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Assessing road user charges using GIS and GPS 
technologies 

H ybrid electric vehicles are 
already entering the mar
ket, with fuel cell engines 

not far behind. These and other 
advances in vehicle engineering offer 
solutions to the problems associated 
with excessive fossil fuel consump
tion. But they create a new challenge 
for state transportation departments 
throughout the country: as fuel con
sumption decreases, the revenue 
stream from motor vehicle fuel 
taxes-the main source of funding for 
state and federal highways-will 
eventually dry up. 

Researchers at the ITS Institute are 
currently at the center of an effort to 
evaluate and refine ITS technologies 
that will enable real-time assessment 
of road user charges based on actual 
road use, including road type and 
jurisdiction, with other assessment 
parameters to be added in the future. 
The key components involve Global 
Positioning Systems (GPS) and 
Geographic Information Systems 
(GIS) based on computerized maps. 

ITS Institute director Max Donath 

leads the multidisciplinary team, 
which also includes computer science 
professor Shashi Shekhar, who is eval
uating the GIS component, and Pi
Ming Cheng, research associate in the 
mechanical engineering department, 
who is evaluating the GPS component. 

Because the system will be used to 
assess charges to motor vehicle own
ers, accuracy is of the utmost impor
tance. The system must be accurate 
enough to discriminate between a 
vehicle traveling on a highway and 
one traveling on an adjacent frontage 
road. It must also maintain this accura
cy in different types of terrain and in 
urban as well as rural areas, and be 
available nationwide. 

The overall accuracy of the system 
is dependent on the accuracy of both 
the GIS and the GPS components; 
inaccuracies in either one can com
pound overall system errors. In the 
GIS component, positional accuracy 
may vary due to errors or uncertainties 
in data gathering. 

In the GPS realm, achieving the 
accuracy required for reliable vehicle 
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one meter) requires 
a differentially cor
rected GPS system. 
The differential 
signal, broadcast 
from a base station 
on the ground, cor-
rects for inaccura
cies produced by 
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Measuring the accuracy of digital maps using high-accuracy GPS through the earth's 

Martin named 'Student of the Year' 

Shashi Shekhar (right) 

atmosphere. In this application, the 
differential signal is broadcast from 
one of several Nationwide Differential 
GPS Service (NDGPS) base stations. 
A new base station in Pine River, 
Minnesota, recently joined stations in 
Wisconsin Point and Alma, Wisconsin. 

The team obtained three competitive 
models of differential GPS receivers 
from different manufacturers as well 
as a reference system to be used for 
comparison purposes. The "gold stan
dard" is based on a dual-frequency 
differential GPS, boasting one- to two
centimeter accuracy. Dual frequency 
differential GPS offers the ability to 
correct errors in the GPS signal 
caused by signal refraction in the ion
osphere and troposphere. Despite 
their accuracy, the high cost of these 
systems makes them inappropriate for 
Road user fees continued on back page 

c; raduate research assistant Robert 
F.K. Martin has received the ITS 
Institute's 2002 Outstanding 

Student of the Year Award. He was rec
ommended for the award by Nikolaos 
Papanikolopoulos, professor of computer 
science and engineering. 

Martin says he appreciates being recog
nized for the work he's accomplished thus 
far, since as a graduate student, "there is 
your ultimate goal of getting a degree, but in 
between the beginning and the end, it feels 
like a lot of work goes unnoticed. Receiving 
this award was a large pat on the back." 

Martin, who earned his bachelor's degree in 
electrical engineering from the University of· 
Minnesota, is seeking his master's in comput
er and information science. His current work is 
focused on the detection, tracking, and classifi- Robert Martin 

In addition to his academic work, Martin 
volunteers with several area programs, 
including Big Brothers/Big Sisters of 
Minnesota, Second Harvest Food Shelf, and 
the Boys and Girls Clubs of Minneapolis. 

cation of vehicles using computer vision tech
niques. He was chosen for the award based on his contri
butions to addressing the problem of shadow removal for 
vehicle detection and classification. 

Martin has held previous positions as a principal soft
ware engineer for Lockheed Martin-Technical Defense 
Systems and as a software engineer for MicroDynamics 
Corporation. This experience provided him with the pro
gramming background that has been invaluable to his 
current research for the ITS Institute. 

Martin plans to pursue a Ph.D. and then 
teach and conduct research in the area of computer sci
ence, specializing in computer vision and the cognitive 
workings ofhuman vision. 

