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FOREWORD

This report contains the final results of a high-level scan of the transit industry,
including interviews and analysis, concerning the status of state-of-the-art Intelligent
Transportation System (ITS) applications to public transit service in North America.
The objective of this effort was to increase the transit community’s knowledge of new
opportunities, challenges, and lessons learned by agencies and suppliers in applying
advanced technologies to improve the efficiency, effectiveness, reliability, safety, and
security of public transit services.

Key observations from the research include:

e The complexities associated with state-of-the-art ITS technologies exceed the
transit community’s current ability to deploy them and stay abreast of ongoing
developments.

e Key obstacles include:

The stand-alone nature of most individual technology deployments limits the
benefits that could be provided by business-oriented, enterprise-wide
technology strategies;

Most technology-based applications require continuous cooperation and
coordination between and among many different departments, agencies, and
jurisdictions that are often difficult to achieve;

Limited resources and gaps in education and training in the integration, use,
and maintenance of technologies and the standards necessary for
interoperability and data sharing make it difficult for transit professionals to
keep up with technological developments and opportunities;

Fast-paced changes in technologies put deployment efforts at risk.

e Looking ahead:

The greatest improvements to ITS will come from efforts to integrate existing
technologies into cohesive state-of-the-art systems, where collectively they
provide far more benefits than any one technology functioning
independently;

Federal efforts to provide opportunities for peer group knowledge-sharing,
education, and training would help foster a better understanding of
opportunities and challenges of state-of-the-art technologies.
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Executive Summary

This Advanced Public Transportation Systems: State-of-the-Art Update 2006 is the seventh in
a series of reports first established in 1991 by the Federal Transit Administration (FTA)
to provide transit professionals with a useful and timely reference on the subject of
emerging transit Intelligent Transportation System (ITS) advances and trends.

The concept of ITS, which began in the 1960s in response to increasing traffic
congestion, was officially established by the United States Congress in 1991. ITS applies
a broad range of technologies to integrate surface transportation infrastructures and
vehicles to improve efficiency, safety, and customer service. Advanced Public
Transportation Systems (APTS) is the transit component of ITS.

A significant change from past reports is reorganizing the APTS typologies into
categories that more accurately reflect ITS advances. A new category titled
“Integration,” which encompasses the ITS National Architecture and cross-cutting
technologies, is placed as the centerpiece of the typology because of its essential role in
linking and leveraging ITS applications. Other changes include the addition of
information that highlights the importance of agency-wide data and data infrastructure.
Some typology subcategories are new or retiled to introduce new terminology, and to
highlight many of the underlying support systems and business processes.

Figure 1 shows the updated Transit ITS typology classification. Each major typology
heading corresponds to a report chapter.  For the reader’s convenience, Table 1
highlights selected findings from each chapter. The table includes a general
introduction to the topic followed by a brief technology overview, examples of state-of-
the-art applications, and a sample of challenges and lessons learned from deploying the
various technologies.
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Table1 APTS State-of-the-Art Update 2006 Highlights

CHAPTER 2: INTEGRATION

Introduction e Facilitates a cohesive “system” of interconnected ITS applications
that collectively produce services and advantages far greater than
any one application could achieve independently

Transit ITS Architecture
Technology e The National ITS Architecture serves as the framework for
Overview developing integrated transportation systems

e Supports regional internal Information Technology (IT)/ITS and
project architectures

e Enterprise Architecture Planning (EAP) reinforces success

State of the Art

e Regional internal agency and project architecture applications
that leverage transit resources, minimize duplication, and offer
seamless transit services for customers

Challenges e Important to link agency ITS and IT architectures
and Lessons e FTA’s policy regarding systems engineering is extremely
Learned important when developing ITS projects
e Develop strategies for sharing data resources and data
maintenance activities with external organizations
Enterprise Data
Technology e Core data used by multiple organizational units and applications
Overview describing services, facilities, assets, and other key information
e Data management and reporting tools, logical data model, data
policies and procedures
State of the Art | ® The use of agency-wide or regional data dictionaries,
architectures, data models and standards, and integration
strategies
Challenges e Manage core service and operational data from an integrated,
and Lessons enterprise-wide perspective
Learned

e Effective information management requires a plan supported by
senior management

e Develop a clear set of requirements and reports that meet
business needs and challenges before developing applications
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Geographic Information Systems (GIS)

Technology
Overview

e Provides tools for creating, managing, analyzing, displaying
spatial data, and supporting ITS applications

e Spatial data and GIS tools are essential elements of an agency’s
information technology and ITS infrastructure

State of the Art

® Regional and enterprise-wide GIS systems

e LIDAR (LIght Detection And Ranging) data, which provide
spatial data with x-y-z coordinates

e Internet and desktop tools that provide powerful viewing
options of spatial and transit data, including interactive maps

Challenges e Multiple GIS systems and other barriers limit the efficient
and Lessons development, management, exchange, and use of spatial data
Learned e Adopt one agency-wide Base Map to maintain and propagate

e Integration of both GIS and spatial data efforts can provide some

of the biggest integration cost saving benefits in ITS
Communications

Technology e Provides data and/or voice communications for transit planning,
Overview maintenance, operations, and incident management

e Also facilitates coordination with those transportation providers
and public safety organizations beyond the transit community

e Encompasses a variety of wireless technologies

State of the Art

e Applications that provide:
* Seamless interoperability between multiple dissimilar radio
systems
* Reduction of radio channels through increased use of
electronic messaging in lieu of voice communications
e Trends include reforming of radio frequency spectrum, new
standards, and use of cellular and wireless Internet services

Challenges
and Lessons
Learned

e Recent disasters illustrate need for transit communications to
interoperate with public safety and other regional agencies

® Design constraints limit vendor flexibility in meeting core agency
needs and may cost more than they’re worth

e Make use of wireless Internet cooperative funding opportunities;
avoid duplicative deployments
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Transit ITS Standards

Technology
Overview

e A standard or protocol is a set of rules or measures to compare or
build similar objects. U.S. DOT supports standards to accelerate
the development, adoption, and deployment of ITS

e Use of standards lowers costs over the system life; also facilitates
integration and interoperability

State of the Art

e Many standards under development; few actually deployed

e Widely implemented standards include SAE J1708 in buses and
IEEE 1473 in trains

e Trend toward greater use of standards

Challenges
and Lessons
Learned

e Map requirements to standards before specifying them in
procurements and build on IT standards

e Regional systems require regional data integration strategies

e Systems can require multiple standards working together to
ensure interoperability

CHAPTER 3: FLEET MANAGEMENT

Introduction

e Use of technology to plan, supervise, and optimize the delivery
of transit services and maintaining vehicles

e Technologies are vast and include in-vehicle, field, and
operations center systems such as:

* Automatic Vehicle Location

*= Computer-Aided Dispatch

* Automatic Passenger Counters
* Transit Signal Priority

Service Planning Support Systems

Technology
Overview

e Infrastructure that supports the flow of information between the
various fleet management systems

e Processes and interprets large volumes of data for reporting
purposes
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State of the Art

e Accurate accounting and reporting of ridership

e Automatic reporting of failed equipment

e Automatic calculation of run times for scheduling

e Standards-based modular architecture and multi-vendor
component interchangeability

e Trends include map-based tools for maintaining passenger stop
and pattern data

Challenges e Optimizing the reporting capabilities of advanced systems to
and Lessons achieve the desired results
Learned e Efforts to share schedules and stop inventories electronically are
hindered by a lack of complete and consistent data
e Define an enterprise data model for stop, pattern, and schedule
information
e Develop process for data maintenance and updating
Transit Priority Treatment
Technology e Systems detect approaching transit vehicles and alter signal (i.e.,
Overview traffic light) timings to improve transit performance and

reliability

State of the Art

e Intelligent, rule-based systems that determine need for priority
treatment based on many factors

e Trends include advanced systems that manage signal priority in
an effective manner without disrupting overall traffic flow

Challenges e Obtaining support from local traffic engineers
and Lessons e Lack of funding, technology understanding and inadequate
Learned infrastructure capabilities

Maintenance Management Systems
Technology e Onboard vehicle component “health” monitoring and other
Overview systems to improve maintenance effectiveness and efficiency

e Includes monitoring of fluids, warranty, inventory, and records
management; and remote vehicle diagnostics

State of the Art

e Advanced systems that monitor equipment status in real time
and report failures immediately to prevent more costly repairs

e Automatic transfer of vehicle data as vehicle enters the facility

e Single-point-of-maintenance data access for all commuter rail
vehicle systems

e Trends include systems that predict failures in advance
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Challenges
and Lessons

e Tracking and detecting repeat failures; solution is to tag field-
replaceable units with electronic serial numbers

Learned

Transportation Operations Systems
Technology e Agency-based systems that support real-time operations of
Overview transit fleets. Includes:

* Rail Operations Control Center Systems
* Bus Operations Control Center Systems

* Other Operations Systems (ferries, facilities, HOV,
multimodal)

* Paratransit Operations Systems

State of the Art

e Systems that provide a complete “picture” of the current status
of the entire transit operation

e Trends include:

* Integration with passenger information and maintenance
management

* Use of archived data to facilitate scheduling

Challenges e Inadequate definition of business requirements; be specific and
and Lessons make priorities understandable
Learned e Inadequate final acceptance testing of computer systems;
develop test plan based on original business requirements
e Use care when specifying compliance to standards
e Risks associated with custom development
CHAPTER 4: ELECTRONIC FARE PAYMENT

Technology e Provides automated means of collecting and processing fares for
Introduction public transportation services

e Includes:
* Fare Systems
» Fare Products (Media)
* (Clearinghouse/Regional Service Center (CH/RSC)
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Challenges
and Lessons
Learned

e Difficulty in implementing regional fare collection systems due
to hardware/software issues and ineffective working
relationships

® Resolve fare policy issues, business rules and revenue
reconciliation issues early and in parallel with other activities

e Involve regional partners in each development stage
e Standards help ensure fare integration and interoperability

e Have a clear vision of what is expected from an electronic fare
system and clearly articulate vision and requirements

Fare Systems

Technology
Overview

e Includes various functions and equipment used by a transit
agency to deploy a fare collection system

State of the Art

e Universal electronic fare payment system for multiple modes
e Farebox as single-point logon for bus operators

e Electronic media used for fares and as identification cards

e Internet sale of fare products

e New systems that provide accurate and timely revenue data

Fare Payment Products (Media)

Technology

Overview

e Includes magnetic stripe cards, credit cards and smart cards

State of the Art

e Multifunction, contactless proximity smart cards
e Limited use (disposable) smart tickets

e Trends include regional, multimodal contactless smart card
systems

C

learinghouse/Regional Service Center (CH/RSC)

