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SECTION 8

FUTURE DIRECTIONS

From the research conducted during this project, it is clear
that the transit industry is making significant inroads in
improving TTI. While complete integration with other trav-
eler information is still in its infancy, TTI has been proven to
improve the perception of transit services and to have the
potential to result in a mode-shift toward public transit. How-
ever, continued improvements must be made in TTI to ensure
this mode-shift.

During the course of this research effort, four key strate-
gies for improved TTI have been identified; the strategies are
being deployed by transportation agencies outside the United
States or have been implemented by nontransit industries.
These strategies are as follows:

1. Improving the data that provides the basis for TTI;
2. Completely integrating TTI with other traveler infor-

mation, particularly traffic information for “one-stop”
regional information shopping;

3. Providing more customer-focused and personalized
information, such as bus stop–level schedules and
maps and IVR systems; and

4. Providing real-time information using a variety of dis-
semination media.

In each subsection below, the best examples of agencies that
have met these challenges in providing improved TTI are
presented.

8.1 IMPROVEMENT OF UNDERLYING DATA

While the importance of developing and maintaining
accurate and comprehensive data that provides the basis for
TTI applications has been discussed earlier in this report, it
is a key strategy that can be used to improve traveler infor-
mation. Data quality directly affects everything along the
“information chain,” as described as follows (1):

The information chain from collection of raw data through its
conversion into meaningful information to its delivery to end
users will usually involve a number of organizations span-
ning the public and private sector. A common division of
responsibilities seen in partnerships is as follows. The public
authority has the role of data provision and maintenance of
data quality. Meanwhile the private organizations have the

role of using that data to deliver (commercial) information
services to the public.

Thus, if the initial data used by a public agency to generate
information for dissemination is not accurate, the informa-
tion will not be accurate. This lack of accuracy of the under-
lying data can have significant consequences for the public’s
perception of the information; therefore, the public’s use of
the information may be reduced. There are four areas in
which data quality can be improved to, in turn, improve TTI:

1. Level of detail,
2. Coverage,
3. Accuracy, and
4. Maintenance.

8.1.1 Level of Detail

The level of data detail affects TTI in several ways. For
example, data detail can affect routing from Point A to Point B,
depending on the customer’s mode of travel: “The most suit-
able route for a pedestrian, for example, might not be the
same as that for a cyclist both in terms of the attractiveness
of that route and its distance” (2). Further, the information
generated by scheduling and itinerary-planning systems that
rely on bus-stop inventories can be affected by the level of
detail provided in the inventory. For example, if a schedul-
ing and itinerary-planning system is being used to guide a
person with disabilities from his or her home to a bus stop, it
is very important to know whether the path of travel is acces-
sible. Such level of detail may not be necessary for other TTI
applications, but it is critical in this type of application.

8.1.2 Data Coverage

Data coverage can be critical, particularly when a cus-
tomer is traveling within a region that has multiple modes or
a wide geographic area. For example, if a customer is travel-
ing from San Francisco to San Rafael in Marin County, Cal-
ifornia, the data underlying the itinerary-planning engine
must contain not only data for transit services within the city
that will take the customer to the Golden Gate Transit Lark-
spur Ferry, but also data for services that connect to the ferry



once the ferry is at Larkspur Landing (in this case, Golden
Gate Transit bus services).

8.1.3 Data Accuracy

Data accuracy also significantly affects the accuracy of
TTI. For example, if the specific geographic location of a bus
stop is in error, several TTI elements will be in error, includ-
ing real-time arrival or departure information for that stop;
onboard next-stop announcements, which could be made at
the wrong time; and itineraries that involve that stop. If the
location of a bus is not accurate, it will affect the accuracy of
the prediction of when that bus is going to arrive at the
upstream stops.

8.1.4 Data Maintenance

Data maintenance must be performed on a regular basis to
ensure continuing data accuracy. Further, as is implied in
Section 4, data maintenance can be optimized if an agency
maintains only one database that is used for all TTI applica-
tions. Often, this is a challenge because different TTI appli-
cations need varying levels of detail and coverage. Histori-
cally, agencies have had multiple bus stop inventories: one
to drive a scheduling system; one to drive an AVL system;
one to drive the onboard annunciation system; and so forth.
With just one comprehensive bus stop inventory, data main-
tenance is facilitated, as is building interfaces from each TTI
application to this data. For example, it would be ideal to
have one bus-stop inventory that underlies scheduling, AVL,
onboard annunciation, automatic passenger counting, real-
time transit information, trip and itinerary planning, and IVR
systems.

