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PREFACE TO THE FREE CONGRESS FOUNDATION STUDY
"TRA VELING IN REAL TIME: MOBILITY MANAGEMENT AND YOU"
BY CAROL L. SCHWEIGER
The Free Congress Foundation is pleased to present our second paper, "Traveling in Real
Time: Mobility Management and You". This work is the product of our Center for
Transportation, and has been written by our Adjunct Scholar, Carol Schweiger of TranSystems
Boston. Ms. Schweiger is a nationally known expert in advanced technologies and their
application to transportation policy. This paper will be presented on June 28, 2012 at a Capitol
Hill briefing, including Congressional leaders in transportation lawmaking, and a senior official
of the United States Department of Transportation with responsibility for technology in
transportation.
The Free Congress Foundation's first paper was a broad ranging discussion of the challenges
facing transportation in the United States. That paper was written by Dr. Michael Bronzini of
George Mason University and likewise was presented in a Capitol Hill briefing in 2011. Both of
these papers can be viewed, together with our other work on our web page:
www.FreeCongress.org.
Our Foundation is focused, among other subjects, on the economic health of the United
States. Our "Growth Code" is a policy proposal addressing the urgent need for economic growth
to create jobs and restore the vitality of our country. The "Growth Code" can likewise be found
on our web page. A good transportation infrastructure is needed to facilitate that growth.
Congested roads and lost hours in traffic backups represent lost productivity, as well as
frustration. Mass transit alternatives are not always recognized in times of road unavailability.
Traffic congestion leads to greater demand for taxation to build roads and other alternatives.
Better use of communication technology in the transportation system can reduce the demand for
higher taxation that comes from too many cars using too few roads, and underutilization of mass
transit options.
My thanks go out to the entire staff of the Free Congress Foundation for their help in
carrying out the mission of our projects. Particular thanks go to Peter Weyrich, the Director of
our Center for Transportation. I also wish to acknowledge the sponsorship of this project by the
American Public Transportation Association. The Free Congress Foundation is proud of our
partnership with APT A which goes back many years. I am confident that this paper by Carol
Schweiger makes a significant contribution to the emerging field of technology in the field of
transportation.
James S. Gilmore III
President and CEO
Free Congress Foundation
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1. Background of Mobility Management
The term "mobility" was discussed as far back as 1991 in the Intermodal Surface Transportation
Efficiency Act (ISTEA) I. ISTEA stated that "it is in the national interest to encourage and
promote the development of transportation systems embracing various modes of transportation in
a manner which will efficiently maximize mobility of people and goods within and through
urbanized areas and minimize transportation-related fuel consumption and air pollution."
Mobility was mentioned in several other places throughout ISTEA, and for one of the first times,
the role of intelligent transportation systems (ITS) (called intelligent vehicle-highway systems
[IVHS] back then) was introduced as "represent[ing] the best near-term technology for
improving surface transportation for public benefit by providing equipment which can improve
traffic flow and provide for enhanced safety."
Later in the 1990s, the term mobility manager and mobility management emerged to represent
the idea that there were multiple tools and techniques that could be used by organizations to
improve mobility, including technology. In 1997, Transit Cooperative Research Program
(TCRP) Report 212 defines these terms as follows:
•

"A mobility manager is a transportation organization serving the general public that
responds to and influences the demands of the market by undertaking actions and supportive
strategies, directly or in collaboration with others, to provide a full range of options to the
single-occupant automobile."

•

Mobility management is categorized in four types of activities: operational, technological,
informational/programmatic and land use

While technological and informational strategies were defined in this report, there were very few
technologies that were thought to improve mobility at that time, including real-time rideshare
matching, multi-provider trip reservations and transit telephone centers with information on all
modes and providers.
Many things have changed since then. First, according to the 2011 Urban Mobility Report3, in
1997, the Travel Time Index4 was 1.19 and the delay per commuter was 33.8 hours, at a cost of
$67.1 billion (in 2010 dollars). In 2010, the Travel Time Index was 1.20 and the delay per
commuter was 34.4 hours, at a cost of $100.9 billion.
Second, over this period of time, the solutions available to address mobility issues have become
more innovative for a variety of reasons. One reason is that funding to address congestion is
very limited. Current gasoline taxes are not even covering roadway maintenance5. Raising taxes
to increase funding is not desirable, so other solutions are necessary. Further, in many areas in
the U.S., we can no longer build transportation facilities that provide more capacity. So, it
almost goes without saying that technology is one solution that is playing a significant role in
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mobility today. Among other things, technology provides a way of utilizing existing capacity in
smarter ways.
Third, there is a revolution underway in the way that younger workers, commuters, and
recreational riders choose their method of travel. The younger generation is more amenable to
riding mass transit and alternative options for mobility. They are also fully conversant with
wireless applications, voice and data communication. Providing more information on the
availability of a mass transit option will increase ridership, reduce road congestion, reduce
parking expenses and give more liberty to choose how to travel. The revolution in
communications technology promises to enhance mass transit's role in the overall system of
transportation in the 21st century. The mass transit industry is leading in their understanding of
this new development and its application to modem travel.
The technology applications that are currently facilitating mobility include the following6:
•

•

Technologies that directly cover transit:
o

Transit management services include surveillance and communications, such as
automated vehicle location (AVL) systems, computer-aided dispatch (CAD) systems, and
remote vehicle and facility surveillance cameras, which enable transit agencies to
improve the operational efficiency, safety, and security of the nation's public
transportation systems.

o

Traveler information applications use a variety of technologies, including Internet
websites, telephone hotlines, as well as television and radio, to allow users to make more
informed decisions regarding trip departures, routes, and mode of travel.

o

Electronic payment and pricing systems employ various communication and electronic
technologies to facilitate commerce between travelers and transportation agencies,
typically for the purpose of paying tolls and transit fares, and of implementing congestion
pricing (which allows an individual to use a less congested route of travel for a price or
forces an individual to pay to enter specific jurisdictions during rush hours) .

