
March 2011 – Vol. 9, No. 3
CTS Research E-News brings you the latest research project milestones, published reports, and seminar coverage.
In this issue:

Policy & Planning

Seminar examines how driver values, perception influence route choice

Intel l igent  Transportation Systems

Steering wheel sensors help detect driver drowsiness

Vehicle-to-infrastructure (V2I) communication system helps drivers navigate work zones

Transportation & the Environment

University finalizes commercialization agreement for ‘SAFL Baffle’

Transportation Infrastructure

New UMD researcher, cracking evaluation of thin-bonded asphalt overlays

Transit ,  Bicycl ing,  and Walking

TCRP research publications available online

Upcoming Events

Research conference topics announced

Policy & Planning
Seminar examines how driver values, perception influence route choice
The foundation of most transportation route choice models is the principle that people choose the path with the shortest travel time when going
from one location to another. Several University of Minnesota studies have tested this theory in recent years, civil engineering professor David
Levinson said in a February 11 Warren Lecture Series presentation. Overall research results indicate that drivers do not minimize travel time,
Levinson explained, indicating that other factors are influencing drivers’ route choice.

A study examining route choice before and after the reopening of the I-35W bridge in Minneapolis demonstrated that drivers often choose
longer routes, according to Levinson. Researchers collected GPS data from 200 vehicles for several weeks and compared the routes that drivers
took with the shortest possible paths. Results showed that although many people took a route that was close to the shortest, a significant
number of commuters traveled a route that was 2 to 10 minutes longer than the shortest option.

Levinson explained that several factors should be considered when asking why drivers aren’t taking the quickest route in such a situation. Many
people don’t measure time that precisely, for instance, rounding travel times to the nearest 5 or even 15 minutes. Levinson also said that
drivers who live far from where they work might not know all of the possible routes between the two locations. People may also opt for a longer
route if it has a more predictable and consistent travel time overall, Levinson said. Drivers might also value other aspects of a route, such as
aesthetics and adjacent land uses.

Another study investigating route choice among bicyclists also demonstrated that travel time is not always a commuter’s most important
consideration. Participants were asked a series of questions in a computer-administered study and shown first-person video of several route
alternatives. Results indicated that bicyclists are willing to travel 10 to 20 minutes longer for a higher-quality route with fewer cars and more
visually appealing surroundings.

Drivers’ perception of travel time is also an important factor in route choice. In a third study, participants viewed a computer simulation of traffic
signal delays and were asked to estimate the time they spent waiting. People on average underestimated times, except for the longest waits,
which were overestimated. “Perceived time is more relevant than actual time when considering people’s route choices,” Levinson said. Drivers
may choose routes with shorter ramp meter times or fewer traffic lights because they perceive that it takes less time, for example, even if the
actual travel time is greater.

For a variety of reasons, people don’t always choose the shortest path, Levinson said. “Our models aren’t very accurate, and this is one of the
reasons… The underlying model we’re using for route choice needs to adapt to something else,” he added. Future models need to move beyond
examining route choice as a purely mathematical procedure, Levinson suggested, and look more closely at the other factors that influence
drivers’ route choice.

A recording of the seminar is available for viewing on the Warren Lecture Series web page.



Intelligent Transportation Systems
Steering wheel sensors help detect driver drowsiness
The second phase of a research project aimed at developing a detection system for driver drowsiness has been completed at the University of
Minnesota Duluth. With sponsorship from the ITS Institute through the Northland Advanced Transportation Systems Research Laboratories
(NATSRL) Program, Xun Yu, associate professor of mechanical and industrial engineering, developed a real-time, nonintrusive system that uses
biosensors installed on a vehicle’s steering wheel to measure a driver’s pulse. The system then analyzes heart-rate variability (HRV) to
determine the driver’s drowsiness level.

In the project’s first phase, Yu used a biosensor installed on a vehicle’s steering wheel to detect a driver’s pulse using electrically conductive
fabric. The system encountered problems with interference noise, however, and required both of the driver’s hands to be on the wheel to obtain
accurate measurements.

