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Foreword and Disclaimer / Notice

The Guidance for Developing and Deploying Real-time Traveler Information
Systems for Transit document provides key information about the current state of
practice. This document includes information about system components and
offers lessons learned and recommended practices for successful deployments.
The document is intended for transit agencies that are considering the deployment
of real-time transit information systems.

This is the final version of this document, and it does not supersede any previous
publications.

NOTICE

This document is disseminated under the sponsorship of the U.S. Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The United States Government does not endorse products of manufacturers. Trade
or manufacturers’ names appear herein solely because they are considered essential
to the objective of this report.
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Executive Summary

Transit customers today want and expect reliable, up-to-date, information from
their local transit agencies. Reliable information assists the rider in making their
transit and multimodal trip plans. Providing high quality information on transit
status information has shown to improve customer service, which in turn can lead
to increased ridership.

The advent of automatic vehicle location (AVL) systems not only has provided
the transit industry with tools to monitor and control operations, but with the
opportunity to provide customers with real-time information. This real-time
information enables existing and potential riders to make

better pre-trip and en-route decisions. Providing real-time Real-time transit information systems
information has additional benefits to the transit agency: contribute to world-class public
improving customer service; increasing customer satisfaction transportation, ensure transit

and convenience; maintaining or increasing ridership; and awareness, and are an integral part
improving visibility of transit in the community. of livable and thriving communities.

The Intelligent Transportation Systems Deployment Tracking survey, which
collects information on progress being made toward achieving U.S. Department
of Transportation’s goal of deploying ITS infrastructure in the nation’s largest
metropolitan areas by 2005, continues to show increases in the planning

and implementation of real-time transit information systems. During

ITS America’s 10-Year Vision planning session workshops in late 2001,

the transit industry requested that FTA provide guidance information on
traveler information systems. Specifically, as real-time arrival systems

were being planned and implemented, best practice information was

requested by the industry. This Guidance document effort was initiated ;
in response to the industry’s request. Rational inteitigent Tanse RN

Systems Program Plan:
A TenYear Vision

This Guidance document provides key information for transit agencies
that are considering the deployment of real-time transit information
systems. An understanding of the current state of the practice in these
systems is presented, along with information on the components of

irary 72 “aparst n with the Urited St Copurtrant of Farspertat

—
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successful systems, issues and challenges that must be addressed in deployment,
recommended practices for successful deployment, and a description of the future
of these systems.

The figure shown below depicts a high-level view of a real-time transit
information system. As the figure shows, the traveling public accesses the system
for real-time transit information. For example, users may access a web site that
provides schedule information or view an electronic sign that gives the next bus
arrival time. Underlying these aspects of the system is the “engine,” which is
usually integrated with a transit management system. For example, in order to
project vehicle arrival time, an automatic vehicle location (AVL) system is
necessary to provide the real-time vehicle location data. Then, the real-time
traveler information system uses the current vehicle location to compute the
estimated arrival time at the upstream stops using data that may include vehicle
speed, distance, travel time history, and traffic flow history. Many applications
use a countdown to the arrival of the next vehicle (e.g., next bus in 5 minutes)
rather than an estimated arrival time.

Dispatcher

Transit Web Site Tran.sit Management System
(includes AVL/CAD)

> Real-time Prediction T T e
Process @'/
Wireless Devices Landline Wayside/Activity Center v
Pagera PDA Kiosk
Mase \&)
WAP
Phone Internet
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The distribution of real-time transit information takes many forms. At transit
facilities and other key locations (e.g., activity centers), estimated arrival time of
the next vehicle is provided on electronic signs (also known as dynamic message
signs [DMSs]), as well as other public information devices, such as interactive
kiosks. Riders with access to the Internet can obtain real-time transit information,
as well as static and general transit information (e.g., schedule and fare) from a
transit agency’s web site. Increasingly, real-time transit information is bundled
with other travel- or transportation-related information available from third-party
web sites. Riders with personal communications devices (PCD) such as a pager, a
wireless application protocol (WAP)-enabled cell phone, or a wireless personal
digital assistant (PDA), can acquire real-time transit information from anywhere
there is wireless communication coverage.

Primary hardware and software features of a successful real-time transit
information system are identified in this report. The hardware features include
dynamic message signs, wireless media applications, automatic vehicle location
systems, and communication systems. The software features include prediction of
real-time information, Internet and e-mail applications, interactive voice response,
mobile real-time application software, and communications software.

The issues and challenges transit agencies face when implementing real-time
information systems were discussed with agencies that have deployed these
systems. The agencies noted issues and challenges in the areas of planning,
funding, technical expertise and staff, communications costs, prediction
algorithms, and data accuracy.

Key issues and challenges in these areas are highlighted below:

e Planning. Lack of a proper definition of the goals, objectives and requirements
of the real-time system, which may limit the functionality and expandability of
the system, and future integration with other systems.

e Funding. Availability of sufficient funds to procure, implement, operate, and
maintain a sophisticated real-time transit information system.

e Technical Expertise and Staff. Availability and technical capability of staff
within the agency to deal with the new technology, and having personnel
dedicated to managing the data.

e Communications. Communication costs to relay real-time transit information to
media such as dynamic message signs.

e Proprietary Prediction Algorithm. Challenges in getting algorithms; owner-
ship of the system and the data; the recurring operations and maintenance costs
incurred by the agency; and negotiation and payment to their existing AVL
vendor to develop the real-time traveler information system prediction algorithm.
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Accuracy of Data. Uniquely identified bus stops and the accuracy of AVL data,
which in turn affects the accuracy of the predicted arrival and departure times.