Technologies that overlap with current or potential transit technologies:
o

Arterial management systems manage traffic along arterial roadways, employing traffic
detectors, traffic signals, transit signal priority and various means of communicating
information to travelers.

o

Collision warning systems use a variety of sensors to monitor the vehicle's surroundings
and alert the driver of conditions that could lead to a collision.

o

Collision notification systems have been designed to detect and report the location and
severity of incidents to agencies and services responsible for coordinating appropriate
emergency response actions.
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o
•

Driver assistance technologies exist to assist the driver in operating the vehicle safely .

Remaining technology applications:
o

Freeway management systems, including traffic surveillance systems, traffic control
measures, lane management applications, special event transportation management
systems and advanced communications.

o

Crash prevention and safety systems detect unsafe conditions and provide warnings to
travelers to take action to avoid crashes.

o

Road weather management activities include road weather information systems
(RWIS), winter maintenance technologies, and coordination of operations within and
between state DOTs.

o

Roadway operations and maintenance applications focus on integrated management of
maintenance fleets, specialized service vehicles, hazardous road conditions remediation,
and work zone mobility and safety.

o

Traffic incident management systems can reduce the effects of incident-related
congestion by decreasing the time to detect incidents, the time for responding vehicles to
arrive, and the time required for traffic to return to normal conditions.

o

Emergency management applications include hazardous materials management, the
deployment of emergency medical services, and large and small-scale emergency
response and evacuation operations.

o

Information management supports the archiving and retrieval of data generated by
other ITS applications and enables ITS applications that use archived information.

o

Commercial Vehicle Operations applications are designed to enhance communication
between motor carriers and regulatory agencies.

o

Intermodal freight applications can facilitate the safe, efficient, secure, and seamless
movement of freight.

Each of these 16 applications has an effect on mobility, but to different degrees. And only a few
of these technologies, specifically traveler information for both transit and highways, directly
addresses and has the most impact on personal mobility and mobility management.
Finally, "the proliferation of mobile phones and smartphones has resulted in the reliance upon
these devices by many individuals to provide basic and personalized communications. The
increasing use of these devices provides many opportunities for information dissemination by
private and public transportation entities. Further, public transit customers have relatively high
expectations for real-time information at all stages of their trips. These expectations, combined
with the rapidly increasing and widespread use of mobile devices, have led many transportation
agencies in the U.S. and abroad to provide information via mobile devices.,,7
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"The wireless-industry association CTIA reported in October 2011 that the number of wireless
devices in the U.S. had, for the first time, exceeded the number of people. And Mobile Future, a
coalition of vendors and consumers, estimated in a March 2011 report that by 2014, voice traffic
will comprise only 2% of the total wireless traffic in the United States -- a worrisome statistic
because, as the report noted, smartphones consume 24 times more data than old-school cell
phones, and tablets consume 120 times more data than smartphones." S
The result of this use of mobile devices is that "wireless networks are edging near capacity, not
just in the United States, but all over the world. Credit Suisse conducted a survey last year [2011]
that revealed mobile networks in North America were running at 80% of capacity."s
These trends must be considered in the development of policies regarding the use of technology
to improve mobility.
Thus, this paper discusses various aspects of existing traveler information systems by covering
the following:
•

Review of the traveler information technologies and describe the degree to which deployed
systems and technologies are being used and making an impact on mobility;

•

Describe what is needed to make the systems/technologies
impact on mobility;

•

Determine those current and future Federal efforts that have the most potential to make an
impact on mobility;

•

Describe the core principles that will be useful in the future

•

Describe the roles of the Federal government and private sector in improving mobility
management; and

•

Make recommendations for policy changes that will improve personal mobility.

more useful and have more of an

2. Today's Mobility Management
This section begins with a description of each traveler information source and technology, and
the status of technology deployment in light of mobility impacts, as shown in Table 1.
assessing the impact of technology on personal mobility, the Government Accountability
Office (GAO) recently determined that "State and local governments face multiple challenges in
using ITS technologies to manage traffic congestion.,,9 The GAO reports that ITS is not always
integrated into planning processes. Other challenges are reported as follows:
In
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•

Funding required for the deployment

and maintenance

funding required to replace infrastructure

Support for ITS in agencies may be lacking;

•

Attracting

•

Coordination

The GAO concludes
Administration

staff with the appropriate

ITS skills is a challenge;

among agencies to enhance the effectiveness

differing agencies'

perspectives

competes

with

other than ITS;

•

and retaining

of ITS technologies

and

of ITS is challenging

due to

and priorities.

that efforts by the USDOT

(RITA) and Federal Highway

Research and Innovative

Administration

Technology

(FHW A) are helping to address

these challenges.
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Further, in April 2009, the Transportation Research Board (TRB) conducted a landmark
workshop that identified the needs related to traveler information based on the current status of
four critical aspects of generating and disseminating traveler information25: (I) data collection,
(2) data fusion and processing, (3) information dissemination and (4) network impacts resulting
from traveler information. The "Workshop on Identifying Traveler Information Research Needs
to Achieve All Roads-All Modes-All the Time" consisted of presentations that discussed not
only the current status and issues associated with traveler information, but led to a
comprehensive understanding of the usage of the technologies, and whether or not improvements
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are warranted. The remainder of this section describes the results of this workshop in the four
categories mentioned earlier.

2.1 Data Collection
Workshop participants discussing real-time network data focused on needs related to the
gathering and collection of real-time data for traffic, transit, parking and freight. Some of the
specific topics that were addressed included assessing data coverage, data quality and data
ownership/rights, and comparing different business models/approaches to collecting real-time
information. Of particular interest was addressing the need for data collection systems to
facilitate the exchange and integration of real-time data of varying levels of quality and utility?6
In terms of data collection, workshop findings can be summarized as follows:
•

•

Transit data collection:
o

The infrastructure deployment that supports data collection often requires a large capital
investment;

o

Additional improvements in data quality (e.g., accuracy, consistency, completeness,
timeliness and relevance27) are necessary; and

o

There are relatively few adopted standards for transit information, and even fewer are
used in practice .

