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On 271 miles of Twin Cities-area roadways, 
bus drivers are allowed to operate their 
vehicles on shoulder lanes to avoid rush-
hour traffic congestion. Shoulder opera-
tion allows buses to provide faster, more 
reliable service to passengers, but maneu-
vering 9.5-foot-wide buses in 10-foot-wide 
shoulders is often challenging for drivers. 
Heavy traffic and poor weather conditions 
can add to the difficulty.

A driver-assist system (DAS) developed 
at the ITS Institute is helping local bus 
drivers safely navigate these bus-only 
shoulder lanes, even in adverse conditions. 
The system uses a combination of highly 
accurate differential GPS and vehicle-
mounted laser sensors to monitor a bus’s 
position on the roadway and provides 
visual and tactile alerts to quickly deliver 
critical information to the driver. 

With funding through the U.S. 
Department of Transportation’s Urban 
Partnership Agreement and match from 
the Twin Cities Metropolitan Council, 
the ITS Institute’s Intelligent Vehicles 
Laboratory (IV Lab) and HumanFIRST 
Program have collaborated with the 
Minnesota Valley Transit Authority 
(MVTA) and Schmitty and Sons 
Transportation to equip 10 MVTA buses 
with the system. IV Lab and HumanFIRST 
staff, along with MVTA transit planning 
manager Mike Abegg, are leading the 
project. 

Installation of DAS technology in the 
MVTA buses was completed in March 
2010. Use of the buses was progressively 
increased through January 2011 as drivers 
were assigned and trained, Abegg says. The 
buses provide service on part of the Cedar 
Avenue bus rapid transit (BRT) corridor, 
which offers express commuter service on 
bus-only shoulders between downtown 

Minneapolis and Apple Valley. The 22-mile 
BRT corridor, scheduled to begin full oper-
ation in 2012, is part of an effort to improve 
traffic flow on I-35W between downtown 
and the city’s southern suburbs.  

Based on technology under develop-
ment at the IV Lab since 1999, the DAS 
uses GPS satellite positioning technology 
and an on-board map database of the bus 
route to continuously position the bus 
with respect to the lane with centimeter-
level accuracy. A head-up display (HUD) 
mounted between the driver’s face and 
the windshield shows the location of lane 
boundaries, helping drivers remain safely 
on the shoulder even when roads are 
snow-covered or atmospheric visibility is 
low. Information about other vehicles or 
objects on the roadway, detected by laser 
sensors mounted on the front and sides of 
the bus, is also displayed on the HUD to 
help drivers avoid potential collisions.

If the DAS detects the bus beginning to 
drift from its lane, the white or yellow lane 
boundary on the HUD will turn red. If the 
bus touches the lane boundary, the driver’s 
seat vibrates on the corresponding side of 
the vehicle. If both warnings are ignored, 
the driver feels a “suggestive torque” on 
the steering wheel, which indicates to the 
driver the direction the bus needs to go 
to remain safely on the shoulder. Thus, 
drivers remain in control of the buses at all 
times, but the technology provides these 
steering suggestions to help them prevent 
accidental lane departures, Abegg says.

To familiarize drivers with the new tech-
nology, the MVTA built a driving simulator 
that replicates a DAS-equipped bus cab. 
After experiencing the system in the simu-
lator, drivers complete on-the-road train-
ing. Abegg says that drivers typically adapt 
quickly to the technology, “partly because 

Faculty, 
students, and 
research-
ers from the 
University of 
Minnesota pre-
sented current 
and recently 
completed 
ITS-related research at the 
Transportation Research Board 
90th Annual Meeting, held 
January 23–27 in Washington, D.C.

Each year, the Institute awards 
travel grants to graduate and 
undergraduate students. The 
Institute also selects one gradu-
ate student for the Outstanding 
Student of the Year Award, 
which is sponsored by the U.S. 
Department of Transportation’s 
Research and Innovative 
Technology Administration 
(RITA). The 2010 Student of the 
Year is Saif Eddin Jabari, a gradu-
ate student in the University’s 
civil engineering Ph.D. program. 
Jabari received a certificate from 
USDOT officials, including RITA 
administrator Peter Appel and 
Deputy Secretary John Porcari, at 
a ceremony held in conjunction 
with the TRB annual meeting. 

