.
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The Rose model is a picture of system architecture. The use of UML will help us
in describing how the system will work and to generate documentation to visualize the
requirement. The Rose model will be used to get high-level view of the system, break
down the system to manageable pieces, describe the system functional logic, and trace
the requirement to the various system classes. Canadian Automated Highway System
(CAHS) and Satellitic Automated Highway System (SAHS) are complex systems. The
management of the information and logic within the system requires the use of such
tools. Extended information about this powerful case tool can be found in Rational web

page at http://www.rational.com/.



59
Chapter 5

A CANADIAN AUTOMATED HIGHWAY SYSTEM (CAHS): ANALYSIS OF
ITSC REQUIREMENTS RELATED TO COMMUNICATION PROBLEM

The main objective of this chapter is to prove the need of a backup communication system.
In order to reach the goal, we set up a conceptual system called the Canadian Automated
Highway System (CAHS) is partially developed. CAHS is an object-oriented development
and possess all ITSC architecture requirements. All communication modes that are
available in ITSC architecture are presented in CAHS. The evaluation of the dependency of
ITSC requirements within the architecture on communication in a analytical manner,
"Communication is what makes ITS work" (Transport Canada, 1999). It should be clear
that we are not redefining the entire system due to limited time and resources, but rather the
communication between actors and the system by adopting an object-oriented
methodology, using the Unified Modeling Language (UML) as notation, and Rational Rose
as a case tool for some parts of the analysis. However, we are scratching the surface of the
architectural design only sufficiently to the extent whereby the weakness of a lack of

backup communication may manifest itself. A three parts analysis was conducted:

1. Scientific Analysis
2. Documental Analysis

3. Visual analysis
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5.1 SCIENTIFIC ANALYSIS .
The scientific study will contain both the functional requirements and the user requirements

of the ITSC. In order to do the study we created both use case and class system. The study
is about tracing each requirement to the class or classes that are responsible for the
functionality of the requirement CAHS, the proposed partial architectural development
effort for a system that will demonstrate clearly the need for a backup communication. The

following were performed:

1. The description of the user and functional requirements was derived from the

ITSC architecture and called the Requirement Description (RDescription).

2. The functional requirement number was derived from the ITSC architecture and

called the Functional Requirement Number (FunctionalR#

3. The user requirement number was derived from the ITSC architecture and

called the User Requirement Number (UserR #).

4. The functional requirement number was derived from the ITSC architecture and

assigned to the Use case number and called Use Case number (Use Case #).

5. The description of the created class number in order to be able to trace the
requirements to the responsible class was called Class responsibility number
(ClassR#).

6. The automated number was created to keep truck of the study. We called it the
Canadian Automated Highway System number (CAHS #)

The results were documented in CAHS requirements class responsibility shell. The shell is
a database that help us to track the various related relations. The scientific analysis of
CAHS requirement led us to trace requirements to its classes. Since CAHS posses all ITSC
architecture requirements any conclusions fro the scientific analysis may directly generalize

to the ITSC architecture.
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The analysis shows that CAHS physical classes can be modeled by thirty classes; their
names and numbers are given in Table 5.1. We created a class called Backbone
communication class to present the four-communication channels that are available in
ITSC architecture. We will keep close attention to this class in order to monitor its

participation in the fulfillment of the requirement functionality.

The study covers 689 requirements back to their responsible classes. The analysis report

details are given in Appendix A. A snap shot of that report is shown below.

CAHS # RDescription

6  The CAHS shall 12

111
povide tevellers 113
with instructions 6211 6211 13
on tums and 6212 6212 31
other manoe uvres 6213 6213 0
{0 reach selected 6214 6214
destinations. 622 622

623 623

624 624

625 625

626 626

662.1 5621

6721.1 6721.1

6722 6132

7 The CAHS shall 121 . 622 622 L]

Enable route 623 623 31
planning and 6621 6621 30
detailed route 6721.1 6.721.1 13
guidance based 6722 6722
on static, stored
information
collected through
in-ve hicle
sensory, location

determination,



Table 5.1 CAHS classes and its related number
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CAHS Class Name Class Number
Automated Highway System 1
Centres 2
Wayside 3
Travellers 4
Vehicles 5
Backbone Communication 6
Archived Data Management 8
Commercial Vehicle Administration 9
Emissions Management 10
Fleet and Freight Management 12
Information Service Provider 13
Maintenance Management 14
Toll Administration 15
Traffic Management 16
Transit Management 17
Emergency Management 18
Commercial Vehicle Check 19
Intermodal Terminal 20
Parking Management 21
Roadway 22
Toll Collection 23
Personal Information Access 24
Remote Traveler Support Subsystem 25
Commercial Vehicle 26
Emergency Vehicle 27
Intermodal Container 28
Maintenance Vehicle 29
Transit Vehicle 30

Vehicle

31
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Notice class no.6, which is the backbone communication class. It means that the
functionality of the requirement cannot be fulfilled without communication. This is true for
most of the 689 requirements that were included in this part of the study. What will

happen if a malfunction occurs in the backbone communication class?

Findings:

1. We were able to trace most of the requirements to the responsible classes.

2. The study shows that in order for the almost all CAHS architecture requirements to
fulfill its functionality, it must use the communication system to perform its duty.
Therefore, the communication subsystem is the backbone of the system. One of the
most important findings of this study is the need for a backup communication
system to increase the reliability and functionality of the system.

3. The scientific analysis enabled us to model and to document in an OOAD
methodology, the findings of the study. We were able to illustrate successfully the

need of a backup communication system.

Since CAHS posses, all ITSC architecture requirements we can directly generalize the
findings of the scientific analysis back to the ITSC architecture.

5.2 DOCUMENTAL ANALYSIS
In the documental analysis, the flow of events is captured in this partial development of

CAHS in text. The numbering for this documentation is related to the number of the
process in ITSC architecture. The documentation captured the communication from the
actors to the various classes that are needed to perform the desired functionality. For each
third level uses case, we focused only on one-way communication in the documental
analysis only the actors are communicating with the system and subsystems. The system
and subsystems will meet most requirements of the actors, but will not directly give
specific answers to the actors. This documental analysis is based on the requirements that

are provided by the ITSC architecture. We analyze and documented the following:
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e For each use case of CAHS document Characteristic Information
e For each use case of CAHS document Main Success Scenario
e For each use case of CAHS document Scenario Extensions
e For each use case of CAHS document Related Information
e For each use case of CAHS document Open Issues
e Analyze the extent to which the backbone communication class participates in
fulfilling all use cases in order to have a successful scenario
The documentation analysis for CAHS third level use cases are given Appendix B. For an

example of this document analysis, the following five use cases were chosen:

o 4A.4: CAHS Use Case Name: Support Security and Coordination

e 06A.2: CAHS Use Case Name: Provide Information Services

e 6A.8: CAHS Use Case Name: Provide Traveller Personal Services

e 7A.2: CAHS Use Case Name: Provide Electronic Parking Payment

* 7A.4:Use CAHS Case Name: Carry-out Centralized Payments Processing

The documentations are as follows:

4A.4: CAHS Use Case Name: Support Security and Coordination

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the use case.

Goal In Context: Support Security and Coordination

Scope: CAHS

Level: Strategic

Pre-Condition: System is ON and the Backbone Communication System is
Functioning

Success End Condition:  Security is Coordinated and Supported
Failed End Condition: Security 1s not Coordinated and Supported
Primary Actor: 32,33, and 34



Trigger Event:

Main Success Scenario

System Clock
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This scenario describes the steps that are taken from trigger event to goal completion when
everything works without failure. It also describes any required cleanup that is done
after the goal has been reached. The steps are listed below:

L:m
-
(]}
N

8.
9.

10.
11.
12.
13.
14.

15.

16.

17.
18.
19.
20.

From
17
33

Scenario Extensions

Action Description
4.4.1.1 Manage Transit Security

4.4.1.2 Manage Transit Emergencies

4.4.1.2 Manage Transit Emergencies

4.4.1.3 Provide Transit System Operator Security
Interface

4.4.1.3 Provide Transit System Operator Security
Interface

4414 Provide Transit External Interface for
Emergencies

44.14 Provide Transit External Interface for
Emergencies

4.4.1.5 Provide Transit Driver Interface for Emergencies
4.4.1.5 Provide Transit Driver Interface for Emergencies
4.4.1.6 Collect Transit Vehicle Emergency Information
4.4.1.7 Monitor Secure Area

4.4.1.7 Monitor Secure Area

4.4.1.8 Report Traveller Emergencies

4.4.1.8 Report Traveller Emergencies

442 Coordinate Multiple Agency Responses to
Incidents

44.2 Coordinate Multiple Agency Responses to
Incidents

4.4.3 Generate Responses for Incidents

4.4.3 Generate Responses for Incidents

4.4.4 Coordinate Transit Disaster Response

4.4.4 Coordinate Transit Disaster Response

To
17

30

17

17

This is a listing of how each step in the main success scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
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followed until either the main success scenario is rejoined or the failed end
condition is met. The step refers to the failed step in the main success scenario and
has a letter associated with it; i.e., if step 3 fails the extension step is 3a.

Step Condition Action Description
2a Backbone Switch to Conventional Vehicle Highway System
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
2a Backbone Switch to Conventional Vehicle Highway System
Communication

- System Failure

Related Information

The following table gives the information that is related to the use case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Manage Transit

Sub Use Case(s): N/A ,
Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Backbone Communication System Failure
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6A.2: CAHS Use Case Name: Provide Information Services

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the use case.

Goal In Context: Provide Information Services

Scope: CAHS

Level: Strategic

Pre-Condition: System is On and Backbone Communication System is
functioning

Success End Condition:  Information Services is provided
Failed End Condition: Information Services is not provided -
Primary Actor: 33,34 and 35

Trigger Event: Request from 34

Main Success Scenario

This scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Step  Fro  Action Description To
m

1. 34  6.2.1.1 Collect Traffic Data for 6
Advisory Messages

2. 6  6.2.1.1 Collect Traffic Data for 13
Advisory Messages

3 35 6.2.1.1 Collect Traftic Data for 6
Advisory Messages

4. 6  6.2.1.1 Collect Traffic Data for 13
Advisory Messages

5 13 6.2.1.2 Provide Traffic and Transit 13
Advisory Messages

6. 35  6.2.1.3 Collect Transit Data for 6

Advisory Messages
7. 6  6.2.1.3 Collect Transit Data for 13



10.

11.

12.

13.

14.

15.

16.
17.
18.
19.

(S ]
(VS

13
33
6
13

Scenario Extensions

Advisory Messages

6.2.1.4 Provide Traffic and Transit
Broadcast Messages

6.2.1.5 Provide ISP Operator
Broadcast Parameters Interface
6.2.1.5 Provide ISP Operator
Broadcast Parameters Interface
6.2.1.6 Provide Transit Advisory
Data On Vehicle

6.2.1.6 Provide Transit Advisory
Data On Vehicle

6.2.2 Prepare and Output In-
vehicle Displays

6.2.3 Provide Transit User
Advisory Interface

6.2.3 Provide Transit User
Advisory Interface

6.2.4 Collect Yellow Pages Data

6.2.5 Provide Driver Interface
6.2.5 Provide Driver Interface
6.2.6 Provide Yellow Pages Data
and Reservations

—_ U
(% Iy

68

This is a listing of how each step in the main success scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the main success scenario is rejoined or the failed end
condition is met. The step refers to the failed step in the main success scenario and

has a letter associated with it; i.e., if step 3 fails the extension step is 3a.

Step
la

Condition Action Description
Backbone
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step
ia

Variable Possible Variations
Backbone

Communication
System Failure

Switch to Conventional Vehicle Highway System

Switch to Conventional Vehicle Highway System
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Related Information

The following table gives the information that is related to the use case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Driver And Traveller Services
Sub Use Case(s): N/A '

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Backbone Communication System Failure

6A.8: CAHS USE CASE NAME: PROVIDE
TRAVELLER PERSONAL SERVICES

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the use case.

Goal In Context: Provide Traveller Personal Services

Scope: CAHS

Level: Strategic

Pre-Condition: System Must be On and the Backbone Communication is
functioning

Success End Condition:  Traveller Personal Services is provided

Failed End Condition: Traveller Personal Services is not provided



Primary Actor:

Trigger Event:

Main Success Scenario

32 and 34
System Clock
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This scenario describes the steps that are taken from trigger event to goal completion when
everything works without failure. It also describes any required cleanup that is done
after the goal has been reached. The steps are listed below:

Step
1.

2.

o

10.
11.

12

13.

14.

15.
16.
17.
18.

From
24

24

24

Action Description

6.8.1.1.1 Determine Personal Portable Device
Guidance Method

6.8.1.1.2 Provide Personal Portable Device Dynamic
Guidance

6.8.1.1.3 Provide Personal Portable Device
Autonomous Guidance

6.8.1.2 Provide Personal Portable Device Guidance
Interface

6.8.1.2 Provide Personal Portable Device Guidance
Interface

6.8.1.3 Process Personal Portable Device Location
Data

6.8.1.4 Update Traveller Navigable Map Database
6.8.1.4 Update Traveller Navigable Map Database
6.8.1.5 Provide Traveller Emergency Message
Interface

6.8.2.1 Build Traveller Personal Security Message
6.8.2.1 Build Traveller Personal Security Message

6.8.2.2 Provide Traveller Emergency
Communications Function
6.8.3.1 Get Traveller Personal Request

6.8.3.2 Provide Traveller with Personal Travel
Information

6.8.3.3 Provide Traveller Personal Interface

6.8.3.3 Provide Traveller Personal Interface

6.8.3.4 Update Traveller Personal Display Map Data
6.8.3.4 Update Traveller Personal Display Map Data
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Scenario Extensions

This is a listing of how each step in the main success scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the main success scenario is rejoined or the failed end
condition is met. The step refers to the failed step in the main success scenario and
has a letter associated with it; i.e., if step 3 fails the extension step is 3a.

Step Condition Action Description
4a Backbone Switch to Conventional Vehicle Highway System
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
4a Backbone Switch to Conventional Vehicle Highway System
Communication

System Failure

Related Information

The following table gives the information that is related to the use case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Driver And Traveller Services
Sub Use Case(s): N/A

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Backbone Communication System Failure
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7A.2: CAHS Use Case Name: Provide Electronic Parking Payment

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the use case.

Goal In Context: Provide Electronic Parking Payment

Scope: CAHS

Level: Strategic

Pre-Condition: The system is ON and the Backbone Communication System

is functioning
Success End Condition:  Electronic Parking Payment is Provided
Failed End Condition: Electronic Parking Payment is not complete
Primary Actor: 34 and 33
Trigger Event: System Clock

Main Success Scenario

This scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Step From Action Description To
1 21 7.2.1.1 Read Parking Lot Tag Data 21
2 21 7.2.1.10 Determine Advanced Charges 21
3 21 7.2.1.2 Calculate Vehicle Parking Lot Charges 21
4 34 7.2.1.3 Collect Bad Charge Payment Data 6
5 6 7.2.1.3 Collect Bad Charge Payment Data 21
6 21 7.2.1.4 Check for Advanced Parking Lot Payment 21
7 21 7.2.1.5 Bill Driver for Parking Lot Charges 21
8 34 7.2.1.6 Manage Parking Lot Financial Processing 6
9 6 7.2.1.6 Manage Parking Lot Financial Processing 21
10 33 7.2.1.7 Update Parking Lot Data

11 6 7.2.1.7 Update Parking Lot Data 21
12 33 7.2.1.8 Register for Advanced Parking Lot Payment 6
13 6 7.2.1.8 Register for Advanced Parking I.ot Payment 21
14 33 7.2.1.9 Manage Parking Lot Reservations 6
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15 6 7.2.1.9 Manage Parking Lot Reservations 21
16 2] 7.2.2 Produce Parking Lot Displays 21
17 21 7.2.3 Obtain Parking Lot Violator Image 21
18 34 7.2.4 Provide Driver Parking Lot Payment Interface 6
19 6 7.2.4 Provide Driver Parking Lot Payment Interface 31
20 33 7.2.4 Provide Driver Parking Lot Payment Interface 6
21 6 7.2.4 Provide Driver Parking Lot Payment Interface 31
22 21 7.2.5 Detect Vehicle for Parking Lot Payment 21
23 13 7.2.6 Distribute Advanced Tolls and Fares 13
24 34 7.2.7 Provide Payment Instrument Interface for Parking 6
25 6 7.2.7 Provide Payment Instrument Interface for Parking 31
Scenario Extensions
This is a listing of how each step in the main success scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the main success scenario is rejoined or the failed end
condition is met. The step refers to the failed step in the main success scenario and
has a letter associated with it; i.e., if step 3 fails the extension step is 3a.
Step Condition Action Description
4a Backbone CAHS does not have options to handle this situation but
Communication to switch to conventional vehicle highway system
System
Scenario Variations
If a variation can occur in how a step is performed it will be listed here.
Step Variable Possible Variations
4a Backbone CAHS does not have options to handle this situation but
Communication to switch to conventional vehicle highway system
System

Related Information

The following table gives the information that is related to the use case.

Schedule: ASAP
Priority: Must
Performance Target: N/A

Frequency: N/A
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Super Use Case: Provide Electronic Payment Services
Sub Use Case(s): N/A

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Failure of the Backbone Communication System

7A.4:Use CAHS Case Name: Carry-out Centralized Payments Processing

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the use case.

Goal In Context: Carry-out Centralized Payments Processing

Scope: CAHS

Level: Strategic

Pre-Condition: The System is On and Backbone communication is
functioning

Success End Condition:  Centralized Payments Processing is carried-out

Failed End Condition: Centralized Payments Processing is not carried-out

Primary Actor: 34

Trigger Event: Request from 34
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Main Success Scenario

This scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Ste From  Action Description To
% 34 7.4.1.1 Process Commercial Vehicle Payments 6
2 6 7.4.1.1 Process Commercial Vehicle Payments 26
3 34 7.4.1.2 Process Yellow Pages Services Provider Payments 6
4 6 7.4.1.2 Process Yellow Pages Services Provider Payments 13
5 34 7.4.1.3 Process Driver Map Update Payments 6
6 6 7.4.1.3 Process Driver Map Update Payments 13
7 34 7.4.1.4 Process Traveller Map Update Payments 6
8 6 7.4.1.4 Process Traveller Map Update Payments 13
9 34 7.4.1.5 Process Transit User Other Services Payments 6
10 6 7.4.1.5 Process Transit User Other Services Payments 13
11 34 7.4.1.6 Process Traveller Trip and Other Services Payments 6
12 6 7.4.1.6 Process Traveller Trip and Other Services Payments 1
13 13 7.4.1.7 Collect Payment Transaction Records 13
14 34 7.4.1.8 Process Traveller Rideshare Payments 6
15 6 7.4.1.8 Process Traveller Rideshare Payments ]
16 13 7.4.2 Collect Price Data for CCAHS Use 13

Scenario Extensions

This is a listing of how each step in the main success scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the main success scenario is rejoined or the failed end
condition is met. The step refers to the failed step in the main success scenario and
has a letter associated with it; i.e., if step 3 fails the extension step is 3a.

Step Condition Action Description
la Backbone Switch to Conventional Vehicle Highway System

Communication
System failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.
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Step Variable Possible Variations
la Backbone Switch to Conventional Vehicle Highway System
Communication

System failure

Related Information

The following table gives the information that is related to the use case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Electronic Payment Services
Sub Use Case(s): N/A

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Backbone Communication Failure

5.2.1 Summary of the Documental Analysis Findings

In the documental analysis, the extent to which the backbone communication class
participates in fulfilling a use case successful scenario is monitored. All the examples use
cases documentations shows that backbone communication class is an essential participant
in having a successful scenario. This is true for almost all the documentation use cases of
CAHS. What will happen if a malfunction occurs in the backbone communication

class?
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5.3 VISUAL ANALYSIS .
Due to the limited time and resources, the object-oriented visualization of CAHS will focus

only on one-way communication visualization, where only the actors are communicating
with the system and subsystems. The system and subsystems will meet most requirements
of the actors, but will not directly give specific answers to the actors. The steps that were
taken for the partial development of an object- oriented modeling of conceptual CAHS are

as follows:

5.3.1 Creating Use Case
5.3.1.1 Identified Actors of the System
The ITSC architecture provides us with the required information about the CAHS’s

actors. Actors are entities that interact with the proposed system asking for service or

participating in providing some of the information required to fulfill the system capability.

The general-purpose actor illustrated in Figure 5.1, which captures characteristics common

to all users with its subclasses, Human, Environment, Other Systems, and Systems.

The ITSC architecture elaborated in identifying the roles of the special actors that may
interact with the proposed system. This detailed description was presented only to analyze

the extent to which the system boundary may extend.

1 Human:

In Figure 5.5 Human Actors Categories are illustrated.

la. Archived Data Administrator:

This actor represents the human operator who provides overall data management,
administration, and monitoring duties for the CAHS data archive. This actor is responsible
for the initiation of commands, requests, and queries that support the administration and

management of the CAHS data archive.
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1b. Commercial Vehicle Driver:
This actor represents the human entity that operates vehicles transporting goods. This actor
is responsible for the initiations of Commercial Vehicle driver and Vehicle information and

requests to the Commercial Vehicle Managing System.

Ic. Commercial Vehicle Manager:

This actor represents the human entities that are responsible for the dispatching and
management of Commercial Vehicle fleets. This actor is responsible for the initiations of
inquiries from fleet manager requesting data from Commercial Vehicle Management

System.

1d. Commercial Vehicle Operation Inspector

This actor represents the human entities that perform regulatory inspection of Commercial
Vehicles in the field. This actor is responsible for the initiations of manual override by the
Commercial Vehicle Roadside Facility Inspector of automated pass/pull-in signage
information and requests from the commercial vehicle inspector to operate the commercial

vehicle inspection station.

le. Driver:

This actor represents the human entity that operates a vehicle on the roadway. This actor is
responsible for the initiations of driver commands to the Satellitic Vehicle and a traveller
service request initiated by a driver or traveler. The request may result in a financial
transaction, summoning of an emergency response, or initiation of another service at the

behest of the driver.

1f. Emergency Personnel:

This actor represents personnel that are responsible for police, fire, emergency medical
services, towing, and other special response team activities at an incident site. This actor is
responsible for the initiation of current incident status information and requests from

emergency personnel in the field for information and/or resources.
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1g. Emergency System Operator:

This actor represents the human entity that monitors all CAHS emergency requests, and
sets up pre-defined responses to be executed by an emergency management system. This
actor is responsible for the initiations of emergency operator inputs supporting call taking,

dispatch, and other operations and communications center operator functions
1h. Information Service Provider Operator:

This actor is the human entity that may be physically present at the ISP to monitor the
operational status of the facility and provide human interface capabilities to Travelers and
other ISP subsystems. This actor is responsible for the initiations of tuning and

performance enhancement parameters to ISP algorithms.

1i. Intermodal Terminal Operator:
The actor is the human entity that operates the intermodal terminal subsystem. This actor is
responsible for the initiations of inputs and control actions by an intermodal terminal

operator.

1j. Maintenance Operator:
This actor represents the human entity that directly interfaces with the systems in the
Maintenance Management subsystem.  This actor is responsible for the initiations of

information, control, and dispatching inputs from the maintenance operator.
1k. Maintenance Vehicle Driver:

This actor represents the human entity that operates any maintenance vehicle. This actor is
responsible for the initiations of information and control actions provided by the driver of a

maintenance vehicle.
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1j. Parking Operator.

This actor represents the human entity that may be physically present at the parking lot
facility to monitor the operational status of the facility. This actor is responsible for the
initiations of local parking operator inputs that query current status and control the
operation of the parking management system and request issued by a service provider for

current parking service performance data.

1k. Pedestrians.

This actor represents the human entity that provides a specialized form of the traveller, who
is not using any type of vehicle as a form of transport. This actor is responsible for the
initiations of request for pedestrian crossing and sensed presence of pedestrians and other

non-motor Vehicle travelers at roadway crossing or control points.

11. Toll Administrator:
This actor represents the human entity that manages the back office payment administration
systems for an electronic toll system. This actor is responsible for the initiations of

instructions indicating the toll fees that are charged.

Im. Toll Operator:
This actor represents the human entity that manages the back office payment administration
systems for an electronic toll system. This actor is responsible for the initiations of request

for information from toll operators at toll collection sites.

In. Traffic Operations Personnel:

This actor represents the human entity that directly interacts with vehicle traffic operations.
This actor is responsible for the initiations of nominal pollution data compliance (reference)
levels for each sector of an urban area, traffic operations requests for information,
configuration changes, commands to adjust current traffic control strategies (e.g., adjusting

signal timing plans, change DMS messages), and other traffic operations data entry.
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lo. Transit Driver:

This actor represents the human entity. He is a special form of the Driver actor that receives
and provides additional information that is specific to transit operations. This actor is
responsible for the initiations of transit driver availability data that can be used to develop
driver assignments and detailed operations schedules and transit driver emergency request

as well as fare transaction data.
Ip. Transit Fleet Manager:

This actor represents the human entity that is responsible for planning the operation of
transit fleets; including monitoring and controlling the transit fleet route schedules and the
transit fleet maintenance schedules. This actor is responsible for the initiations of
instructions governing service availability, schedules, emergency response plans, transit
personnel assignments, transit maintenance requirements, and other inputs that establish

general system operating requirements and procedures.

1q. Transit Maintenance Personnel:
The actor represents the human entity that is actively responsible for monitoring,
controlling, and planning the schedules for the maintenance of transit fleets. This actor is

responsible for the initiations of current maintenance status of Vehicle.

Ir. Transit System Operators.:

This actor represents the human entities that are responsible for all aspects of the Transit
subsystem operation including planning and management. This actor is responsible for the
initiations of information and control provided by transit system operators involving many

aspects of managing transit operations.
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1s. Transit User:
This actor represents the human entities using public transit vehicles. This actor is
responsible for the initiations of requests from transit user through an on-board or fixed

location traveler information station.

It Traveler:
This actor represents any individual who uses the transportation services. This actor is
responsible for the initiations of requests by travelers to summon assistance, requests travel

information, makes a reservation, or requests any other traveler related service.

2 Environments:

Related Environmental Actors are illustrated in figure 5.6

2a. Environment:
This actor is the operational setting in which the CAHS interfaces operate. This actor is
responsible for the initiations of atmospheric pollutant levels as monitored by air quality

sensors and detection of specific localized hazards affecting the roadway.

2b. Potential Obstacles:

This actor represents any object that possesses the potential of being sensed and struck, and
thus also possesses physical attributes. This actor is responsible for the initiations of the
detection of an obstacle by vehicles or roadside equipment. Obstacles could include

animals, other vehicles, pedestrians, or rocks in roadway, for example.

2c. Roadway:

This actor represents the physical conditions and geometry of the surface or space on or
through which vehicles travel from an origin to a destination. This actor is responsible for
the initiations of the detection and measurement of road characteristics such as friction
coefficient and general surface and sub-surface conditions, road geometry and markings,

for example.
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2d. Roadway Environment:

This actor represents the physical conditions surrounding the roadway itself. This actor is
responsible for the initiations of the detection of specific localized hazards affecting the
roadway, such as mud slides, avalanches, high winds, flooding, the weather and roadway
conditions that serve as environmental data for sensors at the roadside or in maintenance

vehicles or other types of vehicles.

2e. Secure Area Environment:

This actor represents public access areas that transit users frequent during trips. Areas
include bus stops, park and ride (PAR) facilities, kiosks, and transit transfer and
multimodal transfer locations. This actor is responsible for the initiations of characteristics

(visual, audible, other) that are monitored by surveillance security systems by sensors.

2f Traffic:

The traffic actor represents the collective body of vehicles that travel on surface streets,
arterials, highways, expressways, tollways, freeways, or any other vehicle travel surface.
This actor is responsible for the initiations of physical traffic characteristics that are
monitored and translated into macroscopic measures like occupancy, volume, density, and
average speed. Point measures support presence detection and individual vehicle measures
like speed. This may also include detection of non-vehicular traffic in the roadway, such as

bicycles and pedestrians.

2g. Vehicle Characteristics.
This actor represents the external view of an individual vehicle. This actor is responsible
for the initiations of the physical or visible characteristics of an individual vehicle that can

be measured to classify a vehicle and imaged to uniquely identify a vehicle.

3 Systems:

Related system actors are illustrated in figure 5.7.
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3a. Archived Data User Systems.

This actor represents the systems users employed to access archived data. This actor is
responsible for the initiation of a user requests that initiates data mining, analytical
processing, aggregation or summarization, report formulation, or other advanced
processing and analysis of archived data. The requests also include information that is used

to identify and authenticate the user and support electronic payment requirements, if any.

3b. Basic Vehicle:
This actor represents the basic vehicle platform that interacts with and hosts CAHS
electronics. This actor is responsible for the initiations of information provided to on-board

CAHS equipment from the vehicle platform, indicating current vehicle status.

3c. Commercial Vehicle:

The actual commercial vehicle along with the special aspects of large commercial vehicles
and vehicles designed to carry cargo that extend beyond the characteristics defined for the
Basic Vehicle. This actor is responsible for the initiations of commercial vehicle, driver,

and cargo safety status measured by on-board CAHS equipment.

3d. Customs Agency:

This border inspection agency performs the primary regulatory inspection function at an
international Port of Entry. In Canada, this is generally the Canada Customs and Revenue
Agency, but can also include Immigration, Agriculture, and other inspection agencies.
This actor is responsible for the initiations of customs request for the electronic manifest

associated with a container; requires proper authentication.
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3e. Commercial Vehicle Operator Information Requestor:
This actor represents any organization requesting CVO information. This actor is
responsible for the initiations of instructions to commercial vehicle management and/or

information systems indicating which vehicles are to be allowed to pass and which are out

of service or has not been credentialed.

3f. Department of Motor Vehicles:

This actor represents a specific (provincial) public organization responsible for registering
vehicles, €.g., the Ministry of Transportation or Municipalities. This actor is responsible
for the initiations of request supporting registration data based on license plate read during

violation.

3g. Disaster Command Authority:

The Disaster Command Authority terminal represents the systems used by authorities that
provide command-and-control leadership for coordinated disaster response.  This actor is
responsible for the initiations of information supporting the coordination of disaster and

emergency response assets and activities.

3h. Distribution and Logistics Management Provider:

This actor represents system that provides intermodal logistics support, and support for the
efficient distribution of freight across transport systems and modes. This actor is
responsible for the initiations of request to a container to provide its location and may

require the requestor to authenticate their identity.

3i. Emergency Telecommunications System:

This actor represents the human entity that monitors all CAHS emergency requests,
(including those from the E911 Operator) and sets up pre-defined responses to be executed
by an emergency management system. This actor is responsible for the initiations of the

notification of an incident including its nature, severity, and location.
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3j. Enforcement Agency:

This terminator represents an external entity which receives reports of violations detected
by various CAHS facilities, e.g. individual Vehicle emissions, toll violations, speed or red
light running violation, CVO violations, etc. This actor is responsible for the initiation of

response from law enforcement agencies to violations notification request.

3k. Event Promoters:
This actor represents external special event sponsors that have knowledge of events that
may impact travel on roadways or other modal means. This actor is responsible for the

initiations of plans for major events possibly impacting traffic.

31 Financial Institution:

This actor represents the organization that handles all electronic fund transfer requests to
enable the transfer of funds from the user of the service to the provider of the service. This
actor is responsible for the initiations of response to transaction requests normally dealing

with a request for payment.

3m. Freight Consolidation Station.

