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One of the primary obstacles to 
improving the performance of 
signalized arterials has been the 
difficulty of gathering accu-
rate and reliable data to assess 
arterial traffic conditions. The 
need to manually collect the 
data and then calculate perfor-
mance metrics for individual 
intersections or arterials has 
made performance assessment 
a time-consuming and expensive process 
for transportation agencies. 

Researchers in the University of 
Minnesota’s Department of Civil 
Engineering and Minnesota Traffic 
Observatory (MTO) developed a new 
system that automates data collection 
and performance assessment in real time. 
Because it can also refine the traffic signal 
parameters intelligently using archived 
data, the system has been dubbed “SMART-
Signal,” the acronym for Systematic 
Monitoring of Arterial Road Traffic 
Signals. The effort was funded by the ITS 
Institute, Minnesota Local Road Research 
Board, and Minnesota Department of 
Transportation, with significant in-kind 
support from Hennepin County.

Principal investigator Henry Liu’s 
research is focused on traffic control 
and operations, network modeling, and 
simulation of transportation systems. Since 
joining the University of Minnesota faculty 
in 2005, Liu has led a series of research 
projects focusing on various components 
of the SMART-Signal system. Chen-Fu Liao, 
a senior systems engineer at the MTO, has 
also participated in the projects. 

The SMART-Signal system is intended 
to be installed at a series of intersections 
along an arterial road. A dedicated micro-
processor module is installed in the signal 
control cabinet at each intersection, in-
terfacing directly with the cabinet without 
interfering with signal operations. SMART-
Signal collects two types of event data: 
signal-phase change events and vehicle-
detector actuation events. Event data are 
then packaged and transmitted in real time 
to the server located at the MTO.

Shockwave dynamics and queue length
Queue length is inarguably the most im-
portant performance measure at a signal-
ized intersection. A major shortcoming 
of traditional input-output models used 
to estimate queue length has been their 
inability to determine queue length under 
saturated conditions—i.e., when the queue 

of cars waiting to pass through an 
intersection extends beyond the 
upstream vehicle detector. Under 
saturated conditions, data on 
incoming traffic flow are no longer 
available and the input side of the 
input-output model breaks down. 

The SMART-Signal developers 
overcame this limitation by devel-
oping a new algorithmic approach 
to queue length estimation based 

on the mathematical properties of shock-
waves. A shockwave forms whenever the 
density of vehicles in a traffic flow changes, 
such as when traffic is forced to stop at an 
intersection. This queuing shockwave will 
continue to propagate upstream as more 
and more vehicles arrive at the end of the 
queue. When the signal phase changes 
to green, however, vehicles will begin to 
depart from the head of the queue, form-
ing a discharging shockwave; because this 
wave propagates more quickly than the first 
under most traffic conditions, it will even-
tually meet the front of the first shockwave. 
At that point, the queue disappears, as all 
vehicles are again moving forward. If all the 
vehicles from the queue are not able to pass 
through the intersection before the start of 
the next red phase, a residual queue forms 
and begins to propagate upstream, starting 
the cycle again.

SMART-Signal uses data from the up-
stream vehicle detector to identify three 
critical points in the shockwave propa-
gation: when the queuing shockwave 
reaches the upstream detector; when the 
discharging shockwave passes the detec-
tor; and, most important, when the rear 
of the queue of stopped vehicles passes 
the detector. Before the rear of the queue 
reaches the detector, vehicles are generally 
moving under saturated traffic conditions, 
so they are closely spaced and there is 
little variance in the size of inter-vehicle 
gaps. But as the queue dissipates, vehicle 
spacing increases and the size of inter-ve-
hicle gaps becomes more variable. These 
characteristic changes make it possible 
for SMART-Signal to identify the moment 
when the shockwave corresponding to 
the rear of the vehicle queue passes the 
upstream detector. 

