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APTA American Public Transportation Association
APTS Advanced Public Transportation Systems
ATIS Advanced Traveler Information System
AVL Automatic Vehicle Location System
BART Bay AreaRail Transit

CCTV Closed-circuit Television

CTIS Central Traveler Information System

DMS Dynamic Message Sign

DGPS Differential GPS

ETD Electronic Train Destination

FTA Federal Transit Administration

GPS Global Positioning Satellite

ISP Information Service Providers

ITS Intelligent Transportation Systems

IVR Interactive V oice Response

LED Light-Emitting Diode

MMDI Metropolitan Model Deployment Initiative
MTA Metropolitan Transportation Authority
NYCT New York City Transit

PDA Personal Digital Assistant

PID Passenger Information Display

SNCF Société Nationale des Chemins de fer Francais
TATS Traveler Advisory Telephone System

TOS Traffic Operations System

TRB Transportation Research Board

VIA Visualizzazione Informazioni Arrivi
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WAP Wireless Application Protocol
WMATA Washington Metropolitan Area Transit Authority
WML Wireless Markup Language

1.0 INTRODUCTION

In May 2002, the Federal Transit Administration (FTA) initiated a project to devel op a guidance document that would provide practical
information to transit agencies and support them in fostering the deployment of real-time transit information systems (both bus and rail).
Figure 1 depicts the tasks involved in preparing this guidance document. This document addresses the first task (literature search and
review) depicted in Figure 1.1 below.

1.1 Purpose

The purpose of this white paper isto shed light on the successful implementation of real-time information systemsin the United States
and abroad. Through a comprehensive literature review, this paper examines the implementation and operation of real-time information
systems, as well as identifies the issues and problems associated with providing such information.

1.2 Background

Real-time transit information systems are key technology applications within the transit industry designed to provide better customer
service by disseminating timely and accurate information. Riders use this information to make various decisions about modes of travel,
travel routes, and travel times.

Real-time transit information generally includes information on projected vehicle arrival and departure times, service disruptions and
delays, transfers and other transportation services, as well as other related information such as date and time, weather, public
announcements, security related information and updates during terrorist/emergency events, and other general eventsin the local area
Thisinformation is provided to assist riders in making pre-trip and en route (including in-vehicle) trip decisions. Moreover, the
provision of real-time transit information helps improve the visibility of transit agencies within their communities. Accessto this
information is made through a variety of mediaincluding dynamic message signs (DM S) at stops and stations, kiosks (at bus shelters,
office buildings, shopping centers, and other locations), cable television, personal digital assistants (PDAS), the Internet, and tel ephones.
There are currently 16 transit agencies that have operational multimodal traveler information systems and 25 transit agencies that have

http://www.itsdocs.fhwa.dot.gov/JPODOCS/REPTS_TE/13845.html (3 of 27)6/10/2009 1:43:26 PM



FTA Real-time Transit Information Assessment - ITS Report

planned multimodal traveler information systems as reported in the areas outside of the 78 largest U.S. metropolitan areas (Table 1-14 of
the APTS Deployment Y ear 2000 Update, May 2002).

The availability of real-time transit information helps travel ers make efficient use of their time by allowing them to pursue other
activities while waiting for abus or train. It also has been shown to help reduce anxiety by letting travelers know when the next bus or
train will arrive or depart.

Automatic vehicle location (AVL) systems usually provide real-time transit information. The most common type of AVL isglobal
positioning system (GPS)-based. A GPS-based system provides very accurate data on the location of transit vehicles. Through the
calculation of reference datafrom at least four GPS satellites, a vehicle’ s location (longitude and latitude) can be calculated to within 10
to 20 feet. Thisaccuracy can beimproved by using differential GPS (DGPS), which uses areference station in addition to the GPS
satellite data to determine location. In any case, accuracy in vehicle location is critical in providing reliable real-time transit
information. Infact, itisakey factor in the success of any such system.

The method of predicting real-time arrival timesin below-ground rail applications consists of determining the location of the rail vehicle
within a specific signal block, and using the speed of the rail vehicle and distance to the next station (located within a specific signal
block), and calculating the time it will take for the rail vehicle to reach the next station. Downstream station calculations are
accomplished at the same time, using the rail vehicle's speed and distance to each stop. Above-ground rail vehicles, just like buses, often
use GPS as the method of determining vehicle location, and then calculate arrival times the same way they are calculated for bel ow-
ground vehicles.

Another element in the success of areal-time system is the accuracy of algorithms used to predict bus arrival time. Accurate prediction
of arrival times has not always been possible because of the number of variables involved (e.g., traffic flow and speed). However, in
recent years, more sophisticated techniques and algorithms have been developed and successfully tested, providing reasonably accurate
and reliable predictions.

Given that accurate vehicle location and arrival time prediction are now possible, why haven’'t more transit agencies across the United
States deployed such systems? Possible reasons include:

. Costs of infrastructure investments
. Institutional issues
. Liability and the loss of integrity associated with providing inaccurate or unreliable information.

20 APPROACH

To ensure a consistent approach to the review and evaluation of relevant documents and articles, aliterature review template (Appendix
A) was developed. The template focuses on reviewing methods and techniques used by agencies in the United States, Europe, and Asia
to successfully deploy real-time transit information systems; identifying and describing the issues and problems associated with
implementing and operating these systems; examining current data collection, fusion, and dissemination techniques and methods;
examining advanced traveler information system (ATIS) infrastructures and business models; and using the National I TS Architecture
and standards for deployment.

Documents and articles published within the last five years dealing with real-time transit information systems were reviewed for this
white paper. Appendix B lists all the sources and documents that have been reviewed. Sources for these documents include the
proceedings of intelligent transportation systems (ITS) world congresses, I TS America conferences, American Public Transportation
Association (APTA) bus conferences, Transportation Research Board (TRB) annual meetings, the APTA Rail Transit Conference, the
TRB/APTA Light Rail Conference, and APTS publications. A complete listing of referencesisin Appendix C. Oncethe literature
review was completed, the information from the review templates was synthesized into this white paper.

3.0 LITERATURE FINDINGS

The results of the literature search are presented around the nine (9) major questions in the literature review template (Appendix A). The
information collected in this literature review focuses on the types of real-time information provided, the types of media used for
disseminating real-time information, and the issues associated with implementing and operating real-time information systems. Most
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real-time transit information systems use GPS-based AVL systems. Generally, the only information disseminated to passengersis
vehicle arrival time, location, or departure time. Most real-time transit information systems have been implemented in relatively large
urban transit systems.

Despite alack of in-depth analysisin the literature, it is clear that transit users overwhelming appreciate and use real-time transit
information. Systems like London’s COUNTDOWN, Belgium’s PHOEBUS, and Portland, Oregon, Tri-County Metropolitan
Transportation District’s Transit Tracker received 90% or higher satisfaction ratings from users. Similarly, in Sweden, after
implementing the “Think Tram-Use Buses” project, which provided real-time arrival times at bus stops and signal priority, market share
for public transport jumped from 19% to 22%. In addition to relieving passengers’ anxiety while waiting at transit stops, providing real-
time arrival information was also a factor in making them feel safer while waiting at stops.

Two areas did not receive much attention in the literature despite their significance in implementing real-time transit information
systems. Thefirst isthe use of the National ITS Architecture and standards, and the other is organizational and institutional
involvement. Adoption and conformity to the National ITS Architecture should be part of any ITS project to ensure interoperability
within and across transportation modes.

To involve the private sector, mainly information service providers (1SPs), it isimportant to educate | SPs about the business
opportunitiesinherent in such projects. Although recent surveys and studies indicate that the public iswilling to pay for rea-time
information, a large number of 1SPs have been reluctant to be part of ATIS systems. Thisis because | SPs are not convinced of the
business opportunities and believe that the ATIS services market will not mature for at least three to four years because of market
uncertainty. Consequently, private sector companies believe that consumers may not be willing to pay for real-time information and the
ISP's may need more evidence and education before they are willing to invest in ATIS systems.

