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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to meet mobility,
environmental, and energy objectives place demands on public
transit systems. Current systems, some of which are old and in need
of upgrading, must expand service area, increase service frequency,
and improve efficiency to serve these demands. Research is
necessary to solve operating problems, to adapt appropriate new
technologies from other industries, and to introduce innovationsinto
the transit industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the transit
industry can develop innovative near-term solutions to meet
demands placed on it.

The need for TCRP was originaly identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on astudy sponsored by the Urban Mass
Transportation Administration—now the Federal Transit Admin-
igtration (FTA). A report by the American Public Transportation
Association (APTA), Transportation 2000, also recognized the need
for local, problem-solving research. TCRP, modeled after the
longstanding and successful National Cooperative Highway
Research Program, undertakes research and other technical activities
in response to the needs of transit service providers. The scope of
TCRP includes a variety of transit research fields including plan-
ning, service configuration, equipment, facilities, operations, human
resources, maintenance, policy, and administrative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA). On May 13, 1992, amemorandum
agreement outlining TCRP operating procedures was executed by
the three cooperating organizations: FTA; the National Academies,
acting through the Transportation Research Board (TRB); and
the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA.
TDC isresponsiblefor forming theindependent governing board,
designated as the TCRP Oversight and Project Selection (TOPS)
Committee.

Research problem statementsfor TCRP are solicited periodically
but may be submitted to TRB by anyone at any time. It is the
responsibility of the TOPS Committee to formulate the research
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels and
expected products.

Once selected, each project is assigned to an expert panel,
appointed by the Transportation Research Board. The panels prepare
project statements (requests for proposals), select contractors, and
provide technical guidance and counsel throughout the life of the
project. The process for developing research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activ-
ities, TCRP project panels serve voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on
disseminating TCRP results to the intended end users of the
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit practice,
and other supporting material developed by TCRP research. APTA
will arrange for workshops, training aids, field visits, and other
activities to ensure that results are implemented by urban and rural
transit industry practitioners.

The TCRP provides a forum where transit agencies can
cooperatively address common operationa problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD

By Christopher W. Jenks
Saff Officer
Transportation Research
Board

This report will be of use to transit managers and others interested in improving
transit traveler information for current and potential customers. It provides a useful
summary of the state of the practice in the area of improved transit traveler informa-
tion. Thereport identifiestransit traveler information needs, assesses the state of the art
in providing transit traveler information, provides examples of customer information
systems from both inside the transit industry and related industries, discusses transit
traveler information as part of larger community information systems, and offers new
directions for the transit industry in providing traveler information.

A workshop seeking new paradigms for public transportation conducted by TCRP
identified timely traveler information as a key feature of a successful transit system.
Changing demographics and technological progress are raising expectations. Today’s
transportation consumers must manage their time effectively, and significant uncer-
tainty associated with waiting for a bus or train is unacceptable to most people. Pro-
viding information to give travelers greater control over their timeis a paradigm shift.
Also, many consumers are unaware of all of their public transportation options. The
use of information-based technol ogies can expand travel er choices and facilitate deliv-
ery of more convenient services, potentially increasing transit ridership.

Under TCRP Project A-20A (2), research was undertaken by Multisystems, Inc., to
identify strategies for using information technology to assist individual mobility-
related decisionmaking. The focus of the research was on how public transit providers
can most effectively provide transit traveler information, specifically, on how public
transit agencies can take maximum advantage of new and emerging technol ogiesto bet-
ter inform travelers about mobility choices.

To achieve the project objective, the researchers collected, reviewed, and updated
information on the state of the art of trangit travel er information systems. Information was
collected on current effortsby transit systems, both domestic and international, toimprove
their traveler information systems. The researchers al so obtained information on the expe-
rience of other industries in providing customer information. Specifically, information
was collected from the airlines and other industriesthat provide real-time customer infor-
mation via telephone, cdlular telephone, aphanumeric pager, persona digital assistant,
and e-mail; package delivery companies that provide customer information viathe Inter-
net; companiesthat provide location-based content services or portableinformation using
technologies such as global-positioning-system mobile phones; and companies that pro-
vide real-timeitineraries, including directions, on mobile devices.

The researchers then examined how advanced traveler information systems for
transit can be part of community-based information networks. Examples of such sys-
tems implemented in Europe were reviewed. Finaly, the researchers examined how



transit systems in the United States can learn from the experiences of (1) public transit
agencies in other countries, particularly in Western Europe, that have embraced and
provide real-time customer information using a variety of dissemination media; and
(2) other industries that provide customer information using innovative techniques.
Potential new directions for transit traveler information were then devel oped.
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SECTION 1
INTRODUCTION

1.1 PROJECT PURPOSE AND OBJECTIVES

Providing improved transit traveler information (TTI) has
advanced significantly over the past 10 years with the advent
of new technologies, such asautomatic vehiclelocation (AVL)
and advanced communications, and of new dissemination
mechanisms and media, such as wireless application proto-
col (WAP), mobiletelephones, and personal digital assistants
(PDAS). Today, transit travel ers—particul arly choiceriders—
expect to have comprehensive information about multiple
modes (including traffic information) available to them
quickly, in one place or from one source, and on avariety of
media. Transit agencies are being challenged to meet these
travelers needs, given declining budgets and the continuing
need to provide efficient service. Paper schedules, manually
operated customer information telephone services, and the
need for travelers to make several telephone calls to obtain
information will no longer satisfy travelers. Furthermore,
transit agencies are exploring new ways to maintain existing
ridersand to attract new riders. Providing static and real-time
transit information using new strategies is becoming a prior-
ity in many transit agencies around the world. These strate-
gies include the use of technologies such as the Internet,
dynamic message signs (DM Ss), and wireless mobile devices
and the redesign of traditional transit materials, such as bus
schedules, to make them more user-friendly.

This new era of providing improved TTI is analogous to
the new paradigm for public transportation, as described in
TCRP Report 58: New Paradigms for Local Public Trans-
portation Organizations (1). To date, transportation has been
viewed on a mode-by-mode or stovepipe basis, with each
individual mode providing its own services and information,
measuring itsown performance, and rarely coordinating with
other modes. This arrangement is analogous to travelers
having to consult multiple nonintegrated sources of traveler
information to plan atrip. The new paradigm, which supports
theidea of trueintermodalism, views transportation from the
user’ s perspective rather than from the agency’ s perspective.
In this perspective, the user does not see individual agencies
providing individual services and information, but rather
views multiple modes as providing one integrated service.
This arrangement is analogous to travelers consulting one
integrated source of traveler information to plan and take a
trip. The new paradigm effort also states that “information

technology providesthe single greatest opportunity to enhance
the quality of the travel experience” (2).

To strengthen this analogy, the European Commission’s
white paper entitled “European Transport Policy for 2010:
Time to Decide” discusses the “continuity of journeys’ as
one of severa key areas for improvement (3); this concept
involves not only improving the coordination of transporta-
tion services provided by several modes, but also improving
passenger information by providing integrated information
and payment services. This concept of improving passenger
information was aso highlighted in the European Commis-
sion’ sgreen paper entitled “ The Citizen' sNetwork—Fulfilling
the Potential of Public Passenger Transport in Europe” (4).

Finally, the new congestion charging program that went into
effect in London on February 17, 2003, isreliant onimprove-
mentsin public transportation that were outlined in the Mayor
of London’ stransportation strategy of July 10, 2001 (5). In 2
of the 10 prioritiesoutlined in this strategy, there are specific
references to improving information about public transporta
tion as away to improve London’s transport system.

The objective of thisresearch wasto identify strategiesfor
using information technology to improveindividual mobility-
related decisionmaking. The project’s focus was on how
public transportation providers can most effectively provide
TTI, specifically, on how public transportation agencies can
take maximum advantage of new and emerging technologies
to better inform travel ers about mobility choices. Theresearch
identified travel er information needs, assessed the state of the
art in TTI systems, and developed a number of case studies
in the area of improved traveler information.

To fulfill the primary objective of this research, this
report presents a summary of existing practice in the area of
improved traveler information. Examples are given of how
public transportation providers can become part of region-
based and/or community-based information dissemination
systems that include—but are not limited to—hand-held,
vehicle-mounted, kiosk-based, and web-based communica-
tions. The summary will provideinformation on thefollowing:

» Thedemand for TTI,

* The state of the art in providing TTI,

« Examples of providing customer information in related
industries,

« TTI as part of community information systems, and

» Newdirectionsfortransitin providingtravel er information.



Work accomplished as part of three related projects pro-
vided valuable and complementary input for this research:

1. TCRP Synthesis 48: Real-Time Bus Arrival Informa-
tion Systems, which is the final product of TCRP Proj-
ect J-7 Synthesis Topic SA-14, documents the state of
the practicein real-timebusarrival information systems,
including both U.S. and international experience (6).

2. An FTA project entitled “Real-Time Transit Informa-
tion Assessment” is to identify and document success-
ful implementations of real-time transit information
systems and to provide guidance to agencies that are
considering such systems. As of the publication of this
report, a white paper describing the literature search
and review has been published; the site visits and tele-
phone interviews have been conducted; and a guidance
document describing recommended practices in de-
ploying real-time transit information systems has been
drafted.

3. Another FTA project, “ Advanced Traveler Information
Systems (ATIS) Human Factors Assessment,” is being
conducted to determine the following:

— What transit information travelers want, including
the type of information and message content;

— What the preferred communi cations channels (media
and devices) areby whichto providetheinformation;

— What the preferred locations are for providing the
information;

— What the preferred temporal and situational aspects
of the information are (when to provide the transit
information);

— What are theimpacts of and what constitutes unreli-
able information; and

— What are the recommended design characteristics
for effectively presenting transit information viathe
preferred communications channels.

Thefina product of thisproject will be guidanceto tran-

sit agenciesin providing transit information to the pub-

lic via advanced technology in the most effective and
preferred manner from the customer’ s viewpoint. As of

December 2002, workshopswere held around the coun-

try to determine the needs, attitudes, and preferences of

transit usersand nonusersfor TTI. Thefinal FTA report

is expected to be available in Summer or Fall 2003.

1.2 STUDY WORK PLAN

Thework planfor thisproject consisted of six tasks, which
are described as follows.

1.2.1 Task 1: Update State-of-the-Art
Information

Thefirst task wasto collect and update information on state-
of-the-art TTI systems. The basis of updating thisinformation
was current literature; survey responses from TCRP Synthesis

48: Real-Time Bus Arrival Information Systems (6); informa-
tion obtained from the previously mentioned FTA project on
real-time transit information systems assessment; other rele-
vant projects conducted by Multisystems (e.g., TCRP Project
J9 Task 4 [7]); and information from other relevant projects
(e.g., Volpe Nationa Transportation Systems Center’s Tran-
sitweb [8]; A Thematic Long-term Approach to Networking
for the Telematics and ITS Community [ATLANTIC]; the
ATIS research conducted for Transport Direct [in the United
Kingdom]; the TRansport Intermodality Data sharing and
Exchange NeTwork [TRIDENT] project; and the Institute of
Logistics's project entitled “Public Transport Information
Web Sites: How to Get It Right” [also in the U.K]).

Other sources of information that were reviewed for this
report include the following:

* A summary of information provided in FTA’s APTS
The Sate of the Art—Update 2000 and APTS Deploy-
ment in the U.S—Year 2000 Update reports (9, 10);

» Agenciesthat providereal-timeand static transit informar
tion via PDAs, mobile telephones, and the Internet (e.g.,
King County Metro’ sMyBus, Secondkiss™, ShuttleGirl™,
Zero-Sixty Corporation’s Concourse™, and Nottingham
City Transport’s[in the U.K.] next bus text messaging);

+ Agencies that provide real-time transit information for
a specific bus stop (e.g., Portland’s Tri-County Metro-
politan Transportation District of Oregon [Tri-Met] and
the SMARTrac System at the San Joaguin Regional
Transit District); and

» Agencies that provide real-time arrival and departure
information at the bus stop, transit center or station, or
both.

1.2.2 Task 2: Summarize Experience of Other
Industries in Providing Customer Information

The second task consisted of collecting information on the
practices of other industries in providing customer informa-
tion. Thisinformation was collected by conducting telephone
interviewswith key personnel in several other industriesand
by conducting web searches. The industries contacted
included the following:

 Airlines and other industries that provide real-time
customer information via phone, cellular telephone,
alphanumeric pager, PDA, and e-mail (e.g., American
Airlines Flight Status Notification system, the Weather
Channel’s My Weather—Get Weather Anywhere®, and
Notify! by the Weather Channel);

» Package delivery companies that provide customer
information viathe Internet (e.g., United Parcel Service
InfoNotice™, Federal Express InSights™);

* Location-based content services/portable transit infor-
mation (e.g., global positioning system [GPS] mobile
phones, Vindigo, GeePS, go2Systems); and

» Redl-time itineraries, including directions, on mobile
devices.



1.2.3 Task 3: Summarize Transit’s Role
in Community Information Systems

An examination of how ATISs for transit can be part
of community-based information networks was also con-
ducted. For example, in Nottinghamshire County, U.K., a
traveler information system called “TravelWise Notting-
ham” is provided on the Internet: “ The purpose of the Trav-
elwise Centre is to provide extensive traffic and travel
information to the residents of Nottinghamshirewho wish to
explore and use alternatives to travelling alone by car” (11).
The information is available via the Internet, local radio
broadcasts, atelephone hotline, and publications. Thissystem
is apartnership of the City of Nottingham, the U.K.’s High-
ways Agency, the Nottinghamshire County Council, and
BBC Radio Nottingham.

1.2.4 Task 4: Identify Potential “New
Directions” in TTI

In recent years, more transit agencies in the United States
are providing TTI using the latest technology. While many
agencies are beginning to embrace a customer focus, thereis
still reluctance from some agencies to address customer
information needs. Agencies typically deploy technology to
improve internal operations first and customer service sec-
ond. Sincethe deployment of real-time customer information
is based on the successful deployment of systems that
improve interna operations, agencies tend to focus most of
their efforts on these backbone systems.

The purpose of this task was to determine how transit can
learn from the experiences of (1) public transportation agencies
in other countries, particularly in Western Europe, that have
embraced and provide redl-time customer information using a
variety of dissemination media, and (2) other industries that
provide customer information using innovative techniques.

1.2.5 Task 5: Prepare and Submit Draft
Final Report

A preliminary draft final report was submitted for review
by the project oversight panel.

1.2.6 Task 6: Prepare and Submit Revised
Final Report

Based on panel comments received on the draft, arevised
final report was prepared.

1.3 REPORT ORGANIZATION

Thereport is organized as follows:

+ Section 2 providesareview of theliterature on the subject
of TTI;

* Section 3 describes the demand for TTI;

* Section 4 presents the state of theart in TTI,;

+ Section 5 identifies and describes key TTI systemsin
existence in the United States and Europe;

* Section 6 provides a summary of customer information
provision from industries outside of the public trans-
portation realm;

» Section 7 discusses TTl as part of regional and
community-based information systems; and

+ Section 8 provides adiscussion of strategiesthat transit
should consider taking advantage of new and emerging
technologies and techniques to better inform travelers
about mobility choices.

Throughout the report, key resources are noted, including
Internet website addresses. Please note that website addresses
are subject to change; where an address is noted, the date
when the address and content was valid a so been included.
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SECTION 2
LITERATURE REVIEW

Aninitial step in studying strategies for improved traveler
information wasto conduct acomprehensive literature search
and review. The literature review for this project included
reviewing papers, reports, and articlesabout ATIS, TTI, and
the underlying transit intelligent transportation systems (ITS)
technol ogies from numerous sources. These sourcesincluded
the following:

* Intelligent Transportation Society of America (ITSA)
annual meetings proceedings;

» ITSWorld Congress meetings proceedings,

* TRB annua meetings papers;

 Transportation Research Information Services (TRIS);

* FTA, FHWA and ITS Joint Program Office reports;

» Related TCRP projects (including Synthesis projects);

* Interviewswith nontransit companiesthat provideinno-
vative customer information systems;

» Documentation from numerous European Commission
and U.K. studies about ATIS and TTI systems; and

* Key TTI websites from the United States, Canada,
Europe, and Asia.

Theliterature review also included reviewing interim material
and reports from TTI-related projects currently being con-
ducted by FTA’s Office of Mobility Innovation, including
the real-time transit information assessment and ATIS
human factors assessment projects. FTA'sReal-Time Transit
Information Assessment project included conducting tele-
phone and on-site interviews with atotal of 10 transit agen-
cies that have deployed or are deploying real-time informa-
tion systems. Information from these interviews provided
significant insight into the deployment of TTI; where appro-
priate, thisinformation is included in Sections 4.2 and 5 of
this report.

Further, two TCRP projects conducted by Multisystems
have generated reports that were reviewed for this project.
These projects are TCRP J-09, “e-Transit: Electronic Busi-
ness Strategies for Public Transportation, Topic 4: Customer
Information,” (1) and TCRP Project J-7, Synthesis Topic
SA-14, “Rea-Time Bus Arrival Information Systems’ (2).
Transit agency interviews were conducted as part of these
projects as well, focusing on advanced features of transit
websitesin TCRP Project J-09, Task 4, and on the provision
of real-time bus arrival information in TCRP Project J-7,

Synthesis Topic SA-14. Relevant information from these
projects has been used where appropriate in this project.

Onekey result of theliterature review and experience con-
ducting the aforementioned FTA and TCRP projectswasthat
thereis agreat deal of activity in the area of providing real-
time TTI. Transit agencies are becoming more sensitive to
customers' needsfor up-to-the-minute information and, con-
sequently, are more interested in adopting the necessary
underlying technologies. Most agencies are no longer satis-
fied by merely providing static information on their Internet
sites. They have been very diligent in making their websites
more appealing, user-friendly, and useful, and some have
begun to providereal-time information viatheir websitesand
wireless media

The literature review also revealed the large number of
hardware, software, and communication tools available to
improve the provision of TTI and at cheaper rates than ever
before. In terms of disseminating TTI, there are now more
media available: the Internet, DMSs at bus stops and train
stations, mobile telephones using WAP and short message
service (SMS), wireless PDAS, and cable television.

Specific key reports are summarized in the following sub-
sections when they contributed to the knowledge of TTI and
strategies for improving TTI; however, the literature review
was not limited to these documents.

2.1 ADVANCED PUBLIC TRANSPORTATION
SYSTEMS: THE STATE OF THE ART—
UPDATE 2000

Advanced Public Transportation Systems. The Sate of the
Art—Update 2000, prepared for FTA’s ITS/Advanced Pub-
lic Transportation Systems (APTS) program, provides sum-
maries of U.S. and Canadian transit industries’ most innova-
tive and successful applications of advanced technologies (3).
A significant portion of thereport isdevotedto TTI systems,
including descriptions of pre-trip, en route (also known as
in-terminal/wayside), and in-vehicle traveler information
systems. Each of these types of systems is described in the
report in the Technology Description, Challenges to Imple-
mentation, and A pplication Examples subsections. Thetech-
nology description discusses the various technologies used
in TTI systems and describes the functionalities found in
many of these systems. The section on challenges to imple-



mentation sheds light on implementation issues, including
those related to technological, communications, or financial
areas. The application examples for each type of system
describe several deployed systems, as follows:

* Pre-trip transit and multimodal traveler information
systems:

— Orange County Transportation Authority (Califor-
nia)—Travel Probe, Travel TIP, and Travel Advi-
sory News Network systems;

— Washington Metropolitan Area Transit Authority
(WMATA) (Washington, DC)—RideGuide;

— Seattle’'s King County MetroBusView, MyBus, and
e-mail notification;

— Los Angeles—regional multimodal information
integration; and

— New York City—Service AreaTraveler Information
Network.

* In-terminal/wayside (also called en route) transit infor-
mation systems:

— Miami’ s Tri-County Commuter Rail Authority Train-
Trac system;

— Eastern Connecticut—coordinated automated an-
nouncement system for Shore Line East commuter
rail route stations;

— Long Island Rail Road—Talking Kiosk;

— San Francisco Municipa Railway—NextBus system;

— San Francisco’s Bay Area Rapid Transit—real-time
estimated time to arrival (ETA) in stations; and

— Seattle’ s King County—TransitWatch®.

* In-vehicle transit information systems:

— San Antonio’s VIA Metropolitan Transit—integrated
in-vehicle information; and

— WMATA—GPS-based automated annunciation
system.

These examples were current as of 2000.

2.2 ADVANCED PUBLIC TRANSPORTATION
SYSTEMS: DEPLOYMENT IN THE UNITED
STATES—YEAR 2000 UPDATE

Advanced Public Transportation Systems Deployment in
the United States—Year 2000 Update, also prepared for
FTA, isacompilation of existing and planned deployments
of 17 APTS elements (4). Theinformation was collected dur-
ing 2000 and was obtai ned through contactswith one or more
persons at each agency. A total of 572 agencies provided
information for this study. In contrast to the APTS state of
theart report (3), thisreports surveysevery public transit sys-
tem in the United States that employs or has plans to employ
APTS technologies (i.e., is expected to have operational
APTS technologies by 2005), but provides relatively little
specific information about the individual systems.

This FTA report reveals that the most widely deployed
APTS element (for which data was collected for the entire
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United States) is automated transit information. Of the
572 agencies surveyed, 291 agencies had operational transit
information system and 48 agencieswere planning on imple-
menting such a system. Further, the report illustrates that
334 agencieshave or will have apre-trip traveler information
system, while 167 have or are planning to have an en route
traveler information system. Asfor in-vehicle traveler infor-
mation systems, 124 agencies stated that they have or are
planning on having one deployed. Finally, the report says
that the number of operational TTI systems increased by
506% from 1995 to 2000.

2.3 TRIP PLANNING STATE OF THE PRACTICE

Trip Planning State of the Practice describes the current
state of the practicein web-based trip or itinerary planning (5).
It identifiesissues associated with trip-planning system devel -
opment, identifies costs and benefits of these systems, and
makes recommendations for outreach and further research
that could assist transit agencies in developing and deploy-
ing high-quality trip planners. Thereport also providesdetailed
information on the features of the 34 systems that were
assessed.

2.4 WHITE PAPER ON LITERATURE
REVIEW OF REAL-TIME TRANSIT
INFORMATION SYSTEMS

In May 2002, FTA initiated a project to develop a guid-
ance document that would provide practical information to
transit agencies and support them in fostering the deploy-
ment of real-time transit information systems (for both bus
and rail). “White Paper on Literature Review of Real-Time
Transit Information Systems’ addresses the first step in
developing that guidance: literature search and review (6).
The white paper provides information on the successful
implementation of rea-time information systems in the
United States and abroad. Through acomprehensiveliterature
review, this paper examines the implementation and opera-
tion of real-timeinformation systems and identifiestheissues
and problems associated with providing such information.

2.5 TCRP REPORT 84: E-TRANSIT:
ELECTRONIC BUSINESS STRATEGIES
FOR PUBLIC TRANSPORTATION,
VOLUME 4: ADVANCED FEATURES
OF TRANSIT WEBSITES

TCRP J09, “e-Transit: Electronic Business Strategies for
Public Transportation, Topic 4: Customer Information” doc-
umentsthe best practices associated with providing customer
information via the Internet in TCRP Report 84, Volume 4
(2). The website features that are the focus of this project are
automated itinerary planners (AIP), real-time information
display systems, €l ectronic notification systems, and customer
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relationship management (CRM) systems. The eight case
studies were developed from detailed website reviews and
from extensive telephone interviews with transit agencies
that have AIP systems on their websites. Further, providing
real-time information and e-mail notification via websites
was examined, with a focus on system design and func-
tionality, implementation issues, outcomes and benefits, and
planned improvements. General conceptsand concernsrelated
to specific technology and application issues were described,
crosscutting issues of advanced transit website features were
discussed, and best practices and recommendations for
further research were identified.

2.6 TCRP SYNTHESIS 48: REAL-TIME BUS
ARRIVAL INFORMATION SYSTEMS

TCRP Synthesis 48 describes and documents the state of
the practice in real-time bus arrival information systems,
including both U.S. and international experience (2). A sur-
vey was conducted to obtain information on relevant techni-
cal capabilities, agency experience, cost, and bus rider re-
actions to these information systems. This synthesis also
includes a review of the relevant literature and focuses on
current practice in the field. An important element of this
report is the documented interviews with key personnel at
agencies that have implemented these types of systems.

2.7 TCRP SYNTHESIS 43: EFFECTIVE USE
OF TRANSIT WEBSITES

TCRP Synthesis 43: Effective Use of Transit Websites
describes the current practices and experiences in transit
website design, content, marketing, and administration (7).
Information was collected from 47 U.S. transit agencies via
surveys and interviews with transit website managers and
from other sources, such as logs of website usage, market
research conducted by transit agencies, and relevant litera-
ture. Thereport providesinformation regarding general plan-
ning and expectations, priorities for website content, audi-
ence needs, marketing and promotion, design parameters,
homepage and inside pages design, and website testing and
usage monitoring.

2.8 INFOPOLIS PROJECTS

The European projects Infopolis 1 (conducted in 1996—
1997) and Infopolis 2 (conducted in 1998-2000) providesig-
nificant insight into TTl systems. The primary goa of
Infopolis 1 was “to improve user accessibility to Public
Transport information in terms of its presentation as well as
its content, and to produce guidelinesfor European Standards
for Human Computer Interface” (8). Infopolis 1 produced a
significant amount of documentation, including a detailed

review and analysis of 53 public transport information sys-
tems in Europe that were in operation or being implemented
in 1996.

Infopolis2 wasan extension of Infopolis 1, and itsprimary
goal was “to improve user access to electronic intermodal
traveler information by developing guidelines for the pre-
sentation of information” (9). Infopolis 2 also generated
many documents, some of which werereviewed aspart of the
literature review for this project. More than 150 European
public transportation information systems were investigated,
and almost 100 were surveyed. Asin Infopolis 1, a detailed
review was conducted of the surveyed systems.

2.9 PUBLIC TRANSPORT INFORMATION
WEB SITES—HOW TO GET IT RIGHT:
A BEST PRACTICE GUIDE

A comprehensive guide, Public Transport Information
Web Stes—How to Get It Right: A Best Practice Guide
focuses on how to present various types of TTI to website
users (10), ensuring that a TTI website meets the users
needs and is easy to use. This guide is divided into five
major sections:

Principles of a user-focused approach;

Definition of key usability principles,;

Identification of web TTI elements, or the “toolkit”;
Examples of good and not-so-good websites; and

Site provider’'s perspective in developing a TTI web-
site.
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SECTION 3
DEMAND AND DESIRE FORTTI

3.1 EMPIRICAL EVIDENCE CONCERNING
THE DEMAND FOR TRAVELER INFORMATION

The evidence on consumer preferences and valuations for
public transit information comes from a broad spectrum of
research, ranging from qualitative studies to quantitative
research based on stated-preference and reveal ed-preference
data. Aspects of customer acceptance for ITS consumer
products and services have been studied by U.S. DOT’sITS
Joint Program Office since the early 1990s. A major focus of
this research was on ATISs, including information for exist-
ing and potential transit customers. Evaluations have been
conducted of transit information—oriented deployments as
part of federally supported field operational tests, the Metro-
politan Model Deployment Initiative (MMDI) projects, and
local transit ITS deployments. Customer satisfaction infor-
mation from the MMDI programs in Phoenix, San Antonio,
and Sesattle was reviewed for this project, as was customer
research from other local ITS deployments in the United
States and Europe.

3.1.1 Interestin Advanced Traveler Information

It is readily apparent that, while many urban residents
express strong dissatisfaction with traffic delays and other
traffic problems, many people view those types of irritations
quitefatalistically. In focus groups composed of members of
the general population, commuting horror stories were heard
many times, but the storieswere accompanied by abelief that
these experiences are an inevitable adjunct to urban living,
that nothing much can be done about them, and that it is not
worth getting agitated about. “ There’ s death, taxes, and traf-
fic,” one person said early in the qualitative research.

These attitudes help to explain why, despite complaining
about individual bad situations, the national surveys have
shown relatively high levelsof overall satisfaction with trans-
portation system performance and a slight belief that things
are improving. They also explain why people generally do
not appear to be highly motivated to seek sources of traffic
and travel information that are currently available to them.
Many cities have websites and telephone information ser-
vices that provide more detailed and up-to-date traffic infor-
mation than is available from broadcast radio and television

stations (the most popular source of information). These
newer resources are becoming more sought after or used as
time goes by. However, the broadcast media have a con-
siderable advantage of providing very easy and immediate
(“one stop”) access and do not require the user’s full atten-
tion. Asaresult, the various private-sector interestsinvolved
in generating, processing, and retailing new forms of traffic
information have had difficulty in developing business
models to date that make money from anything but the long-
standing, brief radio/television broadcast slots and public-
sector contracts (1). The dissatisfaction expressed with daily
travel delays does not automatically translate into streams of
revenue from ATIS users. Traffic and travel information has
not proved so far to drive the demand for other ATIS prod-
ucts, and a self-sustaining business model for this infor-
mation is lacking in the United States (2). However, as of
December 2002, every state in the union has at least one
Internet site that provides information on traffic conditions
(and can be accessed through the National Traffic and Road
Closure Information Internet site at www.fhwa.dot.gov/
trafficinfo/#TRFF).

This level of apathy among the public at large does not
mean that advanced travel er information has no constituency
or that it will not ultimately succeed in proving its worth.
There are groups of users that have been identified and
surveyed who are strongly enthusiastic about this type of
information. They tend to be, as might perhaps be expected,
younger, better educated, and better paid than most of the
population. They aremore“wired” to high-technology devices.
They tend to include more males than females. Information
about these usersis discussed in Section 3.2.2.

Moreover, recent evidence suggests that awareness of
ATISresourcesis growing, more strongly through the Inter-
net than through telephone information services. Asaccessto
the Internet increases markedly, so do peopl€' s expectations
of the types of information and assistance available to them.
Many new users of web-based traveler information say that
they went looking for it, expecting it to be there but not
knowing where to look other than by using a general search
engine. The most informative and popular websites, such as
the one provided by the Washington State DOT showing
the Seattle-region traffic conditions (www.wsdot.wa.gov/
pugetsoundtraffic/), have shown a healthy growth in “hits’
and have received very positive feedback from users (3).



It is expected that such awareness and usage will continue
to grow, driven in part by increased Internet access and use
and in part by public awareness of the next (critical) genera-
tion of in-vehicle navigation devices, ones that will be able
to receive and process real-time traffic information. While
the demand for the current generation of static devices,
which are available in an increasing number of automobiles,
has not been particularly strong, the automakers are hoping
to drive demand by supply-side decisions.

3.1.2 |Interest in Transit Information

While the subject of this subsection so far has been mostly
about traffic information, many of the observations have
strong transit parallels. Research on transit information is
sparser than on traffic information, but many of the same atti-
tudes can be discerned. Some of the observations presented
here were derived from transit-oriented ATIS focus groups
inNew Y ork City and the Bay Areaand from surveying tran-
sitinformation and website usersin Seattle and the Bay Area
4,5).

Many bus delays are caused by traffic conditions, and to
some extent this helps create the same mixture of customer
fatalism and tolerance evident in the discussions of traffic
problems. There is an initial skepticism that more or better
information can do much to resolve the major sources of dis-
satisfaction with particular transit experiences. But when the
general complaints about transit services have been voiced,
it is possible to get people to concentrate on information
specifically, and six consistent themes emerge:

1. Customers would like timely and honest explanations
of delays when systems fail to operate as they should.

2. Information materialsthat are currently provided about
transit services are not sufficiently detailed for their
purpose.

3. Telephoneinformation systems using human operators
inevitably attract complaints about the variable quality
of the service.

4. More and more transit systems are providing itinerary
planning assistance via agency websites and wireless
devices.

5. Interestisgrowing in real-timetransit information, and
more agencies are providing this type of information.

6. Thereis evidence that transit information innovations
may appeal most strongly to the customers|east attached
to transit—the choice riders.

3.1.2.1 Explanations of Delays

People have a strong general interest in being given a
timely and honest explanation and assessment of the situa-
tion when systems are not operating as they should be. This
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isaconcern evident acrossall forms of public transportation,
not just urban transit. Air travel delays and cancellations and
theairlines' provision of information to their customers have
always been debated (6). Passengers can understand such
things as weather-related problems, equipment problems,
traffic-control problems, and even crew scheduling prob-
lems. To varying degrees, they may be somewhat tolerant of
these situations. However, they find it much harder to under-
stand and forgive information deficiencies in these circum-
stances. Experience has taught many frequent flyers to be
very distrustful about the information they are given, both
because of inadequaciesintheairlines communications sys-
tems and because they perceive the information to be slanted
in favor of passenger retention concerns (7). They know that
service disruptionsare afact of lifefor air travelers, but they
expect to be kept accurately informed about the situation so
that they can make intelligent decisions about their best
courses of action.

One study of the information preferences of public trans-
portation users (both intercity and local) in the Northeast
Corridor found that passengers consider information about
delays to be important and that passengers tend to value en
route information more highly than pre-trip information (8).
Specifically, 83% of rail transit passengers surveyed rated en
route information about train delays to be “ somewhat impor-
tant” or “very important,” while 65% said the same of pre-
trip delay information. Bustransit passengers held very sim-
ilar views, with 85% viewing en route information about bus
delaysasat least “somewhat” important, and 65% saying the
same for pre-trip information.

Most research on transit information provision has found
that, aswith other forms of transportation, even when travel-
ersare unable or unwilling to make changesin their travel as
aresult of learning about problems, they feel that they still
benefit just from knowing about the situation and having
been given the option to change, to inform others of adelayed
arrival, and so on.

3.1.2.2 Insufficiently Detailed

Information Materials

According to transit riders, the information materials that
are currently provided about transit services (e.g., maps or
schedules, whether displayed at stops, in printed pocket
form, or on the web) are not sufficiently detailed for their
purposes. The maps do not show al of the road names along
the busroutes, for example, or thelocations of theindividual
stops. The schedules do not show thetimesat all of the stops.
The information displayed at individual stops—when it is
there at all—is not tailored to help therider easily answer his
or her main questions: “Which routes go from this particular
stop? From nearby stops? Where do those routes go? When
will the next bus be here?’” Or, more succinctly, “How do |
get to X from here?’
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A qualitative survey of transit usersin the Sacramento and
San Jose areas examined the areas of transit information
judged to be most in need of improvement (9). Topping the
list of most needing to beimproved wasthetransit route map,
with 23% of respondents listing the map as their first choice
for improvement. Information on waiting times, hours of
operation, and frequency of service were also near the top of
the list; while information on fares, walking time to the sta-
tions, and seat availability were judged to be less in need of
improvement. This “ranking” of the importance of specific
typesof transit information isreflected in extensive customer
research conducted in London regarding TTI over the past 10
years.

3.1.2.3 Variable Quality of Customer Service
and Telephone Information Systems

Telephone information systems using human operators
inevitably attract complaints about the variable quality of the
service. Some operators are very knowledgeable and helpful,
but others appear to require aseries of questionsto obtain the
required information; however, talking with a human being
oftenis preferred to listening to arecording.