Traffic data collection:
o

There is an increasing need to measure the quality of data28, although it challenging:
•

The public sector needs to ensure it is getting what it is paying for;

•

The private sector providers need to differentiate themselves from their competition;
and

•

Different customers have different quality thresholds and expectations;

o

The procurement processes used by the public sector to obtain data is not appropriate
(often, it is not deliverable-based and has no tangible milestones);

o

There are challenges associated with collecting incident and construction data since this
type of data is not always updated and may not reflect actual conditions;

o

There are still significant gaps in data coverage on urban freeways, rural freeways and
arterials for a variety of reasons, including limitations due to available technology and
cost; and

o

Data that is generated by individuals who use mobile devices (e.g., using mobile phones
as traffic "probes" that indicate congestion levels), which, when integrated with data
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generated by sensors that are placed in or around transportation facilities, could provide
more robust traveler information and should be subject to data quality standards.

2.2 Data Fusion and Processing
Updated real-time data fusion techniques and processing will improve the overall quality,
timeliness and usefulness of traveler information. New ITS services are being developed to
predict transportation conditions from relationships with data, such as considering weather
conditions and predicting the probability of crashes based on observed road conditions and
historical analyses.
In terms of data fusion and processing, workshop findings can be summarized as follows29.30:
•

Some public/private partnership data use agreements are restrictive;

•

Different vocabularies are being used by different systems (e.g., same terms with different
meanings), creating a challenge to provide consistent information from several sources;

•

There can be resistance to sharing data, including concerns about data integrity and quality,
leading to the potential misinterpretation of data;

•

There are geographically-overlapping data sources. When two or more agencies are
reporting about the same event, which agency has the most accurate data?

•

There are issues associated with standards in terms of accessibility, completeness and
ambiguity of definitions; and
The human element in data fusion should be minimized.

•

2.3 Information Dissemination
The workshop explored three key topics in the distribution of traveler information31. First, gaps
in research and/or applications were identified based on the state of existing research on traveler
information distribution. Second, existing public and private approaches to information
distribution, including data quality and management and business/financial models, were
explored. Finally, known challenges and gaps in the production and dissemination of traveler
information to customers were identified.
In terms of information dissemination, the following was noted as a result of the workshop32.33:
•
•

Accuracy, timeliness and reliability of the information should be determined and monitored;
The depth vs. breadth of information should be based on the following:
o The dissemination medium should be matched to the customer's needs and stage of the
trip chain (e.g., pre-trip, en-route); and
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o
•
•
•

The cost-effectiveness of delivering information on the phone vs. the web vs. a mobile
device should be determined;

The cost to provide traveler information is significant, with funding required for on-going
operations and maintenance;
The expectation that the private sector will help defray the cost has not materialized;
Meeting user demands and expectations is significant:
o Users expect a high level of accuracy;
o The agency(ies) disseminating the information must stay current on new technologies;
and

•

o Marketing is required to keep users informed about new features;
Distracted driving must be addressed when traveler information is provided en-route;

•

Disseminating agencies do not always fully use available data;

•
•

Users' needs are not always used to develop traveler information systems;
Data dissemination should be differentiated from content creation; and

•

There can be inconsistencies in display components (e.g., an icon may mean one thing in one
location and something else in another area).

In terms of the costs associated with providing traveler information, there have been numerous
studies that assess an individual's willingness to pay for traveler information. For example, one
study of providing real-time information at transit stops and stations showed that "the value of
real-time information systems at stops and stations seems to lie in an interval between 5-20% of
the ticket price for the trip.,,34 However, in the same study, several travelers stated that the
public transit provider should provide this information for free. Further, in another study, drivers
were asked if they would be willing to pay for traveler information in the Twin Cities area in
Minnesota. "Results showed that travelers were willing to pay up to $1 per trip for pretrip traveltime information. The value of information is higher for commute and event trips and when
congestion on the usual route is heavier. The accuracy of the traveler information was also a
crucial factor. Travelers will not pay for information unless they perceive it to be accurate. Most
travelers (70%) prefer that such information be provided free by the public sector, whereas some
(19%) believe that it is better for the private sector to provide such service at a charge.,,35
It is possible that these willingness-to-pay figures could change more in favor of paying if
traveler information services were highly accurate, reliable and timely, and offered at reasonable
prices. This situation, the availability of superior traveler information products, will influence
the free market forces that will determine who will pay for these services and how much they
will pay.

2.4 Impacts of Traveler Information
A panel at the workshop examined the effects of information on individual traveler behavior, and
on travel conditions and flows. The state of knowledge in these two areas was assessed in order
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to identify knowledge gaps and make suggestions regarding future research. Overall, a limited
amount is understood about the impacts of providing traveler information.
In summary, the following issues were identified regarding the current impacts of traveler
information36:

•

Effects on individual traveler behavior:
o

Most behavior-related research does not consider the network interaction effects on
behavior primarily because the research is conducted in isolation (e.g., driver decisions
are independent of traffic context);

o

Situational factors such as weather conditions, time-of-day and traffic conditions
typically are not considered; and

o

Little research on intermodal or multimodal traveler behavior is based on real-time
information;

•

Effects on travel time and flows:
o

The level of driver behavior representation/modeling

has been limited or restrictive;

o

Situational factors such as weather conditions are not considered;

o

A realistic estimate depends on the robust modeling of both traffic flow and driver/
traveler behavior (they are interdependent); and

o

Most studies focus on only one mode (mostly highway).

Finally, a white paper prepared in 201037, which augments and reinforces the results of this
workshop, identifies specific gaps associated with real-time data coverage for traffic and transit,
data quality, and uses of real-time data. These gaps indicate the degree to which the current
systems and technologies may need to be changed to become more effective in increasing
mobility.
The gaps are as follows38:
•

Real-time data coverage gaps:
o Urban freeway coverage
o Rural highways flow data
o Rural highways incident data
o Arterials flow data
o Local roads incident data
o
o

o

Quantifying coverage of publicsector systems
Route-specific weather data gap

~IW1Wl Systems- ""
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o
o
o

Automatic vehicle location (AVL)
deployment (transit)
Transit communications technology
Regional transit information
Real-time transit information

o
o

deployment
Transit vehicle capacity information
Modal information

o
•

•

Integrating real-time information

from multiple vehicle types

Data quality gaps:
o Factors that limit accuracy
0 Real-time construction information
0 Barriers/challenges to improved data
o Data quality standards
o Probe-based data validation methods
quality
o Probe-based data accuracy
0 Data standards
o Sensor maintenance
0 Polling rates
o Travel times forecasting
0 Algorithms
Real-time data usage gaps:
o Data sharing among different internal departments and external entities
o Understanding of real-time information usage
o Mode switching as a result of using the information