Using these three critical points, 
SMART-Signal’s estimation algorithms 
can estimate traffic states upstream 
from the intersection and determine the 
maximum length of the vehicle queue, an 
important performance metric for arte-
rial intersections. Extensions to the traffic 

SMART-Signal targets improved arterial 
intersection performance
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MTO research 
explores options 
for Denali 
National Park
Since 2005, the Minnesota Traffic 
Observatory (MTO) has worked 
with the National Park Service 
to understand the effects of park 
traffic on the animal inhabitants 
and on the experience of park 
visitors in Denali National Park. 
To preserve the park’s unspoiled 
beauty, visitor traffic is limited to 
special tour buses. However, with 
high public demand for access to 
the natural beauty of Denali, park 
officials have sought new ways 
to ensure that as many visitors 
as possible are able to experi-
ence the natural wonders of the 
remote park without driving away 
wildlife or reducing the quality of 
visitors’ experience.  

Working with the University of 
Vermont Park Studies Laboratory, 
MTO researchers developed a 
specialized model of traffic and 
wildlife sightings in the park. 
The model incorporates data on 
wildlife sightings collected by 
bus operators using a GPS-based 
data-gathering system developed 
specifically for the project. The 
model has allowed park managers 
to better understand the capacity 
limits of the current transportation 
system as well as the impacts of 
traffic on critical animal crossings 
and migration routes.

Now the MTO team is extend-
ing its research by creating tools 
that will allow Denali officials 
to evaluate alternative traffic 
scenarios in terms of their impacts 
on the park and on the quality of 
visitors’ experiences (indicated 
by the level of crowding). A range 
of alternative traffic management 
scenarios has been proposed, 
involving different route destina-
tions, designated scenic rest stops, 
and the number of buses on the 
route. These scenarios must be 
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The ITS Institute was among sev-
eral University of Minnesota research 
laboratories that hosted tours from 
European transportation organizations 
in recent months.

On September 22, members of 
FEHRL–ECTRI visited campus as part 
of a scan tour of U.S. transportation 
research facilities. FEHRL, the Forum of 
European National Highway Research 
Laboratories (www.fehrl.org), provides 
a coordinated structure for the inter-
ests of more than 30 national research 
and technical centers from Europe, 
together with associated institutes from 
around the world. 

ECTRI, the European Conference of 
Transport Research Institutes (www 
.ectri.org), is an international nonprofit 
organization whose members are 27 
major transport research institutes or 
universities from 20 European countries. 
Together, they account for more than 
3,800 European scientific and research 
staff in the field of transport. 

Steve Phillips, FEHRL secretary-
general, presented the objectives of 
the tour—the group’s first to the United 
States—and introduced FEHRL-ECTRI 
scan team members from France, Great 
Britain, Spain, Germany, Hungary, 
Poland, South Africa, and Sweden. 

Phillips said the 
aim of the scan was 
twofold: to identify 
what’s missing in 
existing U.S. and 
European research 
facilities to meet 
current and emerg-
ing needs, and to 
recommend op-
portunities to use 
existing facilities 
and collaborate to 
develop new ones. 
Minnesota was se-
lected for a site visit 
because of its research facilities and its 
extensive experience with international 
cooperation, he said.

Michael Manser, director of the 
HumanFIRST Program, gave an over-
view of the program’s simulation equip-
ment and John Houdos, Minnesota 
Traffic Observatory (MTO) director, 
demonstrated the MTO’s technologies.

On September 23, a similar tour 
was given to representatives from the 
Swedish Transport Administration. 
Alec Gorjestani and Justin Graving, 
research fellows in the Department of 
Mechanical Engineering (ME), gave a 
demonstration of a Teen Driver Support 

System under development in the 
Intelligent Vehicles Lab, another facil-
ity of the ITS Institute. ME professor 
Rajesh Rajamani gave a lunch presenta-
tion about his research. The group also 
toured the MTO and HumanFIRST labs 
and attended an ITS Institute Advanced 
Transportation Technologies Seminar. 

On August 26, a delegation from  
Russian transportation organizations 
visited campus for an information ex-
change and tours focusing on safety in-
novations. The group heard overviews of 
various CTS programs and also toured 
the HumanFIRST lab and the MTO. 

examined as part of the environmental 
impact statement (EIS) process required 
for transportation projects that affect 
natural areas. Simulating the impacts of 
each proposed scenario will help park 
managers more fully understand the 
relative advantages and disadvantages 
of transportation policy decisions before 
they are implemented in the real world. 

Once a new transportation system is 
actually deployed, park managers will 
be required to continually monitor the 
quality of visitor experience and wildlife 
impact indicators to ensure that set stan-
dards of these indicators are not violated; 
should that happen, park managers must 
intervene to mitigate violations. 