Telephone menuing systems currently elicit a “love-
hate” relationship from their users. Few people profess
to like the general “depersonalization” of the telephone,
but occasionally admit grudgingly that, despite long menu
chains, there are ways to use these systems to get to the
desired information quite quickly, if the information is
there. The greatest customer dissatisfaction arises from
having to wait and navigate through long menus only to
find that the service does not answer the current ques-
tion and does not have the option of diverting to human
assistance.

3.1.2.4 ltinerary Planning Assistance via Agency

Websites and Wireless Devices

As documented in Section 3.1.1, the last few years have
seen arapid growth in the number of transit systems provid-
ing information on the Internet, via wireless devices (e.g.,
mobile telephones and PDAS), and via electronic signage
(e.g., DM Ssat stopg/stations). Most transit websites provide
static information—schedules, system maps, route maps,
system policies—and fare information that was previously
published by the agency in hardcopy form. Many transit
websites now provideitinerary planning, and several provide
real-time information (e.g., Denver's Regional Transporta
tion District and Portland’s Tri-Met). Transit websites have
been the subject of several current and recent projects,
including the following:

 Trip Planning Sate of the Practice (10);

* TCRP Report 84: e-Transit: Electronic Business Srate-
gies for Public Transportation, Volume 4: Advanced
Features of Transit Websites (11);

* Public Transport Information Web Sites—How to Get It
Right: A Best Practice Guide (12);

» TCRP Synthesis 43:; Effective Use of Transit Websites
(13); and

* Features of Traffic and Transit Internet Stes (14).

When users’ opinions have been solicited about transit web-
sites, the responses indicate an interest in itinerary planning
assistance. For example, in research conducted on Sesttle’s
King County Metro websitein 2000, alarge number of respon-
dentsindicated that their most pressing need wasto get more
assistancein planning complex tripsto unfamiliar areas. Pas-
sengers asked for more detailed maps of bus routes and the
neighborhoods the routes serve or, better still, door-to-door
itinerary planning (3). Since the 2000 survey, the website
(tripplanner.metrokc.gov/) provides detailed itinerary plan-
ning, as shown in Figure 1.

Users unfamiliar with atransit system do not want to have
to follow the cumbersome steps of first determining which
routes are relevant to their proposed travel, then consulting
individual route timetablesin order to identify the schedules
and (they hope) specific boarding and alighting points. Rather,
users expect to be able to enter their trip origins and destina
tions, along with apreferred arrival or departuretime, and then
be presented with a choice of options meeting their criteria.
The many transit agencies that now provide itinerary plan-
ning on the Internet have fulfilled this need. Not surprisingly,
the more complex the transit network in terms of modes,
routes, carriers, possible transfer points, and fares, the more
valuable this type of assistance becomes.

3.1.25 Increasing Interest in Real-Time

Transit Information

Opinions about the value of providing real-time transit
information show that the interest is growing now that more
agencies are providing this type of information. For frequent
bus or train services, few focus group respondents initially
see much advantage, in the abstract, of having real-time vehi-
cle arrival information available at stops. Greater potential
benefits are seen with longer headway services, particularly
at night and on weekends. Where such systems have been
piloted, most users say they find the information helpful and
regard the displays as a sensible use of transit agency funds.

In London, a survey that was carried out when the Count-
down system was initiated in 1994 indicated that there was
strong interest in the real-time arrival information being pro-
vided at bus stops equipped with electronic Countdown
signs. The relevant findings of this survey included the fol-
lowing (15):
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With real-time information displayed, passengers felt
that waiting for the bus was more acceptable (89% of
passengers).

Passengersfound that time seemed to pass more quickly
when they knew how long their wait would be (83% of
passengers).

Passengers perceived a shorter waiting time (65% felt
this was s0).

The actual bus service was perceived as being more
reliable.

Of those passengers traveling, waiting at night was per-
ceived as being safer.

Passengers’ general feelings improved toward bus
travel (68%), the particular operator (54%), and London
Transport (45%).

Almost all passengers (96%) said that countdown infor-
mation is clear and easy to see and that they have no
problem of any kind with the system.

About 70% of passengers referred to the display when
they arrived at the stop, about 90% looked at the sign
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while they waited, and about 60% said they looked at
the sign at least once aminute.

» Passengers approved of the three essential pieces of
information provided (i.e., route number, destination,
and waiting time); however, some baseline messages
sent by Countdown controllers were not so well under-
stood.

» There was strong overall customer support for the
system—Countdown has been found to generate amin-
imum of 1.5% new revenue.

Also, it isworthwhile to mention that an extensive amount of
market research continuesto be conducted by London Buses
to determine customer satisfaction with the Countdown sys-
tem and the interest in future enhancements, such as provid-
ing real-timeinformation away from the bus stop (e.g., onthe
Internet or on wirelessdevices) and the positioning of Count-
down signs for best viewing. Key results of recent market
research include the following findings.

* Results of 1,125 interviews with passengers waiting at
16 bus stops in northwest London included the follow-
ing (16):

— On ascale of 0to 10,
= Countdown achieved an overall usefulness rating
of 7.1;
= High-frequency stops achieved the best overall
rating for usefulness at 7.5; and
» Countdown was rated the least useful at low-
frequency stops at 6.8.

— Those respondents who had seen Countdown previ-
ously were more inclined to value its usefulness,
which suggests alearning process.

— The main reasons that Countdown was considered
useful were becauseit givesarrival timeinformation
and it allows passengers to take alternative action.

* Results of seven group discussions in Shepherds Bush,
Islington, and Bromley with regular, infrequent, and
very infrequent bus users included the following (17):

— Current bus users considered that it was most impor-
tant to have off-system information availablein their
homes. Also important were points of interchange
with other transport and in supermarkets.

— There was the most interest in the availability of
journey planning information rather than informa-
tion relating to familiar or regular journeys. More
interest was generated in static information than in
real-time information.

— Current bus users thought telephone and Teletext
were the most readily acceptable means of commu-
nicating off-system bus information.

— Customers would be prepared to pay a small fee for
using any new application, but this fee should be
kept to a minimum.

In June 2002, intercept surveys were conducted at four bus
stop locationsin Portland, Oregon, that have Transit Tracker
real-time arrival information displays (18) (see Figure 2).
The purpose of these surveys was to determine whether
changes should be madeto Transit Tracker and whether more

Figure2. Portland Tri-Met Transit Tracker sign.



Transit Tracker displayswould be agood value from the cus-
tomers' perspective. Key survey results revea that, at one
bus stop, “100% of respondents said that they use Transit
Tracker, either always (82%) or sometimes (18%)” (19).
Further, the value that customers place on Transit Tracker
was significant and is discussed is Section 3.4.

Several European transit systems have bus stop displays
that indicate the amount of time until the next bus on a par-
ticular routewill arrive. Researchers claim that peopleregard
the waiting times as having decreased after the displayswere
introduced and that ridership has increased. However, in a
survey conducted for TCRP Synthesis 48: Real-Time Bus
Arrival Information Systems (20), many of the agenciesindi-
cated that it would be very difficult to ascertain whether
ridershipincreaseswere solely duetothereal-timebusarrival
information; rather, it isusually acombination of factorsthat
lead to an increase in ridership after such a system has been
deployed. Specific findings from severa of the European
deployments of real-time information are discussed in
Section 4.

3.1.2.6 Transit Information Innovations Appeal
Most to Choice Riders

Thereissomeintriguing—nbut asof yet, only fragmentary—
evidence that transit information innovations may appeal
most strongly to the customers least attached to transit—
choice riders. In the customer satisfaction evaluation of the
Seattle Metro TransitWatch real-time displays in bus termi-
nals, thereisacorrel ation between approval of TransitWatch
and agreement with the opinion statement “As soon as| can,
I'd liketo switch to driving” (21). Two opposing hypotheses
could be derived from this statement, if affirmed by further
investigation: (1) that the value of information investments
may be reduced by the fact that their appeal isto customers
who will desert the mode anyway, and (2) that information
investments may help transit to retain the very customers
who are most likely to leave. In contrast, in a survey of non-
transit users in rura areas across the United States (22),
respondents showed the most interest in ITS strategies that
could help them predict their travel experience: estimates of
travel time, information on delays, and real-time bus arrival
times. This interest in predictability was consistent with the
experience respondents cited with general travel informa-
tion. Here, the respondents appreciated advance notification
of unusual conditions, including delays related to weather,
accidents, or construction.

In summary, the initial impression regarding transit cus-
tomer interest in information improvementsis similar to that
for traffic information, which provides an appearance of
someindifference rather than of immediate and strong enthu-
siasm. However, based on more detailed research, it is clear
that customer expectations are growing with experience (as
on the traffic side).
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3.2 FRAMEWORK FOR UNDERSTANDING
INFORMATION WANTED BY
TRANSIT TRAVELERS

In July 2000, Transport Direct—a major U.K. transporta-
tion initiative—was announced “to provide the U.K. with a
travel information servicethat can present the public with the
opportunity to compare travel options across public and pri-
vate transport modes’ (23). As part of thisinitiative, acom-
prehensive compendium of research literature and informa:
tion was compiled to provide the basis for understanding
travelers' needs for information, in addition to 12 other top-
ics associated with building such an ATIS. The 13 topics
areas are as follows (23):

Consumer demand for information;

Information requirements of the end user;

Embracing walk, cycle, and car information;
Importance of awareness and marketing;

Effects of information on behavior (see Section 3.3);
Willingness to pay for information;

Importance of partnership and buy-in;

Making the business case;

Media and presentation formats;

Feasibility of including retailing with information;

. Technical standards and technological solutions;
Integration of real-time systems into travel informa-
tion systems; and

. Interpreting integration and distinguishing it from
coordination.
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While the U.K. marketsfor public transit and TT1 are decid-
edly different than those in the United States, this catego-
rization of key topics provides asolid framework to examine
the issues associated with determining the demand for
improved TTI. In Subsection 3.2, the demand for TT1 will be
reviewed intermsof topics: Topics1, 2, 5, and 6 fromthelist
above. Thesetopicsrepresent the critical elementsthat should
be used in determining what information is desired by exist-
ing and potential transit customers.

Before discussing issues associated with demand in each
of these topics, it is important to summarize the general
demand for TTI, whichwasinitially discussed in Section 3.1
(24, 25):

Transit customers seek to lower thetrip time uncertainty they
commonly experience with transit. They want information
that increases their control over time and travel decisions.
Evaluation findings indicate that transit customers want
ATIS services that provide real-time information both pre-
trip and en route, good quality user interface, and convenient
access to detailed system information.

Conditionsthat suggest high demand for ATIS transit ser-
vices appear to berelated to the complexity of thetransit net-
work and services, the age of thetransit rider population, and
the level of technological sophistication of the ridership.
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Younger riders expect transit information to be as easily
accessed asthat provided by any market-based service. Their
expectations are probably conditioned by the current service
economy and by information available on the Internet. Tech-
nologically sophisticated riders are aware of many of the
tools available for tracking cars and buses and can easily
imaginethe personal benefits of real-timetransit statusinfor-
mation, in addition to the other servicesthat advanced media
can provide.

3.2.1 Consumer Demand for Information

Demand for TTI must be determined before such aservice
iseven considered. “The general public is not well informed
concerning traffic and traveler information and its potential.
Aninsufficiently devel oped user understanding of traffic and
traveler information limits the demand” (26). Research con-
ducted for Transport Direct assessed consumer demand for
information “to understand how people make use of aninfor-
mation service and how in turn its design can be enhanced
both in terms of information content and interface” (27). This
research highlighted seven specific issues associated with
demand that should be factored into a demand assessment:

1. Demand will vary depending upon the mode for which
information is being sought;

2. Demand will vary if the TTI service represents more
than one mode;

3. Acceptable and maximum levels of demand must be
defined;

4. Thereisadifference between active and passive acqui-
sition of information;

5. Thereisadistinct difference between providing itiner-
ary planning services and information or guidance on
mode choice;

6. Demandfor TTI servicesin the absence of any services
is different than demand for TTI services when others
services may be available; and

7. TTI features and formats will affect demand.

While all of these factors are important in determining the
demand for TTI, two of these warrant further discussion in
terms of how to improve TTI.

The first factor is that active and passive acquisition of
information (i.e., pull/request and push/aert, respectively)
must be fully understood in order to understand the demand
for TTI. Several transit agencies now provide “rider alerts’
that notify atransit customer of any changesto hisor her typ-
ical bus route. For example, King County Metro in Segttle
provides King County Alert!; users of thise-mail service can
select from three optionsin thissystem to receive an alert tai-
lored to the user’ s specific needs:

* General alerts with no route-specific infor mation—
If the user wants information about changes in multiple
bus routes but prefers to limit the number of e-mails he

or she receives, thisisthe best option. He or she will be
alerted to service disruptions and advised to check the
website for the most current information.

» “Lite" alerts regarding specific bus routes—If the
user wants information about changes in a specific bus
route and has reliable web access, thisisthe best option.
The messages he or she receives will contain a few
details and a link to the website for the latest details
posted on the Internet.

» Detailed alerts regarding specific bus routes—If the
user prefers to receive detailed, route-specific e-mail
messages, thisisthe best option. Each message he or she
receives will contain detailed information about a spe-
cific route.

This type of passive or push/alert information is provided
free of charge, depending on the media used for receipt. (If
information is received viaamobile telephone, there may be
cellular provider charges associated with receiving data.)

Active information requires that the user makes an effort
to seek out the information and usually needs to continually
refresh the information if it isreal-time (28). An example of
active information acquisition is a passenger sending a text
message i ndicating a specific bus stop viamobile telephoneto
atelephone number in order to receive atext messagethat indi-
cateswithin 30 sec the actua arrival time of the next bus. This
real-time TTI service was launched in the U.K.’s Leicester-
shire County in October 2002 (29).

Another example of active information acquisition is re-
celving thearrival time of the next busesat particular bus stops
in Seattle, Washington (www.mybus.org). Y et another exam-
ple is receiving trip-planning information in the form of text
messages from London Transport (30). The demand for these
two typesof information acquisition isquite different, asisthe
content and medium of providing the information (31).

The second factor isthat the distinction between itinerary
planning and information on a specific mode will drive the
demand for TTI. Servicesthat provideinformation on aspe-
cific mode have been evaluated more often than itinerary-
planning services using multiple modes since multimodal
information services offering itinerary planning have not yet
been widely deployed (32). In the U.K., a recent survey
found that 32% of the general public “often find themselves
in a situation when they don’t know what is the best means
of transport to their destination.” Of this group of people,
93% indicated they were likely to use a“single enquiry ser-
vice giving information about all methods of making ajour-
ney” to make decisions regarding the best travel method. In
part, demandislikely to be dependent on the extent to which
modal alternatives are considered viable when compared
with the primary (and default) mode (33, 34).

3.2.2 Information Requirements of the End User

Public transit users are a diverse group of people with dif-
ferent demographics, and meeting their needs for informa-



tion can be challenging. Meeting the needs of individualscan
be quite different than meeting the needs of the traveling
public. Thus, categorizing individualsisacrucial first stepin
developing information requirements for TTI services. Sev-
era categorizationsof end usershave beenidentifiedin ATIS
market research conducted over the last several years. First,
the MMDI (35) project evaluations categorized overall ATIS
customers (not just transit travelers) as follows (36):

» Control seekers—more likely to be budget conscious,
to plan ahead, and to want to be accessible at all times.
Characterized by very high use of technology and gad-
gets (including mobile devices).

* Web heads—have a high use of computers and the
Internet at home and at work. Usage of mobile devices
islow to moderate.

» Low-tech, pre-trip information seekers—more likely
to make changesin travel patterns as aresult of obtain-
ing traveler information.

» Meéellow techies—low usage of traveler information, but
high usage of computers and the Internet.

There is no doubt that these categories could be used to
define TTI users. Other categorizations include those identi-
fied in research conducted by London Buses Limited (37).
This research yielded three categories of information users:
phobics, lovers, and pragmatists.

No matter which categorization is used, there are other
factors that will lead to determining information require-
ments. Based both on survey research evidence and on detailed
consideration of transit travel mechanics and characteristics,
anumber of different factors can beidentified that help deter-
mine the types of information that might be desired by tran-
sit travelers. Such factors include the following:

+ Stage of the journey. The type of information needed
depends on whether the passenger is planning artrip, is
currently en route, or has arrived at an intermediate or
final destination.

» Familiarity with the system. Touristsand visitorswith
little knowledge of either the city or its transit system
have different needs than locals, even those locals who
are only occasional riders. Frequent riders need less
information on system policies and services, but are
likely to seek out more detailed information on current
operations.

* Trip frequency. For an infrequent or unfamiliar trip,
travelers need morein the way of itinerary planning and
basic service information than they do for a commute
trip.

* Nature or purpose of thetrip. The type of trip deter-
mines passengers flexibility with respect to timing, re-
routing, making intermediate stops, and so forth. When
schedules are tight, such as on business-related trips,
travelers may demand more specific, up-to-date infor-
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mation than they would for a weekend shopping trip.
And when times and destinations are flexible, passen-
gers will tend to want more information on their alter-
natives.

+ Accessibility requirements. Theserequirementsinclude
accommodation for passengers with disabilities as well
asprovisionsfor passengers with luggage (38) or heavy
parcels. Station access—for example, information on
the storage of cars and bicycles at stations—is very
important for travelerswho anticipate driving or cycling
to the station.

+ Safety concer ns. For some passengers, knowing where
to wait for the train or bus safely, which stations are
unattended at night, and so on, are key considerations.

» Comfort with complexity and technology. Thetravel-
ers level of comfort with complexity will determine
whether they would prefer, for example, to receive a
single, simplified route to their destinations or more
detailed information about all the possible options.
Their comfort with technology will also dictate the
media through which they prefer to receive the infor-
mation.

« Lifestyleand demographics. The demographics of the
user (e.g., income, automobileavailability, etc.), theavail-
ability of multiple modes, the monetary value of time sav-
ings, and personal attitudestoward schedule planning and
delaysdll affect the type of information desired.

Figure 3 represents these eight factors in two main cate-
gories: (1) those that are driven by the nature of the journey
itself, and (2) those that are driven by the personal charac-
teristics and wishes of the person desiring theinformation. In
addition to these factors, characteristics of the information
should be considered aswell in determining what kind of TTI
is needed or desired by users. These characteristics should
include the following (39):

 Accuracy—correct information;

+ Timeliness—current information, received in time to
permit travel changes;

 Reliability—source of information is comprehensive
and consistent in quality;

+ Costs—both one-time and recurrent;

* Level and personalization of decision guidance—infor-
mation that is sufficiently detailed and personalized;

+ Ease of access of the specific information needed—time
required to access information and necessary level of
attention; and

» Perceived safety implications—information that pro-
tects the user from an insecure or unsafe situation.

The evaluation of TransitWatch, which was conducted as
part of the Seattle MM DI evaluation, sought information on
how the system could be improved among other customer
satisfaction factors. (TransitWatch wasthe name givento the
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Figure3. Factorsaffecting transit passengers’ information needs.

video monitorslocated at the Bellevue and Northgate Transit
Centersin the Seattle areathat display real-timetransit infor-
mation on arrival timesand busbay locations[see Figure4].)
Those survey respondentswho had suggestions about improve-
ments “ mentioned improved accuracy the most often” (40).
Further, in a web-based transit ATIS evauation, survey
respondents sought the following improvements (41):

Northgate TC  "0:48Aw

Route Destination

5 Downtown Seattle
16 Northgate

16 Seattle Ferry Term
16 Northgate

16 Seattle Ferry Term
41 Northgate

41 Downtown Seattle
66E  Northgate P & R
66E Downtown Seattle
67 Northgate P & R
67 UW Campus

67 Northgate P & R

Save Time. Buy a Metro Pass. 624-PASS

Figure4. Seattle TransitWatch® display.

 Real-time transit information on web, by phone, at bus
stops, and on monitors at malls and office parks near
major transit centers;

» More sophisticated and detailed web interfaces;

* Point-to-point itineraries;

+ Point-to-point itineraries for multimodal trips;

» Recommended trip times and routes for fastest travel;

Tue Mar 02
Scheduled At Bay Depart Status
10:45 AM 6 On Time
10:41 AM 2 On Time
10:42 AM 6 Bus Departed
11:01 AM 2 No Info Avail
11:02 AM 6 On Time
10:44 AM 2 Bus Departed
10:50 AM 5 27 Min Delay
10:55 AM 2 On Time
10:55 AM 5 On Time
10:41 AM 2 18 Min Delay
10:42 AM 5 Bus Departed
11:11 AM 2 1 Min Delay




 Detailed maps of routes, with stops, and transfer loca-
tions; and
* Secure on-line bus pass purchases.

It isinteresting that many of these TTI improvements (with
the exception of travel times) have been made around the
country at various transit agencies since this evaluation was
conducted, most notably in Denver; the San Francisco Bay
area; New Jersey; and Washington, D.C.

3.2.3 Effects of Information on Behavior

Quantitative assessment of how the use of information
changes travel behavior is still in its infancy, and analysis
concerning transit information in particular is especially
sparse. There is alittle stated preference evidence resulting
from direct survey questions about travel changesin response
to information acquisition, but there are concerns about
whether response biases |ead to inaccuracies in such surveys
(42). For example, in a survey about commuter usage of
information designed for the Puget Sound Regional Council,
between 24% and 28% of bus and ferry commuters said that
they were likely to change their departure time as aresult of
pre-trip information, 10% to 16% were likely to switch
mode, and 11% to 14% were likely to change their routes.
Also, mean concurrence with the statement “When waiting,
I’'m happier if | know when the bus will come” was +3.9 on
a scale of —5.0 to +5.0 (this was the highest absolute mean
score for any attitudinal statement asked).

Recent research on changes in behavior caused by infor-
mation suggeststhat the number of travel alternativesbeyond
atraveler'sprimary travel choice drive the change in behav-
ior. Thisbehavior can changein the short-term, long-term, or
both. Other research shows that TTI results in mixed and
contrary effects on behavior. Most of the research conducted
to measure changesin behavior primarily arefor trafficinfor-
mation, so it is challenging to make assumptions about the
effects of TTI on behavior. The small body of research,
including TCRP Synthesis 48 (20), shows that behavior may
change for choice riders and that many systems say that TTI
systems result in an increase in ridership. However, this
resulting change in ridership cannot necessarily be quanti-
fied, even though agencies claim an increase.

3.2.4 Willingness to Pay for Information

Several of the previoudly cited sourcesindicate that while
this subject has been mentioned in the research, the research
on willingness for a user to pay for traveler information has
yielded mixed messages. In the U.K., various surveys pro-
duced stated willingness-to-pay estimates ranging from 0.9
pence ($0.01) to 26 pence ($0.41) per trip. The most reliable
of these surveys seems to indicate a valuation of about 9
pence ($0.14) per trip. Overall, the financia projections for
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London Transport (or Transport for London, as it is now
called) indicated arevenueincrease of about 1.5% on Count-
down-equipped lines and showed the business case to bejus-
tified at consumer val uations of about 2 pence ($0.03) per trip
and over. Likewise, Helsinki’ s Promiseinformation program
found user valuations to average about 6.5 Euro ($6.48) per
month, or 50¢ per request.

It is possible that improved TTI will have to be supported
by user fees or fareincreasesin adeclining economy. Because
no existing TTI services have a charge associated with them
(except for athird-party charge, such as a mobile telephone
charge for receiving or sending text messages), it is difficult
to assess whether existing and potential transit customers
will bewilling to pay for improved TTI.

In one particular case in the greater Washington, D.C.,
area, a provider of traveler information discontinued its
telephone-based service after 6 years in operation (its web-
siteis till in operation for the D.C. area) (43):

Local governments spent $8 million on SmarTraveler, call-
ing it an essential public service in aregion plagued by traf-
fic jams. The money was supposed to cover start-up costs
until the private operator could turn a profit. Five other areas
also invested millions in SmarTraveler, but all have aban-
doned it as a profit-making venture.

In 2000, an average of 12,000 phone calls were made per
month to SmarTraveler inthe D.C. region, which has a pop-
ulation of more than 5.4 million people. By the summer
of 2002, the average number of monthly calls dropped to
5,000.

In this case, there was a combination of factorsthat led to
the demise of thisserviceinthe D.C. area. First, system users
were unwilling to pay for personalized services, such as e-
mail or mobile device aerts. Second, users were demanding
more detailed and reliable information, which was not being
provided by the service because the technology infrastruc-
ture was not robust enough. Third, the ability to make aprofit
was hampered by a lack of advertising and other revenue.
SmarTraveler is still in operation in several regions, includ-
ing Boston and south Florida, because they are funded by
public entities.

3.3 WHAT DO TRANSIT CUSTOMERS WANT
TO KNOW?

Onapractical level, theimproved TTI wanted by existing
and potential passengers varies most along three of the eight
fundamental dimensions shown in Figure 3 (Section 3.2.2):

1. Thetypeof traveler, and hisor her level of familiarity
with the transit service;

2. Thenatureof thetrip, primarily intermsof what other
travel options (or even nontravel substitutes) may be
available to the traveler; and
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3. The particular stage of thejourney (location, point in
time, or both) in planning or making the trip at which
the information is being sought.

3.3.1 Type of Traveler

Regarding variation by the type of traveler, riders with
tripsthat they make frequently often need little basic (or “ sta-
tic’) information about the routes, schedules, transfers, and
fares they might encounter in the course of their most cus-
tomary journeys. It is important to remember, however, that
even frequent transit customersmay still need informationin
connection with trips they take infrequently.

On the other hand, very infrequent or neophyte riders
may have significant needsfor information just to find their
way to the appropriate route and stop, to determine sched-
ules and return trip options, to identify the appropriate fare,
and so on. For these unfamiliar or less frequent trips, itin-
erary planning services—detailed, point-to-point directions
generated by trip-planning and geographic information sys-
tems (GIS) software—can be especially useful. Asdescribed
in detail in the previous section, such services can be
provided via Internet websites, wireless devices, electronic
signsat stopsor stations, kiosks, or interaction with telephone
operators.

Itislikely that both frequent and infrequent riders can take
advantage of real-time information during their trips—for
example, by making use of at-stop displaysreporting vehicle
arrival times. The primary distinction may simply be in the
level of supporting navigational information that will be
necessary.

3.3.2 Nature of the Trip

Regarding the nature of the trip, atraveler’s information
wants may depend on the available options for travel or his
or her “degrees of freedom” for the trip. Information content
and timeliness needs to be oriented toward the types of alter-
nativesatraveler may consider at different stages of planning
or making atransit trip. These types of available options are
illustrated in Table 1. Choices of destination, mode, route,
departure time, and even whether to take atrip illustrate the
“degrees of freedom” available to the traveler. Moreover,
those travelers with significant flexibility (or higher degrees
of freedom) may need more information in order to make an
informed travel decision. A traveler considering options in
the time of travel or in the travel mode may a need a great
deal of content, in atimely manner, at the point of decision.
On the other hand, travelers with little or no travel options
may not require the same quantity or detailed level of detail
of information as those with greater flexibility.

A different version of this table, showing the relationship
between travel characteristics and dissemination media, was
produced for the FTA ATIS Human Factors Project dis-
cussed in Section 1.1, asshownin Table 2. Also, whileinfor-
mation may have asignificant effect on helping people make
their travel decisions, the overwhelming evidence to date
also suggests that both static and real-time information may
have significant value to customers even when it does not
lead to any changes in actua travel behavior. Information
may have the effect of simply reducing the potential anxiety
of the trip for the traveler. Examples include a passenger
calling ahead to announce his or her late arrival, the traveler
taking shelter from inclement weather until atime nearer to the

TABLE 1 Choicesavailabletotransit customersat various stages of their journeys

S Type of choice Potential
'ogurne DEEriE Information desired delivery
! y Go/no go? | Destination Mode Route fime platforms
Before leaving Updates on service Telephone,
home on a | Sometimes Rarely X X X disruptions, delays cable TV,
commute trip Internet
Before leaving .
work for Rarely Sometimes X X X U_pdate_s on service Internet,
h disruptions, delays telephone
ome
Boer:oall'e;rlieaf\élrng Point-to-point itinerary | Telephone,
P X Rarely X X X planning; operations cable TV,
non-work
updates Internet
purposes
Rail station Estimated travel times
entr_y, before X X X X Rarely (|nc|ud|ng_wa|t and In—_statlon
paying the transfer times) to display
fare potential destinations
Station At-sto
platform or Rarely X Rarely X X Vehicle arrival time di P
isplay
bus stop
Intermediate Vehicle arrival times, Kiosk, at-
transfer Rarely X Sometimes X X routing information, stop
points transfer instructions display
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TABLE 2 Réationship between travel characteristicsand

dissemination media

When / Where What How
=) & e |3 : > H =
Printed Material X X X X X
Telephone X X X X
Cellular Phone X X X X X
E-mail X X X
Handheld Device X X X
Internet Website X X X
Kiosk X X X X X
Television X X
Video Monitor X
Message Sign X
Annunciator X

bus's arrival, or the traveler who is just more satisfied with
the system because the traveler felt he or she was given an
honest and understandable explanation of a delay.

3.3.3 Stage of the Journey

Finally, and perhaps most importantly, information con-
tent requirements vary based on the stage of the traveler's
journey. The very time consumed by making the trip means
that conditions may change while en route, and information
content and format need to change as aresult. Before setting
out, travelers who are planning a trip need information on
available travel modes, the location of the nearest stop, and
schedule information. Such information is often provided
through printed schedules and their online equivalents, but
can also be complemented with itinerary-planning services
available over the phone or by accessing a website. Those
travelers at the bus stop may be concerned about when the
bus may arrive or even whether they are waiting for the right
bus—information that can be provided by means of at-stop
signs or monitors listing bus routes and estimated arrival
times. Once on board, travelers may be concerned about the
timing of a transfer connection, identifying the alighting
stop, or how to get from there to the final destination. Auto-
matic onboard annunciators can provide this kind of stop
location and transfer information to passengers.

To identify traveler's information wants or needs, one
must look at what information customerswould like to know,
when, why, and by what means. Tables 3 through 6 illustrate
one meansof categorizing the desired information. At various
stagesin their journeys, travelers may need different types of
information in various formats. The elementsin these tables
suggest that people making occasional or infrequent transit

trips may need more elementary orientation and navigation
information than do regular customers, but both groups can
also benefit from “real-time” information about current sys-
tem performance. Those who travel frequently may have lit-
tle need for navigation information, but a greater interest in
learning about variations from the expected performance of
the transit service.

3.4 EVIDENCE ABOUT HOW CUSTOMERS
VALUE INFORMATION IMPROVEMENTS

As implied in Section 3.2.3, surveys about changes in
behavior caused by TTI provide little direct evidence of
consumer valuations of specific information enhancements.
To find such evidence, other sources need to be reviewed
(mostly from Europe). Many European projects (e.g., Italy’s
Telematics Technologies for Transport and Traffic in Turin)
have attempted to quantify val uations through the use of both
stated preferences and revealed preferences (i.e., changesin
observed behavior).

Trias of the London Bus Countdown system (real-time
bus arrival time information displayed on electronic signs at
bus stops) provide some evidence on the reactions of transit
users to information enhancements. With the Countdown
system in place at bus stops a ong Route 18, mean perceived
waiting time fell from 11.9 minutes to 8.6 minutes, and 65%
of passengers felt that they waited a shorter time (even
though actual waiting times did not change significantly)
(15). Theresults of trialsfor other routes were less dramatic,
but even so 21% to 24% of passengers felt that they were
waiting less. Other customer surveys have shown that 89%
of respondents state that waiting itself is more acceptable at
stops equipped with Countdown.



TABLE 3 Sampleinformation desired by transit customers: pre-trip

Occasional Trips

Both Occasional and Frequent Trips

What routes are near my home, work, and
other key locations, and what destinations
can | reach by transit from those points?

Where is the closest stop or station? What
are the schedules for the services that stop
there?

Can | go to an intermediate destination? Is a
transfer required? When and how can | get
back home?

Do | have multiple route or transfer point
choices to get to this particular destination?
Which will get me there fastest, or most
reliably, or with least hassle?

When should | leave my trip origin location?
How long will | have to wait for service?
When will | arrive at my destination?

What will the total trip time be, compared with
other modes (e.g., walking, cycling, taxi,
driving)?

How do | get to the station or stop? Is parking
available nearby? Are bike racks available?
Will | be allowed to take my bicycle on the
bus or train?

How much will | pay? Overall, how much will
it cost compared with other modes? Where
and how do | pay? Do | need to use certain
forms of payment?

Will | be able to navigate the system in a
wheelchair, or with a stroller or luggage?
Which routes or boarding points will have the
fewest obstacles (stairs, faregates with no
luggage provision, etc.)?

Is the system safe? Are there particular lines
or areas to avoid?

Are there disruptions to the usual schedule?

How are alternative modes or routes
performing today?

Can | improve my trip by leaving earlier or
later, taking an alternate route or mode, or
going first to an intermediate destination?
What's the best way to get to the station today
(e.q., by walking, driving, cycling)?

What will the total trip time be when | travel
today, compared with other modes (e.g.,
walking, cycling, taxi, driving)?

TABLE 4 Sampleinformation desired by transit customers: at station or stop

Occasional Trips

Both Occasional and Frequent Trips

What is the fare? What is the payment
system? Do | need to use certain forms of
payment? Will | save money by buying other
than a single-ride fare?

How will | recognize which bus or train is
mine?

When will my train or bus get here?

Which of the alternative trains or buses
currently available here (e.g., different
routes, express or local services) will get me
there first?

Will the next bus or train be less crowded
than this one? When will it get here, and
when will it get me to my destination?

If my bus or train doesn't arrive here on
time, should | continue to wait, switch to a
different mode, or give up altogether?
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TABLE5 Sampleinformation desired by transit customers: onboard or transferring

Occasional Trips

Both Occasional and Frequent Trips

If I have several transfer point options, how
do they compare (travel times, reliability,
personal safety, walking distance, comfort,
etc.)?

How do | navigate at the transfer point or
station?

Do | need to pay to transfer? How do |
obtain whatever | need to prove my transfer
validity?

When should | start getting ready to alight?

Where should | position myself (on
platforms, in vehicles, etc.) to make my trip
most expeditiously (e.g., maximize my
chance of a seat, minimize my connection
time, etc.)?

What is causing this delay, and how long will
it last?

When will my connecting train or bus arrive?

How do | navigate the station or system so
as to minimize physical barriers?

Passengers al so claimed to have waited for abusindicated
at a Countdown stop when they would not have waited at a
normal stop, in proportions ranging from 23% to 66%.
Between 83% and 93% of interviewees felt that the Count-
down system should beintroduced on all London routes, and
between 53% and 68% of respondents claimed that their atti-
tude toward bustravel had improved asaresult of the system.