3. Improving Mobility Management

in the Future

3.1 Federal Efforts and Their Impact on Mobility
There are numerous efforts being conducted at the Federal level to address several of the issues
associated with technology's impact on mobility discussed in Section 2, as follows:
•

Connected Vehicle Program (CVP) - "Connected vehicles refer to the ability of vehicles of
all types to communicate wirelessly with other vehicles and roadway equipment, such as
traffic signals, to support a range of safety, mobility and environmental applications of
interest to the public and private sectors. Vehicles include light, heavy and transit vehicles.
The concept also extends to compatible aftermarket devices brought into vehicles and to
pedestrians, motorcycles, cyclists and transit users carrying compatible devices, which could
make these vulnerable users more visible to surrounding traffic.,,39

•

Integrated Corridor Management (ICM) Program - "The combined application of
technologies and a commitment of network partners to work together have the potential to
transform the way corridors are operated and managed.,,4o "Transportation corridors often
contain unused capacity in the form of parallel routes, the nonpeak direction on freeways and
arterials, single-occupant vehicles and transit services that could be leveraged to help manage
congestion. Traffic information today is often fragmented, outdated or not completely useful.
In an ICM corridor, because of proactive multi modal management of infrastructure assets,
travelers and shippers could receive information that encompasses the entire transportation
network. Travelers could then dynamically shift to alternative transportation options---even
during a trip - in response to changing traffic conditions.,,41

•

Urban Partnership Agreement (UP A) and Congestion Reduction Demonstration (CRD)
programs42 - In 2006, USDOT announced the National Strategy to Reduce Congestion on
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America's Transportation Network, also known as the "Congestion Initiative." This initiative
was established to demonstrate innovative but proven strategies that could provide
congestion relief. The Congestion Initiative contained six major components, three of which
directly address the topic of this paper: (1) Congestion Relief Programs; (2) Implementing
Technological and Operational Improvements; and (3) Border Congestion Relief. The
congestion relief component of the Congestion Initiative includes two programs: Urban
Partnership Agreements (UP As) and Congestion Reduction Demonstrations (CRDs). Within
each program, multiple sites around the United States have been awarded funding for the
implementation of congestion reduction strategies, particularly those referred to as the "4Ts:"
Tolling, Transit, Telecommuting, and Technology.
While each of these programs has demonstrated or will demonstrate the use of technology to
improve mobility, perhaps the Connected Vehicle Program (CVP) and the Integrated Corridor
Management (ICM) Program have the most potential to address many of the issues and gaps
(identified in Section 2 of this paper). In terms of the CVP, in its early years, the use of
technology and its effects on mobility were the focus of the SafeTrip-21 Initiative (Safe and
Efficient Travel through Innovation and Partnerships for the 21 st Century). "The objective of
the SafeTrip-21 Initiative was to expand and accelerate the USDOT's Vehicle-Infrastructure
Integration (VII) Program (now called the CVP), building upon current and prior research into
the use of sophisticated information, navigation, and communications technologies to further
national transportation goals in safety and mobility.,,43
The Connected Traveler Project, part of the SafeTrip-21 Initiative, field-tested the use of
intermodal ITS applications (hardware and software) and evaluated their impact on mobility,
safety and electronic payment. The products developed for this project were demonstrated at the
2008 ITS World Congress in New York City and in the greater San Francisco Bay Area. This
project, which ended on April 30,2011, was conducted using a public-private partnership. The
project resulted in the following successes:
•
•
•

Confirmed the potential of using smartphones for both collecting traffic data and
disseminating traveler information;
Derived real-time traffic conditions by collecting probe vehicle data from GPS-equipped cell
phones as they travel through the roadway network; and
Developed and demonstrated applications based on existing consumer devices as a way to
generate and provide traffic, transit and safety information.

USDOT states that "Connected vehicles,
anonymous information from passengers'
transportation agencies with dramatically
making it easier to manage transportation

using vehicle-to-infrastructure (V21) capabilities and
wireless devices, has the potential to provide
improved real-time traffic, transit, and parking data,
systems for maximum efficiency and minimum
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congestion. In addition, connected vehicles could enable travelers to change their route, time,
and mode of travel, based on up-to-the-minute conditions, to avoid traffic jams.,,44
Currently, there are three elements of the CVP: (1) Connected Vehicle Technology; (2)
Connected Vehicle Applications; and (3) Connected Vehicle Technology Policy and Institutional
Issues. Mobility is directly addressed in Connected Vehicle Applications, which defines a total
of six application areas that cover safety, mobility and environment. The two mobility
applications "provide a connected, data-rich travel environment. The network captures real-time
data from equipment located on-board vehicles (automobiles, trucks, and buses) and within the
infrastructure. The data are transmitted wirelessly and are used by transportation managers in a
wide range of dynamic, multi-modal applications to manage the transportation system for
optimum performance.,,45 These two applications are "Real-Time Data Capture and
Management (OCM)" and "Dynamic Mobility Applications (OMA)."
The goal of the OCM is "to enable the active acquisition and systematic provision of integrated,
multisource data to enhance current operational practices and transform surface transportation
systems management. The OCM program addresses the capture, quality-checking, and
integration of real-time data. Real-time data examples include vehicle status and location, transit
data, weather data, and infrastructure data.,,46 The goal of the OMA program is to use these data
to develop and deploy enhanced or transformative mobility applications such including traveler
information.
The six components of the OMA program include the following:
•
•

Integrated Dynamic Transit Operations (IOTO);
Enable Advanced Traveler Information System;

•
•

Intelligent Network Flow Optimization;
Multi-Modal Intelligent Traffic Signal System;

•

Response, Emergency Staging and Communications, Uniform Management, and Evacuation;
and

•

Freight Advanced Traveler Information System.