An intermediate point (usually an Intermodal terminal located at a port) prior to (or after)
container-based shipping, where less-than-container load or less-than-truckload cargoes are
consolidated into full container loads (or full containers are disbursed), for cost-effective
Intermodal shipping.  This actor is responsible for the initiations of location within an
Intermodal facility that a container is to be received at or delivered to; and may include

guidance as well as location.
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3n. Government Administrators:

This terminal represents those public organizations responsible for regulating commercial
vehicle operations, €.g., provincial commerce offices, and provincial agency responsible for
transportation, provincial finance department, and Transport Canada. Regulatory Agencies
are envisioned to be an integral part of the CAHS Commercial Vehicle Operations (CVO)
as they will be directly involved with issuance of licenses, permits and other credentials for
pre clearance, provide database information to support most CVO services, and will
receive, distribute, and audit CVO related taxes. This actor is responsible for the initiation
of regulations imposed on Commercial Vehicle Administration agencies including safety

ratings, facility locations and credential fee structure.

30. Government Reporting Systems:

This actor represents the system and associated personnel that prepare the inputs to support
the various local, provincial, and federal government transportation data reporting
requirements using data collected by CAHS systems. This actor is responsible for the
initiation of the acknowledgement of satisfactory receipt of information used as input to

government data systems or a report identifying problems or issues with the data submittal.

3p. Intermodal Chassis:

This actor represents the chassis, which is the frame on wheels that an intermodal container
is secured to for roadway transport by a truck. This actor is responsible for the initiation of
measurement from chassis systems like brakes, tires, and fasteners and indication of

operational readiness of a chassis.

3q. Intermodal Customer:

This actor represents the originator of an order to move or the final recipient of a cargo
shipment. This actor is responsible for the initiations of the notice confirming the arrival
and transfer of control of a container at a container handling facility, for example an

intermodal terminal, request from a shipper for services to handle shipping of a container or
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freight load, and request from consignor or consignee for the current location and transit

status of a freight shipment.

3r. Location Data Source:
This actor represents an external entity, which provides accurate position information. This
actor is responsible for the initiation of the information, which the geographical position of

a traveler or a vehicle.

3s. Maintenance Vehicle:
This actor represents a specialized form of the basic vehicle used by maintenance fleets.
This actor is responsible for the initiation of maintenance vehicle status to be measured by

on-board CAHS equipment.

3t. Map Update Provider:
This actor represents a third-party developer and provider of digitized map databases used
to support CAHS services. This actor is responsible for the initiation of Map update, which

could include a new underlying static or real-time map or map layer(s) update.

3u. Media:

This actor represents the information systems that provide traffic reports, travel and
weather conditions, and other transportation-related news services to the travelling public
through radio, television, and other media. This actor is responsible for the initiation of
request from the media for current traffic information and incident information that is
collected by the media through a variety of mechanisms (e.g., radio station call-in

programs, and air surveillance).

3v.Medical Facility:

This actor represents Medical Facilities such as hospitals, trauma centres, field emergency
treatment facilities and any other location capable of receiving injured persons and
providing emergency care. This actor is responsible for the initiation of specific care

capabilities and available space in a medical facility.
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3w. Meteorological Service Provider:
This actor represents the providers of value-added sector specific meteorological services.
This actor is responsible for the initiation of prediction of weather information, customized

to a particular users needs’ and the region.

3x. Multimodal Crossings:

This actor represents the control equipment that interfaces to a non-road based
transportation system at an interference crossing with the roadway. This actor is
responsible for the initiation of prediction of indication of operational status and pending
requests for right-of-way from equipment supporting the non-highway mode at multimodal

crossings.

3y. Multimodal Transportation Service Provider:

This terminator provides the interface through which transportation service providers can
exchange data with CAHS. This actor is responsible for the initiation of operational
information from alternate passenger transportation modes including air, rail transit, taxis,
and ferries. Content may include a catalog of available information, the actual information

to be archived, and associated metadata that describes the archived information.

3z. National Meteorological Service:

This actor provides weather, hydrologic, and climate information and warnings of
hazardous weather including thunderstorms, flooding, hurricanes, tornadoes, winter
weather, tsunamis, and climate events.  This actor is responsible for the initiation of
accumulation forecast and current weather data (e.g., temperature, pressure, wind speed,

wind direction, humidity, precipitation, visibility, light conditions, etc.).

3aa. Other Data Sources:
This actor represents the myriad systems and databases containing data not generated from
subsystems and terminators represented in the national CAHS architecture that can provide

predefined data sets to the CAHS archive. This actor is responsible for the initiation of
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data extracted from other data sources. A wide range of CAHS and non-CAHS data and

associated metadata may be provided.

3ab. Payment Instrument:

This actor represents the entity that enables the actual transfer of funds from the user of a
service to its provider. This actor is responsible for the initiation of information passing
from a payment instrument (e.g., smart card) to a payment device to provide electronic
payment of some kind (e.g., toll, parking, fare) by traveller. In most cases the payment can

be credited.

3ac. Rail Operations.
This is roughly the railroad equivalent to a highway traffic management centre. This actor
is responsible for the initiation of real-time notification of railway-related incident or

advisory.

3ad. Railside Equipment:

This actor represents train interface equipment (usually) maintained and operated by the
railroad and (usually) physically located at or near a grade crossing.  This actor is
responsible for the initiation of information for a train approaching a highway-rail
intersection that may include direction and allow calculation of approximate arrival time

and closure duration.

3ae. Transit Vehicle:
This actor represents a specialized form of the basic vehicle used by transit service
providers. This actor is responsible for the initiation of transit vehicle status measured by

on-board CAHS equipment.
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3af Yellow Pages Service Providers:

This actor represents the individual organizations that provide any services oriented
towards the traveller. This actor is responsible for the initiation of information supplied by
a service provider (e.g., a hotel or restaurant), identifies the service provider and provides
details of the service offering. This flow covers initial registration of a service provider and
subsequent submittal of new information and status updates so that data currency is

maintained.

4 Other Systems:

Other related system actors are illustrated in figure 5.5.

4a. Other Archives:

This actor represents distributed archived data systems or centres whose data can be
accessed and shared with a local archive. This actor is responsible for the initiation of
catalog data, metadata, published data, and other information exchanged between archives

to support data synchronization and satisfy user data requests.

4b. Other Commercial Vehicle Administration Subsystem:

This actor is intended to provide a source and destination for CAHS data flows between
peer (e.g. inter-regional) commercial vehicle administration functions. This actor is
responsible for the initiation of tax and credential fee information exchanged between
cooperating commercial vehicle administration offices and instructions to commercial
vehicle managing and/or information systems indicating which vehicles are to be allowed

to pass and which are out of service or have not been credentialed.

4c. Other Emergency Management:

Representing other emergency management centres, systems or subsystems, this terminal
provides a source and destination for CAHS data flows between various communications
centres operated by public safety agencies as well as centres operated by other allied

agencies and private companies that participate in coordinated management of highway
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related incidents. This actor is responsible for the initiations of reports of an identified incident
including incident location, type, severity and other information necessary to initiate an
appropriate incident tresponse. It is also responsible for the start of incident response
procedures, resource cootdination, and current incident response status that are shared
between allied tesponse agencies to support a coordinated response to incidents. This flow
also coordinates a positive hand off of responsibility for all or part of an incident response

between agencies.

4d. Other Information Service Provider:

This actor represents other distinct information service providers, this actor is intended to
provide a source and destination for CAHS data flows between peer information and
service provider functions. This actor is responsible for the initiation of coordination and

exchange of transportation information between centres.

4e. Other Intermodal Fleet Management System:

This actor represents another intermodal fleet management system that manages systems
for individual fleets of intermodal transport companies. This actor is responsible for the
initiation of exchange of information between different intermodal freight management
centers regarding cargo or intermodal container movement and information regarding

whether a container has been released.
1.16.7 4f Other Parking:

This actor represents another parking facility, system or subsystem, this terminator
provides a source and destination for information that may be exchanged between peer
parking systems. This actor is responsible for the initiation of information that enables
parking management activities to be coordinated between different parking operators or

systems in a region.
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4g. Other Roadside:

This actor represents another roadside element or system. This actor provides a source and
destination for information that may be exchanged between peer roadside elements. This
actor is responsible for the initiation of control data for roadside devices that is exchanged

between roadside devices or from a maintenance management system to the roadside.
4h. Other Traffic Management:

This actor represents another traffic management centre. This actor is intended to provide a
source and destination for CAHS data flows between peer traffic management functions.
This actor is responsible for the initiation of traffic information exchanged between TMC's.
Normally such information would include traffic incidents, congestion data, traffic data,

signal timing plans, and real-time signal control information.

4i. Other Transit Management:

This actor represents another transit management centre. This actor is intended to provide a
source and destination for CAHS data flows between peer transit management functions.
This actor is responsible for the initiation of co-ordination information between
local/regional transit organizations including schedule, on-time information, connection co-

ordination, and ridership.

4j. Other Vehicle:

This actor represents a vehicle (of any four vehicle types) that is neighboring the basic
vehicle, where the basic vehicle is equipped to support vehicle-to-vehicle communication
and coordination. This actor is responsible for the initiations of any type of advanced

vehicle-to-vehicle communication.

5.3.1.2 Created Context diagram
The detailed description of the various types of actors that may interact with the system

and their rolls help us to identify the system boundary. The boundary in a complex
system as Canadian Automated Highway System (CAHS) is difficult and challenging
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task. The developers have to have a clear idea about the space where they have authority
to change in order to implement the need improvements and check its impact. Figure 5.6

illustrates the CAHS context.

5.3.1.3 Created Use Cases and diagrams:

In order to prepare the use case view of a CAHS, the requirements were subject to analysis
and visualization in UML to extract the possible required capability of the system. Figure
5.7 to 5.16 are the decomposition of system use cases. The degree of use case
decomposition is related to what are the capabilities that are intended from this partial
development. The goal as we state earlier is to capture the problems within the ITSC
architecture in \order to find solution that will increase the effectiveness of the architecture
in forming the base of development of any ITS system in Canada. The numbers that are
given to the use cases are the same number of the related functional requirement given in

the ITSC architecture documentation.
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5.3.2 Classes in the CAHS Problem

The requirement analysis of CAHS targeting the capture of a common description of
related objects. These objects have common attributes, operations, relations, and semantics.
The class that represents related groups within CAHS was identified using object-oriented

techniques. The initial list of classes with a general description is illustrated in Table 5.2.

5.3.3 Visualizing Class Diagram of CAHS conceptual project

Class Diagram of the CAHS that Represent the Physical Architecture Overview of the
System are Illustrated in Figure 5.17. The rest of CAHS classes can be found in
APPENDIX C.

5.3.4 Visualizing Scenarios of the CAHS conceptual project
The scenarios of the CAHS are captured using Sequence Diagrams illustrated in Figure
5.18 to Figure 5. 22. The rest of CAHS sequence diagrams can be found in APPENDIX C.

5.3.5 Visualizing attributes and functions of CAHS conceptual project classes

The attributes and functions of CAHS conceptual project classes illustrated in Figure 5.23
to Figure 5. 52. The rest of CAHS conceptual project classes can be found in APPENDIX
C.



Table 5.2 CAHS classes with a general description

Class name

Automated Highway System
Centres

Wayside

Travellers

Vehicles

Backbone Conununication
Archived Data Management
Comimercial Vehicle
Administration

Emissions Management
Fleet and Freight
Management

information Service Provider

Maintenance Management
Toll Administration

Traffic Management
Transit Management
Emergency Management
Commercial Vehicle Check
Intermodal Terminal
Parking Management
Roadway

Toll Collection

Personal Information Access
Remote Traveller Support
Commercial Vehicle
Emergency Vehicle
Intermodal Container
Maintenance Vehicle
Transit Vehicle

Vehicle

T o N

—
<

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

Class General Description

Manage traffic information and control.

Location of the centres subsystems.

Location of the Wayside subsystems.

Location of the Travellres subsystems.

Location of the Vehicles subsystems.

Manage traffic information and control communication

Manage traffic information and control. Archived Data

Manage traffic information and control. Commercial Vehicle
Administration.

Manage traffic information and control. Emission Management
Manage traffic information and control. Fleet and Freight
Management

Manage traffic information and control. Information Service Provider
Manages traffic information and control Maintenance Management.
Manages traffic information and control Toll Administration.
Manages traffic information and contro] Traffic Management.
Manages traffic information and control Transit Management.
Manage traffic information and control. Emergency Management.
Manages traffic information and control Commercial Vehicle Check.
Manages traffic information and control Intermodal Terminal.
Manages traffic information and control Parking Management.
Manages traffic information and control Roadway.

Manage traffic information and control. Toll Collection.

Manages traffic information and control Personal Information Access.
Manages traffic information and control Remote Traveller Support
Manages tratfic information and control Commercial Vehicle.
Manage traffic information and control.

Manages traffic information and control Intermodal Container.
Manage traffic information and control. Maintenance Vehicle.
Manage traffic information and control Transit Vehicle

Manage traffic information and control Vehicle.
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Figure 5.2 2 Object-oriented visualization of Sequence Diagram 7A.4 Carry-out
Centralized Payments Processing for CAHS in UML
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<<System>>
Backbone Communication

&archive management requests
&commercial vehicle archive data
&emergency archive data
&emissions archive data
&ygovernment reporting data receipt
&transaction status

&traveller archive data
&intermodal freight archive data
@cunstructinn and maintenance archive data
&map updates

&multimodal archive data
&wolume weather information
&archive coordination

&other data source archive data
&parking archive data

&roadside archive data

&tall archive data

&traffic archive data

&transit archive data

&parchive analysis requests
&archive requests

&citation data

&credentials and safety information request
&sinformation on viclators
&credential application™
&information request

Figure 5.2 3 (Part 1) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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LPINICrMation on vioiators
&credential application™
&information request

&tax filing, audit data

& Commercial Vehicle Administration Subsystem information exchange
&credentials and safety information response
&archive status

&pollutant levels

&pollution data

&pollution state data request
&poliution data parameters
&activity reports

&compliance review report
&pelectronic credentials

&fleet manager inguiry

&driver and vehicle information
&intermodal status

&on-board vehicle data
&wehicle location

&container location request
&container status request
EHAZMAT information reguest
&tax filing, audit data
%cnntainer delivery canfirmation
&container pickup request
&route plan

&freight consignment request **
%shipment status request

Figure 5.24 (Part 2) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&freight consignment request ™

&shipment status request

&intermodal CVO co-ordination

& disaster advisories

&shelter availability

&pshelter location

&incident information

&air quality information .
raute request

Qmadway maintenance information

&external reports

& media information request

&road weather prediction

&multimadal information

&senice response

&ISP coordination

&parking infarmation

&parking lot reservation confirmation

&traveller profile

&traveller request

&trip confirmation

&trip request

& yellow pages request

&probe data

&toll data

&vraquest fare and price information

?trafﬂc information **

Figure 5.25 (Part 3) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&ptrafiic information **

&demand responsive transit plan
Gytransit and fare schedules
&ptransit incident information
&transit request canfirmation
&ptransit trip plan

&vehicle probe data

&pprovider profile data

@travel service info
&maintenance operatar inputs

& maintenance status data

& maintenance vehicle status data
&roadway micro prediction
&device status

&environmental conditians
&fault reports

&rnadway information system status
& surveillance data

&closure coordination
@envimnmemal sensor data
&maintenance resource request
&traffic equipment status
&disaster respanse coardination
&pdisaster response status
&incident notification **
&emergency dispatch respanse
?emergency vehicle tracking data

Figure 5.26 (Part 4) Object-oriented visualization of CAHS’s Class Backbone

Communication with it attributes and Functions in UML
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&incident notification ™
&emergency dispatch response
emergency vehicle tracking data
&incident command request
&incident status
@event plans
SHAZMAT information
&incident information request
&medical facility availability
&incident report
&incident response coordination
@emergency notification
&current netwark conditions
&vresource deployment status
&transit emergency data
&pevacuation support request e
&transit emergency coordination data
&demand responsive transit request
&selected routes
&transit information request
&transit trip request
&roadway maintenance information
&transit multimodal information
&transit parking coordination
secure area surveillance data
&request transit information **
@trafﬁc infarmation for transit

Figure 5.27 (Part 5) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&secure area surveillance data
%request transit information **
&traffic information for transit

&transit demand management reguest
Etransit driver availability

Gytransit fleet manager inputs
&maintenance status

&transit operator management data
&fare and payment status

&request for bad tag list

&transit traveller request

&transit user information

&ptransit vehicle conditians

&transit vehicle location data
&»transit vehicle passenger and use data
&transit vehicle schedule performance
&pevacuation support request

&transit multimodal informatian

& Transit Management System Co-ordination
&transit operator management data
&transit user information

&ptransit vehicle conditions

Bytransit vehicle location data

&proad network status request
&emergency traffic control request
@incident response status

&remote surveillance contral **
Bpresource request

Figure 5.28 (Part 6) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&remote surveillance control ™

&resource request

@pwidearea statistical pallution information

&pfare and price information

&logyed special vehicle route

&request for traffic information

&road network use

&environmental sensor data

Qequipment maintenance status
maintenance dispatch status

&maintenance resource response

&work zone status

&external reports

&traffic cantrol coordination

&traffic information coordination

&parking availability

&parking demand management respanse

&railroad advisories

Gprailroad schedules

&AHS status

&emissions data

&freeway control status

&HOV data

. |@HRI status .-

%incident data

&@intersection blackage notification

grequest for right-of-way ™

vmiimumilala lama mtmborm

Figure 5.29 (Part 7) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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@request for right-of-way **
&reversible lane status

&roadway warning status

&signal control status

Gptraffic flow

&traffic images

&violation detection

&toll demand management response
Gotransit system data
&registration

&tall data request

@toll administration requests

& Toll Transactions

&toll demand management request
@CVO weight and presence
@credentials information

&CVO database update
&international border crossing data
&psafety information

&electronic clearance data

&lock tag data

&on-board safety data

&pscreening data

& Commercial Vehicle Check override mode
&CVO inspector input

&cantainer transfer lacation request
&pexit request **

inhinln idantificratines

Figure 5.30 (Part 8) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&exit request ™
&vehicle identification
&scontainer release status
&container availability request
& container pickup confirmation
&container identification
& container location
&intermodal terminal operator inputs
&parking lot data request
&parking reservations request
parking operatar inputs
request for perfermance data
parking demand management reguest
&parking instructions
@ptransit parking lot response
&wehicle characteristics
Gptag data
@sensnr and surveiliance control
&local signal preemption request
@vehicle pollution criteria
environmental hazards
@pullutant levels
& device control data
&roadway information system data
&sensor contral **
@multimodal crossing status

Figure 5.31 (Part 9) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&proadway information system data
& sensor contral **
&multimodal crossing status
&pdevice control data
&crossing call
&non-vehicular presence
- |@physical presence

arriving train information
Etrack status
@roadway characteristics
&environmental hazards
Gyweather conditions
&itraffic characteristics
&AHS control information
@freeway control data
%HRI control data
@HRI request
&roadway warning data
@signal control data
&local signal priority request
@vehicle signal violation
&wehicle speed violation
&wehicular presence
&AHS vehicle data
&toll instructions **
&toll operator requests
&emergency acknowledge

Figure 5.32 (Part 10) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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&AHS vehicle data

&toll instructions **

&toll operator requests

&emergency acknowledge

& broadcast information

@ptrip plan

& vellow pages information

&vposition fix

Qpayment

&personal transit infarmation

@traveller inputs

&traveller information

& secure area characteristics

&secure area manitoring support

&transit fare payment respanses

&transit traveller information

&transit user inputs

&traveller inputs

&commercial vehicle measures

&horder clearance event record

& clearance event record

%electrnic clearance reguest

&lock tag data request

&on-board safety request

&psafety inspection record
Screening request ™

&CVO driver initialization

Figure 5.33 (Part 11) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML



&screening request **
&CVO driver initialization
&container transpart assignment
Efleet to driver update
&pintermodal status request
&lacation request
& container transfer location
&entry permission
exit permission
&chassis data
&cargo data
& container status
&commercial vehicle data request
&emergency dispatch requests
&incident command information
&suggested route
emergency personnel inputs
maintenance vehicle dispatch
%maintenance vehicle measures
&maintenance driver inputs
&environmental hazards
&ptransit driver inputs
&bad tag list
&driver instructions
&fare management information
%request for vehicle measures
&transit schedule information **
&emergency request

Figure 5.34 (Part 12) Object-oriented visualization of CAHS’s Class Backbone

Communication with it attributes and Functions in UML
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&request for vehicle measures
&transit schedule information =™
&emergency request

@transit vehicle measures
&basic vehicle measures
@cummercial vehicle data
@driver inputs

&request for service
@emergency data request
%vehicle to vehicle coordination
&request tag data

@tag update

&AHS control data
&pintersection status

&wehicle roadway warning data
&wehicle signage data
@wehicle variable speed limit data
Gtraveller advisory request

Figure 5.35 (Part 13) Object-oriented visualization of CAHS’s Class Backbone

Communication with it attributes and Functions in UML
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Manage CAHS
% Manage Tratfic O
%1.1 Provide Tratfic Surveillance ()
%1.1.1 Process Sensor Data )
% 1.1.1.1 Process Traffic Sensor Data)
% 1.1.1.2 Callect and Process Sensor Fault Data ()
1.1.3 Process Environmental Sensor Data )
.1.1.4 Manage Data Collection and Monitoring ()
%1.1.1.5 Process Advanced Roadway Data ()
1.1.5.1 Collect Roadway Condition Data
.1.1.5.2 Provide Other Roadside Inputs ()
%1.1.1.5.3 Process Roadway Viaming Data 0
%1.1.5.4 Process Road User Protection()
%1.1.2 Process and Store Traffic Data()
%1.1.2.1 Process Traffic Data for Storage ()
%1.1.2.2 Process Tratfic Data (
%1.1.2.3 Update Data Source Static Data ()
%1.1.2.4 Monitor HOV lane use ()
%1.1.2.5 Process Tag/AVL Data for Link Time Data
#1.1.2.8 Process Collacted ihicle Smart Probe Data ()
%1.1.2.7 Monitor Reversible Lanes ()
%1.1.2.8 Manage Environmental Data for TratficQ)
%1.1.3 Generate Predictive Traffic Model ()
%1.1.4 Display and Output Tratfic Data O
%1.1.4.1 Retrieve Traffic Data ()
%1{.1.4.2 Provide Traffic Operations Persennel Tratfic Data interface ()
%1.1.4.3 Provide Direct Media Traffic Data Interface 0
%1.1.4.4 Update Traffic Display Map Data ()
%1.1.4.5 Provide Media System Traffic Data Interface 0
%1.1.4.8 Provide Traffic Data Retrieval Interface 4]
% .1.4.7 Manage Traffic Achive Data ()
%1.1.4.8 Provide Disaster Command Data ()
#1.1.5 Exchange data with Other Tratfic Centres 0
#1.1.8 Collect \ihicle Tag Data for Link Time Calculations =0
#1.1.7 Collect Vehicle Smart Probe Data ()

Bann h e

‘Figure 5.36 (Part 14) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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%1.1.6 Collect \ehicle Tag Data for Link Time Calculations *=()
%1.1.7 Collect “hicle Smart Probe Data )

%1.2 Provide Device Control()

%1.2.1 Select Strategy

%1 2.2 Determine Road and Freeway State ()

%1.2.2.1 Determine Indicator State for Freeway Management ()
%1 2.2.2 Determine Indieator State for Road Nanagement (O
%1.2.3 Determine Ramp State

%174 Output Control Data ()

%1.2.4.1 Output Contrel Data for Roads

%1.2.4.2 Dutput Control Data for Freeways ()

*1.2.4.3 Output In-vehicle Signage Data ()

%1.2.5 Manage Parking Lot State ()

%1.2.5.1 Determine Parking Lot State ()

%1.2.5.2 Coordinate Other Parking Data ()

%1.2.5.3 Provide Parking Lot Operator Interface ()

%1.2.5.4 Determine P+R needs for Transit Management ()
%1.2.5.5 Manage Parking Archive Data ()

%1.2.5.8 Calculate Parking Lot Occupancy ()

%1.2.6 Maintain Static Data for TMC )

%1.2.0.1 Msintain Tratfic and Sensor Static Data ()

.| ™1.2.8.2 Provide Static Data Store Qutput Interface ()
%1.2.7 Provide Roadside Control Fagilities ()

%1.2.7.1 Process Indicator Output Data for Roads ()

%1 2.7.2 Monitor Roadside Equipment Operatien for Fauts ()
%1 2.7.3 Manage Indicator Preemptions ()

%1 .2.7.4 Process In-vehicle Signage Data Q)

%1 .2.7.5 Process indicator Output Data for Freeways()
%1.2.7.6 Provide Intersection Collision Avcidance Data ()
%1.2.7.7 Pracess Vehicle Smart Probe Data for Quiput )
%1.2.7.8 Receive Other Roadside Inputs ()

%1.2.7.9 Display Roadway Wamings ()

%1 2 8 Coliect and Process Indicator Fault Data ()

%1.2.8.1 Collect Indicator Fault Data ()

%1.2.8.2 Maintain Indicator Fault Data Store ()

%1.2.8.3 Provide indicator Fault interface for C and M *0

B 7 & Proweida Traffin Nnaratinne Parennnal Indinatar Fanuk Itarfanse N

Figure 5.37 (Part 15) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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%1.2.8.3 Provide Indicator Fault Interface for C and M **0)

%1 .2.8.4 Provide Traffic Operations Personnel Indicator Fault Interface 4]
%1.3 Manage Incidents O

®1.3.1 Traffic Data Analysis for Incidents ()

% 3.1.1 Analyze Traffic Data for Incidents

%1.3.1.2 Maintsin Static Data for Incident Management )
%1.3.1.3 Process Traffic Images ()

% 1.3.2 Raview and Manage incidert Data ()

#1.3.2.1 Store Possible Incident Data ()

%1.3.2.2 Review and Classify Possible Incidents Q0

%1.3.2.3 Review and Classify Planned Events ()

%1.3.2.4 Provide Planned Events Store Interface ()

%1.3.2.5 Provide Cumrent Incidents Store Interface 0

%1.3.3 Respond to Cumrent Incidents ()

%1.3.4 Provide Operator interfaces for Incidents 0

%1.3.4.1 Retrieve Incident Data ()

%1 .3.4.2 Provide Tratfic Operations Personnel incidert Data Interface 0
%1.3.4.3 Provide Media Incident Data Imerface 0

%1.3.4:4 Update Incident Display Map Data

*1.3.4.5 Manage Resources for incidents ()

*1.3.5 Manage Possible Predetermined Responses Store )
%1.3.6 Nanage Predetermined Incident Response Data 0

%1 3.7 fnalyze Incident Response log

%1.4 Manage Travel Demand ()

%1 4.1 Provide Traffic Dperations Personnel Dermnand Interface 0
%1.4.2 Collect Demand Forecast Data ()

%1 4.3 Update Demand Display Map Data ()

%1.4.4 Implement Demand Ntanagement Policy {J

%1 4.5 Calculate Forecast Demand ()

%1.5 Manage Emissions ()

%1.5.1 Provide Traffic Operations Personnel Pollution Data Interface o]
#1.5.2 Pracess Poliution Data ()

#1.5.3 Update Pollution Display Map Data

*1.5.4 Manage Pollution State Data Store ()

%1 5.5 Process \ehicle Pollution Data

%1.5.8 Detect Roadside Pollution Levels ()

%4.5.7 Nanage Pollution Data Log™()

%1.5.8 Manaae Pollution Reference Data Store N

Figure 5.38 (Part 16) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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%1 5.7 Manage Pollution Data Log**0

%1 5.8 Manage Poliution Reference Data Store
*1{.5.0 Manage Pollution Archive Data ()

%1.8 Manage Highway Rail Intersections ()

%1 6.1 Manage HRI Vehicle Traffic ()

%1.6.1.1 Detect Roadway Events )

% 8.1.2 Activate HRI Device Controls O

-~ #1.8.1.2.1 Cantrol HR! Tratfic Signals
%1.6.1.2.2 Contre! HR| Wamings and Bamiers 0
%1.6.1.2.3 Pravide SSR Device Controls
%1.6.1.2.4 Provide HSR Device Controls
%1.8.1.2.5 Manage Device Control ()

%1.0.1.2.6 Maintain Device State (O

%1.8.1.3 Perform Equipment Seif-Test ()

%1.6.1.4 Provide Advisories and Alerts O

%1 #.1.4.1 Generate Merts and Advisories 0

%1 .6.1.4.2 Provide Closure Parameters (
%1.6.1.4.3 Report Alerts and Advisories ()
%1.5.1.4.4 Report HR! Status on Appoach O
%1.0.1.5 Detect HR| Hazards

%1.6.1.8 Provide Advance Wamings ()

%1.6.1.6.1 Close HR! on Detection

%1.0.1.0.2 Detect imminent ‘hicle/Train Collision
%1.6.1.7 Execute Local Conrol Strategy
%1.6.1.7.1 Control \khicle Traffic at Passive HRI ()
%1.6.1.7.2 Contrnl \hicie Traffic at Active HRI {
%1.8.1.7.3 Close HRI on Command

%1 6.2 interact with Rail Qperations Q

%1 6.2.1 Exchange Data with Rail Operations ()
%1.8.2.2 Manage Merts and Advisaries

%1 9.2.3 Manage Rail Traffic Control Data
%1.8.3 Manage HR! Rail Traffic 0

%1 6.3.1 Interact with Wayside Systems (
%1.0.3.2 Advise and Protect Train Crews Q)
%1.8.3.3 Provide ATS Alerts )

%1 8 4 interact with \ehicle Traffic Managemem™*()
%1.8.4.1 Manage HRI Closures

W1 A 4 ? Fyrchanne Nata mith Tmitin Mananement N

Figure 5.39 (Part 17) Object-oriented visualization of CAHS’s Class Backbone
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%1.6.4 Ineract with ‘ehicle Traffic Managemem**Q

%1.6.4.1 Manage HRI Closures ()

#1.6.4.2 Exchange Data with Trattic Management ()

*1.6.5 Monitor HRI Status O

%1.8.5.1 Provide Interactive Imerface ()

%1.0.4.2 Determine HRI Status ()

#1.6.5.3 Maintain HR) Closure Data

%1.7 Manage Operations and Maintenance 0

%1.7.1 Manage Operations and Maintenance Data 0

%1.7.1.1 Gather 08M Data ()

%1.7.1.2 Manage 08M Archive Data ()

%1.7.1.3 Manage 08M fssets ()

%1.7.1.4 Manage Environments! Data for Dperations and Maimtenance )
%1.7.1.4.1 Gather and Process Environmental Data 0
%1.7.1.4.7 Create Road Forecasts ()

%{.7.1.4.3 Fuse Envionmental Data ()

%1.7.2 Manage Maintenance Aetivity 0

%1.7.2.1 Schedule Maintenance Activity 0

%1.7.2.2 Manage and Control On-board Maintenance Systems
%1.7.2.3 Manage Maimenance Operator Interface

%1.7.2.4 Manage Maintenance Driver Interface ()

%1.7.2.5 Collect Environmental Data On-board 0

%1.7.3 Control Readway Maimenance Devices 0

%17 4 Disseminate 08M Information ()

%1 8 Manage Tratfic Enforcement )

*1 8.1 Detect and Classify Speed Molations o}

®1.8.2 Collect and \erify Speed Melations ()

%1.8.3 Post Speed Limit O

%1.0.4 Set Spead Limit ()

"| ™.8.5 Establish \olation Parameters 0

%1.8.8 Detect and Classify Signal Molations Q)

%1.8.7 Collect and Verify Signal olations ()