Recommended practices leading to the most innovative and successful
deployments of real-time transit information systems are described in detail in the
guidance. Recommended practices include the following:

Planning. Involving relevant departments and stakeholders, and planning for
communication cost and provision of power to wayside equipment.

Procurement. Sound procurement procedures and policies to reduce
complications and problems, and ensuring that the planned system meets the
requirements that were set forth in the planning stage.

Implementation. Adhering to comprehensive implementation procedures and
processes; conducting phased implementations; using prediction algorithms that
yield accurate information; and defining infrastructure requirements.

Operations and Maintenance. Addressing the system’s ongoing O&M needs,
such as providing training, maintaining the system, ensuring adequate staff and
other resource needs, monitoring the system and the data, and updating inputs
(i.e., schedules and stop locations).

Marketing. Providing customers with information about the availability of real-
time information on each dissemination media.

Business Models. Using an information services business model, such as a
vendor providing a real-time information service, rather than selling the infra-
structure to an agency for the agency to operate, or a vendor that uses transit
agency generated data to alert customers about real-time information.

National ITS Architecture and Standards. At a minimum, identifying how the
proposed real-time traveler information system “fits into” a regional ITS archi-
tecture; which pieces or services of that architecture the agency is providing; and
which (if any) ITS standards are applicable for your system and which will be
used/implemented.

The guidance document includes a checklist to highlight the factors associated
with developing and deploying a real-time transit information system.

The deployment of real-time traveler information systems in the United States is
growing rapidly. In the future, two changes in the industry will support the
continued successful deployment of these systems. First, few applicable data and
communications standards have been tested and none have been formally adopted
by USDOT. Moving these standards forward will ensure that as transit agencies
design, deploy, and operate these systems, the use of these standards will simplify
the deployment and provide a measure of consistency and interoperability among
different transit ITS applications.




Second, advances in technology applica-
tions and in the transit industry will have an
impact on the deployment of these systems.
The technology is migrating toward the use
of extensible mark-up language (XML) and
the Internet as the “backbone” of many of
the systems. Penetration of mobile
telephones, hand-held personal digital
assistants, and other wireless communica-
tion devices continue to change the way
travelers interact with their surroundings.
Continued improvements in these tech-
nologies (faster communication, better
coverage, greater capability to handle video
and pictures.) will drive the real-time
traveler information applications of the
future.
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attracting choice riders will influence
agencies that are considering technology
deployment to make real-time transit
information systems a priority. Finally,
many regions will consider and deploy
real-time transit information integrated with other traveler information. With the
advent of 511 and Internet-based traveler information systems, customers seeking
multimodal information are interested in “one-stop
shopping.” Real-time transit information will Emphasis on customer-oriented
undoubtedly add value to regional traveler information, services will make real-time transit
and will potentially influence travelers to consider transit ~ information systems a priority.
who previously may not have considered it as an
alternative.
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Introduction

Real-time transit information systems provide timely and accurate information to
current and potential riders to enable them to make better pre-trip and en-route
decisions. The most frequently provided real-time transit information includes
vehicle arrival times, and service disruptions and delays.

While the part of real-time traveler information systems accessed and used by the
traveling public is often relatively simple (e.g., a sign giving the next bus arrival
time), the “system” behind what the user sees can be rather complex. Real-time
traveler information systems are typically integrated with transit management
systems, as shown in Figure 1-1. For example, in order to project vehicle arrival
time, an automatic vehicle location (AVL) system is necessary to provide the real-
time vehicle location data. The real-time traveler information system then uses
the current vehicle location to compute the estimated arrival time at the upstream
stops using data that may include vehicle speed, distance, travel time history, and
traffic flow history. In many applications, a countdown to the arrival of the next
vehicle (e.g., next bus in 5 minutes) is used rather than an estimated arrival time.

The distribution of real-time transit information takes many forms. At transit
facilities and other key locations (e.g., activity centers), estimated arrival time of
the next vehicle is provided on electronic signs (also known as dynamic message
signs [DMSs]), as well as other public information devices, such as interactive
kiosks. Kiosks, which differ from the electronic signs, allow
a user to query information of interest from data stored in the  The distribution of real-time transit

kiosk or from a database that resides in the main computer information takes many forms:
server that drives the system. Sometimes kiosks are * Activity centers
connected to the transit agency’s web site and act as an * Dynamic message signs

interface to the web site to retrieve and provide real-time * Interactive kiosks

transit information.
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RAIL
(Light Rail, Commuter Rail, Heavy Rail, People Mover)

Dispatcher
Transit Web Site Transit Management

- — v
> Real-time Prediction y - T
Process @
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Page Kiosk
6
Landline
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Figure 1-1. Real-Time Transit Information Systems are Typically Integrated
with the Transit Management System
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Riders with access to the Internet can obtain real-time transit information as well
as static and general transit information (e.g., schedule and fare) from a transit
agency’s web site. Increasingly, real-time transit information is bundled with
other travel or transportation-related information available from third-party web
sites (e.g., MyTrafficNews.com, which displays real-time transit information from
the Denver Regional Transportation District).

Riders with a personal communications device (PCD) such as a pager, a Wireless
Application Protocol (WAP)-enabled cell phone, or a wireless personal digital
assistant (PDA), can acquire real-time transit information if there is wireless
communication coverage.

