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Vehicle Infrastructure Integration:
A New Initiative That Could
Change the Face of Electronic
Tolling in the United States

By Jeff Paniati

A new U.S. Department of Transportation initiative, Vehicle Infrastructure
Integration (VII), being carried out under the federal Intelligent
Transportation Systems (ITS) program, could have a significant impact on
the future of electronic tolling in the United States. This initiative, which
is being conducted in cooperation with the auto industry and state and
local transportation agencies, could result in the installation of a new
radio frequency tag set at 5.9GHz as original equipment in every new car
manufactured in the country. 

Genesis of the VII Initiative
The VII initiative is the result of the coming together of three different but
related activities that have been carried out over the past several years as
part of DOT’s ITS program. 

The first activity, an effort called the Intelligent Vehicle Initiative (IVI),
was established to develop and test vehicle-based crash-avoidance sys-
tems. The IVI program represented a major evolution in the Department’s
approach to highway safety. Traditionally, DOT’s vehicle-based research
has focused on improving the crash-worthiness of vehicles, with the pri-
mary objective having been to protect the vehicle’s occupants in the event
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of a crash. Significant research and advancements in the
structural integrity of the vehicle, seat belt design and
usage, and air-bag design and implementation have
occurred under this approach. 

While these efforts clearly saved lives, DOT recognized
that the traditional approach had nearly reached a point
of diminishing returns, in which it was becoming more
difficult to make significant improvements in crash-wor-
thiness. This is evident in Figure 1, which shows that
the number of U.S. highway fatalities has held stable at
about 42,000 per year for the past 15 years even though
the number of vehicles and the mileage traveled by those
vehicles has grown by about 80 percent. 

To take the next step and potentially reduce the number
of crashes and fatalities, we must find additional ways to
prevent accidents. That was the focus of the IVI program
and must continue to be a focus for DOT. 
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Figure 1 Source: http://www.nhtsa.dot.gov/people/Crash/crashstatistics/National Highway Safety Data
charts.pdf  Found on December 10, 2005
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A key feature of the IVI program was the concept that there could be sig-
nificant improvement in crash prevention if vehicles could “communi-
cate” with each other and with the highway infrastructure and it was tech-
nically feasible to do so. In particular, to prevent crash-
es at intersections, which account for 9,000 deaths, 1.4
million injuries, and 2.5 million accidents in the coun-
try annually, intersections and vehicles need to be able
to “cooperate” with each other. Similarly, to avoid a vari-
ety of run-off-the-road crashes, which account for 13,000
deaths annually, we could benefit greatly from commu-
nication between roadways and vehicles. These two
crash types alone account for more than 50 percent of
highway fatalities.

The second activity DOT has pursued is increasing the
attention paid to the management and operation of the
existing transportation system and the development of
new tools and approaches to do so. Over the past 15
years, the number of new road miles constructed in the
United States has increased by about 2 percent, whereas
the vehicle miles traveled have increased more than 80
percent. The result isn’t startling—it’s something we all
experience every day—more congestion. 

According to the Texas Transportation Institute’s 2005 Urban Mobility
Report on urban congestion:

• The annual delay per peak-period (rush-hour) traveler grew from 16
hours in 1982 to 47 hours in 2003.

• The number of urban areas with more than 20 hours of annual delay
per peak traveler grew from only 5 in 1982 to 51 in 2003. 

• The total amount of delay reached 3.7 billion hours in 2003. 

• A total of 2.3 billion gallons of fuel is lost annually to engines idling
in traffic jams.

A critical ingredient in improving the management of our surface trans-
portation system is the availability of real-time information on how the
system is performing. That is, what’s happening everywhere on the sys-
tem—now? With such information, traffic signals could be operated
“smarter,” incidents could be detected and responded to more quickly,
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endless possibilities
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work zones could be better
planned, and motorists and
commercial-vehicle opera-
tors could be better
informed of travel condi-
tions such as congestion,
construction, and weather.
If vehicles could communi-
cate with the roadway, they
could even act as anony-
mous traffic probes,
informing transportation
operators of road status.

The third ITS activity that
has driven the VII initia-
tive, as well as made it pos-
sible to discuss realistically
the option of having vehi-
cles “talk” to the road, is
the significant develop-
ment of wireless communi-
cations technology. DOT,
working in cooperation
with state and local govern-
ments and the toll industry,
has obtained 75MHz of

spectrum at 5.9GHz, the frequency that distinguishes VII from existing toll
tags. The Federal Communications Commission (FCC) allocated this spec-
trum for both public-safety and private applications in 1999 and in 2004
issued the licensing rules for its use. In parallel, the transportation com-
munity, led by the toll industry, has completed a draft set of standards for
using the allocated spectrum. In its licensing order, the FCC requires the
use of these standards. 

The emergence of these three key efforts—vehicle-based crash prevention,
vehicle-based probe data, and a dedicated wireless spectrum—came
together about two years ago and has resulted in industrywide discussion
of integrating the vehicle and the roadside with a communications link;
hence the creation of the VII initiative.
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The VII Concept
The underlying premises of the VII initiative are that (1) all new vehicles
would be equipped with a 5.9GHz data communications link and a GPS
location system; and (2) a nationwide, roadway-based 5.9GHz data com-
munication system would be established.

The VII concept calls for a 5.9GHz dedicated short-range communications
(DSRC) system in both the vehicle and the road infrastructure. The DSRC
radio, which is currently under development, has a nominal range of 300
meters, creating a “hot spot” around the vehicle and roadside installa-
tions*. It is anticipated that roadside units will be located at a significant
number of signalized intersections in urban areas and along the primary
highway networks in rural areas throughout the U.S. This would create a
nationwide series of hot spots. 