%2 Manage Commercial Vehicles

%2.1 Manage Commercial Veehicle Fleet Operations ()

%2.1.1 Manage Commercial Fleet Bectronic Credentials and Tax Filing
%2.1.2 Provide Commercial Fleet Static Route {)

3.1.3 Provide Fit Mgr Bectronic Credentials and Tax Filing interface™()

14 Nasiside Fleca bdmamane Measmmomniml Vablicle Mo —iaie ——iee A

Figure 5.40 (Part 18) Object-oriented visualization of CAHS’s Class Backbone
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%2.1.3 Provide Fit Mgr Bectronic Credentials and Tax Filing Interface™0
%2.1.4 Provide Fleet Manager Commereial \Viehicle Communications ()
%2.1.5 Provide Commercial Vehicle Driver Routing Interface ()

%2.1.8 Manage Driver Instruction Store ()

%2.2 Manage Commercial \ehicie Driver Operations ()

%2.2.1 Manage CV Bectronic Credential and Tax Filing Interface

%2.2.2 Provide ‘ehicle Static Route ()

%2.2.3 Provide CV Driver Bectronic Credential and Tax Filing Interface ()
%7 2.4 Provide Commercial \ehicle Driver Communications ()

%2 3 Provide Commensial Mehicle Roadside Facilities ()

%2.3.1 Produce Commercial Wehicle Driver Message at Roadside (3
%2.1.2 Provide Commereial \hicle Clearance Screening ()

$2.3.2.1 Administer Commercial \ehicle Roadside Credentials Database ()
%7.3.2.2 Process Screening Transactions [)

%2 3.3 Provide Roadside Commercial Mehicle Safety ()

%7.3.3.1 Provide Commercial \ithicle Checkstation Communications ()
%2.3.3.2 Provide Commercial \ehicle Inspector Handheld Terminal Interface 0
%2.3.3.3 Administer Commerzial \®hicle Roadside Satety Datadase 0
%2.3.3.4 Carry-out Commercial \ehicle Roadside Safety Sereening ()

%2 335 Camy-out Commercisl \iehicle Roadside Inspection )

%2.3.4 Detect Commercial ‘ehicle ()

%2.3.5 Provide Commercial \ihicle Reoadside Operator Interface 0

%2.3.8 Provide Commercial Vehicle Reports 0

%2 3.7 Produce Commercial \ehicle Driver Message on Wehicle

%2.3.8 Provide Commercial \echicle Border Screening

%2.4 Provide Commercial \kehicle Data Collection 0

%2.4.1 Communicate Commercial \ehicle On-board Data to Roadside 0
%7.4.2 Coilect Dn-boand Commercial Vehicle Sensor Bata ()

%7.4.3 Andlyze Commercial Vehicle On-board Data ()

%2 4.4 Provide Commercial \ehicle Driver Interface 0

%2.4.5 Communicate Commercial \iehicle On-boand Data to ‘ehicle Manager (
%7.4.6 Provide Commercial \khicle Dn-board Data Store Interface 0

%2.5 Administer Commarcial Mehicles ()

%2 5.1 Monage Commercial Vehicle Trips and Clearances

%2.5.2 Obtain Blectronic Credential and Tax Filing Payment

%2.5.3 Update Permits and Duties Store **()

%2.5.4 Communicate with Dther Commercial Vehicle Administration Systemn
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Figure 5.41 (Part 19) Object-oriented visualization of CAHS’s Class Backbone
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"2 5.2 Obtain Bectronic Credential and Tax Filing Payment ()
%2.5.3 Update Permits and Duties Store **0)
%2.5.4 Communicate with Other Commercial Vehicle Administration System ()
%2.5.5 Manage Commercial Vehicle Credentials and Enroliment ()
%2.5.8 Output Commercial \khicle Enroliment Data te Roadside Facilties ()
%2 5.7 Process Commerial Vehicle \dolations ()
%7 5.8 Process Data Received from Roadside Facilities 0
%2 5.0 Manage Commercial Vehicle Achive Data ()
%28 Provide Commercial \ehicle On-board Data ()
%2.8.1 Provide Commercial Vehicle Manager Tag Data Interface ()
%2.8.2 Transmit Commercial \ehicle Tag Data
%7 6.3 Provide Commereial Driver Tag Data Interface (
%2 0.4 Provide Lock Tag Data interface ()
%2.5.5 Manage Commercial Vehicle Tag Data Store ()
%27 Manage Cange )
| %2.7.1 Manage Intermadal Terminal Interface O
%2.7.1.1 Manage Terminal Access ()
%2.7.1.2 Manage Container Pickup and Delivery ()
%2.7.1.3 Manage Container Release (0
%2.7.1.4 Provide Intenmodal Terminal Operator i/F )
%2.7.1.5 Provide Container Tracking O
%7.7.2 Manage Intermodal Container ()
%2 7.2.1 Determine Container Status ()
%2 7.2.2 Determine Cargo Status 0
%7.7.2.3 Provide Cargo Status Interface O
#7.7.2.4 Provide Container Status Interface ()
%72.7.2.5 Manage Customs interface ()
%7 .7.3 Manage Dn-Board Intermodal Applications 0
%2 7.3.1 Provide Driver Interface for Intermodal Freight Dispatch()
%2.7.3.2 Monitor Container Status )
%2.7.3.3 Monitor Chassis Status ()
%7.7.3.4 Manage On-Board Facilty Access
%27 4 Manage intermodal Dispateh O
%2 7.4.1 Monitor Intermodal Hements ¢
%2.7.4.2 Provide Fleet Manager Interface for Intermodal Q
%2.7.4.3 Manage Intermodal Customer Interface**Q
%2.7.4.4 Manage Other Intermodal FMS Interface 4]
%2.7.4.5 Manage Distribution and Logistics Managemert Provider Interface ()

Figure 5.42 (Part 20) Object-oriented visualization of CAHS’s Class Backbone
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%2.7.4.3 Nanage Intermodal Customer Interface**()
%2.7.4.4 Manage Cther Intermodal FMS Imerface ()
%2.7.4.5 Manage Distribution and Logistics Management Provider interface ()
%2.7.4.0 Manage Freight Consalidation Station Interface ¢
%3 Provide Vehicle Monitaring and Control ()

%3.1 Moniter Vehicle Status )

%3.1.1 Produce Collision and Crash Avoidance Data O
.1.2 Camry-out Safety Analysis ()

.1.3 Process \ehicle On-board Data

Provide Automatic ishicle Gperation ()

.1 Provide Driver interface

%3.2.2 Provide AHS Control ()

%3.2.3 Provide \&hicle Control ()

%3.2.3.1 Provide Command Interface ()

%3.2.3.2 Manage Platoon Fellowing

%3.2.3.3 Process data for \Rhicle Actuators ()

%3.2.3.4 Provide Servo Controls ()

%3.2.3.4.1 Provide Speed Servo Contral ()

%3.2.3.4.2 Provide Headway Servo Control 0

%7.2.3.4.3 Provide Lane Servo Control ()

%3.2.3.4.4 Provide Change Lane Servo Control o]
%3.2.3.4.5 Provide \hicle Control Data Interface o]
%3.7.3.5 Process Mehicle Sensor Data Q

%3.2.3.8 Communicate uith ether Platoon \ehicles ()
%3.2.4 Process Sensor Data for AHS input )

%3 .2.5 Check \ehicle for AHS eligibility

3.2 6 lanage AHS Check:in and Check-out O

%3.2.7 Manage AHS Operations ()

%3 3 Provide Automatic Emergency Natification O

%4.3.1 Provide Cargo Data for Incident Natification )

%3 3.2 Provide Communications Function 0

%3.3.3 Build Automatic Collision Notification Message ()
%3 4 Enhance Drivers Msion ()

%4 hianage Transit

%4.1 Operate \&hicles and Facilties ()

%4.1.1 Process Transit \Vehicle Sensor Trip Data**()
%4.1.2 Determine Transit \ehicle Deviation and Comections 0D
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Figure 5.43 (Part 21) Object-oriented visualization of CAHS’s Class Backbone
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%4 1.1 Process Transit ‘ehicle Sensor Trip Data**()

%< 1.2 Determine Transit \ehicle Deviation and Comrections ()

| %4.1.2.1 Detenmine Transit Vehicle Deviation and ETA

%4 1.2.2 Determine Transit Vehicle Comective instructions ()

%4 1.2.3 Provide Transit \ehicle Driver Interface ()

.1.2.4 Provide Transit \&ehicle Cormection Data Output Interface Q
.1.2.5 Request Transit \vehicle Preemptions

.1.3 Provide Transit \khicle Location Data

.1.4 Manage Transit \khicle Deviations

.1.5 Provide Transit \&hicle Status Information Q

.1.8 Manage Transit \khicle Operations Data

.1.7 Manage Connection Protection )

.1.7.1 Manage Connections with Extemal Systems ()

.1.7.2 Provide Transit \iehicle Deviation Data Qutput Interface Q
.1.7.3 Manage Individual Service Requests ()

%4 1.8 Provide Transit Operations Data Distribution Interface ()
%4.1.0 Process Transit Vehicle Sensor Maimenance Data 0

%42 Plan and Schedule Transit Services ()

%4.2.1 Provide Demand Responsive Transit Service ()

%4.2.1.1 Pmeess Demand Responsive Transit Trip Request ()
%4.2.1.2 Compuite Demand Responsive Transit \ihicle Awailability ()
%4.2.1.3 Generate Demand Responsive Transit Schedule and Routes ()
%4.2.1.4 Confirm Demand Responsive Transit Schedule and Route )
%4.2.1.5 Pracess Demand Responsive Transit \ihicle Availabilty Data O
%4716 Pravide Demand Respansive Transit Driver Interface ()

%4 2.2 Provide Transit Plans Store Interface ()

%4 2 3 Generate Transit Routes and Schedules ()

%4.2.3.1 Generate Transit Routes ()

%4.2.3.2 Generate Schedules ()

%4.2 3.3 Produce Transit Service Data for Extemnal Use )

%4.2.3.4 Provide Transit Fleet Manager Interface for Services Generation ()
%4.2 3.5 Manage Transit Dperational Data Stere ()

%42 3.8 Praduce Transit Service Data for Manage Transit Use 0
%4.2.3.7 Provide Interface for Other TRM Data )

%4.2.3.8 Provide interface for Transit Service Raw Data ()

%4.2.2.0 Update Transit Map Data ()

%4.2 4 Manage Transit Archive Data **()
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Figure 5.44 (Part 22) Object-oriented visualization of CAHS’s Class Backbone
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%4.2.3.0 Update Transit Mep Data 0

$4.2.4 Manage Transit Achive Data *Q

%4.3 Schedule Transit \hicle Maintenance ()

4.3 1 Nonitor Transit ‘vehicle Condition Q)

%4.3.2 Generate Transit Vehicle Maintenance Schedules 0
%4.3.3 Generate Technician Work Assignmerts ()

%4.3.4 Monitor And \erity Maintenance Activity Q

%4.3.5 Report Transit Mehicle information ( ()

%4.2.8 Lpdate Transit ‘ehicle Information O

%4.3.7 Manage Trangit \ehicle Operations Data Store 0

%4.4 Support Security and Coordination )

%4.4.1 Provide Transit Security and Emergency Management ()
%4.4.1.1 Manage Transit Security ()

%4 4.1.2 Manage Transit Emergencies 0

%4.4.1.3 Provide Transit System Operator Security Intarface 0
%4.4.1.4 Provide Transit Extemal Interface for Emergencies ()
%4.4.1.5 Provide Transit Driver Imertace for Emergencies ()
%4418 Collect Transit \khicle Emergency Information 0
%4.4.1.7 Monitor Secure Area ()

%1.4.1.8 Report Traveller Emergencies ()

%4.4.2 Coordinate Multiple Agency Responses to Incidents 0
%4.4.3 Generate Responses for Incidents ()

%4.4.4 Coordinate Transit Disaster Response Q

%4.5 Generate Transit Driver Schedules ()

--| 451 Agsess Transit Driver Perfarmance ()

452 Assess Transit Driver Awailabilty ()

$4.5.3 focess Transit Driver Cost Effectiveness 0

4.5 4 Assess Transit Driver Bigibilty O

%4.5.5 Generate Transit Driver Route Assignments ()

%4.58 Update Transit Driver Information ()

%4.5.7 Repont Transit Driver Information

%4.5 8 Provide Transit Driver Information Store Interface 4]
%46 Collect Transit Fares in the \ehisle )

%4.8.1 Detect Transit Liser on \ehicle ()

%4.08.2 Determine Transit User Needs on \ehicle 0

%4.6.3 Determine Transtt Fare on \khicle ()

%4 8 4 Menage Transit Fare Billing on \ehicle >0

:4.0.5 Provide Transit User Fare Payment interface on \thicle ()
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Figure 5.45 (Part 23) Object-oriented visualization of CAHS’s Class Backbone
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%4.8.4 Manage Transit Fare Biling on ‘\ehicle **0)

%4.8.5 Provide Transit User Fare Payment Interface on \ehicle 0
%4.0.0 Update Transit \dhicle Fare Data ()

%4.6.7 Provide Transit ‘hicle Passenger Data ()

%4.0.8 Maniage Transit \ehicle Advanced Paymems ()
%47 Provide Transit Uiser Roadside Fagilities ()

%4 7.1 Provide Transit Liser Roadside Information 0
%4.7.1.1 Provide Transit User Roadside Data Interface 0
%4.7.1.2 Provide Transit User Roadside \&hicle Data Interface 0
%4.7.2 Collect Transit Fares at the Roadside ()

%4.7.2.1 Detect Transit User at Roadside

%4 7.2.2 Determine Transit User Needs at Roadside 0
%4.7.2.3 Determine Transit Fare at Roadside 0

%4 7.2 4 Manage Transit Fare Billing at Roadside 0
%4.7.2.5 Provide Transit User Roadside Fare Interface D
%4.7.2.6 Update Roadside Transit Fare Data 0

%4.7.2.7 Provide Transit Roadside Passenger Data 0

%5 Manage Emergency Services

%5.1 Provide Emergency Service Allocation ()

%5.1.1 identify Emergencies from Inputs ()

%5.1.2 Determine Coordinated Response Plan ()

%5.1.3 Communicate Emergency Status ()

%5.1.4 Manage Emergency Response 4]

%3.1.5 Manage Emergency Service Allacation Store Q
%5.1.0 Process Meyday Messages ()

%5.2 Provide Operator Interface for Emergency Data ()
%5.3 Manage Emergency “ehicles 0

%5.3.1 Select Response Mode )

%5.3.2 Dispatch Vehicle ()

%5.3.3 Track \ehicle

%5.3.4 Assess Response Status ()

%5.3.5 Frovide Emergency Personnel interface ()
%5.3.8 Maintain Vehicle Status

%5.3.7 Provide Emergency \khicle Route ()

%5.4 Provide Law Enforcement Allocation 0

%5.4.1 Process TM Detected Malations ()

%5.4.2 Pracess ‘olations for Tolls ()

:5.4.3 Process Parking Lot \dolations™*()

Figure 5.46 (Part 24) Object-oriented visualization of CAHS’s Class Backbone
Communication with it attributes and Functions in UML
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¥5.49.2 Process Moiations ter lolls ()

%5.4.3 Process Parking Lot Molations™=()

%5.4 4 Process Fare Payment \olations ()

%5.4.5 Process \ehicie Fare Collection Molations ()
%5 4.6 Process CV Molations ()

%5 4.7 Process Roadside Fare Collection Molations 0
%55 Update Emergency Display Map Data ()

%58 Manage Emergency Services Data ()

%5 7 Co-ondinate Disaster Response ()

*~| %571 Collect Disaster Response Data () el
%5.7.2 Provide Medical Facility Interface ()

8¢ Provide Driver and Traveller Services ()

%5.1 Provide Trip Planning Services ()

%2.1.1 Provide Trip Planning Information to Traveller

.1.2 Confirm Traveller's Trp Plan

3 Manage Multimodzl Service Provider Interface ()

4 Pravide ISP Operator interface for Trip Planning Parameters ()
5 Collect Service Reguests and Confirmation for Archive ()
B Manage Traveller Infe Archive Data

Provide Information Services

.1 Provide Advisory and Broadoast Data

1.1 Collect Traffic Data for Advisory Messages ()

.1.2 Provide Traffic and Transit Advisory Messages ()

.1.3 Collect Transit Data for Advisory Messages ()

.1.4 Provide Traffic and Transit Broadcast Messages ()

.1.5 Provide ISP Operator Broadcast Parameters imterface
.1.8 Provide Transit Advisory Data On \ehicle )

%5.2.2 Prepare and Butput In-vehicle Oisplays ()

%6.2.3 Provide Transit User Advisory Interface ()

%0.2.4 Collect Yellow Pages Data ()

%9.2.5 Provide Driver interface Q)

%1.2.0 Provide Yeliow Pages Data and Reservations ()

%8.3 Provide Traveller Services at Kiosks {)

%6.3.1 Get Traveller Request

%¢.3.2 Inform Traveller

%5.3.2 Provide Traveller Kiosk Interface ()

%6.3.4 Update Traveller Display Map Data at Kiosk ()

:9.4 Manage Ridesharing™()
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Figure 5.47 (Part 25) Object-oriented visualization of CAHS’s Class Backbone
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0.4 Manage Ridesharing™0

%% 4.1 Screen Rider Requests ()

%6.4.2 Match Rider and Provider

%6.4.3 Report Ride Match Results to Requestor )

%6.4.4 Confirm Traveller Rideshare Request 0

%2.5 Manage Yellow Pages Services ()

%6.5.1 Collect and Update Traveller information ()

%5.5.2 Provide Traveller Yeliow Pages information and Reservations 0
%0.5.3 Register Yellow Pages Service Providers ()

%0.8 Provide Guidance and Trip Planning Services ()

%8.8.1 Provide Multimodal Route Selection ()

%0.6.2 Select \khicle Route )

%6.8.2.1 Calculate Vhicle Route ()

%5.8.2.2 Provide \Ahicle Route Calculation Data ()

%8 .8.2.3 Provide Route Segment Data for Other Areas ()
%0.8.2.4 Update “Wehicle Route Selection Map Data ()
%4.08.2.5 Provide ISP Operator Route Parameters Interface 0
%8.6.2.8 Calculate \Ahicle Probe Data for Guidance ()
%9.0.3 Update Other Routes Selection Map Data ()

%9.0.4 Select Transit Route 0

%5.0.5 Select Other Routes ()

%3.7 Provide Driver Personal Services ()

%3.7.1 Provide Driver Personal Security ()

%8.7.1.1 Build Driver Personal Security Message ()

%8.7.1.2 Provide Oriver in-vehicle Communications Function 0
%17 2 Provide On-line Vehicle Guidance 0

%5.7.2.1 Provide khicle Guidance ()

%§.7.2.1.1 Determine In-vehicle Guidance Method 4]
%9.7.2.1.2 Provide Dynamic in-vehicle Guidance Q
%6.7.2.1.3 Provide Autonomous In-vehicle Guidance (3
%0.7.2.2 Process \khicle Location Data ()

%%.7.2.3 Provide Driver Guidance Interface ()

%4.7.2.4 Update \ehicle Navigable Map Database ()

%0.8 Provide Traveller Personal Services ()

%6.6.1 Provide On-line Traveller Guidance 0

%8.6.1.1 Provide Traveller Guidance [)

%0.8.1.1.1 Determine Personal Portable Device Guidance Method =0

e o .- =

Figure 5.48 (Part 25) Object-oriented visualization of CAHS’s Class Backbone
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1.1.1 Datermine Parsonal Partable Device Guidance Method **()
1.1.2 Provide Personal Portable Davice Dynamic Guidance ()
1.1.3 Provide Personal Portable Device Autonomous Guidance
1.2 Provide Personal Portabie Device Guidance interface Q

1.3 Pracess Personal Portable Device Lacation Data ()

1.4 Update Travelier Navigable Map Database ()

1.5 Provide Traveller Emergency Message Interface ()
%4.8.2 Provide Traveller Personal Security ()

%8.6.2.1 Build Traveller Personal Security Message ()
%4.8.2.2 Provide Traveller Emergency Communications Function ()
%4.8.3 Provide Traveller Services at Personal Devices ()
%9 .6.3.1 Get Traveller Persanal Request [

%4.8.3.2 Provide Traveller uith Personal Travel Information ()
%9.6.3.3 Provide Traveller Personal Interface ()

%3 6.3.4 Update Travelier Personal Display Map Data ()
%7 Provide Bectronic Payment Services ()

7.1 Provide Bectronic Toll Payment )

%7.1.1 Process Beetronic Toll Payment ()

%7.1.1.1 Read Tag Data tor Tolls Q

%7.1.1.10 Determine Advanced Toll Bill O

%7.1.1.11 Manage Toll Achive Data ()

%7.1.1.2 Calculate \ehicle Toll )

%7.1.1.3 anage Bad Toll Payment Data )

%7 1.1.4 Check for Advanced Tolls Payment

%7.1.1.5 Bill Diiver for Tolls

%7.1.1.8 Collest Probe Data From Toll Transactions ()
%7.1.1.7 Update Toll Price Data O

%7.1.1.8 Register for Advanced Toll Payment ()
%7.1.1.0 Manage Toll Financial Processing [)

%7.1.2 Produce Roadside Dispiays Q

%7.1.3 Obtain Toll Molator Image (

%7.1.4 Provide Driver Toll Payment Interface ()

%7 .1.5 Detect \ehicle for Tolls O

%7.1.8 Distribute Advanced Charges and Fares ()

%7 1.7 Provide Payment Instrument Interface for Tolls ()
%7 2 Provide Bectronic Parking Payment **()

%7.2.1 aness Eectrnmc Farklng Lnt Payment
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Figure 5.49 (Part 26) Object-oriented visualization of CAHS’s Class Backbone
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%7.2 Provide Bectronic Parking Paymem *=)

%7.2.1 Process Bectronic Parking Lot Payment ()

%7 2.1.1 Read Parking Lot Tag Data ()

%7.2.1.10 Datermine Advanced Charges ()

%7 .2.1.2 Calculate \hicle Parking Lot Charges (3

%7.2.1.3 Collect Bad Charge Payment Data ()

%7.2.1.4 Check for Advanced Parking Lot Payment
%7.2.1.5 Bill Driver for Parking Lot Charges

%7.2.1.6 Manage Parking Lat Financial Processing ()
%7.2.1.7 Update Parking Lot Data

%7.2.1.8 Register for Advanced Parking Lot Payment 0
%7.2.1.0 Manage Farking Lot Reservations 0

%7.2.2 Produce Parking Lot Displays ()

%7 2.3 Obtain Parking Lot Molator image O

%7 2.4 Provide Driver Parking Lot Payment Interface ()
%7.2.5 Detect \hicle for Parking Lot Fayment ()

%7 2.0 Distribute Advanced Tolls and Fares ()

%7 2.7 Provide Payment Instrument Interface for Parking O
%?.3 Provide Bectronic Fare Collection ()

%7.3.1 Process Bectronic Transit Fare Payment O

%7.3.1.1 Register for Advanced Transit Fare Payment

%7 3.1.2 Determine Advanced Transit Fares 4]

%7.3.1.3 Manage Transit Fare Financial Processing ()
%7.3.1.4 Check for Advanced Transit Fare Payment ()
%7.3.1.5 Bill Transit User for Transit Fare {

%7.3.18 Collect Bad Transit Fare Payment Data

%7 3.1.7 Update Transit Fare Data ()

%7.3.2 Distribute Advanced Talls and Parking Lot Charges ()
%7.3.3 Get Transit User Image for Molation ()

%7 3.4 Provide Remote Terminal Payment instrument Interface 0
%7.3.5 Provide Transit \ehicle Payment Instrument Imterface 0
%7 4 Camry-out Centralized Payments Processing

%7 4.1 Collect Advanced Payments ()

%7.4.1.1 Process Commercial \ehicle Payments ()

%7 .4.1.2 Process Yellow Pages Services Provider Payments ()
%7.4.1.3 Process Driver Map Update Payments ()

%7.4.1.4 Process Traveller Map Update Payments **Q)
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Figure 5.50 (Part 27) Object-oriented visualization of CAHS’s Class Backbone
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%7.4.1.2 Prucess Yellow Pages Services Provider Payments ()
%7.4.1.3 Process Driver Map Update Payments

%7.4.1.4 Process Traveller Map Update Payments 0

%7 4.1.5 Process Transit User Other Services Payments ()
%7.4.1.6 Process Traveller Trip and Other Services Payments
%7.4.1.7 Collect Payment Transaction Records ()

%7 4.1.8 Process Traveller Rideshare Fayments ()

%7.4.2 Collect Price Data for CAHS Use

%7 4.3 Route Traveller Advanced Payments ()

%7.5 Provide Payment Instrument interfaces ()

%7.5.1 Provide \ihicle Payment Instrument Interface

%7 5.7 Provide Transit User Roadside Payment instrument Interface ()
%7.5.3 Provide Personal Payment Instrument Interface )

%7 5.4 Provide Commercial Fleet Payment instrument imerface ()
%7 5.5 Provide Traveller Kiosk Payment Instrument Interface
%9 Manage Archived Data O

%8.2 Manage Archive ()

%83 Manage Archive Data Administrator interface

%3 4 Coondinate Archives ()

%8.5 Pracess Archived Data User System Requests )

%3.6 Analyze Achive ()

%g.7 Process On Demand Archive Requests ()

%9.8 Prepare Govemment Reportting Inputs ()

%50 hManage Roadside Data Collection ()

%9 Satisfy implementation Requirements ()

3.1 Get Archive Data O

%5.7.3 Provide Disaster Coordination Authority Interface ()

Figure 5.51 (Part 28) Object-oriented visualization of CAHS’s Class Backbone
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5.3.6 Findings of the Visual Analysis

The monitoring of a class 6 (Backbone communication class) that is a generalization of the
four-communication channels, which are available in ITSC architecture. It is active in the
fulfillment of the sequence diagrams functionality. The communication where coming in
and out of class no. 6 and without it no functionality can be assured. This is true for almost
all the sequence diagrams of CAHS. What will happen if a malfunction occurs in the

backbone communication class?

5.4 Conclusion of CAHS Three Analysis Study

We proved in this chapter that we need a backup communication system within CAHS.
Since CAHS posses all ITSC requirements, this fact can be generalized to ITSC

architecture.
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Chapter 6

A SATELLITIC AUTOMATED HIGHWAU SYSTEM (SAHS): ANALYSIS OF
ITSC REQUIREMENTS RELATED TO COMMUNICATION PROBLEM
SOULTION

The main objectives of this chapter are to prove that our solution for a backup communication
is adequate and object-oriented architecture provides stability and flexibility. Stability is the
ability of the architecture to meet the present and future needs of user, designer, and the
environment. Flexibility is the ability of the architecture to respond to the demands of the user,
designer, and environment changes. In order to reach this goal, we set a conceptual system
called the Satellitic Automated Highway System (SAHS). This system is integration between an
Automated Highway concept and a Satellitic Backup Communication System. It should be
clear that we are not developing a new system due to limited time and resources, but rather
scratching the surface of architecture to the point whereby the solution to the problem of the
lack of a backup communication would manifest itself. SAHS is a partial object-oriented
development that will allow us through localization of change offer to have a stable and
flexible architecture. Since SAHS possess all ITSC architecture requirements plus five (Backup
Communication) architecture requirements, then the analysis result can be directly generalized
to the ITSC. In the previous chapters and throughout the example modules we developed a
realization of the serious problems that are within the documentation and visualization of the
Canadian Intelligent Transportation Architecture (ITSC). These serious problems are shared
with most of the ITS architectures around the world, and eventually, they will face extreme
pressures to change their architecture due to the unbalanced propottion that they hold
between flexibility and stability. The pressure to change will come from the challenges of
change that comes with the change of user and developer needs and the change in technology.
The mpact of change would be minimized if ITS Canadian developers would choose an
object-oriented development methodology and provide a Satellitic Backup Communication

System.
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6.1 SOLUTION VISION
The solution that will provide ITS Canada the ability to promote a stable and flexible

architecture is by adapting an object-oriented methodology in developing the
documentation and visualization of our architecture. Any change will affect small number
of classes that can be easily changed without noticeable effects on the rest of the
architecture. The other solution would be to provide a seamless integration of the
automated highway system with a redundant Satellitic wireless backup communication

system. The conceptual project model for such system is given in Figure 6.1.

One of the main components of the Redundant Satellitic wireless backup communication
system is the stratospheric satellite. An example of such a satellite is shown in Figure 6.2.
This unmanned solar-driven satellite can be used as a wireless communication platform in
the Satellitic Backup Communication System. More detail regarding these satellites can be
obtained from the NASA reference (NASA Dryden Flight Research Center, 2002). The
other important part of the Satellitic Backup Communication System is the Intelligent
Digital Modem (IDM). The intelligent modem is located inside every system and
subsystem of the Satellitic Automated Highway system. The main duty for the IDM will
be to monitor the Satellitic Automated Highway system Communication channels. In the
event of malfunctioning of the SAHS communication, the IDM will divert the
communication to the stratospheric satellite communication platform. In the case of failure
of the stratospheric satellite communication platform, the IDM will initiate a message to the
actor to take over the related operation. We will develop the IDM to a near market level of

readiness.
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Figure 6.1 Satellitic Automated Highway System
(SAHS) Initial Conceptual Model.
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Figure 6.2 An example of a stratospheric Satellite (NASA Dryden Flight Research Center,

2002)
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6.2 THE ANALYSIS OF SAHS CONCEPTUAL MODEL
Three-solution analysis:

e Scientific Solution Analysis
e Documental Solution Analysis
e Visual Solution Analysis

6.3 SCIENTIFIC SOLUTION ANALYSIS

The scientific study will contain both the functional requirements and the user requirements of
the ITSC plus five (Backup Communication) architecture requirements, then the analysis of
result can be directly generalized to the ITSC. In order to do the study we created both use
case and class system. The study is about tracing each requirement to the class or classes that
are responsible for the functionality of the requirement. SAHS the proposed partial
architecture development efforts for a system that will demonstrate cleatly that our solution
for backup communication is adequate and object-oriented architecture provides Stability &

Flexibility. The following were petformed:

1. The description of functional requirement of the ITSC architecture was

derived and called Requirement Description (RDescription).

2. The functional requirement number of the ITSC architecture was obtained

and called the Functional Requirement Number (FunctionalR#).

3. The user requirement number of the ITSC architecture was obtained and

called the User Requirement Number (UserR# ).

4. The functional requirement number of the ITSC architecture was obtained
and assigned to the Use case number and called Use Case number (UseCA
#) for normal operations (where Backbone Communication is functioning)
and (UseCB #) is for when a failure occurs in the Backbone
Communication System. Then, the Satellitic Backup Communication takes

over the operation.
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5. A creation of class number was done in order to be able to trace the
requirements to the responsible class and was called the Class

Responsibility number (ClassR#)

6. An automated number was created to keep truck of the study, and we called
it the Satellitic Automated Highway System number (SAHS #).

The results were documented in SAHS requirements class responsibility shell. The shell is
a database that help us to track the various related relations. The scientific analysis of
SAHS requirement led us to trace requirements to its classes. Since SAHS posses, all ITSC
architecture requirements plus five any conclusions from the scientific analysis may

directly generalize to the ITSC architecture.

The analysis shows that CAHS physical classes can be modeled by thirty-one classes; their
names and numbers are given in Table 6.1. We created a class called Backup
communication class (7) to present the Satellitic backup for the four-communication
channels that are available in ITSC architecture and which the backbone communication
class (6) is in its general form. We will keep a close attention on classes 6 and 7 in order to

monitor its participation in the fulfillment of the requirement functionality.

