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Traffic congestion is an increasingly 
serious problem for many of the world's 
urban areas. As a result, estimating trav
el demand has become a critical priority 
to manage ever more congested traffic. 

Success in employing ITS strategies 
depends not only on the availability 
of high-quality, real-time information 
about traffic conditions, but also on 
prediction models that make it possible 
for traffic managers to anticipate the 
response to proposed actions. At the 
ITS Institute, a research group led by 
David Levinson, an assistant professor 
in the civil engineering department, has 
developed a practical model to describe 
the interaction between travel demand 
and traffic flow phenomena. 

Since most traffic models use an 
Origin-Destination (0-D) matrix as the 
basic description of travel demand, it 
was necessary to generate estimates 
of 0-D matrices. Levinson's research 
further developed methods to estimate 
0 -D demand from traffic counts for use 
in simulating traffic in freeway sections 
and corridors. 

A transportation engineering 
challenge 
The process of demand estimation is an 
attempt to understand and predict the 
behavioral patterns of individuals- i.e., 

the choices made on routes and trips. 
Over the years, many techniques have 
evolved to estimate travel demands. The 
reason is that many traffic management 
methods rely on simulation for develop
ment and testing, creating a need for a 
travel demand estimation model that can 
be used in these simulation applications. 
However, traffic simulation is only as 
good as its input data, and it is impos
sible to inexpensively measure entry
ramp to exit-ramp flows, which would 
be particularly useful for testing ramp 
metering control strategies, Levinson 
says. 

Prior research led by Gary Davis 
(also with the CE department) and sup
ported by the Minnesota Department 
of Transportation and the University 
produced a viable method for estimat-

ing freeway 0-D patterns from loop 
detector data and led to the development 
of microscopic traffic simulation. In 
1997, Institute researchers developed a 
laboratory environment for traffic analy
sis where various roadway design/oper
ational alternatives could be evaluated 
with state-of-the-art traffic simulators 
under an integrated database-simulation 
environment. Existing freeway simula
tion models with detailed traffic data, 
collected using machine-vision and loop 
detection systems, were evaluated, and 
one macroscopic and one microscopic 
model were selected. These models have 
an integrated user interface and can 
share basic data. 

According to Levinson, past traffic 
simulations of freeway sections used 
traffic counts (on-ramp and off-ramp) 
and splitting factors (the percent of 
traffic exiting at a particular off-ramp) 
to determine demand and calibrate the 
simulation. While traffic count data are 
adequate for certain applications, they 
are ineffective for more complex appli
cations such as freeway/arterial corri
dors, freeway networks, or even freeway 
sections that have major changes such as 
a closed off-ramp. In those cases, 0-D 
data are required. Unfortunately, 0-D 
data are not routinely collected. 

Travel demand continued on back 

A safer way to multi-task 
Can a single knob make your car 
safer? Professor William Durfee 
of the Department of Mechanical 
Engineering thinks the answer is 
yes. Durfee is currently conduct
ing research on a new type of con
trol interface that aims to reduce 
driver distraction by consolidating 
many non-critical contr.ol func
tions in one multi-purpose knob 
that behaves differently depending William Durfee 
on how it is being used. 

Driver distraction due to a complex control interface 
is becoming more problematic as car manufacturers add 
new electronic features for in-vehicle communication and 
navigation. One potential way to reduce the driver's cogni
tive load is to consolidate secondary controls into a single 
multi-function device while leaving controls for critical sys
tems on the dashboard. In 2001, German automaker BMW 
introduced just such a system in its 700-series vehicles; 
dubbed "iDrive," it features a single large knob next to the 
brake lever and a computer-like monitor in the dashboard. 
Reaction to the system has been mixed, however, with many 
drivers finding that the interface is not intuitive. 

Durfee's work aims to advance the multi-functional 
control concept by designing a knob that exhibits different 
"personalities" depending on the function it is performing. 

For example, the knob might present clicking detents when 
changing radio frequencies, but tum smoothly when adjust
ing temperature. A computerized servomotor system within 
the dashboard would emulate friction, resistance, and other 
sensations experienced when using a conventional knob. 

In order to determine optimal haptic characteristics 
for different control functions, Durfee and his collabora
tors have constructed a unique experimental apparatus. It 
consists of an unassuming knob connected to a computer
controlled servomotor that emulates a variety of haptic 
feedback in real time, while a second computer provides 
auditory feedback, such as the "scratch" of friction or clicks 
as the knob turns. To create a more realistic testing environ
ment, a video monitor in front of test subjects shows the 
knob as it would appear when installed in a control panel. 
The testing knob itself is mounted on a specially colored 
background, which a third computer digitally replaces with 
a virtual dashboard. 

Results from the enclosure simulations will be used to 
incorporate a servomotor-controlled knob into the dash
board of a STISIM virtual driving simulator, enabling 
researchers to test the advantages of different feedback 
characteristics in a realistic driving environment. Durfee 
hopes this creative use of simulation technology will lead to 
a better driver interface for future cars, helping drivers keep 
their minds on the road. 