Real-time transit information also greatly enhances customer service through
conventional telephone lines. Call centers operated by many transit agencies
experience high daily call volumes. The availability of real-time transit
information allows customer service representatives to respond better to service-
related inquiries and complaints. Availability of real-time information also often
reduces the call volumes.

Recently, the U.S. Department of Transportation (DOT) launched an initiative to
promote deployment of a national telephone number (511) that provides regional
transportation-related information. The Federal Communications Commission
provided the 511 number. States and metro areas will be able to implement the
traveler information number, which includes public transit information, but to
date (December 2002), most transit information provided on 511 is schedule, not
real-time information. U.S. DOT envisions that the 511 interactive telephone
services eventually will provide real-time transit information, such as estimated
arrival and departure times, and service changes or disruptions.

Customer surveys and other real-time traveler information systems-related
literature document the many benefits resulting from the deployment of real-time
traveler information systems. Among the reported benefits are the following:

e Customers perceive that the waiting time at a stop/station with real-time bus
arrival information is reduced, and therefore, waiting is more acceptable

e Customers perceive that the transit service has improved and become more
reliable (even if it has not, in reality, changed)

e Customers perceive that their safety and security is improved when waiting at a
stop with real-time information

e General attitudes toward transit have improved when real-time information is
provided

e Customers will wait at a stop/station where real-time information is provided,
when they may not have done so ordinarily
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e Ridership and revenues can be expected to increase

e A modal shift toward public transportation could result from the deployment of
real-time traveler information systems.

The most significant benefit of real-time traveler information systems reported by
agencies is improved customer service, with increased customer satisfaction as
the second greatest benefit. The next

most important benefits are as follows: . . .
Real-time traveler information

systems significantly improve

e Improved visibility of transit in the ) . .
customer service and satisfaction.

community

Ability to monitor vehicle operations
Increased customer convenience
Increased ridership

Improved ability to react to service delays
Improved reliability of trip travel times.

1.1 Background

Part of FTA’s mission is to provide “...technical assistance and financial
resources for safe, technologically advanced public transportation which enhances
all citizens’ mobility and accessibility.” FTA has further defined five strategic
goals to focus their efforts in fulfilling this mission:

Safety and Security

Mobility and Accessibility
Economic Growth and Trade
Human and Natural Environment
Quality Organization.

Assisting transit agencies in providing accurate and reliable real-time transit
information is a key component in FTA’s efforts to achieve its Mobility and
Accessibility strategic goal. Providing real-time transit information will help
improve the public’s access to transit, improve operational efficiencies, and, in
combination with other static information services, enhance customers’ flexibility
of choice by providing information on the types, locations, and costs of services
offered.

Although every transit agency provides some type of information to their riders,
today’s customers are expecting more and better information. In order to address
these demands, some transit agencies have implemented systems to provide real-
time traveler information about vehicle location, estimated arrival times, and
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on-board announcements. Since these systems have shown some success, wide-
scale deployment among the transit community is just beginning to occur.

1.2 Scope of the Project

In May 2002, the Federal Transit Administration (FTA) initiated a project that
resulted in the development of this guidance document detailing information on
the implementation of real-time transit information systems for all modes of
transit in the United States. FTA intends this guidance document to provide
relevant and practical information about the planning, procurement, imple-
mentation, operations and maintenance, and marketing practices of successfully
implemented real-time traveler information systems. The successful deployments
of real-time traveler information systems in the United States offer many lessons
learned for transit agencies that are considering similar systems to enhance
ridership and provide transit travelers with up-to-the minute real-time
information.

This document is a resource, providing information to guide transit agencies in
addressing common issues and challenges that may arise when deploying real-
time traveler information systems. This document is not a “how to” manual, and
does not recommend vendors or systems. However, this document will provide
insights to transit agencies interested in evaluating best practices and learning
from the experiences of other organizations.

1.3 How This Document is Organized

This document is designed for use by a transit agency that is considering the
implementation of a real-time traveler information system. It is organized to help
the reader understand the current state of the practice with respect to the deploy-
ment and operation of real-time traveler information systems in transit. The
reader is guided through a discussion of major components of a successful
system. This information is followed by a discussion of the issues and challenges
transit agencies can expect to encounter when designing, deploying, and operating
real-time traveler information systems, and concludes with the identification of
recommended practices.

In order to assist the reader in understanding and using the information provided
in this guidance document, several icons are used throughout the document to
highlight specific topics.
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Resource — This icon indicates references to other useful resources the transit
agency may want to consult while implementing its real-time traveler information
system.

Caution — This icon indicates “lessons learned” or cautionary advice to the
implementer of a real-time traveler information system. Some agencies around
the United States have already implemented transit traveler information systems
and this icon identifies issues and/or problems they have faced.

Checklist Item — Section 5 includes a checklist for implementing real-time
traveler information systems. The checklist is intended for use as a “memory
jogger” or “quick guide” during project discussions to ensure the agency has
addressed all areas of concern.

Recommended Practice — Throughout the document, suggestions are provided
for those considering deployment and operation of real-time traveler information
systems. This icon indicates recommendations based on the real-world, hands-on
experiences of other transit agencies that have been down the road of project
implementation, and offers the reader the opportunity to learn from others’
experiences.

Unique Application — This icon identifies transit agencies or private service
providers that have come up with unique or creative applications of technologies
to improve the delivery of real-time traveler information in the transit
environment.




