
U of M researchers team up to develop new techniques 
the time the research began, existing 
visual tracking systems were not able 
to provide the necessary data, so K won 
contacted Associate Professor 
Nikolaos Papanikolopoulos of the 
Department of Computer Science and 
Engineering. With separate funding 
from the ITS Institute, 
Papanikolopoulos 
worked with Kwon to 
specify system require
ments and develop a 
portable, PC-based 
video-detection system 
to meet Kwon's needs. 

Papanikolopoulos' 
system uses a video 

database using data collected from 
loop detectors at those sites. To collect 
video data from these areas, Kwon 
worked with Mn/DOT engineers who 
assembled a mobile video recording 
system consisting of a special trailer 
with a 44-foot mast on which the video 

camera was mounted. 
From this elevated 
vantage point, the 
video camera was 
able to capture clear 
images of vehicles 
moving through 
weaving sections. 

F reeway entrance and exit 
ramps are often the chief 
contributors to difficult

to-solve traffic bottlenecks. Even the 
most basic entrance/exit "weaving sec
tions" involve complex vehicle inter
actions that are difficult for engineers 
to track as vehicles change lanes, cross 
paths with other vehicles, and merge 
with through traffic to enter or exit an 
expressway. Without the ability to 
track this movement, engineers cannot 
collect or accurately compute traffic 
data- such as driver behavior and real
time capacity estimates- and conse
quently, cannot accurately determine 
how to improve traffic flow in these 
areas. camera to capture Nikolaos Papaniko/opoulos 

The initial results 
of Kwon's research 
are promising. Kwon 

documented differences in driver lane
changing behavior for congested and 
free-flow conditions- behavior that 
suggests that the length of the merge 
lane is not a primary reason for limited 
capacity in weaving areas. Rather, 
Kwon was able to quantify theories 
that the speed of merging flow is very 
close to that of exiting flow, and that 
the downstream conditions, such as the 
geometry of the exit r11mp, directly 
affect the speed of the merging vehi
cles. 

Historically, little research has been 
done to address those particular needs. 
However, a recent project at the ITS 
Institute has made great strides in 
learning more about weaving areas. In 
a project funded by the Minnesota 
Department of Transportation 
(Mn/DOT), Dr. Eil Kwon, advanced 
traffic systems program director of the 
ITS Institute at the Center for 
Transportation Studies and adjunct 
professor in the Department of Civil 
Engineering, has developed an 

Ei/Kwon 

improved pro
cedure for esti
mating time
variant capacity 
in weaving sec
tions. 

Kwon's re
search required 
the ability to 
accurately track 
vehicles and 

measure speeds and locations of both 
merging and diverging vehicles as they 
change lanes in a weaving section. At 

images of vehicles moving through the 
selected weaving sections. Once the 
video data are collected, the software 
uses recursive filtering to remove 
invalid measurements, and advanced 
segmentation techniques to extract the 
vehicle images and remove unneces
sary background objects, enabling 
accurate computation of velocity and 
trajectory for as long as the vehicle is 
present in the image. The system has a 
user-friendly interface that allows the 
videotaped images, along with a few 
geometric parameters such as lane 
width, to be fed into a PC. The system 
will then output the weaving data in 
the form of a spreadsheet. To check the 
accuracy of the computation, engineers 
manually counted and tracked vehicles 
as they changed lanes within a speci
fied frame, and then compared that 
information to that of the computation
al algorithm. 

Once the software was complete, 
Kwon began his study by selecting six 
weaving sites throughout Minneapolis
St. Paul, Minn. He then developed a 

Based on the results from weaving 
behavior analysis, Kwon developed an 
adaptive procedure that can estimate 
the maximum possible weaving vol
ume of a simple ramp-weave section 
through time with reasonable accuracy. 
This type of accurate information will 
allow traffic managers to better control 
traffic flow in weaving areas, and in 
turn, improve congestion problems 
throughout the freeway network. 

K won and Papanikolopoulos are 
now moving toward the next phase of 
the weaving area capacity study sched-

ITS Institute partners with Fond du Lac Tribal and Community College 

T
he ITS Institute was a partner in the Summer 
Transp01 tation Institute hosted· this sununer 
by the Fond du Lac Tribal and Community 

College (FDLTCC). The summer institute ran for four 
weeks between July 17 and August 18. 

The National Summer Transportation Institute (NSTI) 
is funded by the U.S. Federal Highway Administration 
(FHWA). The NSTI provides career orientation and edu
cational experiences to motivate secondary school stu
dents toward college education and professions in the 
field of transportation by exposing them to a variety of 
academic experiences. Over 2,000 secondary school stu
dents have completed the national program hosted by 30 
colleges and universities in 23 states. 

During the ITS Institute-sponsored tour, the students 
were exposed to ITS research and applications. A pres
entation describing intelligent transportation systems put 
ITS into context with day-to-day living experienced by 
the students. The explanation of research projects cur-

rently underway at the Institute helped the students 
understand the future of transportation and the role tech
nology will play. The students were also given a tour of 
Mn/DOT's Traffic Management Center, where they were 
able to see first-hand how vital technology is to the trans
portation system. 
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uled to begin in November 2000. 
"In phase two, we'll study weaving areas 

that have multiple lane-changing patterns," 
explains Kwon. "The video detection tool 
developed by Nikolaos' group will be used 
extensively to collect vehicle trajectory data 
in those areas, and we'll use the estimating 
model developed in phase one to analyze 

these more complex types of weaving areas 
in the Twin Cities area." 