Technology
Overview

e Provides a regional fare system with clearing, settlement and
associated financial reports and management information

e Technology driven by need to provide a high volume, secure
transaction processing center

State of the Art

e Centers having a well-developed and thought-out institutional
framework supported by technology

e Trends include emerging standards that will make regional
payment system deployments easier in the future
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CHAPTER 5: TRAVELER INFORMATION

Introduction

e Provides convenient information access to assist travelers to
learn about and use public transit

e Also assists agency staff in locating information to improve
transit services

Challenges
and Lessons
Learned

e Difficulty in developing accurate, timely and complete data
e Allow adequate time to develop needed data

e Well thought-out processes and resources are needed to
effectively address ongoing data maintenance needs

Transit Information Systems

Technology
Overview

e Traveler information obtained per trip (to plan a trip or verify
information at trip commencement) or during a trip

e Personal systems: information accessed through cell phones,
personal digital assistants, and laptop computers

e In-terminal systems: information provided at bus stops,
terminals, train stations, and platforms

e In-vehicle systems: announcements or signs on transit vehicles

State of the Art

e Improved database tools and Web services allow more specific
query options for customers and staff

e New geographic tools and Web mapping allow easier and better
querying and displaying of geographic data

e Improved speed and accessibility of wireless communications

Multimodal Travel Information Systems

Technology
Overview

e Makes use of multiple channels (call centers, kiosks, Internet,
telephone, cell phones, PDAs, pagers, etc.) to provide real-time
and static information on transit, traffic, and other modes

e Allows travelers to make fully informed mode choice decisions
both pre-trip and enroute

State of the Art

e 511 telephone and Web applications
e Advanced trip planning systems to provide best travel options

Transit Trip Information Infrastructure

Technology
Overview

e “Behind the scenes” tools and procedures to provide accurate
data for trip information services locally and region-wide
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State of the Art

e Advanced data infrastructures that operate in an integrated
manner, both internally and regionally

e Trends include use of wireless communications, Web tools,
geographic information, mapping tools and data management
techniques to improve traveler information services

CHAPTER 6: TRANSIT SAFETY AND SECURITY

Introduction

e Use of technology to improve the safety and security of transit
e Security addresses intentional acts of crime or violence

e Safety deals with unintentional harm to people and physical
assets

Challenges
and Lessons
Learned

e Lack of communications interoperability between and among
systems due to lack of equipment and data standards

e Populating systems with timely, accurate, and usable data
requires leadership to engage regional partners

e Also requires sustained commitment to acquiring and
maintaining data to effectively manage incidents

e Overall plan that clearly identifies responsibilities is crucial in the
event of a major safety or security incident

Onboard Safety and Security

Technology
Overview

e Includes onboard voice communications (radio) and video
assessment (camera surveillance) technologies

State of the Art

e Deployment of “broadband communications corridors” using the
Internet to transmit data to and from vehicles; may provide
future platform for interoperable voice/data communications

e Limited video advancements onboard transit vehicles; real-time
transmission limited to low resolution, black and white images
due to bandwidth constraints

e Trends include improvements in bandwidth technology to
transmit high-density digital video from moving vehicles

Challenges As with all other onboard systems, a major challenge will be to
and Lessons effectively and efficiently integrate voice and data systems with
Learned other onboard systems

Station/Facility Safety and Security
Technology e Video assessment systems that monitor activities at transit
Overview stations and facilities
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State of the Art

e Effective video systems that are well-specified, deployed,
maintained and operated by knowledgeable and engaged users

e Trends include making digital video accessible from PCs or
PDAs using Internet access protocols

Challenges e Video assessment systems enhance overall safety and security
and Lessons programs by providing visual and audio evidence of incidents
Learned e New video assessment systems should be integrated with
existing administrative and other business systems to enhance
overall effectiveness of data collection and analysis
Incident Response
Technology e Technologies include chemical detection, Web-based information
Overview and radio and cell phone-based communications systems

State of the Art

e Significant progress made in testing and deploying chemical
detection systems at several major transit systems

e National and local 511 efforts are beginning to provide a
platform for evacuation information for evacuees

® Despite dropped calls and switch capacity constraints that result
in busy signals, cell phones have become the tenuous means of
communicating during an emergency

Challenges
and Lessons
Learned

e Testing procedural aspects of the use of detection technology are
as important as testing the hardware and software components

e Getting appropriate, timely information collected, assessed,
formatted, and transmitted to the affected population in an
emergency is critical to successful technology implementation

e Radio interoperability for effective communications among
emergency responders remains elusive, resulting in dependence
on commercially available cell phone technology that does not
provide reliable and secure transmission of voice or data

Incident Management and Planning Systems

Technology
Overview

e Provide a way to collect and organize data to help transit
agencies make critical incident and disaster response
management more efficient and effective

State of the Art

e Limited transit applications to date

e Trends include live digital video feeds from remote locations
overlaid on a geographic map and linked directly into a routing
plan for emergency evacuation
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Challenges
and Lessons
Learned

® The collection, management and maintenance of data and
information from multiple departments and agencies require
keen leadership and team-building skills, as well as significant
staff resources to ensure that data and information are kept up-
to-date

e Interoperability with other emergency command centers falls
short due to the proprietary nature of procured systems

CHAPTER 7: TRANSPORTATION DEMAND MANAGEMENT

Introduction ® Reduces the impact of traffic by influencing travel behavior
e “Big picture” strategic solution for mobility problems that ITS
was originally created to address
Dynamic Ridesharing
Technology e Paratransit-like service allows travelers to be joined in real time
Overview to provide taxi-like responsiveness

e Makes use of many technologies: call centers, Internet-based
ridematch, automobiles, and automated personal rapid transit

State of the Art

e “Next day” responsiveness has been achieved

e However, “dynamic” ridematching (i.e., pairing riders with hosts
in real time) has not yet been successfully implemented

e Trends include:

* Technology improvements that reduce lead time
requirements for trip requests

» Use of Internet to facilitate statewide ridematching

Challenges e Integrating paratransit with supplemental subscription services
and Lessons improves net operating results
Learned e Paratransit vehicles with enhanced systems require robust
onboard electrical systems
e Geographic-based software systems require an accurate base
map; also need to be maintained on a continual basis
Automated Service Coordination
Technology e Technologies, policies and procedures that guarantee passenger
Overview transfers during a fully linked trip

e Makes use of automatic vehicle location, electronic fare
collection, decision support systems, and mobile data terminals
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State of the Art

e Current systems use real-time vehicle location information, but
apply simplistic decision tools to protect a particular connection

e Auto-dial and e-mail notification capability to alert subscribing
customers of service disruptions and delays

e Trends include next generation of decision-support tools to
improve connection protection capabilities

Challenges e Complexity makes benefits difficult to achieve and assess
and Lessons e Agencies need to gather information on a regular basis to
Learned evaluate their effectiveness

Multimodal Transportation Management Centers
Technology e Links traffic and transit operations centers to optimize network
Overview performance across multiple transportation modes

e Various technologies monitor highway and transit performance,
detect congested conditions, notify affected agencies, identify
available assets, coordinate a unified response and track results

State of the Art

e Emergency management centers that combine traffic, transit and
emergency planning and management under a single entity

e Trends include real-time public transit parking information
systems

Challenges e Much effort is required to coordinate and maintain multimodal
and Lessons transportation information at a regional website
Learned ® Most project plans have grossly underestimated the effort
required
e The migration to an integrated management center is best made
incrementally, one application at a time
CHAPTER 8: INTELLIGENT VEHICLE SYSTEMS
Introduction e Onboard systems that collect, compare and process data to
inform and/or take corrective action
Challenges e Devices with proprietary interfaces; build careful controls
and Lessons regarding locally defined codes and data link escape
Learned

e Infrastructures or architectures that limit functionality; consider
other functions in the design stage

e Vehicle networks are best installed during initial vehicle
assembly
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Intelligent Onboard Bus Integration

Technology
Overview

e Allows various stand-alone equipment found on a transit bus to
interoperate with each other

e Maximizes functionality, reliability, usability, efficiency, and
effectiveness of the overall transit operation; also reduces costs

State of the Art

e Onboard network architecture that provides maximum
interoperability and multi-vendor interchangeability

e Single-point operator sign-on
e Trends include migration from application-specific networks to
IT standards and PC operating systems (e.g., Windows)

Advanced Vehicle Safety Systems

Technology e Collision warning, obstacle detection, road departure warning,
Overview vision enhancement, and other vehicle safety systems
e Routine in trucking; limited use in transit
State of the Art | o Single reported U.S. transit application includes side collision
warning system
e Trends include increased penetration of these available
technologies to transit vehicles
Vehicle Guidance/Automation
Technology e Navigation and route guidance systems, precision docking
Overview systems, adaptive cruise control systems, and

coupling/decoupling systems to reduce driver workload

State of the Art

e Single reported U.S. transit application includes precision bus
docking application for platform-level boarding

e Trends include electronic lane-keeping assistance systems

Intelligent Rail Vehicle Integration

Technology
Overview

e Allows various stand-alone equipment found on a railcar or
locomotive to interoperate with each other

e Maximizes functionality, reliability, usability, efficiency, and
effectiveness of the overall transit; also reduces costs

State of the Art

e Multi vendor interchangeability of radio systems, event
recorders, mechanical components and others

e Interchangeability extended to car-borne control and information
systems to allow higher level of interoperability

e Trends include standards for sign and voice annunciator systems
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Chapter 1 Introduction

1.1  Background

This report documents work performed under the FTA’s Advanced Public
Transportation Systems (APTS) Program, a program structured to undertake research
and development of innovative applications of advanced navigation, communication,
information, computer, and vehicle technologies that most benefit public
transportation.

The Advanced Public Transportation Systems State of the Art Update 2006 (APTS SOA
Update 2006) is the seventh in a series of ongoing informational reports, the last of which
was published in December 2000. It summarizes the results of a limited investigation
on the progress of implementing Advanced Public Transportation Systems
technologies throughout the nation. The objective of the report is to provide
information that will lead to an enhancement of the public transportation industry’s
knowledge on the application of advanced technologies.

This report was conducted by the Palisades FTA Omni Team and was sponsored by the
Office of Mobility Innovation of the Federal Transit Administration.

1.2  New Report Approach

A new approach was taken for this edition to provide a useful and timely reference on
the subject of emerging transit ITS technological advances and trends. Efforts focused
on highlighting successful ITS applications, revealing the lessons learned along the way,
and identifying the issues and hurdles to help other agencies replicate SOA applications
in an efficient and successful manner.

A substantial effort was made to seek out, survey, and interview knowledgeable transit
personnel and to document the findings and recommendations for national policy as
well as specific types of federal technical assistance. The report describes some of the
newest technologies and provides real-world examples of state-of-the-art applications
of those technologies. Challenges and lessons learned are documented and conclusions
are drawn to provide input to FTA for its transit ITS planning and programming
assistance efforts.