8.2 INTEGRATION WITH OTHER 
TRAVELER INFORMATION

A Thematic Long-term Approach to Networking for the
Telematics and ITS Community (ATLANTIC) is a project
funded by the European Commission, U.S DOT ITS Joint
Program Office, and Transport Canada. ATLANTIC is re-
viewing “the coverage, content and results of European,
American and Canadian ITS research and development pro-
grams” (3). ATLANTIC supports eight forums, two of which
specifically address ATIS (i.e., the Telematics-based Traffic
and Travel Information Services and Intermodal Collective
Transport Information forums). This 18-month project,
which ends in December 2002, has done a significant amount
of work in examining the present and future of ATIS.

As part of ATLANTIC, a review of U.S. ATIS business
models was shared with ATLANTIC participants, and com-
ments were made on this review from a European perspec-
tive (4, 5). While traffic information was the primary focus
of the model review and subsequent European comments,
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there are many issues that directly relate to the future of TTI
systems, as follows:

• Integration with traffic information: There are for-
midable social barriers to providing public transport
information; these barriers make it difficult for politi-
cians to challenge the automobile culture by investing
in ATIS that provide both transit and traffic information
(6). However, users have expressed a need for multi-
modal traveler information: “In Europe, the largely co-
ordinated approach to traffic and travel data appears to
have resulted in the establishment of a robust value
chain and the identification by key players of profitable
positioning points within that value chain” (7 ).

• Sale of public data, systems, or both: In terms of TTI,
public transit has the opportunity to sell its data (e.g.,
real-time bus arrival information), “as long as the data
being sold is of sufficient quality and is on a level that
the private sector cannot replicate by gathering similar
data on their own” (8). Given that the private sector can-
not replicate public transit operational data, this could
give transit a distinct advantage in selling its data. Tran-
sit agencies selling their data could turn around the rel-
atively recent market of firms that provide transit agen-
cies with a for-fee service that collects, processes, and
disseminates real-time information.

• Content of TTI: The need for travel time data has been
expressed. This is an area that public transit has not
undertaken to date. If travel times were provided as part
of TTI (and could be compared with the travel times on
other modes), the public would be able to make more
informed choices about mode(s), route(s), and so forth.

The many presentations made in association with the
ATLANTIC project have the same theme—the integration
of information services provides the most value to the user
of ATIS, of TTI services, or of both. Many current (as of
December 2002) projects in the United Kingdom and Europe
are focused on the full integration of traveler information,
such as Transport Direct, which was mentioned earlier in
Section 3.2. In a presentation given at the 8th World Con-
gress on ITS, Transport Direct—a fully integrated system—
was presented, as shown in Figure 86 (9). Note that Trave-
line is an existing U.K. system to provide TTI throughout
the United Kingdom by dialing one phone number (0870-
608-2-608).

Further, over and over again, the idea of providing travel
times using various modes has been expressed, representing
the need for complete integration of transit and other traveler
information. Calculating travel times for different modes is
not trivial and would require that many sources of data be
combined and processed to predict travel times and that a
rather sophisticated algorithm be developed to perform this
calculation. In order to handle data from multiple sources, the
data would have to be stored using a standard. The TRIDENT
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project, which was described in Section 7.5, addresses the
issue of standards for travel data. However, if the ultimate
goal of improved TTI is to be completely integrated with
other travel and on-travel services, standards alone are not
going to generate such improvements.

Developing an algorithm that is sophisticated enough to
produce accurate and reliable travel time predictions has
recently been achieved through the DOM project, which was
described in Section 5.2.5. In DOM, multimodal routing
includes a comparison between travel times and costs for
travel by public transport and travel by car (10):

The traveling times for cars consider the individual streets’
speed profiles and figures drawn from past experience. The
costs are calculated on the basis of values from the German
automobile association. The intermodal public transport
route is calculated using all forms of public transport (rail
and local forms of transport) as well as footpaths and taxi
trips.