Surveys of the users of Southampton’s Stopwatch project
(which provides bus arrival time information via variable
message signs at bus stops) indicate that about 3% of riders,
on net, plan to use the bus system more often as a result of
having this information (44). Again, because thisis only a
stated preference response, it may be unreliable because of
noncommitment bias, strategic bias, or other sources of re-
sponse biasand error. However, it does seem to be supported
by the results of other studies. For example, with the intro-
duction of the Phoebus system in Brussels and Angouléme,
increased ridership of about 5.8% was observed on buslines
equipped with real-time information about waiting times
(44). This is consistent with other trials, such as that in

Liverpool, in which ridership purportedly increased between
5% and 6% on lines equipped with at-stop displays. Other
evidence on consumer response comes from Turin, which
has seen a 3% shift in favor of public transport since the
introduction of its Telematics Technologies for Transport
and Traffic in Turin information system.

The Countdown and Phoebus projects also give some
insight into the specific ways in which passengers use and
respond to wait-time information. Countdown studies showed
that about 90% of passengers look at the sign while waiting
and about 60% look at the sign at least once per minute. With
Phoebus, studiesfound that 2% of passengers go back home,
4% decide to walk, and 10% change mode as a result of the
at-stop information. Other information relating to the value
that customers place onimproved TTI can be summarized as
follows:

* In the Infopolis 1 project (45), users responses to
Countdown and Infobus (in Turin, Italy) indicated that
the vast majority (more than 90%) said that they were

TABLE 6 Sampleinformation desired by transit customers: at arrival station

Occasional Trips

Both Occasional and Frequent Trips

Where is my destination relative to the stop
or station? What is the best way to get
there?

Where can | get a taxicab or make another
intermodal connection?

Can | reconfirm my return trip information?

Is there an elevator to street level? Where
can | exit to minimize physical barriers?

Where are the elevators in this station?
Where is the cabstand? The bus stop?
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either very satisfied or satisfied with the systems, while
only 6% stated that they were not satisfied by the over-
all function of the systems.

Infopolis 2 reported on a study that was carried out in
France 6 months after the launch of the Digiplan device
(46). The results provided included (47)

— 50% of users of Digiplan used public transportation
afterwards;

— After consulting Digiplan, 3% of the users decided
to use public transportation even though they had no
definite intention of using it at the beginning; and

— Similarly, after a first attempt at using the device
(which was a “self-training” session), 8% of users
took public transportation for afuturetrip, for which
they again used the kiosk system.

Customer satisfaction with Travinfa®—an ATIS pro-
viding information on traffic conditions and multimodal
travel options to the public in the San Francisco Bay
Area—was high (48, 49): 80% of users were repeat
users of the service. Initially, during the field operation
test, less than 1% of Travinfo callers asked to be
rerouted to the transit menu after hearing about bad traf-
fic conditions. After the field operational test, 5% were
rerouted. Furthermore, 12.4% changed both departure
time and route after making a call to Traveler Advisory
Telephone System (TATS); 19.5% changed departure
time; and 9.7% changed route only. High remarks were
given to the system by 71.4% of users, while 41.9%
thought that the system was better than radio or television.
Surveys in Brussels show user satisfaction on Phoebus
to be 90%. The systems are regarded asbeing very user-
friendly, and display readability is felt to be excellent.
The Brussels experience is that the use of public trans-
portation on the lines equipped with these displays has
increased by 6%.

In Helsinki, 71% of the tram passengers and 83% of the
bus passengers noticed the travel er information displays
at their respective stops (50). The displayswereregarded
as useful by 66% of the tram passengers and 78% of the
bus passengers. The most desirable features of the dis-
play were knowing the remaining wait time and know-
ing if the expected vehicle had already passed.

In Glasgow, Bustime user feedback in surveys has been
extremely positive. There is 98% acceptance, and 46%
of users say that they would be encouraged to use the
bus service more often because of the system (51).

A survey that was carried out in 1997 and 1998 on the
Timechecker system in Liverpool included the follow-
ing results (51):

— The Timechecker system led to a 5% increase in
patronage on routeswhere Timechecker wasinstal led;

— 68% of passengers used Timechecker consistently;

— The system claimed a 90% accuracy;

— 85% of users believed that the use of Timechecker
made waiting more acceptable; and

— 87% felt that Timechecker gave a feeling of re-
assurance.
In an initial survey conducted about the Transit Tracker
system, the results revealed the following (52):

» 73% reported that the bus was usually on time;

* 91% are satisfied or extremely satisfied with bus adher-
ence to posted schedules;

* 97.3% feel secure while waiting at the bus stop during
the day;

* 63.3% feel secure while waiting at the bus stop during
the night; and

* 91% are satisfied or extremely satisfied with bus service.

Key findings from the aforementioned second survey of
Transit Tracker usersin Portland, Oregon (see Section 3.1.2)
show that “passengers place a very high value on having
Transit Tracker at their stop. Because of this, it islogical to
assume that customer satisfaction will increase with the
placement of more Transit Trackers throughout the system”
(53).

Given the results of most of these surveys, which show
that transit customers place ahigh value on TTI, particularly
real-time information, one technique has been developed to
predict “how customer satisfaction increases with the pres-
ence of the information system at bus stops and, in particu-
lar, with its performance” (54). This model could be used in
the future to determine whether introducing real-time infor-
mation at atransit stop or station would increase overall cus-
tomer satisfaction with the transit service.
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SECTION 4
STATE OF THE ART INTTI

4.1 REVIEW OF TECHNOLOGIES

TTI systems are key technology applications within the
transit industry, designed to provide timely and accurate
information to help transit riders make decisions on modes
of travel, routes, and travel times. This information gener-
ally includes transit service areas and routes; scheduled
vehicle departure times; projected vehicle arrival times
(through AVL); servicedisruptionsand delays; information
on fares, transfers, and other transportation services; and
information on the various activities and events in the
region. This information is used to assist customers and
potential customersin making pre-trip and en route (includ-
ing in-vehicle) trip decisions. Such a TTI system not only
assists riders in their trip planning, but also improves the
visibility of transit agencies within their communities.
Often, access to thisinformation is through various media,
including the Internet, wireless PDAS, electronic displays
at stops and stations, kiosks (at bus shelters, office build-
ings, shopping centers, and other locations), and land or
mobile telephone.

Given that a basic level of information can be dissemi-
nated easily to the user via these media, the next level of
information requested will be tailored to meet a particular
user group’ sor individual’ stravel needs. Thislevel of infor-
mation may be provided by a private entity (sometimes
known as an information service provider [ISP]).

Before describing the types of TTI and available tech-
nologies, it isimportant to note that underlying data of good
quality isrequired in order for quality TTI to be generated. A
comprehensive bus stop inventory is the most basic data
required for applications that provide the basis for develop-
ing and disseminating information, such asan AVL system.
Developing and maintaining this type of inventory is con-
sidered a challenge by many agencies for several reasons,
including the fact that one agency may have several bus stop
inventories that contain conflicting data on characteristics,
such as exact latitude and longitude, and that resources nec-
essary for maintaining such a database are scarce. In any
case, an AVL system’s accuracy and reliability is directly
dependent on an accurate and reliable bus stop inventory,
among other important factors, such asthe accuracy of posi-
tioning technology.
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4.1.1 Types of TTI

While there are any number of ways to categorize TT1—
for example, based on the medium of communication used or
the type of information that is received—the most common
classification schemeis one that simply groups TTI services
according to the stage of the journey at which the informa-
tion is received. It has become an industry standard to clas-
sify TTI asbeing: (1) pre-trip; (2) en route (and in-terminal/
wayside); or (#) in-vehicle.

One issue that must be addressed with al types of TTI is
the accessibility of this information to individuals with dis-
abilities. Technologies that provide accessibility of traveler
information include DM Ss at stops and stations for persons
with hearing impairments (providing en route information);
automatic annunciators and signage to provide in-vehicle
information for personswith visual and hearing impairments,
respectively; and talking signs and kiosksfor passengerswith
visua impairments. Severa transit agencies have deployed
remoteinfrared signage systems (RISSs)—that is, hand-held
devices that convert informational signs into a spoken mes-
sage. RISSs provide persons who have visual impairments
with significantly improved abilities to understand transit
signage, navigate around a transit stop or station, and board
atransit vehicle at a busy stop or station (1).

4.1.1.1 Pre-trip Transit Information

Pre-trip information is information that a rider accesses
before embarking on hisor her trip. It coversan array of areas
such as route alignments, schedules, arrival times, delays,
itinerary planning, and multimodal information. Hence, pre-
trip transit information playsacritical rolein the user’s deci-
sion on which mode to take, what route(s) to take, when to
make the trip, and how to get to his or her destination.

Pre-trip information includes static information on routes,
schedules, fares, and system policies, and itinerary planning
(also known as trip planning). This information includes
timetablesfor individual train and busroutes and system maps
and schematics. Information of thistype, while updated peri-
odically to reflect service changes, does not reflect the cur-
rent operating conditions of the transit service. Historically,
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the main source of this type of information has been printed
schedules, maps, and other materials displayed at rail sta-
tions, at bus terminals, and (often very sparingly) at bus
stops. Pocket versions of these materials are distributed by
many transit agencies either in the system or through local
shops and other outlets. However, static information such as
route, schedule, fare, and other information is now provided
via the telephone, Internet websites, wireless media, and
public kiosks. The systems needed to provide this informa
tion include automated tel ephone-answering systems, which
alow passengers to access information on the route of their
choiceusing thetelephone keypad or speaking their responses;
websites containing electronic versions of transit schedules
and route maps; and computer kiosks with this information
either preinstalled or available through an Internet connec-
tion. Providing static information using the Internet allows
the user to select the specific type of information required,
and, in some cases, this selection process can be more inter-
active than just selecting a specific schedule for a specific
route. For example, the user may select a route by clicking
on a specific place on amap of the transit system. He or she
can then obtain the schedul e associated with this route. Also,
this selection process can be linked to real-time information
about when the next few vehicles on that route are expected
to arrive at specific stops or stations.

Improvements being made to static information include
bus stop schedules that provide information about vehicles
leaving from one specific stop and spider maps, which show
all the transit services emanating from one specific stop.
Transport for London has deployed these improved forms of
static information for buses via its website (www.tfl.gov.
uk/buses/). A detailed description of these improved forms
of static information is provided in Section 8.

Itinerary planning allows passengers to plan a door-to-
door (or station-to-station) trip using one or more transit
services. This feature enables travelers who are making a
one-time or atypical trip, for instance, to plan their transit
journeysbeforeleaving. Itinerary planning also allowstourists,
visitors, and otherswho are less familiar with the transit ser-
vices to plan compl ete routes to their destinations, reducing
the stress of trying to navigate an unfamiliar transit system.
Users can request atrip plan based on such variables as |east
travel time, minimal walking distance, lowest cost, least num-
ber of transfers, modal preference, and need for paratransit
service.

Historically, most North American transit systems have
provided itinerary-planning services by means of atelephone
information service operated by knowledgeable stafferswith
(1) agood geographical knowledge of the system; (2) sched-
uleand routeinformation; and (3) in the most recent decades,
software resources to interrogate a database rapidly and to
findtheitinerary or itinerariesmost responsivetotheinquirer’s
constraints. Currently, the use of trip-planning software, which
can calculate a number of aternative itineraries for each
door-to-door or station-to-station trip, is quite common. The

software can be accessed internally by agency staff and the
information relayed to callers, or it may be made availableto
passengers directly through an automated telephone service,
an Internet website, or akiosk.

Asmentioned in Section 3.1.2, many transit websites now
provideitinerary planning. WMATA's RideGuide systemiis
one such itinerary-planning service, which is provided on
WMATA'’s website (www.wmata.com). This system, along
with several others, will be described in detail in Section 4.2.

4.1.1.2 En Route (and In-Terminal/Wayside)
Transit Information

The importance of providing transit information does not
stop once the traveler embarks on his or her trip. Quite often
and for various reasons, transit vehicles do not run according
to the pre-trip information the traveler hasreceived. En route
travelers may experience anxiety if their vehicles do not
arrive on time according to the schedule, if they are not sure
where to go to catch their intended vehicles, or if they have
missed the last vehicle (or do not know if they missed the last
vehicle). Providing en route transit information plays a sig-
nificant rolein keeping travelersinformed about the status of
their vehicles; reducing their anxiety; and directing them to
the right stops, platforms, and bays. Real-time or dynamic
information describing current transit operations includes
updates on delays, incidents, and service diversions along
transit routes, as well as estimated vehicle arrival and depar-
turetimesfor stopsalong theroutes. In contrast to static infor-
mation, this dynamic information needs to be updated on a
frequent basisif it isto be useful to passengers.

Real-time updates about transit operating conditions can
berelayed to passengersin anumber of ways. At transit stops
and stations, DM Ss, video monitors, and public address sys-
tems can report the estimated arrival (or departure) times of
trains and buses and information about conditions or inci-
dentsthat cause the buses or trainsto operate in unscheduled
ways. Updated information on vehicle arrival times and
delays can also be placed on the agency’s website or auto-
mated telephone answering system or on a cable television
channel. An even more“interactive” system can send updates
or alertsontransit operationsto passengersviae-mail, pagers,
portable phones, or PDAS.

In recent years, several transit agencies have deployed en
route transit information systems. These real-time transit
information systems are the subject of several current proj-
ects, including the aforementioned FTA and TCRP Synthe-
sis projects. Information on these systems will be presented
in detail in Section 4.2.

4.1.1.3 In-Vehicle Transit Information

In-vehicle transit information provides important infor-
mation to travelers while they are en route. In-vehicle infor-



mation such as automated annunciator systems help transit
agencies comply with the Americans with Disabilities Act
(ADA) by providing train stations and major bus stop loca
tionsin both text and audio formats. Furthermore, in-vehicle
information reassures passengers that they have taken the
right vehicle and route. Onboard displays are also used for
informing passengers about transfer points, service disrup-
tions, and other events.

Most transit operatorsthat areimplementing these systems
are supplying some combination of audible and visual infor-
mation on next stop, major intersection, and transfer points
to achieve both objectives. Two primary mediaare used: auto-
mated audible annunciatorsand in-vehicle displays. Both can
communicate location-rel ated information to customers based
on location data from the AVL system, datathat istypicaly
processed using an onboard microprocessor that isoften used
to support other onboard systems.

Another development in in-vehicle transit information is
integrating bus destination signswith AVL systemsto ensure
that destination information displayed for waiting passengers
isaccurate. Thisintegration is particularly important on multi-
route corridors or multibranch routes and takes the responsi-
bility away from the vehicle operator by automating destina-
tion sign changes with the AVL/computer-aided dispatch
(CAD) system. Perhaps the most sophisticated examples of
in-vehicleinformation involvetransit agenciesthat are enhanc-
ing their fleet management systems so that passengers who
are already on board can request and get confirmation on
transfers to other transit services. This technology, called
transfer connection protection (TCP), has been and is being
deployed in several agenciesin the United States.

4.1.2 Available Technologies

Static information on routes, schedules, and fares is typi-
cally provided via relatively low technology means such as
printed timetables, information booths, and telephone sys-
tems. Augmenting this manually provided static information
with real-time updates about transit service—for example, by
giving buslocationsor estimated arrival or departuretimes—
requires specific technological infrastructure. These underly-
ing technologiesinclude AVL systems, communication sys-
tems, prediction algorithms, and mediathat disseminate TTI.

4121 AVL Systems

Providing real-time information about transit vehicles
(arrival and departure times, location, delays, etc.) requires
that the location of the vehicle be determined. An AVL sys-
tem is necessary for determining the location of vehicles,
and, in some instances, it can also provide other operational
parameters such as vehicle speed and direction. In addition
to providing the datathat isthe basisfor TTI, AVL systems
are important from a safety and security perspective: dis-
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patchers can respond more quickly to incidents, accidents, or
other emergency situations because they know exactly where
the vehicles are.

There are numerous types of AVL systems, each utilizing
different technologies. Currently, the most common AVL
technology is based on GPS. Other technologies include the
signpost/odometer method and tag and tag-reader systems.

GPSbased AVL system: GPSis a series of satellites fly-
ing in geosynchronous orbit that emit signals that are re-
ceived by vehicles equipped with GPS receivers to provide
very accurate geographic location. By receiving signalsfrom
no less than three different satellites, the GPS receiver com-
putes avehicle slocation by triangulation. GPSis often aug-
mented by adding a transmitter tower of known geographic
location (latitude and longitude): the GPSreceiver and proces-
sor on a vehicle use the tower to provide error correction in
case one of the three satellite signals is lost because of
topography or urban canyons. This is called differential
GPS (DGPS). Because selective availability—error that was
introduced into the GPS system—is no longer used, DGPS
may not be necessary. Further, the Nationwide DGPS Sys-
tem supported by U.S. DOT provides accuracy between 3 to
10 meters.

As mentioned earlier, GPS-based AVL systems are the
most common of all AVL technologies. The Central Ohio
Transit Authority’s (COTA’S) real-time bus arrival system
(i.e., Ride Finder) uses such a system. In an effort to avoid
duplicating equipment on board buses, COTA interfaced the
Ride Finder interface with the newly acquired DGPS-based
AVL system in order to obtain bus locations and other nec-
essary data.

There are other examples of real-timeinformation systems
using GPS technology that are provided by athird party. A
third-party company installs its GPS receivers on transit
vehiclesor it usesinformation from an existing AVL system.
Some agencies that already have a GPS-based AVL system
and do not choose to integrate it with the third-party’s real-
timeinformation system end up with asecond GPSreceiver.
Also, unlike other real-time information systems in which
dataprocessing is done at the agency’ s site on agency-owned
computer equipment, a third-party system utilizes the third-
party’ sserversat itsown location. All data processing utiliz-
ing thistype of third-party systemisdone at the third-party’s
servers. City-University-Energysaver (CUE)—a transit sys-
tem in Fairfax, Virginia—has been using this type of system
to provide its passengers with real-time arrival information
at bus stops and on the web since 2001. Currently, at least
seven other transit agencies are using this type of system.

Another interesting exampleisVirginiaRailway Express's
(VRE's) Train Brain system. Train Brain provides trains
locations on a system map on the Internet as well as infor-
mation about major problems and delays. Although Train
Brain utilizes GPS technology to determine the location of
trains, the systemisnot entirely automated. Customer service
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agents receive train locations and then make the decision
whether to report the delay of a particular train based on a
certain threshold (10 min or later). This information is also
used in a sister project called Train Talk, which provides
e-mail alerts about VRE train status and delays or problems.

Sgnpost/odometer method: Using this AVL technology,
information about a vehicle's location is determined by
knowing the fixed location of a wayside signpost, when a
vehicle passes this signpost, the current odometer reading,
and the vehicle's scheduled route. Wayside equipment reads
a tag/transponder placed on the vehicle as it passes by. A
variation of this system is using loop-detectors rather than a
tag reader to detect when a vehicle passes a certain point.
Signposts are located at specific points along the route, and
they transmit to a central point (usually dispatch) the identi-
fication (ID) of avehicle that has passed by, or the vehicle's
tag/transponder reads the ID of the signpost and transmits
that I D back to acentral point. Determining location between
signposts is interpolated by using odometer readings. Upon
receiving the data transmitted from either the signpost or
vehicle, the central computer would compute the vehicle
location by cross-referencing the data with the geocoded
location of the signposts.

The Los Angeles County Metropolitan Transportation
Authority (LACMTA) providesreal-timearrival information
on its Metro Rapid bus rapid transit system by using loop
detectorsthroughout the route to determine buslocation. The
Los Angeles DOT (LADOT) developed this real-time sys-
tem. As a Metro Rapid bus passes by one of the loop detec-
tors, the bus number, time, date, and loop detector number
are transmitted to the central computer using cellular digital
packet data communications. The central computer looks at
thetimeit took the last busto traverse the same segment that
the approaching bus is about to traverse. The approaching
bus is assumed to take that much time to traverse that seg-
ment. The central computer will then transmit to the appro-
priate DMS the anticipated arrival time of the next bus.

Alternatively, in Seattle, Washington, King County Metro
utilizes the signpost/odometer method to provide real-time
arrival information. Signpost transmitters that broadcast a
signal aredistributed throughout King County. Buses pick up
these signals and transmit them to the central computer,
which in turn computes the buses's location. Transport for
London also usesthe signpost method for itsvehiclelocation
system.

One of the largest signpost-based AVL systemsisused in
London to monitor all busesin the London Buses division of
Transport for London. The London Countdown system is
based on this signpost (also called a beacon) AVL system.
Anonboard AVL unit receivestheidentity of aroadside bea-
con as the bus passes the beacon. Since each beacon has a
unique identifier, the bus can then determineitslocation, and
the location information is forwarded directly from the vehi-
cleto acentral system viathe onboard radio. Currently, there

are 5,000 beacons deployed in the London Buses service
area. Figure 5 describes how the AVL and Countdown sys-
tems function.

WMATA's Metrorail system uses a fixed-block system,
which could be considered another form of a“loop detector”
method. Each block has a fixed running time. When atrain
passes by a certain block, the train information and block
code are sent to the Rail Operations Computer System cen-
tral computer. Using this information, the system calculates
estimated arrival time at the downstream stations. The esti-
mated arrival time, the line (which is designated by color and
destination), and number of cars are sent to a group of signs
at each station.

4.1.2.2 Communications System

The effective and efficient operation of transit systems
depends on a sound and reliable communications system.
Such a communications system also provides the necessary
backbone for the operation of an AVL and other ITS systems
(such as a red-time transit information system). The most
common communication technology for transit ITS iswide-
area wireless. Other technologies include dedicated short-
range communications and local area networks (LANS).

There is considerable variation in the capabilities of each
communication technology applied to transit. The technol-
ogy can support voi ce communication, data communication,
or both. Further, the technol ogy can be one-way or two-way.
Finally, the coverage of each technology isacritical factor.

Wide-areawirdess. Wide-areawireless(WAW) networks
are communication networks based on radio frequency tech-
nology. These networks are different from conventional, pri-
vate, land mobile radio systems, which typically require
larger and more powerful transmitters and towers.

There are two types of WAW systems: generic and pro-
prietary systems. Generic technologiesinclude services such
asanalog cellular, digital cellular, cellular digital packet data
(CDPD), and personal communications systems. Proprietary
technologies include the Advanced Radio Data Information
Service (ARDIS™), EMBARC, MobileComm, Nextel, RAM
Mobile Data, Ericsson, MTEL™, and others. European sys-
tems in particular may make use of protocols such as global
systems for mobile communications, Radio Data System—
Traffic Message Channel (RDS-TMC), digital audio broad-
casting, and general packet radio service. CDPD has become
an important data communications technology for transit
because it supports relatively high data transfer rates (of up
to 19.2 Kbps); it allows Internet protocol (1P) multicast (one-
to-many) service—meaning that a base station can broadcast
amessage to many recipients smultaneously; and it utilizes
unused space on existing cellular networks. However, CDPD
often costs more than conventional communication tech-
nologies because charges are normally calculated based on
the number of data packets sent per time period.
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Figure5. London Buses AVL and Countdown systems.

As mentioned earlier, LACMTA uses loop detectors to
determine thelocation of its Metro Rapid vehicles. Using the
bus number, time, date, and loop detector number received
from the field, the central computer computes a bus's esti-
mated arrival time. Once the estimated arrival time of the bus
is computed, this information is transmitted to a display at
bus shelters. The message travelsfrom the LADOT  straffic-
control center to AT& T’ s nationwide cellular data network,
which relays it to awireless CDPD/IP modem built into the
electronic display at the target bus stop.

COTA'’s Ride Finder in Columbus also uses CDPD com-
munications between the AVL central computer and DM Ss
at bus shelters. After the central computer computes the pre-
dicted arrival time of abus, the information is sent to Veri-
zon's cellular data network, which in turn sendsiit to awire-
less cellular CDPD modem in the DMS. Each DMS has its
own cellular subscription and messages are sent to a particu-
lar DMS.

Unlike COTA'’s Ride Finder, San Luis Obispo Transit
wanted to lower the operational cost of communicating with
the DM S units deployed at the bus stops. These units have a
built-inintelligence module that allows all deployed signsto

listen to a single, bundled text message sent by way of a
pager. This one message contains the updated data for all
signs at all stops. Each Smart Transit sign is easily pro-
grammed to know the bus stop(s) and bus route(s) it is ser-
vicing. Once the text message is received, the “smart” sign
strips out and uses only the information meant for its specific
location. The sign then uses this information to inform the
waiting passengers of thetimeremaining until thebusarrives
at that specific bus stop. This technique allows the transit
agency to limit its Smart Transit sign communication link
costs.

Dedicated short-range communications: Dedicated short-
range communications (DSRC) have a somewhat limited
application to transit. The most commonly used form of
DSRC isthe beacon/tag combination used for toll collection
on bridges, tunnels, turnpikes, and parking facilities. The
electronic tag, or transponder, contains a small radio trans-
mitter that is used to emit a short-range radio signal that the
beacon, or tag reader, receives. The beacon then transmitsthe
data to the necessary computer hardware and software via
radio frequency. The short-range radio signals are transmit-
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ted at a specia frequency designated by the Federal Com-
munications Commission for these short-range communica
tion needs. Thetags can beeither active or passive. In Europe,
DSRC are used for communications between transit in-vehicle
equipment and roadside beacons to determine schedule
adherence and to cal cul ate the estimated time of arrival at the
next stop (e.g., London Buses).

Tagsand tag readers are also used in passenger rail systems
for avariety of purposes. These purposesinclude automatic ve-
hicleidentification, tracking and control, and communications-
based signal systemsthat can replace outmoded block-signal
systems.

One agency that uses ashort-range communications system
is River Valley Transit (formerly CityBus) in Williamsport,
Pennsylvania. Because bus bays were not preassigned for a
particular route, buses had to select an availabl e bus bay upon
arriving at the transfer center. This arrangement made it a
challenge for customers to find their buses. The solution to
thischallengeisasystem that usestwo variable text message
signs to display the bay number for each bus as well as to
warn when abus is about to depart (see Figure 6). Each bus
is equipped with a mobile data terminal (MDT), which the
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driver uses to send a message to the dispatch center indicat-
ing the selected bus bay. The mobile data communications
use spread-spectrum antennas; bus antennas use unlicensed
radio-frequency spectrum to communicate with transfer cen-
ter antennas over a limited range on a “line-of-sight” basis.
The original number of spread-spectrum antennas proved
insufficient to communicate with the many different loca
tions of buses around the transfer center (this short-range
communications method requires asubstantially clear line of
sight), but this was addressed by adding antennas at various
locations.

4.1.2.3 Prediction Algorithms

TTI systems that provide arrival and departure time pre-
dictions depend on aprediction model or algorithm to process
vehicle-location and related information. The accuracy of the
predicted arrival time is contingent on the accuracy of the
model or algorithm being used. A variety of datais used as
input to the prediction models or algorithms. These inputs
typically include vehicleidentification, vehiclelocation, cur-

Bus Bay Nos.

Figure6. CityBus Transit Transit Center sign.



rent traffic conditions, historical traffic conditions, and real-
time operating data from the last several buses on that route
that passed that stop.

LACMTA’s Metro Rapid real-time information system
contains a prediction model that was developed by LADOT.
The model operates by recording bus arrival time at every
bus detector, then estimates bus travel time using previous
bus information, and finally calculates arrival times for
approaching buses to all bus stops (2):

TPM [Transit Priority Manager] first tracks every datathat is
generated when a bus traverses through a detector in the sys-
tem. It consists of two real-timelists—the Hot-List (HL) and
theRun-List (RL) objects. The HL tracks movement of every
bus operating along a TPM corridor, which contains the bus
attributes, position, and running status. The RL stores the
detail time point table and detector attributes, including bus
scheduled arrival time-points, and actua arrival time-points.

Bustravel timeisafunction of distance and prevailing bus
speed. TPM employs a Dynamic Bus Schedule Table tech-
nique (DBST) using an innovative agorithm approach called
the Time Point Propagation (TPP) method, which dynami-
caly builds the Schedule Arrival Time Point table with run-
time information from the prior bus arrival timefor the same
locations plus the active headway value of the current bus.

Theactua arrival time point isalso used for the prediction
of Estimated Time of Arrival (ETA) of the next bus. ETA is
calculated based on the previous bus travel time under the
assumption that the current bus would experience the same
or similar traffic conditions in the same segment of the cor-
ridor. The predicted bus arrival information is then transmit-
ted through Cellular Digital Packet Data (CDPD) servicesto
LED display signsat major bus stations. According to afield
survey, the accuracy of the bus arrival information is rela-
tively high.

The King County Metro bus arrival information system
(MyBus) employs an agorithm that uses time and location
pairs with historical statistics in an optimal filtering frame-
work to generate estimated arrival times. The agorithm
relies on assumptions that “alow the problem to be formu-
lated in a statistical framework and fulfill the requirements
necessary to use the Kalman filter to make optimal estimates
of the predicted time until arrival for individual vehicles’ (3).
A set of mathematical eguations, the Kalman filter provides
an efficient computational (i.e., recursive) solution of the
least-squares method. The Kalman filter is powerful: it sup-
ports estimations of past, present, and future states, and it can
do so even when the precise nature of the modeled systemiis
not known (4).

41.2.4 Information Dissemination Media

AVL, communications, and other key underlying technolo-
giesarenecessary systemsto collect and processthe datathat
isusedin TTI systems. However, these systems are not very
useful without a dissemination mechanism to communicate
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the TTI to travelers. Not long ago and aside from printed
media, traveler information was accessible only by telephone.
Thetechnological advancesthat have taken place in commu-
nicationsin the past few years have greatly impacted how TTI
is distributed to users. Currently, transit agenciesare using a
variety of mediato better inform their riders about their ser-
vices. These media include mobile phones, pagers, PDAS,
DM Ss, video monitors, kiosks, and the Internet.

Not only did the advances in communications impact how
the information reaches the users, but it also revolutionized
when the user can access the information and the type of
information that is available. Wirel ess communications make
it possible for travelersto receive information anywhere and
anytimethrough wirelessdevicessuch asPDASs, WAP-enabled
cell phones, and DM Ss at stops and stations. The introduc-
tion of the Internet and kiosksfor providing detailed traveler
information, customized itineraries, interactive maps, and
real-timeinformation allows usersto access TTI ontheir per-
sonal computers and at key activity centers.

Information dissemination media can be divided into four
categories: personal communication devices, honinteractive
displays, interactive wayside devices, and the Internet and
e-mail services.

Personal communication devices. This category includes
traditional land-line phone and wireless devices such as cel-
lular phones, pagers, and PDAs. Wireless communications
devices are becoming more and more popular with transit
agencies because they provide abetter level of customer ser-
vice at avery low cost. Wireless devices are not limited to
accessing real-time information: they are also being used to
provide static schedule information. For example, Zero-
Sixty, which will be described in Section 6, provides transit
schedules that can be downloaded to a subscriber’s PDA.
Another example is using a WAP-enabled cell phone to
receive an itinerary from Transport for London’s Journey
Planner.

Noninteractive displays: These devices can be divided
into DMSs at bus stops and train stations, DM Ss on board
vehicles (automated annunciation system signage), and video
monitors. DM Ss are more popular than are video monitors
because DM Ss comein avariety of shapes and sizesand are
moreversatile. Video monitorsand wayside DM Ssare mainly
used to display arrival times, bay information, and service
delays; onboard DM Ss are mainly used for announcing and
displaying next stop information.

Interactivewaysidedevices. Anexampleof aninteractive
wayside device is a kiosk. Kiosks are being deployed at
major bus centers, train stations, and other public places such
as hotels, airports, and commercia centers. The single most
important advantage of kiosks is that they are interactive
devices. Thisfeatureallowsthe usersto accesstheinformation
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they need in a relatively short time. Moreover, kiosks can
provide aninfinite amount of information when they are con-
nected to the Internet by providing links to a host of sites
such as sites on weather, traffic, and other local information.

Internet and e-mail services. Through the Internet, users
can access a variety of TTI at any time to obtain schedules,
real-time arrival information, itineraries, and other TTI.
E-mail services, on the other hand, are usualy limited to
information on delays, incidents, emergencies, or real-time
arrival information. Furthermore, unlikethe Internet, e-mails
are not interactive and are one-way messages. Given the
importance of the Internet in providing TTI, the current state
of TTI deployment on the web is reviewed as follows.

The Transitweb website (transitweb.vol pe.dot.gov/intro-
duction.asp) provides comprehensive information on transit
websitesthat werereviewed in July and August 2001. A total
of 637 websites were reviewed, with 520 from urban areas
and 117 from rural areas. This review examined the fre-
guency of specific website features, as shown in Table 7.

The Transitweb review conclusions included the fol-
lowing (5):

» Thereis wide variation across websites in content and
presentation of information. This variation is present
within groups of websites from similar rural or urban
areas or within groupsthat are eligible for the same cat-
egory of federal funds.

» The most common features are fare and schedule infor-
mation, but they are not universally present. Since this
information is essential to using a transit system, it
seems that significant improvements could be made by
adding the information to the sites that lack it. There
was no significant change between last year and this
year in the percentage of agencies with fare and sched-
uleinformation.

* The main area of improvement in the past year is for
route-choosing content. System maps have been im-
proved so that more show transfer points clearly. Itin-

TABLE 7 Frequency of specific website features

PERCENTAGE OF
FEATURE WEBSITES WITH
FEATURE
Route-choosing content:
Any system map 44.0
With clear transfer points 27.9
With point-and-click 15.9
With "you are here" .05
With itinerary planner 7.6
Route-specific information:
Route maps 49.7
Schedules 81.0
Fares:
Comprehensive information 88.4
Online purchase of fare media 6.7
List of purchase locations 43.0]
Multimodal information:
Traffic information (real-time or construction notices) 1.1
Park-and-ride lots 15.0
Bicycles 29.0
Information for tourists 108
(highlighting common tourist destinations on maps, etc.) )
Links to websites with related content:
Other transit 41.0
Traffic 7.4
Intercity public transportation (bus, train, air) 21.5
Government 28.4
Current news, service updates, or real-time information:
Current info (temporary re-routing notices, special events, etc.) 21.5
Real-time info (transit vehicle locations, incident information, 1.9
parking availability, etc.) )
Sign up for e-mail or other alerts 4.7
Rules and restrictions 52.0
Contact information (e-mail/telephone) 76.2/89.6
Website 24.5/.08
Transit 21.1/36.9
Unspecified/general/multiple 29.9/51.5




erary planners are still rare, but are becoming more
common.

+ A fair number of transit websites have links to other
sites (although they are not necessarily the compl ete set
of sites that users may find helpful) or to a comprehen-
sive set of websites providing information on all modes
of transportation available in the area. The links fre-
quently include sites that are irrelevant and sometimes
imply transportation options that are not available.

» The most common type of information on other modes
of transportation isinformation about the use of bicycles
in conjunction with transit. Information that might facil-
itate a decision about whether to drive or take transit—
such as traffic conditions, links to traffic sites, or infor-
mation on park-and-ride lots—israre.