- Peter Nelson 

HUMAN-CENTERED TECHNOLOGY TO ENHANCE SAFETY AND MOBILITY 
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Application to real-world traffic 
The research done by Levinson's team devel
oped methods to estimate 0-D demand from 
traffic counts for use in traffic simulation 
of freeway sections and corridors. The 
objectives of this research were twofold: to 
develop and implement a methodology for 
estimating 0-D demand using available data 
from traffic counts and to apply that method 
to estimate demand on specific, real-world 
corridors. 

The research team went through this pro
cess twice using different strategies each 
time. The first work, prepared as part of the 
master's thesis of student Satya Muthuswamy, 
developed an off-line method using a traffic 
flow model embedded in a search routine. 
The traffic flow model- the microscopic 
traffic simulator AIMSUN- is used in many 
traffic simulation applications in the Twin 
Cities. The search routine, which aimed 
to minimize error between estimated and 
observed traffic counts, was a gradient-based 
optimization algorithm, MINOS. These two 
programs were interfaced to estimate an 0-D 
matrix. When posed this way, the problem 
was highly non-linear and non-smooth, and 
the optimization routine found multiple local 
minima but could not guarantee a global min
ima. The system exhibited "sensitive depen
dence on initial conditions." 

However, with a number of starting "seed" 
matrices, an 0 -D matrix with a good fit in 
terms of reproducing traffic counts can be 
estimated. The results do depend on initial 
conditions, which is why multiple matrices 
need to be used. The experiments indicated 
that mainline counts were the largest source 
of traffic in the 0-D estimation. The qual
ity of the estimates improved as the error 
(introduced due to the discrepancy between 
AIMSUN and the real-world process that 
generates the on-ramp and off-ramp counts) 
was reduced. 

Learning from the first 
The second iteration of the research benefited 
from what was learned in the first. This work, 
which formed the basis of the master's thesis 
of student Yao Wu, examined several meth
ods for estimating 0-D matrices for freeways 
using loop detector data. Least-squares-based 

methods were com
pared in terms of both 
off-line and on-line 
estimation. Simulated 
data and observed data 
were used for evaluat
ing the static and recur
sive estimators. 

For off-line estima
David Levinson 

tion, four fully con
strained least-squares methods were com
pared. The results showed that the variations 
of a constrained least-squares approach pro
duced more statistically efficient estimates. 
For on-line estimation, two recursive least
squares algorithms were examined. The first 
method extended Kalman filtering to sat
isfy the natural constraints of the 0-D split 
parameters (the proportion of traffic from a 
particular on-ramp exiting at other on-ramps 
must sum to 1). The second was developed 
from sequential quadratic programming. 
These algorithms showed different capabili
ties to capture an abrupt change in the split 
parameters. 

The off-line method has great appeal due 
to its simplicity, Levinson says. Also, the 
method does not need an a priori start solu
tion- multiple starting solutions are gen
erated using the data set. The greater the 
ability of AIMSUN to match the actual 
model that generated the data set, the more 
performance improves. Experiments on the 
first test site yielded interesting findings 
related to mainline dominance and iden
tifiability. Modifications to the traditional 
objective function have been proposed aml 
the two-step optimization seems promising. 
Also, the use of a micro-simulation makes 
the evaluation of the estimates better because 
counts as well as other system statistics can 
be compared. 

What's next? 
Future work could enhance the performance 
of the microscopic traffic simulator with 
better calibration, Levinson says. In addi
tion, the new modifications to the traditional 
objective function, the two-step optimization, 
and the new objective function need to be 
investigated. Finally, the identifiability issue 
of insufficient information in the off-ramp 
counts can be investigated by experimenting 

with alternate sites that have additional infor
mation, like a small network with turning
movement volumes (at intersections, traffic 
at a point may go three ways- forward, left, 
or right- as opposed to a freeway network 
where at most junctions drivers have only 
two choices-exit or do not exit). 

- Jeanne Engelmann 

Mark your calendars for fall 
transportation seminars 
The ITS Institute has set the schedule for 
its Fall 2004 Advanced Transportation 
Technologies Seminar Series. 

Seminar dates are Sept. 14 and 28, Oct. 
12 and 26, Nov. 9 and 23, and Dec. 7. 

Seminars will be held from 3:35-4:30 
p.m. at two University of Minnesota 
locations: Room 108 Mechanical 
Engineering Building (Twin Cities cam
pus) and Room 410 Library (Duluth 
campus, via videoconference). 

The series provides updates on 
research projects in the ITS Institute's 
core science and technology areas
human factors, intelligent vehicles, traf
fic modeling and management, sensing, 
communications, and controls. Research 
projects cover a wide range of disci
plines such as mechanical engineering, 
electrical engineering, human factors, 
computer science and engineering, and 
civil engineering, among others. 

An additional benefit offered by the 
seminars is one Professional Development 
Hour (PDH) for attendees per seminar. 
Attending the entire series is an easy way 
for working professionals to earn seven 
PDHs. The seminars, however, are open 
to anyone interested in learning more 
about technology and transportation. 

For more information, check the 
Institute's Web site at www.its.umn.edu 
/seminars/index.html. Topic and speaker 
information will be listed as it becomes 
available. To receive e-mail announce
ments about the seminars, contact the 
Institute at its@tc.umn.edu. 

For details on past seminars, see 
the series archive at www.its.umn.edu 
/seminars/index.html#arch. 
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