Because it is impractical to continually 
monitor the complete roadway by hu-
man observation over the course of the 
tourist season (the road is more than 90 
miles long, with several scenic rest stops, 
campgrounds, and sensitive wildlife 
areas), the MTO will be developing new 
database and data collection tools that 
will help park managers with the moni-
toring process. Virtual sensors along the 
simulated route will measure a variety of 
traffic variables that relate to indicator 
measures, such as traffic counts, rest stop 
monitors, vehicle bunching frequency, 
and other relevant factors. Park manag-
ers will then be able to “deploy” these vir-
tual sensors wherever they want to know 

more about traffic conditions within the 
park. Data on animal movements may 
also be incorporated into the scenario 
evaluation process. 

The ITS Institute team plans to con-
tinue working with the National Park 
Service and Denali National Park 
through 2013, gathering data and provid-
ing updated performance metrics and 
reports as well as developing new tools 
and helping park managers evaluate 
their transportation needs.

Editor’s note: This research was the 
cover story in the Fall 2010 issue of Park 
Science Journal, available online at 
www.nature.nps.gov/parkscience/index.
cfm?IssueID=24.
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International visitors tour U of M research labs

The ITS Institute and CTS showcased 
a variety of transportation-related at-
tractions at the 2010 Great Minnesota 
Get-Together. Visitors to the University 
of Minnesota building on August 27 
and September 3 chatted with CTS and 
Institute staff and checked out the latest 
transportation innovations.

Fairgoers of all ages played Gridlock 
Buster, an interactive traffic-control 
game designed by the ITS Institute and 
Web Courseworks. The game incorpo-
rates tools and ideas used by traffic en-

gineers every day to give players a taste 
of what it’s like to manage traffic flow. 
Since its original online posting, the 
game has been played 1.9 million times 
(see www.its.umn.edu/GridlockBuster).

Adult visitors viewed SafeRoadMaps 
.org, a powerful and visually innovative 
crash-mapping tool that maps every 
roadway fatality in the nation, down to 
the local level.

View photos at www.cts.umn.edu 
/Events/statefair/2010.

Institute at the 2010 Minnesota State Fair

Mike Manser, right, with visitors to the HumanFIRST facilities

Research administration director Linda 
Preisen, right, talked with fairgoers.
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model allow the system to work with 
multiple-lane traffic and with detectors 
that produce second-by-second data 
rather than event data. 

Travel-time estimation
For measuring the performance of a 
corridor or network, the key metric is 
travel time. Measuring travel time on 
signalized arterials is difficult because 
unlike the smooth traffic flow observed 
on highways under normal traffic condi-
tions, traffic on arterials is repeatedly 
interrupted by signal changes. 

SMART-Signal approaches this prob-
lem using the same sources of event-
based data to simulate the movements 
of a virtual “probe vehicle” along the 
arterial road. Data from individual inter-
sections are fed to a central processor to 
create an estimated model of the state of 
traffic along the entire route, including 
signal states and queue lengths. Once 
this model has been estimated in a simu-
lation system, a virtual probe vehicle is 
created and allowed to move along the 
simulated route. As the virtual probe 
moves, it can modify its own state in re-
sponse to the state of traffic around it by 
accelerating, decelerating, or maintain-
ing a constant speed at each time step as 
it encounters queues, traffic signals, and 

changes in traffic density. 
The virtual probe approach to travel 

time estimation actually benefits from 
traffic flow interruptions caused by traf-
fic signals, because differences between 
the trajectories of the virtual probe 
vehicle and a hypothetical real vehicle—
for example, if the virtual probe moves 
slightly faster than real-world traffic—
are corrected by stopping at a red traffic 
signal. In this way, even an error that 
has increased in size as the virtual probe 
passed through several intersections will 
be eliminated at a single blocked inter-
section. This error-correction property 
increases the robustness of the travel-
time estimation model and makes the 
result less sensitive to model parameters. 

Because of the variability of driver 
behavior in the real world, the travel 
time results of this estimation model are 
best expressed as an estimated interval 
of travel times. 