It was also noted in the literature that strong project management is critical for the successful deployment of areal-time information
system. Some agencies failed to develop aternative plans to deal with problems during implementation. For example, Travinfo® relied
on the “best-case” scenario for design and implementation instead of also considering the “worst-case” scenario (see Section 3.3.1). Asa
result, when Caltrans Traffic Operations System (TOS) project, which was to provide datato Travinfo®, was delayed and then reduced
in scope, it severely impacted the ability of Travinfo® to receive accurate and reliable data.

Finally, understanding the complexity of rea-time information projects and their requirementsin terms of resources and time s critical.
Some agencies underestimated how long a project will take from start to finish. As aresult, implementation of the real-time information
system suffered.

3.1 Types of Real-Time Information Provided
According to the literature, real-time transit information systems provide the following types of information:

. Estimated arrival or departure time for, or “countdown” to, the next vehicles
. Vehiclelocation

. General information on service area, fares, routes, and travel times

. Service disruption/delay information

. Information on transfers and other local/regional transportation services

. Other real-time information, such as date, time, and weather

. Peripheral information, such as advertisements.

Each of these types of information serves a particular function within the spectrum of transit information, such as pre-trip or en route
information. It isnoteworthy that 21 out of atotal of 53 documents reviewed included real-time information systems that provide
estimated arrival/departure times of transit vehicles. The second most discussed systems (12 documents) were those that provide transit
vehicle location display. Appendix D lists al the transit agencies included in this white paper and Appendix E lists agencies that dealt
with real-time systems.

3.2 Types of Media for Disseminating Real-Time Transit Information

The types of mediathat are of interest in the literature include those listed below. These media have been designated either interactive
and non-interactive.
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Interactive Media ] Non-Interactive Media
DMS's
Interactive voice response (IVR) viatelephone Video monitors
Interactive kiosks Fax
PDAs Non-interactive kiosk
Wireless Application Protocol (WAP)-enabled mobile Telephones (voice information)
telephones Cabletelevision

Interactive devices (such as kiosks and the Internet) allow usersto get exactly the information they are seeking in avery short time. Z. R.
Peng and R. Huang [18] state that “interactive communication provides user interactivity and feedback channel. Users can actively
manipulate and search for specific information based on their own needs and give feedback to the system providers.” By tracking pages
visited, number of hits, and periods and locations of heavy use, system providers will be able to better maintain the system and to
improve upon it.

The two types of mediathat were dealt with the most in the literature were DM S and the Internet, respectively. Fifteen documents
discussed DM S systems, while twelve discussed the Internet. Interactive kiosks and WA P-enabled maobile phones tied for third place
with six documents addressing each. This should not be construed as an indicator of actual deployment ratios. The number of
documents found in the literature is mentioned simply to point out that most research and papers are focusing on the Internet and DMS.
Hence, more extensive evaluations of the other types of media may be required in the future to arrive at a better understanding of these
systems.

Z. R. Peng and O. Jan [6] evaluated dissemination media for real-time transit information (such as pagers, the Internet, and PDAS)
against a set of seven criteria. For each mediatype, they provided a general description, along with its advantages and limitations. Each
medium was evaluated in terms of accessibility, versatility and interactivity, information-carrying capacity, user friendliness, cost to
install, cost to use, and ease of implementation. The Internet and kiosks were found to be the best media overall, based on these seven
criteria. DM S and closed-circuit television (CCTV) were considered good dissemination media because of their modest cost and
flexibility in the variety of information they can provide. PDAs and automated voice annunciators were promising technologies for real-
time transit information systems, but were not ready for implementation when the paper was published (1999).

3.2.1 Internet

Severa Internet-based projects were described in the literature. One of theseis Travinfo®. The goal of Travinfo® isto broadly
disseminate accurate, comprehensive, timely, and reliable information on traffic conditions and multi-modal travel optionsto the public
in the San Francisco Bay Area. About 30 ISP firms joined the Travinfo® project because they were interested in deploying traveler
information through various media, including Web pages and Internet-based personalized profiling and alerting services [22]. Perhaps
the most significant attribute of the Travinfo® field test was the creation of partnerships among public and private parties. The project
helped foster constructive relationships among the three principal public agencies, and the benefits carried over into other joint ventures.
Many of the Travinfo® private participants went on to form alliances with one another, and their positive experience with Travinfo® led
them to take part in other field operational tests and model deployment initiatives around the United States.

As part of the Smart Trek Metropolitan Model Deployment Initiative (MMDI) in the Seattle, Washington area, two new applications
were created to provide real-time transit information [9]. Two types of media were used to relay the information to the transit
passengers. (1) onthe Internet and (2) at the transit center. Busview is an Internet application that displays the real-time location of all
the transit vehicles operated by King County Metro, the regional transit system. Transit Watch is areal-time arrival prediction system
suitable for deployment in transit centers. Busview and Transit Watch are designed to operate over the Internet and are sufficiently
general that they can be used easily in other cities interested in implementing real-time transit information.

Busview Plus uses a Java applet to display real-time transit vehicle locations on a variety of computing and operating system platforms.
Busview Plusis platform-independent, with the goal of making transit vehicle location information accessible to anyone on the Internet.
An additional goal isto develop an interactive interface that promotes modal change and encourages the use of transit.

The Transit Watch project deployed an Advanced Public Transportation System (APTS) /ATIS that predicts the arrival status of transit
vehicles. This prediction resultsin one of four states. (1) On Time, (2) Delayed “n” Minutes, (3) Departed, and (4) No Information. The
goal of the project was to develop an interface that promotes the use of transit by reducing the stress inherent in transfers. This project
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leverages the I TS Backbone component of the SmartTrek MMDI project[1]. This project was originally designed to be deployed at three
transit centers, but it has since been made available on the Internet aswell [9].

Stuart Maclean and Daniel Dailey discussed the dissemination of real-time transit information to a WAP cellular phone [16, 17]. The use
of WAP phones was an extension of the ongoing Internet-based MyBus program in Seattle, Washington. Maclean and Dailey discuss the
challenges, such as limited display area and capability, of using WAP phones for real-time information. To compensate for the phone's
physical restrictions, MyBus maximized its use of the screen by combining information, such as scheduled arrival time and departure
status, into one datafield. By January 2001, the MyBus WAP site had had over 9,000 hits sinceitsinitial release in September 2000.
Future work for this project includes formatting bus arrival datafor PDAS.

3.2.2 Dynamic Message Signs

DM Ss at bus stops and stations are used mainly to provide arrival or departure information. The primary purpose of bus stop and station
displaysisto reassure the customer that s’he is waiting for the right vehicle in the right place and to inform him/her about the time the
vehicle will arrive, which allows the customer to exploit the time until vehicle arrival. In many cases, bus stop and station displays also
are used to provide static information about the transit service and to display advertisements.

DMSs use liquid crystal display, yellow or red light-emitting diode (LED), or video display technologies to provide information.
According to INFOPOLIS [50], the VIA system (Visualizzazione Informazioni Arrivi) in Turin, Italy, installed ared LED display, one of
thefirst DMSsinstalled in apublic transit system. DM Ssusing red LED signs are used in London as part of its COUNTDOWN system.
In some cases, “thermometer” displays are used to present the waiting time and/or the location of a public transit vehicle.

COUNTDOWN (Figure 3.1) shows the next (one to four) buses expected to arrive at every equipped bus stop, as well as the time to bus
arrival in minutes. |If the stop serves more than four bus routes, the buses beyond the fourth appear on the display on a scrolling basis.
Periodically, thelast lineis used as a“message board” to provide additional transit information, such as delays, transit passes, and other
transit related information entered from the operational center.