1.3  Defining “State of the Art”

For this report, the research team identified “state-of-the-art technologies” in both
objective and subjective terms. Technologies were selected for inclusion in the report
based on combined criteria such as a technology’s newness, best application, best
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business results, and greatest potential. As a result, the report reflects, in good
measure, the “state of the art” in defining and interpreting the “state of the art” in
Transit I'TS.

1.4  New Typology Organization

In the past, the Federal Transit Administration (FTA) has supported the development of
ITS typologies, which organize and classify the various ITS applications in transit. Over
time, the typologies require updating to incorporate the various changes and advances
as ITS developments are refined and new ITS efforts emerge.

The APTS SOA Update 2006 is based on a revised and expanded ITS typology (subject
classification system). The updated typology classification builds upon past typologies
and considerations for other typology efforts currently under way, and provides the
report with a cogent framework to highlight successful ITS applications, reveal the
lessons learned along the way, and identify the issues and hurdles to help other
agencies replicate SOA applications in an efficient and successful manner.

The SOA 2000 report typology featured five major categories, which have been
expanded to seven for the SOA 2006 report (See Figure 2). To refine the typology, past
transit ITS typologies were reviewed with respect to each other, and considerations
were given to other typology development efforts under way and to recent ITS
advances and issues. The report typology used the following objectives as guidance:
Establish a simple, clear method to classify the ITS elements with the least
amount of redundancy;
Ensure that the approach established to classify ITS is consistent with:
Transit organizations and their glossary,
National ITS Architecture categories, and
FTA benefits and program categories;
Incorporate new advances in ITS technologies since the last SOA Report and
support changing transit business processes; and
Support information consistency and transferability with prior SOA reports and
the ITS Impact Matrix typology.
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Figure2  Recommended Transit ITS Typology
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Central to the typology of this report is the new category titled “Integration,” which
includes communication, architecture, standards infrastructure, data, emerging
technologies, and business processes and software needed to successfully implement
transit ITS. The importance of this topic is such that it deserves its own place as a
central typology category, linking all agency ITS applications into an integrated system
that allows it to operate and provide passenger services more efficiently, and to
exchange data with other transit agencies and transportation providers. This new
category not only addresses integration within transit itself, but serves to link transit
with other, more universal transportation providers.

Integration encompasses the ITS National Architecture and ITS Standards, as well as
core elements of a successful transit ITS infrastructure. The subject of information
technologies (IT) is also addressed to highlight the importance of accurate, timely
agency-wide data. Like the previous typologies, each of the major categories contains
subcategory branches with specific applications. Since integration is essential to ITS in
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that it facilitates a “system” of interconnected ITS applications that collectively produce
services and advantages far greater than independent ITS applications could achieve, it
is placed as the centerpiece of the ITS typology and links the other six major categories.

Transit Safety and Security, which addresses the systems and technologies that deal
with the safety and security of transit customers, personnel, equipment, and facilities,
has been expanded to address Disaster and Incident Management Planning Support
Systems. Other significant changes to the recommended typology include new
nomenclature to reflect recent ITS developments, understandings, and terminologies.
Also included are new or retitled subcategories that address many of the important but
often overlooked programs, support systems, and business processes that have been
kept “hidden” in previous ITS typologies.

1.5 Intended Audience

The intended audience for this report consists of transit decision makers and
management staff.

1.6 Report Objective and Methodology

1.6.1 Report Objective

The capabilities of ITS greatly exceed the current practice and will continue to do so as
new technology applications are discovered. The purpose of this report is to help
agency decision makers keep pace with ITS by focusing on state-of-the-art applications,
and the challenges and lessons learned from those applications (not on state-of-the-
practice, as this information is available in other reports). The report is intended to give
agencies a better understanding of:

The various major technologies that make up ITS;

The capabilities and limitations of those technologies;

Exemplary successes achieved by those agencies that represent the state of the art

in ITS deployments;

The lessons learned along the way and the obstacles conquered to achieve those

successes;

The issues and hurdles that agencies need to overcome themselves to help

streamline ITS deployments; and

What the future holds for major ITS technologies.

1.6.2 Report Methodology

The revised ITS typology for this report, which captured all significant ITS applications
and is consistent with industry efforts to standardize ITS classifications, provided the
framework for the report structure and subsequent project research and information-
gathering activities.
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The research team reviewed relevant literature published during the last two years
which included relevant material on ITS technological advances, recent procurements
and deployments of ITS systems, integration of ITS technologies, intermodal
applications, and interagency coordination of ITS technologies. Materials reviewed
included but were not limited to materials already developed by USDOT and FTA and
information from publications and websites available from the American Public
Transportation Association (APTA), ITS America, the Transportation Research Board
(TRB) and others.

Appropriate personnel at the FTA regional offices were contacted for their input
regarding agencies with SOA deployments. Press releases announcing the SOA report
were sent to trade publications as another method of soliciting SOA information from
the transit community, and an online survey questionnaire was distributed to more
than 1,800 transit professionals; responses from more than 40 professionals provided
information to the research team (see Appendices A and B).

Based on the literature review, responses to the survey questionnaire, and the research
team’s own understanding of ITS, information was summarized and synthesized under
the major ITS typology groups as defined for this report, and a minimum of three
transit agencies were identified with state-of-the-art deployments. Transit agency
experiences remained the focus. Vendor names with advanced ITS technologies or
applications were not used to avoid the potential of appearing to promote one product
over another; however, vendors were interviewed to provide their perspective
concerning the issues and hurdles associated with ITS implementations.

1.7  Report Organization

This report focuses on seven types of services/technologies: Integration, Fleet
Management, Electronic Fare Payment, Traveler Information, Transit Safety and
Security, Transportation Demand Management, and Intelligent Vehicle Systems.

For each of the ITS typology categories, concise overviews of APTS technologies are

provided and current state-of-the-art and emerging trends, state of the practice, and
challenges and hurdles to implementation are discussed.
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Chapter 2 Integration

21  Introduction and Technology Overview

Now that transit agencies are implementing multiple ITS technologies and regional ITS
projects are being deployed, consideration of integration issues and the development of
integration strategies is of critical importance. If a transit agency is to reap the full
benefits of its investments in ITS and avoid unnecessary or redundant use of resources,
the agency must consider integration options to ensure a sound information technology
infrastructure, successful ITS projects, and reasonable ongoing maintenance
requirements.

This chapter will cover a wide range of possible integration opportunities and strategies
that can benefit transit agencies and their customers. For example, it will discuss
integration with respect to:

Regional ITS Architectures;

Enterprise Architectures and other information technology systems;

Data management;

Geographic Information Systems (GIS);

Communications;

ITS standards;

Management support; and

Policies and procedures.

Integration, when implemented from an enterprise-wide perspective and a regional
perspective when appropriate, improves the overall usability of a technology
environment made up of products from many different vendors on multiple platforms
and data from many different systems. Integration is also valuable to transit ITS in that
it facilitates a “system” of interconnected ITS applications that collectively produce
services and advantages far greater than the ITS applications could achieve
independently.

21.1 Need for Integration

The need for integration of transit data and ITS systems is driven by many factors. First
and foremost, transit customers are best served by seamless travel options and
information as they traverse between the various travel modes and transit providers.
Transit technology personnel also need some level of systems and data integration to
ensure interoperable and supportable systems. Budget and funding constraints also
drive the need for minimal redundancy and greater efficiencies.
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To improve the effectiveness of the overall transit operation, each staff member must
have access to information in a transparent and seamless fashion, despite the fact that
information needed by transit business users is often spread throughout various
business applications in different agency departments. Without an integrated approach
to creating, managing, analyzing, and accessing information, obtaining needed
information can be slow, costly, and at risk. This is especially true if only a few key staff
know how to access that information.

In addition, to facilitate the integration of transportation services and the leveraging of
resources, the U.S. Department of Transportation (USDOT) has implemented policies,
rules, and programs to guide and support transit’s integration efforts.

Opportunities for reaping benefits through integration, sharing communications
resources, and leveraging investments abound in ITS and transit. Figure 3, taken from a
report by Oak Ridge National Laboratories! on shared ITS communications involving
transit, displays the many locations throughout the U.S. where transit organizations
have shared one or more of the following:

ITS technologies;

Telecommunications infrastructure;

Bandwidth;

Information;

Facilities; and

Personnel.

Through this networking, transit agencies and their customers have realized benefits
from integrating or sharing information and systems technologies with other ITS
applications, departments, transit agencies, DOTs, toll agencies, cities, counties,
government councils, utilities, emergency service organizations, private agencies, and
others.

1 “Shared Communications: Volume I. A Summary and Literature Review,” by Oscar Franzese, Tykey
Truett, and Edmond Chin-Ping Chang, was completed in 2004.
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Figure3  Locations with Shared ITS-Related Resources
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From “Shared Communications: Volume I. A Summary and Literature Review”?2

2.1.2 Integration Subcategories

This section on integration focuses on the topics shown in Table 2 that cut across all
areas of ITS, including ITS architecture, enterprise data, Geographic Information
Systems (GIS), communications, and transit ITS standards.

2 Ibid.
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Table 2 Integration Subcategories

# Subcategories Description
2.2 Transit ITS Processes, procedures, and benefits that relate to the National
Architecture ITS Architecture and compliance with the FTA Policy. Also
includes agency level IT/ITS architectures and project
architectures.
2.3 Enterprise Data Includes discussion of the data infrastructure necessary to

support a modern transit agency, including archived data as
well as real-time operating data and spatial data.

2.4 Geographic The software, hardware, and data that are needed to create
Information Systems and manage spatial data, perform spatial analyses, produce
(GIS) maps, and distribute spatial data sets. This tool has

application throughout the transit organization, including for
communicating with customers, regional partners, and other
stakeholders.

2.5 Communications Media and equipment used for voice communications and/or
data transfer for transit operations, and for communicating
with customers and regional partners. Communications
systems support onboard, mobile, and fixed-end equipment
and applications.

2.6 | Transit ITS Standards | Information technology (IT) and intelligent transportation
system (ITS) standards relevant to the deployment of transit
ITS.

If architecture planning and a range of integration strategies are not in place, transit
agencies face greater challenges in integrating disparate ITS systems, databases,
communications systems, and other automated systems into a single enterprise-wide
business support infrastructure. Furthermore, they may miss opportunities to leverage
resources, improve service quality, simplify maintenance requirements, and avoid
redundant efforts (e.g., paying for and implementing redundant hardware, software,
and databases).