4.2 CURRENT EXAMPLES OF DEPLOYMENT

In this section, key examples of deployed TTI systemsare
presented. These examples can be distinguished from the
information presented in Section 5 in that these examples
briefly illustrate the use of the technologies described in
Section 4.1. The systems described in Section 5 do not nec-
essarily focus on the technological aspects, but provide an
overview of key TTI systems throughout the world.

It is important to note that providing traveler information
is not the only reason (and in many cases, is not even the
main reason) why transit systems deploy the various ITS
technologies. Equipping vehicles with AVL and communi-
cation technology and monitoring vehicle locationstypically
are driven more by operational efficiency and concerns of
public safety and security. For example, knowing where the
buses are at any point in time and being able to communicate
with them permits operational policies that can improve the
genera level of service to passengers under both routine and
extraordinary circumstances. Prior to using these technolo-
gies, many transit systems would use road supervisors to
make decisions about, for example, taking abus out of service
mid-route and turning it to operate in the opposite direction
or on another route. Such decisionswould typically also have
to be made with very imperfect information about the loca
tions of other relevant buses.

The business case for investing in these technologies is
most often made on grounds other than to provide TTI, not
because that is not considered an important product of the
underlying technol ogies, but because the returns on improved
TTI may be far less tangible and quantifiable than the cost
savings and benefits from an operational viewpoint. In this
sense, the additional investment to make AV L-derived infor-
mation available to the traveling public may well have arela
tively low cogt, viewed in terms of both the total infrastructure
investment and the incremental cost per ride. However, not
all AVL systems are capable of generating continuous, real-
timedatathat can be used for passenger information purposes.
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Itisalso worth noting that the technol ogies summarized in
Section 4.1 are not the only components of current initiatives
to add enhanced monitoring and communications capabili-
tiesto transit vehiclesand stops. Security and saf ety concerns
are leading to, for instance, greater use of technologies such
as closed-circuit television systems at stops or in stations or
terminals and video cameras and audio recording devices on
board vehicles. The deployment of these technologies may
have limited benefitsin providing information to passengers.
The urban transit analog of the traffic website offering real-
time cameraimages of highway conditions might, for exam-
ple, include images of the current level of crowding on sub-
way platforms.

4.2.1 Pre-Trip Information

WMATA'’s RideGuide system provides pre-trip itinerary
planning on the Internet and by telephone (using interactive
voice response technology). Users are prompted to enter the
origin and destination of their trip (see Figure 7). Next, they
enter a time when they plan on making the trip. They then
select whether they want to minimize time, walking, or num-
ber of transfers and whether they want to travel by rail only,
bus only, or by both (see Figure 8). Once dll thisinformation
is entered, the system provides not one itinerary, but multi-
pleitineraries, giving the user a number of alternatives from
whichto choose (see Figures 9 and 10). Itinerariesalso include
walking directions and fare information (see Figure 11).

Ventura County Transportation Commission (VCTC) is
another agency that provides an itinerary-planning applica-
tion. Similar to WMATA’s application, VCTC' s application
accepts addresses as well as landmarks for origin and desti-
nation. Users also select the time of their trip, type of fare
they will be using, special accommodations, and mode of
travel. The resulting itinerary not only provides the users
with exact directions and fare information, but also displays
the direction of travel in a map format, making it easy to
understand how to get to the intended destination. Another
significant feature of this particular application is that it en-
compasses various modes of travel such ashbuses, ferries, and
trains (including AMTRAK).

VRE is another transit agency that provides pre-trip tran-
sitinformation to its customers. VRE isacommuter rail ser-
vice operated along two lines (Manassas and Fredericksburg)
from the Virginia suburbs to downtown Washington, D.C.
VRE offers two real-time transit information innovations—
Train Brain and Train Talk. Train Brain, implemented in
1999, is a schedule-based JAVA Applet program that dis-
plays the location of VRE trains on amap on the VRE web-
site. The Train Brain webpage on the VRE website displays
the trains operating according to schedule. The display is
periodically updated with information about delays from the
Communications Center, which derivestheinformation from
the GPS-based AVL system or from the train conductor. The
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systemis not fully automated as Train Brain only showsthe
delays that Customer Service decidesto reveal.

Train Talk, on the other hand, provides e-mail alerts about
VRE train status to riders who register for this service. As of
December 2002, 6,500 passengers were registered on the
Train Talk e-mail list (out of daily ridership of 12,000 to
14,000 one-way trips). Train Talk is not route- or station-
specific, that is, the same e-mails are sent to all Train Tak
customers. Train Talk information largely reports significant

service disruptions, potential disruptions, and potential equip-
ment changes.

Denver’s Regional Transportation District’s (RTD’s) Bus
L ocator, implemented in 1999, is an Internet application that
provides the ETA for the next two to three bus/rail arrival
timesbased on the route and direction selected (see Figure 12).
When real-time datais not available, the Internet application
displays scheduled arrival times instead. Another real-time
application being used at RTD is Tak-n-Ride. This system
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is an interactive voice response (IVR) system that provides
real-time “next bus/rail” arrival information for RTD buses
and light-rail routes and stops. The user has the option to
enter basic information on route and direction and then the
option to choose real-time or scheduled time. The resulting
information is then presented for arrival times for the next
three buses/light-rail vehicles. The basic technology used for
this system is atext-to-speech system, in which schedulesin
Extensible Markup Language (XML) format are translated
into voice schedules. Thereal-timeinformation istaken from
the same server that is used to provide arrival information
for the Internet application. A more detailed description of
Denver’'s TTI Systemsis presented in Section 5.

Portland Tri-Met’s Transit Tracker real-time transit infor-
mation system (next busand train arrival) is presented to users
through two types of media: the Internet and light-emitting
diode (LED) signs at the stations and bus shelters. The Inter-
net application (www.tri-met.org/transittracker/index.htm)
currently provides information on all TriMet's bus stops
(8,000 bus stops). This system allows the user to choose a
route, the direction, and a specific bus stop and then provides
the user with the next few bus arrivalsin a countdown fash-
ion (see Figure 13). The user has the option to view more
arrivals for different bus routes and stops.
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In Seattle, BusView and MyBus are two additional appli-
cations that help King County Metro’'s users make travel
decisions before they start their trip. BusView is an Internet
application that provides information on the location of the
King County Metro buses by tracking them and displaying
their real-timelocation on amap (see Figure 14). Bus progress
along a specific route is shown in the progress window,
which can be viewed by clicking on a particular bus and
choosing the progress view (see Figure 15). The real-time
vehiclelocation is provided by Metro’ s signpost-based AVL
system. The map is updated every 1 to 3 minutes. One rela-
tively new feature in BusView is an “alarm feature.” A user
can set an alarm to have BusView alert him or her when it is
time to leave to catch the bus. The user chooses a specific
time point (designated points along a route) and sets an
alarm. When the bus reaches that point, a message is sent to
the user alerting him or her that the bus has reached the
requested destination.
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Figure 13. Tri-Met Transit Tracker on the Internet.

A different King County Metro Internet and wireless
application provides detail on the real-time bus arrival of
Metro buses. Thisinformation is presented in atabular form,
and it uses the data from the AVL system along with a pre-
diction algorithm to determine the time when the next bus
will arrive at a particular stop. Historical operational datais
also used by the prediction algorithm to predict the arrival
times. MyBus also provides status information on each bus
(i.e., departed, 10-minute delay, etc.).

Another agency that provides pre-trip traveler informa-
tion isWashington State Ferries (WSF). Thisreal-time I nter-
net application (www.wsdot.wa.gov/ferries/), called Vessel
Watch, provides the location of the WSF vessels by display-
ing their real-time location on a map (see Figure 16). The
vesselsare represented as colored arrows (directional) on the
map when they are moving and as colored circles when they
are stopped. The vessel locations are shown based on the
route selected from a drop-down menu. The route names are
also represented on the map aongside the moving arrows.
The Vessel Watch information is updated every 3 minutes.

The Internet application was developed in-house with help
from contractors from Washington State DOT.

4.2.2 En Route Transit Information

The real-time transit information system implemented by
San Francisco Municipa Railway (MUNI) in 1998 started as
a demonstration project by a private provider. The private
provider demonstrated the capability to provide real-time
next train arrival information using AVL data from MUNI
trains in 1996 on LED signs installed at train station plat-
forms (see Figure 17). The demonstration turned into a pilot
in 1998, and MUNI implemented this system for the whole
rail fleet by 1999. The system includes signs on the station
platform that provide next train arrival information for the
next 2 or 3lines. An audio component was added to this sys-
tem by another vendor.

Using the same real-time data that is provided via Bus
Locator and Talk-n-Ride, Denver RTD implemented an appli-
cation to provide real-time next arrival information to
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wireless devices, including PDAs and WAP phones. This
applicationiscalled Mobile-n-Ride (www.gortd.com). Once
the user connectsto the Internet web page viamobile device,
he or she entersaroute number, adirection, and astop. When
all the parameters are entered, amessage containing the ETA
for the next two to three vehiclesis sent to the mobile device
using the same operating system as the device that requested
the information.

In Pompano Beach, Florida, when the double-tracking
work was first being planned, Tri-County Commuter Rail
was concerned about the varying train delays that would be
caused by the construction and the impact these disruptions
might have on its ridership. Hence, it deployed a real-time
arrival system in 1996 to address this potential problem. The
system provides real-time information on arrival times of
trains, location of trains, and service delays and disruptions.
LED DMSsdisplay arrival times of the next train in acount-
down fashion (e.g. “Train in X Minutes’). Messages at train
stations are also provided in audio format to accommodate
passengers with visual impairments. Audio messages are
automatically played whenever text messages are updated.

As part of itslong-range plan, COTA in Columbus, Ohio,
implemented a real-time bus arrival system in August 2001
called RideFinder. Theinitial demonstration was conducted
on the Downtown Link and the Hotel/Airport circulator
routes. The purpose of thissystemisto provide COTA’scus-
tomers, at certain bus stops and hotel lobbies, with the actual
arrival time of the next bus. The arrival time for the Down-

Figure17. San Francisco MUNI shelter with LED sign.
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town Link isdisplayed on DM Ss. The signsdisplay theroute
number, estimated arrival time, time, and date. The Hotel/
Airport circulator usestouchscreeninteractive kiosksfor dis-
playing the information (see Figure 18). The kiosks display
a map of the route with the actual location of the buses as
well as the estimated arrival time of the bus at that stop (see
Figure 19). The user can a so access weather information and
information on COTA’s service and fares at the kiosk. In
addition, arrival timeisprovided in audio format. Userswith
visual impairments can push a button on the kiosk to hear the
estimated arrival time of the following bus.

In an effort to provide better service to its customers,
WMATA introduced a real-time passenger information dis-
play system (PIDS), which provides actual arrival times of
trains, elevator and escalator outages, incident information,
and security alerts. DM Ssat Metrorail stationsdisplay arrival
times of the Metro trainsin acountdown fashion, as shown in
Figure 20. The DM Ss are a'so used to provide information
during an emergency or terrorist situation. Timeis aso dis-
played on the DM Sswhen the ETA information is not being
displayed. WMATA uses the DM Ss to disseminate events
messages, especialy on weekends when there is more time
between trains and therefore greater opportunity for other
messages to be displayed.

Customers of River Valley Transit (formerly CityBus) in
Williamsport, Pennsylvania, faced a dilemma as to how to

Figure18. RideFinder kiosk.

inform passengers at their Transit Center about how to
locate their buses (i.e., which bus bay had which bus).
Incoming buses must select an available bus bay upon enter-
ing the facility, making finding the right bus a challenge for
passengers. Theimplementation of auniqueinformation sys-
tem was needed to inform customers about the location of
their bus. The system, deployed in 2000, uses two variable
text message signsto display the bay number for each bus as
well asto warn when abus is about to depart (see Figure 6).
Each of these variable signs has 10 rows of 2-in.-high char-
acters. Each row islabeled for 1 of the 10 different bus bays
and indicates the route name for any bus currently occupying
that bay. There is also a public address system that provides
audible announcements for the sign messages.

San LuisObispo Transit (SLO Transit) in San L uis Obispo,
Cdlifornia, provides another example of a rea-time bus
arrival system. In 2001, SLO Transit completed the installa-
tion of Efficient Development of Advanced Public Trans-
portation Systems (EDAPTS) prototype ITS equipment on
its buses and at bus stopsto test the operational suitability of
ITS technology in a small transit agency environment. The
EDAPTS concept and the prototype equipment were designed
and developed by California Polytechnic State University
researchers and undergraduate engineering students under a
research contract funded by the CaliforniaDOT’ s(Caltrans's)
Division of New Technology and Research and by FTA.
EDAPTS is designed for small and rural public transporta-
tion agencies and focuses on providing basic functionality
that isaffordablefor small agencies and that can be expanded.
EDAPTS was devel oped with specia attention given to pro-
viding low, post-deployment operating and maintenance
costs. The current system provides real-time information on
arrival times of buses, location of buses, and service delays
and disruptions. DMSs at selected bus stops display arrival
times of the next busin acountdown fashion (e.g., “ Route 34
Here in X Minutes’) (see Figure 21). Vehicle locations are
availableonly onthe dispatchers’ monitors becausethe DM Ss
do not have the capability to display graphics. The electronic
signsarein compliancewiththe ADA asthey have 3-in.-high
characters; however, there are no audio announcements
available.

Portland’s Tri-Met installed Transit Tracker LED DM Ss
at several bus stops with shelters and light rail (Metropoli-
tan Area Express [MAX]) station stops to provide real-time
arrival information to its customers. Tri-Met is in the
process of installing more signs (scheduled to install 50 by
2003) and has planned to install a total of 250. The LED
signs at the MAX stations currently display “next sched-
uled arrival time” and not the “next train arrival.” In the bus
shelters, the LED signs display the real-time next bus
arrival in a countdown fashion. In one transit mall area
where there is more than one bus and one route served,
thereisamultiline LED DMS, which shows the route num-
ber, direction, and countdown time for three or four buses
(see Figure 22).
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Figure21l. SO Transit smart transit sign.

4.2.3 In-Vehicle Transit Information

An example of an automated annunciation system provid-
ing displays that are more sophisticated than the typical
display on in-vehicle electronic LED signs is the system
implemented on one long-distance, limited-stop bus route in
Orlando, Florida, called Lynx. This system providesthe fol-

=-=CTalLn
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lowing information on multiple high-resol ution video screens
inthe bus: (1) real-time activity information, including route
information, time, and date; (2) next-stop announcement and
display; (3) public service announcements; (4) scrolling head-
lines and text advertising; and (5) actual video (e.g., short
films, newscasts). See Figure 23 for a photo of this onboard
annunciation system.

Figure22. Portland Tri-Met Transit Tracker multiline DMS.



Figure23. Automated annunciation system on board Lynx bus.
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SECTION 5
TTI SYSTEMS

This section identifies and describes specific TTI systems
in North Americaand Europe. These systemsare presented in
this section to provide comprehensive examples of successful
TTI deploymentsaround theworld. Many of these systemsdo
not just provide onetype of TTI (e.g., pre-trip vs. en-route)—
they provide amultifaceted approach to providing TTI. Please
note that some of the systems described in this section may
have been mentioned briefly in Section 4.2. The reason for
including them here is to provide more detail than what was
previously presented.

Also, it is important to note that in-depth case studies of
severa of these systemswas conducted as part of TCRP Proj-
ect J-09, Task 4, theresults of which were published as TCRP
Report 84, Volume 4 (1). Each case study presents the fol-
lowing information:

+ Systemdesign and functionality for each websitefeature,
 Project objectives,

 Implementation issues,

+ Outcomes/benefits, and

+ Planned improvements.

5.1 NORTH AMERICAN SYSTEMS

Table 8 summarizesthe North American TTI systemsthat
are presented in this subsection.

5.1.1 Cape Cod Regional Transit Authority

In Dennis, Massachusetts, the Cape Cod Regional Tran-
sit Authority (CCRTA) system is an Internet application
(www.thebreeze.info) that provides information on the loce-
tion of CCRTA buses by tracking and displaying the vehicles
real-time locations on amap. The real-time vehiclelocation is
collected from the GPS-based AVL system. All collected data
isprocessed by the operations center as part of the CAD/AVL
system. The locations of the buses are then displayed on a
service map on the Internet. Asshown in Figure 24, the buses
arerepresented as (directional) arrows on themap and as cir-
cles when they are stopped. The bus routes are represented
by thick, colored lines. To get information on any of theicons
on themap, thereisan“Info” button that users can select, and
a pop-up screen provides detail on the routes and the stops.

There isan option to select and zoom in or out of an area
based on the locale that a user is interested in. The user can

chooseto view aspecific areaof the map by entering addresses
or common names for an origin and destination. Once the
selectionismadeand “Returnto Map” isclicked, the map will
automatically zoom in on a 1%-mile area surrounding the
chosen points of interest. The page (map overview) is auto-
matically refreshed every 90 seconds. Currently, the Inter-
net application provides bus location information as well as
information on routes and stops. The RTA is planning to add
LED DMSs at the Main Bus Terminal and eventually at bus
shelters.

5.1.2 LACMTA/LADOT

InLosAngeles County in 2000, LACMTA deployed anew
bus rapid transit system, called Metro Rapid, to make riding
thebus moreattractiveto thetraveling public. Thenew service
uses the city’s computerized Automatic Traffic Surveillance
and Control System (ATSCS) to provide signal priority for
these buses. As part of the signa priority system, LADOT
developed a passenger information system that uses wireless
electronic displays at its Metro Rapid bus sheltersto provide
real-timearrival information to therider. Currently, real-time
information isavailable at stops along both Metro Rapid lines.
Theone-lineLED DM Ssin specialy designed bus sheltersare
mounted 9 feet above pavement level and display a next bus
arrival message in 2-in. bright red characters (see Figure 25).
DMSs are also used to display delay messages whenever a
busis running 3 or more minutes late. In this case, the DMS
will display “Next Bus Delayed.”

Every morning, LACMTA providesthe LADOT command
center staff with the schedule for each Metro Rapid bus that
day. A transponder mounted on the chassis of each busisused
to track the bus's progress along its route via loop detectors
installed in the roadway at each intersection. Throughout
the day, the ATSCS computer compares that schedule with
the actual location of each bus. If the bus falls behind sched-
ule, the computer can extend the green light at the traffic sig-
nal inthe bus' simmediate path so that the bus can get back on
schedule. Since the computer knows the location and speed of
the bus—and thefact that lightsinitspath will remain green—
the computer can accurately calculatethetimethat the buswill
take to reach its next stop. This information is transmitted to
downstream stops. The message travelsfrom the ATSCS cen-
ter to AT&T's nationwide cellular data network, which then



TABLE 8 Summary of North American cases

L ocation or Agency

Description

Cape Cod RTA, Dennis, MA

Internet application provides information on the location of the Cape
Cod RTA buses by displaying the vehicles' real-time locations on a

map.

Los AngelesDOT/ LACMTA

The system uses loop detectors to determine location of buses and
provides real-time arrival information on DM Ss at Metro Rapid bus
stops.

San Luis Obispo Transit, CA

A GPS-based AVL system providing real-time arrival information at
selected bus stops.

Washington State Ferries

An Internet application that provides real-time information on the
location of vessels by displaying their real-time location on a map;
also Ferry Cams show images of ferries and ferry docks.

Denver RTD

Internet interactive voice response telephone and mobile applications
to provide real-time arrival information.

Seattle, WA (King County Metro)

BusView, which provides real-time bus location and other real-time
information, and MyBus, which provides to the Internet and mobile
phones real-time arrival information.

Montgomery County Transit
(Rockville, MD)

Cable TV channel with traffic cameras and other traffic and transit
information. Web page, kiosks and electronic signs provide static
schedule information.

Société de Transport de la Communauté
Urbaine de Montréal (Montréal,
Quebec)

Tous Azimuts itinerary-planning system provides door-to-door public
transit directions using a web interface.

Ohio State University (Columbus, OH)

Bus Location and Information System provides real-time bus arrival

and location information via a website and message signs at bus stops.

Tri-Met (Portland, OR)

Transit Time Internet Access web application that allows usersto
receive real-time schedul e information about a bus they intend to ride.
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Real-time arrival information is also available at a number of bus
sheltersviaDM Ss.

Rail Road (New Y ork, NY)

Baruch Collegeand MTA Long Island | Talking Directory Display System, a “talking kiosk” providing station
information for the visually impaired.

San Francisco Bay Area

TakeTransit isan itinerary planner for the whole Bay Area and
Travinfo is atelephone-based traveler information system.

Utah Transit Authority

UTA Itinerary Planner, UTA My Way! and UTA on the Go!

relays the message to a wireless CDPD/IP modem built into
the DM S at the target bus stop. Each modem in the DM S has
itsown unique | P address, so aseries of stop-specific messages
can be cascaded along the route to update passengers as to
when aMetro Rapid buswill arrive at their particular location.

Real-timebusarrival information isavailable only through
the DM Ss at Metro Rapid bus stops at this time, although
providing this information on other mediais planned for the
future. LACMTA and LADOT are considering expanding the
system to the Internet and possibly WAP mobile telephones
and PDAs. The agencies are aso discussing providing real-
time information for rail (both heavy and light rail).

5.1.3 SLO Transit

In 2001 in San Luis Obispo, SLO Transit completed the
installation of a prototype ITS system on its buses and at
bus stops to test the operational suitability of ITS technol-
ogy inasmall transit agency environment. The project con-

sisted of installing CAD software at the dispatch center;
equipping 18 vehicles with GPS-based AVL hardware and
software (including MDTSs); and equipping eight bus stops
with DMSs. The signs display the number of minutes until
the bus arrival (see Figure 21). The signs are solar powered
and controlled by wireless links.

The system utilizes a GPS-based AVL system. Rather than
transmit thelocation information from the vehiclesto dispatch
over aspecialized communication system, the system devel-
opers chose to “piggy-back” the digital data on the standard
analog voice radio system that is used by SLO Transit to
communicate with the drivers. This technique is possible in
asmaller system because there is often unused radio channel
capacity, and short data transmissions can use the “gap”
between voice transmissions without interfering with normal
voice communications. The onboard MDTSs cal cul ate sched-
ule adherence statusfor arrival and departure from scheduled
stops. Schedule adherence status is displayed to the driver
and transmitted to the dispatch center (see Figure 26). The
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MDTsalso notify the drivers of when they should be depart-
ing a stop with alayover.

Another innovative technique being used at SLO Transit
lowers the operational cost of communicating with the DMS
units deployed at the bus stops. These units have a built-in
intelligence module that allows all deployed signstolistento
asingle, bundled text message sent by way of a pager. This
one message contains the updated data for all signs at all

stops. Each Smart Transit Sign is programmed to know the
bus stop(s) and busroute(s) it is servicing. Once the text mes-
sageis received, the “smart” sign strips out irrelevant infor-
mation and uses only the information meant for its specific
location. It then uses this information to inform the waiting
passengers of the time remaining until the bus arrives at that
specific bus stop. Thistechnique allowsthe transit agency to
limit its Smart Transit Sign communication costs.

m
e s s e e e S S T T

Figure25. LACMTA Metro Rapid bus stop shelter sign.
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Figure26. SL.O Transit MDT screen (2).

The current system provides real-time information on
arrival times of buses, location of buses, and service delays
or disruptions. However, vehiclelocations are available only
on the dispatchers’ monitors because the DM Ss do not have
the capability to display graphics. SLO Transit hasconsidered
the possibility of providing vehicle location and real-time
arrival information viamedia such as the Internet.

5.14 WSF

In Washington State, WSF's Vessel Watch is an Internet
application that provides information on the location of ves-
sels by tracking the vessels and displaying their rea-time
location on amap. Thereal-timevehiclelocation is collected
from the vessals through a GPS-based AVL system, which
wasinstalled 10 yearsagoin 1993 as part of Coast Guard oper-
ations. The vessel locations are shown for a route selected
from adrop-down menu. The route names are al so represented
on the map alongside the moving arrows, which indicate
vessel movement and direction (see Figure 16). The loca
tion information is updated every 3 minutes. This system
was developed in-house with help from contractors from
Washington State DOT.

The location information from the vessels' onboard AVL
system is relayed to WSF through a private provider. The
provider owns the infrastructure (towers and the frequency)
and relays the information from the vessel to the WSF dis-
patching center as part of the AVL system. The AVL sys-
tem also provides WSF with more detail on each vessel’s
operation, detail that is used to generate reports for analyss.
WSF paysthe provider aflat rate per hour per vessel to use
the communicationsinfrastructure. Thelocation datathat is
relayed from the provider is then displayed on Vessel Watch.

Theagency providesinformation through e-mail dertstoits
subscribers. The aerts can be persondized to a selected route.
Thesedertsarenot inreal timeand are currently sent 24 hours

prior to a vessel not being available for service and removed
from the schedule. WSF currently has over 9,000 subscribers
to the email alert system.

WSF is currently providing rea-time images of ferries
through “Ferry Cams.” WSF owns and operates some of the
cameras and provides shots on www.wsdot.wa.gov/ferries/
cameras/ (see Figures 27 and 28). In the locations that did not
originaly have cameras, a partnership between WSF and pri-
vate companiesthat wanted to advertise enabled theingtallation
and maintenance of the cameras at some |locations.

5.1.5 Denver RTD

After acquiring its AVL system in 1996, Denver RTD was
interested in using thistechnol ogy to provide better serviceto
its customers by means of supplying more reliable and accu-
rate information. Currently, RTD provides traveler informa-
tion to its customers through a variety of meansincluding the
Internet, telephone, wireless devices, and kiosks.

Since 1999, Denver RTD has been providing ETAsfor its
bus and rail services through its Bus Locator application on
the Internet (www.rtd-denver.com). Bus L ocator providesthe
ETAs for the next two to three vehicles at a particular stop.
The application automatically switchesto showing scheduled
arrival times whenever rea-time data is not available. Real-
time location for buses is provided via the existing AVL
system, while train location is provided vialoop sensors.

In December 2001, Denver RTD implemented its Talk-n-
Ride system. Tak-n-Rideisan | VR system that providesreal-
timebusandtrain arrival information. To usethe system, users
are prompted to speak the route number, direction, stop name,
and time of their intended trip. The system also prompts the
user to select whether he or she wants the scheduled or real-
timearrival information. Onceall the necessary informationis
entered, the system presents ETAsfor the next three vehicles.
Tak-n-Ride uses the same server that is used to provide real-
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timearrival informationin BusLocator. Talk-n-Ride usestext-
to-speech (TTS) technology to convert information generated
by the system into voice. It is estimated that the call volume
for Talk-n-Ride has been approximately 1,800 calls per month,
with an average of 1 minute and 26 seconds per call. RTD pays
the company that hosts the Talk-n-Ride system aflat rate of
12¢ per minute. At a minimum, RTD pays the host $500 per
month if call volumes do not reach the equivalent of $500.
Mobile-n-Ride is another application through which Den-
ver RTD provides real-time arrival information to its cus-
tomers. RTD provides PDA and web-enabled mobile tele-
phone access to real-time information in this system, using

| CAR CAM | RELOAD | LIVE ACTION
BIG VIEW | TIME LAPSE | MOVIE | SOUNDS
the same customer inputs as Talk-n-Ride. The same server

Figure28. Ferry Camimage. and software is used to provide ETAs viaa PDA and mobile




telephone as is used for the Talk-n-Ride and Bus Locator
applications. An interpreter program determines the type of
devicethat isrequesting ETA information and the operating
system being used by that device. Once the system deter-
mines the device type and the related operating system, the
ETA prediction is calculated and provided to the requesting
device in the correct code (which is determined by the
device' s operating system). For example, datais returned in
WML 2.0 if the mobile telephone that is requesting the ETA
information isrunning WML 2.0. A total of 440 devicesand
multipleversionsof XML, WML, and HTML are supported.

Denver RTD also provides various types of information to
its customers via kiosks (see Figure 29). Currently, there are
about 60 kiosks located across the city at most RTD facilities
and at many public facilities. At the kiosks, users can check
route and schedule information, view maps, get information
on RTD programs and services, and plan their trip using the
RTD ltinerary Planner. Users aso have access to redl-time
information asthekiosks provide accessto RTD’ sInternet site.

Finally, Denver RTD is currently testing the use of DM Ss
at selected stops aong five routes (B, B Local, B Express, 2,
and 12). This demonstration system, which will consist of 20
electronic signs, is expected to be operational by the end of
2002. Thissystem, provided by athird-party vendor, will use
RTD’slocation data (generated by the existing AVL system)
with thevendor’ salgorithmto predict arrival times. Also, the
vendor will provide this real-time information on RTD’s
website, where users can access route maps and get arrival
times at al stops along the route.

5.1.6 King County Metro

Seattle’s King County Metro is another agency that pro-
vides comprehensive traveler information to its customers.

Figure29. RTD’skiosk.
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The agency provides an itinerary-planning system (see Sec-
tion 3.1.2, Figure 1) in addition to specialized real-time ap-
plications called BusView and MyBus. These applications
were developed in part with funds for Seattle's Smart Trek
MMDI.

BusView isan Internet application developed at the Uni-
versity of Washington. It displays a map of the current loca-
tions of all Metro buses currently in service (see Figure 14).
The service became available via the Smart Trek website
in 1998. BusView is capable of displaying the location of
1,300 Metro buses traveling on 250 routes throughout its ser-
vicearea. Inorder to use theraw buslocation information from
Metro’'sAVL systemto predict rea-timearrival times, onboard
hardware and software had to be upgraded. The Internet inter-
face for BusView is a Java software application that runs on
almost any computer platform, including Macintosh, personal
computers (PCs), and Unix.

BusView displays a window showing a map of a specific
area with bus routes highlighted and bus locations displayed
along the routes. A specific geographical location can be
selected from a preselected list of locations from adrop-down
menu. The user can pan the map aswell as zoom in and zoom
out (although zooming islimited to 1-mile and 2-mile views).
When several routesrun on the same aignment, withinthedis-
played map the view becomes cluttered with routes and buses.
Hence, the application alowstheuser tofilter out all unwanted
routes by entering the route number that most concernshim or
her in the “Busses to Display on Map” box.

Another interesting feature of BusView isthat it allowsthe
user to request that the system alert him or her when hisor her
bus is approaching a specific location. To achieve this, the
user can either right click on abusicon and then select “Bus
Progress’ or enter aroute number in the* Route Progress’ box.
Using the right-click method will show alinear representation
of the bus route (see Figure 15). Using the “ Route Progress’
box method allows the user to enter an origin and destination.
A window will then display the segment of the route indicated
by the origination and destination entered. With thelinear rep-
resentation of the route displayed, using either method, the
user can click anywhere aong the route to place an aert
request. When the next bus arrives at the location where the
alert was placed, the application will produce an audible and
visual notification. This is helpful as one can insert an dert
several blocks from where the customer catches the bus,
allowing the customer enough time to get to the bus stop.

MyBusisanother application that providesreal-timearriva
information on Metro’ s bus routes via the Internet or on wire-
lessdevices such asmobile phonesand PDAs. MyBuswasini-
tially developed at the University of Washington, with fund-
ing partially provided by the federaly sponsored “ SmarTrek”
MMDI project (3). King County Metro does not currently
maintain MyBus, but the agency is planning to take over the
operation and maintenance of MyBusin 2003.

The web service was initially developed to provide real-
time predictions of bus arrival and departure times at eight
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key transfer pointsin the King County Metro transit network,
particularly at selected transit centers and park-and-ride lots.
Theoriginal system even showed the customer which bus bay
each route was arriving at or departing from. MyBus has now
been expanded to so many locations that a map of the region
broken into smaller zones is provided to help customers find
thedesired MyBustransit node. Note that customers can book-
mark any “MyBus location” once they have found the loca
tions that interest them. MyBus aso uses information from
King County Metro’s AVL system and the prediction algo-
rithm developed by the University of Washington to make
its arrival and departure estimates (4). Readers may want
to note that the vehicle location information comes from a
signpost-based AVL system.

The Internet version of MyBus prompts the user to click
on a King County map to select a particular section of the
county. Then the user selectsthe bus stop of hisor her choice.
MyBus then lists al the buses running on the routes that
serve the selected bus stop in atable format. The user hasthe
option to sort the table by scheduled time, destination, or
route (see Figure 30). The user can also click a button on the
screen to generate amap showing the location of the bus stop
he or she has selected.

Yiow

Show Location List
Route Destination
22 Downtown Seattle
22 White Center
51 West Seattle Junctn
54 Downtown Seattle
54 Downtown Seattle
54 White Center
55 Admural Distnct
55 Downtown Seattle
55 Downtown Seattle
570E INT. DISTRICT STA. (DOWNTOWN SEATTLE)
S70E SEA-TAC AIRPORT

Created by ITS-
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MyBus WAP site: www.mybus.org/sml/
This Metro location is number 6055

Last Updated: Fri Oct 04 11:12:32 PDT 2002

W, Data from Metr:

Another recent development isthat MyBusinformation can
be accessed by WAP-enabled cell telephones or networked
Palm Pilot PDAs (5). This option has been available since
2001. The information is edited and formatted differently for
these devices than for PC web browsers. Figure 31 shows an
example screen for WAP-based information. Figure 32 shows
the information displayed on a Pam Pilot.

5.1.7 Montgomery County Transportation
Management Center

In Maryland in September 1996, the Montgomery County
Transportation Management Center (TMC) started integrated
traffic and transit operations (6):

The Ride On transit dispatchers and supervisors were relo-
cated to the TM C and joined traffic techniciansand engineers
to manage the County’ s transportation system. Thisintegra-
tion of traffic and transit operations was made to improve
coordination between traffic engineering and transit services,
and ultimately, to ensure the efficient utilization of trans-
portation capacity in the County. Through one system, the
Advanced Transportation Management System (ATMS),
transit and traffic operations are performed.

*3
.3

Show Location Map

Scheduled Depart Status
11:21am 1 Min Delay
11:23am On Time
11:2%am No Info
11:12am 3 Min Delay
11:42am No Info
11:30am On Time
11:15am 9 Min Delay
10:57am No Info
11:27am

11:18am 4 Min Delay
11:25am 2 Min Delay

Figure30. King County Metro MyBus information.



Figure31. MyBus display on WAP-enabled cell phone.

Montgomery County’s Department of Public Works and
Transportation providestraffic and transit information viacable
television, radio, a website (7), three kiosks, and four DM Ss.
Two of the kiosks are near the county government center in
Rockville; the third is within a shopping mall. The electronic
signs areinstalled at subway stations and bus shelters. The

Palm OS" Emulator

Figure32. MyBusdisplay on awireless PDA.
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Travelers Advisory Radio System (TARS) covers approxi-
mately 10% of Montgomery County with 12 low-wattage
transmittersusing 590 AM or 1070 AM. The same audio used
for the TARS is broadcast on County Cable 55 and the Inter-
net. TARS messages provide motorists with information
on incidents, construction, maintenance activities, and specia
events. TARS is also used to enhance safety and to manage
traffic flow by diverting travelers to less congested roadways.
TMC techniciansupdate TARS messageswith real -timetrans-
portation information related to traffic and transit.