Understanding Current Real-Time Traveler
Information Systems Deployments

This document was developed using a three-pronged approach to collect informa-
tion: searching and reviewing existing literature on the subject; conducting
telephone interviews and site visits; and coordinating with other research efforts.
Figure 2-1 illustrates these three activities.

3 ——
D SPON G

Site Visits and
Literature Search Telephone Interviews of Coordination with
and Review Selected Transit Properties Other Efforts

S 1 /

Guidance Document

Figure 2-1. A Three-Pronged Approach was Used to Develop the
Guidance Document

2.1 Literature Review

The project began with a review of literature on the implementation of real-time
traveler information systems in the United States and abroad, which was
summarized in a white paper'. The review focused on literature that addressed
implementations, operations, dissemination techniques, and issues and problems

' “Literature Search and Review of Current Practices in Providing Real-time Transit

Information,” Battelle and Multisystems, Contract DTFT60-99-D-41022, August 2002.
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related to real-time traveler information systems. The following sources provided
relevant literature published from 1997 through 2002:
e Transportation Research Information Services (http://ntl.bts.gov), the U.S.
DOT’s Electronic Document Library (EDL), and the ITS Deployment Tracking
web site (http://itsdeployment2.ed.ornl.gov/its2000/default.asp).
7 e Proceedings of the following conferences:
i — Intelligent Transportation Systems (ITS) World Congress annual meetings
l;ESOURCE / — ITS America annual meetings
— American Public Transportation Association (APTA) conferences

— Transportation Research Board (TRB) annual meetings
e Real-time transit information web sites in the United States and abroad.

Of the 300 documents reviewed, 53 were directly relevant to real-time traveler
information systems. The following information was collected:

e Types of real-time information provided
e Types of media used for dissemination

e Issues and problems related to planning, implementation, and operations of real-
time transit information systems

e Techniques for data collection, fusion, and dissemination
e Business models

e Use of National ITS Architecture and ITS Standards

e Customer and/or media reaction

e Agency staff reaction

e Institutional and organizational issues.

Although many of the articles addressed various aspects of real-time traveler
information systems related to bus services, little documentation exists on rail
systems. In addition, the literature does not provide significant discussions on the
use of the National ITS Architecture and ITS Standards in the development of
real-time traveler information systems. The requirement for consistency with the
National ITS Architecture became effective in April 2001, which may be the
reason for the lack of literature about the architecture and standards.
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2.2 Site Visits and Telephone Interviews of
Selected Transit Properties

To enhance the information collected from the literature review and to gain
practical knowledge from the implementers of real-time traveler information
systems, six site visits and ten telephone interviews were conducted during
Fall 2002.

FTA selected these 16 agencies because they had implemented real-time traveler
information systems, and in some cases, they were leaders in that area. The
selected agencies also represent all modes of transit (bus, rail, and ferry) as well
as various sizes (small, medium, and large). The selection illustrates the range of
experiences and opinions among these leaders, but in no way is a comprehensive
sample of operational real-time traveler information systems in the United States.
Based on recent statistics (APTS Deployment Year 2000 Update, May 2002,
Table 1-14), there are currently 16 transit agencies that have operational multi-
modal traveler information systems and 25 transit agencies that have planned
multimodal traveler information systems in the areas outside of the 78 largest U.S.
metropolitan cities. Appendix A identifies the participating agencies.

The collected data were synthesized into site summary reports (shown in
Appendix B), which include the following information about each agency:

Transit agency name

Real-time transit information system name(s)
Description of the system deployed

Types of information provided (current and planned)
Types of media used (current and planned)
Data collected, processed, and distributed
Planning, operations, and maintenance
Architecture and standards

Business models, marketing, and selling
Testing, customer satisfaction, and evaluation
Other general comments.

The telephone interviews and site visits provided practical and useful information
from the transit agencies. Table 2-1 summarizes the characteristics of the
agencies and provides a brief description of the real-time traveler information
system implementations.
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Table 2-1. Telephone Interview and Site Visit Summaries
Modes Lo NUTEe
Transit . on which . Types of RT Types of Media
Agency BacHiG RTTIS is N\;' T\Pelr ol é’ eh.lclesd Information Used
Deployed ehicles quippe
with AVL
136 LR
All revenue | e Arrival Time
. . . buses and e Date and Time
San Francisco Light Rail . e Internet
Municipal San Francisco, | (LR) 172LR 60 non- ° Rou_te/Llne Number e DMSs
. . . 829 B revenue e Audio .
Railway California Buses (B) ilb . o Kiosks
(MUNI) will be Announcement (rail (planned)
outfitted in stations)
the near
future
¢ Estimated Time of : ?et?;nr?:)ne
Denver Arrival (ETA) o KiosEs
Regional Denver, LR 31 LR 31 LR . gfgi?ﬁ;‘ztggg at « PDAs
Transportation | Colorado B 1111 B 1111 B o WAP Phones
District (RTD) layovers « DMSs
¢ Route Number .
e Date and Time (demonstratlon
project)
) ¢ Internet
e Scheduled Time } .
King County Seattle * Planned Arrival : \F/’ISXCS) Monfters
MetroTransit Washington B 1250 B 1250 B * Depart Status e WAP Phones
¢ Route Number
. Time e DMS (planned
for BRT route)
e DMSs (29 Ralil
o Arrival Time and 11 Bus)
Tri-County e Departure Time (for | e Internet
Metropolitan end of the line) ¢ Kiosks
Transportation | Portland, LR 78 LR 78 LR e Date and Time (Planned)
District of Oregon B 750 B 750 B e Route Number ¢ Video Monitors
Oregon (Tri- e Audio (planned)
Met) Announcement e WAP Phones
(Planned) (Planned)
e PDAs (Planned)
Tri-County 26 o Arrival Time
Commuter Pompano Commuter | Cars/Cabs 11 e Departure Time (for | e DMSs
Rail Authority | Beach, Florida | Rail (CR) 10 Cars/Cabs end of the line) e Internet
(Tri-Rail) Locomotives e Delays
Cape Cod
Regional e Location on a map e Internet
Transit ,\CAaaz‘;a%ﬂﬂ’setts B 20 B 20 B « Route Number « DMSs
Authority e Time (Planned)
(CCRTA)
Wastirgor ! R
Metropolitan Washi H Rail | 758 Rail 758 Rail .
Area Transit ashington, eavy Rai 58 Rai 58 Rai e Destination « DMSs (437)
Authority D.C. (HR) Cars Cars * Number of cars in
(WMATA) train