A well-conceived communications infrastructure is absolutely critical to the successful
systems integration and implementation of ITS applications, including communicating
between systems and modes within a transit agency, and communicating with external
stakeholders such as customers and other transportation providers. Adequate
communications and network capacity must be available when new ITS applications
are implemented or the resulting “slow access to data can stall critical operations and
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cause recurring costs in lost productivity.”3 Communications-related planning also
helps to avoid unnecessary redundant costs and labor, such as the possibility of placing
multiple antennas, wiring harnesses, and other equipment onboard vehicles to support
multiple ITS projects such as Automated Passenger Counters (APC) and Automated
Vehicle Location (AVL). Finally, opportunities for cost sharing and better incident
management can occur when communications integration exists with emergency
services organizations.

GIS and Enterprise Data are critical for supporting most ITS applications and decision-
making functions. Core data, such as bus stop, schedule, and route location
information, are used enterprise-wide by multiple systems and functions. Time and
cost efficiencies, as well as service quality improvements, are possible when core data is
created, managed, analyzed, and distributed with an integrated, enterprise-wide
perspective. This approach can minimize problems such as having to do follow-up
field collection of bus stop data, having incompatible base maps, manually doing
multiple updates of the same route data in different databases, having to learn and
support too many ad hoc analysis and reporting tools, and many other issues.

This chapter specifically focuses on the:

1. Benefits to transit agencies resulting from integration and using the National ITS
Architecture and ITS Standards;

2. Overview and description of the National ITS Architecture and Transit ITS

Standards;

Information Technology and ITS architectures internal to transit;

Use and benefits of systems engineering principles;

The importance of communications in ITS systems integration;

Roles of an agency-wide GIS and Enterprise Data in supporting and integrating ITS

applications and minimizing redundant data maintenance efforts; and

7. SOA integration examples.

SR o

2.1.3 Institutional Support of Integration and Sharing

For ITS projects to be successful, integration must occur on many fronts. Hardware,
software, data, and communications are typically the focus of integration efforts.
However, management support, institutional relationships, and communications must
also be in place. Numerous ITS assessments have identified the importance of
managing “people and process” issues and other institutional considerations.*

3 From “Turning Transportation On,” published in Intelligenice and Warning America in March 2004.
www.netscout.com/docs/reprints/NetScout_reprint IWA_Turning_Transport_On.pdf.

4 For example, Technology Solution Providers” “ Assessment of ITS Deployments: Draft Final Report.”
The importance of managing institutional issues is also discussed in “Shared Communications: Volume L.
A Summary and Literature Review,” by Oscar Franzese, Tykey Truett, and Edmond Chin-Ping Chang.
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Managing relationships between business entities is an important aspect of managing
“people and processes.” If a relationship between two operating entities does not exist
prior to ITS technologies being deployed, then one will not necessarily work just
because agencies purchase expensive hardware, design and install software, create data,
and build interfaces. In fact, implementing an ITS project can strain an existing
relationship between two entities because it will probably require compromises from
both parties on everything from determining functional specifications to defining the
criteria for success.

Critical success factors for integration include:
ITS architecture planning at both the agency and regional levels;
Management leadership to encourage work groups to have a broader agency-
wide perspective than their own business area or ITS project;
The disciplined use of a systems engineering approach;
Appropriate investment levels to support enterprise data management and a
technology infrastructure; and
The application of integration-related policies, technical principles, and
standards.

2.2 Transit ITS Architecture

The U.S. Department of Transportation (USDOT) recognized the need to integrate
transportation services between modes and regionally to benefit customers and to
leverage resources. To help facilitate integrated transportation services and ITS
systems, the USDOT invested in a number of initiatives such as the development of the
National ITS Architecture, a National ITS Architecture Consistency Policy for Transit
Projects, and a similar Rule for the Federal Highway Administration.>

The National ITS Architecture is a framework for developing integrated transportation
systems. An “architecture” helps define all the key components of what is being built
and how they all relate to one another. Standards and protocols help ensure that all the
components “fit” together, ideally in an organized and efficient manner. In particular,
the National ITS Architecture addresses both logical and physical architecture
elements.® A logical architecture focuses on the functional processes and information
flows of a system. A physical architecture takes the processes identified in the logical
architecture and assigns them to physical entities (called subsystems in the National ITS
Architecture). The National ITS Architecture helps identify processes and data flows

5See ITS Architecture Implementation Program information from the USDOT at:
www.ops.fhwa.dot.gov/its_arch_imp/index.htm.

6 Additional information about the National ITS Architecture is described at the following site:
www.iteris.com/itsarch/index.htm.
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among ITS subsystems and centers. Further, it serves as a resource for developing
regional and project architectures.

Additional discussion of the FTA policy, including the regional ITS architecture and
systems engineering provisions, is included in Section 2.2.1 below. A discussion of
standards is included in Section 2.6.

221 Technology Description

Three levels of Transit ITS Architectures can support each other and contribute to the
success of ITS. Transit ITS architectures can be:

1. Regional ITS Architectures that show high level ITS relationships with ITS efforts
in other agencies, or other aspects of ITS such as Emergency Management or
Traffic and Travel Management;

2. Agency-specific IT/ITS architectures; and

3. ITS project architectures.

The FTA ITS Policy that guides use of the National and Regional ITS Architectures is
described in Section 2.2.1.1. Regional ITS Architectures are briefly described in 2.2.1.2.
An important element of the FTA ITS Policy that helps drive the success of ITS
implementation efforts is the systems engineering requirements, which are discussed in
Section 2.2.1.3. Transit Internal Architectures are described in Section 2.2.1.4.

221.1  FTA Policy

A relatively recent FTA policy affects transit procurements and implementations of ITS
applications. On April 8, 2001, FTA’s National ITS Architecture Consistency Policy for
Transit Projects went into effect. As of April 8, 2005, this policy requires that all ITS
projects funded by the Highway Trust Fund and the Mass Transit Account must be part
of a regional ITS Architecture, use a systems engineering approach during
development, and use ITS standards adopted by USDOT.”7 The policy stipulates that:

The final design of all ITS projects funded with highway trust funds shall accommodate the
interface requirements and information exchanges as specified in the regional ITS
architecture. If the final design of the ITS project is inconsistent with the regional ITS
architecture, then the regional ITS architecture shall be updated.

The goals of the ITS Architecture Policy are to:
Facilitate seamless travel in a region by improving integration between travel
modes and service providers;
Increase regional information sharing to support public transportation;
Reduce design costs and development times for new systems;

7 At the time of this report, no ITS standards have been officially adopted by the USDOT.
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Lower risks;
Leverage funding in a region; and
Prepare for future expansion.

2.21.2 Regional ITS Architecture

Key aspects of developing the Regional ITS Architecture include collaboration among
internal and external organizations, and the building of the regional architecture based
on the National ITS Architecture. The National ITS Architecture identifies transit
“processes” (which are bundled into equipment and market packages) as building
blocks of the multimodal transportation system. Transit linkages to other “processes”
are identified and highlight transit’s integral role in the regional transportation
network.

A key provision of the regional planning process is to identify what and how
information is shared among transportation organizations and stakeholders. The full
benefits of ITS are realized with the integration of regional-wide data. Elements of the
Regional ITS Planning Process include the need to:

Identify regional stakeholders and ITS inventory;

Identify needed transportation services;

Identify WHO needs to exchange information;

Identify WHAT information needs to be exchanged;

Identify transit needs and opportunities for data integration in joint ITS projects;

and

Define agreements.

2213 Systems Engineering Requirements and Procurement
Implications

In addition, to be in compliance with the Policy, all eligible ITS projects are required to
be developed with the use of a systems engineering approach that includes the
following elements:
A description of the scope of the ITS project;
An operational concept that identifies the roles and responsibilities of
participating agencies and stakeholders in the operation and implementation of
the ITS project;
Functional requirements of the ITS project;
Interface requirements and information exchanges between the ITS project and
other planned and existing systems and subsystems; and
Identification of applicable ITS standards.

A number of resources are available to assist agencies with the systems engineering

process. One example is a “Systems Engineering Guidebook for ITS” sponsored by the
Federal Highway Administration (FTA) and the California Department of
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Transportation. In addition, Section 8 of the "Location Referencing Guidebook”$8
contains information to help agencies comply with the FTA National ITS Architecture
Policy on Transit Projects, particularly the systems engineering aspects that pertain to
spatial data sharing. Strict adherence to systems engineering practices will help
accomplish five key activities that significantly impact a project’s success®:

1. Identify and evaluate alternatives;
Manage uncertainty and risk in systems design and implementation;
Design quality into systems;
Control “life cycle” costs of a project; and
Handle program management issues as they arise.

O W

FTA’s National ITS Architecture Policy on Transit Projects reinforces the need for
collaboration on procurement efforts among key stakeholders such as IT, the business
client, other ITS participants, legal and procurement staffs, and regional partners. The
Policy also emphasizes that roles and requirements pertaining to the development
and/or maintenance of data or systems need to be defined. In addition, procurements
of affected transit ITS applications will also require that more attention be directed to
standards.

2214  Transit Internal Architecture

At the transit agency level, the ITS Architecture should be integrated with the transit
agency’s Information Technology (IT) Architecture. ITS applications use many of the
agency’s IT components such as agency core data (e.g., schedule data, bus stop
information, operator IDs, spatial data), local area networks (LAN), wide area networks
(WAN), database management systems, ad hoc reporting software, servers, and other
hardware and software. If significant changes to either the IT and/or ITS systems and
infrastructure are not coordinated, system failures or unwanted interference might
occur. For example, adding the massive data flows from a new AVL system to an
agency’s WAN/LAN can cause performance issues if the network capacity is not
designed to handle the additional communications load.

Agencies with state-of-the-art strategic planning processes apply a method known as
Enterprise Architecture Planning, or EAP,10 to help improve the success and cost
effectiveness of IT and ITS investments. The Federal Chief Information Officers (CIO)

8 The full title of the guidebook is "Defining Geographic Locations of Bus Stops, Routes and Other Map
Data for ITS, GIS and Operational Efficiencies: Best Practices for Using Geographic Data in Transit: A
Location Referencing Guidebook.” See Bibliography for Integration.

? From “Building Quality Intelligent Transportation Systems Through Systems Engineering.” See
Bibliography for Integration.

10 From Steven H. Spewak, Steven C. Hill, Enterprise Architecture Planning: Developing a Blueprint for
Data, Applications, and Technology, September 1993.
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Council (1998) approved EAP, and the Federal Enterprise Framework was established
in 1999 to promote shared development, interoperability, and sharing of information for
federal agencies and other government entities.’? The Office of Management and
Budget (OMB) released its OMB Enterprise Architecture Assessment Framework (December
2005) to help improve performance of technology investment decision making through
the alignment of EAP with management processes including strategic and capital
planning and program/project management. The term “enterprise,” while understood
in the context of the overall transit organization, transcends the established
organizational boundaries to include external stakeholders. For example, a transit
agency’s enterprise IT/ITS architecture may include a data exchange mechanism with
an adjacent transit agency or a metropolitan planning organization.