Implementation
SMART-Signal was first implemented 
on two arterial corridors in the subur-
ban Twin Cities metropolitan area: at 
11 intersections on France Avenue in 
Bloomington and Edina and six intersec-
tions on Trunk Highway 55 in Golden 
Valley, where the system’s ability to es-

timate queue lengths and arterial travel 
times was validated under real-world 
conditions. The system has also been de-
ployed at three intersections on Prairie 
Center Drive in Eden Prairie, Minn.

The success of the initial SMART-
Signal deployment garnered the 2009 
CTS Research Partnership Award for the 
researchers and agency personnel in-
volved in the development and imple-
mentation of the system. The University 
of Minnesota also filed a patent to 
protect the intellectual property on the 
SMART-Signal system in 2009. Recently, 
the University has issued a temporary 
license to Iteris Inc. in California for a 
demonstration project in Pasadena. 

In the current phase of research, 
Liu and his colleagues are focusing on 
the development of a new version of 
SMART-Signal hardware that will be 
easier to deploy and maintain. The pro-
totype system was not optimized for use 
by agency personnel. The new version 
is designed to integrate more easily with 
the new signal controller cabinets being 
used by Mn/DOT, and it also includes a 
graphical user interface for installation 
and maintenance. The next-generation 
SMART-Signal system will be installed 
and tested on two suburban trunk high-
way corridors.
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During the past summer, the ITS 
Institute participated in a variety of edu-
cational camps focused on introducing 
science and technology to more than 
200 elementary through high school-
aged students. Institute staff and gradu-
ate students gave tours of University of 
Minnesota labs and presented transpor-
tation-related demonstrations to partici-
pating campers.

On July 14, approximately 25 students 
from the Leech Lake Indian Reservation 
Transportation Camp visited the 
University of Minnesota. This program, 
in its second year, receives funding from 
the Federal Highway Administration’s 
National Summer Transportation 
Institute Program and is designed to 
encourage students ages 10 to 15 to 
explore careers in transportation-relat-
ed fields. As part of the visit, students 
toured the Institute’s Minnesota Traffic 
Observatory (MTO) and the Robotics 
Lab. ITS staff also taught visitors to play 
Gridlock Buster, the Institute’s traffic-
control game. 

Students attending the College of 

Science and Engineering’s Exploring 
Careers in Engineering and Physical 
Sciences Summer Camp also visited 
the University in July. This camp, of-
fered in five sessions, provided hands-
on instruction in engineering, science, 
and math to 55 students entering 
grades 10 through 12. ITS program 
coordinator Shawn Haag gave a traffic 
engineering demonstration during the 
July 12 and July 20 sessions. Students 
in the program also worked with 
University faculty, toured labs, and at-
tended panel discussions during their 
time on campus. 

The Institute also assisted the 
Center for Distributed Robotics and 
the Digital Technology Center with 
their Technology Day Camps. This 
program, organized by Center for 
Distributed Robotics director Nikolaos 
Papanikolopoulos and his graduate stu-
dents, brought 125 students to campus 
during four separate two-and-a-half-
day camps August 16–27. Attendees 
included primarily underprivileged stu-
dents ranging in age from 12 to 18. The 

Institute gave students virtual-reality 
demos in the MTO and taught students 
Gridlock Buster. A demo with Associate 
Professor Demoz Gebre-Egziabher of an 
uninhabited aerial vehicle and experi-
ments with robot building were among 
the other camp highlights.

On July 26 and August 23, the ITS 
Institute traveled off campus to a 
summer camp program at The Works 
museum in Edina, Minn. Two civil 
engineering graduate students, Michael 
Collins and Nicholas Ollrich, demon-
strated Gridlock Buster to kids in fourth 
through seventh grade.  

Tech camps bring pre-college students to campus

Technology Day Camp visitors toured the 
Minnesota Traffic Observatory.



The University of Minnesota is an equal opportunity educator and employer. This publication is available in alternative formats upon request; call CTS at 612-626-1077. Printed on recycled paper with 20% postconsumer waste.