The study covers 694 requirements back to their responsible classes. The analysis report details

are gtven in Appendix C. A snap shot of that report 1s shown below.
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SAHS # RDescription

6 The SAHS shall 12 1113 1A.1.13 1B.1.13 6
povide travellers 1.13 1A.13 1B.13 7
with instrurtions 6211 6A.2.11 6B.2.1.1 16
on turns and 62.12 6A212 6B2.12 13
ather manoeuvres 6213 6A213 6B213 31
o reach selected 6214 6A214 6B.2.14 30
destinations. 622 6A22 6B.22

623 5A23 6B23
624 6A24 6B.2.4
625 6A25 6B2S
626 6A25 6B26
6621 6A6.2.1 6B6.2.1
6721.1 6A7211 . 6B721.1
6722 6A722 6B.7.2.2

7 The SAHS shall 1.2:1 622 6A.22 6B.2.2 [
Enable route 623 6A23 6B23 7
planning and 6621 6A.6.2:1 6B6.2.1 3
detailed route 6721.1 6A.72.1.1 6BI21.1 30
guidance based 6722 6A722 68722 13
on static, stored
information
collected through
in-vehicle

sensory, location



Table 6.1 SAHS Classes and its related numbers

SAHS class name Class Number
Automated Highway System 1
Centers 2
Wayside 3
Travelers 4
Satellitic Vehicles 5
Backbone Communication 6
Satellitic Backup Communication 7
Archived Data Management 8
Commercial Satellitic Vehicle Administration 9
Emissions Management 10
Fleet and Freight Management 12
| Information Service Provider 13
Maintenance Management 14
Toll Administration 15
Traffic Management 16
Transit Management 17
Emergency Management 18
Commercial Satellitic Vehicle Check 19
Intermodal Terminal 20
Parking Management 21
Roadway 22
Toll Collection 23
Personal Information Access 24
Remote Traveler Support Subsystem 25
Commercial Satellitic Vehicle 26
Emergency Satellitic Vehicle 27
Intermodal Container 28
Maintenance Satellitic Vehicie 29
Transit Satellitic Vehicle 30

Satellitic Vehicle

(98]
—
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In the SAHS solution, we now have two classes that will fulfill the communication
aspects of the architecture. Backbone communication class No. 6, and Satellitic
Backup communication class No.7 will handle the communication in case class 6 is

malfunctioning.

6.3.1 Analysis

1. We were able to trace most of the requirement to the responsible class.

2. The study shows that in order for the requirements to fulfill its functionality, it
must use the communication system to petform its duty. Therefore, the
communication subsystem is the backbone of the system. One of the most
important findings of this study is the need for a backup communication
system to increase the reliability and functionality of the system. In the SAHS
solution, we now have two classes that will fulfill the communication aspects
of the architecture. Backbone communication class No. 6, and Satellitic

Backup communication class No.7 will handle the communication in case 6

has a fault.

3. The scientific analysis enabled us to model and to document in an OOAD
methodology, the findings of the study. We were able to illustrate successfully
the two deficiencies of the ITSC architecture. These deficiencies are the
development methodology and the lack of backup communication system.

SAHS present a solution for such deficiencies.

4. This study enabled us to find a solution for the two major problems that this
architecture inherited from the expetience of the other ITS architectures. It
showed how the entire system relies upon its communication subsystem and
how important it is to the overall functionality and reliability. Furthermore, in
order to increase the flexibility and stability of the system the architecture must

be based on an object-oriented methodology. The study provides us with a
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clear picture of the need for a2 documental and visualizes solution analysis for

the two problems that we have mentioned by partial development of SAHS.

6.4 DOCUMENTAL SOLUTION ANALYSIS
In the documental analysis, the flow of events is captured in this partial development of

SAHS in text. The numbering for this documentation is related to the number of the
process in the ITSC architecture. The documentations captured the communication from
the actors to the various classes that are needed to perform the desired functionality. For
each third level uses case. We focused only on one-way communication in the documental
analysis only the actors are communicating with the system and subsystems. The system
and subsystems will meet most requirements of the actors, but will not directly give
specific answers to the actors. This documental analysis is based on the requirements that

are provided by ITSC architecture, we analyzed and documented the following:

e For each use case of SAHS document Characteristic Information

e For each use case of SAHS document Main Success Scenario

e For each use case of SAHS document Scenario Extensions

e For each use case of SAHS document Related Information

e For each use case of SAHS document Open Issues

¢ Analyse the extent to which the backbone communication class and thee backup
communication class participates in fulfilling all use cases in order to have a
successful scenario

The documentation analysis for SAHS third level use cases are given Appendix D. For an

example of this document analysis, ten use cases were chosen:

e 4A.4: CAHS Use Case Name: Support Security and Coordination

e 6A.2: CAHS Use Case Name: Provide Information Services

e 6A.8: CAHS Use Case Name: Provide Traveller Personal Services

¢ 7A.2: CAHS Use Case Name: Provide Electronic Parking Payment

e 7A.4:Use CAHS Case Name: Carry-out Centralized Payments Processing
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e 4B.4: CAHS Use Case Name: Support Security and Coordination but with the use
of the Satellitic Backup Communication System

e 6B.2: CAHS Use Case Name: Provide Information Services but with the use of the
Satellitic Backup Communication System.

e 6B.8: CAHS Use Case Name: Provide Traveller Personal Services but with the use
of the Satellitic Backup Communication System

e 7B.2: CAHS Use Case Name: Provide Electronic Parking Payment but with the use
of the Satellitic Backup Communication System

e 7B.4:Use CAHS Case Name: Carry-out Centralized Payments Processing but with

the use of the Satellitic Backup Communication System

The documentations are as follows:

4A.4: SAHS Use Case Name: Support Security and Coordination

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.
Goal In Context: Support Security and Coordination
Scope: SAHS
Level: Strategic
Pre-Condition: System is ON and the Backbone Communication System is

Functioning
Success End Condition:  Security is Coordinated and Supported

Failed End Condition: Security 1s not Coordinated and Supported
Primary Actor: 32,33, and 34
Trigger Event: System Clock



Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal completion when
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everything works without failure. It also describes any required cleanup that is done
after the goal has been reached. The steps are listed below:

Step  From
1. 17
2. 33
3.6
4. 33
5.6
6. 34
7.6
8. 33
9. 6
10. 17
1. 32
12. 6
13. 33
14. 6
15. 33
16. 6
17. 33
18. 6
19. 34
20. 6

Scenario Extensions

Action Description
4.4.1.1 Manage Transit Security

4.4.1.2 Manage Transit Emergencies
4.4.1.2 Manage Transit Emergencies

4.4.1.3 Provide Transit System Operator Security
Interface
4.4.13 Provide Transit System Operator Security
Interface

44.1.4 Provide Transit External Interface for
Emergencies
44.14 Provide Transit External Interface for
Emergencies

4.4.1.5 Provide Transit Driver Interface for Emergencies
4.4.1.5 Provide Transit Driver Interface for Emergencies
4.4.1.6 Collect Transit Vehicle Emergency Information
4.4.1.7 Monitor Secure Area

4.4.1.7 Monitor Secure Area

4.4.1.8 Report Traveller Emergencies

4.4.1.8 Report Traveller Emergencies

442 Coordinate Multiple Agency Responses to
Incidents

442 Coordinate Multiple Agency Responses to
Incidents

4.4.3 Generate Responses for Incidents

4.4.3 Generate Responses for Incidents

4.4.4 Coordinate Transit Disaster Response

4.4.4 Coordinate Transit Disaster Response

17

17

This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.
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Step Condition Action Description
2a Backbone Switch to Satellitic Backup Communication System
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
2a Backbone Switch to Satellitic Backup Communication System
Communication

System Failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Manage Transit

Sub Use Case(s): N/A

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
] Problem solved

6A.2: Use Case Name: Provide Information Services
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Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.

Goal In Context: Provide Information Services

Scope: SAHS

Level: Strategic

Pre-Condition: System is On and Backbone Communication System is

functioning
Success End Condition:  Information Services is provided

Failed End Condition: Information Services is not provided
Primary Actor: 33.34 and 35
Trigger Event: Request from 34

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Step From Action Description To

1. 34 6.2.1.1 Collect Traffic Data for 6
Advisory Messages

2. 6 6.2.1.1 Collect Traffic Data for 13
Advisory Messages

3. 35 6.2.1.1 Collect Traffic Data for 6
Advisory Messages

4. 6 6.2.1.1 Collect Traffic Data for 13
Advisory Messages

S. 13 6.2.1.2 Provide Traffic and 13
Transit Advisory Messages

6. 35 6.2.1.3 Collect Transit Data for 6
Advisory Messages

7. 6 6.2.1.3 Collect Transit Data for 13
Advisory Messages

8 13 6.2.1.4 Provide Tratfic and 13
Transit Broadcast Messages

9 33 6.2.1.5 Provide ISP Operator 6

Broadcast Parameters Interface
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10. 6 6.2.1.5 Provide ISP Operator 13
Broadcast Parameters Interface

11. 33 6.2.1.6 Provide Transit Advisory 6
Data On Vehicle

12. 6 6.2.1.6 Provide Transit Advisory 30
Data On Vehicle

13. 31 6.2.2 Prepare and Output In- 31
vehicle Displays

14. 33 6.2.3 Provide Transit User 6
Advisory Interface

15. 6 6.2.3 Provide Transit User 30
Advisory Interface

16. 13 6.2.4 Collect Yellow Pages Data 13

17. 33 6.2.5 Provide Driver Interface 6

18. 6 6.2.5 Provide Driver Interface 31

19. 13 6.2.6 Provide Yellow Pages Data 13

and Reservations

Scenario Extensions

This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
la Backbone Switch to Satellitic Backup Communication Sysytem

Communication
System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations

la Backbone Switch to Satellitic Backup Communication Sysytem
Communication
System Failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ' ASAP
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Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Driver And Traveller Services
Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Problem solved

6A.8: AHS USE CASE NAME: PROVIDE
TRAVELLER PERSONAL SERVICES

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.

Goal In Context: Provide Traveller Personal Services

Scope: SAHS

Level: Strategic

Pre-Condition: System Must be On and the Backbone Communication is

functioning
Success End Condition: ~ Traveller Personal Services is provided



Failed End Condition:

Primary Actor:

Trigger Event:

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal completion when
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Traveller Personal Services is not provided
32 and 34

System Clock

everything works without failure. It also describes any required cleanup that is done
after the goal has been reached. The steps are listed below:

Step
1.

2.

3.

i

10.
11.
12.

13.
14.

15.
16.
17.
18.

From
24

24

Action Description

6.8.1.1.1 Determine Personal Portable Device
Guidance Method

6.8.1.1.2 Provide Personal Portable Device Dynamic
Guidance

6.8.1.1.3 Provide Personal Portable Device
Autonomous Guidance

6.8.1.2 Provide Personal Portable Device Guidance
Interface

6.8.1.2 Provide Personal Portable Device Guidance
Interface

6.8.1.3 Process Personal Portable Device Location
Data

6.8.1.4 Update Traveller Navigable Map Database
6.8.1.4 Update Traveller Navigable Map Database
6.8.1.5 Provide Traveller Emergency Message
Interface

6.8.2.1 Build Traveller Personal Security Message
6.8.2.1 Build Traveller Personal Security Message
6.8.2.2 Provide Traveller Emergency
Communications Function

6.8.3.1 Get Traveller Personal Request

6.8.3.2 Provide Traveller with Personal Travel
Information

6.8.3.3 Provide Traveller Personal Interface

6.8.3.3 Provide Traveller Personal Interface

6.8.3.4 Update Traveller Personal Display Map Data
6.8.3.4 Update Traveller Personal Display Map Data

To
24

24

24

24
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Scenario Extensions

This is a listing of how each step in the Main Success Scenario can be extended. Another
way to think of this is how can things go wrong. The extensions are followed until
either the Main Success Scenario is rejoined or the Failed End Condition is met. The
Step refers to the Failed Step in the Main Success Scenario and has a letter associated
with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
4a Backbone Switch to Satellitic Backup Communication System
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
4a Backbone Switch to Satellitic Backup Communication System

Communication
System Failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ASAP

Priority: , Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Driver And Traveller Services
Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Problem solved
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7A.2: SAHS Use Case Name: Provide Electronic Parking Payment

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.
Goal In Context: Provide Electronic Parking Payment
Scope: Automated Highway System
Level: Strategic
Pre-Condition: The system is ON and the Backbone Communication System

is functioning
Success End Condition:  Electronic Parking Payment is Provide

Failed End Condition:  Electronic Parking Payment is not complete
Primary Actor: 34 and 33
Trigger Event: System Clock

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Step From Action Description To
1 21 7.2.1.1 Read Parking Lot Tag Data ) 21
2 21 7.2.1.10 Determine Advanced Charges 21
3 21 7.2.1.2 Calculate Vehicle Parking Lot Charges 21
4 34 7.2.1.3 Collect Bad Charge Payment Data 6

5 6 7.2.1.3 Collect Bad Charge Payment Data 21
6 21 7.2.1.4 Check for Advanced Parking Lot Payment 21
7 21 7.2.1.5 Bill Driver for Parking Lot Charges 21
8 34 7.2.1.6 Manage Parking Lot Financial Processing 6
9 6 7.2.1.6 Manage Parking Lot Financial Processing 21
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10 33 7.2.1.7 Update Parking Lot Data 6
11 6 7.2.1.7 Update Parking Lot Data 21
12 33 7.2.1.8 Register for Advanced Parking Lot Payment 6
13 6 7.2.1.8 Register for Advanced Parking Lot Payment 21
14 33 7.2.1.9 Manage Parking Lot Reservations 6
15 6 7.2.1.9 Manage Parking Lot Reservations 21
16 21 7.2.2 Produce Parking Lot Displays 21
17 21 7.2.3 Obtain Parking Lot Violator Image 21
18 34 7.2.4 Provide Driver Parking Lot Payment Interface 6
19 6 7.2.4 Provide Driver Parking Lot Payment Interface 31
20 33 7.2.4 Provide Driver Parking Lot Payment Interface 6
21 6 7.2.4 Provide Driver Parking Lot Payment Interface 31
22 21 7.2.5 Detect Vehicle for Parking Lot Payment 21
23 13 7.2.6 Distribute Advanced Tolls and Fares 13
24 34 7.2.7 Provide Payment Instrument Interface for Parking 6
25 6 7.2.7 Provide Payment Instrument Interface for Parking 31
Scenario Extensions
This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. L.E if Step 3 fails the Extension Step is 3a.
Step Condition Action Description
4a Backbone Switch to Satellitic Backup Communication System see
Communication use case number 7B.2
System failure
Scenario Variations
If a variation can occur in how a step is performed it will be listed here.
Step Variable Possible Variations
4a Backbone Switch to Satellitic Backup Communication System see
Communication use case number 7B.2

System failure

Related Information

The following table gives the information that is related to the Use Case.
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Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Electronic Payment Services
Sub Use Case(s): N/A

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 The problem is solved

7A.4:Use Case Name: Carry-out Centralized Payments Processing

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.

Goal In Context: Carry-out Centralized Payments Processing

Scope: SAHS

Level: Strategic

Pre-Condition: The System is On and Backbone communication is

functioning
Success End Condition:  Centralized Payments Processing is carried-out

Failed End Condition: Centralized Payments Processing is not carried-out
Primary Actor: 34



Trigger Event:

Main Success Scenario

Request from 34
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This Scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required

cleanup that is done after the goal has been reached. The steps are listed below:

17 2]
-
(4]

From

(U8
L~ -+ +

Nl LIRS I RV I NV B S [~ |
N W N W N W ON
ESN

34
10 6
1 34
2 6
13 13
14 34
15 6
16 13

Scenario Extensions

Action Description

7.4.1.1 Process Commercial Vehicle Payments

7.4.1.1 Process Commercial Vehicle Payments

7.4.1.2 Process Yellow Pages Services Provider Payments
7.4.1.2 Process Yellow Pages Services Provider Payments
7.4.1.3 Process Driver Map Update Payments

7.4.1.3 Process Driver Map Update Payments

7.4.1.4 Process Traveller Map Update Payments

7.4.1.4 Process Traveller Map Update Payments

7.4.1.5 Process Transit User Other Services Payments
7.4.1.5 Process Transit User Other Services Payments
7.4.1.6 Process Traveller Trip and Other Services Payments
7.4.1.6 Process Traveller Trip and Other Services Payments
7.4.1.7 Collect Payment Transaction Records

7.4.1.8 Process Traveller Rideshare Payments

7.4.1.8 Process Traveller Rideshare Payments

7.4.2 Collect Price Data for AHS Use

To

This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Descrip‘ tion
la Backbone Switch to Satellitic Backup Communication System

Communication
System failure
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Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
la Backbone Switch to Satellitic Backup Communication System
Communication

System failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Electronic Payment Services
Sub Use Case(s): N/A

Channel To Primary Actor: Backbone Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Problem solved

4B.4: SAHS Use Case Name: Support Security and Coordination With
Satellitic Backup Communication System

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use
Case.

Goal In Context: Support Security and Coordination
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Scope: SAHS

Level: Strategic

Pre-Condition: System is ON and the Backbone Communication System is
Functioning

Success End Condition:  Security is Coordinated and Supported
Failed End Condition: Security is not Coordinated and Supported
Primary Actor: 32,33, and 34

Trigger Event: System Clock

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal completion when
everything works without failure. It also describes any required cleanup that is done
after the goal has been reached. The steps are listed below:

Step From Action Description : To
21, 17 4.4.1.1 Manage Transit Security 17
22, 33 4.4.1.2 Manage Transit Emergencies 7
23. 7 4.4.1.2 Manage Transit Emergencies 30
24. 33 44.13 Provide Transit System Operator Security 7
Interface

25. 7 4.4.1.3 Provide Transit System Operator Security 17
Interface

26. 34 4414 Provide Transit External Interface for 7
Emergencies

27. 7 44.1.4 Provide Transit External Interface for 17
Emergencies

28. 33 4.4.1.5 Provide Transit Driver Interface for Emergencies 7

29. 7 4.4.1.5 Provide Transit Driver Interface for Emergencies 30

30. 17 4.4.1.6 Collect Transit Vehicle Emergency Information 17

31, 32 4.4.1.7 Monitor Secure Area 7

2. 7 4.4.1.7 Monitor Secure Area 25

33. 33 4.4.1.8 Report Traveller Emergencies

34. 6 4.4.1.8 Report Traveller Emergencies 25

35. 33 4.4.2 Coordinate Multiple Agency Responses to 7
Incidents

36. 7 442 Coordinate Multiple Agency Responses to 17
Incidents

37. 33 4.4.3 Generate Responses for Incidents 7

38. 7 4.4.3 Generate Responses for Incidents 17
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39. 34 4.4.4 Coordinate Transit Disaster Response 7
40. 7 4.4.4 Coordinate Transit Disaster Response 17

Scenario Extensions

This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
2a Satellitic Backup Switch to conventional vehicle highway system

Communication
System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
2a Satellitic Backup Switch to conventional vehicle highway system
Communication

System Failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Manage Transit

Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.



174

Issue ID Issue Description
1 Problem solved

6B.2: SAHS Use Case Name: Provide Information Services With Satellitic
Backup Communication System

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.

Goal In Context: Provide Information Services

Scope: : SAHS

Level: Strategic

Pre-Condition: System is On and Satellitic Backup Communication System

is functioning
Success End Condition:  Information Services is provided

Failed End Condition: Information Services is not provided
Primary Actor: 33,34 and 35
Trigger Event: Request from 34

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Step From Action Description To
1 34 6.2.1.1 Collect Traffic Data for Advisory Messages 7
2 7 6.2.1.1 Collect Traffic Data for Advisory Messages 13
3 35 6.2.1.1 Collect Traftic Data for Advisory Messages 7
4 7 6.2.1.1 Collect Traffic Data for Advisory Messages 13
5 13 6.2.1.2 Provide Traffic and Transit Advisory Messages 13
6 35 6.2.1.3 Collect Transit Data for Advisory Messages 7



7 7
8 13
9 33
10 7
11 33
12 7
13 31
14 33
15 7
16 13
17 33
18 7
19 13

Scenario Extensions
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6.2.1.3 Collect Transit Data for Advisory Messages

6.2.1.4 Provide Traffic and Transit Broadcast Messages
6.2.1.5 Provide ISP Operator Broadcast Parameters
Interface

6.2.1.5 Provide ISP Operator Broadcast Parameters

Interface
6.2.1.6 Provide Transit Advisory Data On Vehicle

6.2.1.6 Provide Transit Advisory Data On Vehicle
6.2.2 Prepare and Output In-vehicle Displays

6.2.3 Provide Transit User Advisory Interface
6.2.3 Provide Transit User Advisory Interface
6.2.4 Collect Yellow Pages Data

6.2.5 Provide Driver Interface

6.2.5 Provide Driver Interface

6.2.6 Provide Yellow Pages Data and Reservations
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This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
la Satellitic Backup Switch to conventional vehicle highway system
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
la Satellitic Backup Switch to conventional vehicle highway system
Communication

System Failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule:

ASAP
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Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Driver And Traveller Services
Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Problem solved

6B.8: AHS USE CASE NAME: PROVIDE
TRAVELLER PERSONAL SERVICES

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.

Goal In Context: Provide Traveller Personal Services

Scope: SAHS

Level: -~ Suategic

Pre-Condition: System Must be On and the Backbone Communication is

functioning
Success End Condition:  Traveller Personal Services is provided

Failed End Condition: Traveller Personal Services is not provided
Primary Actor: 32 and 34



Trigger Event:

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal completion when
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System Clock

everything works without failure. It also describes any required cleanup that is done
after the goal has been reached. The steps are listed below:

Step
1

2

jores

10
11

2
14

14

15
16
17
18

From
24

24

24

~ W ] W
BN 2

Action Description

6.8.1.1.1 Determine Personal Portable Device
Guidance Method

6.8.1.1.2 Provide Personal Portable Device Dynamic
Guidance

6.8.1.1.3  Provide Personal Portable Device
Autonomous Guidance

6.8.1.2 Provide Personal Portable Device Guidance
Interface

6.8.1.2 Provide Personal Portable Device Guidance
Interface

6.8.1.3 Process Personal Portable Device Location
Data

6.8.1.4 Update Traveller Navigable Map Database

6.8.1.4 Update Traveller Navigable Map Database

6.8.1.5 Provide Traveller Emergency Message
Interface

6.8.2.1 Build Traveller Personal Security Message
6.8.2.1 Build Traveller Personal Security Message

6.8.2.2 Provide Traveller Emergency
Communications Function
6.8.3.1 Get Traveller Personal Request

6.8.3.2 Provide Traveller with Personal Travel
Information

6.8.3.3 Provide Traveller Personal Interface

6.8.3.3 Provide Traveller Personal Interface

6.8.3.4 Update Traveller Personal Display Map Data
6.8.3.4 Update Traveller Personal Display Map Data

To

24
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Scenario Extensions

This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
4a Satellitic Backup Switch to conventional vehicle highway system
Communication

System Failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
4a Satellitic Backup Switch to conventional vehicle highway system

Communication
System Failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Driver And Traveller Services
Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description

1 Problen: solved
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7A.2: SAHS Use Case Name: Provide Electronic Parking Payment but with
the use of Satellitic Backup Communication System

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.
Goal In Context: Provide Electronic Parking Payment
Scope: Automated Highway System
Level: Strategic
Pre-Condition: The system is ON and the Backbone Communication System

is functioning
Success End Condition:  Electronic Parking Payment is Provided

Failed End Condition: Electronic Parking Payment is not complete
Primary Actor: 34 and 33
Trigger Event: System Clock

Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Step From Action Description To
1 21 7.2.1.1 Read Parking Lot Tag Data 21
2 21 7.2.1.10 Determine Advanced Charges 21
3 21 7.2.1.2 Calculate Vehicle Parking Lot Charges 21
4 34 7.2.1.3 Collect Bad Charge Payment Data

5 7 7.2.1.3 Collect Bad Charge Payment Data 21
6 21 7.2.1.4 Check for Advanced Parking Lot Payment 21
7 21 7.2.1.5 Bill Driver for Parking Lot Charges 21
8 34 7.2.1.6 Manage Parking Lot Financial Processing 7

9 7 7.2.1.6 Manage Parking Lot Financial Processing 21



10 33
11 7
12 33
13 7
14 33
15 7
16 21
17 21
18 34
19 7
20 33
2 7
22 21
23 13
24 34
25 7

Scenario Extensions
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7.2.1.7 Update Parking Lot Data

7.2.1.7 Update Parking Lot Data

7.2.1.8 Register for Advanced Parking Lot Payment
7.2.1.8 Register for Advanced Parking Lot Payment
7.2.1.9 Manage Parking Lot Reservations

7.2.1.9 Manage Parking Lot Reservations

7.2.2 Produce Parking Lot Displays

7.2.3 Obtain Parking Lot Violator Image

7.2.4 Provide Driver Parking Lot Payment Interface
7.2.4 Provide Driver Parking Lot Payment Interface
7.2.4 Provide Driver Parking Lot Payment Interface
7.2.4 Provide Driver Parking Lot Payment Interface
7.2.5 Detect Vehicle for Parking Lot Payment

7.2.6 Distribute Advanced Tolls and Fares

7.2.77 Provide Payment Instrument Interface for Parking
7.2.7 Provide Payment Instrument Interface for Parking

This is a listing of how each step in the Main Success Scenario can be extended.

Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End

Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. L.E if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
4a Satellitic ~ Backup Switch to Conventional Vehicle highway System
Communication

System failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.

Step Variable Possible Variations
4a Satellitic  Backup Switch to Conventional Vehicle highway System

Communication
System failure

Related Information

The following table gives the information that is related to the Use Case.

21
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Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Electronic Payment Services
Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 The problem is solved

7B.4:Use Case Name: Carry-out Centralized Payments Processing but with
the use of the Satellitic Backup Communication System

Characteristic Information

The following defines information that pertains to this particular use case. Each
piece of information is important in understanding the purpose behind the Use

Case.
Goal In Context: Carry-out Centralized Payments Processing
Scope: SAHS
Level: Strategic
Pre-Condition: The System is On and Backbone communication is
functioning
Success End Condition:  Centralized Payments Processing is carried-out
Failed End Condition: Centralized Payments Processing is not carried-out
Primary Actor: 34

Trigger Event: Request from 34
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Main Success Scenario

This Scenario describes the steps that are taken from trigger event to goal
completion when everything works without failure. It also describes any required
cleanup that is done after the goal has been reached. The steps are listed below:

Ste From  Action Description To
I]% 34 7.4.1.1 Process Commercial Vehicle Payments 7
2 7 7.4.1.1 Process Commercial Vehicle Payments 26
3 34 7.4.1.2 Process Yellow Pages Services Provider Payments 7
4 7 7.4.1.2 Process Yellow Pages Services Provider Payments 13
5 34 7.4.1.3 Process Driver Map Update Payments )
6 7 7.4.1.3 Process Driver Map Update Payments 13
7 34 7.4.1.4 Process Traveller Map Update Payments 7
8 7 7.4.1.4 Process Traveller Map Update Payments 13
9 34 7.4.1.5 Process Transit User Other Services Payments 6
10 7 7.4.1.5 Process Transit User Other Services Payments 13
11 34 7.4.1.6 Process Traveller Trip and Other Services Payments 7
12 7 7.4.1.6 Process Traveller Trip and Other Services Payments ]
13 13 7.4.1.7 Collect Payment Transaction Records 13
14 34 7.4.1.8 Process Traveller Rideshare Payments 7
15 7 7.4.1.8 Process Traveller Rideshare Payments 13
16 13 7.4.2 Collect Price Data for AHS Use 13

Scenario Extensions

This is a listing of how each step in the Main Success Scenario can be extended.
Another way to think of this is how can things go wrong. The extensions are
followed until either the Main Success Scenario is rejoined or the Failed End
Condition is met. The Step refers to the Failed Step in the Main Success Scenario
and has a letter associated with it. LE if Step 3 fails the Extension Step is 3a.

Step Condition Action Description
la Satellitic  Backup Switch to conventional Highway Vehicle System

Communication
System failure

Scenario Variations

If a variation can occur in how a step is performed it will be listed here.
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Step Variable Possible Variations
la Satellitic  Backup Switch to conventional Highway Vehicle System
Communication

System failure

Related Information

The following table gives the information that is related to the Use Case.

Schedule: ASAP

Priority: Must

Performance Target: N/A

Frequency: N/A

Super Use Case: Provide Electronic Payment Services
Sub Use Case(s): N/A

Channel To Primary Actor: Satellitic Backup Communication System
Secondary Actor(s): N/A

Channel(s) To Secondary Actor(s): N/A

Open Issues

The following table provides insight to any unresolved problems or questions.
These are the things that seem to apply but could not be fit into this use case on this
pass.

Issue ID Issue Description
1 Problem solved

The rest of SAHS Documentations can be found in APPENDIX D

Summary of the Documental Analysis Findings

In the documental analysis, the extent to which the backbone communication class and
backup communication class participate in fulfilling a use case successful scenario is
monitored. All the examples use cases documentations shows that backup communication
class is taking over when the backbone communication class is in malfunction status (See
use case B type), which, provided us with a successful scenario. This is true for almost all
the documentation use cases of SAHS. This proves that our solution for backup

communication is adequate.
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6.5 VISUAL SOLUTION ANALYSIS
In the previous sections, we conducted a scientific and documental analysis of the

requirements of SAHS. It is clear in our initial estimates that the problem of communications
is solved by the provided Satellitic Backup Communication System. We will visualize the
solution in otder to provide the necessaty proof that the communication problem is solved.
SAHS will be partially modeled, visualized, and detailed enough for the satisfaction of solving
the communication problem and that object oriented architecture provided the stability and
flexibility the original ITSC architecture lacks. Since SAHS possesses all ITSC architecture
requirements plus five backup requirements, we can generalize any finding back to ITSC
architecture. We will follow the one way the messages from actors to the identified classes
through the backbone communication system, and what steps that were taken for the partial

development of an object -oriented modeling of the conceptual SAHS. These are as follows:

6.5.1 Creating Use Case

6.5.1.1 Identified Actors of the System
The ITSC architecture provides us with the required information about the SAHS’s Actors.

Actors interact with the proposed system asking for service or participating in providing

some of the information required to fulfill the system capability.

The general-purpose Actor illustrated in Figure 6.3, which captures characteristics common

to all users with its subclasses, Human, Environment, Other Systems, and Systems.



185

Actor

/,i’ %
Environment '
Other Systems

Human Systems

Figure 6.3 Object-oriented visualization of
actor’s categories in SAHS using UML



186

1 Human:

In Figure 6.4 Human Actors Categories are illustrated.

la. Archived Data Administrator:

This actor represents the human operator who provides overall data management,
administration, and monitoring duties for the SAHS data archive. This actor is responsible
for the initiation of commands, requests, and queries that support the administration and

management of an SAHS data archive.

1b. Vehicle Driver:
This actor represents the human entity that operates vehicles transporting goods. This actor
is responsible for the initiations of Commercial Satellitic Vehicle driver and Satellitic

Vehicle information and requests to the Commercial Vehicle Managing System.

Ic. Commercial Satellitic Vehicle Manager:

This actor represents the human entities that are responsible for the dispatching and
management of Commercial Satellitic Vehicle fleets. This actor is responsible for the
initiations of inquiries from fleet manager requesting data from Commercial Satellitic

Vehicle Management System.