Based on the EAP methodology, business goals and needs should drive the
implementation of technology. Therefore, an understanding of the transit business
environment is necessary to properly align the integration strategies and technology
choices to the business. Elements of the business environment that drive the technology
investment include the mission, vision, goals, guiding principles, and critical success
factors. = Consideration of stakeholders and stakeholder needs influence the
development of the goals, objectives and system requirements.

When EAP is made part of the agency’s strategic planning and management processes,
it establishes an agency-wide roadmap to help the agency achieve its mission by
supporting optimal performance of its core business processes within an efficient
information technology environment. EAP becomes a method for defining an
organization’s current (baseline) systems and technology environment, desired (target)
environments, and transition strategy. It is essential for evolving information systems
and inserting emerging technologies such as ITS that optimize mission value.

EAP also supports the process of defining architectures and developing blueprints for
the use of information in support of the business and the plan for implementing those
architectures. It provides the framework to begin the definition of documented and
coordinated structures for cross-cutting business needs and design developments, and
support collaboration among the divisions for increased efficiency and improved
services to the transit customer.

The adoption of explicit standard-oriented policies and guidelines, established in
compliance with technology principles, is fundamental to the EAP process.

1 From A Practical Guide to Enterprise Architecture Version 1.0 - Federal Council of Chief Information Officers
(February 2001). See also,
https:/ /secure.cio.noaa.gov/hpcc/docita/files/federal enterprise arch framework.pdf.
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2.2.2 State of the Art

The implementation of regional ITS architectures, agency IT/ITS architectures, and
project architectures has contributed to the success of ITS implementations, the
leveraging of transit resources, the minimization of duplication, and offers a greater
degree of seamless transit services for customers. The architecture development
process has provided a forum for agency staff to share information, learn about
collaboration and integration opportunities, and improve planning. The architecture
development effort also helps with understanding the driving forces behind business
processes, organizational roles, responsibilities, strengths, strategies, issues, and needs.
The process is as important as the outcome.

Most regions of the U.S. have now completed regional ITS architectures, and a number
of deployment statistics and reports are available to the transit industry.’> Examples
include national summary reports, survey summary reports, metropolitan area reports,
and medium city reports. In addition to the USDOT’s Web page on deployment reports
and statistics, the USDOT has an Examples Web pagel® that provides linkages to
examples from existing regional ITS architectures that follow the development process
described in the Regional ITS Architecture Guidance Document.’* Examples are
included for the six major steps in developing a regional architecture: Get Started,
Gather Data, Define Interfaces, Implementation, Use the Regional Architecture, and
Maintain the Regional Architecture.

Below are some examples where benefits have occurred from implementing regional
ITS architectures, internal IT/ITS architectures, or project architectures.

e The Metropolitan Transportation Commission (MTC), representing the San
Francisco Bay area, has implemented a regional architecture that facilitates the
development of integrated, regional ITS applications such as GIS services, Trip
Planning support, and others.

e The Iowa DOT has set the stage for the implementation of a statewide Automated
Vehicle Locator/Global Positioning System (AVL/GPS) in the Iowa public sector.
The DOT serves as the consortium manager for the project and sets contracting
standards on behalf of approximately sixteen transit systems in Iowa. The ITS
architecture process helped prioritize transportation problems, helped identify

12 www.itsdeployment.its.dot.gov/download.asp#surveysummary.

13 Examples from I'TS regional architectures are linked at the following Web site:
www.ops.fhwa.dot.gov/its_arch_imp/examples.htm.

14 “Developing, Using, and Maintaining an ITS Architecture for Your Region,” prepared by the National
ITS Architecture Team, October 12, 2001.
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stakeholders in the state with common needs, and assisted with coordinating ITS
activities in different regions in the state.1®

e The Los Angeles County Metropolitan Transportation Authority (LACMTA) has an
Arterial ITS Inventory and Architectural Project that is guiding ITS investments. In
addition, LACMTA has developed a regional project architecture for its electronic
fare collection project, enabling multiple transit agencies in the region to participate
at a lower cost and providing customers with a more seamless fare paying
experience.

e A comprehensive IT/ITS architecture and strategic planning effort was completed
with broad staff participation at Miami-Dade Transit (MDT) to help guide the IT and
ITS investments at MDT. The effort helps staff to understand project dependencies
and priorities, and identify key stakeholders and opportunities for leveraging
investments and other benefits.

2.2.3 Emerging Trends

The South Carolina Department of Transportation (SCDOT) is coordinating a statewide
technology infrastructure for paratransit and demand-response transit in both urban
and rural areas. Applications will be centrally hosted, and each regional transit
authority will access and use applications via its Web browser.

The Town of Chapel Hill in North Carolina is setting the stage for implementing a new
portion of its regional architecture. It is planning to implement a real-time passenger
information system that potentially can be implemented by other transit agencies in the
Triangle Region.

An ITS project architecture was developed for an “Illinois Transit Hub” in the Gary,
Chicago, Milwaukee region. The role of the Illinois Transit Hub is to serve as a
collection and distribution point for transit ITS data, and to support value added
systems such as transfer connection and certain traveler information facilities.

2.24 Challenges and Lessons Learned

Several challenges and lessons learned pertaining to the development and use of

architectures to integrate ITS technologies were identified. They are summarized

below.

1. Although transit agencies send staff to participate in the development of the
regional architecture, many transit staff that work on ITS projects are often unaware
of the details of the regional architecture.

15 www.itslessons.its.dot.gov /its /benecost.nsf / DisplayLessonByStateSingle?OpenFormandState=Iowa.
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10.

2.3

In areas where regional travel can occur across a number of metropolitan areas (such
as the New York, New Jersey, and Philadelphia areas), some coordination across
regional architectures may be needed.

Many of the largest integration benefits for transit occur internal to their agency, not
just with other regional partners.

The National ITS Architecture has added more detail internal to the transit ITS
applications to help transit agencies identify and obtain integration benefits.

The ITS architecture for a transit agency needs to be closely linked to the transit
agency’s IT architecture. ITS applications have a high dependency on the agency’s
IT data model, database management system, network capacity, and other IT
components.

The systems engineering component to FTA’s Policy on the National ITS
Architecture is extremely important when developing ITS projects. In fact, it
becomes an essential component at all stages of the project’s life cycle.

Key to the successful deployment of ITS technologies is to have the agency’s goals
drive the information and technology investments. These goals should also be
reflected in the various architectures.

To ensure long-term benefits to transit agencies and their customers, transit staff
needs to develop strategies for sharing data resources and data maintenance
activities with external organizations. Furthermore, agencies should establish formal
agreements on the communications, security, data management, and information
exchange requirements for all interfaces and the resources needed to implement
those interfaces.

The lack of an onboard architecture can be an issue for transit vehicles when ITS
components are added to the vehicle. Significant planning and integration is needed
to ensure the necessary and efficient flow of data between the onboard ITS
components and the back-office environments. Often, the process to ensure the flow
of data has fallen between the cracks of the IT organization, the bus procurement
group, vehicle maintenance, and engineering. To ensure that this does not happen,
multidisciplinary skills and cross-organization coordination are needed for the
success of ITS applications with respect to onboard components.

Integration of technology cannot occur without the integration of business objectives
and policies of the departments and/or agencies that are expected to cooperate in an
ITS project.

Enterprise Data

ITS systems require accurate data to operate effectively. They also typically need to
receive and share data with other transit agency information technology (IT) and ITS
systems and databases. In a number of implementations, the ITS systems must also
share data with legacy systems such as human resource systems. Some ITS systems,
such as APC systems, need to manage potential large volumes of ITS information and
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require methods for data creation, storage, update, maintenance, analysis, and
distribution. ITS projects may never operate efficiently and effectively if required data
sets are not integrated and maintained properly.

Enterprise data are the set of core data that describe the service provision, operating
environment, assets, operations, and maintenance information, and are shared by
multiple organizational units and applications throughout the transit agency. Business
sub-areas may have their own internal sets of core data. The core data include data sets
used by planning, service planning, asset and maintenance management (for automatic
vehicle monitoring), fare and ridership, risk management, security, customer
information and marketing, and many other areas. Core data may be generated by, or
flow through, customer and back-office systems, field systems, or onboard transit
revenue and non revenue vehicles. Core data have a life cycle, and exist in different
versions over time.

By managing core service and operational data from an integrated, enterprise-wide
perspective, a transit agency can more cost effectively realize the benefits of ITS
investments, reduce duplicative data maintenance efforts, and avoid potentially
embarrassing data inconsistencies that require troubleshooting and resolution efforts.
Additional efficiencies can also be realized when disparate service and operational data
sets from various parts of an organization and ITS systems are integrated and fused into
key performance indicators, and then analyzed over time to support informed decision
making. Finally, ITS implementation project delays and cost overruns due to data
issues can be minimized or avoided if the agency’s implementation plan includes
provisions for factoring in the time needed and the project dependencies associated
with defining data requirements and data relationships and completing data
development.

2.3.1 Technology Description

The technologies that support the development of the enterprise data are relatively
straightforward and consist of:
Transit Agency Data: Core data sets that are shared and used by many
organizational units within the agency. These data may be maintained over
time, flow through several applications, and pass through a life cycle.
Transportation Network: Geographic Information Systems (GIS) data including
the street network, landmarks, address attributes, place names, and other
geospatial data sets upon which the transit network and applications may be
built. GIS data will be discussed in more detail in Section 2.4, GIS.
Database Management System (DBMS), data management, and reporting
tools: In additional to a DBMS, there are several data management and
reporting tools that will help transform legacy data, clean and aggregate data for
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warehousing, and develop complex reports from distributed databases
throughout the organization.

Distributed Logical Data Model: Similar to a framework or plan, the logical
data model describes the data, its format, semantics, and relationship to other
data concepts. The logical data model is one of the key technologies that
provides a roadmap for building and evolving the enterprise data infrastructure.
Data Policies and Procedures: Policies and procedures are used for accessing,
creating, describing, updating, deleting, and providing resources to maintain
data sets across an organization. Data policies and procedures are typically
developed by a data committee that represents the range of business areas in
transit. This group develops the standards and specifications for data that must
be followed enterprise-wide.

2.3.1.1 Application-centric and Progression to Data-centric

Most transit agencies and other organizations are moving away from a “stovepiped”
architecture where most applications were developed independently for a single
business area. This stovepiped architecture results in a haphazard approach to sharing
data and implementing systems, which is technically referred to as an “application-
centric” approach. This approach can become chaotic and is also referred to as a
“Spaghetti Model of Interfaces” because of its multiple, customized data connections
(see Figure 4).