Figure3.1: London BusCOUNTDOWN Sign

The Los Angeles Metropolitan Transportation Authority (MTA) implemented real-time bus arrival information for its Metro Rapid Bus
program [12]. In addition to real-time transit information, MTA isalso using the AVL systems for transit signal priority. Busarrival and
delay information is displayed at bus stops using LED signs (see Figure 3.2). According to Kang Hu and Chun Wong [12], the real-time
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information system has been very popular with bus riders, and the LED signs are esthetically pleasing.

e — —

Figure3.2: LosAngeles Metro Rapid Real-Time Arrival Sign
3.2.3 Interactive Voice Response

IVR telephone information systems allow customers to call a single phone number and navigate a menu for needed information.
Previoudly, transit customer service operations relied on agents to provide various types of information over the telephone. For many
years, automated telephone information systems assisted agents in answering routine questions. The new systems eliminate the need for
agent involvement in many information requests [1]. One problem with IVR systemsisthat they do not always have good voice
recognition. However, speech recognition technology hasimproved recently. Another difficulty noted in the literature is that some
systems incorporate automated distribution features for information that would be too time-consuming to provide over the telephone. In
these cases, information can be sent viafax or email [1].

The Bay Area’s Travinfo® project uses an IVR system. The primary means of public accessto Travinfo® information is viathe
Traveler Advisory Telephone System (TATS). TATS uses atelephone’ s numeric keypad as the interface for callersto obtain Travinfo®
information from amenu-driven system. The current TATS service has a series of menu options for callersto retrieve traffic or transit
information. According to Younghin Yim, et al [28], one possible improvement is to provide a personalized access service tailored to
individual customer needs. Personalized information access would reduce retrieval time and enhance ease of use. TATS callers could
input a personal identification number, and the system would give them atraffic report on routes they had pre-chosen (e.g., US 101, the
Bay Bridge, and 1-580).

3.2.4 Interactive Kiosks

Kiosks can be located in avariety of places, including near public transit, in stations, at stops, or in other high foot-traffic locations (e.g.,
in shopping malls). They can also be located at places with high concentrations of people, such as public buildings and tourist locations.
The literature suggests that information available via kiosks usually includes:

. Travel information, such as optimum route, itineraries, and arrival times at specific locations
. Genera information about various activities in the city or metropolitan area covered by the system.

Kiosk functions vary considerably. Multi-modal information, such as information about public and private transportation, can be
offered; or kiosks can provide information about only public transit modes and services. Similarly, some kiosks provide only off-line
information, such as static schedules, whereas others also have real-time information or access to internet web sites. Finally, in some
cases, ticketing facilities are also present at the kiosk.

While alarge number of the existing kiosks are stand-alone units with their own databases that are updated on a periodic basis, others are
connected to databases that are located at a central facility and updated centrally.

Most kiosks use color screens with or without touch screen capability. The latter is quite familiar because it is often used in other
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industries, such as the banking industry (e.g., automatic teller machines) and, thus, is better understood by users. The literature discusses
the “man/machine interface,” sinceit is directly related to the usability of akiosk. Some new ideas regarding the user interface (e.g.
simplicity of the user interface; provision of useful and understandable answers; right location; and right housing) have been
implemented in systems such as the German RIA[2] — HAFAS[3] and the French Société Nationale des Chemins de fer Francais (SNCF)

[4] terminal [50].

Several functional characteristics of kiosks that were discussed in the literature should be taken into account when akiosk is being
considered. These characteristicsinclude:

. Simplicity of the user interface

. Provision of useful and understandable answers to the user request
. Effectivelocation

. Appropriate housing

. Efficient maintenance

. Useof standards.

According to the literature, kiosk users mainly have problems with the touch keys and/or the touch screen, as well as with the time
required to wait until they get the system response. However, the general level of satisfaction israther good. Of course, level of
satisfaction is a purely subjective measure and can change with time and with technological advances, as well aswith socia behavior.

Advanced Public Transportation Systems: The State of the Art Update 2000 [1] explains that a few transportation agencies have placed
kiosks at public sites to provide transit information to travelers who might not be aware of transit alternatives. In addition, public-private
partnerships are being formed to explore the commercial viability of kiosk networks. Advertising on the exteriors of kiosksis one
approach that was described in the literature. Advertising on the various content pages of the system is another. However, as much as
kiosks seem alucrative choice, they do have severa drawbacks. Kiosks usually have high capital, maintenance, and operating costs.
And while the Internet provides transit users with information 24 hours a day, seven days a week, some kiosks have restricted access,
such as those located in shopping areas. Additionally, normally only afew kiosks are available in atransit service area. Kiosksinstalled
in various public locations are often far away from other transit agency facilities. This can make it difficult to provide routine
maintenance and repair. Operational solutions to these problems include remote device monitoring tools and custom keyboards or touch
screens. Maintenance solutions include collaborative local support arrangements with host sites.

3.2.5 Video Monitors

According to Advanced Public Transportation Systems. The State of the Art Update 2000 [1], video monitors are often used when a
large amount of information needs to be displayed and where flexibility in using graphics, fonts, and color is needed. Since the character
height needs to be relatively small, video monitors are best suited to locations where transit users can stand relatively closeto the
monitor. For example, avideo monitor iswell suited for adisplay at the entrance of a station indicating the location of the berth for
buses serving specific routes (see Figure 3.3). A video monitor providing real-time arrival updates would be less suited to a central
display near a group of bus berths, since transit users might be uncomfortable moving away from the berth and losing their placesin line
to get close enough to read the display.

The challenge to implementing video monitors or DM S remains the issue of getting information to the device. Wireline placement can
be difficult and costly. According to the literature, wireless transmission of information has not yet proven to be consistent enough to
handle large amounts of data.

Z. R. Peng and O. Jan discuss another type of video monitoring¥aclosed-circuit television. According to them [6], both the Ann Arbor
Transportation Authority and New York MTA have tested their own systems. The Ann Arbor Transportation Authority tested itsin-
terminal passenger information system using two video monitors located at the downtown transit center. The monitors display bus
arrival and departure information, as well as possible delays. MTA mounted 100 video monitors at major bus stops. The monitors
display transfer points to other bus routes or subway lines. Peng and Jan contend that the “drawbacks of closed-circuit televisions are
that they are available in limited places, such as major transit centers, and they cannot provide users with interactive operations, such as
guery and search.”

http://www.itsdocs.fhwa.dot.gov/JPODOCS/REPTS_TE/13845.html (9 of 27)6/10/2009 1:43:26 PM



FTA Real-time Transit Information Assessment - ITS Report

i Mo,

Figure 3.3: River Valley Transit (Williamsport, Pennsylvania) Bus Bay Information

3.2.6 Personal Digital Assistants

According to the literature, hand-held PDAs only recently appeared as information mediain the transit field. These devices are very
small, entirely autonomous, and portable. The traveler can consult them at any moment anywhere. PDAS can be used to obtain pre-trip
and en route information. Advanced Public Transportation Systems: The State of the Art Update 2000 [1] claims that one issue with
PDAs isthe reluctance of customersto pay for traveler information via pagers or handheld computers. However, private sector
companies are devising ways to provide more “value added information,” such as personalizing information on atraveler's commute by
informing him/her when transit delays are occurring.

Another disadvantage of PDAs such as pagers, according to Peng and Jan [6], is that “ pagers can deliver only limited information;
limited numeric and text information can be displayed on the small pager, and no audio information can be delivered. Furthermore, the
communication isoneway. That is, it isimpossible for usersto actively inquire about information.”

3.2.7 Fax

Of the documents reviewed, only the Washington Metropolitan Transit Authority (WMATA) was listed as using afax service through its
TripFax system. However, TripFax does not provide real-time information. Instead, the fax serviceis used to fax static itinerary plans.