Time

10
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Table 2-1. Telephone Interview and Site Visit Summaries (continued)

Modes on Total Nun::fber
Transit . which Number . Types of RT Types of
Agency LoCaan RTTIS is of é’;&‘i'::)eesd Information Media Used
Deployed | Vehicles with AVL
e Location of Train
Virginia . . . e Delay
; Alexandria 72 Ralil 72 Ralil ¢ Internet
Railway . ’ CR ¢ Audio
Express (VRE) Virginia Cars Cars Announcements at | © Phone
Stations
o Arrival Time
Fairfax City-
University-y Fairfax ° R-oute Name * DMSs (6)
Energysaver Virginia B 12B 12B e Time ¢ Internet
(CUE) e Delay
e Location on a map
Washington Seattle e Location on a map
State Ferries Washin’ ton Ferries 29 29 ¢ Route Name ¢ Internet
(WSF) 9 e Time
San Luis San Luis e Arrival Time
Obispo Transit | Obispo, B 20 18 e Route Name e DMSs
(SLO Transit) California e Delay
Los Angeles
Department of
Transportation e Arrival Time
(A\Lﬁgyms Los Angeles Metro e Location on a map
Cogmy Ca”forr?ia ' | Rapid 150 150 « Route Name o DMSs (44)
. Buses e Time
Metropolitan
Transportation * Delay
Authority
(LAMTA)
o Arrival Time
Jacksonville Jacksonville ¢ Route Name
Transportation Florida ’ CR 9 9 e Date and Time e DMSs
Authority (JTA) e Audio
Announcement
River Valley ) afgfn:taut:gn and
Transit Williamsport, e DMSs
(formerly City Pennsylvania B 28 28 Bay Status at
Bus) dowqtown transfer
location
Chicago ¢ Public
METRA Chicago, CR 261 Ralil 261 Ralil e Delay Status over Address (PA)
(Commuter lllinois Cars Cars PA e DMSs
Rail) (Planned)
¢ Arrival/Departure
Chicago . . Time
Regional Chicago ggﬁ:ﬁo 231&?5 Snilil * Date and Time
Transportation linois ’ Authority 143 4 Stations ¢ Route/Line e DMSs (4 Pilot)
Authority . e Highway
TA) HR tat
(RTAY? (CTA Stations Information(only for
signs at airport)

2

Authority, Metra, and Pace) in the greater Chicago metropolitan area.

RTA does not operate any service. They oversee the three service boards (Chicago Transit

11
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2.3 Coordination with Other Related Efforts

The FTA and the TRB conducted related projects during the development of this
guidance document. These projects were reviewed and relevant information was
incorporated into this document. The following describes the primary projects
considered.

The Transit Cooperative Research Program (TCRP) Project J-7, Synthesis Topic
SA-14 - Real Time Bus Arrival Information Systems documents the state of the
practice in real-time bus arrival information systems, including both U.S. and
international experience. This project includes a review of the relevant literature,
in addition to presenting the results of a survey conducted as part of this project.
This survey included items describing the systems’ technical capabilities, agency
experience, cost, and bus rider reactions to these information systems. This
synthesis also contains the results of interviews with key personnel at agencies
that have implemented, or are in the process of implementing, these systems. A
Draft Final Synthesis Report was prepared in January 2003, and provided
significant information for this project.

The second project, which is sponsored by the FTA, is entitled Advanced Traveler
Information Systems (ATIS) Human Factors Assessment. This project, which
was in progress as of March 2003, is determining the following:

e Transit information that travelers want, including the type of information and
message content

e Preferred communications channels (media and devices) by which to provide the
information

e Preferred locations at which to provide the information

e Preferred temporal and situational aspects of the information (when to provide
the transit information)

e Impact of unreliable information

e Recommended design characteristics for effectively presenting transit
information via the preferred communications channels.

The final product of this project will be guidance to transit agencies on providing
transit information to the public via advanced technology in the most effective
and preferred manner from the customer’s perspective. As of March 2003, the
project team has held workshops around the country to determine the needs,

12
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attitudes, and preferences of transit users and non-users for transit traveler
information. The final report is expected to be available in Summer/Fall 2003.