Before pursuing his graduate 
degree in transportation engi-
neering, Jabari worked as a high-
way designer and traffic engineer 
in Amman, Jordan. His academic 
interests include stochastic mod-
eling, dynamic modeling and op-
timal control, traffic flow theory, 
and network flows.

Jabari’s doctoral work con-
centrates on the development of 
mathematical models to esti-
mate and predict traffic condi-
tions along freeways and signal-
ized arterials. He has also been 
involved in research related to 
traffic simulation and transpor-
tation network modeling. 

Assistant Professor Henry Liu, 

Students, staff 
attend TRB

A driver-assist system developed at the ITS Institute uses a combination of differential GPS and 
vehicle-mounted sensors to monitor a bus’s position on the roadway. Saif Jabari



The ITS Institute exhibited for the fourth 
year in a row at TechFest, a one-day 
event focusing on engineering, held 
at The Works, a hands-on science 
and technology museum. This year, 
the Institute’s exhibit featured Scout 
reconnaissance robots developed by 
computer science and engineering 
professor Nikos Papanikolopoulos and 
graduate students Jesse Purvey and Alex 
Hambrock in the Center for Distributed 
Robotics, of which Papanikolopoulos 
is director. Scouts are robots roughly 
the size of a soda can that have mul-

tiple mobility modes (e.g., jumping, 
rolling) and carry a variety of sensors 
(e.g., camera, microphone). Young visi-
tors enjoyed maneuvering the robots 
around the exhibit space. In addition, 
kids and their parents tried their hand 
at managing traffic by playing Gridlock 
Buster, the Institute’s traffic-control 
game. Other students staffing the exhibit 
were Nick Ollrich and Xuan Di with 
the Interdisciplinary Transportation 
Student Organization. About 2,000 
people attended the event. 

Institute outreach sparks interest at TechFest

Visiting researchers and University of 
Minnesota faculty members presented 
such ITS-related topics as driver pri-
vacy and intelligent decision-support 
systems in the Fall 2010 Advanced 
Transportation Technologies Seminar 
Series. Video recordings and summa-
ries of the seminar presentations are 
available on the ITS Institute website 
(www.its.umn.edu/Events 
/SeminarSeries/2010/fall/index.html).

Luca Delgrossi, senior group man-
ager of Driver Assistance and Chassis 
for U.S. Mercedes-Benz Research and 
Development, outlined the role of 
communications in cooperative safety 
systems during the October 7 seminar. 
Communications requirements for 
these systems, which enable vehicles to 
exchange safety information with other 
vehicles and roadside infrastructure, 
include the ability to function at high 
speeds and work in a matter of seconds, 
Delgrossi said.

Dorothy Glancy, professor of law at 
Santa Clara Law, focused on the issue 
of driver privacy in ITS initiatives on 
October 21. The presentation included 
two examples of privacy-smart pro-
grams—511 Driving Times in the San 

Francisco Bay Area and the United 
States Department of Transportation 
(USDOT) IntelliDrive initiative—and 
how they protect driver information. 

Stephen Popkin, director of the 
USDOT Human Factors Research 
and System Applications Center of 
Innovation at the Volpe National 
Transportation Systems Center, em-
phasized the importance of considering 
context when introducing new ITS tech-
nologies. His November 18 presentation 
highlighted the need to focus on the 
human component and outlined factors 
to consider when designing and imple-
menting new systems. Popkin also cited 
three recent transportation initiatives 
that have encountered problems due 
to contextual difficulties: positive train 
control, driver alertness monitoring, 
and the development of quieter cars.

Purdue University civil engineering 
professor Darcy Bullock described his 
recent work on evaluating signal coordi-
nation on December 2. Bullock outlined 
a methodology that combines high-res-
olution signal controller data and travel-
time measurement using Bluetooth-
device Media Access Control address 
matching to assess signal timing. 