The first three components are most closely associated with enhancing personal mobility.
On May 24, 20 I 2, a workshop to discuss the OCM and OMA programs was held as part of the
ITS America Annual Meeting in National Harbor, MD. Figure I shows an overview of both
programs. This workshop requested that participants provide input on the following related to
the Mobility Program:

•

Prioritization of near-term test concepts
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•

Mobility application data and communications needs

•

Governance and licensing approaches for data and source code released by the Mobility
Program

•

Feasibility of bundle deployments in the next 10 years, including:
o

Market penetrations of various forms of wirelessly-enabled vehicles and personal
communication devices

o
o

Performance measures and transformative targets
Deployment risks by application bundle

Dynamic Mobility Applications
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Figure 1. Two Components of the CVP Mobility Program

In terms of public transportation, the Integrated Dynamic Transit Operations (IDTO) component
of the DMA program has the potential to "enable transit systems to provide better information to
travelers and increase the quality of service that they are able to provide. Being able to improve
the transit experience will improve adoption allowing the program to meet its goals of improving
the environment and increasing mobility.,,47
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The three applications with the IDTO bundle are:
•

Connection Protection - "a concept that is intended to improve the probability of automatic
intermodal transfer connections for travelers who utilize more than one mode for their trips.
Travelers will have the ability to request a transfer using their personal devices or on-board
transit vehicles (with assistance from drivers or using agency-equipped on-board interactive
devices). Based on the system configuration (system schedule, schedule adherence status
and delay thresholds, and service variability), connection protection rules and traveler
requests, the system will automatically determine the feasibility of a requested transfer.
When a transfer request can be met, the system will automatically notify the traveler and the
driver of the vehicle to which the traveler intended to transfer. ,,48

•

Dynamic Transit Operations - "explores the concept of personal mobility management
within the passenger transportation industry. [It] links available transportation service
resources with travelers through dynamic transit vehicle scheduling, dispatching and routing
capabilities. Also, T-DISP enables travelers to make real-time trip requests through personal
mobile devices.,,49

•

Dynamic Ridesharing - "is an approach to carpooling in which drivers and riders arrange
trips within a relatively short time in advance of departure. In the dynamic ridesharing model,
drivers and passengers arrange one-way transportation between an origin and a destination at
a mutually convenient time."so

"In selecting these applications, the USDOT sought applications that had the potential to be
trans formative (i.e., that they significantly alter existing transit services and result in substantial
mobility improvements), that are achievable in the near-term, and that leverage the opportunities
provided through connected entities. In the transit domain this led to the selection of applications
that already exist in some fashion today. These are applications that can be evolved from their
current state leveraging Connected Vehicle technology to offer significant transformative
impacts while minimizing a number of the risks and delays inherent in developing entirely new
concepts."SI
In addition to the CVP, another tool to manage congestion and improve mobility is being
demonstrated in the Integrated Corridor Management (ICM) Program. ICM is defined asS2:
•
•

The integrated management of freeway, arterial, transit, and parking systems within a
corridor; and
Management of the corridor as a system, rather than the more traditional approach of
managing individual assets.

One of the technologies included in the ICM Program and the key element of this paper, is
multimodal traveler information. Eight "pioneer" sites that are demonstrating and evaluating the
use of technology to manage corridors are shown in Figure 2 along with the assets that are being
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covered at each site. For example, the Dallas ICM project covers the following US Route 75
corridor elements53:

•

DART
167 Miles
Bus
ofNetwork
Arterials
Dallas
North
Light
Tollway
Rail
Freeway
Managed
Multiple
Regional
900
Signals
with
Transportation
Advanced
HOY
continuous
lanes Traveler
Management
Frontage

• •.•1.1
•• •

II I ••I
Dallas,I• Texas

I•
I

•

••

•

Centers
Information
System

•

Assets:;"

Within a variety of scenarios, unused capacity on these assets are used with the assistance of
technology to reduce congestion and improve mobility. The technologies being used in this
project include the following:
•

Real-time transit vehicle information

•
•

Transit signal priority
Maps with various layers of traveler
information
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•
•

Responsive traffic signal system
Arterial street monitoring system

•
•

Parking management
Freeway management

•

High-occupancy vehicle lane
management

•

Weather

•

511 with multi modal information

The final system design was recently completed (April 2012), with the full ICM system being
implemented in April 2013.
Although not one of the Federally-funded Pioneer Sites, another example of an ICM initiative is
being implemented by the Virginia Department of Transportation (V DOT) in the 1-95/1-395
corridor. 55 Improved traveler information is a key element of this project. Traveler information
services will leverage the statewide 511 revision (which will expand the current system to
include transportation video and data services). Then in three phases, traveler information
improvements will be made as follows:
•

Early Start: Integrate traffic and transit data through single-gateway access (web 1 mobile,
plus display kiosks);

•

Phase 1: Provide personalized travel info by capturing and displaying road and mode travel
times and service status, parking availability, etc.; and

•

Phase 2: Develop integrated personalized traveler information tool that can plan trips across
multiple modes based on traveler needs and real-time information.

Further, VDOT plans to include multi-modal travel times on dynamic message signs and parking
management, as shown in the examples in Figure 3.56

Figure 3. Multi-Modal Travel Times on DMS/Park-and-Ride

Management

The CVP, specifically the Mobility Program, and the ICM Program have the potential to make a
significant impact on mobility as stated earlier. However, much of the work in the CVP Mobility
Program will not be completed until the first quarter of Fiscal Year 2015, meaning that its exact
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impact may not be determined or known prior to that time. In the meantime, other strategies that
complement the Mobility Program could be pursued at the Federal level. These strategies
include those that answer the following questions in the four traveler information categories used
earlier:
•

Data collection57:
o
o
o

How do data quality standards relate to different data collection applications?
How is user-generated data integrated into traveler information systems?
How can agencies achieve an optimal level of data collection considering the following
factors?
•
•
•
•
•

o
•

•

Can travel times be forecast with more accuracy and reliability?

Data Fusion and Processing58:
o
o
o

•

Funding
Coverage vs. quality
Public vs. private
Variety of users
Multiple modes

What applications could be imagined given a more perfect set of data?
What are the barriers to national standardization and data sharing?
What are the best ways to encourage openness, sharing and data reuse?

Information Dissemination59:
o
o

What are the proper roles for the public and private sectors in information dissemination?
How can data dissemination be differentiated from content creation?

o
o
o

Can guidelines be developed for multi-modal deployments?
Can a return-on-investment (ROI) be developed for multi-modal traveler information?
Can new performance measures be developed?

