UNIVERSITY OF MINNESOTA

CENTER FOR TRANSPORTATION STUDIES

May 2011 - Vol. 9, No. 5

CTS Research E-News brings you the latest research project milestones, published reports, and seminar coverage.

In this issue:

Policy & Planning

¢ Online matrix helps users determine accessibility

Intelligent Transportation Systems

¢ Researchers examine collision risks for unmanned aerial vehicles

Transportation & the Environment

¢ Getting to the bottom of things: How standard sumps help treat stormwater

Safety & Security

¢ Video-based data collector used to detect queues, improve safety in work zones

Transit, Bicycling, and Walking

¢ TCRP research publications available online

Upcoming Events

Policy & Planning

Online matrix helps users determine accessibility

People who make transportation and land-use decisions in the Twin Cities region have a new tool: an online “accessibility matrix” that illustrates
variations in accessibility to different types of destinations for travelers who drive, bike, walk, or use transit.

The matrix is one of the outcomes of the CTS-led Access to Destinations Study. In the interdisciplinary study, researchers analyzed, described,
and mapped how accessibility—the ability of people to reach the destinations they need or want to visit—changed from 1995-2005 in the
Minneapolis-St. Paul metropolitan region, whether by auto, bicycle, public transit, or on foot.

Funding sponsors included the Minnesota Department of Transportation, Hennepin County, and the McKnight Foundation, in cooperation with
the Metropolitan Council.

The matrix displays four types of maps: accessibility (the ability to reach destinations), mobility (the ability of people to move on the network),
travel time (how long it will take to get between census blocks with each of the travel modes), and land use (the distribution of activities by
census block).

Users can select up to four filters, including year, mode, time of day, and destination type (such as retail, restaurants, or recreation). The result,
for example, could be maps showing the accessibility of jobs between two distant suburbs by transit or by car.

The tool is hosted by the University’s Minnesota Traffic Observatory (MTO), a transportation laboratory staffed by experts in managing large
data sets and creating visual models of complex data. The matrix is just one of the MTO’s systems that support effective transportation and
land-use planning. Future researchers will be able to further develop the tool and add new data as they become available.

CTS has also created tutorials to assist users with the new tool. The tool, the study’s 11 research reports, and a high-level summary of the
research are available online.

Reprinted from the May 2011 issue of the CTS Report.

Intelligent Transportation Systems

Computer vision system tracks open parking spots at truck stops

Although only 53 percent of parking spaces at truck stops are occupied on any given night, 90 percent of truck drivers perceive a shortage of
parking. Drivers unable to locate empty spaces may become fatigued or stop to rest in unsafe locations, such as on roadway shoulders or
ramps. A team of University of Minnesota researchers aims to provide truck drivers with safe rest options and optimize the use of parking
resources by increasing awareness of parking availability.



Professor Nikolaos Papanikolopoulos, program director Vassilios Morellas, and graduate
student Pushkar Modi from the U of M’s Department of Computer Science and Engineering have
developed a system capable of identifying empty parking spaces at truck stops. The system uses
a computer vision-based framework to determine the status of each parking spot with the
ultimate goal of communicating vacancy information to drivers miles down the road. Project
funding was provided by the ITS Institute.

| The computer vision system uses a series of video cameras to detect, classify, and localize
vehicles at truck stops. Every video frame is analyzed on a per-pixel basis to determine

B . ) occupancy of each parking space. A space is defined as occupied if more than a certain
Sample variable message sign with parking percentage of its rectangular plane is covered by a foreground object. Each video frame is
information processed at close to real time, at a rate of up to 30 frames per second. Once occupancy
information is calculated, it can be communicated to drivers through roadside variable message
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signs (VMS) or other methods.

The research team collected 20 hours of video over a three-day period to test and refine the system. Parking lots located behind the U of M’s
Mechanical Engineering Building in Minneapolis were used as test sites. Overall results were positive, but the team did encounter some
challenges with false positive occupancy readings.

One example was when a single vehicle occluded multiple spots as it was traveling through the lot, or when a person or group of people walking
by occupied a space. Researchers addressed this issue by tracking all occluded areas through the scene from point of entry to point of rest,
ensuring that only stopped objects were detected as occupying a space. Programming the system to ignore occluded areas below a certain
threshold, determined by the average number of pixels influenced by the presence of a vehicle, helped eliminate false positive readings caused
by people.

A final report on the project, Counting Empty Parking Spots at Truck Stops Using Computer Vision (CTS 11-08), is available on the ITS Institute
website.