Figure4  “Spaghetti Model of Interfaces”
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When using an application-centric approach, much of the data sharing and combining

occurs through the use of custom data interfaces between applications. Often, the
application wraps a proprietary “skin” around the internal data produced by the
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application, making the data inaccessible to outside queries from off-the-shelf data
query tools that are not provided by the vendor. The inherent complexity and
proprietary nature of these applications make it difficult to find reliable and current
information quickly.

The application-centric approach to data access also makes it difficult to combine data
from different systems into more complex, integrated reports. To support user needs,
IT staff have developed separate ad hoc reporting tools for each application, which only
allows them to view selected profiles of the internal application data set.

In summary, an application-centric architecture is vulnerable to problems associated
with:
Separate databases for each application that rely on customer interfaces to
access data;
Data redundancy, data duplication, or missing data;
Multiple interfaces resulting in high maintenance costs;
Challenging or missing application integration and data sharing;
Lack of business process view for applications and data; and
Difficulty in obtaining data and information for decision making under ad
hoc circumstances, or when information from multiple systems needs to be
combined.

In order to successfully meet planned and future ITS application data requirements,
agencies will need an unambiguous transfer of information between systems and
databases, along with assurances that data generated throughout the agency are
consistent, accurate, and complete. For example, a future Customer Information/Trip
Planning system requires data integrated from multiple sources to operate. These
sources include base map, bus stop, route, and schedule data. Another example of
integrated data is that used for planning. Combining APC data with the base map,
route alignments, and fare information allows planners to more easily assess ridership.
To operate efficiently, these ITS systems must have the ability to:

Share spatial information;

Contain updated base maps and attribute information;

Contain updated transit feature data (bus stops and timepoints);

Integrate transit feature data with geo spatial features for analysis; and

Transfer real-time data for application transactions.

Many agencies see the benefit of moving from an application-centric approach toward a
“data-centric” or information enterprise approach to managing applications and data.
The reason for this shift lies with the overlapping data requirements of ITS systems and
the potential for data creation and maintenance efficiencies. As illustrated in Figure 5,
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the data-centric approach replaces the application-centric approach to overcome the
disadvantages associated with traditional “stovepipe” implementations. Placing a
database at the center of ITS applications allows for faster and more accurate business
processes, and provides more meaningful and consistent transit information.

Figure5  Corporate Data Evolution from Application-Centric to Data-Centric
Approach6
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For effective support of transit information needs, enterprise data in transit needs to
have the key technology elements in place, including:

Core data sets that are shared;

A transportation network;

Commonly shared database management and reporting tools to minimize

multiple learning curves and maintenance needs;

A distributed logical data model; and

Well communicated policies and procedures.

Despite the advantages, many agencies are having difficulty moving toward the data-
centric approach. Funding to support this type of relatively hidden data infrastructure
is critical. Just as buses and trains need a good infrastructure to traverse, so does data

16 Image originally developed in 2001 by Michael Berman, King County Metro.
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need a flexible and robust infrastructure to make information and systems access
quicker, easier, and more accurate. In addition, business processes must support the
elimination of the traditional “stovepiped” (i.e., departmental focus) systems approach.
A critical success factor is business ownership of the data and supporting applications
where those with the greatest stake in the data’s accuracy and currency guarantee its
quality. These business processes must be driven by a set of agency data policies and
standards such as a data dictionary, logical data model, exchange formats, data owners
and custodians, as well as security and access. Doing so ensures a consistent set of
internal data standards across the organization.

2.3.2 State of the Art

Data development, integration, and management considered to be state-of-the-art
generally include elements such as the use of:
Agency-wide or regional data dictionaries;
Data standards;
Attention to regional, agency, and project architectures;
Integration strategies;
Publicized and followed policies and procedures;
A standard graphical user interface for accessing the data and conducting ad
hoc reporting; and
A commitment to funding the development and maintenance of an
enterprise-wide and/or regional data infrastructure.

2321 King County Metro (KCM) Transit Enterprise Database (TED)”

In the early 1990s, Seattle Metro Transit, now called King County Metro (KCM),
realized a need to collect core schedule, facilities, and GIS data for the purpose of
creating an integrated, commonly described data set to be distributed to downstream
applications. This Distribution Data Base (DDB) became a central authoritative source
for integrated core data sets throughout the agency. To get started, Seattle Metro
bought the conceptual data model from another agency. By doing so the agency was
able to populate fields they could use immediately, and modify or migrate to other
fields as needed. The DDB enabled significant reporting and analysis capabilities. It
also enabled the development of key applications such as the GIS Tool Box, an
application for planners and others who need to create maps and analyze scheduling
and routing data.

The data model remained relatively stable and unchanged through the years until about
five years ago when agency staff set out to develop an enterprise transit data model that
more precisely met KCM's changing business processes. The new data model was
partitioned by subject area to improve its scalability, distribute ownership of key sets of

17 From a discussion with Dan Overgaard and Bob Syslo-Seel, King County Metro Transit.
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data, and shield one business area model change from impacting another. Procedures
were put in place to track downstream application interface needs and upstream
application interface changes. In addition, KCM expanded coverage of the model to
include employees, financial accounting, and projects. The new data architecture,
known as the Transit Enterprise Database (TED), is composed of several databases
distributed and linked throughout the organization.

Early in the development process, KCM’s staff realized that certain data policies and
procedures were needed to deploy an enterprise data system. Some of the more
important steps taken by the agency to accomplish this include:
Creation of an enterprise data dictionary with common names, conventions, and
descriptions adopted across the organization;
Assignment of ownership of relevant data to individuals who care the most
about the accuracy of the data. For some bus stop data, this might be the
customer information service representative who deals with customer
complaints when the service data is incorrect; and
Creation of new database access and security tools that allow more than one
person to update a general category of data. For example, types of bus stop
signage might be updated by someone in Customer Information and the type of
shelter at a bus stop might be updated by someone in the facilities department.

2.3.2.2 TriMet Enterprise Database

TriMet, Portland, OR, began with a data model and central data repository that dates
back to the late 1980s. The model evolved from a single table to the point where the
database is now the central repository where data processing occurs and data is
distributed to downstream applications as needed. According to one Tri-Met manager,
evolving the data model to accommodate new applications is much like “performing an
environmental impact study”18 in that each new application requires integration with
the existing database design. When new applications provide additional data, the
model may be changed to accommodate a one-way feed into the enterprise database to
support the integration processing, storage, and distribution of those data.

TriMet's enterprise data approach enables a wide range of benefits, including:
Sharing data and data maintenance efforts in the region;
Easy to maintain access methods of core data by ITS applications, such as
schedules, routes, and bus stop information;
A seamless linking for the user of spatial and nonspatial data;
The ability to easily do ad hoc data analyses and mapping; and

18 From correspondence with Bibiana McHugh, GIS Manager at Tri-Met.
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Allowing both desktop and Web access to data by TriMet employees, regional
partners, and transit customers. Examples of ITS data that are extensively
accessed, analyzed, and mapped at TriMet include their APC and AVL data.

2.3.2.3 WMATA Interactive Electronic Technical Manuals (IETM)®

New data approaches are now being included in some state-of-the-art transit
applications to enterprise data. Broadly defined content, such as documents, technical
manuals, other media, and service and performance information can now be linked
together and managed through a workflow and the data’s life cycle. The tool making
this possible is referred to as an interactive electronic technical manual (IETM).
WMATA recently deployed an IETM to integrate their maintenance management
system with related maintenance manuals, integrated parts catalogs, warranty
information, electronic equipment specifications, and other critical documents.

By integrating additional information technologies using off-the-shelf standards and
tools, the IETM enables WMATA to link related information and to reuse, revise,
distribute, and control informational content in different forms. The current
implementation supports information pertaining to the agency’s heavy rail car
rehabilitation content.  Future functionality may expand to all of WMATA’s
maintenance areas. Figure 6 illustrates the functional architecture of the WMATA
IETM.

19 From a discussion and presentation prepared by Peter Meenehan, WMATA.
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Figure 6

»‘ P ’ a8
N - R -
« EPIC (XML Editor) v Documentum Chent
« Corel Drav + Techsight® Chent
= WS Ward
= Wifard Perect
= Documeantum Chent
= TEX Viewaes Client
= TSX Publisher

® s

s

« EPIC (XML E ditor
= Corel Draw

= WS Ward

= Wifard Perect

= Documentum Clent
TSX Viewaar Chent
TEX Publisher

Functional Architecture of WMATA Interactive Electronic Technical Manuals (IETM)

&

= o

N

+ Documentum
Administrator Client

BE Content
Chedtoutfin
Laser Jet
Primter

Content
Import £ W ahidation
Sourge Content
« WORD
« COR S DWG
+ AL
« CGMITIF

IETHM Source
Content

System Admin

FuncBons

Backup fRestore

User Account
Administration

FPublisher

= Rhihd
« HRM
« IPC

= EMI
« MSI
- $B

IETM Delivery
System

Page 58 of 264




Military studies have demonstrated that IETM technology? can:
Reduce false alarms, fault isolation times, maintenance time, and false removal
rates;
Increase percentage of successful fault isolation;
Promote greater effectiveness of inexperienced technicians;
Improve personnel and equipment safety;
Reduce turnaround time for reporting and correcting technical manual
discrepancies; and
Reduce technician time spent completing maintenance forms.

By using IETM technology, maintenance personnel can view maintenance information
related to specific vehicle identification numbers. The electronic nature of the IETMs
allows instant updates and corrections, thereby providing the most accurate and up-to-
date information to mechanics to enhance safety and promote equipment reliability.

2.3.24  NJ Transit Data Warehouse

A data warehouse is a specialized database that transforms and loads data from
multiple sources. In the extraction and transformation process, data are “cleaned” and
aggregated into a layer that may be associated with a specific time period. NJ Transit
developed a data warehouse for APC applications and other onboard electronic
subsystem and engine monitoring functions. During this automated process, the
system performs over 70 quality checks on the data before they are loaded into the
warehouse. The quality check process applies business rules to approximate missing
data, correct errors, and flag problems it cannot solve. The warehouse now generates
several performance trending reports on bus ridership and stop inventory quality.