Martin received the award in January at the 
Transportation Research Board 82nd Annual Meeting in 
Washington, D.C. It was presented by Ellen Engleman, 
administrator, USDOT Research and Special Projects 
Administration, and J. Richard Capka, deputy adminis
trator, Federal Highway Administration. 
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consumer vehicle applications. 
falls within the buffer zone. ously evaluated the accuracy of such differ

entially correct signals for dynamic track
ing of vehicles, especially in an application 
where lateral accuracy is so important." 

Shekhar developed an experimental 
method to measure the positional accuracy 
of digital maps, by comparing digital road 
maps with measurements made using the 
"gold-standard" high-accuracy differential 
GPS system. In essence, the procedure 
begins by overlaying a digital road map 
with the GPS track for that road segment. A 
buffer zone is plotted around the GPS track, 
and the accuracy of the map is determined 
by finding how much of the mapped road 

For a task such as differentiating between 
frontage roads and freeways, the 
researchers determined that acceptable map 
accuracy would be over 90 percent of the 
mapped road segments falling within a 40-
foot buffer. Most maps do not meet this 
standard, achieving 90 percent accuracy 
only with much wider buffers-which 
implies that standard digital maps lack the 
needed accuracy. 

The research team has developed ways to 
improve the positional accuracy of digital 
road maps and is exploring their use in a 
road user charging system. In the future 
stages of this research, the team will begin 
to evaluate the maps' attribute accuracy, 
i.e., how well the maps are able to distin
guish different road types and jurisdictions. This project breaks new ground in GPS 

research, says Donath. "No one has previ- -Peter Nelson 

Interactive simulations enhance ITS education, outreach 

W ould you like to experiment with traffic flow on the 
streets of Minneapolis? At the University of 
Minnesota's ITS Laboratory, Senior Systems 

Engineer Chen-fu Liao is working on tools to give researchers, 
students, and eventually the public access to advanced comput
er-generated traffic simulation systems. 

Traffic simulators are among the most important tools in ITS 
research because they enable researchers to study the effects of 
ITS technologies in the laboratory and optimize them prior to 
implementation. However, their use is often restricted to 
advanced researchers with access to special facilities. 

By introducing students in diverse engineering disciplines to 
traffic simulation, Liao's simulation modules will help the ITS 
Institute expand the understanding and application of intelligent 
transportation systems. 

Enhancing current course offerings 
After joining the ITS Laboratory in 2002, Liao began support
ing simulator use and developing simulation-based modules for 
several transportation-related courses in the civil engineering 
department. His first task was to support the simulation module 
used in a transportation engineering course taught by Associate 
Professor Gary Davis in the fall of 2002, focusing on freeway 
ramp metering and capacity expansion. 

The module uses Kronos 9, a macroscopic simulation package 
developed at the University of Minnesota. Macroscopic simula
tors model groups of vehicles, called "platoons," moving 
through the simulation environment. In this case, a section of 
State Highway 169 near Minneapolis was selected as the test 
area, and students were able to analyze and compare different 
traffic management strategies on this important commuter route. 

The view from the driver's seat 
Liao is also working on an ambitious project to develop a virtu
al reality traffic simulation environment for use over the Web. 
This module will allow users to control parameters such as traf
fic volume and signal timing, then watch the results play out in 
a realistic artificial world. Users of the advanced simulation 
module will be able to observe traffic behavior from any vantage 
point-from overhead to street level, or even from the driver's 

ITS Laboratory Senior Software Engineer Chen-fu Liao 

seat of a vehicle on the road. 
The new module will be targeted at undergraduate and high 

school students, traffic engineers, and distance-learning students 
at the University. Liao says he hopes users will "have fun while 
learning, and learn while having fun." 

Using Virtual Reality Modeling Language (VRML), Liao is 
currently constructing a detailed electronic model of the streets 
and buildings along a section of Washington Avenue near the 
East Bank campus. These streets will-be populated with virtu
al vehicles, generated by a traffic simulation application in the 
ITS Lab. 

An added benefit of the virtual reality environment is that it 
can be used in other simulation projects, such as the 
HumanFIRST Program's advanced driving simulator and the 
ITS Laboratory's Digital Immersive Environment (DEN). [See 
Sensor, Spring 2002] 

In the future, Liao plans to continue supporting simulation 
modules used in various engineering courses and to develop 
new lab modules focused on different ITS technologies, such as 
Global Positioning Systems (GPS). 

-Peter Nelson 

The University of Minnesota is an equal opportunity educator and employer. This publication is available in aHemative fonnats upon request; call CTS at 612-626-1077. Printed on recycled paper with 20'4 poslconsumer waste. 
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