The evaluation of DOM is not yet complete, so the user’s
perception of the reliability and accuracy of the travel time
predictions is not yet known. In any case, North American
transportation agencies should take note of the results of this
and other similar initiatives in the United Kingdom and in

Europe in order to begin achieving full integration of TTI and
other travel information.

Three U.S. initiatives that are attempting to achieve full
integration include the 511 system (as mentioned in Section
7.1), the Intermodal Passenger Information System, and
TRIPS123. As of February 2003, fourteen 511 systems have
been deployed, with many more deployments expected in the
near future. While transit has not always been a component
of deployed 511 systems, there has been an emphasis on
including transit. Further, there have been many discussions
of including real-time transit information via 511, if it is
available. For example, Utah’s 511 system will eventually
contain real-time train arrival information for UTA.

An example of a 511 system that may eventually include
real-time transit information in addition to real-time traf-
fic and related National Park information is the Tri-State
Advanced Rural Traveler Information System (TRIO), which
is under development for the states of Maine, New Hamp-
shire, and Vermont. Several technologies (collectively called
the TRACKER system), including a real-time transit infor-
mation system, have been deployed in the bus system in
Bar Harbor, Maine, called the Island Explorer. This system,
which operates from mid-June through Labor Day each year,
serves Acadia National Park and the surrounding communi-

Figure 86. Vision for Transport Direct in 2003 and beyond.
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ties. It has been proposed that TRIO, which will be integrated
into the 511 system, include the real-time departure infor-
mation that is generated by the TRACKER system.

The Intermodal Passenger Information System is best
described as follows (11):

[The] project is a multi-phase effort to implement a fully
integrated intermodal and multimodal traveler information
system for trips anywhere in the Northeast Corridor. Such an
integrated system would provide travel information for long
distance, inter-city travelers from origin to destination at var-
ious stages of the trip process: trip planning, trip initiation,
and en-route. Stage 1 efforts have assisted in linking the trip
planning systems of Greyhound and New Jersey Transit;
soon to be added are the trip itinerary planning systems of
SEPTA, WMATA and MdMTA [Maryland Transit Admin-
istration in the Baltimore area]. This effort is also being coor-
dinated with the work FTA is advancing in trip planning at
the federal level.

TRIPS123, which is expected to be operational in early
2003, is a multimodal traveler information system for the
New York–New Jersey–Connecticut region. The system
comprises three distinct services: (1) the free Traveler Infor-
mation Center, which allows travelers to make better
informed travel choices; the free Transit Advisory System,
which assists travelers to make regional trips using multiple
carriers; and the for-fee Personalized Traveler Service, which
proactively alerts travelers about any events that could affect
their travel times (12).

In terms of the need for standards that specifically address
the integration of TTI with other traveler information, the
development of the National Transportation Communica-
tions for ITS Protocol (NTCIP) is supposed to fulfill that
need (13):

NTCIP is a family of communications standards for trans-
mitting primarily data and messages between microcomputer
control devices used in Intelligent Transportation Systems
(ITS). NTCIP is intended for use in all types of management
systems dealing with the transportation environment, includ-
ing those for freeways, traffic signals, transit, emergency
management, traveler information, and data archiving. NTCIP
is intended for use between computers in different systems
or different management centers, and between a computer
and devices at the roadside. NTCIP allows agencies to
exchange information and (with authorization) basic com-
mands that enable any agency to monitor conditions in other
agencies’ systems, and to implement coordinated responses
to incidents and other changes in field conditions when
needed.

The use of NTCIP is not widespread enough yet to have
solved the basic problem of multiple transportation agencies
providing data into one repository, which then disseminates
the information to the customer. The TRIDENT project in
Europe, described in Section 7.5, has begun to be successful
in addressing this issue.

The Transit Communications Interface Profile (TCIP) is the
transit series of standards that are part of the NTCIP family.
TCIP contains nine data and message standards, as follows:

1. NTCIP 1400: TCIP Framework
2. NTCIP 1401: Common Public Transport Objects
3. NTCIP 1402: Incident Management
4. NTCIP 1403: Passenger Information
5. NTCIP 1404: Scheduling and Runcutting
6. NTCIP 1405: Spatial Representation
7. NTCIP 1406: On-Board
8. NTCIP 1407: Control Center
9. NTCIP 1408: Fare Collection

Of the nine standards, five are directly related and used in
TTI systems. These are numbers 1, 2, 4, 5, and 6 in the list
above. Currently, FTA and APTA are leading an effort to
complete the standards development and to expedite deploy-
ment of systems using the standards. A pilot implementation
of a TTI system using the standards is being planned for
Summer 2003.