2.3.3 Emerging Trends

2.3.3.1 Regional Transit Stop Inventory

Many regions developing regional transit coordination centers, such as the “Transit
Hub” in the Gary, Chicago, Milwaukee region, the “Transit Schedule Data Exchange
Architecture” (TSDEA) in downstate New York, and across Florida, are realizing the
value of coordinating the exchange of consistent schedule and transit network data
among transit providers. Exchange of transit service information supports many
multiple agency coordination activities such as scheduling transfers among modes and
providers, informing riders of public transportation stops, and providing trip planning
services to customers. These regional centers realize the need to establish regional data
standards to support the unambiguous transfer of service data among transit providers.
One of the most difficult activities encountered by these agencies is matching stops

20 Presentation from WMATA.
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among the various agencies. When the stops enter the regional inventory they contain
different formats for identifiers, they may be mapped to different base maps or use
different referencing systems, they vary in attribution, and have other differences. For
example, a stop may appear multiple times using different identifiers, address styles,
and location references. That stop is then submitted by the owning agency followed by
all the other agencies using the stop. The process to reconcile and clean the data is an
enormous undertaking. Several projects including those involving the Metro DC transit
agencies, Center for Urban Transportation Research (CUTR) representing the state of
Florida, Oregon and Washington DOTs, and the New York State Department of
Transportation (NYSDOT) are now undergoing the development of regional transit
stop inventories, and developing standards and tools to support their maintenance.

2.3.4 Challenges and Lessons Learned

There is no easy solution for developing an enterprise data approach. The key factor
that emerges from the various state-of-the-art deployments is that there is someone who
pursues the migration with vision and dogged determination. While small enterprise
systems may be developed as individual initiatives within an organization, larger
successes require senior management support and long- term commitment because the
deployment affects change throughout the organization.

Key factors in making an enterprise data system successful over the long term include:
Senior management support and commitment to information management as a
business strategy;

Development of an overall plan and migration approach to creating,
maintaining, and evolving the enterprise data architecture;
Development of key data policies and procedures that are widely accepted by
major stakeholders and business areas. These policies and procedures must be
supported at the procurement level. Data policies may include:

New applications to develop a one-way feed into the enterprise database

(i.e., core data are provided to new applications only from an interface

from the enterprise database);

Data descriptions and semantics used throughout the organization

conform to an enterprise data dictionary;

Data development and acquisition;

Data access, security, and ownership rules;

Data policy committee; and

Internal standards for archiving and describing data sets (metadata);
Understanding the need to accommodate change into the process because
technology is evolving at a fast rate;
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Developing a clear set of requirements and reports that meet business needs and
challenges before an application is developed. Make sure that the information
infrastructure can support those reporting requirements;

Understanding that a trained Database Administrator (DBA) is essential to every
successful Enterprise Data System. Larger organizations may also have a systems
analyst and data architecture/analyst. The database administrator is needed to
address the day-to-day operations, while the data analyst supports and evolves
the data and database structure. The system analyst manages and develops
programs that require information from the database; and

Speaking to transit professionals at other organizations who have deployed
similar applications and learning from their challenges.

24  Geographic Information Systems (GIS)

Spatial data, such as the geographic location of bus stops, routes, transit facilities, and
the regional street network, are critical for the efficient operation of transit. Transit
management needs to know where their operators, vehicles, facilities, and customers
are located to best plan and operate their systems. GIS provides the tools for creating,
managing, analyzing, and displaying spatial data, and for supporting ITS applications.
Spatial data and some GIS functionality are also critical for supporting ITS applications
such as AVL, APC, and Itinerary Planning systems, as well as others.

GIS data and applications must become essential elements of an agency’s information
technology and ITS architectures to ensure an effective and efficient information
technology infrastructure. Spatial data should be considered one of the most important
subsets of the transit agency’s enterprise data described in section 2.3 above. Many of
the best practices developed for regular data management also pertain to spatial data.
This section will discuss spatial data in additional detail because of its close links to GIS
systems.

Integration of both GIS and spatial data efforts, within a transit agency or region, can
provide some of the biggest integration cost-saving benefits in ITS. With so many ITS
applications in transit using a street network base map and transit features such as
stops and routes, having only one database in which to maintain a particular data set is
a big benefit in terms of lower costs, more efficient use of staff time, and better data
consistency. Having only one GIS system saves licensing costs and reduces training
requirements. Benefits can also include more efficient service delivery, better quality
services, more accurate customer information, and improved integration between
modes and service providers.
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24.1 Technology Description

GIS is not an off-the-shelf application, but a complex information system comprised of
key components. In addition to staff trained in GIS skills, GIS consists of the following
five architectural components:

Data: A wide range of spatial data can be supported by a GIS, such as points, lines,
polygons (e.g., zip code area, census blocks, fare zones, etc.), and remote sensing
data.

Databases: A data repository is needed for the spatial data and its associated
features. Database management functions, some specialized to spatial data, are also
needed. A GIS supports the association of descriptive information about an object
with its geographic location. The GIS also facilitates the combining of different
types of geographic data and map layers, such as waterways, transit routes, streets,
and landmarks. Another important function of the database is to make its data
contents available to users and other information systems.

Software: GIS software provides the tools to create, update, and manage spatial
data and associated nonspatial data, such as the bus stop amenities associated with a
bus stop location. A GIS also provides a wide range of spatial analysis and mapping
tools.

Applications: Since GIS is a broadly used tool across many industries, industry-
specific GIS applications need to be developed.

Hardware: GIS analyses and spatial data management often require a relatively
large amount of computing “horsepower.” More disk space and memory are
needed, as are faster network speeds, larger display devices, and powerful output
devices for mapping displays.

Linked with the GIS are the following four broad categories of spatial data management
processes:

Data creation or collection, which may involve a variety of methods such as map
digitizing, geocoding, or GPS-based data collection efforts.

Maintenance and management of spatial data, including data security and possible
linkages with an enterprise database management system (DBMS).

Geoprocessing, such as buffering, geocoding, spatial analysis and queries,
projections of data, querying for an optimal route between and origin and a
destination, and generation of distance calculations.

Data output and distribution to end users, IT and ITS business systems, and to
external agencies.

2.4.2 State of the Art

A large percentage of transit agencies are using GIS according to TRB’s Transit
Cooperative Research Program (TCRP) Synthesis 55 document published in 2004 and
titled “Geographic Information Systems Applications in Transit.” These results are

Page 62 of 264



based on the 2003 Transit GIS Survey,” which is currently being updated. The
Synthesis 55 report examines the value of GIS to transit agencies and summarizes the
experiences of a variety of transit agencies with information provided from a variety of
different sized agencies. @ The Synthesis documents current practices, effective
applications, and includes several case studies and challenges.

State-of-the-art advances in GIS have occurred in several areas, with many regional and
enterprise-wide GIS systems implemented by transit agencies. Web-based maps and
GIS applications are faster to develop and faster to use, plus their features and
appearances have also improved. A growing number of agencies are incorporating
multiple views of the spatial data, such as showing the street network in line form, in
remotely sensed images, or with the two combined. In addition, LIDAR (LIght
Detection And Ranging) data, which provides spatial data with x-y-z coordinates, is
starting to be used in a few transit applications.

A closer linkage is now possible between GIS and database management systems
(DBMS). Some spatial data can now be stored in some commercial DBMS. As a result,
GIS is better able to support ITS applications and data maintenance efforts. Finally,
new GIS-based applications that support incident tracking or management, such as
security incident tracking systems, can help agencies better understand event patterns
and, as a result, better deploy resources.

TriMet has produced some of the most progressive GIS applications in the U.S. Some of
the important features of the agency’s GIS environment include:
A single base map for efficient data maintenance and high data accuracy;
A commitment to systems integration and linkages to an enterprise-wide
relational database;
A well-designed Configuration Management Plan for Base Map Updates in a
regional area;
A Location Referencing Authority Table?? that facilitates location referencing and
transit GIS tools that can be reused in a range of applications; and
A GIS working group that is part of the Information Technology team helps it to
adhere to IT and ITS standards, better share IT resources and purchasing power,
have an agency-wide business perspective, and better integrate GIS with the IT
infrastructure.

2l According to the 2003 Transit GIS Survey, 74% of the 77 transit agencies that responded are using GIS.
The survey results can be found at www.e-transit.org/survey/20022003/.

22 See Section 6.4.5, Building a Location Table, in the guidebook, "Defining Geographic Locations of Bus
Stops, Routes and Other Map Data for ITS, GIS and Operational Efficiencies: Best Practices for Using
Geographic Data in Transit: A Location Referencing Guidebook.”
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As a result, TriMet has been able to support a wide range of GIS and ITS applications
such as AVL, APC, Work Order Tracking, Customer Complaints, Trip Planning, and
real-time Transit Tracker. TriMet’s interactive transit Web maps are attractive, helpful,
and easy to use. Figure 7 shows the query options for TriMet’s interactive Web map.
Figure 8 shows a ridership analysis example, at the bus stop level,?® from the agency’s
Bus Dispatch System (BDS) Mapper application, which analyzes historical data
gathered by TriMet’s AVL and APC systems.

The BDS Mapper application can also display ridership analysis using varying
thickness of line width to show ridership levels between stops, between time points,
and at the route pattern level.

23 The size of dot in the figure reflects the relative number of boardings at that bus stop.
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Figure7  Example from TriMet’s Interactive Transit Map
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Figure8  Ridership Analysis Example from TriMet’'s Bus Dispatch System Mapper
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The Metropolitan Transportation Commission (MTC) in the San Francisco Bay area has
a regional database that includes spatial data. Having a regional, enterprise approach
to transit GIS allows MTC to facilitate ITS applications such as regional trip planning as
well as other planning and customer information applications. MTC’s regional
approach to GIS also supports integration across transit modes and carriers.

The location of Cape Cod Regional Transit Authority buses is shown on its Web-based
Cape Cod AVL Mapper. The project was implemented by the GeoGraphics Laboratory
at Bridgewater State College in Massachusetts.?*

The prototype system was designed to be affordable by smaller agencies. The hardware
is commercial-off-the-shelf (COTS), while the software is freeware (e.g., Linux) or
resides in the public domain. The system provides AVL Web-mapping with one-
second refresh rates. It also provides the estimated time of arrival of each vehicle at
principal bus stops. Bus location can be accessed by customers from their desktop
computers, campus kiosks, wireless laptop/PDA at bus stops, or while onboard the
bus.

The Utah Transit Authority has taken an enterprise-wide approach to GIS, allowing it to
have more accurate and efficient GIS applications and data maintenance efforts.

“Estops,” an online GIS-based tool that maintains transit bus stop inventory data, was
developed by the San Diego Association of Governments (SANDAG) for transit
operators in the San Diego region. The tool, the first of its kind, allows agencies to
maintain their own stop inventory data in a centralized database by using a secured
Web site. Now that GIS and DBMS technology advances are available, SANDAG
would like to upgrade the system to have only one underlying, integrated database and
faster mapping capabilities. The region has benefited for years from a single regional
bus stop inventory that features unique ID numbers for commonly shared stops, and
unified protocols for changing a stop and notifying other affected agencies.