To improve the initial system, Yu designed a new biosensor that can be installed at numerous locations on the steering wheel and successfully
gather data from one hand. Yu also integrated two adaptive filters into the system to help eliminate interference noise caused by the driver’s
gripping force and vehicle vibrations.

Each unit consists of two flexible, piezoelectric plastic films separated by a layer of isolation foam. The top film contacts the driver’s palm and
measures both pulse and gripping force. The bottom film contacts the steering wheel and measures only gripping force, which allows a filter to
eliminate the noise. An accelerometer placed on the rear side of the steering wheel near each sensor measures vehicle vibration and helps
eliminate the related interference noise. After filtering is completed, an HRV analysis determines the ratio between low and high frequency
bands in a person’s heart rate, which has been found to decrease as a person becomes drowsy.

A two-hour driving simulation was conducted using seven subjects to test the adaptive filters and the sensors. The simulator consisted of a
screen, driver’s seat, and steering wheel with sensors installed. A camera captured video of the driver to serve as a reference for each person’s
drowsiness level throughout the test.

Subjects were asked to randomly change their gripping force during the simulation to assess the effectiveness of the gripping force filter. To test
the vehicle vibration filter, the simulator was randomly vibrated by another person. A third test was performed with changes in gripping force as
well as random vibration. In all three situations, results showed that the filters successfully eliminated interference noise from the pulse
measurement data.

Study results also indicated that the sensors measured the driver’s pulse effectively, and the HRV analysis showed that the frequency ratio had
a decreasing trend in all subjects as they became drowsy. The rate of the decrease was different among individuals, however, meaning that
more research is needed to create personalized drowsiness detection criteria in the future. Because of the high variations in frequency ratio, Yu
also suggests that other parameters correlating with drowsiness should be included in future measurements.

Real-time Nonintrusive Detection of Driver Drowsiness – Phase II is available on the ITS Institute website.

Vehicle-to-infrastructure (V2I) communication system helps drivers navigate work zones
Researchers at the University of Minnesota Duluth have developed a new system to communicate
work-zone-related congestion information to nearby drivers. The project, sponsored by the ITS
Institute through the Northland Advanced Transportation Systems Research Laboratories (NATSRL)
Program, aims to prepare drivers approaching a work zone for sudden speed drops and allow them
enough time to choose an alternate route.

To relay information to drivers, electrical and computer engineering professor M. Imran Hayee and
graduate student Buddhika Maitipe used previously developed vehicle-to-infrastructure (V2I)
technology capable of sending traffic safety messages from roadside infrastructure components to
drivers via their Bluetooth-enabled cell phones. The researchers adapted the technology to estimate
and transmit information about the location where traffic slowdowns begin as well as the approximate

travel time through a work-zone area.

Using dedicated short-range communication (DSRC) technology, the system sends information between a roadside unit (RSU) and on-board
units (OBUs) installed in vehicles. The RSU collects data on speed and location from OBU-equipped vehicles as they travel through the area.
Using the data, the RSU periodically estimates the start of congestion (SoC) location and travel time and broadcasts the information to all
vehicles in range. The OBU in each vehicle calculates its distance from the SoC point and relays the information via a text message to the
driver’s cell phone.

According to the researchers, the system will help improve both safety and efficiency in work zones. Inbound drivers will know when to expect
congestion, helping to reduce crashes caused by sudden speed reductions. Some drivers may opt to avoid the congested area by taking a
different route, which could improve the flow of remaining traffic.

The system is portable, secure, and can be configured to operate on any road, the researchers say. Information entered into the RSU, such as
road width and direction in degrees relative to north, ensure that only vehicles traveling on the desired road and in the right direction are
selected for communication with the RSU. Driver privacy is protected through the use of randomly generated identification numbers to track
vehicle data. As soon as the RSU completes its calculations, all information collected from the OBU is discarded.