1d. Commercial Satellitic Vehicle Operation Inspector

This actor represents the human entities that perform regulatory inspection of Commercial
Satellitic Vehicles in the field. This actor is responsible for the initiations of manual
override by the Commercial Satellitic Vehicle Roadside Facility Inspector of automated
pass/pull-in signage information and Requests from the commercial vehicle inspector to

operate the commercial vehicle inspection station.

le. Driver:
This actor represents the human entity that operates a Satellitic Vehicle on the roadway.
This actor is responsible for the initiations of driver commands to the Satellitic Vehicle and

a traveller service request initiated by a driver or traveler. The request may result in a
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financial transaction, summon an emergency response, or initiate another service at the

behest of the driver.

1f. Emergency Personnel:

This actor represents personnel that are responsible for police, fire, emergency medical
services, towing, and other special response team activities at an incident site. This actor is
responsible for the initiation of current incident status information and requests from

emergency personnel in the field for information and/or resources.

1g. Emergency System Operator:

This actor represents the human entity that monitors all SAHS emergency requests, and
sets up pre-defined responses to be executed by an emergency management system. This
actor is responsible for the initiations of emergency operator inputs supporting call taking,

dispatch, and other operations and communications center operator functions.

1h. Information Service Provider Operator:

This actor is the human entity that may be physically present at the ISP to monitor the
operational status of the facility and provide human interface capabilities to Travelers and
other ISP subsystems. This actor is responsible for the initiations of tuning and

performance enhancement parameters to ISP algorithms.

1i. Intermodal Terminal Operator:
The actor is the human entity that operates the intermodal terminal subsystem. This actor is
responsible for the initiations of inputs and control actions by an intermodal terminal

operator.

1j. Maintenance Operator:
This actor represents the human entity that directly interfaces with the systems in the
Maintenance Management subsystem. This actor is responsible for the initiations of

information, control, and dispatching inputs from the maintenance operator.
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1k. Maintenance Satellitic Vehicle Driver:
This actor represents the human entity that operates any maintenance Satellitic Vehicle.
This actor is responsible for the initiations of information and control actions provided by

the driver of the maintenance Satellitic Vehicle.

1j. Parking Operator:

This actor represents the human entity that may be physically present at the parking lot
facility to monitor the operational status of the facility. This actor is responsible for the
initiations of local parking operator inputs that query status and control the operation of the
parking management system and request issued by a service provider for current parking

service performance data.

lk. Pedestrians:

This actor represents the human entity that provides from a specialized form of the traveler,
who is not using any type of Satellitic Vehicle as a form of transport. This actor is
responsible for the initiations of request for pedestrian crossing and sensed presence of
pedestrians and other non-motor Satellitic Vehicle travelers at roadway crossing or control

points.

11. Toll Administrator:
This actor represents the human entity that manages the back office payment administration
systems for an electronic toll system. This actor is responsible for the initiations of

instructions indicating the toll fees.

Im. Toll Operator:
This actor represents the human entity that manages the back office payment administration
systems for an electronic toll system. This actor is responsible for the initiations of request

for information from toll operators at toll collection sites.
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In. Traffic Operations Personnel:

This actor represents the human entity that directly interacts with Satellitic Vehicle traffic
operations. This actor is responsible for the initiations of nominal pollution data
compliance (reference) levels for each sector of an urban area, traffic operations requests
for information, configuration changes, commands to adjust current traffic control
strategies (e.g., adjusting signal timing plans, changing DMS messages), and other traffic

operations data entry.

lo. Transit Driver:

This actor represents the human entity that is a special form of the Driver actor that
receives and provides additional information that is specific to transit operations. This
actor is responsible for the initiations of transit driver availability data that can be used to
develop driver assignments and detailed operations schedules and transit driver emergency

request as well as fare transaction data.

Ip. Transit Fleet Manager:

This actor represents the human entity that is responsible for planning the operation of
transit fleets; including monitoring and controlling the transit fleet route schedules and the
transit fleet maintenance schedules. This actor is responsible for the initiations of
instructions governing service availability, schedules, emergency response plans, transit
personnel assignments, transit maintenance requirements, and other inputs that establish

general system operating requirements and procedures.

1q. Transit Maintenance Personnel:
The actor represents the human entity that is actively responsible for monitoring,
controlling, and planning the schedules for the maintenance of transit fleets. This actor is

responsible for the initiations of current maintenance status of Satellitic Vehicle.
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1r. Transit System Operators:
This actor represents the human entities that are responsible for all aspects of the Transit
subsystem operation including planning and management. This actor is responsible for the
initiations of information and control provided by transit system operators involving many

aspects of managing transit operations.1s. Transit User:

This actor represents the human entities using public transit Satellitic Vehicles. This actor
is responsible for the initiations of requests from transit user through an on-board or fixed

location traveler information station.

1t. Traveler:
This actor represents any individual who uses transportation services.  This actor is
responsible for the initiations of requests by a traveler to summon assistance, request travel

information, make a reservation, or request any other traveler service.

2 Environments.

Related Environmental Actors are illustrated in Figure 6.5.

2a. Environment:
This actor is the operational setting in which the SAHS interfaces operate. This actor is
responsible for the initiations of atmospheric pollutant levels as monitored by air quality

sensors and detection of specific localized hazards affecting the roadway.

2b. Potential Obstacles:

This actor represents any object that possesses the potential of being sensed and struck and
thus possesses physical attributes. This actor is responsible for the initiations of the
detection of an obstacle by Satellitic Vehicle or roadside equipment. Obstacles could

include animals, other Satellitic Vehicles, pedestrians, rocks in roadway;, etc.
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2c. Roadway:

This actor represents the physical conditions and geometry of the surface or space on or
through which Satellitic Vehicles travel from an origin to a destination. This actor is
responsible for the initiations of the detection and measurement of road characteristics such
as friction coefficient and general surface and sub-surface conditions, road geometry and

markings, etc.

2d. Roadway Environment:

This actor represents the physical conditions surrounding the roadway itself. This actor is
responsible for the initiations of the detection of specific localized hazards affecting the
roadway, such as mud slides, avalanches, high winds and flooding and the weather and
roadway conditions, that serve as the input environmental data for sensors at the roadside,

This actor can be used in maintenance and other Satellitic Vehicles.

2e. Secure Area Environment:

This actor represents public access areas that transit users frequent during trips. Areas
include bus stops, park and ride (PAR) facilities, kiosks, and transit transfer and
multimodal transfer locations. This actor is responsible for the initiations of characteristics

(visual, audible, and other) that are monitored by surveillance security systems via sensors.

2f Traffic:

The Traffic actor represents the collective body of Satellitic Vehicles that travel on surface
streets, arterials, highways, expressways, tollways, freeways, or any other vehicle travel surface.
This actor is responsible for the initiations of physical traffic characteristics that are monitored
and translated into macroscopic measures like occupancy, volume, density, and average speed.
Point measures support presence detection and individual Satellitic Vehicle measures include
determining speed for example. This may also include detection of non-vehicular traffic in the

roadway, such as bicycles and pedestrians.
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2g. Satellitic Vehicle Characteristics:

This actor represents the external view of an individual Satellitic Vehicle. ~ This actor is
responsible for the initiations of the physical or visible characteristics of an individual Satellitic
Vehicle that can be measured to classify a vehicle and imaged to uniquely identify a Satelliic

Vehicle.

3 Systems:
Related System Actors are illustrated in Figure 6.6.

3a. Archived Data User Systems:

This actor represents the systems users employed to access archived data. This actor is
responsible for the initiation of a user requests that initiates data mining, analytical
processing, aggregation or summarization, report formulation, or other advanced
processing and analysis of archived data. The requests also include information that is used

to identify and authenticate the user and to support electronic payment requirements, if any.

3b. Basic Satellitic Vehicle:
This actor represents the basic Satellitic Vehicle platform that interacts with and hosts
SAHS electronics. This actor is responsible for the initiations of information provided to

on-board SAHS equipment from the vehicle platform indicating current vehicle status.

3c. Commercial Satellitic Vehicle:

This is the actual commercial Satellitic Vehicle along with the special aspects of large
commercial Satellitic Vehicles and Satellitic Vehicles designed to carry cargo that extend
beyond the characteristics defined for the Basic Satellitic Vehicle. This actor is
responsible for the initiations of commercial Satellitic Vehicle, driver, and cargo safety

status measured by on-board SAHS equipment.

3d. Customs Agency:
This border inspection agency performs the primary regulatory inspection function at an

international Port of Entry. In Canada, this is generally the Canada Customs and Revenue
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Agency, but can also include Immigration, Agricultural agencies. Other inspection agencies
can also be actors. This actor is responsible for the initiations of customs request for the

electronic manifest associated with a container; requires proper authentication.

3e. Commercial Satellitic Vehicle Operator Information Requestor::

This actor represents any organization requesting CSVO information. This actor is
responsible for the initiations of instructions to commercial Satellitic Vehicle management
and/or information systems indicating which Satellitic Vehicles are to be allowed to pass
and which are out of service. This actor can determine of which vehicles do not possess the

sufficient credentials.

3f. Department of Motor Satellitic Vehicles:

This actor represents a specific (provincial) public organization responsible for registering
Satellitic Vehicles, e.g., the Ministry of Transportation. This actor is responsible for the
initiations of request supporting registration data based on license plate read during

violations.

3g. Disaster Command Authority:

The Disaster Command Authority terminal represents the systems used by authorities that
provide command-and-control leadership for coordinated disaster response.  This actor is
responsible for the initiations of information supporting the coordination of disaster and

emergency response assets and activities.

3h. Distribution and Logistics Management Provider:

This actor represents systems that provide intermodal logistics support, and support for the
efficient distribution of freight across transport systems and modes. This actor is
responsible for the initiations of request to a container to provide its location; may require

the requestor to authenticate their identity.
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3i. Emergency Telecommunications System:
This actor represents the human entity that monitors all SAHS emergency requests,
(including those from the E911 Operator) and sets up pre-defined responses to be executed
by an emergency management system. This actor is responsible for the initiations of the

notification of an incident including its nature, severity, and location.

3j. Enforcement Agency:

This terminator represents an external entity which receives reports of violations detected
by various SAHS facilities, e.g. individual Satellitic Vehicle emissions, toll violations,
speed or red light running violation, CVO violations, etc. This actor is responsible for the

initiation of response from law enforcement agency to violations notification request.

3k. Event Promoters:
This actor represents external special events sponsors that have knowledge of events that
may impact travel on roadways or other modal means. This actor is responsible for the

initiations of plans for major events possibly impacting traffic.

31 Financial Institution:

This actor represents the organization that handles all electronic fund transfer requests to
enable the transfer of funds from the user of the service to the provider of the service. This
actor is responsible for the initiations of response to transaction request, normally dealing

with a request for payment.

3m. Freight Consolidation Station:

An intermediate point (usually an Intermodal terminal located at a port) prior to (or after)
container-based shipping, where less-than-container load or less-than-truckload cargoes are
consolidated into full container loads (or full containers are disbursed), for cost-effective
intermodal shipping. This actor is responsible for the initiations of location within an
intermodal facility that a container is to be received at or delivered to; and may include

guidance as well as location.
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3n. Government Administrators:

This terminal represents those public organizations responsible for regulating commercial
Satellitic Vehicle operations, e.g., provincial commerce offices, and provincial agencies
responsible for transportation, provincial finance departments, and Transport Canada.
Regulatory Agencies are envisioned to be an integral part of the SAHS Commercial
Satellitic Vehicle Operations (CSVO) as they will be directly involved with issuance of
licenses, permits and other credentials for pre -clearance, provide database information to
support most CSVO services, and will receive, distribute, and audit CSVO related taxes.
This actor is responsible for the initiation of regulations imposed on Commercial Satellitic
Vehicle Administration agencies including safety ratings, facility locations and credential

fee structure.

30. Government Reporting Systems:

This actor represents the system and associated personnel that prepare the inputs to support
the various local, provincial, and federal government transportation data reporting
requirements using data collected by SAHS systems. This actor is responsible for the
initiation of the acknowledgement of satisfactory receipt of information used as input to

government data systems or a report identifying problems or issues with the data submittal.

| 3p. Intermodal Chassis:
This actor represents the chassis, which is the frame on wheels that an intermodal container
is secured to for roadway transport by a truck. This actor is responsible for the initiation of
measurement from chassis systems as brakes, tires, and fasteners. This actor indicates

operational readiness of a chassis.

3q. Intermodal Customer:

This actor represents the originator of an order to move or the final recipient of a cargo
shipment. This actor is responsible for the initiations of the notice confirming the arrival
and transfer of control of a container at a container handling facility, for example, an

intermodal terminal, request from a shipper for services to handle shipping of a container or



199

freight load, and request from consignor or consignee for the current location and transit

status of a freight shipment.

3r. Location Data Source:
This actor represents an external entity, which provides accurate position information. This
- actor is responsible for the initiation of the information, of the geographical position of a

traveler or a Satellitic Vehicle.

3s. Maintenance Vehicle:
This actor represents a specialized form of the basic Satellitic Vehicle used by maintenance
fleets. This actor is responsible for the initiation of maintenance Satellitic Vehicle status to

be measured by on-board SAHS equipment.
3t. Map Update Provider:

This actor represents a third-party developer and provider of digitized map databases used
to support SAHS services. This actor is responsible for the initiation of map updates, which

could include new underlying static or real-time maps or map layer(s) update.

3u. Media:

This actor represents the information systems that provide traffic reports, travel weather
conditions, and other transportation-related news services to the travelling public. The
information is broadcasted through radio, television, and other media. This actor is
responsible for the initiation of requests from the media for current traffic information and
incident information. Such information is is collected by the media through a variety of

mechanisms (e.g., radio station call-in programs, and air surveillance).
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3v.Medical Facility:

This actor represents medical facilities such as hospitals, trauma centres, field emergency
treatment facilities and any other locations capable of receiving injured persons and
providing emergency care. This actor is responsible for the initiation of specific care

capabilities and available space in a medical facility.

3w. Meteorological Service Provider:
This actor represents the providers of value-added sector specific meteorological services.
This actor is responsible for the initiation of prediction of weather information, customized

to a particular users needs and region.

3x. Multimodal Crossings:

This actor represents the control equipment that interfaces to a non-road based
transportation systems at an interference crossing with the roadway. This actor is
responsible for the initiation of prediction of indication of operational status and pending
requests for right-of-way from equipment supporting the non-highway mode at multimodal

crossings.

3y. Multimodal Transportation Service Provider:

This terminator provides the interface through which transportation service providers can
exchange data with SAHS. This actor is responsible for the initiation of operational
information from alternate passenger transportation modes, including air, rail transit, taxis,
and ferries. Content may include a catalog of available information, the actual information

to be archived, and associated metadata that describe the archived information.
3z. National Meteorological Service:

This actor provides weather, hydrologic, and climate information and warnings of
hazardous weather including thunderstorms, flooding, hurricanes, tornadoes, winter

weather, tsunamis, and climate events. This actor is responsible for the initiation of
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accumulation forecast and current weather data (e.g., temperature, pressure, wind speed,

wind direction, humidity, precipitation, visibility, light conditions, etc.).

3aa. Other Data Sources:

This actor represents the myriad systems and databases containing data not generated from
subsystems and terminators represented in the national SAHS architecture that can provide
predefined data sets to the SAHS archive. This actor is responsible for the initiation of
data extracted from other data sources. A wide range of SAHS and non-SAHS data and

associated metadata may be provided.

3ab. Payment Instrument:

This actor represents the entity that enables the actual transfer of funds from the user of a
service to its provider. This actor is responsible for the initiation of information passing
from a payment instrument (e.g., smart card) to a payment device to provide electronic
payment of some kind (e.g., toll, parking, fare) by traveller. In most cases, the payment can

be linked to credit accounts.

3ac. Rail Operations:
This is roughly the railroad equivalent of a highway traffic management center. This actor
is responsible for the initiation of real-time notification of railway-related incident or

advisory.

3ad. Railside Equipment:

This actor represents train interface equipment (usually) maintained and operated by the
railroad and (usually) physically located at or near a grade crossing. This actor is
responsible for the initiation of information for a train approaching a highway-rail
intersection that may include direction and allow calculation of approximate arrival time

and closure duration.
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3ae. Transit Satellitic Vehicle:
This actor represents a specialized form of the basic Satellitic Vehicle used by transit
service providers. This actor is responsible for the initiation of transit Satellitic Vehicle

status measured by on-board SAHS equipment.

3af. Yellow Pages Service Providers:

This actor represents the individual organizations that provide any services oriented
towards the traveller. This actor is responsible for the initiation of information supplied by
a service provider (e.g., a hotel or restaurant), and identifies the service provider, and
provides details of the service offering. This flow covers initial registration of a service
provider and subsequent submittal of new information and status updates so that data

currency is maintained.

4 Other Systems:

Other related system actors are illustrated in figure 6.7.

4a. Other Archives:

This actor represents distributed archived data systems or centres whose data can be
accessed and shared with a local archive. This actor is responsible for the initiation of
catalog data, metadata, published data, and other information exchanged between archives

to support data synchronization and satisfy user data requests.

4b. Other Commercial Satellitic Vehicle Administration Subsystem:

This actor is intended to provide a source and destination for SAHS data flows between
peer (e.g. inter-regional) commercial Satellitic Vehicle administration functions. This actor
is responsible for the initiation of tax and credential fee information exchanged between
cooperating commercial Satellitic Vehicle administration offices and instructions to
commercial Satellitic Vehicle managing and/or information systems indicating which
Satellitic Vehicles are to be allowed to pass and which are out of service or do not meet the

necessary requirements.
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Figure 6.7 Object Oriented visualization of
related Other System actors foe SAHS in UML
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4c. Other Emergency Management:
Representing other emergency management centres, systems or subsystems, this terminal
provides a source and destination for SAHS data flows between various communications
centres operated by public safety agencies as well as centres operated by other allied
agencies and private companies that participate in coordinated management of highway-
related incidents. This actor is responsible for the initiations of reports of an identified
incident including incident location, type, severity and other information necessary to
initiate an appropriate incident response. It is also responsible for the start of incident
response procedures, resource coordination, and current incident response status that are
shared between allied response agencies to support a coordinated response to incidents.
This flow also coordinates a positive hand off of responsibility for all or part of an incident

response between agencies.

4d. Other Information Service Provider:

This actor represents other distinct information service providers, this actor is intended to
provide a source and destination for SAHS data flows between peer information and
service provider functions. This actor is responsible for the initiation of coordination and

exchange of transportation information between centres.

4e. Other Intermodal Fleet Management System:

This actor represents another intermodal fleet management system that manages systems
for individual fleets of intermodal transport companies. This actor is responsible for the
initiation of exchange of information between different intermodal freight management
centers regarding cargo or intermodal container movement and information regarding

whether a container has been released.

4f. Other Parking:

This actor represents another parking facility, system or subsystem. This terminator

provides a source and destination for information that may be exchanged between peer
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parking systems. This actor is responsible for the initiation of information that enables
parking management activities to be coordinated between different parking operators or

systems in a region.

4g. Other Roadside:

This actor represents another roadside element or system. This actor provides a source and
destination for information that may be exchanged between peer roadside elements. This
actor is responsible for the initiation of control data for roadside devices that is exchanged

between roadside devices or from a maintenance management system to the roadside.

4h. Other Traffic Management:

This actor represents another traffic management center, system or subsystem. This actor is
intended to provide a source and destination for SAHS data flows between peer traffic
management functions. This actor is responsible for the initiation of traffic information
exchanged between TMC's. Normally, traffic information would include incidents,

congestion data, traffic data, signal timing plans, and real-time signal control information.

4i. Other Transit Management:

This actor represents another transit management center, system or subsystem. This actor is
intended to provide a source and destination for SAHS data flows between peer transit
management functions. This actor is responsible for the initiation of co-ordination
information between local/regional transit organizations including scheduling, on-time

information, connection co-ordination, and ridership.

4j. Other Satellitic Vehicle:

This actor represents a Satellitic Vehicle (of any 4 Satellitic Vehicle types) that is
neighboring the basic Satellitic Vehicle, where the basic Satellitic Vehicle is equipped to
support vehicle-to-vehicle communications and coordination. This actor is responsible for

the initiations of any type of advanced vehicle-to-vehicle communications.
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6.5.1.2 Created Context diagram ‘
The detailed description of the various types of actors that may interact within the system

and their roles help us to identify the system boundary. The boundary in a complex system
as SAHS is a difficult and challenging task. The developers must have a clear idea about
the boundaries of their authority with regard to making changes prior implementing the
improvements and then check the impact of these changes. Figure 6.8 illustrates the SAHS

context.

6.5.1.3 Created Use Cases and diagrams
In order to prepare the use case view of a SAHS, the requirements were subject to analysis

and visualization in UML with the view to extract the possible required capability of the
system. Figures 6.9 to 6.18 are the decomposition of system use cases. The degree of use
case decomposition is related to what we what intend from this partial development. The
goal, as we stated earlier, is to capture the communication problems solution to the ITSC
architecture. The numbers that are assigned to the use cases are the same numbers
pertaining to the related functional requirements given in the ITSC architecture
documentation. A is related to Backbone Communication System class function, and B is
related to the cases where the Backup Communication system Class is taking over as an

integrated substitute to the backbone Communication System Class.
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6.5.2 Classes in the SAHS Conceptual Project
The requirement analysis of SAHS targeting the capture of a common description of related

objects. These objects have common attributes, operations, relations, and semantics. The class
that represents related groups of within SAHS was identified using object-oriented techniques.

The initial list of classes with a general description is illustrated in Table 6.2.

6.5.3 Visualization Class Diagram of the SAHS Conceptual Project
Class diagram of the SAHS that represent the Physical Architecture overview of the system are

illustrated in figure 6.27.

6.5.4 Visualization Scenarios of SAHS Conceptual Project
The scenarios of the SAHS are captured using Sequence Diagrams. The figures 6.28 to

figure 7.37 are presentation of such visualization. The rest of SAHS sequences Diagrams
can be found in APPENDIX E.

6.5.5 Visualizing attributes and functions of SAHS Conceptual Project Classes
The attributes and functions of SAHS conceptual project classes illustrated in Figure 6.38

to Figure 6.100, the rest of SAHS conceptual project classes can be found in APPENDIX
E.



Table 6.2 SAHS list of classes with a general description

Class name

Satellitic Automated Highway System
Centres

Wayside

Travellers

SatelliticVehicles

Backbone Communication

Backup Communication
Archived Data Management
Commercial Satellitic Vehicle
Administration

Emissions Management

Fleet and Freight Management
Information Service Provider

Maintenance Management

Toll Administration

Traftic Management

Transit Management

Emergency Management
Commercial Satellitic Vehicle Check
Intermodal Terminal

Parking Management

Roadway
Toll Collection

Personal Information Access
Remote Traveller Support Subsystem
Commercial Satellitic Vehicle

Emergency Satellitic Vehicle
Intermodal Container

Maintenance Satellitic Vehicle
Transit Satellitic Vehicle

Satellitic Vehicle

20

27
28

29

30

Class General Description
Manage traffic information and control.

Location of the centres subsystems.
Location of the Wayside subsystems.
Location of the Travelires subsystems.

Location of the Vehicles subsystems.
Manage traffic information and control communication

Manage Backup tratfic information and control
communication

Manage traffic information and control. Archived Data
Manage traffic information and control. Commercial Vehicle
Administration.

Manage traffic information and control. Emission
Management

Manage tratfic information and control. Fleet and Freight
Management

Manages traftic information and control. Information Service
Provider

Manages traffic information and control Maintenance
Management.

Manages traffic information and control Toll Administration.

Manages trattic information and control Traffic
Management.

Manages traffic information and control Transit
Management.

Manages traftic information and control. Emergency
Management.

Manages traffic information and control Commercial
Vehicle Check.

Manages traffic information and control Intermodal
Terminal.

Manages traffic information and control Parking
Management,

Manages traffic information and control Roadway.
Manages traftic information and control. Toll Coliection.

Manages traffic information and contro! Personal
Information Access.

Manages traffic information and control Remote Traveller
Support Subsystem.

Manages traffic information and control Commercial
Vehicle.

Manages traffic information and control.

Manages traffic information and control Intermodal
Container.,

Manages traffic information and control. Maintenance
Vehicle.

Manages traffic information and control Transit Vehicle

Manages traftic information and control. Vehicle.

227



<<Subsyslem>>
<<Subsystem>> <<Subsystem>> <<Subsystam>> . uosy
Archived [;‘iﬂy M W Infe 1 Sayrvice Provider Commercial Satelitic Vehicle Administration
(from Centres Related Physical Clases) (trom Centres Related Physical Clases) (ttom Centres Related Physicat Clases)) hom Centies Ralated Phvaical Claras)

..

N, / e
<<Subsystem>>
/ Emergency Managament
(trom Centras Related Phymcs) Clases))
/
S N\ // ~
™ AN - <<Subsystem>>
<<Subsystem>> \ / e Trafiic Management
Fleet and Freight Management - (tom Cany s Ralstae Physical Clam@
(frsm Centres Relatad Physical Clases) e
\ o~
-

<<Subsystem>>
<<Subsystem>> L <<System>> S Transt Management
Remote Traveller Support Subsystem Centres

(0 m Cenvas Related Physcal Clased
(from Related Travaliers Clames) (rom SAHS Related Physical Clames) Q‘\\

<<Subsystem>> \\\
™

Emiesions Management
hom Centres Related Physival Clasas)

-

—_ <<Subsystem>>
<<Subsystem>> \ \ <<Subsystem>> tom CI::'.A.:’.T:'::’:T:?. Camg
Personal Information Access Commercial Vehicle Check
om Retated Traveliars Ciamen) Pt (frsysq"gr?s» (trom Wayside Related Physical Clames) <<Subsystem>>
Tavatle H Intermodal Terminal
trom SAHS Retated Physical Ciasses) \ {'] o __{thom Wayside Retated Physical Clames)
<<System>> ! «\f,y“'.':»
. ayside
Backbone Communication <<Subsystem>>
rom SAHS Reiated Physical \\ N \ (trom SAHS Related pny-é Clamen S| Roadway

(trom Wavside Ralated Physical Clames)

<<System>>
Satellitic Backup C
G mSAHS Related Physi | Classes)

B
\\ <<Subsystem>>
\\

Parking Management
((from Wayside Relatad Physical Classes)

H A
<<Subsystem>> i
Maintenance Satellitic Vehicle - <<Subsystem>>
(from Related Physical Satellitic Vahicates Classes) "“*—m_‘q\) <<$ystem>> Toll Collection
:-‘\ Sataiiitic Vehicles fromWayside Rel ated Prysical Clased
oL (f1om SAHS Related Physical Classas)[ < nr
<<Subsystem>> L T <<8
¢ 1 R ubsystem>>
Transit Satelitic Vahicie 4 V\\\ Intnrmndllndmainar
(from Related Physicat Satellitic Vehicales Classes) / \ (tom Related Physical S stedive Vahica les Clas )|
i
<<Subsystemn>> <<Subsystem>> <<_Suhsys(a_rp>> .
ubsystem Emergency Satelltic Vehiclke Commercial Satellitic Vehicle
S :a(all:t::‘t\/;::“ll‘:‘l!amc o e (fom Related Physical S ateltitic Vahicales Clames) (rom Related Physical Batellitic Vehicales Clases)|
ram Re ol Sate e hio ales Clasas;

Figure 6.27 Object-oriented visualization of
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Figure 6.31 Object-oriented visualization of

Sequence Diagram 7A.2 Provide Electronic
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>

32



233

- Syst . Commercial . Information _ Backbane _ Transit
—=ysiems Satelltic Vehicl| | Senvice Provide || Communication| | Management.

| 1:7.4.1.1 Process Commlen:ial Vehicle Paylments { |

I I
T 2 7.4.141I- Process Cnmn-lercial Vehicle Payments ( :

i
| J:7.4.12 Process YellowPages Services Provider Payments { |
4: 7,4.l1 2 - Pracess Yelllow Pages Servicles Provider Paymlents (

"‘ <
| 5:7.4.1.3 Pracess Driver Map Update Payments () |

B: 7.4.1.3 - Pracess Driver Map Update Payments ()'

| ﬂﬁ—“—_
T 7:7.4.1.4 Process Travellelr Map Update Pa¥mems @] :

f I L

Bi 7.4.1.4 - Process Traveller Map Update Payments S)

L .4{__.__—

I
! 9: 7.4.1.5 Process Transit Usnler Cther Services’Payments { !