As mentioned in Section 5.2.4, there are several aspects of
this project that are unique to most TTI systems and have
applicability to providing TTI services in the United States.
First, this personalized service must process and integrate
data from several different sources. The architecture, which
was shown in Table 10, identifies categories of the providers
of information and transit services as follows:

• Content owner;
• Content provider;
• Service operator;
• Service provider; and
• Network provider.

This categorization could be used in the United States; how-
ever, as of December 2002, most U.S. transit agencies that
provide TTI services are owners and providers of content and
service. Perhaps using a more distributed architecture, such
as the one used in PIEPSER, would relieve transit agencies
of the responsibilities associated with directly providing such
information. On the other hand, having transit agencies
directly provide this information ensures the quality of the
information.

Second, this service is provided to a limited number of tran-
sit customers—those who purchase monthly transit passes.
These pass buyers have the option to subscribe to this service.
If they subscribe, data on their regular transit trips is recorded,
along with their mobile telephone number. Limiting the ser-
vice to pass holders minimizes the data processing required.

Third, Unified Modeling Language (UML) is the standard
language used for system design and software. Using a stan-
dard language such as UML facilitates the system design by
allowing both actual and conceptual components to be
defined (14):



[PIEPSER] does not only deliver disruption messages [via
Short Message Service], but also suggestions on alternative
ways to act. The generation of these scenarios takes into
account the traffic conditions regarding traffic flow and the
availability of car parks. Furthermore, information is also
provided on current road works and diversions.

8.3 PROVISION OF MORE CUSTOMER-
FOCUSED AND PERSONALIZED
INFORMATION

Throughout this report, the idea of what the customer
needs has been discussed frequently. Several TTI systems
that provide personalized TTI have been presented to show
how transit agencies are becoming more customer-focused,
and the fact was discussed that choice riders are no longer
satisfied with paper schedules and speaking to a customer
service operator to obtain TTI. In this section, two examples
of improved TTI that integrate other traveler information, an
element discussed in Section 8.2, are presented: stop-specific
timetables and IVR technology.

8.3.1 Stop-Specific Timetables

Transport for London recognized the need to provide im-
proved static and dynamic traveler information to the public.
The Countdown system, previously described in detail in
Section 5.2.1, is providing real-time information to the pub-
lic at bus stops. In terms of static data improvements, Trans-
port for London has redesigned bus timetables and maps to
provide customers with information at the bus stop level.
Through Transport for London’s website, customers can obtain
bus stop specific schedules ( journeyplanner.tfl.gov.uk/user/
XSLT_STT_REQUEST?language=en, as of December 2002).

London Bus timetables that were available before stop-
specific timetables were developed, such as the one shown in
Figure 87, were typical schedules showing all stops along the
route and the time that the bus would be at each stop (15).
These timetables were viewed as difficult to understand, did
not provide clear information about the bus at an individual
stop, and did not reflect how the buses actually run.

Stop-specific timetables, such as the one shown in Figure
88, were designed based on extensive customer research.
Customer response has been very positive since the distribu-
tion of these schedules, which started in March 2002. It is
expected that all 65,000 timetables will be available by the
end of the 15-month rollout (the rollout is being done by
area) in June 2003. The features of these stop-specific timeta-
bles are as follows:

• From a bus user’s point of view, the timetable
– Provides information about his or her bus from his

or her stop,
– Is easy to read and understand, and
– Reflects how the buses actually run.
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• The design features include the following:
– The frequency chart portion of the timetable, which

▪ Removes “spurious accuracy,”
▪ Provides information in a large font size,
▪ Has clear time banding,
▪ Uses a 12- and 24-hour clock,
▪ Shows first and last buses, and
▪ Shows night buses separately.

– The route diagram portion of the timetable, which
▪ Shows the direction of travel,
▪ Shows the current stop,
▪ Shows where the bus has been,
▪ Shows the approximate journey time, and
▪ Clearly links the Night Bus route with frequency.