The third relevant project is TCRP Project A-20A(2), Strategies for Improved
Traveler Information. The objective of this project is to identify strategies for

using information technology to improve individual mobility-related decision-

making with a specific focus on how public transportation providers can

effectively provide transit traveler information by using new and emerging K "
RESOURCE

technologies to inform travelers about mobility choices. The project report
includes examples of how public transportation providers can become part of
regional- and community-based information dissemination systems that include,
but are not limited to, hand-held (e.g., PDAs, pagers, and smart telephones),
vehicle-mounted, kiosk-based, and web-based communications. The report
identifies traveler information needs, assesses the state of the art in transit traveler
information systems, and presents a number of case studies in the area of
improved traveler information. The final report is expected to be available in
Summer 2003.

projects provided insight into developing this Guidance document. The following

In addition to these three projects, results from several other federally sponsored
projects were reviewed: ﬁ

. RESOURCE

e  Rural Transit ITS Best Practices, a project conducted for the ITS Joint Program
Office under the Rural ITS Program by Multisystems, with KFH Group

e  Rural ITS Non-Rider Survey, a project conducted for the ITS Joint Program
Office under the Rural ITS Program by Multisystems, with Schulman, Ronca and
Bucavalas, Inc. and SAIC

e “e-Transit: Electronic Business Strategies for Public Transportation,” TCRP
J-09, Topic 4 — Customer Information, conducted by Multisystems with Matthew
Coogan.

13
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Based on an analysis of the information gathered from the literature review,
telephone interviews, site visits, and project reviews, the primary hardware and
software features of successful real-time traveler information systems in the
United States were defined. The following discussion identifies these features.

Table 2-1 (shown previously) summarizes the real-time traveler information
system features of the agencies that participated in this project. The descriptions
of these features, provided in this section, include the hardware and software
components, as well as examples of innovative approaches using these particular
features.

3.1 Hardware Features

The following sections discuss key hardware features, including dynamic message
signs (DMS), wireless media, automatic vehicle location (AVL), and
communications.

3.1.1 Dynamic Message Signs

The most visible hardware feature of real-time traveler information systems is the
DMS that disseminates real-time transit information at bus stops and transit
stations. There are a variety of DMSs available, including light-emitting diode
(LED), liquid crystal display (LCD), video monitor, and flat-panel display. The
LED sign is the most prevalent, followed by the LCD. These signs come in a
variety of sizes that display from one to multiple lines of text. Figures 3-1 and
3-2 show examples of LED signs used to display real-time information.

Figure 3-3 shows an example of an LCD sign, and Figure 3-4 shows a video
monitor.

15
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Figure 3-1. Portland Tri-Met Transit Tracker LED Sign
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Figure 3-2. Washington Metropolitan Area Transit Authority LED
Passenger Information Display
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an N rth t TC 10:48 AM
o g a e Tue Mar 02
Route Destination Scheduled At Bay Depart Status
5 Downtown Seattle 10:45 AM 6 On Time
16 Northgate 10:41 AM 2 On Time
16 Seattle Ferry Term 10:42 AM 6 Bus Depared
16 Northgate 11:01 AM 2 No Info Avail
16 Seattle Ferry Term 11:02 AM 6 On Time
41 Northgate 10:44 AM 2 Bus Depared
41 Downtown Seattle 10:50 AM 5 27 Min Delay
66E  Northgate P & R 10:55 AM 2 On Time
66E Downtown Seattle 10:55 AM 5 On Time
67 Northgate P & R 10:41 AM 2 18 Min Delay
67 UWW Campus 10:42 AM 5 Bus Departed
67 MNorthgate P & R 11:11 AM 2 1 Min Delay
Figure 3-3. Seattle TransitWatch® Display
Next buses from this st
- ';_ 1 2 =g
5 mins § ming | 1
via | via .
Dalston Newington Green | Mildmay Park
[y o |
o West Green ' DALSTON |
'CLAPTON |, |
' TOTTENHAM
Figure 3-4. Video Monitor Displaying Real-Time Arrival Information
S
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Most real-time DMSs display the same information: route number, final vehicle
destination, and waiting time (presented usually in a countdown format). The
most effective DMSs are capable of displaying not only the real-time arrival
information, but also other messages, such as Amber Alerts, general passenger
information, and items of interest, such as weather and time.

3.1.2 Wireless Media

Other hardware used to disseminate real-time transit information includes
wireless media, such as PDAs, WAP-enabled mobile telephones, and kiosks.
Wireless PDAs can have a variety of operating systems (e.g., Microsoft®
Windows® CE 3.0, Palm OS®), as can WAP-enabled mobile phones. WAP is
the result of continuous work to define an industry-wide standard for developing
applications over wireless communication networks. Wireless Markup Language
(WML), which is used in wireless devices, is a markup language based on
Extensible Markup Language (XML), and is intended for use in specifying
content and user interface for narrowband devices, including cellular telephones,
wireless PDAs, and pagers. WML is designed with the constraints of small
narrowband devices in mind, including small display and limited-user input
facilities; narrowband network connection; and limited memory and compu-
tational resources. Section 3.2 describes the software associated with these
devices.

Kiosks are not utilized frequently, but can be quite effective in distributing real-
time information in activity centers, such as shopping malls, downtown business
buildings, and hotels. Both Denver Regional Transportation District (Figure 3-5)
and the Central Ohio Transit Authority (Figure 3-6) use kiosks to disseminate
real-time information.