Among the University of Minnesota 
researchers conducting seminars was 
mechanical engineering professor 
Caroline Hayes, who on September 9 
presented the results of a study compar-
ing three intelligent decision-support 
systems designed to help drivers enter-
ing rural through-stop intersections. 
Civil engineering professor Gary Davis 
discussed the development of analysis 
methods for data being collected by the 
Strategic Highway Research Program 
2 (SHRP2) at a September 23 seminar. 
Finally, Nikos Papanikolopoulos, profes-
sor of computer science and engineering, 
presented his work on a camera network 
system for security and traffic applica-
tions on November 4. The system, which 
is capable of camera-to-camera track-
ing, crowd monitoring, and thrown or 
abandoned object detection, evaluates 
all incoming video feeds and passes on 
critical information to a single operator. 
Potential system uses range from crowd 
monitoring at athletic events to detect-
ing empty parking spaces at truck stops, 
Papanikolopoulos said.

National, local researchers featured in seminar series

Jabari’s advisor, called Jabari an “out-
standing” graduate student. Jabari’s 
work also received the University’s “Best 
Master’s Thesis in Civil Engineering” 
award. 

Other students attending TRB were:
• Department of Civil Engineering 

(CE): Yuejian Cao, Indrajit 
Chatterjee, Ben Dymond, Augusto 
Falchetto, Yiheng Feng, Kyle Hoegh, 
Heng Hu, Arthur Huang, Minmao 
Liao, Carlos Madera, Nick Ollrich, 
Pavithra Parthasarathi, Jie Sun, Hui 
Xiong

• Humphrey School of Public Affairs: 
Avital Barnea, Katie Caskey, Qian 
Chen, Andrea Long, Rose Ryan 

• Department of Electrical 
Engineering and Computer Science, 
University of Minnesota Duluth 
(EECS–UMD): Buddhika Maitipe

Faculty and researchers presenting 
ITS-related research this year included: 

• CE: Gary Davis, Henry Liu, Panos 
Michalopoulos

• Department of Computer Science 
and Engineering: Shashi Shekhar

• Humphrey School: Xinyu Cao, Frank 
Douma, Yingling Fan, Adeel Lari, 
Lee Munnich

• Northland Advanced Transportation 
Systems Research Laboratories, 
UMD: Eil Kwon

• EECS–UMD: Imran Hayee, Taek 
Kwon 

A complete list of University of 
Minnesota presenters is available at 
www.cts.umn.edu/News. 

A TechFest attendee maneuvers a Scout reconnaissance robot.              photo: Matt Miranda

TRB continued from page 1



- www.its.umn.edu -

For undergraduate students in intro-
duction to civil engineering courses, us-
ing software programs to help with as-
signments is not often feasible because 
of the complexity and prohibitively 
high cost of off-the-shelf commercial 
software. Consequently, students must 
complete their work by hand and rely 
on textbooks to learn highway design 
and urban planning concepts.

Henry Liu and 
David Levinson, fac-
ulty in the civil engi-
neering department, 
and Chen-Fu Liao, 
educational systems 
manager at the ITS 
Institute’s Minnesota 
Traffic Observatory, 
are working to 
change that through the Simulating 
Transportation for Realistic Education 
and Training (STREET) program. 

At a September 16 Center for 
Transportation Studies (CTS) Research 
Seminar, Liu discussed how the 
STREET program is providing students 
with a more interactive, hands-on 
learning experience. Sponsored by 
the National Science Foundation with 
matching funds from the ITS Institute, 
STREET has developed a suite of Web-
based simulation modules to commu-
nicate the basic concepts of highway 
design, traffic flow theory, and trans-
portation/urban planning to college 
students. An additional objective of the 
program is to use the simulation-based 
teaching material to create an online 
“active textbook” accessible to a wide 
variety of users. 