Viathe cable TV channel and radio broadcasts, passengers
can receive updated information on traffic conditions, acci-
dents, and public transit delays. The web page providesroute,
schedule, and fare information. The website offers the user
links to websites of all transit providersin theregion (includ-
ing Washington, D.C., and northern Virginia), including
WMATA'’sRideGuide. The website also offersinformation
on road delays and incidents, as well as real-time snow-
removal information. The electronic signs provide static
route and scheduleinformation although real-timeinformation
is expected to be added in the near future.

5.1.8 Société de Transport de la Communauté
Urbaine de Montréal

In Québec, the website for Montréal’s Société de Trans-
port de la Communauté Urbaine de Montréal (STCUM)
includes a sophisticated itinerary-planning system named
Tous Azimuts (8). The system provides complete bus and
subway trip-planning information between any two points
within Montréal. Serviceis provided in French and English.
Passengers accessing the website use a point-and-click map
of Montréal to specify their origins and destinations (see Fig-
ures 33 and 34). If users do not want to use the map to spec-
ify origins and destinations, they can use atext search. The
text search can find an intersection, an address, a Metro or
train station, and key points of interest by name. The system
asks for the day and time of the trip, the preferred mode (bus
or subway), and whether the routing algorithm should
include a penalty for walking (see Figure 35). From this
information, the system cal culates and presents one or more
optimal itineraries (see Figure 36). Passengers are asked to
telephone the STCUM’ s automated bus information system
to verify the bus arrival times on theitinerary.

5.1.9 Ohio State University Bus Location
Information System

The Ohio State University (OSU) Center for Intelligent
Transportation Research was approached by OSU Transporta-
tion and Parking Services with a proposal to provide real-
time information about bus arrivals to riders waiting at bus
stops. A joint project, known asthe OSU Bus L ocation Infor-
mation System (BLIS) and funded internally by Transporta-
tion and Parking Services, arose from those meetings. OSU
BLIS provides real-time bus location and arriva time infor-
mation to passengers of the extensive campus bus system. The
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system uses a GPS-based AVL system to provide buslocation
information over the Internet and busarrival informationvia
DMSsinstalled at the bus stops. The system also archivesthe
buslocation data, and these are used by OSU Transportation
and Parking to evaluate bus service. The hardware and soft-
ware used in this project were designed, manufactured, and
implemented as a student project within the OSU College of
Engineering and the OSU Center for Intelligent Transporta
tion Research. The system was deployed in September 1997.

A GPS-based AVL system was designed, manufactured,
and instaled on each of the 18 campus buses. Via CDPD
modems, datafrom the busesarerelayed to acentral computer.
Thisdatais used to provide real-time buslocation information
through a Java-based website (9), waiting time estimates that
are displayed on DM Ss at the bus stops, and historical and sta-
tistical information about the performance of the campus bus
service. The system provides three types of information. First,
at each bus stop, passengers can obtain minimum estimated
wait times for each bus on the route via programmable mes-
sage signsingtalled at the stop. Second, pre-trip information is
also availableviaawebsite that displays, inred time, theloca
tion of al campusbuses. Third, thecentral computer storeshis-

torical and statistical information about the performance of the
campus bus service, which is used both by OSU Transporta:
tion and Parking to evaluate bus service and by studentsin a
traffic management course.

5.1.10 Tri-Met’s Transit Tracker

In Oregon, Portland Tri-Met's Transit Tracker isatraveler
information system that providesreal-timetransit information
viathe Internet and through LED DM Ss at several bus stops
andlight rail stations. Transit Tracker usesaGPS-based AVL
system to determine buslocations and loop sensorsto deter-
mine train locations. The first Transit Tracker sign was
installed in January 2001 at one key bus stop. As of September
2002, 11 displayshavebeeninstalled at 10 bus shelter locations
and 28 signs a 11 MAX stations (see Figures 2 and 22). Tri-
Met plansto install 50 signs by mid 2003, with an ultimate
goal of installing atotal of 250 signs throughout the service
area. The difference between signs at bus shelters and those
installed at MAX stations is that the former provide real-
time arrival information while the latter show only sched-
uled arrival time. Bus stops that serve more than one route
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are outfitted with a multiline LED display to list arrival
information for three or four buses.

TheTransit Tracker Internet application (Www.tri-met.org)
provides real-time information for almost all bus stops in
the Tri-Met system (approximately 8,000 bus stops) (see Fig-
ure 13). The Internet application has been in use since Sep-
tember 2002. The user is prompted to select the route, the
direction, and the specific bus stop of his or her choice. The
application then displaysthe ETA of the next bus.

Arrival times of busesare not generated by means of apre-
diction agorithm asin the case of most other systems; abus's
arrival time is, however, based on the schedule adherence
status of the bus. Transit Tracker, using location and sched-
ule data, determines how early or late abusis running. This
information—schedule adherence and block number—is
then broadcast to al signs that already have stored al the
schedules by block numbers in an internal memory unit.
Onceasign receivesan arrival timemessage, it comparesthe
received data with the schedule. The sign’s internal proces-
sor determines what the offset from the schedule is and then
displays the expected arrival time in a countdown fashion.

Tri-Met is currently developing an in-house application
to provide real-time information on wireless devices such as
PDAs and mobile telephones. It is expected that this appli-
cation will be operational in the early part of 2003. A recent

survey study conducted by Tri-Met (see Section 3.1.2.5)
revealed that its passengers place a very high value on hav-
ing Transit Tracker at their stop. When asked how much
valuethey place on having Transit Tracker at their bus stops,
60% of the respondents assigned avalue of 5 on ascale of 1
to 5 (with 5 being the highest) and 25% gave it avalue of 4.
Moreover, 75% of all respondentsindicated that they “check
the information” on the Transit Tracker display always and
21% check the Transit Tracker sometimes.

5.1.11 Metropolitan Transportation Authority
Long Island Rail Road

The Talking Directory Display System (TDDS) isajoint
project of the Baruch College Computer Center for Visually
Impaired People (CCVIP) and New York’'s Metropolitan
Transportation Authority (MTA) Long Island Rail Road
(LIRR). TDDS, nicknamed the“ Talking Kiosk,” was specialy
designed to assist persons who have visua impairmentswith
locating LIRR facilities throughout Penn Station and in New
York City. The kiosk was deployed in July 1999.

TDDSwas developed at the Baruch College CCVIPin close
collaboration with the American Foundation for the Blind and
the Stein Partnership (10). Baruch College staff were responsi-
blefor system design, software devel opment, and maintenance.



LIRR staff wereresponsiblefor identifying asuitablelocation
for the unit and briefing personnel about the kiosk’ s existence
and function. TDDS employs state-of-the-art multimediatech-
nology and uses araised line map, large print, and speech to
present expertly crafted way-finding information to help
users who have visual impairments navigate through complex
spaces. The pilot use of the kiosk began in September 1996.

TDDSisathree-sided structure housing computers, speak-
ers, atouch tablet with atactile map, and atouch-tone typekey-
pad. When not in use, the system remains in attract mode in
which it spesks, announcing its presence and inviting the user
totry it. As users approaches the kiosk, a proximity detector
sensesthem and the session begins. Usersareinvited to place
their hands on the counter in front of them, where they find a
raised line tactile map with large print underneath and a key-
pad similar to that used on atouch-tone telephone. Informa-
tion can be accessed either through a voice mail-type menu
system activated through the keypad or through a“touch-and-
tell” mode activated by pressing a point on the raised line
map and hearing the information spoken. In the “touch-and-
tell” mode, three levels of information are available:

1. The user can touch a point on the map and hear the
location spoken by the system;

2. If theuser keeps his or her finger on that point, the user
will hear additional information concerning the way to
find it; and

3. If the user continues to hold his or her finger on that
point, the user will hear what is available at that point.

The “touch-and-tell” mode is always active; thus, a user
can choose to work primarily through the menu system and
can then explore the map to reinforce his or her mental pic-
ture of the route from the kiosk to the destination. All spoken
messages are displayed in large print for the benefit of the
many people with visual impairments who have some use-
able vision. It has been found that the TDDS is useful for
many customerswho do not have severe visual impairments,
but who find it difficult to deal with the customary sources of
information. Information provided at thekiosk includesasta-
tion overview and completeinformation ontherailroad, includ-
ing information on LIRR degtinations, specific tracks, specific
boarding corridors, the ticketed customer waiting room, the
lost and found, and more. L ocation information is provided for
New Y ork City Subway service, Amtrak, New Jersey Transit,
and the locations of mgjor station exits.

The kiosk has a call-in feature that allows Penn Station
personnel to call and record by phone a message so that the
user gets the information immediately—for example, such a
message might be that an exit has to be closed for aday or an
elevator is out of service. Finally, the system collects data on
each user, including the length of each session, what type of
information was requested, and which modes of information
accesswere used. At the end of the session, the user is offered
the opportunity to respond to several short questions ng
his or her satisfaction with and the useful ness of the TDDS.
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In a 3-month period during the demonstration, the TDDS
was used amost 13,000 times. It was estimated that around
99% of the usage was by persons with no visua impairment.
A detailed evaluation of the system involving aseries of trials
by the visually impaired showed that TDDSwas user-friendly,
that more people use the key pad than the map, and that 18 out
of 20 people who successfully completed the trial would use
the TDDSagain (11). Although the keypad was used morefre-
quently, the evaluation found that userswould also empl oy the
map once they had become familiar with the general working
of the system. The majority of participants indicated they
would like to have similar ingtallations in other locations.

5.1.12 San Francisco Bay Area Metropolitan
Transportation Commission

The Metropolitan Transportation Commission (MTC) inthe
San Francisco Bay Area providestwo TTI systems: the web-
based TakeTransit itinerary-planning system and Travinfo,
a multimodal telephone and Internet traveler information
system. Aspart of itsoverall commitment to multimodal trav-
eler information, MTC took the lead in creating the multi-
organizational Travinfo system (12). The multimodal effort
was initiated in 1993 as a field operational test (FOT) spon-
sored by U.S. DOT. One of the first projects was to create a
telephone operator—based system of integrated travel informa-
tion and trip planning. Both the telephone servicesand the AIP
systems are available in MTC’ s nine-county service area.

Theitinerary planner waslaunched on the MTC web page
in July 2001. MTC's itinerary planner was designed to pro-
vide transit customers with consistent trip itinerary informa-
tion across modes and transit service providers. This means
that a customer wanting to take trips that involve more than
one agency or cross service areas or modes need not be con-
cerned with different agencies and their service boundaries.
This approach is especialy important for multimodal ser-
vices with dense transit service across an entire region. The
web-based AlP information is available to customers at their
fingertips, 24 hours per day.

Asshownin Figure 37, the M TC trip planner alowsitscus-
tomers to identify origins and destinations by address, inter-
section, or landmark. Customers can aso definetheday of their
trip, departure time, and other options as follows:

« ltinerary preference (e.g., fastest itinerary, fewest trans-
fers, minimal walking, or lowest fare);

+ Farecategory (e.g., adult, senior, disabled, child, youth,
or school trip); and

+ Maximum walking distance to the first leg of a trip
(e.g., 1/8, 1/4, 1/2, 3/4, or 1 mile).

This interface provides a high degree of flexibility for
defining trip-planning criteria. Like many other AIP sys-
tems deployed in the United States, all of the trip informa-
tion is input on a single page. Another useful component
isthe“coverage area” map link on the main AlP page. Shown
in Figure 38, the map allows customers to identify where
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TakeTransit
TRIP-PLANNER

Top | Using the Trip Planner | Transitlnfy | Comments

1. Where are you starting from?
Origin Address, Intersection or Landmark (e.q. 100 Market St, or 14th and Broadway, or SFO)

City. (optional) 7P

I I
2. Where are you going?

Destination Address, Intersection or Landmark

City. (optional) ZIP. {optional)
I |

3. What day is your trip?
[fodey  H

4. What time is your trip?
& |'m leaving my starting point now

€ I'm leaving my starting point at [e34em

 I'm leaving my starting point as early as possible
€ I'm lsaving my starting point as late as possibls
© | must arrive at my destination by [234pm

5. Other Options:
tinerary Preference: [Fastestfinerary 5]

Fare Category. Adult (16-64) i
Mex. Walk Distance. [172 mile i

Figure37. MTC TakeTransit input page.

TakeTransit
"X2) S RIP-PLANNER

Top | Using the Trip Plannet | Transitinfo | Comrments

The TakeTransit trip planner can currently plan trips on the following

agencies;

AC TRANSIT
ACE*
BART
CALTRAIN®
COUNTY CONMECTION
EMERY GO-ROUND
SAN FRANCISCO MUNI
UNION CITY TRANSIT
TRI DELTA TRANSIT*
WESTCAT*
FERRIES

* newly added transit agency

Return to previous page

The grey area on the map showes where TakeTransit can help
plan your trip. Roll your cursor over the transit service name to
the left or ower the map above to view the areas served by each
agency.

Figure 38. TakeTransit coverage area link.



agencies coverage areas are by holding the cursor over the
map, which turns the area green and labels it. For example,
Figure 38 demonstrates this by showing the Alameda—
ContraCosta Trangit District’s (AC Transit’s) serviceareain
dark gray and the service areas of other agenciesincluded in
theitinerary planner in alighter gray. Further, the customer
can click on the map to bring up detailed information about
the agency. This feature includes both service areas for AC
Transit, County Connection, Emery Go-Round, MUNI, Union
City Transit, Tri-Delta Transit, and Westcat, as well as lines
representing Caltrains, Bay AreaRapid Transit (BART), Bay
Area Ferries, and Altamont Commuter Express services.

MTC' slandmark error trapping feature, shownin Figure 39,
allows a customer to respecify alandmark location if the AIP
system does not recognizetheinitia input. MTC works closely
with each of its member transit agenciesto identify important
landmarks—a list that is regularly updated. MTC assumes
that customers use a combination of origin and destination
typeswhen creating an itinerary. The landmark listisin atyp-
ical database and is not geocoded. Figure 40 shows the output
that the customer is given. Of particular note arethefollowing
features of the itinerary page:

TakeTransit

Area
"YS)  CRIP-PLANNER
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» The walking maps and detail of the associated system
map provided even for transfers,

« Fareby trip leg and total fare, and

» The Revise Your Trip feature.

The fare by trip leg is particularly important for regional
multimodal itinerary-planning systemsfor which aleg oninter-
city rail could raise the fare significantly. Note that although
only one itinerary is provided, unlike other AIP systems
deployed in the United States, the Revise Y our Trip feature
makesit simplefor the customer to modify theitinerary char-
acteristics without having to start the process over.

5.1.13 Utah Transit Authority

The Utah Transit Authority (UTA) has a highly innova-
tive program to personalize information to its customers
based on their individual needs. While the agency does not
send out “real-time” information per se, it provides notifi-
cations based on the tracking and monitoring of the condi-
tions of the system. In addition, the website includes an
automated itinerary trip planner.

Top | Using the Trip Planner | Transitinfo | Comments

No location exactly matches the starting point given, but some come close.
Please choose a location, or go back to specify a new starting point

¢ San Francisco Cartoon Museum in San Francisco (map)
 San Francisco Center in San Francisco (map)

 San Francisco City College in San Francisco (map)
 San Francisco Ferry Building in San Francisco (map)

€ San Francisco State University in San Francisco (map)

© San Francisco Terminal in San Francisco (mag)

& San Francisco Zoo in San Francisco (map)

€ San Francisco Shopping Centre in San Francisco (map)
© San Francisco Art Institute in San Francisco (map)

 San Francisco Art Institute Museurm in San Francisco (magp)
 San Francisco History Room in San Francisco (map)

€ San Francisco Police Academy in San Francisco (map)
€ San Francisco General Hospital in San Francisco (map)
¢ San Francisco Transbay Terminal in San Francisco (map)
¢ San Francisco City Hall in San Francisco (map)

€ San Francisco Caltrain in San Francisco (map)

© San Francisco Airport in Burlingame (map)

o No location exactly matches the destination given, but some come close.

Please choose a location, or go back to specify a new destination:

& Alta Bates Med Center in Berkeley (map)
 Alta Bates Med Ctr in Berkeley (map)

Figure39. TakeTransit landmark correction page.
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TakeTransit

Area
"YES)  CRIP-PLANNER

Top | Using the Trip Planner | Transitinfo | Comments

Trip Itinerary for today, leaving now (3:09pm}:

Revise Your Trip:

NOTE for San Francisco Muni Route L: IVetro riders must obtain and retain proof of payment. @ Show the next best itinerary

using the same criteria

NOTE for AC Transit: Cost of transfer from Transbay to Local AC Transit may be misreported. @ Create an itinerary for the

Depart: San Francisco Zoo in San Francisco

Then Walk to: SWW. Comer Of Wawona St. & 46th Av. (walking map)

Board: San Francisco Muni Route L Downtown at 3:13p (next train at 3:28p - detail)

Fare: Pay $1.00
Get off: Metro Embarcadero Station at 3:46p

Then Walk to: San Francisco Terminal, 1st & Mission St (walking map)
Board: AC Transit Route F: Shattuck/University at 4:00p (next at 4:30p - detail)
Fare: Pay $2 .50, Get AC Transit Transbay-To-Local Transfer

Get off: Shattuck Ave & Kittredge St at 4:27p

Then Walk to: SW. Corner Of Shattuck Ave & Kittredge (walking map)

return trip
Revise this trip

@ Continue the trip leaving from
Alta Bates Med Center

@ Create anew itinerary

Revise Options:
Itinerary Preference:
|Faslesl ltinerary '|
Fare Category:
|Adun(13-54) ~

Max. Walk Distance:

|1}2 mile ']

Board: AC Transit Route 51: Broadway/Blanding at 4:31p (next bus 5:01p - detail

Fare: Show Transfer To Driver
Get off: College Ave & Ashby Ave at 4:44p

Walk to: Alta Bates Med Center in Berkeley (walking map)
Total Travel Time: 1 hr 38 min

Total Cash Fare: $3.50

Figure40. TakeTransit itinerary output.

UTA’s primary godl isto reposition itself within the com-
munity and to be actively involved in making a better envi-
ronment for the community. The web-based customer infor-
mation allows the agency to devel op agood relationship with
its customers. The agency’s goal has been to make public
transportation more convenient and to have a friendly inter-
face so that people are not afraid to ride the bus. The UTA
Itinerary Planner hasauser-friendly customer interface, which
allows origins and destinations to be defined in terms of
(1) addresses, (2) landmarks, and (3) categories of places. The
threeforms of input are placed on the same screen asthe spec-
ification of date and time. The dateis entered by use of acal-
endar for quick entry by clicking. As shown in Figure 41,
when selecting categories of places, a pull-down list of those
places is displayed. Figure 42 shows using a destination that
was already used by the customer in a previous trip plan.

Figure 43 shows the screen that the customer uses to set
the date and time of travel. Figure 44 illustrates the resulting

itineraries. The trip planning results can be e-mailed, as
shown in Figure 45.

In order to get e-mail notifications, customers must be
registered with UTA My Way. By registering, customers
also have the privilege of participating in surveys and new
programs offered by UTA before nonregistered customers
can. Once an individual picks his or her routes, information
related to those routes (like disruptions) will pop up on the
screen when the user logs on. Figure 46 shows the initial
UTA My Way screen, and Figure 47 shows the personal-
ization screen.

UTA My Way is geared more toward regular customers,
whilethetrip planner isthought to increase the accessibility of
the system for nontransit riders. UTA hasfound that having to
register to use the service discourages people from using the
trip planner (or other services), so UTA put the service on the
general website. When UTA put the trip planner on the gen-
eral website, usage increased by 1,000 hitsin 1 week.
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UTASSETRIPPLANNER

home @ help

Step 1
Choose Starting Location

@Below is a list of MALLS AND SHOPPING CENTERS locations. Please select one or start over.

Brickyard Plaza (Salt Lake City) E
Carriage Square (West Valley City)

Cottontree Square (Provo)

Cottonwood Mall (Holladay)

Crossroads Mall (Salt Lake City)

UTA TRIP PLANNER

Comments of Problems | Help | Release Notes Copyright 2001-2002 Utah Transit Authority

Figure4l. Result of category selectionin UTA Trip Planner.

UTA OntheGO! isaservice UTA offersthrough AvantGo. inwhich it would have account information for an individual,
The service allows customersto synchronizetheir PDAsand  and UTA could send customers information on the handheld
desktops to download schedule information. Using UTA On  device aswell as allowing them to pull information from the
the GO! customers can download schedulesto any handheld ~ website. However, UTA has not done this yet. On the GO!
device. Ideally, UTA would like to have a push-pull system  was added in June 2000.

UTASSE TRIPPLANNER

UTA TRIP PLANNER
. Step 1 Step 2
Choose Starting Location Choose Destination Location
Select one option...
Option 1 >>
Brickyard Plaza
OR
Option 2 >> Please Enter Your Destination Address, Intersection or Landmark
Tips
(Examples: "110 $ Main", "State St @ Vine S, or "Delta Center?)
OR
Option 3 >> You may also search a specific category to find your destination location
Select Category: I Select a Category H

Comments or Problems | Heip | Release Noles Copyright 2001-2002 Uah Transit Authority

Figure42. Sep 2 of UTA Trip Planner, including address history.



UTAS= TRIPPLANNER

UTA TRIP PLANNER

Step1 Slep 2 Step 3
Choose Starting Location Choose Destination Location Set Your Date and Time

Follow these steps... Set Your Time

SFGP | J Depart Arrive Hour Minute AM/PM

Step 2 == Set Your Date

[October 2, 2002
e

Comments or Problems | Help | Belease Notes Copyright 2001-2002 Utah Transit Authority

Figure43. Sep 3 of UTA Trip Planner, including address history.

UTA TRIP PLANNER
Step1 Step 2 Step 3 Step 4

Choose Starting Location Choose Destination Location Set Your Date and Time View Results

n ~ - —
\gisrart over ‘Wi Revarsa Trip __Email Itinerary 5 Printer Friendly

Depant Time and Date: 1:00 PM on October 02, 2002
| Starting Location: Brickyard Plaza (salt Lake City)
Destination Location; Il Hall {salt Lake City)

Itinerary 1

Total Fare: $1.25

Total Transfers: 0

Total Travel Time: 39 Minute(s) which includes 5 Minute(s) walking time
Approximate walking distance: 1,030 Feet.

Depart from your starting location of Brickyard Plaza (salt Lake City)
1. Walk to stop located at 1300 E @ 3200 5
2. Board Route # Highland Park Inbound at 1:10 PM
3. Get off at stop located at 200 5 @ 20 W at 1:45 PM

Walk to your final destination of Abravanell Hall (salt Lake City)

Itinerary 2

Total Fare: $1.25

Total Transfers: 0

Total Travel Time: 40 Minute(s) which includes 10 Minute(s) walking time
Approximate walking distance: 2,273 Feet.

Depart from your starting location of Brickyard Plaza (salt Lake City)
1. Walk to stop located at HIGHLAND DR @ 3011 S
2. Board Route #5 11th East Inbound a1 12:53 PM
3. Get off at stop located at 200 S @ 20 W at 1:22 PM

Walk to your final destination of Abravanell Hall (salt Lake City)

Figure44. Itineraries produced using UTA Trip Planner.



UTAZSE TRIPPLANNER

home Q help

Trip Planner Results for -

Depart Time and Date: 13:00 PM on October 2, 2002

Starting Location: Brickyard Plaza (salt Lake City)

Destination Location: Abravanell Hall {salt Lake City)

From:

From Email:

To:

To Email:

Message:

*

Comments or Preblems | Help | Release Noes

Copyright 2001-2002 WHah Transit Authority

Figure45. Trip Planner e-mail feature.

UTA 2Spmyway

UTA made just for me.

Hi Joana, Welcome to UTA my way!

(if wou are not Joana then click here)

1022002

rideUTA.com @ Contact Us

Bulletin...
3 - 3RD AVENUE

Long Term:

0/B: Due to construction on South Temple: OUTBOUND ONLY — North on
State Street to 1st Avenue; East on 1st Avenue to E Street; North on E Street
to 3rd Avenue; East on 3rd Avenue to regular route.

I/B: Due to construction on South Temple: Continue West on 3rd Avenue to
Canyon Road, South to 2nd Avenue, West to State Street, South to regular
route.

0O/B Due to construction on South Campus Drive: South on Wasatch Drive to
South Campus Drive, West on South Campus Drive to the Business Loop
(Service the Business Loop); After servicing the Business Loop travel West on
South Campus Drive to Campus Center Drive; South on Campus Center Drive
to 500 South; East on 500 South to regular route.

I/B Due to construction on South Campus Drive: From VA EOL: Regular route
to Guardsman Way, North on Guardsman to South Campus Drive, East to
Wasatch and regular route. Service Business Loop.

Short Term:
In response to the .
last survey, tell us ’;@‘mﬂr Commute
what YOU Think! (=
SCCIUCEIOISE [ 3- 3RD AVENUE Route Map
Because of the Weekday - QUTBOUND | Weekday - INBOUND
0\"9I’\'\419|ming Saturday - QUTBOUND | Saturday - INBOUND
support for a transit
book, we have taken .

' Edit | »
your comments and é\ (Edit [ %)
created a mock-up of SGUTA Info

a transit book. The
transit schedule Fare Info o
book will be 8" x 10,*|| YTA Publications
approximately 5 «" || Hours of Operation
thick, and about 300 Phone Mumbers _
pages. Would you Frequently Asked Questions
Pl . . Pace Salac Mutlet

Customize it my way
Change my profile

<;'rlp Planner,

-

Did you know..?
In Decermnber 1999, UTA had
25 904 passenger boardings
during the weekdays, and

_ 32,_193 Saturda__y boardings.

My links

Add/Edit MyLinks

Figure46. UTA My Way initial screen.
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UTA my way - Personalization
Check the areas you wish to have and uncheck those that
vou do not want

My Notifications

UTA will automatically email you with updates to
any of the areas that you check below.

[~ add GENERAL Updates

™ add TRAX related

I~ Add RIDESHARE/CARPOOL info

I add ROUTE CHANGES/DETOURS
You will only receive updates for the routes
chesen in the "Your Commute" sedtion,

I~ add Monthly Bus Pass Purchase

Reminder

Your Commute

Check To Display Route
Information

Click here to add or edit routes

 sdd Your Routes

Figure47. UTA My Way personalization screen.

5.2 EUROPEAN SYSTEMS

The European portion of the project focused on 10 initia-
tives designed to improve public transit information. Table 9
presents a summary of each project.

5.2.1 London, United Kingdom

Transport for London provides a variety of TTI services,
including the Journey Planner (see Figures 48 and 49), real-
time bus arrival information at bus stops throughout L ondon
(see Figure 50), and several other customer-oriented services
such as bus stop-specific schedules and maps (described in
Section 8.3). London was one of thefirst citiesin theworld to
deploy LED signsat bus stopsthat indicate the arrival times of
the next buses at each equipped stop. This system, called
Countdown, was piloted in 1992 on bus Route 18. Theresults
of surveys conducted during the pilot indicated that Count-
down was highly popular with customers. In 1993 and 1994,
Countdown was tested in severa bus corridors. In 1996, a
London-wide rollout of AVL and Countdown was approved.
In 2001, the AVL program was 80% complete and the Count-
down program was 25% complete (13). As of March 2002,
1,473 Countdown signs were installed and operational. The
planwasto have atotal of 2,400 signsinstalled by March 2003
and 4,000 signs by 2005. Four thousand signs cover 25% of all
stops and will benefit 60% of al passenger journeys.

The approach for the implementation of Countdown has
been to deploy the signs in boroughs where the buses have
been equipped with AVL. There are 33 boroughs in London;
as of March 2002, 14 have Countdown. Surveys suggest that
Countdown hasimproved attitudesto bustravel, changed per-

ceptions of wait time and level of service, influenced travel
behavior, and had a positive effect on perceived security when
passengers are traveling at night. According to Transport
for London research, Countdown has been extremely well
received by passengers and is reliable as well as accurate.
Extensive surveys and monitoring have been undertaken
throughout Countdown’ s operation and are continuing.

In terms of component reliability and system availability,
the level of failuresislow and the availability is over 99%.
A survey conducted to assess information accuracy at 1,379
Countdown sitesin the late 1990s revealed that

+ Accuracy was within +1 minute 50% of the time,
+ Accuracy was within +2 minutes 75% of the time, and
+ Accuracy within £5 minutes 96% of the time.

Countdown-style displays are now installed at many
London Underground stations. While Countdown informa-
tion is not currently provided via mobile media, other
Transport for London services, such asthe Journey Planner,
are provided via cell phones and wireless PDAs using free
SMS and WAP.

5.2.2 Helsinki, Finland

The greater Helsinki areaishometo several TTI services,
including Personal Mobile Traveler and Traffic Information
Service (PROMISE); the Journey Planner; the Espoo and
Léansivayla Passenger Information System (ELMI); and
Helsinki City Transport’ sreal-time system (HELMI), which
covers both bus and tramlines.

The PROMISE project ran from January 1996 through
February 1999. The objective of PROMISE was to provide
people with personalized multimodal real-timetraveler infor-
mation throughout their trips. Travelers could access this
information at home, in the office, or while traveling. Wire-
less devices (including mobile phones and PDAS), the Internet,
and in-car devices were used primarily to access PROMISE.
Based on market research and user-group initiatives, the
PROMISE services offered included trip planning, on-trip
route guidance, traffic and public transport information, yel-
low pages, points of interest, and weather information. The
following services were available during the project period:

» Public transport trip planning: This service alowed
trip planning in the Helsinki metropolitan area. World
Wide Web and TextWeb services were available. The
public transport timetable information included local
buses, trams, metros, local trains, and a ferry. The user
could perform a web search of local public transport
timetables or could type in the origin and destination
address and the earliest departuretime. Thetrip-planning
service aso covered railways, buses, and FinnAir
domestic servicesin thewhole of Finland. The Helsinki-
Vantaa Airport Flight Information Service gave real-
timeinformation on arriving and departing flights at this
airport. The user could request an aert, which was sent
asan e-mail if the status of flight changed.



TABLE9 Summary of European cases

L ocation

System Name/Agency and Description

London, United
Kingdom

Journey Planner, an Internet-based itinerary planner, and Countdown, which
provides real-time bus arrival information via at-stop displays, are systems by
Transport for London.

Helsinki, Finland

Personal Mobile Traveler and Traffic Information Service (PROMISE): real-
time public transport, airline, and weather information available via hand-held
wireless terminals and the Internet; a Journey Planner; the Espoo and
Lénsivéyla Passenger Information System (ELMI): and HELMI, Helsinki City
Transport’ s real-time system covering both bus and tramlines.

Turin, Italy

Telematics Technologies for Transport and Traffic in Turin (5T): public-
private partnership to provide public transit information, including itinerary
planning, using kiosks, variable message signs, and at-stop displays; also
provides traffic and parking-management information.

Magdeburg, Germany

Personalized Information on Disruptions to Public Transport Exclusive to
Users of Public Transport (PIEPSER): information service that notifies public
transport users when there isadelay or a disruption to their selected journey
that would prevent them from arriving on time.

Karlsruhe, Germany

De Orientierte Mensch (DOM): provides atraveler with an integrated set of
travel servicesthat are available throughout the whole trip, from the pre-trip
stage through completion of the trip.

Brussels, Belgium

Phoebus: real-time information on bus arrival times provided through at-stop
displays and real-time bus location on the Internet.

Paris, France

Aide al’'Intervention Globale sur les Lignes en Exploitation (AIGLE)/ALTAIR,
InfoGare/InfoTrain: variety of initiatives to provide waiting and vehicle
departure times and other information via telephone; enquiry offices; and at-
stop, in-station, and onboard displays.

Munich, Germany

Bayerninfo, INFOTEN, and MOBINET: provide multimodal travel
information via personal traveler assistants (PTAS), the Internet, and
information terminals.

Bologna, Italy

Various integrated I TS technologies for providing traveler information

Western Europe

Regional ATIS systems that are designed to provide itinerary planning and
other transit information via the telephone and Internet. The systems include
the OV reisinformatie (OVR) national phone system in the Netherlands;
transnational services such as EFA, EU-Spirit, and ARISE; and the United
Kingdom’s national public transport information system, Traveline.

River

— Transport for London

Streets Taxi-Private Hire Coach Station DLR Trams Tube

| LUL SERVICE DISRUPTIOHN The Jubilee Line has possible delays in both directions. This will affect journeys from 15:59 ¢

'y more real time news

e,
Ineedto [depart ¥] on [04 ¥| |Decemberz002 ¥| at [225] [a0F] ourney
Planner

Location Type:
Location MName:

ISIatiun or Stop 'I

location maps:

i

(=]

Location Type:
Location Mame:

[station or stop =]

location maps:

More Options

MAYOR OF LOND

Getting London moving

j Reset JSubmit 3

© T

Figure48. Transport for London’s Journey Planner input page.

Terms and Conditions & Privacy.
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: Transport for London

TfL Buses River Streets Tube
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Public transport timetables were also available to people
with mobile communicators using the TextWeb service—
which isthe equivalent of the web service. The servicewas
accessed by sending the TextWeb keyword “bussit”; a
TextWeb form requesting the line number was then returned.
The same service could also have been used by entering the
keyword “transit” or “bussit” together with the line number.
PROMISE then returned the answer directly. This service
could aso be used by sending an SMSto PROMISE. For trip
planning, the service was activated by sending the keyword
“trip. ” After sending “trip,” onereceived aformin which the
parameters to be entered were start address (losoite), start
municipality (Ikunta), destination address (mosoite), and
destination municipality (mkunta).

» Busstop timetables: This service gave the next buses
at the bus stop. After sending the keyword “ bus stops”
(pysékit), the server returned aform requesting the bus
stop number. This was a seven-digit number identify-
ing the bus stop. The number normally was on the bus
stop. The number could also have been found on the
Internet.

* Weather ServiceFinland: Thisservice gavetheweather
forecast for the next day in major Finnishtowns. A search
could be performed in two ways: (1) by using the Son-
eraTextus (TextWeb) “tasmasdd” (weather) serviceand
selecting the town from amenu or (2) by directly entering
thetown namein the search. Thelatter alowed the search
to be performed using a normal SMS message from a
globa system for mobile communications (GSM) phone.

Travelers could access the PROMISE service via various
terminals. They could usetheir own PCsfor pre-trip planning,
or portable communicators for both pre-trip and en route
information, or both. The PROMISE system was based on
the NOKIA 9000i Communicator as a portable terminal.
The device included a full-featured GSM phone; all typical

[ vvumons B
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Ii Map search @ A=
I— Map search Q
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PDA applications; fax; and Internet applications, including a
web browser and e-mail.