Figure 3.5. Denver Regional Figure 3-6. Central Ohio Transit
Transportation District’s Kiosk Authority RideFinder Kiosk
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3.1.3 Automatic Vehicle Location System

Perhaps the most critical hardware feature of real-time traveler information
systems is the underlying AVL system hardware that provides the raw data used
to calculate the estimated real-time transit information. The most prevalent AVL
system for bus transit is global positioning system (GPS)-
based, although several systems that provide real-time
arrival/departure information are signpost-based (e.g., King
County Metro in Seattle and Transport for London Buses).

The AVL system provides the raw
data used to calculate estimated real-
time transit information.

For rail systems, AVL is usually based on either signal blocks/track circuits or
GPS. For example, the Virginia Railway Express Train Brain (see Figure 3-7)
and Train Talk systems use GPS technology to determine the location of trains.
Customer service agents use this location information to decide if the delay of a
particular train should be reported to the public (e.g., if the delay is more than

10 minutes). Similarly, Tri-County Rail in Pompano Beach, Florida, equipped
each train with a GPS receiver, which allows the train to determine its location
continuously. The train locations are transmitted to the Customer Service Center
(CSC), and, in turn, LED DMSs and the Internet display arrival times of the next
train in a countdown fashion (e.g., “Train in X Minutes”).
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but not guaranteed. Trains can |
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P
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[ | Monday
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™
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Figure 3-7. Virginia Railway Express Train Brain

19



Components

Chapter 3 /

*

RECOMMENDED
PRACTICES

V|

CHECKLIST /

= UNIQUE
APPLICATION

The Jacksonville Transportation Authority Skyway system uses a Passenger
Information Display System (PIDS) at each station in the system (see Figure 3-8).
The real-time location is collected from the fixed blocks (cell tracks) of the
automated train control system, and this location information, along with the
schedule data, is processed to calculate the estimated time of arrival of the next
train at each stop.

Figure 3-9 illustrates a generic AVL system for transit.

Figure 3-8. Jacksonville Transportation Authority’s PIDS

3.1.4 Communication System

Another hardware feature is the communication system used to transmit the real-
time transit information to DMSs. The communications technologies that are
used most often to transmit information to DMSs at bus stops are cellular
communications (mostly cellular digital packet data [CDPD]) and conventional
telephone lines. Other technologies used less frequently include dedicated short-
range communications (e.g., beacons), integrated services digital network (ISDN)
lines, and T1 lines, which are dedicated telephone connections supporting data
rates of 1.544Mbits per second. As mentioned during several interviews, having
adequate communications coverage in the service area is critical to the success of
communicating real-time information to the signs.

San Luis Obispo Transit provides an example of cost-effectively accomplishing
this communication. The San Luis Obispo Transit team created two unique
solutions to communications issues to keep costs at a minimum. In one solution,
the system uses the standard analog voice radio system to send digital data. This
approach is possible because of the unused voice radio channel capacity, where
short data transmissions can fill the “gap” between voice transmissions without
interfering with normal voice communication. The other innovative communica-
tion technique San Luis Obispo Transit uses is a software innovation, described
later in Section 3.2.5.
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Figure 3-9. AVL/CAD System Environment

3.2 Software Features

The following discussion of software addresses prediction of real-time
information, Internet and e-mail, interactive voice response, mobile real-time
applications of software, and communications software.

3.2.1 Prediction of Real-time Information

There are a number of ways to achieve real-time prediction. The key to accurate
predictions of real-time transit information is two-fold: the prediction algorithm
or model, and the data that are used as input to the algorithm. In many real-time
traveler information systems, including several encountered during the project,
the prediction algorithms are proprietary and not disclosed by vendors who
provide these types of systems. However, the interviews revealed several models
that are not proprietary. Several of these prediction approaches are described
below to illustrate how some of the systems actually estimate when the transit
vehicles will arrive at each stop.

\\ CHECKLIST
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The Los Angeles Department of Transportation developed the Bus Arrival
Information System that it uses as part of the Los Angeles Metropolitan
Transportation Authority Metro Rapid bus rapid transit (BRT) system in Los
Angeles. This system contains a prediction model that operates in the following
manner:

e Records bus arrival time at every bus detector (an inductive loop placed in the
roadway that serves as an antenna to receive the bus transponder identification
code)

e Estimates bus travel time using information from last bus to traverse the same
section

e Calculates arrival times for approaching buses to all bus stops.

Hu and Wong® describe the prediction algorithm as follows. Loop-transponders
can be detected when passing through any of the 331 loop detectors throughout
the two BRT corridors. Vehicle movement of every equipped bus is tracked,
including the bus attributes, position, and running status. At the same time, bus
scheduled arrival time points and actual arrival time points are determined. Bus
travel time is a function of distance and prevailing bus speed. This system
employs a technique using an innovative algorithm approach called the Time
Point Propagation (TPP) method. TPP dynamically builds the schedule arrival
time point table with runtime information from the prior bus arrival time for the
same locations plus the active headway value of the current bus.

The actual arrival timepoint also is 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 corridor. The predicted bus
arrival information then is transmitted through CDPD service to LED display
signs at major bus stations (see Figure 3-10). According to a field survey, the
accuracy of the bus arrival information is relatively high.

Dailey, Wall, Maclean and Cathey” created the prediction algorithm that King
County Metro uses to provide real-time bus arrival information via the Internet
and mobile telephone, and on LCD displays at the Northgate Transit Center. In
this algorithm, “the time series, consisting of time and location pairs, is used with
historical statistics in an optimal filtering framework [Kalman filter] to predict
future arrivals.”