The simulation modules are largely 
the result of previous work completed by 
those involved in the STREET program, 
Liu noted, and primarily cover the topics 
included in the University of Minnesota’s 
introduction to civil engineering course. 
Each topic allows students to experience 
it in an interactive setting.

Liu explained that the focus of these 
modules is on providing students with 

a clearer understanding of the critical 
concepts rather than on the software 
itself. Although the modules do not 
always replicate real-world scenarios 
with complete fidelity, they have proven 
successful in providing students with 
stylized examples and in emphasizing 
the challenges involved in transporta-
tion engineering tasks. The modules are 
not meant to compete with professional 
software, Liu stressed, but rather to 
provide students with a simple, easy-
to-use tool that enhances their learning 
experience. 

STREET’s second objective, the 
development of active textbooks, has 
been realized with the creation of three 
open-content books on the Wikibook 
site: Fundamentals of Transportation, 
Transportation Economics, and 
Urban Traffic Operations. The first, 
Fundamentals of Transportation, 
contains all of the STREET simulation 
modules as well as critical concepts, 
exercises, examples, questions, and 
quizzes designed for use in an intro-
ductory class. 

The creation of the books on the 
Wikibooks site was a collaborative 
effort, Liu explained, because anyone 
with Internet access can edit or con-
tribute to them, although the books are 
monitored to ensure the accuracy of 
posted information. 

STREET modules have thus far 
received favorable reviews from U of M 
students, who have reported that they 
have a better understanding of core 
concepts and appreciate the hands-on 
experience gained through the use of 
the Web-based tools. Looking forward, 
Liu said that he and his colleagues 
hope STREET will improve the trans-
portation curriculum in educational 
institutions beyond Minnesota and 
help educate the public on transporta-
tion issues. 

Watch the seminar or download the 
podcast at www.cts.umn.edu/Events/
ResearchSeminars/2010/fall 
/september16/index.html.
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STREET project featured in Webcast seminar
only those who are interested in the 
technology are chosen to drive with it.” 
Feedback from drivers was incorporated 
throughout the development process, 
such as the most effective method to 
display warning information. IV Lab 
director Craig Shankwitz says the team 
also made some changes after drivers 
had used the system for a few months. 
Feedback from those drivers has been 
mostly positive so far. 

DAS technology will ultimately pro-
vide a better experience for bus passen-
gers, too—such as a smoother ride and 
more reliable travel times—even though 
they won’t have any direct contact with 
the system, Abbeg says.

“When the weather is bad, without 
assistance, a driver is hesitant to use 
the shoulder. He knows that if he gets 
stuck, 45 people won’t make it to their 
destination on time,” Shankwitz adds.
He predicts that when people see that 
the bus can adhere to its schedule in 
those conditions, they’ll be more will-
ing to ride. 

Currently, the DAS-equipped MVTA 
buses operate both on and off of the 
mapped Cedar Avenue BRT corridor—
areas where the route has been mapped 
for the on-board bus database. The 
buses will remain in service for at least 
six to nine years, Abegg estimates.

The MVTA hopes to expand mapped 
areas to other shoulders and equip more 
buses with the DAS technology in the 
future, Abegg says, but the current in-
stallation will be evaluated before signif-
icant additional investments are made. 
Because the cost of adding mapped lane 
miles to the existing database is rela-
tively low, however, Abegg anticipates 
the addition of more Cedar Avenue and 
I-35W shoulders to the system in 2011. 

The IV Lab would like to interest other 
agencies in the system. “We can’t build 
the roads any wider, but we do have the 
shoulder,” Shankwitz says. “If we can get 
DOTs and other transit agencies to look 
at the shoulder not as just a breakdown 
lane but as a transit lane, we have an op-
portunity to deploy more technology in 
different transit applications.”

Potentially, this same technology 
could be adapted for passenger cars 
to help prevent single-vehicle lane-
departure crashes, which account for 
nearly 60 percent of traffic fatalities in 
the United States, Shankwitz adds. 

For more information on DAS tech-
nology and its BRT applications, visit 
www.its.umn.edu/Research 
/FeaturedStudies/brt.html. 