An extensive evaluation of PROM I SE assessed technical
performance, user acceptance, and financial and economic
issues (14). The PROMISE trials proved to be very success-
ful. Themgjority of user feedback wasfavorable. About 70%
of test users were moderately satisfied or satisfied with the
demonstrated PROMISE services and the concept. Services
such as public transport planning and intermodal trip planning
were considered to be better than other kinds of information
sources. The main advantage seen by thetest userswasthat all
the information needed for traveling was available in one
package and that information could be retrieved whenever
needed. On average, users said that they were prepared to pay
for the information services at a rate of, on average, 6.5
(US$6.48) per month, or 50¢ per request. Technical perfor-
mance of the system was relatively good. The users were
excited to employ portable terminals for the information ser-
vices, but the usability of devicesrequired someimprovement.
Also, mobile access was found to be slow.

The Journey Planner now availablefrom the Helsinki Met-
ropolitan Area Council is shown in Figure 51. It isavailable
(as of December 2002) at pathfinder3.meridian.fi/ytv/eng/.

The Journey Planner allows the user to search for the best
public transport connections between an origin and destina
tion using al buses, trams, and metro and commuter trainsin
the Helsinki region and the ferry to Suomenlinna. The Jour-
ney Planner also includes walking connections from the ori-
gin to thefirst stop, at transfer points, and from the last stop
to the user’ s destination.

Helsinki City Transport’s real-time system, HELMI, cov-
ers both bus and tramlines and was deployed in 2001. ELMI,
which is similar to HELMI, provides passengers with real-
time information at bus stops and major transfer points in
Espoo and Lansivayla. ELMI is based on a DGPS-based
AVL system, with 300 buses equipped on 60 bus routes

=
484 =04

Suomeksi P§ svenska

Bocket model
eq. Airport

eg. Mannerheimintie 12

Advan search

Delete

Show on map Delete

Powered by Novo Meridian

Figure51. Helsinki Metropolitan Area Council Journey Planner.
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(see Figure 52). Eleven DMSs and ten video monitors are
installed at six bus stops and along bus routes that have stops
at the TapiolaCentre and Westend station. DM Sshavea5-inch
by 7-inch LED matrix display and are weather and vandal
resistant. Each bus route and the waiting time to the next
vehicle on that route are displayed on each line of the DMS

(see Figure 53). A diamond shape is displayed next to the
number of minutes until the next vehicle on the route when
the schedul e rather than thereal-time ETA isbeing used. The
video monitors are 25-in. monitors hung from the ceiling
indoors over pedestrian areas, so they are less susceptible to
the environment (see Figure 54).

Central monitoring

Positioning devic
DGPS + Odometer

Base station
network
4 base stations

system
Tapiola

Transmission

WORKSTATION
Public T portation
control centre

| WORKSTATION
Road Administration’s
traffic centre

11 display boards
10 monitors

300 busses
60 bus lines

5 million
passengers
using the stops

Figure52. Espoo and Lansivayla passenger information system (ELMI).
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Figure54. ELMI display boards at bus stops.

5.2.3 Turin, ltaly

In 1992, the City of Turininitiated alarge-scale I TS project
to improve mobility in the urban area. Seven organizations
formed a consortium to establish the Telematics Technologies
for Transport and Traffic in Turin (5T) program. Specific
objectives of the program were to reduce trip travel times by
25% and to reduce emissions and fuel consumption by 18%.
The program’s tria period ran from March 1996 through
December 1997. During the trial, 5T showed the ability to
reduce travel times by 21% (equivalent to a 7-minute reduc-
tion for each trip). Given the success of thetrial, in July 2000,
a company called 5T s.c.r.l. was formed in order to design,
develop, manage, maintain, and promote the 5T system. The
public transport operator, Azienda Torinese MobilitaS.p.A.,
isasignificant partner in 5T.

5T’ s objectives are as follows:

+ Maintain, service, and manage the 5T system and other
Telematics applications for mobility in Turin, including
the traffic control system;

» Develop and manage the 5T system and other innova
tive technologies associated with the system in the
greater metropolitan area;

* Promote and manage commercial initiatives and ser-
vices resulting from previous system development
activities, with particular attention to the development
of fare integration systems and other systems offering
public services;

+ Design, install, and manage similar systems in other
metropolitan areasin Italy and abroad; and

+ Participate in research initiatives aimed at the develop-
ment of the transport Telematics sector.
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5T has seven subsystems (15):

1. Town Supervisor monitors traffic conditions every
5 minutes, forecasts mobility every hour, and checks
on the effects of pollution.

2. Urban Traffic Control manages the traffic lights by a
traffic-responsive regul ation and guarantees traffic-light
priority to public transport.

3. Public Transport Management ensures public trans-
port regularity and speed by means of the Service Infor-
mation System (SIS), the AVL system. SIShasbeenin
operation since 1994 and is fully integrated with the
Urban Traffic Control subsystem to provide signa pri-
ority. The Public Transport Management subsystem also
provides real-time arrival information via 200 bus stop
displays, caled VIA (for Visualizzazione Informazioni
Arrivi), and onboard audio-visual next stop displays.

4. Parking Control and Management is connected to
nine automated parking facilities. It forecasts space
availability in each facility and enabl es remote booking
by interactive televideo to customers with smartcards.

5. Environment Monitoring and Control uses weather
forecasts, datafrom 11 pollution-detection stations, and
traffic data to predict environmenta conditions in the
short term.

6. Collective Route Guidance provides dynamic route
guidance to various parts of the city by DMSs. It aso
provides real-time information on parking availability
in automated parking facilities. It operates 26 DM Ss
and 23 parking guidance signs.

7. TITOSPubliclnformation providesreal-timeinfor-
mation on public transport, traffic and parking, and
the environment to the Internet and interactive telev-
ideo. A new SM S messaging system isbeing launched
for mobile phone users.

The 22-month experimentation phase, which endedin 1997,
included observations and evaluations of the subsystems by
extensive measurements and interviews and by a telephone
survey of a panel of 500 residents. Public transport priority
aloneled to improvements of 15% for public transport travel
times, with no disadvantage to private traffic cross flows.

To illustrate 5T’ s capability, the Figures 55 through 60
show the journey planning and real-time transit and parking
information available on the Internet (www.5t-torino.it/
pia-htm/default_en.php, as of December 2002).

5.2.4 Magdeburg, Germany

Personalized Information on Disruptionsto Public Trans-
port Exclusive to Users of Public Transport (PIEPSER) isa
German project in Magdeburg that is piloting the

operation of aninformation servicewhich notifies public trans-
port userswhen thereisadelay or adisruption to their selected
journey which therefore would prevent them from arriving on
time. Asaresult, the inconvenience and the effort of the daily
retrieval of information in finding out the situation beforehand
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can be minimized. In addition to the notification of disruption,
amulti-modal aternativeroutewill also be provided to the pas-
senger affected, which, depending on the conditions, may still
allow the connection to arrive on time. The aternatives of
action can be of a spatial, temporary and modal kind. (16)

There are several aspects of this project that are unique to
most TTI systems, including the following. The system

* Processes and integrates data from several different
sources;

 Is only available to customers who purchase monthly
transit passes; and

» Usesadgandard language for system design and software
(Unified Modeling Language).

The distributed system architecture, shown in Table 10,
contains six distinct entities that use dynamic and static trav-
eler data: the content owner, content provider, service oper-
ator, service provider, network provider, and user. This sys-
tem, discussed further in Section 8.2, can provide valuable
insight into integrating TTI with traveler information.

5.2.5 Karlsruhe, Germany

De Orientierte Mensch (The Oriented Person) (DOM),
which was completed in November 2002, demonstrated the
capability to provide atraveler with an integrated set of travel
services that would be available throughout the whole trip,
from the pre-trip stage through completion of thetrip. Thekey
concept set forthin thisproject isthe Rel semappe, or travel bag,
that containsall of theinformation collected during the pre-trip
phase and is used during the trip (17). Another important
element of DOM isthat all mobile services provided through
DOM are location-based so that the customer will receive
information specific to hisor her location at thetime of inquiry.

DOM'’s features and dissemination media are listed in
Table 11. One premium feature of DOM, which not listed in
Table 11, isthe Delay Manager. This feature

independently checks previously planned journeysfor infor-
mation which could effect the trip, such as tailbacks or road
blocks. Thetraveler isinformed of route-related traffic infor-
mation before setting off and during the trip. He can react to
disruptions, set off earlier, plan alternatives or change the
appointment. (18)

DOM'’s services begin with a registered user receiving a
Travel Bag, which is used as a repository for information
from each servicevisited (e.g., fromthoselisted in Table 11).
All information is saved for use by the traveler as he or she
makes his or her trip. A central map, which is employed by
all the integrated services, is used by the traveler to identify
where the traveler is. Based on that location, specific local
services can be offered.

As of December 2002, an extensive evaluation was being
carried out. Observed tests were conducted in December
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2001 and April 2002 in Karlsruhe, Germany. In addition, an
Internet survey will be used.

5.2.6 Brussels, Belgium

The Phoebus project focused on three key areas: the pub-
lic transport database (PTDB), passenger information sys-
tem (PIS), and demand-responsive system (DRS). PIS provides
real-timewaiting timeinformation at bus stopsand isimple-
mented in the bus network in Brussels. At bus stops, PIS
displays three types of information in different fields:

1. Thewaiting timefield displays a predefined message
with the bus line number and the destination (with
routing information if applicable), plus variable data
corresponding to the real waiting time in minutes;

2. The message screen displays messages that can be
predefined in the system or free text messages composed
by the operator and received in real-time in ASC 11
format; and

3. Thedate screen displays the date and time.

The Phoebus pilot scheme for the waiting timeinformation
system at bus stops began in 1994, with five bus stop instal-
lationsin Brussels. Asof 1999, two buslineswere fully oper-
ational, with high levels of user satisfaction. The Brussels
public transport operator (Société des Transports | ntercom-
munaux de Bruxelles [STIB]) was planning to extend the
system on itsentire network, including the bus and tramway
network throughout the Brussels region.

The system displays real-time information on actual wait-
ing times at bus stops. It givesthisinformation only for those
buses belonging to the STIB network. Although the tramway
network of STIB is currently being integrated in the system,
thereis no integration with the networks of the two other bus
operators active in the Brussels region.

At the terminal points for transit lines, the system also
indicatesthe next departure time exactly. Thisinformationis
intended for the drivers, to ensure there is no initial delay
from the departure point. It is also available to the users to
help them choose between buses when two or more busesare
waiting at the terminal point, perhaps on different lines. It
also provides some social surveillance from the public to any

Information about selected parking facility.

driver who does not leave at the scheduled time. In a later
stage, the system will aso be used to provide information on
intermodal connections between bus lines and the tramway
network at crossover points.

The Brussels bus network was equipped in the early 1990s
withaV ehicle Scheduling and Control System (V SCS), which
was ingtalled to improve real-time monitoring. VSCS' s main
function is to compare the actual position of the buses with
the theoretical position as defined in the timetables. For-
merly, theinformation was used exclusively by the operators
inthe central control room for regulation purposes. However,
without any major modification, the system is also able to
compute and predict the expected arrival times of the buses
at the different stops. The operating company decided to take
advantage of this capability and to providetheinformationto
the passengers waiting at the stops.

The system hasbeen deployed at very low cost dueto thefact
that the information about the location of the buseswas already
availableinred timein the existing VSCS. Also, the fact that
no information transmission infrastructure was needed because
of use of existing broadcast networks (use of available radio
data system channels) and the provision of a solar power sup-
ply makes the system very suitable for any operator who does
not want to spend alot for new infrastructure.

The system has been very well received by the traveling
public. Surveys have shown that more than 90% of the pas-
sengers look at the information display when arriving at the
stop. Of all passengers, 10% stated that they are now using
the network more frequently than before as a result of the
system. The system has had an important psychological
effect, similar to that of the London Countdown system. The
researchers’ analysis of survey responses suggests that wait-
ing for 10 minutes at a bus stop, but knowing beforehand that
it will be 10 minutes, givesthe same psychological feeling as
waiting for just 3 minutes, but not knowing how long the wait
will be. Most passengersfelt that the system givesthem more
confidence in the public transport system. It also gives pas-
sengers the opportunity, if the waiting time allows, to run
quick errands before boarding the waiting bus. It isnot clear
if the system pays off or in what period, but it is certain that
on the lines equipped with the system, the decline in the
number of passenger journeysismuch lower than the declines
on other lines. In addition to Phoebus, STIB provides bus
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TABLE 10 Project partnersand architecture

Content Content Service Service Network
Content Owner Provider Operator Provider Provider User
o Service
Processing into
information . management,
Data capture, : .~ |Processing into |customer Transport  |Consume,
. information . o . .
data processing, service, administration,|and presentation,
data provision _management, provision customer care, |disseminationrequests
information .
provision Service
provision
Local Public
Local transport Local transport |Local transport |transport Operator transport
company company company company A Network |users
Local transport Local transport Operator
company company B Network
Local transport Local transport Operator
public transport company company C Network
Timetable of Regional bus Institute of
regional transport [transport Automation and Operator
companies companies Communication D Network
Actual departure  ([®Sgie Rl Landline
times of regional  Eeiifelg Local transport telephone
trains management company network
Central train
Timetable of station Local transport
regional trains management company
Institute of
Automation and
Regular Communication,
traffic local transport Institute of
surveillance company and Automation and
images city/municipality |Communication
Data on current Ingtitute of Dynamic
availability of car Automation and public
parks City/municipality |Communication transport data
Information on Institute _of Static public
roads unc_ier _ o Automatl_on f_:lnd transport data
construction City/municipality |Communication
Datafrom Institute _of Dynamic
detectorsfor _ o Automation z_and traffic data
road traffic City/municipality |Communication
Datafrom Institute of Static traffic
detectors of Automation and data
traffic-light control |City/municipality |Communication

location information on itswebsite (www.stib.irisnet.be/FR/
36000F.htm as of December 2002)

5.2.7 Paris, France

In Paris, asin many other European cities, the two major
public transport authorities—Régie Autonome des Trans-

ports Parisiens (RATP) and Societe National e des Chemins
de Fer Francais (SNCF)—have deployed new technologies
that enable them to enhance the operation of their network
and the services offered to customers. The Aide al’Interven-
tion Globale sur les Lignes en Exploitation (AIGLE) and
ALTAIR systems, implemented by RATP, both rely on DGPS-
based AVL (19). AIGLE provides a security system for both
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TABLE 11 DOM features and media dissemination

SERVICE WEB | WAP PDA
Travel Bag—checks time context of travel plans and informs user if an event
cannot be reached on time with the selected mode(s)/routing; also, savesall X X X
pre-trip planning information
Car routing (static and dynamic)—dynamic portion considers historical X X
traffic patterns and current traffic conditions
Public transport routing (intermodal router) X X X
Multimodal router—finds routing and compares travel times and costs across X
modes
Timetable and stop information—can be personalized for repeat trips X X
Personalized traffic congestion information X X
Westher on the roads X
Hotel and restaurant guide X X X
Event guide X X
Parklnfo—provides real-time availability of parking spaces; information
linked with navigation routing and amap of surrounding area with display of X X X
transit stops
Branch guide X X
Personalization X X
Address and appointment manager X
News X X
Find-a-Friend X
Map service X X
Carpool X X

RATP passengers and staff, and ALTAIR providesreal-time
information on board and at bus stops. ALTAIR isanalogous
to the Systéme d' Information en Ligne (SIEL), which pro-
videsreal-timeinformation on RATP sRegional Rail (RER)
service. SNCF implemented the InfoGare system to provide
real-time information for travelersin the Tle de France. Info-
Train isaproject to deliver automated on-board information
in the regional trains of the 1le de France.

In 1995, after the development of a successful prototype
system, RATP started experimental application of ALTAIR
on Route 47 (from the Gare du Nord Station to the Kremlin-
Bicétre Station) (20). Further demonstrationswere conducted
in 1997 on additiona routes—one bus route and one tram
route. Full implementation of ALTAIR began on October 1,
1999, in phases. Phase 1 included the deployment of AVL
equipment on 1,500 buses and DM Ss at 2,400 bus stops.

The ALTAIR system informs users who are waiting for
buses or are making their journeys of the waiting times and
destinations for the next two buses. It also informs drivers
about their distance and time gaps between the preceding and
following buses.

Real-time information on bus times is provided to usersin
anumber of waysviadifferent media. Following astudy of the
best form of support for this information (French Minitel,
Internet, pager, etc.), RATP decided to focus on the tel ephone.
A server delivers voice/audio information about bus stopping
times on certain routes. Using the menu, the passenger chooses
abus stop and can receive by phone the same information as
that displayed at the bus stop. At bus stops, information is
provided about route numbers, final destinations, waiting
times, service disruptions, and network information. Up to
eight departure times can be displayed, and the information
is updated every 25 seconds.

Inside the bus, bus stops are announced and displayed on a
running LED sign. Theaccuracy of thevehiclelocationissuf-
ficient to trigger announcements without intervention from
thedriver at any time, synchronized with the arrival at the bus
stop, even if the route is changed. Furthermore, the commu-
nication network allows the bus to receive service messages
sent automatically or by the traffic manager, such as notice of
deviations, service cuts, and so on.

The AIGLE system was designed to enhance in-bus safety
for both drivers and passengers, enabling a centralized mon-
itoring of bus security and the management of security
patrols. In order to operate bus security centrally, buses need
to belocated precisely, and security hasto be monitored. The
locations of buses and security patrols are established using
the AVL system already described for ALTAIR. Datarele-
vant to security is also monitored in the RATP and police
control centers. Alarms and vehicle positions are displayed
on ascreen. In October 1994, RATP had completed the first
phase of vehiclelocation for security purposes. At the end of
1999, implementation had started, with the goal to equip all
buses with security equipment by 2001.

RATP employeesalso usethe Plan d’ Information V oyageur
Informatisé system, an enquiry officetermina, to answer tele-
phone inquiries from the general public. The system is essen-
tially a reference system that details alternative modes and
offers possible itineraries between a given origin and destina-
tion. The database encompasses a broad range of information
required for trip planning, including the following:

» Aninteractive network map;
+ A list of routes;

» A map of routesto be taken;
* Stops;
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* Timetables,

* Addresses, street directories, and main sites;
* Trave times; and

* Tourist information.

The aim of InfoGare, which was developed by SNCF (the
national rail operator), wasto enhance passenger information
at train stationsfor rail travelers. This project, currently in the
demonstration phase, is scheduled for full-scale deployment
to thewholellede France region by 2002in 350 train stations.

The goals of InfoGare are to

* Provide departure times of trains to travelers via fixed
information monitorsat the station’ sentrance and to keep
passengers informed about the traffic status at all times
(i.e.,, in normal and abnormal situations);

 Provide passengers with reliable, immediate, and per-
sonalized information in every station and on every plat-
form; and

+ Inform the station staff simultaneoudly.

Passengers are kept informed in real time by means of
cathode-ray-tube screens set in station buildings and on sta-
tion platforms. The screens give the following information:

* Time of day,

» Next trains arriving (with their destination indicating
codenames of stationsto be served),

Thefinal destination in plain language, and

» The precisetime of calling at the station.

The information is supplemented by messages such as
“train approaching” or “train delayed,” accordingtothetrain's
actua position. All of the information is continually updated
to reflect changing traffic conditions.

InfoTrain, which was planned for deployment in 2001,
was supposed to provide audio and visual information on
board, including the following:

+ Real-time information on the destination and stops;

» Immediate information on the next stop and its multi-
modal transfer options; and

+ Rapid and simple information on service disruptions.

Besidesthe “technical” information, the passenger would
also be informed about the transport products and services
available and about offers linked to specific events. Finaly,
general news, nearby sites of interest, and advertisements
would be visually displayed. As of December 2002, the
system had not been fully deployed.

RATP has undertaken passenger satisfaction surveys,
which indicate that the objectives of both ALTAIR and
AIGLE have been achieved. The systems have been repeat-
edly tested in sometimes very difficult operating conditions,
and the information displayed has been shown to be consis-

tently accurate. M easurements have al so been taken to check
the accuracy of waiting times. These measurements, madein
both peak and off-peak periods, were accurate to 30 seconds
for waiting times up to 4 minutes and to within 1 minute for
waiting times of 10 minutes. Thisaccuracy will, for example,
allow passengers to run errands if the waiting time allows or
perhaps choose another mode of transport.

Beyond the direct goals of the two systems, the main goa
of ALTAIR and AIGLE isto deliver abetter quality of service
to the user of public transport in two key areas: safety and reli-
ability. The ALTAIR system was also designed after the suc-
cess of the earlier ALEXIS system, which was used to inform
the public.

5.2.8 Munich, Germany

The Munich region—including the city of Munich, which
is often referred to as the greater Munich area—has 2.4 mil-
lion inhabitantswith 1.49 million registered vehicles (that is,
0.62 vehicles per capita) and covers over 2,100 square miles.
Public transport in Munich comprises 44 miles of subways
(i.e.,, theU-Bahn), 271 milesof rapid trangit (i.e., the S-Bahn),
40 miles of light rail, and 2,125 miles of busroutes. On aver-
age, rapid transit is used by 700,000 passengers and subway's
by 800,000 passengers each working day.

The concept of Cooperative Transport Management was
developed to contribute to the solution of transport prob-
lems in this metropolitan region; the concept solution must
accommodate both amedieval city and an industrialized met-
ropolitan area. In the concept of Cooperative Transport Man-
agement, administration, industry, and research institutions
cooperate to develop strategies and technologies and to
carry out assessments of transport ITS systems. The main
projectsthat are relevant to public transport travelers are as
follows:

+ Bayerninfo is a large-scale development project for
linking multimodal control and information centers to
provide a database for traffic information via personal
traveler assistants (PTAS) and the Internet.

* INFOTEN is aproject for multimodal transport infor-
mation on Trans-European Transport Networks within
and between European regions in Austria, Germany,
Italy, and Switzerland.

+ Mobilitat im Ballungsraum Miinchen (MOBINET)
isa€4.5 million large-scale ITS implementation proj-
ect concerning public transport, traffic management on
the arterial roads, information services, and measuresto
reduce overall transport demand while maintaining sus-
tainable mobility.

Minchner Verkehrs und Tarifverbund (MVV) isthe public
transport authority in the greater Munich area. The public
transport executive for the region is the Bavarian state gov-



ernment. Public transport operators arethe Deutsche Bahn AG
Railways; theregiona busowners; and thecity’ ssubway, bus,
and light-rail systems, which are operated by the Stadtwerke
Munich (SWM).

Bayerninfo has provided the foundation for traveler infor-
mation servicesin Munich since 1995. Itisaproject initiated
by Bavaria Online as a part of the Program Offensive for the
Future of Bavaria of the Bavarian state government and is
being financed by the Free State of Bavaria with approxi-
mately 5 million. The project wasinitially supported by the
participating industry partnerswith 4.5 million.

The am of the Bayerninfo project is to develop a regional
traffic information system consisting of a statewide traffic
information center and two information centers for the metro-
politan areas of Munich and Nuremberg. These centersprovide
dynamic traffic analyses and forecasts, current traffic situation
reports, and timetable information for road users in Bavaria.
Additional objectives include Elektronische Fahrplanauskunft
(EFA), which provides electronic timetable information; an
information system for public transport; and the use of small,
portable mobility planners (PTAs) and the Internet for infor-
mation to travelers before and during their journeys. The
development and integration of traffic information centers
covering publicly and privately operated services called for
new models of cooperation between public transportation
departments and private undertakings.

EFA Bavaria provides statewide, door-to-door timetable
information on public transport, extending beyond the bound-
aries of individual systems. The complete timetable is stored
for this purpose. From these data, EFA supplies departure
times, route information on bus and train transfers, and, in
certain cases, fares. Theinformation is provided for the com-
plete door-to-door journey and takes into account temporary
traffic restrictions. The information is adapted to customer
needs because the system stores alarge number of important
landmarks and transfer pointsin theindividual transport sys-
tems. EFA information is obtainable from the Internet.

Bayerninfo providesaplatform for dynamic, reliable, and
user-oriented travel information with easy user access. For
given origin and destination points throughout Bavaria,
Bayernlnfo provides the best route, 24 hoursaday. Individ-
ual travelers are addressed viathe Internet and via handheld
mobile PTAs.

The development of an intermodal route planner and the
testing of aportabletraveler assistant isamajor objective. The
infrastructure is provided for access to information from
the traffic information center and the regional centersin the
metropolitan areas of Munich and Nuremberg, aswell asfrom
the statewide electronic timetable information. In this way,
the portable PTA has accessto current traffic information at
any time, throughout Europe, via cellular telephone.

The intermodal trip planner is able to search the databases
of public transport services and highway networksto provide
departure and arrival times for public transport, travel times,
and cost comparisonsfor car and public transport travel. This
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approach combines current information from the traffic cen-
ters and EFA Bavaria for the desired journey and transmits
them to the user, together with information on any other trans-
port changes that may be useful to the user. Road users with-
out any local knowledge do not haveto plan their routes, and
even local users are helped with timetable information for
interconnecting public transport systems.

Traffic information from Bayerninfo on the Internet is
shown in Figure 61. The intermodal travel planner is shown
in Figure 62. EFA is shown in Figure 63.

The INFOTEN project conducted from January 1996 to
March 1999 introduced language-independent systems for
traffic information exchange, multimodal traveler informa-
tion systems, and advanced driver warning in the Alpine
region and in Central Europe.

INFOTEN gives a European dimension to Bayerninfo
by demonstrating multimodal traveler information systems
within and between European regions on the Trans-European
Networks (TEN). The information is presented to travelers
using aset of multimediatraffic information servicesthat are
operated as value-added services. Four devices are avail-
able for end-users to receive the information available on
the INFOTEN backbone: PTAs, fixed information termi-
nals (FITs), cdlular phones, and the Internet. PTASs provide
mobile information and allow the end-user to make queries
tothe INFOTEN backbone. FITs provide the sameinformation
on multimodal journeys in Europe, but on permanent ter-
minalsthat can be found in such placesasairportsand train
stations. Cellular phones can also be used via Austrian and
Italian GSM-SMSS providers Europewide to receive informa-
tion. Information is also available using the Internet.

INFOTEN has contributed largely to the technica develop-
ment of the DATEX specification for interoperable exchange
of traffic information between traffic control centersand traffic
information centers. Theoretical concepts for multimodal and
intermodal information services have been produced that will
be integrated into the future European Framework Architec-
turefor ITS.

MOBINET isaproject financed by the German Ministry
of Education and Technology in the context of the Mabil-
ity in Metropolitan Areas Program. This project runs from
September 1998 through July 2003 and has 26 partners.
Major application areas are new mobility concepts, multi-
modal transport supply in rural areas, optimization of traf-
fic on the arterial networks, multimedia information ser-
vices, and linking of traffic information and control centers.
As of December 2002, several mobility strategies have
been deployed, such as

+ Parking-space management in the city center;

* Incident management on rapid transit;

» Dynamic bus service (resulting in an increase in the
demand on the rapid-transit railway feeder service by
18%);

» A BiketRidefacility opening;
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* Dynamic traffic-control systems deployment;
* Information services such as
— Net Info, which informs drivers about the traffic sit-
uation on the approach roads to Munich;
— FUNI Info, which integratestraffic and weather infor-
mation into leisure planning;
— URBAN Info, which offersMunich city information;
and
— Park Info, which informs users about parking-space
alocation and predictive availability;
» Adaptive signals and DM Ss; and
* Multimodal information for those with mobility
impairments.

So far, several innovative concepts have demonstrated
success. 150 teleworkstations have reduced the rush hour,
mobility consultation for children (MOBIKIDS) hasincreased
the security of children on theway to school, and 20% to 30%
of schoal children are not brought to school by automobile.
The current demonstrations are showing influences in mobil-
ity behavior. The evaluations of MOBINET have begun.
Building on the success of Bayernlnfo—which demonstrated
that transport I TS applications are accepted by network own-
ers, service operators, and travelers or end-users—MOBINET
aimsto implement the prototypes and tool s developed in some
of the earlier projects.

All of the Bavarian and Munich projects discussed are
guided by complex evaluation programs to define user require-
ments and objectives, to assess user acceptance, and to carry
out a cost-benefit analysis of the system. For INFOTEN,

comprehensive surveys of 1,000 travelers within the regions
of the four Alpine countries—Germany, Austria, Switzerland,
and Italy—showed a high demand for dynamic information
andindividudized multimodal information. Morethan 50% of
thoseinterviewed serioudly considered changing their planned
departure time or route regularly. While only 26% would con-
sider changing mode en route, about 40% could be influenced
to change the means of transport in the trip-planning phase.

5.2.9 Bologna, Italy

Azienda Trasporti Consorziai (ATC), the public transport
operator in Bologha, is an integral partner in amost al of the
ITSprojectsthat have been deployed there. ITS, many systems
of which focus on providing TTI, includes the following:

« Urban traffic control, which includes integration be-
tween private and public transport:

A specia traffic light network was realized which is linked
to the buses operative center, [and] specia bus lanes have
been marked in order to guarantee circulation to buses. The
main accesses to the city center are controlled through an
automatic system (SIRIO) that detects vehicles approaching
the access gate by reading the license plate number. The not-
authorized vehicle's image is stored and then forwarded to
the control center to be fined. (21).

» Trafficlight management, which usesreal-timeinfor-
mation to control traffic signals. This system is inte-
grated with ATC's AVL system so that buses receive
priority at intersections.
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+ Traffic network monitoring, which includes a traffic-
control center that provides real-time information to
DMSs installed in various locations in and around
Bologna.

* ATC AVL system, which monitors all buses.

+ Electronic bus shelters, which contain DM Ss that dis-
play real-time arrival information, land-line tel ephones,
ticket-issuing machines, and video surveillance systems.

+ Real-Timelnformation via GSM mobile phone (hel-
lobus), which provides the same information as that
which is displayed at equipped bus stops. The user
selects an SM S message that contains a predefined code
that identifies a particular bus stop and route. This mes-
sage is sent to ATC from the mobile phone provider.
ATC then provides the prediction of arrival timefor the
next bus at that stop on that route in the form of an SMS
message back to the user.

« Demand-responsive public transport, which uses
three types of services:

— Freebus, which providesroute/point deviation service;

— Videobus, which operates only based on demand (also
known as checkpoint service); and

— Prontobus, which provides servicein outlying areas.

5.2.10 Western Europe

Western Europe has regional ATIS systems that are
designed to provideitinerary-planning and other transit infor-
mation via the telephone and Internet. The systems include
the OV reisinformatie (OVR) national phone system in the
Netherlands; transnational services such as EFA, EU-Spirit,
and ARISE; and the United Kingdom’ s nationa public trans-
port information system.

5.2.10.1 Dutch OVR: One Phone Number
for All Modes

The core activity of the OVR was to offer the Dutch pub-
lic anintegrated travel information service in the Netherlands
through one national tel ephone number. Prior to thisprogram,
each public transport company had its own tel ephone number,
and it was difficult to obtain integrated and consistent travel
information. There is 1 national rail company, 13 regional
bus companies, 9 city bus companies, 4 ferry companies, and
10 other private transport companies.

OVR was deployed in May 1992. Since then, the Dutch
have only one telephone number, 0900-9292, to call for public
transport information. Available for 18 hours aday (6:00 A.m.
through Midnight), for 7 days a week, OVR provides door-
to-door information about

+ All possible different modes—tram, bus, metro, train,
ferry, and so forth;

* Service schedules;
» Fares; and
« Other relevant information.

The timetable information comprises static information
about departure, transfer, and arrival times; stops; stations;
route numbers; and directions for every form of public trans-
port in the Netherlands. The dynamic information coverstem-
porary changes in timetables such as service disruptions and
incidental changes caused by work and events.

The service costs approximately US23¢ a minute, and the
average time it takes to get travel advice is 2% minutes,
including waiting time. The costsfor the public transport com-
panies stayed at the same level as they were before OVR
because the Ministry of Transport supported the initiative
financialy for the first 4 years, providing 50% of operating
costs. OVR installed a national telephone and computer net-
work consisting of 9 call centers with 150 workstations. These
are staffed by 400 part-time (20 hours per week) advisors. Since
thelaunch of the OV R service, the number of callshasdoubled;
during 1992, 0900-9292 handled 5.8 million calls. By 1994,
thisnumber had risen to 8.1 million, and by 1997 to 11 million.

5.2.10.2 EFA: Electronic Timetable
for Germany, Austria, and Switzerland

EFA, the electronic timetable information system used by
about 40 public transport companies in Germany, Austria,
and Switzerland, uses a data transmission protocol that was
devel oped and implemented on the Integrated Services Digital
Network (ISDN) system. Anyone with a Windows-based PC
and an ISDN card can obtain on-line information from every
information server. Thelargest transport operator using EFA is
the Verkehrsverbund Rhein-Ruhr (VRR), which covers the
region of Ruhrgebiet with about 100,000 trips offered per day.

The EFA user will receive various types of support when
inputting departure points and destinations. Instead of the
names of stops, one can enter addresses, and EFA will find
the closest stop. In addition, there is a search tree for impor-
tant points in most of the larger German towns. As the pre-
cise spelling of the name of a stop or of an address is often
not known, EFA uses a phonetic search, seeking to replace
unknown names with avalid, but similar sounding, one.

5.2.10.3 EU-Spirit: Seamless Passenger
Information Europewide Network

EU-Spirit was a 2-year research project partly funded by
the European Commission. Its goal was to develop and
demonstrate acustomer-friendly, I nternet-based, multimodal
information system. By using the so called “ EU-Spirit travel
planning ring,” existing and independent transport travel
planning systems from several long-distance and local oper-



atorswill be connected. With theintegration of long-distance
railway and local transport information systems, EU-Spirit
can provide integrated door-to-door public transport infor-
mation across Europe. This concept is central to the devel-
opment of future traveler information systemsin Europe.

EU-Spirit was set up in 1998 to work toward the above-
stated goals. The project lasted 28 months, ending in spring
2001. The consortium comprises 35 partnersin 7 countries,
representing national and local operators, regions, system
developers, and researchers. Deutsche Bahn AG, the German
railway company, is leading the consortium as the project
coordinator. Initialy, the system was demonstrated in anorth-
south corridor covering Sweden, Denmark, Germany, Austria,
and northern Italy. However, in the longer term, the system
hasthe capability to extend coverageto other regionsand the
potential to cover the whole of Europe, including Eastern
Europe.

A key point of the system is that unlike other systems
described in thisreport, EU-Spirit isnot atravel planner: the
system only compiles information from existing travel plan-
nersinto acomplete door-to-door itinerary. EU-Spiritisonly
involved in travel planning when a customer not only wants
to travel inside a regional transport system or between two
main stations, but also needs an itinerary from onelocal stop
to another local stop in another region. EU-Spirit isavailable
at www.eu-spirit.com.

As of December 2002, the following regions or organiza-
tions were participating in the system:

 Berlin-Brandenburg,
» Swedish Regional Trains and Buses,
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 Scania and southern Sweden,
e Denmark, and
+ EmiliaRomagnain Italy.

EU-Spirit will develop additional service applications to
attract and integrate a wide range of service features. Future
services being assessed are as follows:

* Integration of flights, long-distance buses, and ferries;
+ Standardization of siteinformation; and
» Fareinformation and e-payment.

See Figure 64 for the structure of EU-Spirit.