; 10: 7.4.1.5 - Process 'I_;ransit User OtherlSen/ices Payments ()
T11: 7.4.1.6 Process TravellerTripland Cther Serviczlas Payments () [j]

I I ]

12:7.4.16 - Process Traveller Trip and Other Services Payments ()
|}

13 7.4.1.7 - Collect I':’aymem Transactilon Records ()

14: 7.4.1.8 Process Traveller Rideshare Payments () I

—_—_—— g ————

|
|
|
| l 1 |

1|5: 7418- Procelss Traveller Rideshare Payments ()

| i |
| | |
16: 7.4.2 - Collect Price Data for CAHS Use() |
| —1 | |
| | |

Figure 6.32 Object-oriented visualization of
Sequence Diagram 7A.4 Carry-out Centralized
Payments Processing for SAHS in UML



XA A

_ Environment

i Systems

0: 4.4,

i _Human

: Transit : Backbone
Manapement Communicati

1:44.11. Nhnagn Transit S:eumy O

e— |

2: 4.4.1.2 Manage Transit Emerg
l

: Satelitic

Backup

O

i f

4: 44, 1 3 Provide Tmnsl System Dperiwr Securty Imrf:u [@]
5: 44.1.3- Provide Trnst System Operator Slcumy Interface ()

“:

4 Provide Tﬂnsn Extemal Imerf:ce for Em:ruanclas ) I'II

I_]‘ I

8:44.1.5 Pravide Transl Driver Imerface for ET!!IDIHB;!_S 0
1 1 L

|

10: 4.4.1.0 - Collect Transit \ehicle Emergency Information ()

11: 4.4.1.7 Monitor Secure Area ()
-

ol

1,

: Transit

>0 |
J: 4.4.1.2 - Manage Transit Emergencies ()

'? 44.14. vade Transit Enemal hterface for Em:rg:ncms Q) I

_ Remote
Travelier

Q:4.4.1.5 - Provide Transit Oriver Imerface for Emergencies ()

’]_112: 44.1.7 - Mmit?r Secure Area OI

13:44.18 Fliepnn Traveller Emergencies () n
I3

I

| I

I
I

T

14: 4.4.1 8 - Report Traveller Emergencies ()
i 1 1

| | |
15: 44.2 Coondinate Multipie Agency Responsesto incidents ()
e

'] 17:44.3 Geneate Responses for hridents Q.I
I 1

I

10: 44.2 - Coondinate Multple Agency Responsesto incidents ()
1 1 T

T 1
18: 4 4.3 - Generate Re%ponses for hci?ents Q)
L 1

]

10: 4.44 Coardinate Transit Disaster Response ()
i 1 1 t

o of

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
[
|
|

1

1

gl

20: 4.4.4 - Coordinate Transit Di
|

0

I
|
I
I
I
|
I
I
|
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Figure 6.38 (Part 1) Object-oriented visualization
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its attributes and Functions in UML
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Figure 6.39 (Part 2) Object-oriented visualization
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&probe data

&toll data

&prequest fare and price information
%traﬁ’lc information **

‘Figure 6.40 (Part 3) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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&trafiic information ™

&demand responsive transit plan
Qtransit and fare schedules
Qtransit incident information
Qtransit request confirmation
&transit trip plan

&vehicle probe data

&provider profile data

&travel semwice info
&maintenance operator inputs
&maintenance status data
&maintenance vehicle status data
&roadway micro prediction
&device status

&environmental conditions
%fault reparts

@rnadway information system status
&psurveillance data

%clusure coordination
&environmental sensor data
&maintenance resource request
&traffic equipment status
&pdisaster raspanse coordination
&disaster response status
&incident notification **
%emergency dispatch respanse
i@emergency vehicle tracking data

Figure 6.41 (Part 4) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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&incident notification **
@emergency dispatch response
emergency vehicle tracking data
&incident command request
&incident status
@event plans
GHAIMAT information
@incident information request
&medical facility availability
&incident report
&incident response coordination
&emergency notification
current network conditions
&resource deployment status
&transit emergency data
_ |®evacuation support request
&transit emergency coordination data
&demand responsive transit request
&selected routes
®transit information reguest
&ptransit trip request
&vroadway maintenance information
Stransit multimodal information
&transit parking coordination
secure area surveillance data
@request transit information **
i%trafﬁc information for transit

Figure 6.42 (Part 5) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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&secure area surveillance data
&request transit information **
&traffic information for transit

&transit demand management request
&transit driver availability

&transit fleet manager inputs

& maintenance status

&transit operator management data
&fare and payment status

Gorequest for bad tag list

&transit traveller request

Gytransit user infarmation

Eptransit vehicle conditions

@ptransit vehicle location data
&transit vehicle passenger and use data
&transit vehicle schedule perfarmance
&pevacuation support request

&ptransit multimedal information

& Transit Management System Co-ordination
&transit operator management data
&transit user information

&transit vehicle conditions

@transit vehicle location data

&road network status request
&emergency traffic control request
%incident response status

&remote surveillance contral **
i&resuurce request

Figure 6.43 (Part 6) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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%remnte surveillance cantrol **
resource request

&pwidearea statistical poliution information

&pfare and price information

&logged special vehicle route

@request for traffic information

@road network use

&environmental sensor data

&equipment maintenance status
maintenance dispatch status

& maintenance resource response

&waork zone status

&pexternal reports

&traffic control coardination

&traffic information coordination

@pparking availability

&parking demand management respanse

&railroad advisories

Gyrailroad schedules

%AHS status

&emissions data

&freeway control status

&HOV data

|&HRI status

&incident data

@intersection blockage notification

&vrequest for right-ofway ™

umirmumibala lama mémdiim

Figure 6.44 (Part 7) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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&request far right-of-way **
&reversible lane status

&proadway warning status

&signal control status

Sytrafiic flow

Bptraffic images

&pviolation detection

&toll demand management response
Eptransit system data
&registration

&tall data request

&toll administration requests

& Toll Transactions

&toll demand management request
&CVO weight and presence
&credentials information

&CVO database update
&international border crassing data
&safety information

&pelectronic clearance data

&lock tag data

&on-board safety data

&scraening data

& Commercial Vehicle Check override mode
&CVO inspector input

&-container transfer location request
&pexit request **

inhimin idantifinntine

Figure 6.45 (Part 8) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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&exit request ™
&vehicle identification
&container release status
&vcontainer availability request
&container pickup confirmatian
&container identification
& container location
&intermodal terminal operator inputs
&parking lot data request
&parking reservations request
&parking operatar inputs

requast for performance data
&parking demand management request
&parking instructions
&ptransit parking lot response
&wehicle characteristics
&ptag data
@sensor and surveillance control
&local signal preemption request
&wvehicle pollution criteria
&environmental hazards
Epollutant levels
&device control data
&roadway information system data
&sensor control **
& multimodal crossing status

Figure 6.46 (Part 9) Object-oriented visualization
of SAHS’s Class Backbone Communication with
it attributes and Functions in UML
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& sensor control **
&multimodal crossing status
& device control data
@pcrossing call
&non-vehicular presence
&physical presence
arriving train informatian
@track status
@rnadway characteristics
&environmental hazards
&weather conditions
&traffic characteristics
&AHS control information
@freeway control data
&HRI control data
&HRI request
&roadway warning data
&signal control data
@local signal priority request
&wehicle signal violation
&wvehicle speed violation
&wehicular presence
EHAHS vehicle data
@tnll instructions **
&toll operatar reguests
%emergency acknowledge

Figure 6.47 (Part 10) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
in UML
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&AHS vehicle data
&itoll instructions **
&toll operator requests
&emergency acknowledge
&broadcast information
&trip plan
yellow pages information
position fix
@payment
&personal transit information
&traveller inputs
Gytraveller information
& secure area characteristics
&secure area manitoring support
&transit fare payment respanses
&transit traveller informatian
&transit user inputs
&traveller inputs
commercial vehicle measures
&border clearance event recard
&clearance event record
&electronic clearance request
&lock tag data request
&on-board safety request
&safety inspection record
screening request ™
&CVO driver initialization

Figure 6.48 (Part 11) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
in UML
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&screening request
&CVO driver initialization
@cnntainertranspun assignment
&fleet to driver update
&intermodal status request
&location request
&container transfer location
&entry permission
&exit permission
&chassis data
&cargo data
&container status
& commercial vehicle data request
&pemergency dispatch requests
&incident command information
&suggested route
&emergency personnel inputs

maintenance vehicle dispatch
& maintenance vehicle measures
& maintenance driver inputs
@environmental hazards
&transit driver inputs
&bad tag list

driver instructions
&fare management information
@request for vehicle measures
&transit schedule information **
%emergency reruest

Figure 6.49 (Part 12) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
in UML
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&request for vehicle measures
&transit schedule information **
&emergency request

Gptransit vehicle measures
&basic vehicle measures

& commercial vehicle data
&driver inputs

&request for semvice
&emergency data request
&wvehicle to vehicle coardination
&prequest tag data

&tag update

&AHS control data
&intersection status

&vehicle roadway warning data
@vehicle signage data
&wehicle variable speed limit data
&traveller advisory request

Figure 6.50 (Part 13) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
in UML
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%0 Manage CAHS O

%1 Manage Traffic ()

%1 1 Provide Traffic Surveillance 0

%1.1.1 Process Sensor Data

% 1.1.1.1 Process Tratfic Sensor Data()

% 1.1.1.2 Collect and Process Sensor Fault Data ()
%1.1.1.3 Process Environmental Sensor Data {
%1.1.1.4 Manage Data Collection and Manitoring )
*1.1.1.5 Process Advanced Roadway Data {)
%1.1.1.5.1 Coliect Roadway Condition Data ()
%1.1.1.5.2 Provide Other Roadside Inputs ()
%1.1.1.5.3 Prucess Roadway Waming Data ()
%1.1.5.4 Pocess Road User Protection()

%{.1.2 Process and Store Traffic Datal)

%1.1.2.1 Process Traffic Data for Storage ()

%1.1.2.2 Process Traffic Data ()

%1.1.2.3 Update Data Source Static Data ()

*1.1.2.4 Monitor HOV Iane use ()

%1.1.2.5 Process Tag/AVL Data for Link Time Data O
%1.1.2.0 Pocess Collected ‘vihicle Smart Probe Data
%1.1.2.7 Monitor Reversible Lanes {

%1.1.2.8 Manage Environmental Data for Tratfic(y
%1.1.3 Generate Predictive Traffic Model ()

% 1.4 Display and Output Traffic Data )

%1.1.4.1 Retrieve Tratfic Data )

%1.1.4.2 Provide Traffic Operations Personnel Traffic Data Interface ()
%1.1.4.3 Provide Direct Media Traffic Data Interface ()
%1.1.4.4 Updata Traffic Display Map Data O

%1.1.4.5 Provide Media System Tratfic Data Interface ()
%1.1.4.8 Provide Treffic Data Retrieval Interface ()
%1.1.4.7 Manage Traffic Archive Data ()

%1.1.4.8 Provide Disaster Command Data ()

%1 1.5 Exchange data with Other Tratfic Centres ()
*1.1.6 Collect \khicle Tag Data for Link Time Calculations **Q)
#1.1.7 Collect \hicle Smart Probe Data ()

[ TR

Figure 6.51 (Part 14) Object-oriented
visualization of SAHS’s Class Backbone

Communication with it attributes and Functions
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%4 1.8 Coliect Vehicle Tag Data for Link Time Calculations **()
%1.1.7 Collect \khicle Smart Probe Data ()

%12 Provide Device Control()

%1.2.1 Select Strategy 0

%1.2.7 Determine Road and Freeway State )

%1.2.2.1 Determine Indicator State for Freeway Management {)
%1.2.2.2 Determine Indicator State for Road Management
%1.2.3 Determine Ramp State O

%1.2.4 Output Control Data ()

%1.2.4.1 Output Control Data for Roads ()

%1.2.4.2 Dutput Control Data fer Freeways

%1.2.4.3 Output In-vehicle Signage Data O

™ 2.5 Nanage Parking Lot State ()

%1.2.5.1 Determine Parking Lot State ()

%1.2.5.2 Coordinate Dther Parking Data O

%1 2.5.3 Provide Parking Lot Gperater interface ()

%1.2.5.4 Detenmine P+R needs for Transit Management ()
%1 .2.5.5 Manage Parking Archive Data ()

%1{.2.5.0 Calculate Parking Lot Ocoupancy ()

%1.2.8 Maintain Static Data for TMC ()

*1{.2.6.1 Mintain Traffic and Sensor Static Data

| ¥1.2.8.2 Provide Static Data Store Output interface )

%1 2.7 Provide Roadside Contro! Facilities ()

%1.2.7.1 Process Indicator Output Data for Roads 0

%1 2.7.2 Monitor Roadside Equipment Operation for Faults ()
%1.2.7.3 Manage Indicator Preemptions ()

%1.2.7.4 Process In-vehicle Signage Data [)

%1.2.7.5 Process Indicator Dutput Data for Freeways()
%1.2.7.8 Provide Intersection Coliision Avoidance Data ()
%1.2.7.7 Process \khicle Smart Probe Data for Output ()
%1.2.7.8 Receive Other Roadside Inputs ()

%1.2.7.9 Display Roadway Wamings ()

%1.2.8 Collect and Process Indicater Fault Data ()

%1.2.8.1 Coliect Indicator Fault Data

%1.2.6.2 Maintain Indicater Fault Data Store ()

%1.2.8.3 Provide Indicator Fault Interface for C and M *0

%1 7 ft 4 Perwiéide Troffin Mnarstinne Farcnnnal Indingtar Eault Intarfzra N

Figure 6.52 (Part 15) Object-oriented
visualization of SAHS’s Class Backbone
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%1.2.8.3 Provide Indicator Fault Interface for C and M **(
%1.2.8.4 Provide Traffic Operations Personnel Indicator Fault Interface )
%13 Manage Incidents

%4 3.1 Traffic Data Analysis for Incidents Q

%1.3.1.1 Analyze Traffic Data for Incidents 0

%1 3.1.2 Maintsin Static Data for incident Management
®1.3.1.3 Process Traffic Images 0 .

* 1.3.2 Review and Manage Incident Data 0

%1.3.2.1 Store Possible Incident Data ()

%1.3.2.2 Review and Classify Possible Incidents

%1.3.2.3 Review and Classify Planned Bverts

%1 .3.2.4 Provide Planned Events Store Imerface

%1.3.2.5 Provide Cument Incidents Stere Interface

%1.3.2 Respond to Cument Incidents

%13 .4 Provide Operator Interfaces for Incidents )

¥1.3.4.1 Retrieve Incident Data O

%1.3.4.2 Provide Traffic Operations Personnel incident Data interface ()
%1.3.4.3 Provide Media Incident Data Interface ()

™ 3.4.4 Update Incident Display Map Data O

%1.3.4.5 Manage Resources for Incidents ()

#1.3.5 Manage Possible Predetermined Respenses Store ()

%1 3.6 Manage Predetermined Incident Rasponse Data ()

%1.3.7 fnalyze Incident Response Log

%1 4 Manage Trave! Demand )

%1 4.1 Provide Tratfic Operations Personnel Demand Interface ()
%1.4.2 Collect Demand Forecast Data

%1 4.3 Update Demand Display Map Data ()

%1 4 4 iImplement Demand Management Policy {)

%1 4.5 Calculate Forecast Demand

%15 Manage Emissions ()

%1 5.1 Provide Traffic Operations Personne! Pellstion Data Interface ()
%1.5.2 Process Pollution Data ()

*1.5.3 Update Polition Display Map Data 0

®1.5 .4 Manage Pallution State Oata Store ()

%1 5.5 Process \ehicle Pollution Data

%1.5.8 Detect Roadside Pollution Levels ()

%14 5.7 Manage Pollution Data Log*™Q

%1 5.8 Manaoe Pollution Reference Data Store N

Figure 6.53 (Part 16) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
in UML
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%1 5.7 Menage Pollution Data Log**()

*1.5.8 Manage Pollution Reference Data Store O
*1.5.0 Manage Pollution Archive Data O

%1.8 Manage Highway Rail Imtersections {

%1.0.1 Manage HRI \ihicle Traffic O

%1.6.1.1 Detect Roadway Events ()

%1.8.1.2 Activate HRI Device Controls ()
%1.6.1.2.1 Control HRI Traffic Signals
%1.8.1.2.2 Control HRI Wamings and Bariers ()
% 8.1.2.3 Provide $SR Device Comrols
%{0.1.2.4 Provide HSR Device Controls ()
%1.8.1.2.5 Manage Device Control

%1.6.1.2.0 Maintain Device State { ()

%1.6.1.3 Perform Equipment Self-Test ()

%1.0.1.4 Provide Advisaries and Alerts
%1.6.1.4.1 Generate Alerts and Advisories ()
%1.6.1.4.2 Provide Closure Parameters
%1.0.1.4.3 Report Nerts and Advisories ()
%1.08.1.4.4 Report HRI Status on Approach ()
%1.6.1.5 Detect HRI Hazands Q

%1.6.1.6 Provide Advance Wamings ()

%1.5.1.0.1 Close HR! on Detection ()

%1.6.1.8.2 Detect Imminent Vishicle/Train Callision
%1.0.1.7 Execute Local Comtrol Strategy
%1.8.1.7.1 Contro! \iehicle Trffic at Passive HRI ()
%1.6.1.7.2 Contrul \ihicle Tratfic at Aetive HRI ()
%1.6.1.7.3 Close HRI on Command

%1 6.2 Interact with Rail Operations ()

%1.6.2.1 Exchange Data uith Rail Operations ¢
%1.6.2.2 Manage Alerts and Advisaries ()

%1.5.2.3 Manage Rail Traffic Control Data ()
%1.6.3 Manage HRI Rail Tratfic O

%1.6.3.1 Interact with Wayside Systems (}
%1.8.3.2 Advise and Protect Train Crews ()

% 8.3.3 Provide ATS Alerts ()

%1 8.4 Interact with Mehicle Tratfic Management**()
*1.8.4.1 Manage HRI Closures ()

%1 A 42 Fyrhanas Nata with Traffin Mananement N

Figure 6.54 (Part 17) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
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%1 8.4 interact with \Vehicle Tratfic Management™Q

%1 8.4.1 Manage HRI Closures

%1,8.4.2 Exchange Data with Trattic Management

%1 8.5 Moniter HRI Status ()

%1851 Provide Interactive imerface

%1.0.5.2 Determine HR! Status O

%1.08.5.3 Maintain HRI Clesure Data O

%1 7 Manage Operations and iaintenance O

%1 7.1 Manage Operations and Maintenance Data

%1.7.1.1 Gather 08 Data ()

%1.7.1.2 Manage D&M Archive Data

%1.7.1.3 Manage 08M Assets ()

%1.7.1.4 Manage Environmental Data for Operations and Maintenance O

%1 .7.1.4.1 Gather and Process Environmental Data ()

%1 .7.1.4.2 Create Road Farecasts ()

%1{7.1.43 Fuse Environmental Data ()

%1 7.2 Manage Miintenance Activity ()

%1{.7.2.1 Schedule Maintenance Aetivity ()

%1.7.2.2 Manage and Control On-board Maintenance Systems ()

%1 7.2.3 Manage Maintenance Operator interface Q

%1 7.2.4 Manage N&iintenance Driver Interface ()

%1.7.2.5 Collact Environmental Data On:board

%1.7.3 Comtrol Roadway Maintenance Devices )

%1 .7 4 Disseminate 08M Information )

*1.8 Manage Traffic Enforcement )

%1.8.1 Detect and Classify Speed Malations ()

%1.8.2 Collect and \erify Speed Molations ()

%1.8.3 Post Speed Limit ()

%1.8.4 Set Speed Limit O

%1.8.5 Establish ‘\dolation Parameters ()

%1.9.0 Detect and Classify Signal \olations 0

%1.8.7 Collect and Verify Signal Molations O

%2 Manage Commercial \ehicles ()

%2.1 Manage Commercial \&hicie Fieet Dperations O

%2.1.1 Manage Commarcial Fleet Bectronic Credentials and Tax Filing )

%7.1.2 Provide Commercial Fieet Static Route ()

%2.1.3 Provide Fit Mgr Bectronic Credentials and Tax Filing Interface**()
3 ~
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%2.1.3 Provide Fit Mgr Bectronic Credentials and Tax Filing Interface**Q
%2.1.4 Provide Fleet Manager Commercial \Vehicle Communications O
%2.1.5 Provide Commercial \ihicle Oriver Routing imerface 0

%7 1.8 Manage Driver instruction Store ()

%2 2 Manage Commercial Vehicle Driver Operations ()

%7 2.1 Manage CV Bectronic Crederial and Tax Filing Imerface ()

%7.2.2 Provide ‘ehicle Static Route ()

%2 2.3 Provide CV/ Driver Bectronic Credential and Tax Filing Interface
%2 2.4 Provide Commercial \ehicle Driver Communications ()

%2.3 Provide Commercial \iehicle Roadside Facilities ()

%2.3.1 Produce Commercial Vehicle Driver Message at Roadside ()

%2 3.2 Provide Commercial Vihicle Clearance Sereening ()

%2.3.2.1 Administer Commereial \khicle Roadside Credentials Database
%2.3.2.2 Prosess Screening Transactions

%7.1.3 Provide Roadside Commercial \Vehicle Safety

%2.3.3.1 Provide Commercial Vehicle Checkstation Communications

%2 3.3.2 Provide Commercial \ehicle Inspector Handheld Terminal Interface
%2.3.3.3 Administer Commercial \#hicle Roadside Safety Datadase ()
%2.3.2.4 Camy-out Commercial Vehicle Roadside Safety Screening ()
%2.3.3.5 Camy-out Commercial \ihicle Roadside Inspection )

%2.3 .4 Detect Commercizl Vehicle ()

%735 Provide Commereial \ehicle Roadside Gperator Interface ()

%238 Provide Commercial \Vehicle Reports (3

%7.3.7 Produce Commercial Vehicle Driver Message on \ehicle (3

%2.3.8 Provide Commereial Wehicle Border Screening ()

%2 4 Provide Commercial Vehicle Data Collection

%7 4.1 Communicate Commerzial Veehicle On-board Data to Readside (3
%2 4.2 Coliect Dn-board Commercial Vehicle Sensor Data Q

%7.4.3 Analyze Commarcial Mehicle On-board Data

%2 4.4 Provide Commercial Veehicle Driver interface ()

%7.4.5 Communicate Commercial ehicle On-board Data to Wehicle Manager
%7.4.0 Provide Commerzial \ishicle On:board Data Stare Interface ()

%2.5 Administer Commercial \ihicles ()

%7 5.1 Manage Commercial \iehicle Trips and Clearances ()

%2 5.2 Obtain Bectronic Credential and Tax Filing Payment

%2.5.3 Update Permits and Duties Store =)

‘| %2.5.4 Communicate with Other Commercial Vehicle Administration System ()
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"2 5.7 Obtain Bectronic Credential and Tax Filing Payment
%2.5.3 Update Permits and Duties Store **()

%2 5.4 Communicate with Other Commercial Vehicle Administration System ()
%2 5.5 Manage Commercial Vehicle Credentials and Enroliment
%2 5.8 Output Commercial Wehicle Enrallment Data to Roadside Facilties ()
%2 5.7 Process Cormmercial Shicle Molations O

%2.5.8 Process Data Received from Roadside Facilities ()

%2 5.0 Manage Commercial Vihicle Archive Data ()

%2 .8 Provide Commercial Mehicle On-board Data

%2 8.1 Provide Commercial \ehicie Manager Tag Data Interface
%92 0.7 Transmit Commereial \ehicle Tag Data

%7.6.3 Provide Commercial Driver Tag Data Imerface (

%2 6.4 Provide Lock Tag Data interface ()

*2.0.5 Manage Commiercial Vehicle Tag Data Store ()

%32.7 Manage Cargo {

%2.7.1 Manage Intermodal Terminal Interface

‘| %2.7.1.1 Manage Terminal Access )

%72.7.1.2 Manage Container Pickup and Delivery Q

%2 .7.1.3 Manage Container Release ()

%2.7.1.4 Provide Imermodal Terminal Operator I/F

%2 7.1.5 Provide Container Tracking ()

%7.7.2 Manage Intermodal Container (

%2.7.2.1 Determine Container Status ()

%2.7.2.2 Determine Cargo Status ()

%7.7.2.3 Provide Camgo Status Interface Q)

%2.7.2.4 Provide Container Status Interface (

%2 7.2.5 Manage Customs Interface ()

%2.7.3 Manage Dn-Boand Intermaedal Applications O

%2 7.3.1 Provide Driver imerface for Intermodal Freight Dispatch()
%7.7.3.2 Moniter Container Status ()

%2.7.3.2 Monitor Chassis Status ()

%2 7.3.4 Manage On-Board Facility Access ()

%7 7 4 Manage Intermodal Dispatch )

%2 7.4.1 Monitor Intermodal Berments ()

%7.7.4.2 Provide Fleet Manager Interface for Intermedal
%2.7.4.3 Manage Intermodal Custorner Interface**()

%2 7 4.4 Manage Other Intermodal FMS Interface ()

%2.7.4.5 Manage Distribution and Logistics Management Provider Interface ()

Figure 6.57 (Part 20) Object-oriented
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%2.7 4.3 Manage Intermodal Customer Interface®'()
$2.7.4.4 Manage Other Imermodal FMS Interface O
%2.7.4.5 Manage Distribution and Logistics Management Provider Interface ()
%2 7.4.6 Manage Freight Consclidation Station Interface O
%3 Provide Mehicie Monitoring and Control O

%3.1 Moniter Vehicle Status 0

%3.1.1 Produce Callision and Crash Avoidance Data ()
%3.1.2 Camy-out Safety Analysis

%3.1.3 Process \khicle On-board Data

%3 2 Provide Automatic Vehicle Operation O

%3.2.1 Provide Driver Interface Q

%3.2.2 Provide AHS Control

%3.2.3 Provide \&hicle Controi

%3.2.3.1 Provide Command Interface

%3.2.3.2 Manage Platoon Fellowing O

%3.2.3.3 Process data for \ehicle Actuators

%3.2.3.4 Provide Serve Controls ()

%3.2.3.9.1 Povide Speed Servo Contral (

%3.2.3.4.2 Provide Headway Servo Cantrol )

%3.2.3.4.9 Provide Lane Serve Control ()

%3.2.3.4.4 Provide Change Lane Serve Control

%3 2.3 4.5 Provide Ehicle Control Data Interface

%3 .7.3.5 Pracess Vehicle Sensor Data (

%3 2.3.6 Communicate uith ather Platoon \Vehicles
%3.2.4 Process Sensor Data for AHS input

%3.2.5 Check \thicle far AHS eligibility

%3.2 6 Manage AHS Check:in and Check-out ()

%3.2.7 Manage AHS Operations ()

%3.2 Provide Autornatic Emergency Notification

%3.3.1 Provide Cargo Data for Incident Natification

%3 3.2 Provide Communications Function ()

%3.3.3 Build Austematic Collision Motification Message ()
%3 4 Enhance Drivers Msion

%4 Manage Transit

%4 1 Operate Vehicles and Facilities ()

%4 1.1 Process Transit \eshicle Sensor Trip Data®*0)

%4 1.2 Determine Transit Mehicle Deviation and Comections ()
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.1 Process Transit \ehicle Sensor Trip Data**()

.1.2 Determine Transit Vehicle Deviation and Comections (

.1.2.1 Determine Transit \ehicle Deviation and ETA (

.1.2.2 Determine Transit \hicle Comective Instructions

1.2.3 Provide Transit \ehicle Driver Interface ()

.1.2.4 Provide Transit \ihicle Comection Data Output Interface Q
.1.2.5 Request Transit \ehicle Preemptions ()

.3 Provide Transit \ehicle Location Data

4 Manage Transit \eshicle Deviations Q

5 Provide Transit \Vehicle Status Information

8 Manage Transit Vehicle Operations Data

.7 Manage Connection Protection Q

7.1 Manage Connections with Extemal Systems 0

.1.7.2 Provide Transit \ishicle Deviation Data Output Interface
%4 1.7.3 Manage individual Service Requests ()

%4 1 8 Provide Transit Operations Data Distribution Interface Q

%4 1.9 Process Transit \ihicle Sensor Maintenance Data ()

%4 2 Plan and Schedule Transit Services ()

%42 1 Provide Demand Responsive Transit Service ()

%4.2.1.1 Process Demand Responsive Transit Trip Request (O
%4.2.1.2 Compute Demnand Responsive Transit \Vihicle Awailability
%4 2.1.3 Generate Demand Responsive Transit Schedule and Routes O
%4 2.1.4 Confirm Demand Responsive Transit Schedule and Route ()
%4.2.1.5 Pracess Demand Responsive Transit \khicle Awailability Data O
%4 .2 1.0 Provide Demand Responsive Transit Driver interface ()
%4 2 2 Provide Transit Plans Store Interface ()

%42 3 Generate Transit Routes and Schedules

%4 2.3.1 Generate Transit Routes ()

%4.2.3.2 Generate Schedules Q

%42 3.3 Praduce Transit Service Data for External Use )

%4.2.3.4 Provide Transit Fieet Manager Interface for Services Generation
%4.2.3.5 Manage Transit Operational Data Stare Q

%4.7.3 .8 Produce Transit Service Data for Manage Transit Use (
%4.2.3.7 Provide Interface for Other TRM Data ()

%4.2 3.8 Provide Interface for Transit Service Raw Data )

%4.2.3.0 Update Transit Map Data

%4 2 4 Manage Transit Archive Data *~Q
B 7 Qrhadila Trarcit \bhinla hMairtananca N

srepeee

PP N

reereee

Figure 6.59 (Part 22) Object-oriented
visualization of SAHS’s Class Backbone
Communication with it attributes and Functions
in UML



%4.2.3.0 Update Transit Map Data O

%4.2 4 Manage Transit Archive Data **()

4.3 Schedule Transit Veehicle Maintenance ()

%4.3.1 Monitor Transit \ehicle Condition

%4.3.2 Generate Transit \khicte Maintenance Schedules ()
%4.3.3 Generate Technician Work Assignmerts O

%4 3.4 Monitor And Verify Maimenance Activity

%4.3.5 Report Transit Mehicle inforation (Q

%4.3.6 Update Transit \ehicle Information ()

%4.3.7 Manage Transit \khicle Operations Data Store ()

%4 4 Support Security and Coondination ()

%4 4.1 Provide Transit Security and Emergency Management )
%4 4.1.1 Manage Transit Security O

%4.4.1.2 Manage Transit Emergencies ()

%4.4.1.3 Provide Transit Systemn Operator Security Interface )
%4 4.1.4 Provide Transit External Interface for Emergencies )
%4.4.1.5 Provide Transit Driver Interface for Emergencies ()
%4.4.1.8 Collect Transit “ehicle Emergency Infornation O
%4.4.1.7 Monitor Secure Area ()

%4.4 1.8 Report Traveller Emergencies ()

%4.4.2 Coondinate Multiple Agency Responses to Incidents ()
%4.4 3 Generate Responses for Incidents ()

%4.4.4 Coordinate Transit Disaster Respense

%4.5 Generate Transit Driver Schedules ()

%4.5.1 Assess Transit Driver Performance ()

%452 Assess Transit Driver Availabilty ()

®4.5.3 Access Transit Driver Cost Effectiveness ()

4.5 4 Assess Transit Oriver Bigibilty

%4 5.5 Generate Transit Driver Route Assignments ()

%45 8 Update Transit Driver Information ()

%4.5.7 Report Transit Driver Information ()

%4 5.8 Provide Transit Driver Information Store Interface
%40 Collect Transit Fares in the ‘khicle )

%4.6.1 Detect Transit Liser on Mehicle ()

%4.0.2 Determine Transit User Needs on Vehicle ()

%4 8.3 Deterrnine Transit Fare on \ehicle O

%4.8 4 Manage Transit Fare Billing on \ehicle **Q)

%4.8.5 Provide Transit User Fare Payment Interface on \ehicle
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%4.6.4 Manage Transit Fare Billing on ‘Vehicle **()

%4.6.5 Provide Transit User Fare Paymen Interface on Vehicle ()
%4.8.6 Update Transit \hicle Fare Data Q

%4.8.7 Provide Transit Vehicle Passenger Data ()
84.8.8 Manage Transit \khicle Advanced Payments
%4.7 Provide Transit User Roadside Facilities O

%4.7.1 Provide Transit User Roadside Information )
%4.7.1.1 Provide Transit User Roadside Data Interface 0
%4.7.1.2 Provide Transit User Roadside \ehicle Data Interface 0
%4.7.2 Collect Transit Fares at the Roadside (

%4.7.2.1 Detect Transit User at Roadside ()

%4.7.2.2 Determine Transit User Needs at Roadside
%4.7.2.3 Determine Transit Fare at Roadside ()

%4.7.2.4 Manage Transit Fare Billing at Roadside ()
%47 2 5 Provide Transit User Roadside Fare Interface 0
%4720 Update Roadside Transit Fare Data ()

W4.7.2.7 Provide Transit Roadside Passenger Data ()

%5 Manage Emergency Services

%5.1 Provide Emergency Service Alocation

%5.1.1 Identify Emergencies from Inputs

%5.1.2 Determine Coondinated Response Plan ()

%5.1.3 Communicate Emergency Status ()

%5.1.4 Manage Emergency Response ()

%5.1.5 Manage Emergency Service Allocation Store ()
$5.1.8 Process Mayday Messages ()

%5.2 Provide Operator Interface for Emergency Data
%5.3 Manage Emergency Vehicles O

%5.3.1 Select Response Mode ()

%5.3.2 Dispateh \khicle ()

%5.3.3 Track Vkhicle O

95.3.4 Assess Response Status )

$5.3.5 Provide Emergency Personnel interface ()
%5.3.0 Muintain Mehicle Status Q

%5.3.7 Provide Emergency \khicle Route ()

%5.4 Provide Law Enforcement Alocation ()

%5.4.1 Process TM Detected Malations O

%5.4.2 Process Molations for Tolls O

:5.4.3 Process Parking Lot Molations**()
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¥5.4.7 Process Molations tor tolis {)

%5.4.3 Pracess Parking Lot Molations™()

%5.4.4 Process Fare Payment \Molations Q

%5.4.5 Process \ehicle Fare Collection Molations O

%5.4.6 Process CV Vlolations )

%5.4.7 Process Roadside Fare Collection Molations ()

%5.5 Update Emergency Display Map Data ()

%58 Menage Emergency Services Data ()

%37 Co-ondinate Disaster Response

%3.7.1 Collect Disaster Response Data

45.7.2 Provide Medical Facilty Interface ()

%6 Provide Driver and Traveller Services 0

%8.1 Provide Trip Planning Services O

%¢.1.1 Provide Trip Planning Information to Traveller

%6.1.2 Confimm Travelier's Trip Plan ()