The research team tested the system on Rice Lake Road in Duluth, Minnesota, using two vehicles containing DSRC units. The RSU was placed in
a stationary vehicle, and an OBU-equipped vehicle traveled through the designated area several times, simulating various congestion conditions.
Results suggest that the system can adapt to a variety of congestion patterns, make accurate calculations, and successfully transmit the
estimates to area OBUs.

Study results also indicated that the system is sensitive to line-of-sight obstructions. If the path between the RSU and an OBU is blocked by
another vehicle or a change in roadway elevation, communication becomes intermittent or is lost. Installing the RSU at a sufficient elevation
above the roadway could improve the communication, as could placing OBU antennas on vehicle roofs. In the future, the researchers also plan
to add vehicle-to-vehicle (V2V) communication to the current system. V2V communication, which would allow messages to be passed between
OBUs, could help overcome the system’s line-of-sight issues and increase the system’s overall coverage range.



A final report on the project, Development and Field Demonstration of DSRC-based V2I Traffic Information System for Work Zone, is available
on the ITS Institute website.

Transportation & the Environment
University finalizes commercialization agreement for ‘SAFL Baffle’
The University of Minnesota finalized an agreement with a Minneapolis startup company to commercialize a device that will improve sediment
control for urban stormwater runoff. The device was developed at the St. Anthony Falls Laboratory (SAFL), a research unit within the College of
Science and Engineering, with funding from the Minnesota Department of Transportation.

Nicknamed the “SAFL Baffle,” the device is a cost-effective method for preventing harmful sediments in stormwater from reaching Minnesota
lakes and streams.

“Urban runoff hits the road, goes into the storm sewers, and ends up in receiving water bodies like lakes and rivers,” said John Gulliver, a civil
engineering (CE) professor and co-inventor of the SAFL Baffle. “Cities are required to treat urban runoff and are trying to figure out how to deal
with this.”

Co-inventors were CE adjunct professor Omid Mohseni and graduate student Adam Howard.

The SAFL Baffle is installed in a sump—a vertical cylinder that connects two or more sewer pipes. The baffle slows down water rushing into the
sump and prevents it from picking up sediments that have settled there during low-flow periods.

“Existing sumps are catching sediments for small storms, but if a big storm comes along, it will wash all those sediments back out,” Gulliver
said. “So we devised a simple technique to keep the sediments in the sump during high-flow events. Its main purpose is to prevent the
sediment from being scoured out when you have high flow.”

Devices currently on the market remove floating trash, oil, grease, and heavy metals as well as sediment. These additional features are often
unnecessary, because a separate device can be installed at the street level to remove trash. A combination of a trash-removal device and the
SAFL Baffle will do the same job as devices currently on the market at a fraction of the price.

“The current devices that are on the market have a lot of features that are generally not needed,” said A.J. Schwidder, CEO of Upstream
Technologies, the startup company. With the SAFL Baffle, customers only pay “for what they need,” says Schwidder, a Carlson School of
Management MBA student.

Several Minnesota cities are installing the baffle this spring.

“One of the attractive things about the SAFL Baffle is that there are real customers who want to purchase it now,” said Dale Nugent, marketing
manager for the University’s Office for Technology Commercialization. “It’s affordable and meets a pressing need for sediment control.”

(Reprinted with permission from the Department of Civil Engineering website.)

Transportation Infrastructure
New UMD researcher, cracking evaluation of thin-bonded asphalt overlays

A CTS research seminar held February 23 featured Eshan Dave, an assistant professor in the
Department of Civil Engineering at the University of Minnesota Duluth. Dave recently joined the
University after receiving his Ph.D. in civil engineering at University of Illinois. His research interests
include numerical modeling of asphalt concrete, reflective and thermal cracking distresses in
pavements, recycling of asphalt materials, and the effect of moisture on asphalt behavior.

At the seminar, Dave presented research about the evaluation of the cracking of thin-bonded asphalt
overlays, which was conducted at the University of Illinois at Urbana-Champaign.