5.2.10.4 ARISE: Dutch, French, and Italian
Railway Telephone Enquiry System

Travel scheduleinformationisessential for public transport
users if the trains, trams, subways, or buses run at intervals
longer than 10 minutes. This information reaches travelers
through different media. Telephone enquiriesplay acrucial role
and are now running at more than 200 million calls annually
torailway centersin Europe; however, the number of callsthat
can behandledislimited dueto the cost of thishuman-operated
service, with at least 20% of calls going unanswered. ARISE
aimsto improve this situation by handling the bulk of routine
telephone enquiries automatically, thus freeing the operator
for more complex and higher-valued services. The project is
backed by strong demand from public transit operators.

The Dutch, French and Italian railway operators want to
enhancethe quality of their services, and easy accesstotimely
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Figure64. EU-Spirit general system structure.
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and accurate information about schedules and travel options
isconsidered essential. With thisintention, the railway opera
torshave aready had a number of telephone enquiry systems
installed that are manually operated or that use dual-tone mul-
tifrequency (DTMF) technology. However, dueto cost and a
need for easier accessibility, the routine operations need to be
fully automated.

Today, speech recognitionisat acrucia turning point: itis
moving from asituation of technology push to demand pull.
The ARISE projects reflect this shift in organizational
terms, and the research focuses on more pragmatic view-
points. In principle the market prospects appear large since
many call-center operations can be usefully supported by the
technology. One of the key questionsthat ARISE is hoping to
addressiswhether transit customerswill bewilling to accept
the technology and to talk to a machine.

ARISE operates in three language environments—Dutch,
French, and Italian—each bringing together aservice provider,
technology providers, and system integrators. In the Nether-
lands, therailroad operator has commuter traffic mainly intwo
relatively short periods of the day and has a need to increase
off-peak traffic by providing timely information for the casual
traveler. A subsidiary company handles more than 11 million
callsannually, using 400 operators. Sixty percent of thesecalls
requireinformation concerning morethan one public transport
service. One of the technology providers was a pioneer in
voice recognition technology and now has 20 years of experi-
ence with that technology. The provider has achieved an
80% successrate for a German train schedule enquiry system
that has been operational since February 1994.

In France, the railroad operator has 1,300 staff to answer
more than 40 million telephone calls for train information
each year. It has extensive experience with public informa-
tion systems over the telephone network, especially dialogue
systems. One of the technology providers has a spoken lan-
guage processing group that specializesin speech analysisand
synthesis. The university partner has experience in automatic
speech processing, mainly in phonology, lexica, and analysis
of speech corpora. The two system integrators have particular
experience in speech recognition and synthesis and in public
transport information systems.

In Italy, the railroad operator deals with over 20 million
telephone requests annually. One of thetechnology providers
has focused research on speech recognition in adverse envi-
ronments. The system integrator has already supplied avideo-
text train timetable and has much experience in on-line
services.

The main goal for ARISE isto develop an automatic train
schedule information system that can communicate verbally
viathe telephone. Other goalsinclude the following:

» A system that is easy for the public to use;

» A high level of satisfaction for the caller;

+ Alevd of quality that iscomparablewith human-operated
systems,

* The ability to work as part of a full-blown, human-
operated service that provides door-to-door informa-
tion, especially for the Dutch transport system;

* Greater revenue from the information.

Specific objectives vary according to the requirements
within each environment.

5.2.10.5 United Kingdom: National Public
Transport Information System

The British Government wanted to see greater integration
between different transport modes so that people could “mix
and match” their travel mode choices according to their par-
ticular circumstances. Part of theinitiative for anational pub-
lic transportation information system wasto deploy atraveler
information system that allows people to find information
on any public transport servicesin the country. Information
would be available nationally via a common access point: a
telephone enquiry point with a number that is easily memo-
rized. The sameinformation would be availableto public tran-
sit enquiry bureaus and to the public on TV teletext and on the
Internet. Thistelephone enquiry system has been deployed and
is called Traveline. The national phone number for Traveline
is 0870 608 2 608.

A national partnership among the bus operators, the
local transportation authorities, and users’' representatives
was established for the delivery of this project. A steering
group chaired by the Confederation of Passenger Transport
(representing bus, coach, and light rail operators) devel-
oped the project plan. The plan is complemented by local
Public Transport Information (PTI) partnerships in each
region.

Theinitial focus of the plan was to make comprehensive
timetable information available for local, regional, and
national services—the equivalent of a“roadmap” of transit
services—detailing the entire public transit network. There
areplansto add fareinformation at alater stage. Theimple-
mentation strategy builds on information services that are
already up and running. There is, for example, already a
national timetable enquiry service for the passenger rail-
roads. Nothing similar existsfor thelocal bus networks and
rail systems, although some county councils have estab-
lished their own Internet sites. The local PTI partnerships
are being asked to fill in the gaps. Legislation is being con-
sidered to make it a duty of local authorities to secure the
availability of transit information for their area with cost
recovery from the operators. In effect, the national public
transit information system is a federal system that is being
constructed from the bottom up.

One website currently provides information on all public
transport in the United Kingdom, but it is not integrated. See
Figure 65 for an image of this website (www.pti.org.uk/).
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Figure 65. UK website for public transport information.

Local PTI partnerships brought together information on

local journeysfor all modes, with trunk journeysto and from
the areain Traveline. Traveline includes a variety of access
media and common standards of service. The added value of
the project isthat it draws together information from alarge
number of different sources.
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SECTION 6

SUMMARY OF EXAMPLES FROM OTHER INDUSTRIES

The provision of customer information is not confined to
the transit industry. Other industries such as airlines and
package delivery services provide time-sensitive customer
information. Several nontransit businesses were assessed
to learn how they provide customer information and what
technol ogies they use to provide the information. Unfortu-
nately, most of the businesses contacted were reluctant to
discuss their current or upcoming systems. The industries
investigated include package delivery services, airlines, and
wireless content providers.

6.1 PACKAGE DELIVERY SERVICES

6.1.1 United Parcel Service

United Parcel Service (UPS) tracks the location of pack-
ages by scanning bar codes on packages each time packages
arrive or leave afacility. UPSisableto track between 13 and
15 million packages aday. The evolution of its current track-
ing system began in the early 1990s when UPS was provid-
ing tracking services to corporations. Corporations had a
direct link to UPS that enabled them to track their packages.
By thelate 90s, UPSwas offering “real-time” tracking on the
Internet allowing all customers, whether corporationsor indi-
viduals, to have the same access that was once limited to cor-
porations only. In 1999, UPS started providing wireless
“real-time’ tracking for PDA users.

The decision to provide wireless tracking services was not
actually based on research or studies. The decision was made
by senior management, who wanted UPS to move forward
and to stay current with wireless communication technol ogy.
UPS projected that there would be financial benefits for pro-
viding wireless services. UPS had determined that tracking
through the Internet was reducing costs: each Internet inquiry
meant one less 1-800-number call charge for UPS. Hence,
going wireless would further reduce UPS's 1-800-number
call charges.

UPS's Track application allows the user to track up to
25 packages at the sametime. The user isprompted to enter the
tracking number of his or her packages, and the system then
displays the current status of the packages. The user has the
option to request more detailed information, such as when the
package arrived at and left various facilities en route to its
destination (see Figure 66).

UPS is dways in the process of improving its infrastruc-
ture. Its plans are to improve the estimated arrival time of
packages from the current 24 hours down to perhaps % hour.
Also, UPS has a premium (for fee) service for corporations
in which a number of functions and services are bundled
together. Thereisachargefor this service becauseit provides
detailed information on packages and has the ability to pro-
duce reports. UPS states that there was resistance to pay for
the premium service because subscribers believed that the
service should be covered by the shipping costs; however,
UPS is not aware if customers’ attitude toward paying for
premium service changed after using the service.

6.1.2 Federal Express

Another package delivery company that providesdetailed
tracking information to any user is Federal Express (FedEx).
FedEx offers two tracking services. The first is FedEx
Track, which is similar to UPS's service in which cus-
tomers are able to track up to 25 packages via the Internet.
FedEx’s Track application provides a detailed description
of the package's location throughout the package's entire
trip. The second tracking service offered by FedEx is FedEx
InSightsM,

InSight not only tracks inbound, outbound, and third-
party payer shipments, but it also automatically notifiesthe
customer of critical shipping events so that the customer
can take the necessary action. Notification of these events
can be by e-mail, fax, the Internet, or wireless devices.
InSight provides status summaries of international and
domestic shipments on one report because tracking is based
on addresses or account numbers—not on individual track-
ing numbers. Furthermore, InSight helps pinpoint customs
delays and delivery attempts then suggests recommended
actions to expedite delivery. Both tracking services are
offered to FedEx customers at no charge. Figures 67 and 68
show examples of FedEx InSight.

6.2 AIRLINE NOTIFICATION SERVICES

Airlines continue to invest in technology that automates
interactions with customers; this strategy has drawbacks,
but it also has benefits for the public. An example of such a
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promising automation technology is the flight-status notifica-
tion servicesthat are offered by most major United States car-
riers. Thedetails and sophisti cation of the servicesvary by air-
line, but the basic function is the same: it alows customersto
sign up for automatic notification on arrival and departure
times, including information about delays, gate changes,
and, sometimes, where baggage can be retrieved (1).

Currently, American, Continental, Delta, Northwest, and
United Airlinesand Travel ocity, Orbitz, and Expediaprovide
flight notification information to a variety of land-line and
wireless devices that can receive e-mail or text messages.
United’'s EasyUpdate service (www.ual.com/easyupdate)
offers more features than do the other airlines’ services,
including quiet times when the user does not want to receive
any message (e.g., on a home phone between 11 p.M. and
6 A.M.); notification about seat upgrades; and registration for
all flights, not for each individual trip. See Figures 69 and 70
for United’s service and Figure 71 for American’s Flight
Status Notification system.

The one drawback to these notification systems is the
timeframe within which the airline will send delay notifica-
tions. By the time a delay message is sent, the user may have
already left for the airport. Also, even if aflight is delayed,
the airline may suggest that the user still go to the airport in
case the status of the flight changes.

6.3 WIRELESS CONTENT PROVIDERS

6.3.1 Location-Based Advertising

Several companies are now providing advertising and
coupons to wireless PDAs and mobile phones based on the
devices' locations. The following describes two location-
based content services that take advantage of locating these
devices (2):

+ Vindigo provideslocation-based servicesin 35 markets
in the United States. Free software that is downloaded
to PDAs by registered users provides|ocation services,
such as directions to local shopping, restaurants, and
entertainment. The PDA’s location is combined with
information on what the user is searching for to send
targeted ads and coupons to the user. So, if the user is
searching for a movie theater in a particular neighbor-
hood, a coupon discounting the movies in that theater
could be provided to the PDA or cell phone user along
with directions to the theater.

+ go2Systems provides location-based information by
partnerships with major cellular providers. It provides
web portals, such as gozhotels.com and go2jiffy.com.
Web-enabled phones, PDAsand Blackberry RIM devices
can be used to access go2Systems location-based ser-
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Figure 67. FedEx InSght screen.

vices. If the user enters “Jiffy Lube,” the go2System
will provide the location closest to where the wireless
device is being operated.

6.3.2 Wireless Local Area Networks

High-speed wireless local area networks (WLANS) are
becoming commonplace throughout the world as an easy
way of “staying connected.” Airline clubs, hotels, and many
other businesses are taking advantage of WLANS to provide
their customers with Internet and e-mail services away from
the officeor at home. Thewireless Ethernet standard, 802.11b,
is being used to provide WLAN services. One commercial
version of thisstandard, called WiFi, ismaking it possiblefor
consumers to purchase consumer and food items using their
mobile phones (3): “If you would like to check your corpo-
rate e-mail while sipping a fresh cup of Decaf Mocha Java,
you' re probably already auser of MobileStar’ s public access
points found in 350 Starbucks Coffee locations now and
scheduled for 4,000 of the shops by summer’send” (4). The

approximate charge for thistype of wireless accessis $15.95
per month (200 minutes) or 20¢ per minute.

6.3.3 Zero-Sixty

While this company does not provide wirel ess services per
se to the transit industry, Zero-Sixty provides transit riders
with bus and train schedules specially formatted for PDAS.
Zero-Sixty buysthe schedulesfrom transit agencies, packages
thedata, and, inturn, sellsthe datato its customers. Zero-Sixty
receives the schedules from the transit agencies in a spread-
sheet format a week in advance of a schedule change. The
schedules are re-packaged and e-mailed to the customers.
The customers then download the schedules to their PDAS.
Customers pay $12 per schedule per year. Zero-Sixty aso
offers bundled services (access to more than one schedule)
for an annual fee of $34.95.

Thetransit schedul e application was devel oped in January
2002 and started operating in April 2002 for the Metro-
North and Long Island railroads. Zero-Sixty plansto provide
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viawireless media actual estimated arrival times once there
isastandard platform for the handheld devices. It currently has
600 commuter rail and 300 subway subscribers to the ser-
vice, which started in June 2002. Zero-Sixty’ sgoa isto have
10,000 subscribers by mid-2003.

Zero-Sixty indicated that overall feedback from customers
has been positive. Zero-Sixty’ sfuture plansinclude providing
the following:

+ More station information such as fare, location, and
routes or lines serving particular stations;

* Maps;

« Actual arrival times;

+ Alertsof delays; and

 Alertsof atrain being X minutes away from acustomer’s
intended boarding location (thisfeatureis currently under
development).

6.3.4 Second Kiss Wireless

Second KissWireless' product, ShuttleGirl™, isacommer-
cialy available platform for wireless and portable transit
schedules and delivers information to travelers and com-
muters viaweb browsers, handheld devices, I nternet-enabled
mobile phones, and traditional telephones. As of December
2002, schedules are available for Amtrak’s Acelaand Metro-
liner services; GO Trangit's Stouffville GO Train and Bus
Service (in Toronto, Canada); Harvard University Shuttle Ser-
vices, LIRR’s Port Washington Branch; Massachusetts Bay
Transportation Authority’s Commuter Rail Service; Metra's
Electric Line (in the Chicago area); Southeastern Pennsylva
nia Transportation Authority (SEPTA) Regional Rail R5 and

R7 Lines; and Tri-County Commuter Rail Authority’s South
FloridaRail Corridor service.

6.3.5 Weather Channel

TheWesther Channel hastwo wirel ess services: MyWesather
and Notify! MyWeather provides weather information and
alerts for a particular area selected by the user. Information
such as severe weather watches and warnings is transmitted
to PDAs, cell phones, e-mail, or to a combination thereof.
There is no charge for MyWeather.

Notify! allows usersto get their choice of wegther aerts, to
select how to receive the alerts, and to select when they want
to receive them (see Figures 72 through 74). The user can
select the type of weather that is hisor her concern (e.g., rain,
snow, tornados, etc.); the severity of the condition; how to be
notified (i.e., by phone, PDA, fax, or e-mail); and when to be
notified. For example, when a tornado warning is issued at
3:00 A.M. inthe user’sarea, Notify! will call his or her home
phone so that he or she can take action for his or her family.
One feature of Notify! is the capability to select a “quiet”
time period, in which the user does not want to receive any
notifications (see Figure 72). Notify! isafree service. Notify!
Plusisalso availablefor acharge. Features of thisserviceare
shown in Figure 75.

The Weather Channel has recently come out with a new
application called Desktop Weather. This new application
provides current temperature continuously updated in the
user’s system tray; severe westher aerts that can be seen and
heard; complete current weather conditions; local radar maps;
and 12-hour forecasts. A subscription to Desktop Weather is
$3.99 per month or $29.99 per year.



87

. . an Home My Account Contact AA Login FAQ!Search [ G0
AmericanAirlines’ P Taai

fligiiE Ui n

Create Flight Status MNotification

Reservations
) i i 3 .
—— W A#Acomcanproactively notify you of American Create Flight Status Notification P
Travel Information ' Alrlines, American Eagle, or Message Delivery Options
——%  AmericanConnection® flight departure or arrival
us al e information. You can choose to
Net SAAver status and gate information, ¥\ hoose b =
& SM'-'HF Offers=™ y| receive a voice message to your phone, or & Text Message
AAdv = text message to a cell phone*, alphanumeric Deliver to: I Select Device s |
anlage b pager*, personal digital assistant (PDAS) or Device email or l‘—
regular email account, _text message address:
ml P‘ " Voice Message
= = — B * Devicemustbe capable of receiving email Phone Number: .
Cuslomer Service , Messages. (United States only) Code Humber
= TEST
About AA » Notice About Flight Status Notification: [
« We recommend you log in using your
Asdvantage number and password prior to Flight Information
adding flights for notification so you can easily Forgot your flight number?  View Schedules Wiew Current R ti
viewy your notification list the next time you
vistt A& com LCity or Aliport Code
« Notification request will not reflect any Hotify me of the | Deparure from j' Citgairport
changes o flight number that may occur I_
» If your flight number changes you will need to for Fllghl HumE-er _
delete your current request and then submit a (American Alrlines, American Eagle, and AmericanConnection® flights only™)

new request using the new flight number Departura  Amival Date: - INo\f - " 19 = I

American Airings will make all reasonable

effart to ensure you receive the requested Flight Hotifications can be made up to 90 days bafore a flight.
information in & timely manner, however, the Notificati

it o s it ication Preferences - Check all that =

limeliness and rekabilty of message delivery pRly

by your device service provider cannot be Send me flight statusfgate information |2 hours priorto =]
guaranteed r

scheduled depadurefamival time.

Be sure to check airport monitors for any last
minute updates since flight status and gate
information may change at any time

v Send me notification if departure/arival time ar gate information
changes. ™™

Click the test button to send 3 test message to the address or number
anterad

**Indicated as AA® on Fagers, FDAs and Cell Phones.

**Departure massages ara santwhen departure time changes more
than 15 minutes. Amival meszages are sentwhen amival time changes
maore than 10 minutes. Messaging for flights cancelled or reinstated
will be sent starting 2 days prior to the flight. I selected alone,
messaging for all other flight status changes will be zent starting 4
houes prior to scheduled deparure or arival time.

|

Copyright | Lecsl | P
AA

A -m' MORE »
Room

Figure71. American Airlines notification registration.



88

Notify! by The W

Personalized Weather Alerts - Anytime, Anywhere

Motify! by The Weather Channel has made it easy for you to get your choice of weather alerts, where you
want them, when you need them. Increase your peace of mind by knowing that you and your family will
receive severe weather alerts the instant they are issued for your area, For example, when a tornado
warning is issued at 3:00 a.m. in your area, Notify! will call your home phone so that you can take action for
your family.

In three sasy steps you can select:

@ Where Notify! by the The Weather Channel should contact you.
With your zip code, contact phone numbers, and e-mail addresses Notify! will know where to get in touch
with you in case of a weather alert.

IEa‘mrmmawammm =|—
Home Phane] [404~ - 555~ - fomon

Mobie Phone | [§78 . [E55 . [io05

ek e 70 s [ —

You can select up to 3 voice phones,

Pramary Fmad - R .

b frain@myisp.com " Pt iy 2 email accounts and a wireless text
Second Emall] |t @emisp com ¥ Pt evdy device on which to receive alerts.

W 1o F @ FOR, o prane.

Wi you clck red, we wil guide you rough e se process

€3 When the alerts you choose should be delivered.
Customize quiet times to receive phone calls only during the hours you choose, such as overnight for your
home phone.

Phone Number : [395™ - 565 - [0000 et qraon |

Nickname: [1ome Phone

Quiet Times: ¥ DoMNOT deliver to this contact point beh

Bpm ¥ Bpm =||Weekends ¥
T oom Stndsoom = = Your quiet times are fully

2. [12om =] and |Sem 2] |Weekends T customizable - you control
™ Hold messages and deliver when Quiet Time is over. when and where your alerts

- . - — are delivered.

Figure 72. Notify! contact information.



€ Wwhat types of alerts you would like to receive.
You will only be notified of the severe and predictive alerts that you choose,

"SR E VTR WY T (T a u = B |
Matkonal Wialher Service (NWS) Hioimre Pivoes Mot Pl Primary E-anall il il 1 Yroek Pivose

© Ehanty Flood sk I r = r 1= r

4 Barore IR0 EOrT Walns = " =4 r L =4

Waminge kxzued by tha NWE forcounties wihers there
) irsreed el of Grcer sorns with song,

Click on the alert name to see a brief description

r I i =3 1 1=
¥ r P - 14 ~
" r = - ~ 1=
r r P r F 1=
- 1= - L W 15

i =] r

- » 1

15 - L

r F r

™ » T

u 4 -

Choose the alerts which are important
to you and select which contact points
the alerts will be delivered to.

Figure 73. Notify! alert features.

Your subscription to Notify! by The Weather

Channel includes access to your personal NOTIFY :

Notify! web page. ek Bk (o, o b o b o o B b, b (340315

» Radar that updates every 5 minutes, focused
on the location you specify.

Changeladar (7

s Zoom in to see specific storms or zoom out to
get regional views.

s See the predicted path of storms to have
advanced warning of severe weather,

e Access all current weather alerts issued in the
U.s.

e Instantly access your alert and contact point

settings to make changes to your Notify!
service at any time.

Upgrade to Notify! Plus for custom weather
forecasts, health alerts, golf & ski forecasts
and more.

Learn more about Notify! Plus REd TOAE LA - & Mo R

Figure 74. Personal Notify! features.

89



90

Air Quality Fore

Select 8 reporting station to receive Yyour regeonal air guality forecasts. ®
Get a Regional Alr Quality Forecast for:
——— Daily EPA air quality forecast for your location
[GaTH] &9
Yaour Alr Quality Reporting Station:
Reporting Station |_add
Aants Remove
My Custom Forecast
Pleasa selact your custom waather thresholds for Afanta, GA, @
b 2 Imn
g Moderate or o Only Heav
1 Any Rain (eBirowmisids ® g v € No Alert
theth t lert wh
mu“““hms Whe .er_ynu want an al w en?\rer
any rain is forecast for your location
& Any z:lax:;::“ or £ WisEmnd or Only Strong & or only when the forecast calls for
Thunderstonms o Strong 3::::“‘,”,“ Thunderstorms Ll heavy rain
Thunderstarms & i : " forroed
Notfy! Plus wi =} u informed.
¥ |snow fy el v
Moderaste or Only Heavy
& any Snow © finiey Stob © Siiow ' Ho Alert
-@ Winter Frozen Precipitation
Any Winter
© frozen w :“I‘r Freezing " Only Sleet Mo Alert
Preciptation =
 Fog & Mo Alart
@ Windy Conditions
Greater than = Greater than Graater than
“ 15moh F 25 mph © 35 mph Sbeetey
li Feels Like
Wind Chill
© Less than 20F & LessthanOF € Less than -20 F Mo Alert
Heat Index
Greater than Greater than  Greater than
© sor © 1osF ® ner AN

Figure75. Notify! Plusfeatures.

6.4 REFERENCES AND ENDNOTES

FOR SECTION 6

3. “Wirca Launches Pay-by-Phone Software in Schlotzsky’s
Delis,” M-Commerce Times (www.mcommercetimes.com);
November 26, 2002.

1. Stellin, S. Paraphrased from “ Flight Delayed?Find Out Fast,” The 4. Sutherland, E. “Would Y ou LikeaWLAN Card with Y our Frap-

New York Times, Sunday Travel Section; December 1, 2002.

puccino, Sir?,” M-Commerce Times (www.mcommercetimes.

2. Sutherland, E. “Location-based Ads in the Real World,” com); August 2, 2001.
M-Commer ce Times (www.mcommercetimes.com); January 2,

2001.




SECTION 7

91

TTI AS PART OF A COMMUNITY INFORMATION SYSTEM

An increasing number of metropolitan areas are develop-
ing regional ATIS and 511 systems (1), which areresponsible
for disseminating traffic and travel information by telephone,
websites, or other means. Transit agencies are frequently
partnersin these systems, and TTI information that the tran-
sit system generates to inform existing and potential passen-
gersis contributed to the regiona pool of data used to make
travel decisions.

The most common form of participation inregional ATIS
so far has been to provide links to atransit agency’s stand-
aloneinformation resources. Often, aregional ATISwebsite
will provide live links to the websites of the area’s transit
and paratransit service providers and to aregional telephone
service that transfers callers to a transit system’s telephone
information system. More and more often, North American
transit agencies are providing real-time service information,
itinerary planning, or both; some integration of the transit
information with information about other travel alternatives
isbecoming morethan just adesire: from the customers’ per-
spective, it is becoming a necessity.

Because public transportation content is considered akey
content category, transit participation in the 511 system has
been growing since the system’s inception in 2000. For
example, the 511 systems deployed in the San Francisco
Bay Area and in Utah contain significant transit content. In
the next section, (Section 7.1), information pertaining to
transit’s participation in the 511 system is presented, using
UTA as an example.

In a companion paper to a survey of ATIS websites,
Volpe National Transportation Systems Center staff com-
pared private-sector perceptions with public-sector activi-
tiesin ATIS (2). Naturally, traffic information figured more
prominently than did transit information; however, with regard
to the latter, the authors concluded:

Transit agencies are doing a good job of providing static
information, such as route schedules and fares, to the public.
While some real-time information is collected on vehicle
time and location, much less is being transferred to private
information service providers (1SPs) or disseminated directly
to the public. In part, the lack of transfer results from lack of
interest on the part of | SPs. There may be amismatch between
metropolitan areas where there is a potential market for real-
time transit dataand metropolitan areas where data are being
collected.

This section contains a brief summary of TTI systemsthat
are part of regional information networks, community-based
information networks, or both. There are several locationsin
the United States and abroad that have integrated TTI with
other travel and nontravel information (about local commu-
nities and regions). Five primary examples are described in
this section:

Utah's 511 System,

Nottinghamshire County’s Travel Wise,

Puget Sound’'s Smart Trek,

Chicago’ s Gateway Traveler Information System, and
The European Union’s Transport Intermodality Data
Sharing and Exchange Network.

agrODNPRE

7.1 UTA’S PARTICIPATION IN UTAH'S
511 SYSTEM

Utah DOT's (UDOT’s) transportation management pro-
gram, called CommuterLink, was established in April 1999.
This ITS partnership includes UDOT, Salt Lake City, Salt
Lake County, FHWA, UTA, Wasatch Front Regional Coun-
cil, and the Utah Department of Public Safety. Commuter-
Link, considered the “public face” of multimoda TS in the
region, facilitates the sharing of resources and marketing
efforts of participating agencies. UTA has always been part
of CommuterLink, which madeit easy for UTA to play akey
rolein the 511 system efforts.

CommuterLink helped build an excellent relationship
among the participating agencies, which was critical to the
success of Utah’s 511 program. The development of the
511 system in Utah was expedited because of the Winter
Olympics, which were held in February 2002 in Salt Lake
City. The 511 Advisory Group within CommuterLink was
established, consisting of officials from UDOT, UTA, Salt
Lake City, Salt Lake County, the Utah Department of Pub-
lic Safety/Highway Patrol, and the Utah Trucking Associ-
ation. This advisory group was and continues to be essen-
tial in shaping the vision for traveler information in Utah
and in coordinating the partners’ actions. Planning for the
511 system began in Spring 2001, the design of the system
began in Fall 2001, and the system became operational in
December 2001.



92

UDOT was the lead agency for the 511 systems efforts,
but UTA was an active participant. UTA provided transit-
specific requirements to be included in the design. UTA and
other advisory group members monitored and reviewed the
design. Inreviewing the design, UTA ensured that the system
would be expandable and capable of meeting future transit
needs. For example, UTA iscurrently upgrading the 511 sys-
tem to include real-time train arrival information.

On December 18, 2001, Utah launched its 511 Traveler
Advisory Telephone System. The system integrates infor-
mation on road and weather conditions, incidents, conges-
tion, transit information, and construction activities. The
initial system included options for the following:

« Traffic information: Incident-oriented and weather-
related restriction information for principal state roads
and primary arterials in the Salt Lake City area and
throughout the state;

* Transit information: UTA information on servicedis-
ruptions, general messages, fares, and so forth, and the
option to transfer to UTA’s Customer Service Center to
access alive operator;

» Road conditions: Weather conditionson principa state
roads throughout the state (this is the same information
that is currently provided via the current Utah Road
Conditions Hotline); and

* Olympics information (through the time of the
Olympic Games): Information provided by the Salt
L ake Olympic Organizing Committee regarding events,
transportation services, and parking and including the
option of transferring to acall center to make areserva-
tion for bus transportation to the mountain venues.

Each agency isresponsible for providing its own information
to the 511 system. The advisory group believed that, initially,
it was not an absol ute necessity to provide real-time informa-
tion or all kinds of information (such as itinerary planning):
therefore, transit provides static information through the 511
system. UTA is, however, planning on adding real-time train
arrival information to the 511 system, as well as by phone,
Internet, and WAP devices.

In an effort to expediteits planning and design efforts, the
advisory group held four focus groups early in the processto
help the group understand how to design the system. UTA
was involved in selecting a firm to conduct the focus groups
and in evaluating and monitoring focus group activities and
discussions. Focus groups were engaged in evaluating differ-
ent approaches to language as well as to technologies. The
resulting menu structure and information provided by the sys-
tem were based on input from the focus groups. Key consid-
erationsfor the system suggested by the focus groupsincluded
frequent updates to the information, providing information on
road conditions, and providing either a live operator or an
IVR system.

The 511 system keeps track of how many callers access
each mode from the menu. The number of callers accessing
each mode determines the ratio of maintenance cost for each
participating agency. As of February 2003, about 1,000
callerswere accessing UTA information per month. Thiscall
volume has resulted in minimal maintenance cost to UTA;
hence, UDOT has not asked UTA to pay for these calls.
However, when the volume of calls increases, UTA antici-
pates covering its share of the maintenance costs.

7.2 NOTTINGHAMSHIRE COUNTY’S
TRAVELWISE

In the United Kingdom, Nottinghamshire County is
located approximately 130 miles north-northwest of Lon-
don. There are several communitiesin the county, and infor-
mation about them and the county isreadily available on the
Internet at www.nottscc.gov.uk/ (see Figure 76). In addition
to detailed information about the county and individual com-
munities, thereisalink to traffic and travel information. With
one click, you can enter the Nottingham Travel Wise Centre
(utc.nottsce.gov.uk/) (see Figure 77), which provides com-
prehensivetraffic and transit and general travel information
for the Nottinghamshire area.

TravelWise is a public awareness initiative whose pur-
pose is to provide travelers with information prior to and
during their trip so that they make the most informed deci-
sions about the mode(s) they will use and the route(s) they
will take. The service can be accessed via the Internet or
telephone. TravelWise caters to automobile users, public
transport users, pedestrians, cyclists, and travelers with
disabilities. It is not anti-automobile, but it does promote
more sensible use of automobiles by aiding travelers in
making informed travel decisions and by encouraging trav-
elers to think about the implications of individual travel
decisions. TravelWise activities include local advertising
(local radio, leaflets, etc.); working through local groups;
making schools packs; and providing public transport travel
information (3).

The Nottingham TravelWise system is a partnership of
the City of Nottingham, the U.K.’s Highways Agency, the
Nottinghamshire County Council, and BBC Radio Notting-
ham. The TravelWise Centre opened in October 1999 and is
theU.K.’ sfirst Mobility Centre. Travel Wise started asalocal
authority travel awareness initiative begun by the Hertford-
shire County Council in 1993. It has turned into a national
campaign in the United Kingdom through the establishment
of a National TravelWise Association with more than 120
local authorities participating (4).

Traveler information has been broadcast from Notting-
hamshire’ s Traffic Control Centrefor over adecade. In Decem-
ber 1997, the information service was enhanced by using
the Internet as another information medium. Since 1997, the
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Figure 76. Nottinghamshire County website.
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website has been expanded to cover more information about
traffic conditions, parking, public transportation information,
bus and train journey planners, weather conditions, and con-
tact numbers for various highway problems.

In Nottinghamshire County, as part of TravelWise and
a new travel strategy called “The Big Wheel” (see www.
thebigwheel.org.uk), real-time bus arrival information is
being tested on Route 11. Thisreal-timeinformationisbeing
provided at selected bus stops on the route (see Figure 78) and
viathe Internet (see Figures 79 and 80). Also, static timetable
“next bus’ information isbeing provided on several routesvia
mobile phones, as part of the Advanced Traffic and Travel
Information system (ATTAIN) project. ATTAIN began in
December 2001, providing information on one specific bus
route, and was expanded in Spring 2002 to several more
routes. Eventually, the planisfor ATTAIN to provide real-
time information.

In addition to the public transport information already
described above, Nottingham’s Travel Wise advertises the
National Public Transport | nformation phone number, 0870-
608-2-608. This hotline number is part of a U.K. initiative
called Traveline (seelogo in Figure 81), which provides cus-
tomized local and national public transport information such
as journey planning, costs, and connections for all modes.
Traveline replaced Nottinghamshire County’ s Buses Hotline.
Thisnational serviceis provided by anumber of regional call
centers across the United Kingdom.

7.3 PUGET SOUND’S SMART TREK

Traveler information is an integral part of the community
information provided via the Internet about the Washington
State’ s Puget Sound area. The Puget Sound Regional Coun-
cil (seeFigure 82) providesadirect link to Smart Trek, which
provides extensivetraveler information, including somereal -
time information, for all travel modes in the greater Seattle
area. As shown in Figure 83, information on traffic condi-
tions, ferries, transit and travel planning are all on the Smart
Trek website.

Smart Trek was developed originally as part of Seattle's
Metropolitan Model Deployment Initiative, which was a
U.S. initiative to establish model deployments of integrated
ITS in metropolitan areas that demonstrated regional, multi-
modal traveler information services and integrated trans-
portation management systems (5):

Washington State Department of Transportation (WSDOT)
entered into a partnership with public and private organiza-
tions to implement ITS solutions [in the Puget Sound area).
This partnership was named “Smart Trek”. ... The Smart
Trek program built upon existing I TS institutional relation-
ships and infrastructure in the Seattle region to showcase an
integrated Intelligent Transportation Infrastructure (ITI).
Smart Trek integrated new and existing data sources; estab-
lished atransportation information network that isintegrated,
regional, and multimodal; and greatly expanded the distrib-
ution of traveler information.

The six stops with nextBUS displays are shown on our map.
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7.4 CHICAGO'S GATEWAY TRAVELER
INFORMATION SYSTEM

The Gary—Chicago—Milwaukee corridor, with many ITS
systemsalready in place, isthe subject of asignificant planfor
ITS deployment. This corridor, which was established as an
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Figure 80. Real-time businformation for the Gertrude
Road stop on Route 11.

ITSPriority Corridor in 1991, “linksthe transportation infra-
structures in Illinois, Indiana and Wisconsin, including all
major freeways, airports, transit, commuter, and freight rail-
road systems’ (6). In 1995, aregional Multi-Modal Traveler
Information System (MMTIS) was defined inaCorridor Pro-
gram Plan. The MMTIS, aso known as the “Gateway,”
includes participation from al Chicago transit agencies (also
know asthe service boards. Chicago Transit Authority [CTA],
Metra, and Pace) under the umbrella of the Chicago Regional
Transportation Authority (RTA), in addition to all corridor
traffic management agencies.