A periodic publication from the Intelligent Transportation Systems (ITS) Institute

NONPROFIT ORG.
U.S. POSTAGE

PAID
MINNEAPOLIS, MN

PERMIT NO. 155

ITS Institute
University of Minnesota
200 Transportation and Safety Building
511 Washington Avenue S.E.
Minneapolis, MN 55455-0375

Phone: 612-626-1077
Fax: 612-625-6381  
E-mail: its@umn.edu
Web: www.its.umn.edu

Recently PublIshed ReseaRch
Available at www.its.umn.edu/publications/researchreports/ 

TechPlan: Planning and Policy for Intelligent Transportation 
Systems September 2010

The Interactions Between E-Shopping and Store Shopping: A 
Case Study of the Twin Cities August 2010, Report no. CTS 10-12

Determination of the Alert and Warning Timing for the Coopera-
tive Intersection Collision Avoidance System–Stop Sign Assist 
Using Macroscopic and Microscopic Data: CICAS-SSA Report #1
August 2010, Report no. CTS 10-31
 
The Design of a Minimal Sensor Configuration for a Cooperative 
Intersection Collision Avoidance System–Stop Sign Assist: 
CICAS-SSA Report #2 August 2010, Report no. CTS 10-32 

Macroscopic Review of Driver Gap Acceptance and Rejection 
Behavior at Rural Thru-Stop Intersections in the U.S.–Data 
Collection Results in Eight States: CICAS-SSA Report #3
August 2010, Report no. CTS 10-33 
 
Sign Comprehension, Considering Rotation and Location, Using 
Random Gap Simulation for a Cooperative Intersection Collision 
Avoidance System–Stop Sign Assist: CICAS-SSA Report #4
August 2010, Report no. CTS 10-34

Validation Study—On-Road Evaluation of the Cooperative 
Intersection Collision Avoidance System–Stop Sign Assist Sign: 
CICAS-SSA Report #5 August 2010, CTS 10-35

The impact of ITS technology 
on driver privacy, how school 
choice affects the environment, 
and how the Internet influences 
shopping travel are several 
topics explored in a recently re-
leased report by the Humphrey 
Institute of Public Affairs’s 
TechPlan Program.

TechPlan: Planning 
and Policy for Intelligent 
Transportation Systems discusses work to 
date on projects that have the potential to 
address long-term issues in transporta-
tion policy, says Frank Douma, TechPlan 
principal investigator and associate 
director of the Humphrey Institute’s State 
and Local Policy Program (SLPP).

“If you want to improve technology 
nationally, you need to consider the 
level of privacy protections,” Douma 
writes in the report. “There is a compli-
cated legal landscape to navigate for ITS 
developers and planners.”

TechPlan is a program housed 
within the SLPP and funded by 

SAFETEA-LU through the 
ITS Institute. The report can 
be downloaded at www.
its.umn.edu/Publications/
ResearchReports/pdfdown-
load.pl?id=1422.

In related news, transpor-
tation experts, scholars, and 
industry professionals from 
Minnesota and across the 
country gathered in July in 

Minneapolis for roundtable discussions 
of several TechPlan projects. In the an-
nual forum, “TechPlan: New Frontiers in 
Transportation Policy, Technology, and 
Planning,” researchers received feedback 
from forum participants about their cur-
rent research findings. The presenters 
and their projects were:

• Jason Cao, Humphrey Institute, 
“Benefit-Cost Analysis of Value 
Pricing: Case Study for MnPASS”

• Lee Munnich, Humphrey Institute, 
“Implementing Distance-Based 
User Fees as a Replacement for the 
Fuel Tax”

• Melissa Stone and Barbara Crosby, 
Humphrey Institute, “From Start to 
Finish: Cross-Sector Collaboration 
and the Urban Partnership 
Agreement”

• Tom Horan, Humphrey Institute, 
and Benjamin Schooley, Claremont 
Graduate School, “ITS and 
Transportation Safety: EMS System 
Data Integration to Improve Traffic 
Crash Emergency Response and 
Treatment—Phase II”

• Greg Lindsey, Humphrey 
Institute, “Understanding Use of 
Nonmotorized Transportation 
Facilities”

• Frank Douma, Humphrey 
Institute, “ITS and Locational 
Privacy: Suggestions for Peaceful 
Coexistence”

Max Donath, director of the ITS 
Institute, gave closing remarks.

For more information about the 
TechPlan Program, see www.its.umn 
.edu/ProgramsLabs/PolicyPlanning 
/index.html.

Study shows relationship between technology, public policy

Tom Horan