WMATA has implemented on the Web a very clear and easy to use Metrorail Street
Map?> shown in Figure 9 that allows the user to zoom, scroll, and see station details.
The application was implemented using an application program interface (API), which
was made available to developers of map applications for beta testing.

24 http:/ / geolab.bridgew.edu/home/.
25 www.wmata.com/maps/metrorail street map.cfm.
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Figure 9  Interactive Metrorail Map from WMATA
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King County Metro Transit (KCM) has also taken an enterprise-wide approach to GIS.
This integrated approach has core spatial data for the region and tools in a GIS Toolbox
that are used by a wide variety of ITS applications. Examples of KCM’s state-of-the-art
GIS-based applications include the GIS Toolbox, a Security Tracking System, and a GIS-
based Stop Information System for the creation, maintenance, and display of bus stop
and route stop sequence information. Figure 10 shows an output from KCM’s Stop
Information System.

KCM has also recently implemented TNET (Transportation Network),2¢ which provides
the King County region with a feature-rich, accurate base map that is maintainable by
the various cities and jurisdictions in that region. Only recently has the technological
infrastructure advanced to a level that allows the introduction of sharing data
maintenance of a centrally stored geodatabase by widely dispersed multiple users.
Participants in the TNET Consortium will realize benefits that include:

Reduced data costs;

26 www.metrokc.gov/ gis/Projects/ TNET /tnet_consortium.htm.
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Improved data quality;

Minimized data conflicts;

Improved participant operations;

Leveraged technology investments; and

Improved support for cross-jurisdictional decision making.

KCM also conducted an innovative analysis that combined GIS and LIDAR data
(location and altitude data) to determine the best site options for a radio repeater.

Figure 10 Example from KCM’s Stop Information System
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2.4.3 Emerging Examples

- Google, the search-engine company, is currently beta testing a GIS-based Transit
Trip Planner on the Web at www.google.com/transit, which provides powerful
viewing options of the spatial data and transit data provided by TriMet in Portland,
Oregon.

- New tools have allowed a number of other individuals and organizations to provide
alternative spatial layouts of transit schedule and trip planning data by “data
scraping” transit Web sites and displaying the transit data using new or Open
Source Software tools. These efforts pose some issues for transit agencies because
sometimes the alternative efforts present the data in a more attractive manner than
the transit agency is able to present on its own. However, the “data scraping”
approach is not robust and these supplemental Web sites, which can be popular
with the public, may provide inaccurate data if the transit agency changes the Web
site that is being “scraped.”

24.3.1 Emerging Spatial Information Standards

There are several spatial data, GIS, ITS, and transit standards emerging to support
integration and interoperability. Examples of these standards include:

Geographic Markup Language (GML), which is a specialization eXtensible

Markup Language (XML);

Transit Communications Interface Profile (TCIP);

The U.S. government’s Geospatial One-Stop;?”

Location Referencing Method Specification (LRMS);?8 and

Other ITS standards.

This list of useful standards and tools is expected to grow in the future and benefit
transit. The Open Geospatial Consortium, Inc. (OGC) is a nonprofit, international,
voluntary consensus standards organization that is leading the development of
standards for geospatial and location-based services.

Listed below are brief excerpts on some of the key emerging spatial-related standards
from the TCIP Concept of Operations.?? Additional information on these standards is
included in Section 2.6, Transit ITS Standards.

27 It is part of an intergovernmental project managed by the Department of the Interior in support of the President's
Initiative for E-government. See the Web site at www.geo-one-stop.gov.

28 Summary information on the standard is available at

www.standards.its.dot.gov /StdsSummary.asp?ID=419.

2 “Transit Communications Interface Profiles. Draft Standard Version 2.7.1” Section 5.10, Concept of
Operations for the Spatial Data Management Process, APTA, 2005.
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4. TCIP: TCIP spatial data frames and data elements are used within TCIP
messages in all TCIP business areas. TCIP references and incorporates elements
of other spatial standards such as LRMS. Although there are many spatial
feature transfers that are not within the scope of TCIP, there are other related and
consistent industry standards that can work in conjunction with TCIP to provide
the interfaces necessary for a transit agency to implement a robust spatial data
management process.

5. Geographic Markup Language (GML): This standard, available from the Open
Geospatial Consortium (OGC), describes geospatial feature relationships and
formats that may be used to compose a transportation network and/or location
references associated with spatial features (e.g., bus stops, route segment paths,
etc.). It contains geospatial descriptions for a variety of layers including
hydrology, cadastral, and transportation. It is used in a wide variety of
environments and industries, and includes support by most GIS products.

6. GeoSpatial One Stop (GOS): Defines the representation of geospatial data, their
definition, format, and relationship, including feature sets for various geospatial
domains including hydrology, transportation (roads, rail, air, waterways, and
transit). ~GOS describes data type definitions for vehicle and operator
assignments, trips, routes, transfer points, amenities, and more. The model may
be used to create an XML Schema using GML or TCIP/LRMS.3? The GOS
program includes the specification of Web services for publishing, searching, and
viewing geospatial feature sets.

7. Location Referencing Method Specification (LRMS): The LRMS standard
describes the data elements and frames necessary to describe location references
using a variety of geographical, addresses, and linear reference methods as it
relates to a transportation network. Also based on XML, LRMS describes more
types of linear and attribute (i.e., address) referencing methods for transportation
than GML, however, the relationship among the spatial features are assumed
from a given transportation network. LRMS is used in TCIP primarily to define
data elements and frames that provide many of the spatial data concepts that are
used throughout TCIP and other ITS Standards. LRMS spatial data concepts
support a variety of representations for geo-spatial data including address-based,
latitude-longitude, and state plane coordinates.

30 If the appropriate associations are made between the features and data elements.

Page 71 of 264



244 Challenges and Lessons Learned

24.4.1  Barriers to Sharing Spatial Data

A variety of barriers have been identified that limit or prohibit agencies from fully
realizing the benefits of a GIS. Many of these barriers limit the efficient development,
management, integration, exchange, and use of spatial location information, which
compromises the support of business needs that depend on spatial data. These barriers
can occur both within a transit agency and between organizations in a region when data
sharing or systems integration is required. The barriers may be due to technical and/or
organizational issues. Examples of these barriers are provided below.

e Multiple databases and applications can introduce barriers due to:
Inconsistent naming conventions;
Different transit data models;
Embedded GIS-like functionality with different data representations;
Differences in data source quality;
Transformations and translations;
Poor documentation (metadata); and
Use of different location referencing systems.

1. Insufficient awareness or knowledge of standards, existing tools, and available
utilities.

2. Weaknesses in systems specifications and the quality of Request for Proposals
(REPs).

3. Insufficient definition and execution of operational and data maintenance
responsibilities. ~ This may also include poor maintenance agreements with
commercial map vendors that result in all of transit’s street and route updates being
erased when a new release is issued.

A number of these barriers can prevent the unambiguous referencing of transit feature
location attributes. A significant barrier to success is how the location of spatial data is
characterized or referenced. When locations are not clearly referenced, they cannot be
accurately transformed from one location referencing method to another, potentially
resulting in unsuccessful data sharing, mapping errors, and other analysis problems.

2442 Lessons Learned

The GIS-related lessons learned that are identified in this section support successful
transit decision making and operations by improving GIS and spatial data usage in
analyses, maps, customer information, and ITS applications. In additional to using
good GIS technology practices, the effective enterprise-wide use of GIS tools and spatial
data requires the successful integration of traditional management practices with good
systems engineering practices. GIS practitioners voiced a strong need for good
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management support to achieve an integrated, efficient approach to GIS and the
support of other ITS applications.

Some of the more significant lessons learned and best practices that were identified are
included below. The 2005 Guidebook on Best Practices for Using Geographic Data in
Transit3! identifies additional best practices, and elaborates on them from the
perspectives of general management, GIS practitioners, and ITS project managers.

A deliberate degree of standardization is required across the enterprise to
successfully share information. Users must share a common vocabulary
including data meaning and format. To fully realize the benefit, the data must be
stored and accessed similarly.

Create an enterprise-wide GIS approach, and define standard access methods to
share transit feature data and other spatial data. Centralize the methods as
stored procedures or middleware.

Adopt a single, enterprise-wide base map to maintain and propagate it to
different applications for further customization as needed; evaluate the options
for acquiring a base map that meets transit business needs across the agency.
Identify and ensure the quality and accessibility of “core transit spatial data.”
Define a corporate transit feature dictionary and define an enterprise data model,
store and manage the transit features centrally, and establish procedures for
collecting and updating data.

Understand data and application dependencies.

Use unique ID numbers for core transit features; do not reuse or delete ID
numbers during the life of a feature inventory.

Define an “Addressing Format” for your agency. A number of options exist,
such as the format used by the U.S. Postal Service or the Census Bureau. The
most important best practice is to be consistent across all applications within an
agency.

Develop a spatial data maintenance program and synchronize the maintenance
schedules for the various applications that use spatial data from an enterprise-
wide perspective.

Have metadata, which is data about data, including documentation on data
quality. In the metadata, document the quality of the spatial dataset, the data
collection procedures, and the identification and access methods. In addition,
support application integration using an enterprise-wide repository of
integration metadata. Develop the repository incrementally as each project is
developed.

31 Titled "Defining Geographic Locations of Bus Stops, Routes and Other Map Data for ITS, GIS and
Operational Efficiencies: Best Practices for Using Geographic Data in Transit: A Location Referencing
Guidebook.”

Page 73 of 264



Develop a “location reference authority” such as a location table to support
transit spatial feature portability and the storing of transit feature data. Include
several key location referencing methods in the feature description or in the
location table.

Consider sharing data development and maintenance efforts with regional
partners.

Use a systems engineering approach in developing and integrating applications,
and for the definition of stakeholders and their requirements.

Use standards. If not available from standards organizations, develop and
communicate internal standards.

Understand the intellectual property restrictions on the access and use of
commercial data or data stored in commercial applications.

Ensure sufficient enterprise data resources (e.g., database administration staff,
data owners, budgeting for updates and training).

25 Communications

In the past, communications may have been implemented as part of the deployment of
an individual application. Today, the communications environment is seen as a
foundation for supporting a wide range of agency business processes, new transit
service opportunities, and new methods for delivering these services. Communication
strategies are now being planned in ways that do not limit options for future network
components or services, either within the agency or for reaching beyond into the
surrounding community. A solid communications foundation backed by good
strategies is essential for integrating data, systems, and business processes.

In regions where transit customers might benefit from the exchange of information
among transportation modes and various public sector stakeholders, state-of-the-art
(SOA) transit operators are carefully coupling agency objectives with external efforts to
improve regional communications and access to information. With agency efforts
becoming more closely aligned with regional efforts, better communication linkages are
also occurring in the areas of public safety and emergency response.

To support inc