The Gateway Traveler Information System (T1S) isadis-
tributed system that collects static and dynamic data through
regional hubs and distributes“ corridor-wide datato operating
agencies, information service providers, such as the media,
and to planners and researchers. Regional hubs aso have the

\

traveline
public transport info . Figure81.  National Traveline
0870608 2608 logo.
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ability to distribute data they collect but will not be distrib-
uting corridor-wide data’ (7). Transit is a prominent player
in the Gateway TIS, and the entry point to the Gateway TIS
for Chicago-area transit agenciesis the lllinois Transit Hub
(ITH). A functional architecture for the ITH was developed
by the Chicago RTA, which includes several key elements,
asfollows (8):

» Dataprovided to the ITH by Chicago-areatransit oper-
ators will include route and schedule information, fare
information, current on-time status and location, annul-
ments and cancellations, late pullouts, delayswith cause
and expected duration, parking occupancy information,
and incident reports. Service boards may also provide
certain requests or advisories to traffic management
centers through the ITH, including center-to-center
signal priority requests and information concerning
highway-rail intersection status.

» Data forwarded by the ITH to the Gateway includes
selected transit schedule, route, fare and current on-time
status information, as well as transit incidents. The ITH

will forward updated information every minuteto ensure
that theinformation provided to travelersis as current as
possible.

The ITH tracking database will support various traveler
information applications by maintaining current location
and on-time status for any vehicles reported to the ITH.
AnITH websitewill provide afull range of information
accessto transit travelersand, in the future, will support
management of traveler profiles for personalized TTI.
ThelTH will obtain and providetraffic information rel-
evant to transit operations from the Gateway system.
Thisinformation may include traffic incidents affecting
transit routes, travel times, road closures or lane reduc-
tions, and information on highway-rail interchange
status.

The ITH will host specialized applications such as the
Transfer Connection Protection System, which will
examine transit status reports to identify endangered
connections, and Active Transit Station Signs at joint
stops or at stations that display status information for
more than one service.
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Chicago RTA’s development and deployment of the ITH
dependson thetransit ITSinfrastructure, whichisfocusedin
four distinct technology areas: (1) traffic signa control, (2)
traveler information, (3) transit management, and (4) elec-
tronic payment. Many projectsare currently being conducted
in these areas to provide the necessary infrastructure. While
Chicago RTA redlizes that there are significant challenges
for transit to coordinate on aregiona scale to fully partici-
pate in the Gateway, it has identified three opportunities for
coordination that emphasize the benefits of its approach (9):

1. Service improvements through better dispatching in-
formation and tools that provide decision support
for interagency transfers and transit signal priority
operations;

2. Traveler information availability that includes not only
schedules and fares, but also up-to-date on-time status
for buses and trains; and

3. Sharing of information between transit and traffic man-
agers, improving both highway and transit perfor-
mance and safety and security of trips.

METRO

Service providers

Timetables and service disruption
(partly automated)

/ West Yorkshire’s
/Al Current Traveller Information Systems

Chicago RTA’s approach to participating in the Gateway
TIS can be used as an example of how transit can play asig-
nificant role in regional information systems. Its structured
development of aregional transit ITS plan ensures that com-
prehensive TTI is provided to the public in the future.

7.5 EUROPE’'S TRANSPORT INTERMODALITY
DATA SHARING AND EXCHANGE
NETWORK

Europe's TRansport Intermodality Data sharing and
Exchange NeTwork (TRIDENT) project addresses the issue
of standards for travel data. While this project is not specifi-
cally related to providing regional or community-based trav-
eler information, it represents an important step in integrat-
ing disparate travel data and traveler information systemsin
aregion. The goal of TRIDENT, which was funded in part
by the European Union Information Society Technologies
Framework, wasto support multimodal traveler services by
establishing common and reusable mechanisms that enable
sharing and exchanging data among transport operators
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(i.e., content owners) of different modes (e.g., bus, light
rail, subway, commuter rail, and highway) as well as ISPs.
TRIDENT investigated and proposed solutions for the orga-
nizational and strategic issues that often hinder travel inter-
modality. This 30-month project ended in 2002 and tested
specifications at four sites: Flanders, Belgium; Paris, France;
Rome, Italy; and West Y orkshire, United Kingdom (10).
TheWest Y orkshire test best il lustrates the benefits of TRI-
DENT and shows how an integrated traveler information sys-
tem using TRIDENT specifications could become akey com-
ponent of regiona or community information systems: (11)

Metro is the public body responsible for coordinating public
transport in West Yorkshire. It has a key role in providing
passenger information in arange of formats, including viaa
call centre. The information is obtained from a variety of
sources including private bus and rail operators.

InWest Y orkshire, there are 6 train operators, 42 bus oper-
ators, and 6 traffic control centers. Prior to TRIDENT, trav-
eler information was collected and disseminated as shownin
Figure 84 (12):

b
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West Yorkshire's
Planned Traveller Information Systems
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In West Y orkshire the TRIDENT specifications will be used
to support the introduction of real time multi-modal public
transport information using object oriented technologies. In
particular it will be used to provide integrated real time infor-
mation for bus-rail links in the Denby Dale arealinking real
time bus information with similar information for trains.
Information on delays and cancellations from train operators
will be shared with Metro and combined with real time bus
information held by Metro’s own systems. Thiswill form the
basisof areal timeenquiry system capable of providinginfor-
mation for multi-modal journeysinvolving both busandtrain.

Real timeinformation for both busesand trainswill be dis-
played on asingle screen at | ocations such as Denby Dale and
made available to the public initialy via Metro's telephone
enquiry line. The availability of multi-modal real timeinfor-
mation will alow the passenger to make a more informed
travel choice especially on occasions where there are dis-
ruptionsto the service. It is anticipated that the system will
be extended to cover West Yorkshire in the future with
other retail channels being introduced.

After the full implementation of TRIDENT, traveler
information in West Y orkshire will be collected, processed,
and disseminated as shown in Figure 85.
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SECTION 8
FUTURE DIRECTIONS

From the research conducted during this project, itisclear
that the transit industry is making significant inroads in
improving TTI. While complete integration with other trav-
eler informationisstill initsinfancy, TTI hasbeen proven to
improve the perception of transit services and to have the
potential to result inamode-shift toward public transit. How-
ever, continued improvements must bemadein TTI to ensure
this mode-shift.

During the course of this research effort, four key strate-
giesforimproved TTI have been identified; the strategiesare
being deployed by transportati on agencies outside the United
States or have been implemented by nontransit industries.
These strategies are as follows:

1. Improving the data that provides the basisfor TTI;

2. Completely integrating TTI with other traveler infor-
mation, particularly traffic information for “one-stop”
regional information shopping;

3. Providing more customer-focused and personalized
information, such as bus stop-evel schedules and
maps and IV R systems; and

4. Providing real-time information using a variety of dis-
semination media.

In each subsection below, the best examples of agencies that
have met these challenges in providing improved TTI are
presented.

8.1 IMPROVEMENT OF UNDERLYING DATA

While the importance of developing and maintaining
accurate and comprehensive data that provides the basis for
TTI applications has been discussed earlier in this report, it
is akey strategy that can be used to improve traveler infor-
mation. Data quality directly affects everything along the
“information chain,” as described as follows (1):

Theinformation chain from collection of raw datathrough its
conversion into meaningful information toitsdelivery to end
users will usually involve a number of organizations span-
ning the public and private sector. A common division of
responsibilities seen in partnershipsisasfollows. The public
authority has the role of data provision and maintenance of
data quality. Meanwhile the private organizations have the
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role of using that data to deliver (commercial) information
servicesto the public.

Thus, if the initial data used by a public agency to generate
information for dissemination is not accurate, the informa-
tion will not be accurate. Thislack of accuracy of the under-
lying data can have significant consegquences for the public's
perception of the information; therefore, the public's use of
the information may be reduced. There are four areas in
which dataquality can beimproved to, in turn, improve TTI:

1. Leve of detail,
2. Coverage,

3. Accuracy, and
4. Maintenance.

8.1.1 Level of Detail

The level of data detail affects TTI in several ways. For
example, datadetail can affect routing from Point A to Point B,
depending on the customer’ s mode of travel: “The most suit-
able route for a pedestrian, for example, might not be the
same as that for a cyclist both in terms of the attractiveness
of that route and its distance” (2). Further, the information
generated by scheduling and itinerary-planning systems that
rely on bus-stop inventories can be affected by the level of
detail provided in the inventory. For example, if a schedul-
ing and itinerary-planning system is being used to guide a
person with disabilities from his or her hometo abus stop, it
isvery important to know whether the path of travel isacces-
sible. Such level of detail may not be necessary for other TTI
applications, but it is critical in thistype of application.

8.1.2 Data Coverage

Data coverage can be critical, particularly when a cus-
tomer istraveling within aregion that has multiple modes or
awide geographic area. For example, if acustomer istravel-
ing from San Francisco to San Rafael in Marin County, Cal-
ifornia, the data underlying the itinerary-planning engine
must contain not only datafor transit services within the city
that will take the customer to the Golden Gate Transit Lark-
spur Ferry, but also datafor servicesthat connect to the ferry
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once the ferry is at Larkspur Landing (in this case, Golden
Gate Transit bus services).

8.1.3 Data Accuracy

Data accuracy also significantly affects the accuracy of
TTI. For example, if the specific geographic location of abus
stopisinerror, several TTI elementswill bein error, includ-
ing real-time arrival or departure information for that stop;
onboard next-stop announcements, which could be made at
the wrong time; and itineraries that involve that stop. If the
location of abusisnot accurate, it will affect the accuracy of
the prediction of when that bus is going to arrive at the
upstream stops.

8.1.4 Data Maintenance

Data maintenance must be performed on aregular basisto
ensure continuing data accuracy. Further, as is implied in
Section 4, data maintenance can be optimized if an agency
maintains only one database that is used for al TTI applica-
tions. Often, thisis a challenge because different TTI appli-
cations need varying levels of detail and coverage. Histori-
cally, agencies have had multiple bus stop inventories: one
to drive a scheduling system; one to drive an AVL system;
one to drive the onboard annunciation system; and so forth.
With just one comprehensive bus stop inventory, data main-
tenanceisfacilitated, asisbuilding interfacesfrom each TTI
application to this data. For example, it would be ideal to
have one bus-stop inventory that underlies scheduling, AVL,
onboard annunciation, automatic passenger counting, real-
timetransit information, trip and itinerary planning, and IVR
systems.

8.2 INTEGRATION WITH OTHER
TRAVELER INFORMATION

A Thematic Long-term Approach to Networking for the
Telematics and ITS Community (ATLANTIC) is a project
funded by the European Commission, U.S DOT ITS Joint
Program Office, and Transport Canada. ATLANTIC is re-
viewing “the coverage, content and results of European,
American and Canadian I TS research and development pro-
grams’ (3). ATLANTIC supportseight forums, two of which
specifically address ATIS (i.e., the Telematics-based Traffic
and Travel Information Services and Intermodal Collective
Transport Information forums). This 18-month project,
which endsin December 2002, has done asignificant amount
of work in examining the present and future of ATIS.

As part of ATLANTIC, areview of U.S. ATIS business
models was shared with ATLANTIC participants, and com-
ments were made on this review from a European perspec-
tive (4, 5). While traffic information was the primary focus
of the model review and subsegquent European comments,

there are many issuesthat directly relate to the future of TTI
systems, as follows:

* Integration with traffic information: There are for-
midable socia barriers to providing public transport
information; these barriers make it difficult for politi-
cians to challenge the automobile culture by investing
in ATISthat provide both transit and traffic information
(6). However, users have expressed a need for multi-
modal traveler information: “In Europe, the largely co-
ordinated approach to traffic and travel data appears to
have resulted in the establishment of a robust value
chain and the identification by key players of profitable
positioning points within that value chain” (7).

» Saleof public data, systems, or both: Intermsof TTI,
public transit has the opportunity to sell its data (e.g.,
real-time bus arrival information), “as long as the data
being sold is of sufficient quality and is on alevel that
the private sector cannot replicate by gathering similar
dataontheir own” (8). Given that the private sector can-
not replicate public transit operational data, this could
givetransit adistinct advantagein selling its data. Tran-
sit agencies selling their data could turn around the rel-
atively recent market of firmsthat provide transit agen-
cies with a for-fee service that collects, processes, and
disseminates real-time information.

» Content of TTI: Theneed for travel time data has been
expressed. This is an area that public transit has not
undertaken to date. If travel timeswere provided as part
of TTI (and could be compared with the travel timeson
other modes), the public would be able to make more
informed choices about mode(s), route(s), and so forth.

The many presentations made in association with the
ATLANTIC project have the same theme—the integration
of information services provides the most value to the user
of ATIS, of TTI services, or of both. Many current (as of
December 2002) projectsin the United Kingdom and Europe
are focused on the full integration of traveler information,
such as Transport Direct, which was mentioned earlier in
Section 3.2. In a presentation given at the 8th World Con-
gresson ITS, Transport Direct—a fully integrated system—
was presented, as shown in Figure 86 (9). Note that Trave-
lineisan existing U.K. system to provide TTI throughout
the United Kingdom by dialing one phone number (0870-
608-2-608).

Further, over and over again, the idea of providing travel
times using various modes has been expressed, representing
the need for completeintegration of transit and other traveler
information. Calculating travel times for different modesis
not trivial and would require that many sources of data be
combined and processed to predict travel times and that a
rather sophisticated algorithm be developed to perform this
calculation. In order to handle datafrom multiple sources, the
datawould haveto be stored using astandard. The TRIDENT
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Figure 86. Vision for Transport Direct in 2003 and beyond.

project, which was described in Section 7.5, addresses the
issue of standards for travel data. However, if the ultimate
goal of improved TTI is to be completely integrated with
other travel and on-travel services, standards alone are not
going to generate such improvements.

Developing an agorithm that is sophisticated enough to
produce accurate and reliable travel time predictions has
recently been achieved through the DOM project, which was
described in Section 5.2.5. In DOM, multimodal routing
includes a comparison between travel times and costs for
travel by public transport and travel by car (10):

The traveling times for cars consider the individual streets
speed profiles and figures drawn from past experience. The
costs are calculated on the basis of values from the German
automobile association. The intermodal public transport
route is calculated using all forms of public transport (rail
and local forms of transport) as well as footpaths and taxi
trips.

The evaluation of DOM is not yet complete, so the user's
perception of the reliability and accuracy of the travel time
predictions is not yet known. In any case, North American
transportation agencies should take note of the results of this
and other similar initiatives in the United Kingdom and in

Europein order to begin achieving full integration of TTIl and
other travel information.

Three U.S. initiatives that are attempting to achieve full
integration include the 511 system (as mentioned in Section
7.1), the Intermodal Passenger Information System, and
TRIPS123. Asof February 2003, fourteen 511 systems have
been deployed, with many more deployments expected inthe
near future. While transit has not always been a component
of deployed 511 systems, there has been an emphasis on
including transit. Further, there have been many discussions
of including real-time transit information via 511, if it is
available. For example, Utah's 511 system will eventually
contain real-time train arrival information for UTA.

An example of a511 system that may eventually include
real-time transit information in addition to real-time traf-
fic and related National Park information is the Tri-State
Advanced Rural Traveler Information System (TRIO), which
is under development for the states of Maine, New Hamp-
shire, and Vermont. Several technologies (collectively called
the TRACKER system), including a real-time transit infor-
mation system, have been deployed in the bus system in
Bar Harbor, Maine, called the Island Explorer. This system,
which operates from mid-June through Labor Day each year,
serves Acadia National Park and the surrounding communi-
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ties. It has been proposed that TRIO, which will beintegrated
into the 511 system, include the real-time departure infor-
mation that is generated by the TRACKER system.

The Intermodal Passenger Information System is best
described as follows (11):

[The] project is a multi-phase effort to implement a fully
integrated intermoda and multimodal traveler information
system for trips anywherein the Northeast Corridor. Such an
integrated system would provide travel information for long
distance, inter-city travelersfrom origin to destination at var-
ious stages of the trip process: trip planning, trip initiation,
and en-route. Stage 1 efforts have assisted in linking the trip
planning systems of Greyhound and New Jersey Transit;
soon to be added are the trip itinerary planning systems of
SEPTA, WMATA and MAMTA [Maryland Transit Admin-
istrationinthe Baltimoreared]. Thiseffort isalso being coor-
dinated with the work FTA is advancing in trip planning at
the federal level.

TRIPS123, which is expected to be operational in early
2003, is a multimodal traveler information system for the
New York—New Jersey—Connecticut region. The system
comprisesthree distinct services: (1) the free Traveler Infor-
mation Center, which allows travelers to make better
informed travel choices; the free Transit Advisory System,
which assists travel ers to make regional trips using multiple
carriers; and the for-fee Personalized Traveler Service, which
proactively alertstravel ers about any eventsthat could affect
their travel times (12).

In terms of the need for standards that specifically address
the integration of TTI with other traveler information, the
development of the National Transportation Communica-
tions for ITS Protocol (NTCIP) is supposed to fulfill that
need (13):

NTCIP is a family of communications standards for trans-
mitting primarily data and messages between microcomputer
control devices used in Intelligent Transportation Systems
(ITS). NTCIPisintended for usein al types of management
systems dealing with the transportation environment, includ-
ing those for freeways, traffic signals, transit, emergency
management, traveler information, and dataarchiving. NTCIP
is intended for use between computers in different systems
or different management centers, and between a computer
and devices at the roadside. NTCIP allows agencies to
exchange information and (with authorization) basic com-
mands that enable any agency to monitor conditionsin other
agencies systems, and to implement coordinated responses
to incidents and other changes in field conditions when
needed.

The use of NTCIP is not widespread enough yet to have
solved the basic problem of multiple transportation agencies
providing data into one repository, which then disseminates
the information to the customer. The TRIDENT project in
Europe, described in Section 7.5, has begun to be successful
in addressing this issue.

The Transit Communications I nterface Profile (TCIP) isthe
transit series of standards that are part of the NTCIP family.
TCIP contains nine data and message standards, as follows:

NTCIP 1400: TCIP Framework

NTCIP 1401: Common Public Transport Objects
NTCIP 1402: Incident Management

NTCIP 1403: Passenger | nformation

NTCIP 1404: Scheduling and Runcutting

NTCIP 1405: Spatial Representation

NTCIP 1406: On-Board

NTCIP 1407: Control Center

NTCIP 1408: Fare Collection

©CONOUTA~MWNE

Of the nine standards, five are directly related and used in
TTI systems. These are numbers 1, 2, 4, 5, and 6 in the list
above. Currently, FTA and APTA are leading an effort to
compl ete the standards devel opment and to expedite deploy-
ment of systems using the standards. A pilot implementation
of a TTI system using the standards is being planned for
Summer 2003.

Asmentioned in Section 5.2.4, there are several aspects of
this project that are unique to most TTI systems and have
applicability to providing TTI services in the United States.
First, this personalized service must process and integrate
data from severa different sources. The architecture, which
was shown in Table 10, identifies categories of the providers
of information and transit services as follows:

« Content owner,

+ Content provider;

* Service operator;

* Service provider; and
* Network provider.

This categorization could be used in the United States; how-
ever, as of December 2002, most U.S. transit agencies that
provide TTI servicesare ownersand providersof content and
service. Perhaps using a more distributed architecture, such
as the one used in PIEPSER, would relieve transit agencies
of theresponsibilities associated with directly providing such
information. On the other hand, having transit agencies
directly provide this information ensures the quality of the
information.

Second, thisserviceisprovided to alimited number of tran-
sit customers—those who purchase monthly transit passes.
These pass buyers have the option to subscribeto this service.
If they subscribe, dataontheir regular transit tripsisrecorded,
along with their mobile telephone number. Limiting the ser-
vice to pass holders minimizes the data processing required.

Third, Unified Modeling Language (UML) isthe standard
language used for system design and software. Using a stan-
dard language such as UML facilitates the system design by
allowing both actual and conceptual components to be
defined (14):



[PIEPSER] does not only deliver disruption messages [via
Short Message Service], but also suggestions on alternative
ways to act. The generation of these scenarios takes into
account the traffic conditions regarding traffic flow and the
availability of car parks. Furthermore, information is also
provided on current road works and diversions.

8.3 PROVISION OF MORE CUSTOMER-
FOCUSED AND PERSONALIZED
INFORMATION

Throughout this report, the idea of what the customer
needs has been discussed frequently. Several TTI systems
that provide personalized TTI have been presented to show
how transit agencies are becoming more customer-focused,
and the fact was discussed that choice riders are no longer
satisfied with paper schedules and speaking to a customer
service operator to obtain TTI. In this section, two examples
of improved TTI that integrate other traveler information, an
element discussed in Section 8.2, are presented: stop-specific
timetables and IV R technology.

8.3.1 Stop-Specific Timetables

Transport for London recognized the need to provide im-
proved static and dynamic traveler information to the public.
The Countdown system, previously described in detail in
Section 5.2.1, is providing real-time information to the pub-
lic at bus stops. In terms of static dataimprovements, Trans-
port for London has redesigned bus timetables and maps to
provide customers with information at the bus stop level.
Through Transport for London’ swebsite, customers can obtain
bus stop specific schedules (journeyplanner.tfl.gov.uk/user/
XSLT_STT_REQUEST2anguage=en, asof December 2002).

London Bus timetables that were available before stop-
specific timetables were devel oped, such asthe one shownin
Figure 87, weretypical schedulesshowing all stopsalong the
route and the time that the bus would be at each stop (15).
These timetables were viewed as difficult to understand, did
not provide clear information about the bus at an individual
stop, and did not reflect how the buses actually run.

Stop-specific timetables, such as the one shown in Figure
88, were designed based on extensive customer research.
Customer response has been very positive since the distribu-
tion of these schedules, which started in March 2002. It is
expected that all 65,000 timetables will be available by the
end of the 15-month rollout (the rollout is being done by
ared) in June 2003. Thefeatures of these stop-specific timeta-
blesare asfollows:

» From abus user’s point of view, the timetable
— Provides information about his or her bus from his
or her stop,
— Iseasy to read and understand, and
— Reflects how the buses actually run.
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» The design features include the following:
— Thefreguency chart portion of the timetable, which
= Removes “ spurious accuracy,”
= Providesinformationin alarge font size,
= Has clear time banding,
» Usesa12- and 24-hour clock,
= Showsfirst and last buses, and
= Shows night buses separately.
— Theroute diagram portion of the timetable, which
= Showsthe direction of travel,
= Shows the current stop,
= Shows where the bus has been,
= Shows the approximate journey time, and
Clearly links the Night Bus route with frequency.

Spider maps, similar to the familiar London Underground
maps, were devel oped recently to show bus servicesfrom spe-
cific stops (see Figure 89). Multiple mapsare provided for each
borough in London (www.tfl.gov.uk/buses/route_maps.shtml).
These maps, which were developed based on considerable
customer research, are much easier to use than the standard
bus maps and give an easy-to-understand graphical view of
all of the bus services emanating from a specific stop. Most
of the high volume bus stops have spider maps available.

Transport for London also hasan interactive map that acus-
tomer can useto generateinformation about particular London
Underground stations, including information on bus connec-
tions, bus spider map (if available), train times, station facili-
ties, station access, aloca areamap, and the opening hours if
thereisatravel information center at that particular stop.

Another improvement in customer-focused information is
the use of 1VR systems. Voice recognition technology pro-
vides the basis for VR systems, which are beginning to be
used to provide TTI. IVR systems can include the following
functionality:

+ Automatic speech recognition and text to speech (as
used by Denver RTD and described in Section 4.2.1);

+ Provision of general transit information, including hours
of operations, fares, and so forth;

+ Paratransit trip reservations, confirmation, and cancel-
lation;

+ Paratrangit trip notification, which notifies the customer
acertain amount of time before the vehicle is scheduled
to arrive;

+ Transit pass sales,

* Provision of real-time transit information, such as ETA
for a specific bus stop;

» Administration of customer surveys; and

* Provision of trip- or itinerary-planning information.

8.3.2 IVR Technology

WMATA'’s RideGuide system, which was described in Sec-
tion 4.2.1, is available via telephone using I VR technology.
This system, implemented in November 2002, allows callers
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Figure87. Bustimetable for Route 8 in London.
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Figure88. Stop-specific timetable for Kingsland Road Stop and Route 149.
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Figure89. Spider map for bus service radiating from Bayswater Station in London.

to speak their responses to the itinerary-building questions,
which are identical to those asked on the web application.
The use of such voice technology provides accessto trip and
itinerary planning 24 hours per day, 7 days per week and
does not require Internet access. Several other systems across
the United States are now implementing this technology,
including the Ann Arbor Transit Authority in Ann Arbor,
Michigan. International deployments of IVR to provide TTI
include the greater Sydney areain Australia (i.e., the Trans-
port Infoline).

In addition to availability to TTI 24 hours per day, 7 days
per week, voice-enabled technology can provide additional
benefits to agencies, benefits that significantly improve the

provision of TTI. These benefits include the capability to
handle increased call volume, areduction in call volume to
customer service agents, and a reduction in the number of
calls abandoned.

8.4 PROVISION OF REAL-TIME INFORMATION

Throughout this report, numerous examples of real-time
information systems have been provided. Since the success
of these and other similar systems deployed around theworld
has been discussed already, it would be helpful to view the
addition of real-timeinformationto TTI in adightly different



manner: from a planning perspective. The case of Oregon
DOT’s(ODOT' s)Transit Trip Planning systemillustratesthe
careful thinking required when considering, designing, and
deploying a comprehensive TTI. The addition of real-time
information, which is not atrivial element of a TTI, must
be well planned out. ODOT conducted a study to determine
the best approach to devel oping and deploying a comprehen-
sive, statewide transit trip-planning system. ODOT’ s vision
for this systemisto “provide the public with seamless access
to public transit information and services’ (16). The outcome
of this study was arecommendation to design and implement
such a system in three phases (17):

» Phase 1: Design and implement a web-based clearing-
house;

 Phase 2: Add an automated trip-planning element; and

 Phase 3: Add long-term functionality, such asreal-time
transit information, and develop universal payment
methods.

In October 2002, ODOT began the development of the transit
trip planner. The key features of each release (which corre-
sponds to each recommended phase) are as follows (18):

* Release 1 features:

— Interactive tools to locate appropriate service
provider(s) (e.g., map-based interface);

— Public/private transit service providers directory;

— Comprehensive transit data for each of the transit
providers,

— Linksto sites with useful content; and

— Other information, such as service area boundaries
for each provider, bike mapsand trails, and key land-
marks and activity locations.

* Release 2 features:

— Ability to automatically generate custom trip itiner-
ary based on the user-specified parameters,

— Provision of dynamic mapping support,

— Support of transit information dissemination through
various means,

— Allowance for specialized automated queries to
locate transit services, and

— Provision of system usage statistics and travel pat-
terns to support better transit planning.

Release 1 will be built on the existing ODOT TripCheck"
system (www.tripcheck.com/), which provides statewide
traveler information.

ODOT’s approach to building a transit trip planning sys-
tem is also exemplary because it is designed to address each
of the following challenges (19):

» A comprehensive listing of transit schedules and other
forms of public transportation options are not currently
accessible in a seamless, centralized location;
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» Transit schedules currently managed by ODOT's
TripCheck website are dependent on several internal
manual processes, affecting the timeliness of changes
and reducing the accuracy of schedule data;

» A magjority of transportation providersin the state do not
have schedule or contact information electronically via
the Internet; and

* The public has no way to easily obtain transportation
options for trips within Oregon.

As noted earlier, the addition of real-time information is not
considered until Phase 3 of the project. This will ensure that
all other features of the system are fully operational and that
the public has gotten accustomed to and has a certain level of
confidence in using the system. Again, this is unlike many
other systemsthat have introduced real-time information, not
as part of an integrated TTI, but as a stand-alone element.

Another good example of introducing real-time informa
tion isthe 5T systemin Turin, Italy, which was discussed in
Section 5.2. The 5T system, which has a clear public trans-
port focus, provides real-time information as one of the ele-
ments of its TTI services. A customer can easily plan ajour-
ney and then check the real-time status of the vehicle(s) he
or shewould like to take.

The ultimate TTI would combine the real-time informa
tion on vehicle status with atrip plan. This has not yet been
accomplished, but several TTI systems are striving to make
improvements that have features as powerful as that. (e.g.,
WMATA'’sRideGuide). Asof February 2003, FTA, FHWA,
and the ITS Joint Program Office are in the early stages of
planning a demonstration program that links real-time infor-
mation with multimodal trip planning so that customers can
obtain door-to-door real-time trip information.
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GLOSSARY OF ABBREVIATIONS AND ACRONYMS

5T

AC Transit
ADA
AIGLE

AlP
APTA

APTS
ARDIS
ATC

ATIS
ATLANTIC

ATTAIN

ATSCS

AVL

BART
BLIS

CAD
Caltrans
CCRTA

CCVIP

CDPD
COTA
CRM
CTA
CUE

DGPS
DMS
DOM

DOT
DRS
DSRC
DTMF

EDAPTS

Telematics Technologies for Transport
and Trafficin Turin (Italy)

Alameda—Contra Costa Transit District

Americans with Disabilities Act

Aide al’ Intervention Globale sur les
Lignes en Exploitation

Automated itinerary planner

American Public Transportation
Association

Advanced Public Transportation Systems

Advanced Radio Data Information Service

Azienda Trasporti Consorziali, Bologna,
Italy

Advanced traveler information system

A Thematic Long-term Approach to
Networking for the Telematicsand ITS
Community

Advanced Traffic and Travel Information
(System)

Automatic Traffic Surveillance and
Control System

Automatic vehicle location

Bay Area Rapid Transit, San Francisco
Bus Location and Information System

Computer-aided dispatch

CdiforniaDOT

Cape Cod (Massachusetts) Regional
Transit Authority

Computer Center for Visually Impaired
People, Baruch College, New Y ork

Cellular digital packet data

Central Ohio Transit Authority

Customer relationship management

Chicago Transit Authority

City-University-Energysaver, Fairfax,
Virginia

Differential global positioning system

Dynamic message sign

De Orientierte Mensch (The Oriented
Person)

Department of Transportation

Demand-responsive system

Dedicated short-range communications

Dual-tone multifrequency

Efficient Development of Advanced
Public Transportation Systems

EFA
ELMI

ETA

FedEx
FIT
FHWA
FOT
FTA

GIS
GPS
GSM
HELMI

IP
ISDN
ISP
ITH
ITS
ITSA

IVR

JPO

LACMTA

LADOT
LAN
LED
LIRR

MAX
MDT

MM DI
MMTIS
MOBINET
MTA

MTC

MUNI
MVV

NTCIP

Elektronische Fahrplanauskunft

Espoo and L énsivayla Passenger Informa-
tion System, Helsinki

Estimated time to arrival

Federal Express

Fixed information terminal
Federal Highway Administration
Field operational test

Federal Transit Administration

Geographic information systems

Global positioning system

Global system for mobile communications

Helsinki City Transport’s real-time
information system for both bus and
train lines

Internet protocol

Integrated Services Digital Network

Information service provider

[llinois Transit Hub

Intelligent Transportation Systems

Intelligent Transportation Society of
America

Interactive voice response

Joint Program Office

Los Angeles County Metropolitan
Transportation Authority

LosAngelesDOT

Local-area network

Light-emitting diode

Long Idand Rail Road, New Y ork

Metropolitan Area Express (Portland)

Mobile data terminal

Metropolitan Model Deployment Initiative

Multi-Modal Traveler Information System

Mohilitét im Ballungsraum Miinchen

Metropolitan Transportation Authority,
New Y ork

Metropolitan Transportation Commission

San Francisco Municipa Railway

Minchner Verkehrs und Tarifverbund

National Transportation Communications
for ITS Protocol
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ODOT
osu
OVR

PDA
PIDS
PIEPSER

PIS
PROMISE

PTA
PTDB
PTI

RATP
RER
RISS
RTA
RTD

SEPTA

SIEL
SIS
SLO
SMS
SNCF

STCUM
STIB
SWM
TARS
TATS

TCIP
TCP

Oregon DOT
Ohio State University
OV reisinformatie (The Netherlands)

Personal digital assistant

Passenger information display system

Personalized Information on Disruptions
to Public Transport Exclusive to Users
of Public Transport

Passenger Information System

Personal Mobile Traveler and Traffic
Information Service

Personal traveler assistant

Public transport database

Public transport information

Régie Autonome des Transports Parisiens
RATP s Regional Rail Service

Remote infrared signage system

Regional Trangportation Authority, Chicago
Regional Transportation District, Denver

Southeastern Pennsylvania Transportation
Authority

System D’ Information en Ligne

Service Information System

San Luis Obispo (Transit)

Short message service

Société Nationale des Chemins de Francais
(France)

Société de Transport de la Communauté
Urbaine de Montréal

Société des Transports | ntercommunaux
de Bruxelles

Stadtwerke Munich

Travelers Advisory Radio System
Traveler Advisory Telephone System
Transit Communications I nterface Profile
Transfer connection protection

TCRP
TDDS

TEN

TIC

TIS

TMC
TRACKER
TRB
TRIDENT

Tri-Met

TRIO

TRIS

TTI
TTS

uboT
UML
UPS
UTA

VCTC

VIA
VMS
VRE
VRR
VSCS

WAP
WAW
WLAN
WMATA

WSF
WWW

Transit Cooperative Research Program
Talking Directory Display System
Trans-European Networks
Traffic Information Center
Traveler Information System
Transportation Management Center
Collective technologies used by TRIO
Transportation Research Board
TRansport Intermodality Data sharing
and Exchange NeTwork
Tri-County Metropolitan Transportation
District, Portland, Oregon
Tri-State Advanced Rural Traveler
Information System of Maine,
New Hampshire, and Vermont
Transportation Research Information
Services
Transit traveler information
Text-to-speech

Utah DOT

Unified Modeling Language
United Parcel Service

Utah Transit Authority

Ventura County (California) Transporta-
tion Commission

Visuaizzazione Informazioni Arrivi, Turin

Variable message sign

Virginia Railway Express

Verkehrsverbund Rhein-Ruhr

Vehicle Scheduling and Control System

Wireless application protocol

Wide-areawireless

Wirelesslocal area network

Washington Metropolitan Area Transit
Authority

Washington State Ferries

World Wide Web




Abbreviations used without definitions in TRB publications:

AASHO
AASHTO
APTA
ASCE
ASME
ASTM
ATA
CTAA
CTBSSP
FAA
FHWA
FMCSA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
NTSB
SAE
TCRP
TRB
U.S.DOT

American Association of State Highway Officials
American Association of State Highway and Transportation Officials
American Public Transportation Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers
Institute of Transportation Engineers

National Cooperative Highway Research Program
National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Society of Automotive Engineers

Transit Cooperative Research Program
Transportation Research Board

United States Department of Transportation
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