It is important to note that the intent is not to establish a contiguous com-
munications system such as the cellular network, but rather a nationwide
network of communication portals or hot spots. However, the expectation
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* Editor's Note: the 300m communication 'hot zone' that the writer refers
to is where the majority of planned VII applications will occur.  The
standards that define the performance of 5.9GHz DSRC/WAVE provide
for a maximum effective communication 'range' of 1000m.  Please refer
to the graphic on page 58 which illustrates the full performance enve-
lope for the 5.9GHz technology.
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is that these hot spots will be connected via a network to enable nation-
wide movement of information.

Two applications for using the VII
nationwide network are antici-
pated: those that will be com-
pletely anonymous and available
to all vehicles, such as intersec-
tion crash-avoidance applica-
tions, and those to which the
vehicle owner will subscribe (or
opt in to), such as electronic
tolling. 

A wide range of private-sector
applications will be made possi-
ble with this technology as well,
enabling vehicle manufacturers
to receive heretofore unobtain-
able information on the reliability

of their products. Some manufacturers say VII will enable them to isolate
faults early, thus significantly reducing warranty costs and improving the
quality of their products. In addition, manufacturers will be able to offer
their customers additional services, such as vehicle diagnostics, service
and warranty reminders, and software updates, thereby enhancing their
customer relationships. Other potential private-sector applications
include drive-through payment for gasoline, DVD rentals, and fast food;
improved electronic toll collection; and provision of a variety of location-
based services, such as real-time route guidance.

The VII Coalition 
Achieving this vision requires a coordinated investment on the part of the
vehicle manufacturers and the owners of the infrastructure—the public-
sector transportation community. Obviously, such a nationwide vision has
many obstacles to overcome to make it viable and acceptable to the many
constituencies it could affect. The VII Coalition, representing both the
auto industry and public-sector transportation, was formed to address
these concerns. 
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The auto industry is represented in the Coalition by BMW, Ford,
DaimlerChrysler, General Motors, Nissan, Toyota, and Volkswagen. The
public-sector transportation community is represented by the U.S. DOT;
the American Association of State Highway and Transportation Officials,
including 10 member states; IBTTA; the National
Association of Counties; and the National Association of
City Transportation Officials. DOT, with its member
agencies the Federal Highway Administration, the
National Highway Traffic Safety Administration, the
Federal Motor Carrier Safety Administration, the Federal
Transit Administration, and the Research, Innovation and
Technology Administration, helped to establish the
Coalition and is supporting related research, develop-
ment, and testing in various areas. In addition, the
Intelligent Transportation Society of America (ITSA) is
participating in the Coalition, helping represent the
views of the broad range of potential private-sector users
of VII.

The purpose of the Coalition is to develop the VII con-
cept jointly, from a technical, institutional, and business
perspective. The Coalition has formed task forces
addressing each of these areas to arrive at acceptable
approaches to them. 

The technical task force has had the Coalition’s first ver-
sion of an architecture reviewed and published. This
architecture is based on a list of nearly 80 applications
that form the requirements for VII. An analysis of the
deployment strategy for the highway communications
infrastructure is currently under way. Meanwhile, the
institutional task force is developing a set of privacy
principles, which will be vetted with privacy advocates
in February 2006. Lastly, the business task force is devel-
oping options for how VII’s deployment might take
place, who would pay for it, and how the system would
be operated and maintained over the long term.
(Products from the VII Coalition can be found on the
group’s Web site, which will debut in early 2006.) 
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VII and the Toll Industry
The toll industry has been a leader in the development and application of
DSRC for more than a decade. Indeed, the developers of the DSRC stan-
dards, and now the prototype 5.9GHz radios, are the electronic toll col-
lection system suppliers in the U.S.: Mark IV, Raytheon, Sirit, and
TransCore. IBTTA itself has recently taken a stronger leadership role in
DSRC by establishing the OmniAir Consortium, a nonprofit trade group
formed to help deploy 5.9GHz communications technology nationally.
IBTTA intends for OmniAir to provide equipment and application certifi-
cation services to ensure a nationally interoperable system.

The idea of every new vehicle having a DSRC radio installed as original
equipment offers a unique opportunity to the toll industry. The availabil-
ity of this integrated radio would gradually reduce the burden on toll oper-
ators to distribute and maintain electronic toll tags. It also has the poten-
tial to permit a nationally interoperable toll standard and significantly
increase the number of vehicles equipped to pay tolls electronically.
Figure 2 shows a projection of the number of vehicles that will be
equipped with DSRC communications technology as original equipment
over the next 25 years and beyond. 
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Figure 2 U.S. Department of Transportation
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Even though it will be years before the entire vehicle fleet will be able to
communicate with the infrastructure, there is much to be gained by trans-
portation facility managers, including toll-road operators, in the near
term. As alluded to above, the availability of anonymous data from vehi-
cles citing location, speed, temperature, road conditions, and so on would
give facility managers insight into the current operation of their roadways,
even with only about 5 percent of vehicles equipped, the likely figure in
the first few years of deployment. 

The VII initiative offers unique possibilities for the safety and operation of
our nation’s transportation system. It remains a high-risk proposition that
requires many significant issues to be resolved. Yet, if successful, VII
could save thousands of lives and change the face of transportation in the
future. 

Jeff Paniati is the associate administrator for operations with the Federal
Highway Administration. He leads the national program to improve the
management and operation of the highway system, with responsibility for
FHWA’s efforts in the areas of congestion management, traffic operations,
freight management, and ITS deployment. Jeff is also serving as the acting
program manager for the $100 million annual federal ITS program,
providing strategic direction, management, and oversight.  He can be
reached at jeff.paniati@fhwa.dot.gov.
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