%9.1.3 Manage Mutimodal Service Provider Interface 0

%8.1.4 Provide ISP Operator interface for Trip Planning Parameters
%8.1.5 Collect Service Requests and Confirmation for Archive ()
$4.1.0 Manage Traveller info Achive Data ()

%8.2 Provide Information Services

%8.2.1 Provide Advisory and Broadcast Data

.2.1.1 Collect Traffic Data for Advisory Messages ()

-2.1.2 Provide Traffic and Transit Advisory Messages ()
2.1.3 Collect Transit Data for Advisory Messages ()

.2.1.4 Provide Traffic and Transit Broadeast Messages ()
.2.1.5 Provide ISP Dperator Broadcast Parameters interface ()
%6.2.1.8 Provide Transit Advisory Data On \Ahicle O

%8 2.2 Prepare and Output In-vehicle Displays O

%6.2.3 Provide Transit User Advisory Interface ()

%0.2.4 Collect Yellow Pages Data §

%5.2.5 Provide Driver Interface ()

%6.2.0 Provide Yellow Pages Data and Reservations 0

%63 Provide Traveller Services at Kosks ()

%6.3.1 Get Traveller Request ()

%0.3.2 Inform Traveller ()

%6.3.3 Provide Traveller Kiosk Interface ()

96.3.4 Update Traveller Display Map Data at Kiosk ()

3'4 Manage Ridesharing™*Q
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1.4 hanage Ridesharing*=()

%5.4.1 Screen Rider Requests ()

%8 4.2 Match Rider and Provider ()

%6.4.3 Report Ride Match Results to Requestor ()

%9.4.4 Confirn Travelier Rideshare Request ()

%8.5 Manage Yellow Pages Services

%4.5.1 Collect and Update Traveller Information ()

%¢.5.2 Provide Traveller Yeliow Pages Information and Reservations 0
%3.5.3 Register Yellow Pages Service Providers 0

%6.6 Provide Guidance and Trip Planning Services 0

%9.8.1 Provide Multimodal Route Selection ()

95.0.2 Select ehicle Route ()

%5.8.2.1 Calculate \ehicle Route ()

%3.8.2.2 Provide \khicle Route Calculation Data 0

%5.8.2.3 Provide Route Segment Data for Other Areas ()
%9.8.2.4 Update \ihicle Route Selection Map Data

%3.8.2.5 Provide ISP Operator Route Parameters Interface ()
%5.6.2.8 Calculate \ehicle Frobe Data for Guidance 0

%9.0.3 Update Dther Routes Selection Mep Data ()

%4 8.4 Select Transit Route

%5.0.5 Select Dther Routes ()

%3 7 Provide Driver Personal Services ()

%8.7.1 Pruvide Driver Personal Security O

%8.7.1.1 uiild Driver Personal Security Message O

%8.7.1.2 Provide Driver In-vehicle Communications Function 0
%.7.2 Provide On-line \ehicle Guidance Q

%6.7.2.1 Provide \khicle Guidance 0

%9.7.2.1.1 Determine In-vehicle Guidance Method 0
%%.7.2.1.2 Provide Dynamic In-vehicle Guidance ()

44.7.2.1.3 Provide Autenomous In-vehicle Guidance ()
%0.7.2.2 Process \khicle Location Data

%6.7.2.3 Provide Driver Guidance Interface ()

%0.7.2.4 Update Vehicle Navigable Map Database 0

%0.8 Provide Traveller Personal Services o]

%6.8.1 Provide On-line Traveller Giidance Q)

%9.8.1.1 Provide Traveller Guidance )

:D.B.l.l.i Determina Personal Portable Device Guidance Method **()
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.1.1 Betermine Personal Portable Device Guidance Method **(
.1.2 Provide Personal Portable Device Dynamic Guidance ()
.1.3 Provide Personal Portable Device Autonomous Guidance ()
.2 Provide Personat Portable Device Guidance Interface (
.3 Process Personal Portable Device Location Data ()

.4 Update Traveller Navigabie Map Database ()

8 I 5 Provide Traveller Emergency Message Interface
%0.8.2 Provide Traveller Personal Security Q

%8.8.2.1 Build Traveller Personal Security Message ()

%6.8.2 2 Provide Traveller Emergency Communications Functien O
%9.8.3 Provide Traveller Services at Personal Devices ()

%9 8.3.1 Get Traveller Personal Request ()

%4.8.3.2 Provide Traveller with Personal Trave! Information
%8.8.3.3 Provide Traveller Personal Interface ()

%9.8.3.4 Update Traveller Personal Display Map Data 0

%7 Provide Bectronic Payment Services ()

%7.1 Provide Bectronic Toll Fayment

%7.1.1 Process Bectronic Toll Payment ()

%7.1.1.1 Read Tag Data for Tolls O

%7.1.1.10 Determine Advanced Tall Bl O

%7.1.1.11 Manage Toll Archive Data ()

%7.1.1.2 Calculate \khicle Toll 0

%7.1.1.3 Manage Bad Toll Payment Oata ()

%7.1.1.4 Check for Advanced Tolls Payment ()

%7.1.1.5 Bill Oriver for Tolls ()

%7.1.1.8 Collect Probe Data From Toll Transactions ()

| 771,17 Update Tdll Pricé Data ")

%7.1.1.8 Register for Advanced Toll Payment

%7.1.1.9 Manage Toll Financial Processing

%7.1.2 Praduce Roadside Displays ()

%7.1.3 Obtain Tall Moalator image O

%7.1.4 Provide DOriver Toll Fayment Interface ()

47.1.5 Detect \khicle for Tolls O

%7.1.0 Distribute Advanced Charges and Fares ()

%7.1.7 Provide Payment Instrument Interface for Tolis 0

%7.2 Provide Bectronic Parking Payment =*Q)

%7.2.1 Pmcess Eectmmc Par‘kmg Lut Payment 0
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%72 Provide Bectronic Parking Payment **Q)

%7.2.1 Process Bectronic Parking Lot Payment O

%7.2.1.1 Read Parking Lot Tag Data O

%7.2.1.10 Determine Advanced Charges ()

%7.2.1.2 Calculate Vehicle Parking Lot Charges ()

%7.2.1.3 Collect Bad Charge Payment Data O

%7.2.1.4 Check for Advanced Parking Lot Paymert O
%7.2.1.5 Bill Driver for Parking Lot Charges

%7.2.1.8 Manage Parking Lot Financial Processing ()
%7.2.1.7 Update Parking Lot Data )

%7.2.1.8 Register for Advanced Parking Lot Payment
%7.2.1.9 Manage Parking Lot Reservations

%7.2.2 Produce Parking Let Displays ()

%7.2.3 Obtain Parking Lot Molator Image 0

%7 2.4 Provide Driver Parking Lot Payment Interface ()

%7 2.5 Detect \khicle for Parking Lot Payment

%7.2.8 Distribute Advanced Tolls and Fares 0

%7.2.7 Frovide Payment Instrument Interface for Parking 0
%7.3 Provide Blectronic Fare Collection )

%7 3.1 Process Bectronic Transit Fare Payment 0

%7 3.1.1 Register for Advanced Transit Fare Payment Q

%7 3.1.2 Determine Advanced Transit Fares ()

%7.3.1.3 Manage Transit Fare Financial Processing 0
%7.3.1.4 Check for Advanced Transit Fare Payment 0
%7.3.1.5 Bill Transit User for Transit Fare ()

%7.3.1.0 Collect Bad Transit Fare Payment Data ()
%7.3.1.7 Update Transit Fare Data

%7.3.2 Distribute Advanced Tolls and Parking Lot Charges
%7 3.3 Get Transit User Image for Molation

%7 3.4 Provide Remote Terminal Payment instrumen Interface 0
%7.3.5 Provide Transit \khicle Payment Instrument Interface O
%7 4 Carry-out Centralized Payments Processing ()

%7.4.1 Collect Advanced Payments O

%7.4.1.1 Process Commercial \ehicle Fayments Q
%7.4.1.2 Process Yellow Pages Services Provider Payments ()
%7.4.1.3 Process Driver Map Update Payments ()

%7.4.1.4 Process Traveller Map Update Fayments **0
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%7.4.1.2 Process Yellow Pages Services Provider Payments ()
%7.4.1.3 Process Driver Map Update Paymers (O

%7.4.1.4 Process Traveller Map Update Payments **()

%7 .4.1.5 Process Transit User Other Services Payments ()
%7.4.1.0 Process Traveller Trip and Other Services Paymems ()
%7.4.1.7 Collect Payment Transaction Records ()

$7.4.1.8 Process Traveller Rideshare Payments ()

%7.4.2 Callect Price Data for CAHS Use ()

%7.4.3 Route Traveller Advanced Paymemts ()

%7 5 Provide Payment instrument Interfaces ()

%7 5.1 Provide \ehicle Payment Instrument Interface ()

$7.5.2 Provide Transit User Roadside Payment instrument Interface ()
%7.5.3 Provide Personal Payment Instrument interface )
%7.5.4 Provide Commercial Fleet Payment instrument Interface ()
%7.5.5 Provide Traveller Kiesk Payment Instrument Interface ()
%8 Manage Archived Data O

%g.2 Manage Archive ()

%8.3 Manage Achive Data Administrator Interface ()

%3 4 Coondinate Achives ()

%3 5 Process Acchived Data User System Requests

%30 Analyze Achive ()

%2.7 Process On Demand Achive Requests ()

%38 Prepare Govemment Reporting Inputs ()

%3.0 Manage Roadside Data Collection

%9 Satisfy Implementation Requirements ()

3.1 Get Achive Data 0

%5.7.3 Provide Disaster Coordination Authority Interface 0
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iXKparchive management requests
|&commercial vehicle archive data
f%emergency archive data

missions archive data

G&govemment reparting data receipt
t&¥transaction status
Gxtraveller archive data
intermodal freight archive data
f%canstruction and maintenance archive data
&map updates
&emultimodal archive data
#ypvalume weather information
&parchive coordination
ipather data source archive data
&xparking archive data
(&roadside archive data
Gtoll archive data
@traffic archive data
&ransit archive data
&xarchive anzlysis requests
&sarchive requests
&citation data
&ycredentials and safety information request
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&pcredential application **
-’%infurmatiun request
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wintormation on violators
&credential application**
&infarmation request
&tax filing, audit data
&Commercial Vehicle Administration Subsystem information exchange
& credentials and safety information response
&parchive status
&pollutant levels
&pollution data
&pollution state data request
@pnllution data parameters
&activity reports
compliance review report
&electronic credentials
&fleet manager inquiry
&driver and vehicle information
&yintermodal status
&on-board vehicle data
&wehicle location
&container location request
&container status request
EHAZMAT information request
&tax filing, audit data
&container delivery confirmation
&container pickup request
&route plan
& freight ctonsignment request **
& shipment status request
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&freight consignment request **
&shipment status request
&intermodal CVO co-ordination

& disaster advisories

& shelter availability

& shelter location

&incident information

|&pair quality infarmation

@route request

%rnadway maintenance information
&external reports

%media information request
%road weather prediction
&multimodal information

%sewice response

& ISP coordination

&parking infarmation

&parking lot reservation confirmation
&traveller prafile

&traveller request

&trip confirmation

%trip request

&vyellow pages request

&prabe data

&toll data

&request fare and price information
1i%’traﬂ'u: information ™
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&trafiic infarmatian **
&demand responsive transit plan
&transit and fare schedules
Gytransit incident information
&transit request confirmation
Gytransit trip plan
&yvehicle probe data
%prnvider profile data
@travel service info
@ maintenance aperator inputs
@maintenance status data
& maintenance vehicle status data
Qroadway micro prediction
@device status
&environmental conditions
@fault reparts
&proadway information system status
& surveillance data
&closure coordination
&environmental sensor data
%maintenance resource request
@traffic equipment status
@disaster respanse coordination
@ydisaster response status
&incident natification ™
&emergency dispatch respanse
Xpemergency vehicle tracking data
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&pincident notification ™
&emergency dispatch response
emergency vehicle tracking data
&incident command request
&incident status
&event plans
&HAZMAT information
&incident information request
Emedical facility availability
@incident report
&incident response coordination
&emergency notification
&current network conditions
&resource deployment status
&transit emergency data
&evacuation support request
&ptransit emergency coordination data
&demand respansive transit regquest
&selected routes
| Rtransit information request
&transit trip request
roadway maintenance information
&transit multimedal information
&transit parking coordination
secure area surveillance data
@request transit information ™
i%trafﬁc information for transit
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&psecure area surveillance data

&request transit information **

&traffic information for transit

Bptransit demand management request

&transit driver availability

&transit fleet manager inputs

& maintenance status

Gptransit operator management data

&fare and payment status

&request for bad tag list

&transit traveller request

Btransit user infarmation

Btransit vehicle canditions

&transit vehicle location data

Etransit vehicle passenger and use data

&transit vehicle schedule performance

%evacuatiun support request

&transit multimodal information

& Transit Management System Co-ordination

@transit operator management data

Ebtransit user information

&transit vehicle conditions

Eptransit vehicle location data

&proad netwark status request
emergency traffic control request

@incident response status

&remote surveillance control **
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Gyremote surveillance control **
&resource request
&widearea statistical poliution information
&fare and price information
&logged special vehicle route

request for traffic infarmation
&road network use
&environmental sensor data
&equipment maintenance status

maintenance dispatch status
@maintenance resource response

ork zone status

&external reports
@traffic control coordination
Gytrafiic information coordination
&pparking availability
@parking demand management response
&railroad advisories

@railroad schedules
- |®AHS status

&emissions data
freeway control status
&HOV data
&HRI status
&incident data
%intersection blockage natification
&request for right-of-way **
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Eprequest for right-of-way ™
&reversible lane status

&proadway waming status

&signal control status

@trafﬁc flow

&ytraffic images

Gyvialation detection

&toll demand management response
&ytransit system data
@registration

%tull data request

&toll administration requests

&Toll Transactions

&toll demand management request
&CVO weight and presence
&credentials infarmation

B»CVO database update
%intemational border crassing data
%safety information

&electronic clearance data

Gylock tag data

&on-hoard safety data

&screening data

& Commercial Vehicle Check override mode
&CVO inspector input

&vcontainer transfer location request
Gpexit request **
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&exit request **
&wehicle identification
& container release status
&container availability request
&container pickup confirmation
&container identification
&vcontainer location
&intermodal terminal operator inputs
&pparking lot data request

parking reservations request
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&parking demand management request
&parking instructions
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& sensor contral **
& multimodal crossing status
&device control data
&crossing call
& non-vehicular presence
- |@physical presence
arriving train informatian
@track status
®proadway characteristics
& environmental hazards
%weather conditions
@Gytraffic characteristics
&AHS control information
@freeway control data
@HRI control data
EHRI request
roadway warning data
&signal control data
~|@lacal signal privrity request
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&wvehicle speed vialation
&vehicular presence
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&toll instructions **
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&AHS vehicle data

&toll instructions **

&ptoll aperator requests

&emergency acknowledge

&broadcast information

&trip plan

&yellow pages information

&nposition fix :

@payment

&vpersonal transit information

&traveller inputs

&traveller information

& secure area characteristics

&secure area monitoring support

&transit fare payment responses

&transit traveller infarmation

&transit user inputs
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@commercial vehicle measures
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&electronic clearance request
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&safety inspection record
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%cvo driver initialization
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&screening request **
&CVO driver initialization
@container transpart assignment
@yfleet to driver update
&intermodal status request
&location request
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&entry permissian
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&cargo data
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Etransit driver inputs
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Figure 6.78 (Part 12) Object-oriented
visualization of SAHS’s Class Satellitic Backup
Communication with it attributes and Functions

in UML

279



&request for vehicle measures

&transit schedule information ™

&emergency request

&transit vehicle measures

&basic vehicle measures

&commercial vehicle data

&ydriver inputs

&request for senice

Qemergency data request
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Gytag update
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Manage CAHS O
% Manage Traffic O
%1.1 Provide Tratfic Surveillance Q)
%1.1.1 Process Sensor Data ()
% 1.1.1.1 Process Tratfic Sensor DataQ)
% 1.1.1.2 Collect and Process Sensor Fault Data
#1.1.1.3 Process Environmental Sensor Data ()
#1.1.1.4 Manage Data Collection and Monitoring 0
$1.1.1.5 Process Advanced Roadway Data {)
*1.1.1.5.1 Collect Roadway Condition Data 8]
%1.1.1.5.2 Provide Other Roadside inputs ()
%1.1.1.5.3 Process Roadway Waming Data 0
%1.1.5.4 Process Road User Frotection()
%1.1.2 Process and Stere Traffic DataQ)
%1.1.2.1 Process Tratfic Data for Storage O
%1.1.2.2 Process Tratfic Data
%1.1.2.3 Update Data Source Static Data
%1.1.2.4 Monitor HOViane use
%1.1.2.5 Process Tag/AVL Data for Link Time Data
%1.1.2.8 Process Collected \ehicle Smart Probe Data 0
$1.1.2.7 Monitor Reversible Lanes (§
#1.1.2.8 Manage Environmental Data for Tratfic()
#1.1.3 Generate Predictive Traffic Model (0]
%1.1.4 Display and Output Traffic Bata O
%1.1.4.1 Retrieve Tratfic Data Q
%1.1.4.2 Provide Traffic Operations Personne! Traffic Data imerface 0
%1.1.4.3 Provide Direct Media Traffic Dats Interface 0
%1.1.4.4 Update Traffic Display Map Data ()
%1.1.4.5 Provide Media System Traffic Data interface ()
#1.1.4.8 Provide Traffic Data Retrieval Interface 0
%1.1.4.7 Manage Traffic Achive Data (
%1.1.4.8 Provide Disaster Command Data
#1.1.5 Exchange data with Other Tratfic Centres ()
#1.1.6 Collect Vehicle Tag Data for Link Time Calculstions **()
:1 .l.'.l‘ Co!lemﬂ\kr'\ide Smart Probe Data
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%1.1.6 Collect \ehicle Tag Data for Link Time Calculations **Q
%1.1.7 Collect \khicle Smart Probe Data ()

%1 2 Provide Device Comtrol()

%1.2.1 Select Strategy

%1.2.2 Detenmine Road and Freeway State ()

%1.2.2.1 Detenmine Indicator State for Freeway Management {0
%1.2.2.2 Determine Indicator State for Road Management O
%1.2.3 Determine Ramp State

%1.2.4 Output Control Data ()

%12 4.1 Qutput Control Data for Roads

%1.2.4.2 Dutput Contro! Data for Freeways ()

%1.2.4.3 Output In-vehicle Signage Data (

%1.2.5 Manage Parking Lot State ()

%1{.2.5.1 Determine Parking Lat State

%1.2.5.2 Coordinate Dther Parking Data O

%1.2.5.3 Provide Parking Lot Qperater interface ()
%1.2.5.4 Determine P+R needs for Transit Management ()
%1.2.5.5 Manage Parking Archive Data ()

*1.2.5.8 Calculate Parking Lot Occupancy

%1.2.0 Maintain Static Data for TMC

%1.2.0.1.Maimain Traffic and_Sensor Static Data ()

| #1.2.6.2 Provide Static Data Stare Output Interface 0
%1.2.7 Provide Roadside Control Facilities ()

%1.2.7.1 Process Indicator Qutput Data for Roads ()
%{.2.7.2 Monitor Roadside Equipment Operation for Fauks (3
%1.2.7.3 Manage Indicator Preemptions 0

%1.2.7.4 Process In-vehicle Signage Data

%1.2.7.5 Process Indicator Dutput Data for FreewaysQ
%1.2.7.0 Provide Intersection Collision faroidance Data 0
%1.2.7.7 Process \khicle Smart Prabe Data for Qutput ()
%1.2.7.8 Receive Other Roadside Inputs O

%1.2.7.9 Display Roadway Wamings 0

%1.2.8 Collect and Process Indicater Fauk Data O

%1.2.6.1 Collect Indicator Faut Data O

%1.2.8.2 Maintain Indicator Fault Data Store ()

%1.2.8.3 Provide Indieator Fault Interface for C and M >0
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%1 .2.8.3 Provide Indicator Fault Interface for C and M **0

%1 .2 6.4 Provide Traffic Operations Personnel Indicator Fault interface ()
%1 .3 Manage Incidents O

%1 3.1 Traffic Data Analysis for Incidents Q

%1.3.1.1 Analyze Traffic Data for Incidents

%1.3.1.2 Maintain Static Data for Incident Management 0
%1.3.1.3 Process Traffic images 0

% 1.3.2 Review and Manage incident Data O

%1.3.2.1 Store Possible Incident Data

%1.3.2.2 Review and Classify Possible Incidents

%1.3.2.3 Review and Classify Planned Events O

%1.3.2.4 Provide Planned Bvents Store interface ()

%1.3.2.5 Provide Current Incidents Store Interface

%1 3.3 Respond ta Current Incidents 0

%1 3.4 Provide Operator Interfaces for incidents

%{.3.4.1 Retrieve Incident Data

%1.3.4.2 Provide Traffic Operations Personne! Incident Data Imerface Q
%13 4.3 Provide Media Incident Data Imterface ()

%1.3.4.4 Update Incident Display Map Data Q

%1.3.4.5 Manage Resources for Incidents ()

%1.3.5 Manage Possible Predetermined Responses Store ()
%1.3.0 Manage Predetermined Incident Respense Data ()

%1.3.7 Analyze Incident Response Log O

%1 .4 Manage Travel Demand ()

%1 4.1 Provide Tratfic Dperations Personnel Demand Interface
| #8442 Eollect Bemand Forecast Bata O

%1.4.3 Update Demand Display Map Data O

%1 4.4 Implement Demand Management Policy ()

%1 4.5 Calculate Forecast Demand ()

%1.5 Manage Emissions ()

%1 5.1 Provide Traffic Operations Personnel Poliution Data Interface ()
%1.5.2 Process Pollution Data ()

*1.5.3 Update Poliution Display Map Data ()

*1.5.4 Manage Pollution State Data Store

%1 5.5 Process \khicle Pollution Data ()

%1.5.0 Detect Roadside Pollution Levels ()

%1.5.7 Manage Polltion Data Log™*(Q

%1.5.8 Manage Pollution Reference Data Store N
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%1.5.7 Manage Poliution Data Log**()

%1.5.8 Manage Poliution Reference Data Store ()
%1.5.0 Manage Poliution Archive Data O

1.8 Manage Highway Rail Intersections ()

%1.6.1 Manage HR! \ehicle Traffic

%10.1.1 Detect Roadway Events ()

%1.8.1.2 Activate HRI Device Controls ()
%1.6.1.2.1 Control HRI Traffic Signals
%1.0.1.2.2 Control HRI Wamings and Barriers ()
%1.06.1.2.3 Pravide SSR Device Contrals )
%1.0.1.2.4 Provide HSR Device Cortrols ()
%1.0.1.2.5 Manage Device Control ()

%1.6.1.2.0 Muintdin Device State {0

*1.0.1.3 Perform Equipment Self-Test ()

*1.0.1.4 Provide Advisories and Alerts ()
%1.8.1.4.1 Generate Aerts and Advisories
%1.0.1.4.2 Provide Closure Parameters (
%1.6.1.4.3 Report Aerts and Advisories )
%1.6.1.4.4 Report HRI Status on Approach
%1.6.1.5 Detect HRI Hazards Q

%1.6.1.6 Provide Advance Wamings O

%1,0.1.0.1 Close HRI on Detection ()

%1.6.1.6.2 Detect Imminent \khicle/Train Collision Q
%1.0.1.7 Execute Local Control Strategy O
%1.0.1.7.1 Control \khicle Traffic at Passive HRI ¢]
%1.6.1.7.2 Control \dehicle Tratfic at Active HRI ()
%1.8.1.7.3 Close HRI on Command

%1.6.2 Interact with Rail Operations ()

%1.6.2.1 Exchange Data with Rail Operations ()
%{.0.2.2 Manage Alerts and Advisories ()

%1 0.2 3 Manage Rail Traffic Control Data O
%1.0.3 Manage HRI Rail Tratfic 0

%1.6.3.1 Interact with Wayside Systems Q
%1.8.3.2 Advise and Protect Train Crews
%1.6.3.3 Provide ATS Aerts

%1.0.4 Interact with \khicle Traffic Management**()
#1.6.4.1 Manage HRI Closures ()

%1 f 4 7 Fyrhanae Nata with Traffic Mananemant

Figure 6.83 (Part 17) Object-oriented
visualization of SAHS’s Class Satellitic Backup
Communication with it attributes and Functions

in UML

284



285

=1 | IWVINE U WY MNSILY (W]

%1.6.4 interact with \ehicle Tratfic Management**Q)

*1.8.4.1 Manage HRI Closures ()

%1.0.4.2 Exchange Data with Tratfic Management ()

%1 8.5 Monitor HRI Status O

%1.0.5.1 Provide interactive Interface ()

%1.0.5.2 Detennine HRI Status ()

%1.0.5.3 Maintain HRI Closure Data ()

%17 Manage Operations and Maintenance ()

%1.7.1 Manage Operations and Maimenance Data Q

%1.7.1.1 Gather 08M Data

%1.7.1.2 Manage D8M Arhive Data )

%1.7.1.3 Manage O8M Assets )

%1.7.1.4 Manage Environmenta! Data for Operations and Maintenance
$1.7.1.4.1 Gather and Process Environmental Bata )
%1.7.1.4.2 Create Road Forecasts

%1.7.1.4.3 Fuse Environmental Data O

%1.7.2 Manage Mintenance Activity

%1.7.2.1 Schedule Maintenance Activity O

%1.7.2.2 Manage and Control On-board Meintenance Systems 0]
%1{.7.2.3 Manage Maimenance Operator interface ()

%{.7.2.4 Manage Maintenance Driver Interface

%1{.7.2.5 Collect Environmental Data On-board ()

%1.7.3 Control Roadway Mintenance Devices ()

%17 4 Disseminate O8M Information ()

1.8 Mavage Tratfic Enforcemen-§

%1.8.1 Detect and Classify Speed Molations (

#1.8.2 Collect and Verify Speed Molations

%1.8.3 Post Speed Limit O

%1.0.4 Set Speed Limit

"~| ™1.8.5 Establish Molation Parameters ()

%1.8.0 Detect and Classity Signal Molations

%1.8.7 Collect and Werify Signal Molations )

%2 Manage Commercial Vehicles O

%2.1 Manage Commercial \ehicle Fleet Operations Q

%2.1.1 Manage Commercial Fleet Bectronic Credentials and Tax Filing O
%2.1.2 Provide Commercial Fleet Static Route

$2.1.3 Provide Fit Mgr Blectranic Credentials and Tax Filing Interface**)
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%2.1.3 Provide Fit M- Bectronic Credentials and Tax Filing Interface®*()
%2.1.4 Provide Fleet Manager.Commercial \ehicle Cemmunications O
92.1.5 Provide Commercial \ehicle Driver Routing Interface ()

218 Manage Driver instruction Store

%2 NMenage Commercial \fhicle Driver Operations

%7.2.1 Manage CV Bectronic Credential and Tax Filing interface ()

%2.2 2 Provide \khicle Static Route

%2.2.3 Provide CV Driver Bectronic Credential and Tax Filing Interface ()
%7.2.4 Provide Commercial \ihicle Driver Communications ()

%2.3 Provide Commercial \thicle Roadside Facilities 0

%231 Produce Commercial Vehicle Driver Message at Roadside ()
%2.3.2 Provide Commercial Vehicle Clearance Screening O

#2.3.2.1 Administer Commercial \ehicle Roadside Credentials Database 0
%2.3.2.2 Process Screening Transactions ()

%2.3.3 Frovide Roadside Commercial \Ashicle Safety Q

#2.3.3.1 Provide Commercial \ehicle Checkstation Communications ()
%2.3.3.2 Provide Commercial \hicle Inspector Handheld Terminal Interface ()
%2.3.3.3 Administer Commercial Vehicle Roadside Safety Datadase
%7.3.3.4 Camry-out Commercial \ehicle Roadside Safety Screening ()
%2.3.3.5 Cany-out Commercial Vehicle Roadside Inspection ()

%2.3 4 Detect Commercial Vehicle

%235 Provide Commercial \ehicle RoadsideOperator Imerface ()

%2.3.0 Provide Commercial \ihicle Reports )

%2.3.7 Produce Commercial Vehicle Driver Message on \Vehicle ()

1 %2.3.8 Provide Commercial ehicle -Border Screening (

*2.4 Provide Commercial \ehicle Data Collection 0

%2.4.1 Communicate Commercial Vehicle Dn-board Data to Roadside 0
%#2.4.2 Collect Dn-board Commercial Vehicle Sensor Data ()

%2.4.3 Analyze Commercial Vehicle On-board Data ()

%2 4.4 Provide Commereial \khicle Driver interface 0

%2.4.5 Communicate Commercial Vehicle Dn-boand Data to \ehicle Manager ()
%2.4.0 Provide Commercial Vehicle On:board Data Store Interface ()

%2.5 Administer Commercial \khicles

%2.5.1 Manage Commercial Vehicle Trips and Clearances ()

%2.5.2 Obtain Bectronic Credential and Tax Filing Payment

#2.5.3 Update Permits and Duties Store *<()

%2.5.4 Communicate with Other Commercial \ehicle Administration System
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%2.5.2 Obtain Bectronic Credential and Tax Filing Payment
92.5.3 Update Permits and Duties Store **Q

%72.5.4 Communicate with Other Commercial \&hicle Administration System O

%2.5.5 Manage Commercial Vehicle Credentials and Enroliment

%2.5.9 Dutput Commercial \lhicle Enroliment Data to Roadside Facilties O

%2.5.7 Process Commercial Vehicle \olations

%258 Process Data Received from Roadside Facilties ()
%2 5.0 Manage Commercial \ehicle Archive Data ()

%20 Provide Commercial \khicle On-board Data

%7.0.1 Provide Commercial \Vehicle Manager Tag Data Interface ()
%2.0.2 Transmit Commercial Vehicle Tag Data )

%72.6.3 Provide Commerzial Driver Tag Data interface
%2.6.4 Provide Lock Tag Data Interface ()

%2.6.5 Manage Commercial Vehicle Tag Data Store ()
%2.7 Manage Cargo O

%2.7.1 Manage Intermodal Terminal Interface

%2.7.1.1 Manage Termina! Access ()

%2.7.1.2 Manage Container Pickup and Delivery ()
%2.7.1.3 Manage Container Release ()

%2 7.1.4 Provide Imtermodal Terminal Operator I/F O
%2.7.1.5 Provide Container Tracking

%2.7.2 Manage intermadal Container

%2.7.2.1 Oetermine Container Status ()

%2.7.2.2 Determine Cargo Status Q

| -#2.7.2.2 Provide Cargo Status Interface ()

$2.7.2.4 Provide Container Status Interface ()

%7.7.2.5 Manage Customs Interface ()

%2.7.3 Manage On-Boand Intermodal Applications O
%2.7.3.1 Provide Driver Interface for Intermodal Freight Dispatch()
%2 7.3.2 Monitar Container Status ()

%2.7.3.3 Monitor Chassis Status

%2.7.3.4 Manage On-Board Facility Access ()

%2.7 .4 Manage Intermodal Dispatch O

%2.7.4.1 Monitor intermodal Bements

%2.7.4.2 Provide Fleet Manager Interface for intermodal 0
%2.7.4.3 Manage intermodal Customer interface**()
%2.7.4.4 Manage Other Intermodal FMS Interface O