Researchers examine collision risks for unmanned aerial vehicles

---------- Small unmanned aerial vehicles (SUAVs) could play a substantial role in future intelligent

""“ transportation systems. Possible SUAV applications include the remote collection of traffic data or
the inspection of roads and bridges. Because these vehicles will operate above populated areas
and near transportation infrastructure, however, SUAV-infrastructure collisions pose a substantial
oy g—suav safety risk. A collision could result in infrastructure damage or lead to injury if a falling SUAV

1 landed on a person or vehicle traveling below.

In a project funded by the ITS Institute, researchers in the University of Minnesota’s Department

of Aerospace Engineering_and Mechanics developed a framework for the design of a concept of

operation (CONOP) to support the application of SUAVs in highway and transportation

Ovoend infrastructure monitoring. The research team—which included associate professor Demoz

("':::". Gebre-Egziabher, research engineer Greg Nelson, and postdoctoral associate Zhigiang Xing
—specifically focused on designing a procedure for identifying and quantifying potential SUAV-

- infrastructure collision risks.
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Example of infrastructure inspection using a SUAV
(not to scale)

A CONOP is a description of the SUAV mission and operational procedure from launch to

recovery. The CONOP includes operating condition requirements, such as acceptable weather
conditions and the required SUAV standoff distance from the structure being monitored. It can also help determine SUAV performance
specifications like vehicle endurance and data link range.

The SUAVs envisioned for use in transportation monitoring applications typically weigh between 5 and 10 pounds and are small enough to fit in
the trunk of a car. Their small size makes launch and recovery operations easier to perform, but it also imposes significant size, weight, and
power constraints. These limitations make hardware or software redundancies—traditional strategies for mitigating collision risks—more difficult
to integrate. Consequently, alternative risk-mitigating procedures must be designed.

The first step in designing such procedures is to identify the acceptable level of risk. If the likelihood of a specific collision risk is higher than the
acceptable level, a risk mitigation strategy is needed. The next step is to identify the conditions that could lead to a collision, including internal
(e.g., sensor failure) and external (e.g., unexpected wind gusts) conditions.

Collision risks can be characterized as either detectable or undetectable. Detectable risks, such as SUAV engine failure, are apparent when they
occur. After a detectable risk is identified, mitigation strategies can be designed. For example, in the case of engine failure, a procedure to guide
the SUAV to a safe landing spot could be designed to automatically initiate when failure is detected. Such a procedure would have extensive
implications for the CONOP because a safe gliding trajectory must always be available, the researchers explained.

Undetectable risks, such as navigation system errors, may be less apparent. In order to develop risk mitigation strategies for this risk category,
the researchers said that detailed evaluations of each system should take place before they are implemented in SUAVs.

According to the researchers, the most important project finding is that for a given level of risk, the procedures for carrying out the CONOP
cannot be viewed independently from the systems used to navigate, guide, and control the SUAV. All CONOP procedures should be shaped by
the capabilities and limitations of the onboard systems if SUAVs are to be operated safely, they said.

Analysis of Unmanned Aerial Vehicles Concept of Operations in ITS Applications (CTS 11-06), a final report on the project, is available on the
ITS Institute website.

Transportation & the Environment

Getting to the bottom of things: How standard sumps help treat stormwater

Standard sumps are installed in many urban and suburban storm sewer systems, but getting to the bottom of how well the devices actually do
their jobs is more complicated. Proving the effectiveness of various configurations could not only provide relief for tight budgets, but also justify



granting pollution-prevention credits to transportation departments and local governments.

Former University of Minnesota graduate student Adam Howard and faculty members Omid
Mohseni, John Gulliver, and Heinz Stefan of the St. Anthony Falls Laboratory (SAFL)
developed a series of tests to determine the efficiency of standard sumps. Their research was
funded by the Minnesota Department of Transportation (Mn/DOT).

Findings from this study prompted interest in additional research, which in turn led to their
invention of the SAFL Baffle.

The standard sump within a manhole is a key component in stormwater infrastructure, designed
to trap and settle sediment rather than let it flow through into nearby lakes and streams. To
maintain the system’s efficiency, however, the sediment must be cleaned out frequently (at
considerable cost) to avoid large accumulations from washing out during spring melt or large
storms.

Standard sump In response to the Water Quality Act of 1987, proprietary treatment devices became an

increasingly popular approach in meeting stormwater quality regulations in dense urban
communities. While they have proven successful at removing particles larger than silt from runoff, their expense has led Mn/DOT and others to
seek alternative avenues for reaching pre-treatment goals.

To determine how well standard sumps remove suspended sediment from stormwater runoff, the SAFL research team tested five different sump
configurations under low-flow conditions, as well as washout rates under high-flow conditions. They found the sumps were effective at removing
suspended sediment at low flows, but that the sediment washed out of the sump during high flows at a substantial rate. Their study
demonstrated that standard sumps can only be effective in treating stormwater runoff from small urban drainage areas, i.e., smaller than four
acres.