Bus continued from page 1

Henry Liu

Students say they appreciate the hands-on experience 

gained through the use of the Web-based STREET tools.
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Recently PublIshed ReseaRch

Available at www.its.umn.edu/publications/researchreports

Snow Rendering for Interactive Snow-
plow Simulation—Supporting Safety in 
Snowplow Design
February 2011, Report no. CTS 11-04 

Development of the Next Generation 
Metro-Wide Simulation Models for the 
Twin Cities’ Metropolitan Area: Meso-
scopic Modeling
January 2011, Report no. CTS 11-03 

Low-Cost Portable Video-Based Queue 
Detection for Work-Zone Safety
January 2011, Report no. CTS 11-02 

Advanced LED Warning Signs for Rural 
Intersections Powered by Renewable 
Energy
December 2010, Report no. Mn/DOT 2011-04

Development of Algorithms for Travel-
Time-Based Traffic Signal Timing, Phase 
I–A Hybrid Extended Kalman Filtering 
Approach for Traffic Density Estimation 
Along Signalized Arterials
December 2010, Report no. CTS 10-10

Development and Field Demonstration 
of DSRC-Based V2I Traffic Information 

System for the Work Zone
December 2010, Report no. CTS 10-15

Optimal Workforce Planning and Shift 
Scheduling for Snow and Ice Removal
December 2010, Report no. Mn/DOT 2011-03

Real-Time Nonintrusive Detection of Driver 
Drowsiness–Phase II
December 2010, Report no. CTS 10-16

Technology holds promise to prevent drunk driving, speaker says

New technologies cur-
rently under development 
promise a revolutionary ap-
proach to preventing drunk 
driving. Addressing the 
2011 CTS Winter Luncheon 
on February 15, highway 
safety researcher Susan 
A. Ferguson described 
how a system to unobtru-
sively measure a driver’s blood-alcohol 
content (BAC) is being developed by a 
government–industry partnership. 

Ferguson is president of Ferguson 
International LLC, a consulting firm 
focused on highway safety issues, 
and a former senior vice president for 
research at the Insurance Institute for 
Highway Safety. ITS Institute director 
Max Donath welcomed Ferguson and 
praised what he called her seminal 
research on crash avoidance and safety 
technologies. The Winter Luncheon is 
sponsored by the ITS Institute. 

“There are many people out there 
drinking and driving...who are in-

volved in fatal crashes who have 
never been caught,” Ferguson 
said. According to conservative 
estimates, even someone who 
drives drunk 50 times may only 
be caught once, she explained.

Ferguson described how a 
consortium of private firms 
and government agencies came 
together in early 2008 to explore 

the potential benefits of in-vehicle 
alcohol-detection technology as well 
as the implementation challenges and 
policy issues associated with introduc-
ing such a system. A blue-ribbon panel 
of regulators, safety researchers, and 
industry representatives spent a year 
identifying promising technologies, 
then awarded contracts to two compa-
nies to develop their approaches to the 
challenge. 

The research enjoys widespread sup-
port within the automotive industry, 
Ferguson said. In addition to the U.S. 
government, the consortium includes 
Transport Canada, the Swedish na-

tional road administration, and the 
Japanese government. 

Ferguson believes that the future of 
driver alcohol-detection technology is 
tied to voluntary acceptance by driv-
ers and demand for the systems as a 
safety feature. Eventually, engagement 
with the auto insurance industry could 
lead to incentives for vehicles equipped 
with these systems. 

Among the most significant technical 
hurdles to be overcome, Ferguson said, 
is the need for the detection system 
to be as unobtrusive as possible. The 
detector system must also be able to 
measure BAC within five seconds and 
be resistant to both false positive read-
ings and potential tampering. 

The consortium’s goal is to make the 
alcohol-detection system acceptable 
and even desirable to the car-buying 
public, Ferguson continued. Policy and 
technology research are being carried 
out in tandem in order to identify at-
titudes and barriers to implementation. 

Susan A. Ferguson