Spider maps, similar to the familiar London Underground
maps, were developed recently to show bus services from spe-
cific stops (see Figure 89). Multiple maps are provided for each
borough in London (www.tfl.gov.uk/buses/route_maps.shtml).
These maps, which were developed based on considerable
customer research, are much easier to use than the standard
bus maps and give an easy-to-understand graphical view of
all of the bus services emanating from a specific stop. Most
of the high volume bus stops have spider maps available.

Transport for London also has an interactive map that a cus-
tomer can use to generate information about particular London
Underground stations, including information on bus connec-
tions, bus spider map (if available), train times, station facili-
ties, station access, a local area map, and the opening hours if
there is a travel information center at that particular stop.

Another improvement in customer-focused information is
the use of IVR systems. Voice recognition technology pro-
vides the basis for IVR systems, which are beginning to be
used to provide TTI. IVR systems can include the following
functionality:

• Automatic speech recognition and text to speech (as
used by Denver RTD and described in Section 4.2.1);

• Provision of general transit information, including hours
of operations, fares, and so forth;

• Paratransit trip reservations, confirmation, and cancel-
lation;

• Paratransit trip notification, which notifies the customer
a certain amount of time before the vehicle is scheduled
to arrive;

• Transit pass sales;
• Provision of real-time transit information, such as ETA

for a specific bus stop;
• Administration of customer surveys; and
• Provision of trip- or itinerary-planning information.

8.3.2 IVR Technology

WMATA’s RideGuide system, which was described in Sec-
tion 4.2.1, is available via telephone using IVR technology.
This system, implemented in November 2002, allows callers
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Figure 87. Bus timetable for Route 8 in London.
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Figure 88. Stop-specific timetable for Kingsland Road Stop and Route 149.
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to speak their responses to the itinerary-building questions,
which are identical to those asked on the web application.
The use of such voice technology provides access to trip and
itinerary planning 24 hours per day, 7 days per week and
does not require Internet access. Several other systems across
the United States are now implementing this technology,
including the Ann Arbor Transit Authority in Ann Arbor,
Michigan. International deployments of IVR to provide TTI
include the greater Sydney area in Australia (i.e., the Trans-
port Infoline).

In addition to availability to TTI 24 hours per day, 7 days
per week, voice-enabled technology can provide additional
benefits to agencies, benefits that significantly improve the

provision of TTI. These benefits include the capability to
handle increased call volume, a reduction in call volume to
customer service agents, and a reduction in the number of
calls abandoned.

8.4 PROVISION OF REAL-TIME INFORMATION

Throughout this report, numerous examples of real-time
information systems have been provided. Since the success
of these and other similar systems deployed around the world
has been discussed already, it would be helpful to view the
addition of real-time information to TTI in a slightly different

Figure 89. Spider map for bus service radiating from Bayswater Station in London.
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• Transit schedules currently managed by ODOT’s
TripCheck website are dependent on several internal
manual processes, affecting the timeliness of changes
and reducing the accuracy of schedule data;

• A majority of transportation providers in the state do not
have schedule or contact information electronically via
the Internet; and

• The public has no way to easily obtain transportation
options for trips within Oregon.

As noted earlier, the addition of real-time information is not
considered until Phase 3 of the project. This will ensure that
all other features of the system are fully operational and that
the public has gotten accustomed to and has a certain level of
confidence in using the system. Again, this is unlike many
other systems that have introduced real-time information, not
as part of an integrated TTI, but as a stand-alone element.

Another good example of introducing real-time informa-
tion is the 5T system in Turin, Italy, which was discussed in
Section 5.2. The 5T system, which has a clear public trans-
port focus, provides real-time information as one of the ele-
ments of its TTI services. A customer can easily plan a jour-
ney and then check the real-time status of the vehicle(s) he
or she would like to take.

The ultimate TTI would combine the real-time informa-
tion on vehicle status with a trip plan. This has not yet been
accomplished, but several TTI systems are striving to make
improvements that have features as powerful as that. (e.g.,
WMATA’s RideGuide). As of February 2003, FTA, FHWA,
and the ITS Joint Program Office are in the early stages of
planning a demonstration program that links real-time infor-
mation with multimodal trip planning so that customers can
obtain door-to-door real-time trip information.
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