Impacts of Traveler Information6o:
o

Modeling:
•
•
•

Can behavior models be integrated with network/flow models to estimate
intermodal/multimodal routing decisions?
Can we develop more accurate real-time time-dependent origin-destination demand
estimation models?
Can we validate the models by performing field tests and experiments?

o

Can we determine the value of travel time?

o

What are the tradeoffs associated with premium vs. free data? What are the appropriate
pricing strategies?

o

Can we collect information on driver/transit customer characteristics and preferences?

.~ystellls\
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Answering these questions will likely take place over the same time frame as the CVP.
Components of the CVP, rCM and UPA/CRD Programs are answering some of these questions.
For example, a traveler behavior survey, funded by FHW A and the ITS Joint Program Office, is
currently underway, focused on the travelers in Dallas and San Diego to measure the impact of
rCM on traveler behavior, and use of traveler information and impact on trip choice.
Those questions that are not being answered as part of any of the Federal programs mentioned
earlier will warrant either additions to these Federal programs or the establishment of a new
USDOT program. For example, another traveler behavior survey that includes a detailed look at
the impact of information on traveler behavior is being conducted currently. This survey is
measuring the impact of pricing in Atlanta and Seattle.

3.2 Roles of the Federal Government, States and Municipalities, and Private Sector
in Improving Mobility Management
There is no doubt that the Federal Government, states and municipalities can continue playing a
significant role in supporting the deployment of technologies that improve personal mobility.
The literature and current Federal efforts suggest that there are four primary areas in which the
Federal government can take a lead role:
•

Data standardization;

•
•

Encourage the use of technology to improve mobility;
Determine the effects of traveler information on travel behavior; and

•

Promote public-public and public-private partnerships.

There are several potential solutions to data standardization issues that should be explored at The
Federal level. First, USDOT could take a leadership role in establishing national consensus on
data quality standards. "Processes to validate purchased data have been enacted by a few [state]
DOTs with private-sector data contracts, but there is no consensus on the appropriate validation
methods or how the data provider should be penalized for failing to meet data quality standards.
Roles for the USDOT could include white papers, proof of concepts, research, or analysis of
existing systems, and continuing to sponsor outreach and forums to allow for peer exchanges of
lessons learned (similar to the Probe Data Quality Workshops currently underway).,,61
The benefit of such an activity is providing "local and state agencies clear and consistent
guidance and direction as to what they could or should do to get better data for their systems.
Linking the quality of data with the revenue provided to collect that data would help to increase
the standard for quality.,,62
Second, national standards should be developed for real-time information in terms of collected
data and performance measures to evaluate the accuracy and effectiveness of the information.
For example, while 511 was designated as the national traveler information phone number, there
21

is no standardization of 511 systems. Each 511 deployment is different, even through many 511
systems followed 511 Implementation Guidelines that were prepared by the 511 Deployment
Coalition. Also, standards should be developed for other real-time information systems. This
gives the USDOT an opportunity to "support the interoperability of systems and seamless
transition for the traveler between system areas.,,63
Further, USDOT has the opportunity to promote the usage of these standards once they are
developed. "To date, many standards are not as widely used as they should be and this hinders
the ability to widely share and use information, which improves data quality. Making standards
freely available would support adoption.,,64 Other activities that could be supported by USDOT
are completing existing standards to "eliminate ambiguity, provide a more open forum for
sharing lessons learned as well as a more open process for standards development, and provide
clear test procedures or validation processes so that accurate implementations of the standards
can be confirmed. ,,65
Third, USDOT has the opportunity to facilitate the development of standard methodologies for
specific types of traveler information, as follows66:
•

Construction Data - Real-time data collection for actual lane closures, delays, and other
impacts to transit and traffic from the construction activities can be shared with the transit
and traffic management agencies to disseminate more accurate information to the traveler.

•

Communications Protocol for Sharing Data - The methods for collecting, storing, and
sharing data can be in multiple forms/protocols, which makes sharing information with new
agencies and new users a challenge. The information that is important to active traffic
management and traveler information can be standardized on a national level to be able to

•

•

share data more easily and potentially provide interoperability between local or state systems.
Sharing Additional Information with Third-Party Companies to Disseminate to the TravelerThis would include dynamic information on next transit vehicle arrival/departure times, on
managed lanes or pricing information as an example of information that the consumer would
benefit in knowing prior to taking transit or entering a managed lane.
Attribute Information - When choosing a parking space, customers benefit from increased
knowledge of facility attributes including hours of operations, security features, entry/exit,
and cost.

Finally, USDOT could support the development of a standards registry, similar to that developed
in the United Kingdom for the Highways Agency. "The Registry is a repository of data
definitions and data models, with an associated supporting process for improvement of quality
and for harmonisation across different systems. The registry aims to cut across work in isolated
'silos' and avoid re-invention and duplication of effort. ,,67 Some of the characteristics of this
registry is that users can explore the types of data collected and disseminated in a wide variety of
systems. Further, information is provided in a standardized format, making it easier for
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developers to use material that already exists, rather than having to reinvent data definitions and
elements.
Other benefits of a registry include the following68:
•

Through model submission and status reviews, the quality of the data documentation is
improved and the chance of data reuse is increased.

•

The registry process encourages harmonisation of data definitions. This allows users to
understand how different data sets relate to each other, and makes system integration more
productive.

•

The registry answers questions for ITS developers, increasing efficiency of ITS development.