Kang Hu and Chun K. Wong, “Deploying Real-Time Bus Arrival Information and Transit
Management Systems in Los Angeles,” abstract prepared for the ITS America 12™ Annual
Meeting, Long Beach, CA, April 29-May 2, 2002.

* D.J. Dailey, Z.R. Wall, S.D. Maclean and F.W. Cathey, “An Algorithm and Implementation to
Predict the Arrival of Transit Vehicles,” available at http://www.mybus.org

Ibid, page 1.
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Figure 3-10. Los Angeles Department of Transportatlon/ Los Angeles County
Metropolitan Transportation Authority Metro Rapid Bus Stop Shelter Sign

Using specific assumptions about vehicle operation and the variability of the
prediction, predictions are formulated 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. “The Kalman filter is a set of
mathematical equations that provides an efficient computational (recursive)
solution of the least-squares method. The filter is very powerful in several
aspects: it supports estimations of past, present, and even future states, and it can
do so even when the precise nature of the modeled system is unknown.”®

In Portland, Oregon, the Tri-County Metropolitan Transportation District of

Oregon (Tri-Met) does not use a prediction algorithm to calculate real-time arrival

information that is displayed on the LED DMSs. Information sent to bus drivers N
about their arrival time at the next stop is sent to the signs. Each sign has the UNIQUE =
schedule loaded in it, and the sign’s processor applies the information about APPLICATION
arrival time to the schedule to determine the offset from the schedule. This is a

distributed, decentralized system, since information that will be used to determine

arrival times is sent to the sign for processing. Tri-Met’s Internet and wireless

real-time applications determine bus arrival times centrally, using the same logic

as used at each sign.

3.2.2 Internet/E-mail

Several agencies use the Internet to provide real-time information to their
customers. In the case of Portland Tri-Met, described briefly above, the Internet
application that provides real-time information requests the user’s route, direction,
and stop, and returns the arrival times of the next two buses at that stop based on
the prediction described earlier. Denver’s Regional Transportation District
Internet application, called Bus Locator, works in a similar manner. The user
selects a route, direction, and stop, and the Denver Regional Transportation

®  Greg Welch and Gary Bishop, “An Introduction to the Kalman filter,” March 11, 2002,

available on http://www.cs.unc.edu/~welch/kalman/kalman_filter/kalman.html
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District provides the next two vehicle ETAs for that stop based on information
from Denver’s AVL system (see Figure 3-11).
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Figure 3-11. Denver Regional Transportation District ETA Information
for Next Two Buses

For agencies such as the Fairfax City-University-Energysaver (CUE) Bus System
that are using a commercially available real-time traveler information system
service (see Section 5.6), real-time information can be accessed from the vendor’s
web site.

Other innovative uses of the Internet include providing users with a map showing
vehicles’ locations and direction of travel throughout the service area. The Cape

Cod Regional Transit Authority provides this service (see Figure 3-12), as well as
e Washington State Ferries, which provides the information through its Vessel
Iy Watch system (see Figure 3-13). Another unique application is King County

Metro’s BusView, in which users can set an “alarm” for notification when their
bus passes a particular point along its route (see Figure 3-14). Another innovation
is automatically sending an e-mail “alert” to subscribed users to notify them about
changes to their regular route. King County Metro, Washington State Ferries,
Virginia Railway Express, and Denver Regional Transportation District (through
MyTrafficNews.com) all provide this service.
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Figure 3-12. Cape Cod Regional Transit Authority Advanced Travel Planner
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Figure 3-14. BusView Progress Window with Alarm Setting Capability

3.2.3 Interactive Voice Response

Another successful software element is that which operates interactive voice
response (IVR) systems. IVR is a software application that accepts a combination
of voice telephone input and touch-tone keypad selection, and provides the

appropriate responses in the form of voice, fax, callback, e-

Denver Regional Transportation mail, and perhaps other media. One successful example of
District’s Talk-n-Ride system an IVR system that provides real-time transit information is
provides real-time information for the Denver Regional Transportation District’s Talk-n-Ride

the bus and light-rail service system. This system provides real-time arrival information

for Denver Regional Transportation District bus and light-
rail service. Implemented in December 2001, the system allows a user to call a
toll-free number (1-888-RTDTRIP) and enter information on route, direction, and
stop. Users then indicate if they want real-time arrival time or scheduled time.
The system provides information for the next three vehicles. This system uses
text-to-speech (TTS) technology, which translates schedules in XML into voice.
The real-time information for this system is taken from the same server that is
used to provide arrival information for the real-time Internet application, called
Bus Locator.

Virginia Railway Express’s IVR system provides delay information through an
800 number. Announcements that are more detailed are voice recorded and
disseminated through the IVR system. This system has a hierarchy of informa-
tion. For example, if a train were late by 10 minutes or more, the telephone line
would state, “there is a delay on the ___ line.” To receive more information, the
caller can select the line or train number and listen to the more detailed message.
The IVR system also has the capability to fax the delay information to the rider
upon request.

3.2.4 Mobile Real-Time Applications Software

As mentioned earlier, specialized software is necessary to provide real-time
information through wireless devices. Mobile applications need to support
multiple types of operating systems and languages. For example, Denver

26



Components

Chapter 3

Regional Transportation District also offers the Mobile-n-Ride service, which
provides PDA and web-enabled mobile telephone access to real-time information,
using the same customer inputs as Talk-n-Ride. The same server and software
used for Talk-n-Ride and Bus Locator provides the real-time arrival information
through a PDA and mobile telephone. An interpreter program determines the
type of device that is requesting the informat