During the washout tests, the researchers noted that sediment was being scoured, moved upstream, and deposited just below the inlet pipe.
This inability to retain captured sediment under high-flow rates is a major performance drawback and was especially evident in the test results
for the shallow sumps. A decrease in sump depth was found to increase the potential for sediment washout.

To help practitioners assess device performance and maintenance schedules for standard sumps, the research team developed two functions to
be used with existing or future devices: a size-dependent function that predicts the removal efficiency for a specific sump, and a function that
predicts washout from all standard sumps, regardless of flow rate, sump dimensions, water temperature, or sediment dimensions.

The team also found that frequent maintenance would be necessary for effective stormwater pre-treatment for sediment—a finding that led
them to develop the recently released SAFL Baffle. A Minneapolis start-up company has commercialized the technology, and several Minnesota
cities have installed it this spring.

A final report on the project, Management Practice for Stormwater Treatment (Volume 1) (Mn/DOT 2011-08), is available on the CTS website.

Safety & Security

Video-based data collector used to detect queues, improve safety in work zones

Construction work zones have significant effects on roadway safety, especially when lane
closures cause rapidly forming traffic congestion. For example, drivers upstream of a work-zone-
related lane closure often encounter sudden slowdowns caused by queue tails, which can lead to
rear-end collisions if drivers are unprepared to stop.

University of Minnesota researchers aim to reduce such crashes by using queue length detection
technology to warn drivers before they reach the congested area. A recent ITS Institute-funded
study tested the feasibility of using a previously developed low-cost portable video-based traffic
data collection device to detect the progression of the queue tail and activate a roadside warning
device to alert drivers. The research team included civil engineering professor Panos
Michalopoulos, Minnesota Traffic Observatory lab manager Ted Morris, and graduate student
Jory Schwach.

: - - Michalopoulos, Morris, and Schwach began developing the data collector in 2007. The device,

Data collector installed at a work-zone site on which can gather data on traffic volume, speed, queue size, and more, consists of a camera

Highway 280 mounted on a self-raising mast that can elevate 28 to 30 feet above a road’s surface. The
device’s video system can also provide a visual record of traffic characteristics.

In this project, the researchers developed a real-time machine vision queue algorithm to track queue onset and length in work zones using the
data collection device. The algorithm uses a series of presence detectors that act as virtual trip wires to identify stopped vehicles within the
video scene of the roadway. A detector is triggered when a vehicle occupies a given area for a certain amount of time. Using this detection
method, the algorithm can identify the beginning of the queue and provide a real-time estimation of queue length. It then produces an alarm
trigger that activates an upstream roadside warning device to alert drivers of upcoming congestion. The warning trigger is deactivated when the
algorithm detects a queue break point—an abrupt change in the headway gap times between vehicles.

According to the researchers, using the data collection device to detect vehicles in work zones has many benefits. Video-based detection is
adaptable to the changing conditions often present in work zones, and the device’s low cost and portability make it ideal for deployment at
temporary work-zone locations. The recorded video can also be used as a research tool to better understand traffic flow.

As part of this study, the algorithm was integrated with the data collection device and evaluated at one work-zone site and two high-volume
arterial intersections. The intersection sites were chosen because of frequent queue formations, which provided researchers with more data
samples in a shorter period of time than a work-zone site. Overall results at all locations indicated that stopped vehicles resulting from a queue
can be detected 86 percent of the time within five seconds of the observed occurrence. The false warning deviation rate was 7 percent. At the
work-zone site—located north of the Broadway Avenue intersection on Highway 280 near Minneapolis—no queues were detected during the
device’s deployment, but there were also no false positives.



Based on study results, the researchers said that the algorithm approach developed in this project is a feasible option for detecting queues in
work zones. However, further study is needed to determine the device’s utility and performance, especially in situations where queues form
rapidly. The researchers also suggested additional tests using data collected throughout the construction season from work zones with different
characteristics. These data could also be used to study work-zone traffic characteristics to improve traffic sensor designs and work-zone safety
measures, the researchers said.

A final report on the project, Low-Cost Portable Video-Based Queue Detection for Work-Zone Safety (CTS 11-02), is available on the ITS
Institute website.
Transit, Bicycling, 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:

¢ Practices in the Development and Deployment of Downtown Circulators (TCRP Report Synthesis 87)

¢ Professional Certification and Credentialing Program for the Transit Industry (TCRP Research Results Digest 100)

¢ Improving Mobility for Veterans (TCRP Research Results Digest 99)

Upcoming Events

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

August 16
TERRA Innovation Series: MnROAD Research Conference, Minneapolis, MN