3.2.8 Non-interactive Kiosks
No information on non-interactive kiosks was found in the published literature.
3.2.9 Telephones (voice information)

No information on telephones was found in the published literature.
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3.2.10 Mobile Telephones (data using WAP)

Mobile telephones only recently appeared as media for providing real-time information. These are very small, entirely autonomous, and
portable. Thetraveler can consult them at any moment and anywhere. They can be used for obtaining pre-trip, as well as en route,
information. Most of these phones use LCD screens for displays and keyboards, and pencils or buttons are used as input interfaces.

3.2.11 Cable Television

In California, cabletelevision is being utilized for transit information dissemination in the Orange County Smart Traveler system. An
AVL system is used to monitor bus locations and provide real-time data to the Central Traveler Information System (CTIS). Other data
providers are the City of Anaheim and Caltrans. CTIS integrates all of the real-time traffic and transit information and distributes the
information to each agency. Orange County Transportation Authority is disseminating the information viathree kiosks, cable television,
and the Internet [13].

3.3 Issues, Problems, and Solutions in Implementing Real-Time Transit Information Systems

Issues, problems and solutions related to real-time information systems received a considerable amount of coverage in the literature
reviewed. Several common themes were observed in the documents. Project management is an essential component of successful
deployment of areal-time information system, or any other system for that matter. Considering risk management in the planning stages
helpsin getting the system designed and implemented with minimal delays. As mentioned earlier, had Travinfo® considered risk
management or made contingency plansin its planning stage, it could have better dealt with the data problems it encountered. There are
always many unknowns when deploying any system, especially new technologies such as real-time information systems. Therefore,
considering risk management and making contingency plans becomes an essential component of project planning and management.
Some of the literature discussed the importance of not underestimating how long a project will take from start to finish, while other
documents stressed the importance of good marketing to promote the system.

Also, comprehensive and sound data management techniques are key to the success of areal-time information system. When data are
not managed properly, it not only can degrade the accuracy and reliability of the real-time data, but also can slow the whole system down
to the point where it will not be real time anymore. For example, data from loop sensors and Freeway Service Patrol that were fed into
Travinfo® didn’t provide sufficient geographic data coverage or accuracy. Hence, the most significant source of data soon became the
incident reports of the computer-aided dispatch system from the California Highway Patrol, which required significant interpretation and
data entry into the Traveler Information Center’s system. During the field test, it took an average of 10 to 11 minutes to process an
incident from the Highway Patrol’ s computer-aided dispatch system and enter it into the Traveler Advisory Telephone System [22].

3.3.1 Planning

Two different system-planning issues were discussed in the literature. In the case of Travinfo® [22], the project relied on a best-case
scenario for both system design and implementation. That is, it assumed that Caltrans' TOS, which was still to be implemented and was
to provide datato Travinfo®, would be available on schedule and to the original specifications. It did not consider worst-case scenarios
to develop possible aternative courses of action. Such risk assessment strategies and contingency planning are vital to moderate the
potentially negative consequences of unforeseen events. Therefore, when Caltrans' TOS implementation was significantly delayed and
its scope was reduced, the future of Travinfo® was in doubt.

Other shortcomings of the Travinfo® project mentioned in the literature included:

. Underestimating the extensive time required to develop mutual understanding and trust among project partners, who all had
varying objectives

. Underestimating the uncertainty of the consumer market for commercialization of traveler information products and services

. Having inadequate information about how to assign a consumer value to the information being provided

. Not defining appropriate roles for the partiesinvolved

. Not appreciating the importance of having enough time and funds to market the product and convince people to useit.

The literature suggested that Travinfo® should have:
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. Allowed more time for start-up tasks and pre-planning, including administrative procedures and task management plans.

. Developed arisk-management plan early in the planning process to deal with unforeseen challenges and to ensure consultants
compliance with project specifications. Aswas common in many field tests, Travinfo® had to cope with numerous unforeseen
obstacles that could have been mitigated if a risk-management plan had been developed early in the planning process.

. Inthe pre-planning phase, legal and institutional mechanisms could have been identified to give agencies more leveragein
ensuring that contractors’ and consultants’ work complied with project specifications.

Another issue discussed in the literature in terms of planning is moretechnical. In the case of Busview and Transit Watch, Seattle’s
Metro Transit had a proprietary AVL system. Asaresult, Metro Transit couldn’t directly interface with the AVL system to obtain
needed datafor its real-time information system. Hence, the use of the AVL data became more complicated and could have been
simplified if it were an open system [31]. Better planning for the acquisition of the AVL system (i.e., not accepting a proprietary system
or negotiating better accessibility to the proprietary data) would have eliminated this problem.

The city of Helsinki ran into another problem ¥4 liability. The implementation and operation of its real-time passenger information
system encountered technical problems involving the establishment of reliable communications between the central management system
and the information displays at the bus stops. 1n solving these communications problems, additional problems were caused by
disagreements about the liability and responsibility regarding the communications. The city of Helsinki had two separate contracts with
two vendors (one for the management system and one for the bus stops) [14]. Having two separate contracts compounded the issue
because each vendor was claiming that the communication problems were the fault, and hence the responsibility, of the other.

3.3.2 Implementation

In the case of the Travinfo® project, while productive at some levels, the project approach during the field test was not flexible enough
to quickly respond to problems that arose unexpectedly. These problems included delays in the development of the Caltrans' TOS and,
eventualy, in the delivery of a system that was not fully compliant with design specifications[22]. As previously stated, this resulted in
the degradation of the accuracy and reliability of the data Travinfo® was receiving.

Another issue that Travinfo® faced was its dependence on a Caltrans project to build a TOS on part of the Bay Area freeway network
using inductive loop detectors. Because of an event over which Travinfo® had no control (related to the awarding of contracts), the TOS
project was significantly delayed and then ultimately reduced in scope. The result was inadequate TOS data coverage in providing speed
and congestion data. Although Caltrans made a concerted effort to improve the quality of existing loop detectors and Travinfo®
management initiated new projects to acquire additional data sources during the field operational test, the data provided by the TOS were
not able to sufficiently support Travinfo® either in extent of coverage, accuracy, or reliability [23].

In the case of the Skybus system in Copenhagen [30], the most important issue was the lack of project management skills. The focus was
on the technical portion of the project, and consequently important details were missed in the management of the project.

3.3.3 Marketing

Lessons learned from Travinfo® [22] encourage conducting organized consumer research for a better understanding of the local market
and implementing aggressive marketing strategies to increase public awareness of Travinfo® and its privately offered products (31).

The literature about Copenhagen’s Skybus [30] emphasizes that good marketing is required for the success of areal-time information
system. It isthrough marketing that transit agencies can get more passengers to recognize and use the new technology and, in the
process, increase their ridership.

3.3.4 Operations

One major operational problem with London’s COUNTDOWN AVL system [51] was that bus drivers were not registering their vehicles
into the system properly. Not registering a vehicle meant that critical “next bus’ information was not computed and displayed to the
public. Not registering vehicles presented a major challenge to the perceived accuracy of COUNTDOWN, with up to 15% of vehicles
not showing on the signs as of late 2000. Severa developments that were considered to enhance COUNTDOWN included:

. Linking each bus radio to the on-board el ectronic ticket machine to assist driver log-in,[5]
. Evaluating the integrated services digital network for landline communication to and from the stops
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. Developing initiatives to allow third-party dissemination of COUNTDOWN information.

Whileitisrelatively easy to make changes to the database of timetables and lists of busesin service to ensure that a system has up-to-
date data, other factors such as bad entries on bus routes by operators can have an overall effect; and the system can’t provide accurate
and reliable bus arrival/departure information. This has been amajor problem with the Timechecker system. Similar to COUNTDOWN,
the Timechecker system in Liverpool provides real-time transit information at bus stops. However, each morning the bus operator must
enter the fleet number and running board for his’her bus into the system, otherwise the system does not know what buses are on the
route. It has not always been possible to obtain the manpower to do this, which has, at times, had a detrimental effect on the reliability of
the system. Hence, interna education of staff and operators on the system is essential.