In terms of encouraging the use of technology, USDOT has the opportunity to emphasize the
benefits of technology that results in direct mobility benefits. "Additional outreach conducted by
the USDOT and its partners will further encourage usage and information exchange. This
includes promoting traveler information to a variety of potential customers, including daily
commuters, out-of-town travelers, and fleets. This could also include marketing campaigns and
incentive programs."
On element of promoting the use of technology is "encouraging state agencies and the private
sector to standardize approaches to how information is presented to the public. However,
moving toward this network should take into consideration recent laws against cell phone usage
and recommendations from the National Transportation Safety Board (NTSB), which encourage
the government and industry to avoid traveler information systems that require [the] use of cell
phones, as they increase the risk of crashes. New methods for allowing travelers to communicate
in ways that limit distraction will improve overall safety."
There is a need to better understand how traveler behavior changes based on traveler
information. While there are two traveler behavior surveys underway currently, USDOT has the
opportunity to support a more rigorous program of assessing the impact of information on
traveler behavior. Part of this assessment could include evaluating how various types of
travelers use real-time information.
States and municipalities will playa key role in deploying technologies to improve mobility. As
stated earlier in the paper, a GAO study highlighted the challenges facing states and local
governments in deploying and using ITS technologies. While these challenges can be met, in
part, through Federal assistance, there will still be activities that must be undertaken at the state
or local level to ensure that the use of technology is improving mobility. There are four critical
areas in which state and local transportation agencies can contribute to the improvement of
technology deployment to improve mobility:
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•
•

Incorporating ITS into transportation planning;
Funding for ITS;

•
•

ITS staffing; and
Coordination among transportation agencies.

First, incorporating ITS into state and local planning processes is necessary. For example, "The
Hampton Roads Transportation Planning Organization, the metropolitan planning organization
for the area, scores ITS projects for their capacity to support planning objectives and has been
able to acquire federal funding for several ITS plans and projects through this process. These
include a centralized traveler information system.,,69
Second, funding for ITS is competing with a wide variety of needs at the state and local level,
particularly those that are needed to maintain aging infrastructure. While there is not one answer
to the lack of funding, states and local governments should be exploring innovative financing,
including the use of public-private partnerships. For example, "the Virginia DOT is constructing
High Occupancy Toll lanes on 1-495 through a public-private partnership. This agreement
provided Virginia with needed construction funds, as the project would otherwise consume more
than a year of the state's construction funds.,,7o Another example is states and local
transportation agencies purchasing data from private companies so that these agencies do not
have to deploy, operate and maintain the technologies necessary to collect the data.
Third, ITS staffing and professional capacity is an issue that must be addressed by states and
municipalities. While hiring ITS consultants can be one solution, it does not always address
what is needed in terms of internal staffing to manage the deployment, operations and
maintenance of technology. In this case, the Federal government can assist in providing training.
In terms of retaining qualified ITS staff, funding constraints often contribute to retaining staff
who could go to the private sector and have much higher salaries. One solution that could be put
in-place is sharing ITS staff between agencies.
Finally, coordination among agencies in a large metropolitan area or region can be a challenge.
There are a variety of reasons for coordination issues, but there are solutions that can address
these issues. For example, the creation of the 1-95 Corridor Coalition has facilitated agency
coordination from Maine to Florida. "The 1-95 Corridor Coalition is an alliance of transportation
agencies, toll authorities, and related organizations, including public safety, from the State of
Maine to the State of Florida, with affiliate members in Canada. The Coalition provides a forum
for key decision and policy makers to address transportation management and operations issues
of common interest. This volunteer, consensus-driven organization enables its myriad state, local
and regional member agencies to work together to improve transportation system performance
far more than they could working individually. The Coalition has successfully served as a model
for multi-state/jurisdictional interagency cooperation and coordination for over a decade.,,7l
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Given the various roles of the public and private sectors in deploying technology that impacts
mobility, USOOT could take a lead role in promoting the use of partnerships to improve data
quality, standardization and access to traveler information. First, while transportation agencies
in major metropolitan areas may be working together to collect data and generate traveler
information, more could be done to promote coordination and cooperation. For example, in an
assessment of current technology related to the IOTO applications mentioned earlier,
institutional/organizational, operational and technical issues associated with IOTO deployment
was identified as follows72.
The implementation of the IOTO applications could have several impacts in institutional and
organizational areas. First, the existing institutional environment in the location or region where
the implementations will take place will be a key factor in the success of the deployment. If the
institutions involved have not worked together or coordinated before, there could be a significant
effort needed to bring the stakeholders together. This institutional issue also extends to
application vendors, who traditionally provide proprietary solutions and do not share information
with their competitors. And there may be changes necessary within the organizations
participating in the implementation. For example, staff may need to be reassigned to focus on
the IOTO implementation.
Second, the implementation may require that the participating organizations conduct business in
a different way [than they do now]. This may lead to reorganization or at least a change in the
way that service is operated and dispatched, and the way that customer service is structured.
Further, if the IOTO implementation provides new tools for operations and customer service
staff, their individual roles and responsibilities may change.
Finally, from a traveler perspective (although they are not technically part of an institution or
organization), there will be significant impacts resulting from the implementation. Travelers will
have access to more information with which they can make more informed choices about trips
from several perspectives. More accurate, timely and consistent information will facilitate
travelers' decisions regarding mode(s), routes and timing. Further, having access to complete
and consistent information about all transportation services in a region regardless of the service
operator/provider will help travelers make trips that they may not have made on transit.
Other potential institutional impacts include:
•
•
•

~~

Changes required to the existing institutional environment in the location(s)/region(s) being
considered for deployment;
Financing necessary for technology procurement, implementation, and on-going operations
and maintenance;
Coordination with other providers and agencies in order to jointly procure systems and/or
exchange data and information;
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•

Lacking ITS technical experience - this can relate to either human or computer resources;

•

Changes needed in the technology vendor community to successfully develop and implement
new systems to accomplish the goals of the three IDTO technologies and
Changes needed to ensure that technology vendors are familiar with or have experience with
coordinated operations and transportation services.

•

Another useful activity that could be supported by USDOT is the development of a list of
qualified vendors to accomplish three of the four critical steps in providing traveler information data collection, data fusion and processing, and information dissemination. This would go handin-hand with standardizing data quality to ensure that state and local agencies achieve quality
that provides travelers with highly accurate information. One approach to develop this list is
"negotiating with the private sector on a national level (perhaps similar to the GSA Schedule)
that would provide data on a local or state level. This could not only provide a standardized
method for distributing the data to public agencies, but could also support the reliability of that
data due to the larger-scale application.,,73
Yet another partnership-related activity is for USDOT to "encourage public agencies to leverage
the private sector strides in data collection techniques and technologies. The private-sector data
is broader in geographic scope than what the public-sector-operated systems can collect. The
private-sector competition will keep prices reasonable, which may be able to demonstrate that
they are equivalent or lower than the cost for public agencies to deploy data collection devices
and provide traveler information services such as 511. There needs to be a bigger market and
more demand from customers in order to make prices competitive."