%2.7.4.5 Manage Distribution and Logistics Management Frovider Interface
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%2 7.4.3 Manage Intermodal Customer Interface**()
#72.7.4.4 Manage Other Intermodal FMS Interface O
%2.7.4.5 Manage Distribution and Logistics Management Provider Interface 0
$2.7.4.8 Manage Freight Consalidation Station Interface ()
%3 Provide \ehicle Monitoring and Control O

%3.1 Monitor Veehicle Status ()

%3.1.1 Produce Coliision and Crash Aveidance Data 0
%3.1.2 Camry-out Safety Analysis ()

%3.1.3 Process \khicle On-board Data

%4.2 Provide Automatic Vehicle Operation O

%3.2.1 Provide Driver Interface

%3.2.2 Provide AHS Contrl

%3.2.3 Provide \ishicle Control

93.2.3.1 Provide Command Interface ()

%3.2.3.2 Manage Platoon Foliowing O

%3.2.3.2 Process data for \ehicle Actuators ()

%3.2.3.4 Provide Servo Controls ()

%3.2.3.4.1 Provide Speed Serva Control ()

%3.2.3.4.2 Provide Headway Servo Control ()

%3 2.3 4.3 Provide Lane Servo Control ()

%3.2.3.4.4 Provide Change Lane Servo Control ()
%3.2.3.4.5 Provide \ehicle Control Data Interface
%3.2.3.5 Process \ehicle Sensor Data

%3.2.3.8 Communicate uith other Platoon \ehicles ()

%3 2.4 Process Sensor Data for AHS input O

93.2.5 Check \ehicle for AHS eligibilty O

%3.2.6 Manage AHS Check-in and Check-out

%3.2.7 Manage AHS Operations

%3.3 Provide Automatic Emergency Notification ()

%3.3.1 Provide Cargo Data far Incident Notification
%3.3.2 Provide Communications Function ()

%3 3.3 Build Automatic Collision Notification Message ()
%3.4 Enhance Driver's Msion ()

%4 hManage Transit O

%41 Operate \Ahicles and Facilities ()

%4 1.1 Process Transit \khicle Sensor Trip Data®(Q)
%4.1.2 Determine Transit \ehicle Deviation and Cormections [¢]
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%4 1.1 Process Transit \khicle Sensor Tap Data™*Q

%4 1.2 Determine Transit \khicle Deviation and Carmrections O

| ™4.1.2.1 Determine Transit \ehicle Deviation and ETA

%4.1.2.2 Determine Transit Vehicle Comective Instructions O

%4.1.2.3 Provide Transit \hicle Driver Interface Q

%4 1.2.4 Provide Transit \dehicle Comection Data Output Interface
%4.1.2.5 Request Transit \ehicle Preemptions ()

%4.1.3 Provide Transit \khicle Location Data

%4.1.4 Manage Transit \khicle Deviations ()

%4 1.5 Provide Transit \ahicle Status Infermation ()

%4.1.0 Manage Transit \khicle Operations Data

%4.1.7 Manage Connection Protection

%4 1.7.1 Manage Connections with Extemal Systems

%4.1.7.2 Provide Transit Vehicle Deviation Data Output Interface O
%4.1.7.3 Manage Individual Service Requests O

%4 1.8 Provide Transit Operations Data Distribution Interface 0

%4.1.0 Process Transit Vehicle Sensor Maintenance Data ()

%42 Plan and Schedule Transit Services

%4 2.1 Provide Demand Responsive Transit Service ()

94.2.1.1 Process Demand Responsive Transit Trip Request ()

%4.2.1.2 Compute Demand Responsive Transit \hicle Availabilty
%4.2.1.3 Generate Demand Responsive Transit Schedule and Routes ()
%4 2 1.4 Confirm Demand Responsive Transit Schedule and Route ()
%4 2.1.5 Process Bamand Responsive -Transit \dehicle Availability Datz 0
%4.2.1.6 Provide Demand Responsive Transit Driver imerface

%4 2.2 Pravide Transit Plans Store Interface ()

%42 3 Generate Transit Routes and Schedules

%4 2.3.1 Generate Transit Routes ()

%4.2.3.2 Generate Schedules ()

%4.2.3.3 Produce Transit Service Data for External Use )

%4.2.3.4 Provide Transit Fleet Manager interface for Services Generation ()
%4 2 3.5 Manage Transit Operational Data Store

%4.2.3.0 Produce Transit Service Data for Manage Transit Use
%4237 Provide Interface for Other TRM Data ()

%4238 Provide Interface for Transit Service Raw Data ()

%4.2.3.0 Update Transit Map Data ()

%4 .2 4 Manage Transit Achive Data **Q
84 7 Crharida Trancit \bhirle Maintananca
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%4.2.3.8 Update Transit Map.Data

%4 2.4 Manage Transit Achive Data Q)

4.3 Schedule Transit \dhicle Maintenance 0

%4.3.1 Monitor Transit ehicle Condition )

%43 2 Generate Transit \khicle Maimtenance Schedules 0
%4.3.3 Generate Technician Work Assignments 0]

%4.3.4 Monitor And Merity Maimtenance Activity O

%4.3.5 Report Transit \ehicle Information (O

%4.3.0 Update Transit \ehicle Information Q

%4.3.7 Manage Transit Vehicle Operations Data Store ()

%4 4 Support Security and Coordination

%4 4.1 Provide Transit Security and Emergency Management
%4.4.1.1 Manage Transit Security O

%4.4.1.2 Manage Transit Emergencies ()

%4.4.1.3 Provide Transit System Operator Security Imerface
%4.4.1.4 Provide Transit Extemal Interface for Emergencies
%4.4.1.5 Provide Transit Driver interface for Emergencies ()
%4.4.1.8 Collect Transit \ehicle Emergency Information 0
%4.4.1.7 Monitar Secure Area ()

4.4 1.8 Report Traveller Emengencies 0

%4.4.2 Coordinate Miltiple Agency Responses to Incidents
%4.4.3 Generate Responses for Incidents 0

%4.4.4 Coordinate Transit Disaster Respeonse ()

W45 Generate Fransit-Driver Schedules O

%4.5.1 Assess Transit Driver Performance 0

%4.52 Assess Transit Driver Awailability

$4.5.3 Access Transit Driver Cost Effectiveness (

$4.5.4 Assess Transit Driver Bigibility Q

$4.5.5 Generate Transit Oriver Route Assignments ()

%4.5.6 Update Transit Driver information )

%4.5.7 Report Transit Oriver information ()

%4.5.8 Provide Transit Driver Information Store Interface 0
%40 Collect Transit Fares in the \khicle ()

%4.8.1 Detect Transit User on \ehicle 0

%4.0.2 Determine Transit User Needs an MVehicle 0

%4.6.3 Determine Transit Fare on \khicle O

%48 4 Manage Transit Fare Billing on \khicle **(

$4.0.5 Provide Transit User Fare Payment Interface on \hicle ()

Be om0
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-} %4.8.4 Manage Transit-Fare Hiling en \hicle **()

%4.6.5 Provide Transit User Fare Payment Interface on \khicle
%4.6.6 Update Transit \hicle Fare Data 0

%4.6.7 Provide Transit \khicle Passenger Data ()

%4.6.8 Manage Transit \khicle Advanced Payments ()
%4.7 Provide Transit User Roadside Facilities 0

%471 Provide Transit User Roadside Information 0
%4.7.1.1 Provide Transit User Roadside Data Interface ()
%4.7 1.2 Provide Transit User Roadside \Ahicle Data Interface 0
%4.7.2 Collect Transit Fares at the Roadside ()

%4.7.2.1 Detect Transit User at Roadside

$.47.2.2 Determine Transit User Needs at Roadside ()
%4.7.2.3 Determine Transit Fare at Roadside

%4 7.2 4 Manage Transit Fare Billing at Roadside ()
84.7.2.5 Provide Transit User Roadside Fare interface ()
%47.2.0 Update Roadside Transit Fare Data ()

%4.7.2.7 Provide Transit Roadside Passenger Data ()

%5 Manage Emergency Services ()

%51 Provide Emergency Service Allocation ()

%5.1.1 identifty Emergencies from Inputs )

%5.1.2 Determine Coordinated Response Plan 0

%5.1.3 Communicate Emergeney Status ()

%5.1.4 Manage Emergency Respanse ()

- “'ﬁ;i‘;ﬁ'mnzuefmememy ‘Service Alocation Store
%5.1.8 Process Mayday Messages ()

%52 Provide Dperator Interface for Emergency Data )
%5.3 Manage Emergency Vehicles O

%531 Select Responsa Mode ()

%5.3.2 Dispatch \khicle

%5.3.3 Track \ehicle Q

%5.3.4 Assess Response Status ()

%5.3.5 Provide Emergency Personnel Interface
%5.3.0 Maintain \ehicle Status

%5.3.7 Provide Emergency \ehicle Route

%5 .4 Provide Law Enforcement Alacation ()

%5.4.1 Process ™ Detected Vialations ()

%5.4.2 Process Molations for Tolls )

:5.4.3 Process Parking Lot \olations™*(Q)
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$.4.2 Process Molatians tor loils ()

%5.4.3 Process Paring Lot Malations™=(0)

%54 4 Process Fare Payment \dolations

%5.4.5 Process \khicle Fare Collection Molations ()

%5.4.6 Process CV Molations Q

%5.4.7 Process Roadside Fare Coliection Molations 0

%5 5 Update Emergency Display Mep Data ()

%50 Manage Emergency Services Data Q

%5.7 Co-ordinate Disaster Response ()

%5.7.1 Collect Disaster Response Data ()

%5.7.2 Provide Medical Facilty interface ()

%4 Provide Driver and Traveller Services ()

%0.1 Provide Trip Planning Services ()

%8.1.1 Provide Trip Pianning Information to Traveller ()
98.1.2 Confirm Traveller's Trip Plan 0

%§.1.3 Manage Multimodal Service Provider interface ()
%9.1.4 Provide ISP Operator interface for Trip Planning Parameters ()
%9.1.5 Coliect Service Requests and Confirmation for Achive ()
%4 1.8 Manage Traveller Info Achive Data

%9.2 Provide Information Services ()

%9.2.1 Provide Advisory and Broadcast Data O

%6.2.1.1 Collect Traffic Data for Advisory Messages ()
%6.2.1.2 Provide Traffic and Transit Advisory Messages Q
%972.1.3 Collect Tranisit' Data for Advisory Messages ()
%3.2.1.4 Provide Traffic and Transit Broadcast Messages ()
%8.2.1.5 Provide ISP Dperator Broadcast Parameters Interface ()
%5.2.1.0 Provide Transit Advisory Data On \Vehicle 0
%5.2.2 Prepare and Output In-vehicle Displays

%6.2.3 Provide Transit User Advisory Interface ()

%6.2.4 Collect Yellow Pages Data

%9.2.5 Provide Driver Intertace )

%6.2.0 Provide Yellow Pages Data and Reservations
%0.3 Provide Traveller Services at Kiosks )

%6.3.1 Get Traveller Request ()

%4.3.2 Inform Traveller ()

%9.3.3 Provide Traveller Kiosk interface

$6.3.4 Update Traveller Display Map Data at Kiosk ()

%¢.4 Manage Ridesharing™=Q

ha 20
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9.4 Manage Ridesharing™()

%8.4.1 Screen Rider Requests ()

%5.4.2 Match Rider and Provider ()

#0.4.3 Report Ride Match Results to Requestor ()
%4.4.4 Confimn Traveller Rideshare Request ()
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6.5.6 Finding of SAHS Visual Analysis
In SAHS visual analysis, we monitored the participation of backbone communication and

backup communication classes. This monitoring is cleatly visible in the sequence diagrams.

The close examining of the extracted examples are as follows:

1. In Figure 6.28, an object-oriented visualization of Sequence, diagram 4A.4
Support Security and Coordination for SAHS in UML. It can be noted the
backbone communication class is active in providing a successful scenario.
What will happen if a malfunctioning occurs in the backbone
communication class? The answer will be determined in Figure 6.33, were

- the ‘backup communication class 1s taking over the communication functions
in the case of malfunction of the backbone class. We are stll having a
successful scenario. This is a proof that, our solution for backup

communication is adequate.

2. In Figure 6.29 Object-oriented visualization of Sequence Diagram, 6A.2
Provide Information Services for SAHS in UML. It can be noted the
backbone communication class is active in providing a successful scenario.
What will happen if a malfunctioning occurs in backbone
communication class? The answer will come in Figure 6.34, were the backup
communication class is taking over the communication functions in the case of
malfunction of the backbone class. We are still having a successful scenario.

This is a proof that, our solution for backup communication is adequate.

3. In Figure 6.30 Object-oriented visualization of Sequence Diagram, 6A.8
Provide Traveller Personal Services for SAHS in UML. It can be noted the
backbone communication class is active in providing a successful scenario.
What will happen if a malfunctioning occurs in backbone
communication class? The answer will come in Figure 6.35, were the backup

communication class is taking over the communication functions in the case of
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malfunction of the backbone class. We are stll having a successful scenario.

This is a proof that, our solution for backup communication is adequate.

In Figure 6.31 Object-oriented visualization of Sequence Diagram 7A.2
Provide Electronic Parking Payment for SAHS in UML. It can be noted the
backbone communication class is active in providing a successful scenario.
What will happen if a malfunctioning occurs in backbone
communication class? The answer will be determined in Figure 6.36, were
the backup communication class is taking over the communication functions
in the case of malfunctioning of the backbone class. We are still having a
successful scenario. This is a proof that, our solution for backup

communication is adequate.

In. Figure 6.32 Object-oriented visualization of Sequence Diagram 7A.4
Carry-out Centralized Payments Processing for SAHS in UML It can be
noted the backbone communication class is active in providing a successful
scenario. What will happen if a malfunctioning occurs in backbone
communication class? The answer will be determined in Figure 6.37, were
the b;:lckup communication class is taking over the communication functions
in the case of malfunction of the backbone class. We are still having a
successful scenario. This is a proof that, our solution for backup

communication is adequate.

@

The Object-oriented Rational Rose model of SAHS is a clear example of
stability and flexibility. We were able to integrate a new communication
system, and a backup communication system with no major impact on the
architecture it self. The change is only localized, thus the whole architecture
is stable. This is a proof that Object-oriented architecture provides
stability and flexibility.
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Chapter?7

Object Oriented ITSC Architecture in a Communication Prospective
Within the SAHS

In this chapter, we will have an overview of the object-oriented communication component
within the ITSC architecture, which is present within the SAHS. This system has two basic
classes that are responsible for the communication activities within the architecture i.e.
backbone communication class and backup communication class that will take

responsibility in case of malfunctioning of the backbone communication class.

7.1 BACKBONE COMMUNICATION SYSTEMS
The backbone communication System class is a general representation of the four

communication systems channels that were available for CAHS. The four classes that are
included in the backbone communication class are as follows:

e Wide Area Wireless Communication Class

e Vehicle-to-Vehicle Communications Class

e Dedicated Short Range Communications Class

e Wireline Communications Class

The backbone communication class diagram is illustrated in Figure 7.1.

7.2 BACKUP COMMUNICATION SYSTEMS
The backup communication system class is a general representation of the two

communication systems channels that were introduced in SAHS. The two classes that are
included in the backup communication class are as follows:

¢ Intelligent Digital Modem Class

e Stratospheric Satellite Class

The backup communication class diagram is illustrated in Figure 7.2.
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7.3 SAHS COMMUNICATION SYSTEMS
SAHS communication is an integration of the backbone communication system with the

backup communication system that are visualized and modeled by the backbone
" communication class and backup communication class. The integration is captured in

Figure 7.3.

7.4 INTELLIGENT DIGITAL MODEM CONCEPT
One of the concepts that was introduced in this dissertation is the Intelligent digital modem

concepts. Figure 7.4 represents a flow chart that explains part of its functionality, During a
mobile communication session in a Satellitic vehicle, the control can be time out, which is
- the difference in time between sending and receiving -the acknowledgment message. If the
time out is not reached, the Intelligent Digital Modem will continue sending, through the
mobile unit. In case time out reaches the limit, it will shift the transmitting through the
Satellitic communication unit, and continue to monitor while sending through the Satellitic
communication unit. If the mobile resumes, it will shift the communication back to the
mobile. In case that a time out is reached in the Satellitic communication unit, the
Intelligent Digital Modem will send a warning message to the Driver to take over the

driving function manually.

Communication between the ITSC actors will be performed using the intelligent digital
modem (IDM). To ensure stability and adequate performance of the ITSC requirements,
IDM systems will be designed to perform communication tasks through the main
Backbone Communication System, and in the case of backbone communication
malfunction, through the Satellitic Backup Communication System. IDM will be installed

on each Satellitic Vehicle that uses an automatic traffic control system. Its purpose is to:

1. Monitor communications both to and from the Satellitic Vehicle to determine when any

of these communications are out of service. This may include but is not restricted to GPS
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Satellite messages, radio communication and communication with roadside sensors and
other Satellitic Vehicles.
2. In the event that any communication system becomes unserviceable, switch to
the designated backup system.
3. If there is no backup, send a message to the driver to take manual control of the

Satellitic Vehicle immediately.

It is expected that the vehicles using the IDM could be moving at high speeds, so the time
required for communication switchovers to take place is essential. The IDM must have the
capacity to execute simple programs and to expand in the future if necessary. The detailed
concept of functionality of the Intelligent Digital Modem are illustrated in Figure 7.5

7.5 THE NEED TO MODIFY SAHS REQUIREMENTS
The five requirements that need to be added to SAHS requirements and ITSC requirement

are as follows:
1. SAHS shall monitor backbone communication systems at all times.

2. SAHS shall take over if and when malfunction occurs in the backbone

communication.

3. SAHS shall direct communication.to the.Satellitic backup wireless communication

system when a malfunction occurs in the backbone communication.

4. SAHS shall continue monitoring all communication channels if and when the
backbone system regains its functionality should discontinue the Satellitic backup

wireless communication system.

5. SAHS shall send a message to the user when the malfunction occurs in the backup
wireless communication system if necessary. In fact the Intelligent Digital Modem

should be responsible for such functionality.
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7.6 Intelligent Digital Modem Software

Object-oriented design is essential to the modem software because:

1. The IDM will be one part of a traffic control system, which has many components.
Object- oriented design allows communication among many components with minimum
confusion.

2. Although individual communication components are of varying types, the actions taken
by the software to check their statuses are essentially the same. Object- oriented designs
allow easy reuse of codes.

3. The future will no doubt bring many other types of communications; the modularity

inherent in object-oriented design allows them to be easily integrated into the software.

The computer language chosen for this application is C++, because it is object -oriented,
and because its “parent” language, C, is commonly used as control language for all sorts of

hardware, including the micro-controller chosen for this task.

Safe operation of the traffic control system requires uninterrupted communication between
the Satellitic Vehicles and satellites, ground stations, roadside sensors, and other vehicles,

etc.

Thus, it is essential that the IDM operate on a timely basis. For this reason, the IDM
software will be event-driven rather than be continuously polling each communication
system. Any communication failure will generate an interrupt, which causes the micro-

controller to execute codes to handle that failure.

The safest method of assigning interrupts is to give the highest priority interrupts to those
communication channels, which have no backup, then to channels with one backup, and
two backups, etc. This ensures that the IDM will not waste time trying to switch from
satellite to radio, for example, when The last backup for communication with . other

Satellitic Vehicles just fails and the driver needs to take control of the Satellitic Vehicle.
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All transmitters and receivers, which are connected to the IDM, are expected to test
themselves, either through self-diagnosis routines or appropriate digital coding which can
detect a communication failure. Having the IDM test each device attached to it is time-
consuming and would complicate the software to the point that a microprocessor may be
necessary. At the most, a failure should be indicated by the setting or clearing of one bit at
the interrupt request register of the IDM. More sophisticated devices would also indicate an

error number which may be displayed for the benefit of the driver.

All interrupt routines will have the four basic steps:

1. Activate the designated backup system, or tell the driver to take manual control.

2. Inform the backup system that a failure has occurred so that it may retransmit or request
a retransmit.

3. Read the error number from the failed system, if possible.

4. Display a message including which system has just failed, and the error number if one
exists.

Typical routine is shown in figure 7.6

This software implementation will necessitate the following requirements on the hardware:

1. Programmable using C++.
2. High execution speed.
3. On-board memory.

On-board interrupt controller



ifDesipnatedBadkup) {
SetCommunicationSystem(Designated Backup),

SendStatus(DesignatedBackup, FAILURE HAS OCCURED),

)

else

Display(EmerpencyMessage);

EmrorNumber=R eadErrorNumber(Interrupte dCommunicationSystem);

Display(InterruptedCommunicationSystem, ErrorNumber);

Figure 7.6 Basic Structure of a Micro-controller
Interrupt Routine
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7.7 INTELLIGENT DIGITAL MODEM HARDWARE
Three types of devices are considered as the IDM controller: programmable logic arrays,

micro-controllers and microprocessors.

The programmable logic array consists of a "switch matrix" which is programmed by the
user. A fixed number of inputs have logic operations performed upon them to arrive at a
fixed number of outputs. The PLA is inexpensive, but does not have the capacity to

execute the programs necessary to control the IDM.

A microprocessor is the central processing unit of a computer, and normally needs
peripheral devices such as ROM and RAM chips, serial and parallel ports and interrupts
conirollers to perform a given task. Microprocessors can operate very quickly (clock
speeds over 1 GHz) and have large memory capacity to store large, complex programs.
They tend to be relatively expensive ($300 and up), and the necessity of including
peripherals can make the design unwieldy.

A microcontroller contains all of the functions of a microprocessor and peripherals on one
chip, but its speed (up to 25 MHz) and capacity (up to 64 kilobytes) are smaller than those
of a microprocessor. Microcontrollers are less expensive and much more compact than
microprocessors. They come equipped with interfaces that allow them to be connected to a

personal computer and programmed in a high level language such as C.

- The software requirements for the IDM indicate that a microcontroller is the best device to
use because it is programmable in C++, operates at reasonably high speed, has enough
memory for small programs, and is equipped with an interrupt controller, all at a reasonable

price. Hardware devices evolve so quickly that choice of the actual microcontroller to be

used for such a futuristic application is indeterminate.
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7.8 INTELLIGENT DIGITAL MODEM DEMONSTRATION MODEL
The IDM may be demonstrated using a personal computer to act as the vehicle display. To

prove the viability of using different communication channels and the ability to switch to a

backup, four channels are to be simulated:

A vehicle-to-vehicle radio channel.
A second radio channel between the vehicle and roadside stations.

A cellular telephone channel between the vehicle and a traffic control centre.

Sl A .

A satellite communication channel, which backs up any of the first three.

It is-anticipated that the two radio channels will be simulated by actual digital radios set to
different frequencies. Two cellular phones would set up a cellular phone channel, while a
laptop computer with infrared network communication, located in a different room would

simulate the satellite communication channel.

The four transmitters and receivers associated with the four channels will have status lines
which connect to the microcontroller's interrupt lines. Additionally, some of the channels
will have error number outputs to /O ports on the microcontroller (e.g. the cellular phone
may send the byte 0x01 for a low battery, 0x02 for total loss of power, etc.), although the
exact implementation has not yet been decided. The microcontroller itself will be

connected to the PC's parallel port in order to display messages on the monitor.

The program used by the microcontroller will take the form shown in Appendix 1, and will
be used on the microcontroller, with addresses of I/O ports and interrupt numbers changed
to fit the microcontroller architecture. When compiled and linked on a PC, the code size
will specify a minimum memory size for the microcontroller. The other requirements for

the microcontroller are:

1. Eight interrupt lines, one for each transmitter and receiver,
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2. Some I/O ports (not necessarily eight, because some transmitters and/or receivers will
not produce error numbers)

3. A high enough speed to display the emergency "manual control” message within a
typical human reaction time. This should not be a problem for any microcontroller given a

typical clock speed of 25 MHz.

7.9 THE MICROCONTROLLER OBJECT ORIENTED C+ PROGRAM

#define ACTIVE 1

#define INACTIVE 0

#define FAILURE HAS OCCURED 2
#define DISPLAY PORT 0x0001
#define NOBACKUP 0

#define NOERROR NUMBERS -1
#include <stdio.h>

#include <string.h>

- class CommunicationChannel {

public:

int ErrorPort;

int IRQNumber;

int Status;

CommunicationChannel *Backup;

CommunicationChannel(int, int, int, CommunicationChannel*);

int Display(char *), // Returns the number of bytes sent.
K

CommunicationChannel::CommunicationChannel(int w, int x, int y,
CommunicationChannel *z) {

// Sets the communication channel parameters.

ErrorPort=w;

IRQNumber=x;

ststus=y;

Backup=z;

}

int CommunicationChannel::Display(char *Message) {
// Displays an error message for the user.

int i=0;

while(Message[i])

outportb(DISPLAY PORT, Message[i]);
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return i;

!

void interrupt Interrupt0() {

char *ErrorMessage;

int ErrorNumber;

char buffer[20];

if(NOBACKUP)

SatelliteTransmitter.Display("Take manual control now!!!");

else

Satellite Transmitter.Backup->Status= ACTIVE | FAILURE_HAS OCCURED,;
ErrorMessage=strcat("Channel #", itoa(Satellite Transmitter.[RQNumber, buffer, 10));
if(NOERROR_NUMBERS) {

ErrorMessage=strcat(ErrorMessage, "reports an error.");

else {

ErrorNumber=inportb(Satellite Transmitter. ErrorPort);
ErrorMessage=strcat(ErrorMessage, "reports error #");
ErrorMessage=strcat(ErrorMessage, itoa(ErrorNumber, buffer, 10));

3

Satellite Transmitter. Display(ErrorMessage);

// Seven more interrupt service routines here.

int main(int argc, char* argv[}])

{

// Set channel parameters.

CommunicationChannel Satellite Transmitter(N OERROR_NUMBERS, 0, INACTIVE,
NOBACKUP);

CommunicationChannel SatelliteReceiver(NOERROR_NUMBERS, 1, INACTIVE,
NOBACKUP);

CommunicationChannel Vehicle2VehicleTransmitter(N OERROR_NUMBERS, 2,
ACTIVE, &SatelliteTransmitter);

CommunicationChannel Vehicle2VehicleReceiver(N OERROR_NUMBERS, 3, ACTIVE,
&SatelliteReceiver);

CommunicationChannel Vehicle2Roadside Transmitter(N OERROR_NUMBERS, 4,

-~ ACTIVE, &SatelliteTransmitter);

CommunicationChannel Vehicle2RoadsideReceiver(NOERROR_NUMBERS, 5,
ACTIVE, &SatelliteReceiver);

CommunicationChanne] Vehicle2CentreTransmitter(0, 6, ACTIVE,
&SatelliteTransmitter);

CommunicationChannel Vehicle2CentreReceiver(1, 7, ACTIVE, &SatelliteReceiver);
// Code to install the interrupt service routines goes here.

return O;
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Chapter 8
CONCLUTIONS AND RECOMMENDATIONS

This chapter opens with a brief discussion of the object- oriented development
methbdology. The necessity of having a backup communication clearly
mentioned (analysis, documentation and the visualization) in the object-
oriented ITSC architecture was proposed. Both of these requirements were
proposed as a solution to the flexibility and stability quality attributed
concerns. The results and contributions are listed in the second section. The

chapter concludes with the recommendation for future research.

8.1 Discussion
The object- oriented concept is used not only as a tool for the partial

development of alternative ITSC architecture, but also as a way to identify and
isolate areas of concern within the architecture. This area of concern will push
the next wave of changes in the structure of our Canadian ITS architecture.
The current developmental practices i.e. process-oriented development
methodologies and its presentation and documentation will make it difficult to

respond to the changes that are needed for both the present and the future.

The dissertation professes that the object -oriented concept is an effective tool
to isolate the communication problems within ITSC architecture and lead the
research in this particular area toward the solution. These inherited problems
that we got due to our dependency on what the United States and Europe used
for the development of the United States and the European ITS architecture.

The object- oriented methodology that was used in the partial development of
CAHS and SAHS captured the hierarchical decomposition of the system’s
physical components and its functionality. The method is not flat. Object-
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orientation defines the interface of the system based on the architecture by
identifying the actors and their communication within the system and the

ability to include attributes of performance within its presentation.

The two main objectives that the research has are to provide the Intelligent
Transportation System of Canada (ITSC) a stable and flexible architecture
based on object-oriented (OO) methodology, and to integrate the backup
communication concept with the new ITSC architecture, which will enhance
reliability and dependability of systems that will be developed based on the
architecture. There is no standard method of analysis for determining the
influence of quality architecture attributes on system architecture. The lack of
such method hinders the development of a clear relationship between
architectural = stability and flexibility, and the system usability and
functionality, represented by user and functional requirements. Therefore,
meaningful results and physical insight into the influence of architectural
attributes are better obtained through scientific, documental, and visual
analysis. The use of OOAD in modeling can ease changes in the architectural
design wheﬁ a backup communication system is introduced. The objectives
were satisfied by a partial object-oriented Canadian Automated Highway
System (CAHS) conceptual project development in which we proved the need
for backup communication and a partial object-oriented Satellitic Automated
- Highway System (SAHS) conceptual project development in which we
proved, that our solution for backup communication is adequate and’ object-

oriented (OO) based architecture provide stability and flexibility.

The three-part analyses that were conducted on CAHS conceptual project
identified the participation of Backbone communication class in almost every,

functionality of the system. What will happen if a malfunction occurs in the
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system that is presented by the backbone communication class? This proofs

that there is a need for a backup communication system.

We integrated a backup communication with CAHS and we called it SAHS.
Now we have two classes to under take the communication functions. If a
malfunction occurs in the backbone communication class, the backup
communication class will take over. This solved the problem as we proved in
the three-part solution analysis of SAHS. This was the proof, that our
solution for backup communication is adequate. Because of the
localization of change that object orientation offers, OO based architecture
provide stability and flexibility to the architecture. The integration of a backup
communication system effects a small area, thus, the architecture remains
stable and the way the integration Vhappens proves that an object-oriented
architecture provides the flexibility to the architecture so, OO based
architecture provide stability and flexibility to the architecture.

The research introduces the concepts of Intelligent Digital Modem (IDM) and
the use of Stratospheric Satellite as a communication platform. A
generalization of the above two classes were modeled within the backup

communication class.

8.2 Results and Contributions
1. Identification of a backup communication problem within the ITSC

architecture.

2. Application of the OO methodology to ITSC architecture enhances the
stability and the flexibility.
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3. Analytical, documental and visualization needs for a backup

communication system.

4. Integration of a backup communication concept into ITSC architecture

by using an OO methodology.

5. Analytical, documental and visualization demonstrations for a backup

communication solution.

8.3 Contributions to Knowledge

1. Demonstrates a-defect of the ITSC architecture. by developing a partial
CAHS architecture.

2. Demonstrates a solution to the ITSC architecture by developing a
partial SAHS architecture.

|98

Developed a conceptual backup communication system with state of

the art technology.

8.4 Recommendations for future research
1. Full development of the ITSC architecture using an object-oriented

methodology.

2. Investigate the influence of the ITSC architecture characteristics on
quality attributes, especially the ones not addressed by this dissertation, such

as safety and environmental soundness.



317

3. Characterize the mutual influence and dependency of quality attributes on

one another to ensure satisfactory fulfillment of ITSC requirements.

4. More detailed analysis of the ITSC requirements is needed for the
complete development of an ITSC architecture. Such an analysis can include

case-specific requirements and features.

5. Although not addressed, the ideal ITSC architecture must address the
economical, environmental and social impact of the implementation of an

ITSC architecture. Thus, research is required in this area.

6. Study the impact of the integration of the atmospheric vehicle (SkyCar)
and atmospheric highway concepts into the development efforts of a Satellitic
Automated Highway System (SAHS) concept.
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