3.3.5 Maintenance

Aswith any system designed for customer service and/or convenience, “up time” is absolutely critical. If customers are frequently
denied service because a system is “down,” they will soon stop trying to use the system all together. The experience of Skybus [30]
confirms that a good service agreement is necessary for the successful operation of areal-time information system and for maintaining its
datareliability and integrity.

3.3.6 Other Issues

Just like any major capital expenditure at any transit agency, the implementation of 1TS systems, including real-time transit information,
usually includes involvement at all levels of the organization, including the highest level. Working with congressional staff to secure the
required federal funding, as well as allocating matching local funds, requires the approval and cooperation of the senior staff, genera
managers, and, in most cases, the board of directors. Hence, the “organizational” role is very critical in deploying real-time transit
information systems. It isthus very unfortunate that, of the 50 documents reviewed, none discussed or investigated this area.

The only document that touched on one aspect of institutional issues is the United Kingdom’s Real-Time Information Group: A National
Strategy [35]. The authorsin this document advise against using real-time data negatively to monitor when bus drivers are running late,
for example. Instead, real-time data should be used positively to deliver better service.

3.4 Techniques for Data Collection, Fusion, and Dissemination

Data collection, fusion, and dissemination were addressed in alarge number of the documents reviewed. Although data collection and
dissemination were not dealt with at asignificant level or depth, they were discussed in relation to their role in supporting different
devices and outlets. If there is one common component to the various systems and dissemination mediareviewed, it is that the most
common source for bus or train location was obtained through an AVL system. Although an AVL system is the best option for location
information, it could nevertheless be a hurdle in the deployment of areal-time information system if it is aproprietary system. For
example, as stated earlier, the Busview system couldn’t get AVL data easily because it was proprietary system.

The previoudy-mentioned document, “Real Time Information Group: A Nationa Strategy” [35], makes the following recommendations
regarding real-time information data:

. Establishment of a common data format, independent of the means of transmission
. Establishment of a common means of transferring data between different systems on and off the vehicle
. Insurance of the security of data.

The literature that addressed the data aspect of real-time systems can be divided into three groups in terms of media used for
dissemination: 1) documentsthat dealt with WAP;

2) documents that addressed DM S and/or the Internet; and 3) documents that dealt with a number of different media, such as non-
interactive kiosks, PDAS, I VR viatelephone, video monitors, interactive kiosks, DM Ss, faxes, and cable television.

3.4.1 Using Wireless Application Protocol

Two documents [17, 32] addressed the data aspect of a WAP system. The first document [17] discusses the King County Metro system,
which delivers content to Internet-enabled mobile devices such as cell phones. The information provided includes arrival and departure
information at time points along the route. The mechanism for downloading data to a mobile device involves the user logging on to the
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system using the Internet and downloading the data from the appropriate Web page to the device.

However, due to user interface restrictions, a mobile device cannot yet be used to surf the Web in the same way as a desktop compulter.
Thus, awireless markup language (WML) has been introduced as the new language for WAP-delivered content. The WML standard
ensures that content developers can expect aminimum level of functionality on any conforming mobile device. The advantage of this
approach isthat it allows for the development of standards for these devices, which in turn result in efficiency, economies of scale, and
national interoperability.

According to Maclean and Dailey [17], amajor problem to overcome is the delivery of necessary bus departure information to adevice
with the following physical restrictions:

. A display area supporting 12 fixed characters per row of text and up to four rows. One row may be reserved for function key
labels.

. Support for ASCII text.

. Horizontal and vertical scrolling.

. Choice selection viaarrow or numeric keys.

. Two programmable function keys.

William Hickox [33] discussed the Rhein-Main-Transport Association, which is responsible for the regional public transport system in
the Rhein-Main-Areain Germany. The Rhein-Main-Transport Association operates a system that utilizes WA P-enabled mobile
telephones. In the city of Hofheim, a communication network between the local bus companies, the regional bus companies, and the
German Railway was established. The real-time data on vehicle location for the various companies are transmitted to alocal server in
Hofheim, where schedule data are also present. This centralized setup allows for a better synergy of real-time information systems of the
various modes. Real-time information is then disseminated to the users via applications like the Internet or to mobile-radio providers
(see Figure 3.4).

Local Server, Hofheim

\ —— o)
Qﬁ Roal Time Qﬁm

German Railway

Schedule Data

W#.F'-!-:'rw:l

WAP.-Gateway

Figure3.4: Rhein-Main-Area (Germany) System[6]

3.4.2 Using Dynamic Message Signs and/or the Internet
Travinfo®: According to the evaluation study of the Travinfo® Regional Transportation Information System [22], “two sources of data
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were fed automatically into Travinfo® database: data from the inductive loop sensors of Caltrans TOS and data from the Freeway
Service Patrol. However, these sources did not provide sufficient geographic data coverage or accuracy. Asaresult, the most significant
source of data soon became incident reports of the computer-aided dispatch system from the California Highway Patrol, which require
significant interpretation, data entry into the Traveler Information Center’s system, and follow-up by the operators. Relying on operators
to perform Travinfo® tasks proved time-consuming, especialy in the transfer of incident data from the Computer-Aided Dispatch
system’ sterminal to the center’s system, and from the center’ s system to the telephone advisory system.”

The use by Travinfo® of a centralized regional database was a step forward in solving this problem. Not only does it make sensein
terms of providing synergy with other ATIS systemsin the region, but it was also welcomed by the ISPs. The ISPs believe that a
centralized database helps to expedite the transfer and exchange of data among various entities. In addition they believed that it provides
alevel playing field for commercial developers.

Busview: “BusView displaysthe current location of abuson amap. A transit user selects a geographical area such astheir home or
workplace. If the default area does not meet their needs, the user can easily scroll the map in any direction to display another area. They
can also specify routes they are not interested in and look at two areas simultaneously. Clicking an icon also alows them to jump to the
published timetable or to bring up a new bus progress screen. Holding the cursor over an arrow icon shows the user either the time
point's intersection or name of amajor landmark if the time point is alocation, such as a shopping mall. Busicons below the route
indicate the route number the busis traveling and its location and the time its position was last calculated. By simply clicking anywhere
on the route in the bus progress window, a user can add an alarm clock icon that will produce a visual and audible notification when the
next bus passes that particular point. This can provide an alert to the passenger that it istime to leave to catch the bus’ [1].

Kybus project: Thetechnical solution chosen for Skybusis based on positioning with DGPS. A bus computer is the basic unit in each
bus and contains all the planned data for that vehicle. These datainclude the vehicle's schedule, the geographic information, and
information about the names of the stops. The complete line and all stops are measured with GIS equipment. In the bus, the tracker
software registers all events: when the bus starts, when it gets near a bus stop, when the doors open and close, and other events. When
the driver starts the bus, s/he logs on to the specific trip s/he is going to make. On the basis of al the registrations in the tracker software,
the bus computer knows each stop and which stop isnext. Thisinformation goes to the passengers on the passenger information display
(PID) inside the bus and to the driver on the driver’ s display. Furthermore, the bus computer knows whether the busis on schedule or
not. Thisinformation goes to the driver on his'her display as a+/- time so she will know all the time whether s/he is ahead of schedule
or late.

Delaware Transit Corporation (DTC): One of the unique things about DTC' s serviceis that it does not operate on set timetables, but
rather amgjority of the service operates on a headway range. For example, service from the Boardwalk to the Park-n-Ride operates
every 10 to 30 minutes; and, thus, the customers do not know if they just missed abus or if it isa couple of minutes away. Therefore, a
solution was needed that could provide real-time passenger information when there were no scheduled time points.