4. Conclusions
This paper outlined the background of mobility management; the systems/technologies that have
been deployed in the U.S. to improve mobility; the issues associated with those technologies and
the processes used to generate traveler information; the improvements that address these issues;
Federal programs that incorporate some of these improvements; and the role of the Federal
government, states, municipalities and private sector in making the improvements.
Technology deployment has been critical in improving mobility from the view of state and local
transportation agencies, travelers and the Federal government. The hypothesis that states that
increases in congestion levels are slowing because of technology deployment can be proven.
However, there are several issues that must be addressed to improve the use of technology. The
Federal government can playa key role in addressing these issues. USDOT has already started
this process by establishing mobility-focused programs such as the Connected Vehicle Program
(CVP), the Integrated Corridor Management program and the Urban Partnership Agreements
(UPAs)/Congestion Reduction Demonstration (CRD) programs.
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In a recent discussion of traveler needs and values, the following five points establish the basis
for understanding the improvements that need to be made to make technology impact mobility
even more than it does now74:
•
•
•

Informed network users can positively affect network performance and save money;
We have some understanding of travelers' requirements for information quality;
Future finance plans and public policies will create new real-time network information
requirements;

•

We have some understanding of how satisfied users are with current real-time information
services; and

•

We understand that the choices made by informed network users are driven by context,
availability of alternatives, data quality and convenient access to information.

These five points led to identify four critical questions that should be answered through both
public and private sector involvement in mobility management75:
•

Do we know enough about customer values and quality requirements to develop high-value
services?

•

How would network performance change if more private travelers made more economic trip
choices?

•
•

What is the threshold level of inconvenience or cost that motivates travelers to change?
What if network managers could predict the impact of real-time information on travelers' trip
choices, and use that information to improve network conditions?

The actions that should be taken as a result of this paper consist of three items that put the role of
technology front and center in the transportation industry:
•

We need to use every tool that we have (as described in this paper) to increase the use of
technology to improve mobility;

•

We recognize that the lack of funding, as well as the fact that the importance of using
technology to improve mobility is not considered a priority, is contributing to the wide
variations in technology deployments and current technologies not being improved as
discussed in Section 2; and

•

We need to capitalize on the increased use of mobile devices as a way to provide traveler
information.

First, we have identified existing technologies that are being used to provide traveler information
- the use of these technologies are the key to reducing congestion and improving mobility.
However, there are improvements that need to be made in these technologies to make them more
effective in impacting mobility. Thus, making the improvements suggested in Section 2 will
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make the existing infrastructure more functional - this should be considered a priority in the
transportation industry.
Second, while funding for technology deployment competes with funding necessary to maintain
transportation infrastructure, it must become a priority if we want to continue to increase
technology deployment. One of the roles of the Federal government in ITS is to promote and
encourage the use of technology to improve mobility, so funding at the Federal level should be
sufficient enough to ensure the continued deployment and improvement of technology.
Finally, mobile devices are rapidly becoming the most common technologies that can be used to
obtain traveler information. According to the CTIA's 50 Wireless Quick Facts, the following
shows the power of these devices in the U.S.:
•

•

"Wireless technology can help reduce the nearly 40% of U.S. greenhouse gas emissions
coming from transport, from offering real-time information about road conditions so drivers
can avoid traffic jams or unnecessary stops to gathering information over time that can be
analyzed to improve driving efficiency.,,76
"50% of American adults own a smartphone as of February 2012, up from 36% in February
2011.,,77

•

"Cisco's Visual Networking Index projects that wireless data traffic volumes in North
America in 2016 will be 113 times the volume in 2009.,,78

•

"By 2020, it is projected that there will be more than 16 billion [machine-to-machine] M2M
devices worldwide, compared to 62 million in 2010.,,79
"Wireless smart traffic applications could reduce C02 emissions on urban roadways by up to
20%.,,80

•
•

"Americans consume about 19 million gallons of gas per year and spend $68.4 million
simply looking for places to park. Smart bus and parking wireless applications could remove
1.2 million MT of C02 per year. ,,81

Thus, it is imperative that we harness the power and volume of mobile devices in providing
traveler information as a way to influence mobility. However, this will require monitoring the
deployment of mobile device applications that provide traveler information, as well as the
improvements that are being made to the processes that generate the traveler information. It will
also require that the issues of distracted driving be considered in the development of mobile
applications.
In order to adequately monitor and measure the progress of each of these actions, we recommend
the creation of a National Congress on Mobility. Representatives from several key transportation
organizations, including the American Public Transportation Association, the Intelligent
Transportation Society of America, the Association of Commuter Transportation, the American
Association of State Highway and Transportation Officials and the Transportation Research
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Board should be active participants in the Congress along with representatives from USDOT
(including at least the Federal Transit Administration, Federal Highway Administration and
Research and Innovative Technology Administration). Further, various traveler organizations
should be represented as well (e.g., NorthEast Passenger Transportation Association).
The agenda for the Congress, which would meet at least once a year, should consist of:
•

Reviewing the progress being made on the improvements discussed in Section 2 of this
paper;

•

Measuring the effects of the use of technology on mobility. Evaluations of this nature could
follow the guidelines established by RITA's ITS Joint Program Office; and

•

Reporting on the results of various Federal (e.g., CVP and ICM), state and local initiatives
(e.g., VDOT 1-95/1-395 ICM Project) that involve the deployment of technology as a way to
improve mobility.

This paper is intended to identify those technologies that are currently being used to improve
mobility, the issues associated with the use of these technologies, exemplary Federal and state or
local technology programs that focus on improving mobility, and the roles of the Federal
government and private sector in improving mobility through the use of technology. Further, the
future of this area is described in terms of three actions that should be taken to ensure the shortand long-term deployment and improvement of technology. Should these recommended actions
be followed, there is great potential to address the current short-comings of some of the traveler
information technologies to improve personal mobility. And the creation of a National Congress
on Mobility will ensure that, at least on an annual basis, progress on technology improvements is
monitored closely and opportunities for public-private partnerships are identified and promoted .
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