Thin-bonded asphalt overlays (TBAOs) were introduced in the United States in the early 1990s, in
Alabama, Missouri, and Texas. They have become popular options for pavement rehabilitation because
they are economical, provide functional improvements, and ensure a high degree of waterproofing

benefits. The use of spray paver technology for the construction of TBAOs leads to continuously varying asphalt binder content, up to
approximately one-third of the layer thickness.

The graded material behavior and thinness of TBAOs make them challenging to characterize in a lab. Dave explained two newly developed
techniques the Illinois researchers used to evaluate fracture resistance in the lab: the compact (C[T]) tension test and the graded property
evaluation. They found the compact (C[T]) tension test to be viable for fracture evaluation of TBAOs.

It is also difficult to realistically simulate TBAOs for design and analysis purposes. Dave described the numerical simulation methods he and his
team evaluated and used to model and predict cracking for four overlay types in two loading scenarios: thermal cracking and reflective cracking.

Laboratory evaluations, modeling, and early field performances of TBAOs indicate better cracking resistance compared to thin overlays with the
same mixes and thickness. Tack coat permeation into the overlay is a critical factor in significantly improving the cracking resistance.

A recording of the seminar is available for viewing on the CTS Research Seminar series web page.

Transit,  Bicyling, and Walking
TCRP research publications available online
The federal Transit Cooperative Research Program (TCRP), administered by the Transportation Research Board, provides practical transit
research to address technical and operational issues. TCRP emphasizes putting research results into the hands of organizations and individuals
that can use them to solve problems.



Recent TCRP publications include:

Sharing the Costs of Human Services Transportation, Volume 1: The Transportation Services Cost Sharing Toolkit and Volume 2:
Research Report (TCRP Research Report 144)

Upcoming Events
Research conference topics announced
Speakers and topics have been announced for the 22nd annual CTS Transportation Research Conference. The event takes place May 24 and 25
at a new location: the Crowne Plaza Hotel in St. Paul.

The opening session will feature a keynote presentation by Adrian Moore, vice president of research at Reason Foundation, titled “P3s—Public-
Private Partnerships? Or Peripatetic Pain in the Pants?”

As state governments struggle to meet growing transportation infrastructure needs, leveraging existing resources through the use of public-
private partnerships (P3s or PPPs) has become increasingly attractive. Moore will discuss the role P3s might play in Minnesota’s transportation
future. He will review trends in transportation P3s and what drives them, examine the pros and cons of P3s, describe current innovations and
evolutions in P3s, and discuss how P3s are being used and what crucial elements help them succeed.

Moore’s remarks will set the stage for a panel discussion with State Sen. Scott Dibble; Brad Larsen, director of traditional and innovative
finance with the Minnesota Department of Transportation; Jay Lindgren, a partner in Dorsey & Whitney LLP and a legal expert in innovative
finance and regulatory strategies for urban redevelopment and public infrastructure projects; and Lee Munnich, director of the State and Local
Policy Program at the Humphrey School of Public Affairs.

At the conference luncheon, Joe Cortright, economist with Impresa in Portland, Oregon, and senior adviser to CEOs for Cities, will share
highlights from his recent report: Driven Apart: How Sprawl is Lengthening Our Commutes and Why Misleading Mobility Measures are Making
Things Worse. The report offers a new view of the relationship between transportation performance and urban development patterns. The
surprising analysis says the solution to congestion has much more to do with how we build our cities than how we build our roads. The report
says compact cities are the real answer to reducing traffic delays and lays out an alternative set of accessibility-based measures of urban
transportation performance that provide a better guide to policymakers.

Conference registration and further details
The program and registration information are posted on the research conference page. For more information, contact the College of Continuing
Education at 612-624-3708, cceconf5@umn.edu.

More upcoming events
May 24-25
22nd Annual CTS Transportation Research Conference, Crowne Plaza, St. Paul, MN

June 13-14

Symposium on Mileage-Based User Fees, Breckenridge, CO

July 28-30

World Symposium on Transport and Land Use Research (WSTLUR), Whistler, British Columbia, Canada