DTC reviewed the technology availablein the industry; and, while several vendors were able to provide a solution based on schedule
adherence, they could not address headway range schedules. In the spring of 2000, DTC was first introduced to the idea of predictive
arrival systems. A predictive arrival system calcul ates expected arrivals based on history rather than adherence to schedule. A database
of experience was developed over months. This database was used to create the decision-making process of the predictive algorithm.
Oncetheinitial datawere collected, the system became operational on the weekend of July 4, 2000. Testswere continually conducted to
check the accuracy of the prediction system. Within aweek, the degree of accuracy was plus or minus 30 seconds’ [33].

The RAPID system[29]: Most prediction systemsrely on historical data. Rather than a broad-based approach, Saab’s RAPID system
provides aninitial estimate close to the eventual arriva time by making use of recent performance data for services experiencing the
same road conditions. Once the bus has started its journey, the prediction system is able to compare how the busis progressing based on
theinitial prediction. Updatesto the predicted times are then transmitted to the appropriate information message signs.

Bay Area Rapid Transit (BART) [1]: Electronic train destination (ETD) signs are located at al 39 BART stations providing estimated
time of arrival. Once the train doors close, arrival times are calculated for the station’s next three or four trains. Train location data are
then integrated with speed, scheduling, and other vehicle information to predict future arrivals at the downstream station platforms. This
prediction information is then displayed on the ETD signs at each downstream station.

Blacksburg Transit in Blacksburg, Virginia: In thissystem, apolling strategy is used to receive location information from individual
vehicles. The base station transmits a code for a particular vehicle and, in turn, only the polled vehicle sends back data. In this manner,
the base station polls all 36 vehiclesin the fleet and updates their individual location data. The computer at the base station performs
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multiple tasks as a data processor, Internet server, and telephone answering machine. The raw location data received are then
manipulated to produce time of arrival information using a predictive algorithm. To transmit an estimated time of arrival signal to the
bus stop receivers, an FM subcarrier system isused. Thisis done by first sending the desired information packet to the local FM radio
station through atelephone line. A modem at the radio station decodes this message and provides it to the FM-subcarrier generator. The
receivers at bus stops pick up this signal and retrieve the relevant information by looking at the header field of the packet. Arrival time
information is then displayed on the dynamic message display at the bus stop [11].

35 Transit ATIS Infrastructure and Business Models

Two studies [3, 15] discussed in the literature evaluated the public’ s willingness to pay for real-time transit information. Both studies
showed that a majority of passengers would be willing to pay for real-time transit information if they found it to be valuable. Results of
the San Francisco Bay Area survey conducted in 1999 revealed that, of those who said they get traffic or transit reports from various
sources, 17% would prefer to pay monthly for real-time information, 56% would prefer to pay on a per-cal basis, 22% would not use the
service for afee, and 5% were unsure.

A case study on SmarTraveler, an ATIS that provides rea -time location-specific traffic and transit information in the greater Boston area
viatelephone reveals that, for non-users of SmarTraveler, the higher the expected benefit from an ATIS (i.e., reliability, relevance,
coverage, etc), the higher their willingnessto pay. For users, the utility of SmarTraveler is strongly affected by the users' level of
satisfaction with the service [15]. That is, aslong as they continue to be satisfied with the service they are using and the information they
are obtaining, they are willing to pay for it.

The Real-Time Information Group [35], discussing a national strategy for British transit agencies, emphasized the importance of
partnerships—public-public and public-private. Partnerships with other public agencies (transit or traffic) will allow transit agenciesto
share real-time data and thus respond to issues and service disruptions more promptly. The Group recommends the adaptation of the
“organizational approach first established for PT12000[ 7] and which has demonstrated effective collaboration between authorities
operators and suppliers. The underlying principle isto separate out the project risk structure, so that those risks that are better managed
by the private sector are transferred to the private sector, and those that are better managed by the public sector remain under public
sector control.”

The Seattle MMDI Integration Case Study [27] indicated that it would take more than forming partnerships to get the private entities on
board. The document speculated that the lack of private entities contributing data is thought to be aresult of their viewing data as
competitive, business-sensitive information that they are not inclined to share without compensation or appropriate data ownership
agreements.

The Group [35] proposed establishing formal data sharing agreements for al service delivery and information partnerships. Such
agreements would address intellectual property rightsissues for performance data, limitations on use, and transfer of information
between parties.

Along the same line, Advanced Public Transportation Systems: The Sate of the Art Update 2000 [1] discussed transit partnerships with
other agencies and the need to create a multimodal -oriented traveler information system that will help raise the profile of transit
information.

3.6 Use of National ITS Architecture and Standards for Design and Deployment

The National ITS Architecture is aframework that allows for the deployment of interoperable systems within and across transportation
modes. The National ITS Architecture defines the functions performed by different ITS components and ways in which they should be
interconnected. It serves as guidance to develop systems and interfaces to support identified user services.

On January 8, 2001 USDOT published the Federal Highway Administration’s (FHWA) “Final Rule” and the Federal Transit
Administration’s (FTA) “Policy” on ITS architecture and standards in the Federal Register. Thefinal rule and policy are identical in
technical content. Their differences reflect the processes by which FWHA and FTA administer projects.

In summary, the rule/palicy require regions deploying I TS projects funded with Highway Trust Fund (which includes transit projects
funded from the Mass Transit Account) money to prepare regional system architectures, consistent with the National ITS Architecture.
Any ITS project must be designed to be consistent with the regional architecture, must be developed using a* systems engineering”
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approach, and must utilize any applicable I TS standards that have been adopted by USDOT (many have been developed by Standards
Development Organizations but none have been formally adopted by USDOT).

Recognizing the importance of the National 1TS Architecture, the FTA participated in its development process through an effort to
identify transit-specific requirements. FTA aong with the U.S. Department of Transportation ITS Joint Program Office offers training
courses, as well as published reports to educate the transit sector on the importance of the National ITS Architecture. Courses are offered
through the National Training Institute (www.ntionline.com) and the Transit Standards Consortium (www.tsconsortium.org).

The only two documents in the literature reviewed that touched on architectural issues and national standards dealt with European
systems. The Real-Time Information Group: A National Strategy [35] proposes nationa “standards’ to which all operators comply.
Thiswill guarantee that “a national specificationswill deliver abase level of functionality that will ensure that any purchaser will get a
system that meets the functional aspirations of all classes of users.”

Similarly, by the mid-nineties, Centro [30] had already experimented with various real-time applications using beacon-based systems (i.
e., signpost-based systems) and GPS. Concerned about the proprietary hardware and software that seemed to be delivered with all
systems, Centro specified a complete open architecture that would allow:

. Open architecture on the vehicle
. Open protocols regarding interconnectivity to aradio architecture
. Expansion capability for other modules, such as smartcards and automatic passenger counting.

Additiona information on the National 1TS Architecture, compliance with the FHWA/FTA rule and policy, and any standards issues
may be collected during the specific site visits and telephone interviews on specific real-time transit information systems
implementations. Information collected on this subject will be included and addressed in the final guidance report.

3.7 Customer and/or Media Reaction

In general, customer reaction to real-time transit information systems seemsto be of the greatest interest to most researchers and authors.
More than one quarter of the reviewed documents touched on this subject in one way or another and at various levels of detail. Overall,
customers seem to be very satisfied with most systems and believe that they are of great advantage to them. Customers indicated that,
with the provision of real-time transit information systems, they believe that the transit service is more reliable and efficient, that their
waiting time at stopsis shorter, and that they feel safer at stops.

Ciuna, Migliore, and Sabatini [24] used quantitative methods to correlate a customer satisfaction index at bus stops with both qualitative
and quantitative factors, such as the presence of real-time information. It was shown that the expectations regarding the quality of
information to be provided could be twice the perceived quality of information actually delivered when the system becomes operational.
The mean value of the information quality (on a scale between 1 and 10) was about 4. Installing areliable, real-time information system
at bus stops could raise this mean score to eight (8).

Given these results, it is not surprising that customer reactions have consistently been favorable toward real-time information systems.
Also, it isnot surprising that researchers have devoted significant effort to studying and evaluating users reactions. Appendix F provides
selected summaries of user responses and reactions to various transit traveler information systems deployed in the US and Europe.

3.8 Agency/Staff Reaction

No information on agency staff reactions to real-time transit information was provided in the literature. Although this areamay not be as
significant as technical issues, staff reaction to real-time information systemsis still important. |If the staff are not aware of the available
real-time information systems and their benefits, then it isunlikely that they will even consider deploying them. It isfor this reason that
understanding staff reactions to real-time transit information systems (whether before or after deployment) isimportant.

4.0 NEXT STEPS

The next step in the project isto visit selected agencies (five transit agencies |ocated throughout the country) that have successfully
implemented real-time transit information systems. The project team will prepare a site visit questionnaire that will guide them and
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collect relevant information on each of the systems deployed. Subsequently, the project team will use the questionnaire to interview
selected transit agencies (10 transit agencies) by telephone. Table 4-1 lists the proposed transit agencies selected for site visits and
telephone interviews.

Table4-1: Proposed List of Transit Agenciesfor Site Visitsand Telephone Interviews

Site Visit/

Transit Agency Name Telephone Interview
San Francisco MUNI, San Francisco, California Site Visit
King County METRO, Seattle, Washington Site Visit
Denver Regional Transportation District (RTD), Denver, Colorado Site Visit
Wash? ngton Metropolitan Area Transportation Authority (WMATA), Site Visit
Washington, D.C
Tri-County Commuter Rail, Pompano Beach, Florida Site Visit
San L uis Obispo Transit, San Luis Obispo, California Telephone Interview
Jacksonville Transportation Authority, Jacksonville, Florida Telephone Interview
Washington State Ferries, Seattle, Washington Telephone Interview
Chicago Regional Transportation Authority (RTA), Chicago, Illinois Telephone Interview
CityBus, Williamsport, Pennsylvania Telephone Interview
METRA (Chicago Commuter Rail), Chicago, Illinois Telephone Interview
Cape Cod Regiona Transit Authority, Dennis, Massachusetts Telephone Interview
Fairfax CUE, Fairfax, Virginia Telephone Interview
Los Angeles County Metropolitan Authority, Metro Rapid, Los Angeles, Telephone Interview
California
Virginia Railway Express (VRE), Alexandria, Virginia Telephone Interview

Site visit reports and telephone interview reports will be documented, and this information will be used to assist in preparing the
guidance document. The site visits and the telephone interviews are scheduled to be completed by mid October, 2002.

Ultimately the objective of the project is to develop a “guidance document” which includes relevant information collected from this
white paper report and the site visits and tel ephone interviews and provides “hands on” useful guidance to transit operators that may be
considering the acquisition or development of real-time transit ITS systems. The draft and final guidance report is scheduled to be
completed in the first quarter of 2003.

APPENDIX A
LITERATURE REVIEW TEMPLATE
Literature Review Template

Title:

Author:

Source;

1) . Type of Real-Time Information Provided
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. Transit Vehicle Location Display

Pre-Trip Planning

Estimated Arrival or Departure Time of Transit Vehicles

Waiting time (countdown) until Next Vehicle Arrives

En route On-Board Audio/Video Announcement

Transit Vehicle Departure Location and Status

Service disruptions

Other real-time information (e.g., date, time, weather)

En route Peripheral Info (i.e. advertisements, general system information)
. Other:

2) . Typesof Mediafor Dissemination of Real-Time Transit Information

. Internet
DMS
Interactive V oice Response via Telephone
Interactive Kiosks
Video Monitors
PDA’s
Fax
Non-interactive Kiosks
Telephone (voice information)
Wireless application protocol (WA P)-enabled mobile telephone
Cabletelevision
. Other:

3) Issues and problems associated with planning, implementing and operating real-time transit information systems. Potential
Solutions to each problem/issue (if available).

4) Techniques for data collection, fusion and dissemination

5) Transit ATIS Infrastructure and business model

6) Useof National ITS Architecture and Standards for deployment of real-time transit information systems
7)  Customer and/or mediareaction to real-time transit information

8)  Agency staff reaction to real-time transit information

9) I nstitutional/organi zational issues associated with real-time transit information system. Potential solutions to each problem/issue
(if available).

APPENDIX B

LIST OF SOURCES SEARCHED AND/OR REVIEWED
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. TCRP J-7 Synthesis Project

. TCRP A-20A Project

. APTS Update 2000

. APTSPublications CD

. Proceedings of ITS America (1997-2002)

. Proceedings of ITS World Congress (1997-2001)

. Proceedings of TRB Annua Meeting (1997-2002)

. Proceedings of 2001 APTA Bus and Paratransit Conference

. Proceedings of 1999 APTA Bus Conference

. Proceedings of 1998 APTA Bus Ops

. Proceedings of 2001 APTA Rail Transit Conference

. Proceedings of 2000 APTA/TRB 8th Joint Conference on Light Rail Transit

. APTA Commuter Rail

. Real-time Information Web Pages, http://www.transitweb.its.dot.gov/

. ITS Deployment Tracking Web Site, http://itsdeployment2.ed.ornl.gov/its2000/default.asp
. TRIS On-line Search - http://www4.national academies.org/trb/tris.nsf/web/tris_online?OpenDocument
. USDOT EDL

. http://www.ul.ie/~infopolig/library/del/del 1.html

. http://www.ul.ie/~infopolig/library/infol/del 3.html

. http://www.ul.ie/~infopolig/library/infol/del 5.html
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APPENDIX D

LIST OF TRANSIT AGENCIESINCLUDED IN LITERATURE

Transit Agencies

L ocation

King County Department of Metropolitan Services (Metro)

Seattle, WA

Orange County Transportation Authority (OCTA)

Los Angeles, CA

Bay Area Rapid Transit

San Francisco, CA

VIA Metropolitan Transit San Antonio, TX
Washington Metropolitan Area Transit Authority (WMATA) Washington, DC
Tri-County Metropolitan Transportation District Portland, OR
Blacksburg Transit Blacksburg, VA

Los Angeles Metropolitan Transportation Authority (MTA)

Los Angeles, CA

Altamont Commuter Express (ACE)

Alameda County, CA

Cape Cod Regional Transit Authority (CCRTA) Cape Cod, MA
Metropolitan Atlanta Rapid Transit Authority (MARTA) Atlanta, GA
Metropolitan Transit Authority of Harris County (Metro) Houston, TX
Metropolitan Commission Transit Operations (MCTO) St. Paul, MN

New York City Transit (NYCT) New York, NY
/Ann Arbor Transportation Authority /Ann Arbor, Ml
Rheim-Main-Area Hofheim, Germany
Delaware Transit Corporation Wilmington, DE
Greater Copenhagen Authority - Hovedstadens Udviklingsrad (HUR) Copenhagen, Denmark
Valley Metro Phoenix, AZ
MBTA Boston, MA
Helsinki City Transport Helsinki, Finland
French Railways (SNCF) France

Deutsche Bahn AG Germany

London Buses London, UK

ATM Turin, Italy

Centro Birmingham, UK

STIB (Société des Transports Intercommunaux de Bruxelles) /IMIVB
(Maatschappij voor Intercommunaal Vervoer van Brussel)

Brussels, Belgium

APPENDIX E

LIST OF REAL-TIME SYSTEMSINCLUDED IN LITERATURE

System Name L ocation

BusView Seattle, WA
Transwatch Seattle, WA
MyBus Seattle, WA
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SmartTraveler Los Angeles, CA
Travinfo San Francisco, CA
TripFax Washington, DC
SmartTraveler Boston, MA
PROMISE Helsinki, Finland
DIGIPLAN France

SNCF France
RIA-HAFAS Germany
COUNTDOWN London, UK

VIA Turin, Italy
Infobus Turin, Italy
Centro Birmingham, UK
Skybus Copenhagen, Denmark
Timechecker Liverpool, UK
PHOEBUS Brussels, Belgium
Think Tram-Use Buses Sweden

APPENDIX F
USER RESPONSESAND REACTIONS
TO SYSTEMSIN USAND EUROPE

INFOPOLIS 1, deliverable 5 indicates the following:

Kiosks

. Areusually located near public transportation network facilities, in stations or at stops. Information usually includes:
o travel information such as optimum route, itineraries, and arrival times at specific locations etc.
o general information about various activities in the city or metropolitan area covered by the system.

. Functions vary considerably; some of them offer multi-modal information, such as public and private transportation services,
while others just provide information on public transportation modes. Similarly, some terminals provide only off-line information
whereas some others have rea-time information. Most terminals use color screens with or without touch screen capability.

. Thefollowing isasummary of actual users responses8]:

The majority replied that there is no need for other information

The vast mgjority (91%-95%) stated that there is no unnecessary information displayed.

60%-98% believes that the information provided by kiosksis correct and trustful.

25% and 42% in the various sites, used the system out of curiosity. The rest stated that they use the kiosks mainly for

information provision.

o 50% of the kiosk users get a right response with the first effort. Another 33% to 44% get it with the second attempt and
the remainder with three or more attempts.

o Thevast mgjority is not willing to pay for the information provided by these systems, because they believe that there are
other means to get the information, and because it is a public service.

[m] ] ] o

Bus Stop and Sation Displays:

. Users responsesto COUNTDOWN System and INFOBUS:

o Themajority of users (88%) stated that they did not need to access additional information, while practically all who were
surveyed said that there was no unnecessary information presented. Most of the users (76%) also said that the displayed
information was accurate.

o The appropriateness of the position of the display was marked between 7 and 7.95 out of 10. This meansthat users are
quite satisfied by the position of the display, but they believe that there is still margin for improvement.

o Thedisplay style and design was marked between 6 and 7.68, which leads to similar conclusions, but the margin for
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improvement seems to be wider.

o Similar marks were given to reading easiness (from 6 to 8). Finally, comprehension of messages received the maximum
marks (over 8 on average).

o Thevast mgjority (over 90%) said that they were either very satisfied or satisfied, while only 6% stated that they were not
satisfied by the overall function of the system.

On Board Displays:

. On board displays are used to reassure passengers that they have taken the right vehicle and route, and to notify them about the
next stop. They often offer audio information as well, so that a passenger can both see and/or listen to the information. On board
displays are also used for informing passengers about transfer points, service disruptions or other events.

. Users Responses.

o Results are already included in the kiosks section above.
PDAs

The INFOPOLIS 2, deliverable 1 indicates the following:

. A study was carried out in France six months after the launch of the DIGIPLAN[9] device. It provided the following results:
o 85% of usersdid not have any problem in locating their destination on the map;
o Theinformation was clear for 96% of users. Users were pleasantly surprised by the precision of the information regarding
the final walking stage of thetrip
Inquirers made equal use of the “map” and “directory” to locate places.
Half of the inquiries related to immediate travel
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;
o Similarly, after afirst attempt at using the device (which was in the nature of a‘self-training’ session), 8% of users took
public transportation for a future trip, for which they again used the kiosk system
. A West Yorkshire survey also found that users prefer atouch screen system to an older keyboard system.
. Thefeedback on PROMISE[10] intelligent mobile phone terminals (with access to Internet) has been mainly favorable.
According to the user logs, the most popular services were road weather, timetables and trip planning in the Helsinki Metropolitan
Area, trip planning in Finland and traffic status. Thetest users evaluated these services as good.

[} O m} ]

At Stop-Displays:

. Surveysin Brussels show user satisfaction on PHOEBUS to be 90%. The systems are regarded as being very user-friendly, and
display readability isfelt to be excellent. The Brussels experience is that the use of public transportation on the lines equipped
with these displays has increased by 6%.

. 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.

. InLondon, apilot survey was carried out on one COUNTDOWN routein 1994, and gave very positive results. The main
findings were that:

o Waiting is more acceptable (89% of passengers)
o Passengers found that time seemed to pass more quickly when they knew how long their wait would be (83% of
passengers)

Passengers perceive a shorter waiting time (65% felt this was so)

The service was perceived as more reliable

Of those passengers traveling, waiting at night was perceived as safer

General fedingsimprove towards bustravel (68%), the particular operator (54%) and London Transport (45%)

96% of passengers say that COUNTDOWN information is clear and easy to see, and have no problem of any kind with the

system

o About 70% of passengers refer to the display when they arrive at the stop, and about 90% look at the sign while they wait.
About 60% say they look at the sign at least once a minute.

o Passengers approve of the three essential pieces of information provided (route number, destination and waiting time).

o o [} [} O
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However, some base-line messages sent out by COUNTDOWN controllers were not so well understood.
o Thereisstrong overall customer support for the system. Countdown has been found to generate a minimum of 1.5% new
revenue.
. A survey was also carried out in 1997/1998 on the Timechecker system in Liverpool (where the system itself has been funded
under the European THERMIE and DRIVE Il projects). The results were very positive:
o The Timechecker system has led to a 5% increase in patronage on routes where Timechecker had been installed.
68% of passengers use Timechecker consistently
The system claims a 90% accuracy
85% of users believe that the use of Timechecker makes waiting more acceptable
87% feel that Timechecker gives afeeling of reassurance

O m} ] ]

On-Board Displays:

. Surveysin Brussels show user satisfaction on PHOEBUS to be 90%, user friendliness is considered high and display readability
excellent.

In Helsinki [14], 71% of the tram passengers and 83% of the bus passengers noticed the traveler information displays at their respective
stops. The displays were regarded as useful by 66% of the tram passengers and 78% of the bus passengers.

The most desirable features of the display were (1) knowing the remaining wait time; and (2) knowing if the expected vehicle had
already passed.

Inthe U.S., Transit Tracker is a system that provides real-time arrival information for Portland, Oregon’s Tri Met transit system. Arrival
times are displayed on message signs at selected stops in minute-by-minute countdown fashion. The results of a survey of usersrevealed
the following:

. 73% reported that the bus was usually on time

. 91% are satisfied or extremely satisfied with bus adherence 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

. 91% are satisfied or extremely satisfied with bus service

Travinfo® also had its share of positive reviews from customers. According to both [22] and [28], customer satisfaction was high. 80%
of userswere repeat users of the service. Initialy, during the field operation test, fewer than 1% of Travinfo® callers asked to be
rerouted to the transit menu after hearing about bad traffic conditions. After the field operational test, 5% were rerouted.

Furthermore, 12.4% changed both departure time and route after making acall to TATS; 19.5% changed departure time; and 9.7%
changed route only. 71.4% of users gave high remarks to the system, while 41.9% thought that the system was better than radio or
television.

[1] The ITS Backbone is acommon infrastructure designed to facilitate the collection, distribution, and sharing of transportation
information in the Seattle, WA region [27].

[2] ReiseInformations Automat

[3] Softwarethat drivesthe RIA system

[4] Société Nationale des Chemins de fer Francais

[5] Since the date of this document, the link between the radio and the electronic ticketing machine has been made.

[6] Source: Real Time Pre-Trip Passenger Information via M obile Phone — Experience From Practice, ITS World Congress, 2001
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[7] Public Transport Information 2000 is document outlining a strategy for regional and national cooperation among transit agencies.

[8] Systems that were part of this survey include: PIA, Italy; SIT, Madrid; EFA touch, Munich; VIATOR, Helsinki; PAT, Piraeus; and
TAN, France

[9] Thissystem, in Lyon France, allows usersto obtain an itinerary from the place where DIGIPLAN is located to another point. The
user designates directly on the map his’her destination point. The trip solution is displayed on a video screen and the user can print it out.

[10] In Helsinki, Finland.
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