Besides the benefit it provides Kwon in 
his work, Papanikolopoulos' vehicle-track
ing system can also be used to monitor 
vehicle and pedestrian interactions at com
plicated urban intersections and possibly to 
predict situations that may evolve into acci
dents. By working together, Kwon and 

Zooming in on better electronic images 

C igital imaging is one of the most 
important techniques for dis
tributing information about the 

transportation system. The use of high-res
olution digital images is 
hampered, however, by the 
low speed of typical 
Internet connections. Even 
with the gradual arrival of 
high-speed, high-band
width connections, deliv
ering large and detailed 
photographic images over Vladimir 

the Internet continues to be Cherkassky 

a challenge. But current research by 
Vladimir Cherkassky, professor of electri
cal engineering at the University of 
Minnesota, may improve the situation. 

Mn/DOT's Office of Land Management 
(OLM) is funding the project, Image 
Compression for Storage and Transmission 
of Digitized Images, with the goal of devel
oping a superior method for the storage and 
delivery of large images in electronic form. 
Specifically, the OLM hopes to use tech
niques developed by Cherkassky's team to 
make aerial photographs and other large, 
complex images available to users over the 
Internet. An additional benefit would be 
smaller electronic files that require less 
storage space. 
The need for image compression 

Although the words you are reading can 
be stored on a computer as a relatively 
small text file, representing a complex visu
al image such as a photograph in electronic 
form requires processing and storing a huge 
amount of data. As the maximum display 
size of the image is increased, the amount 
of data required increases. 

For this reason, most digital image for
mats rely on some type of compression to 
keep image files small enough for conven
ient use. Images are compressed by special
ized mathematical operations; the ultimate 
goal is to reproduce as much detail as pos
sible while reducing the total amount of 

information that must be encoded in the 
image file. 

Cherkassky's research focuses on 
improving the mathematical methods com
puters use to compress images. His group 
compared two methods of image compres
sion: Discrete Cosine Transform (DCT) and 
Discrete Wavelet Transform (DWT). The 
JPEG and MPEG image formats popular on 
the World Wide Web implement the "tradi
tional" DCT method; the DWT method is 
less widely used. 

"Accessing large image files over the 
Web requires image compression capabili
ty, zooming capability, and incremental 
transmission capability," Cherkassky says. 
"Our research addresses all these issues and 
their practical software implementation." 

"The results of this 
project will have implica
tions far beyond its use 

for the Office of Land 
Management." 

While both methods offer similar per
formance in terms of compression ratio, the 
DWT or "wavelet" method attracted the 
researchers because it could be used to 
selectively decompress parts of the image 
selected by the viewer- in effect, allowing 
viewers to "zoom in" to examine small 
details, or zoom back out to view large 
areas. 

This zooming functionality is particularly 
important to Mn/DOT, because it will great
ly enhance a remote user's ability to navi
gate and search aerial photographs. Using 
traditional compression methods, the entire 
image would have to be decompressed to 
view it at maximum resolution. 

The first phase of the research project 
involved adapting a commercially available 
software package that uses DWT compres
sion to meet the specific needs of the OLM. 
A prototype system is currently operational, 
providing a limited number of sample aeri-

Papanikolopoulos have developed engi
neering tools that can improve the design of 
weaving sections and may potentaially 
reduce accidents and improve traffic flow. 
Since traffic delays and accidents cost the 
economy real dollars and cents, their work 
has far-reaching financial implications. 

al images via a Web site. Users can click on 
an image to zoom in through several steps 
of magnification, without seeing significant 
loss of detail. 

For phase two, Cherkassky and his team 
are focused on developing their own DWT 
algorithm, incorporating another important 
feature: incremental compression, or the 
ability to transmit a low-resolution version 
of an image and follow up with progres
sively more detail. This capability, not 
offered by the commercial software used in 
phase one, will be especially important for 
the rapid distribution of large images over 
the Internet. 

The new compression algorithm 
Cherkassky's team is developing must ful
fill a difficult mission: reduce electronic file 
size while maintaining image quality, and 
also allow for progressive transmission and 
incremental compression of large images. 

To accomplish this, Cherkassky is build
ing his new algorithm around an approach 
called wavelet thresholding, which has 
been widely studied by researchers and 
shown to outperform traditional linear 
approaches to image compression. The term 
"thresholding" refers to the method of dis
carding signal information below a speci
fied threshold, thereby reducing electronic 
"noise" which does not add to image quali
ty but takes up valuable space in the elec
tronic file. The new compression algorithm 
will be a unique implementation of wavelet 
thresholding, with innovative approaches to 
encoding the signal and setting the thresh
old level. 

In a world increasingly reliant on elec
tronic media for the exchange of informa
tion, the work ofCherkassky's team has far
reaching implications, since transmission 
and compression of large image files is a 
common task in many applications. 
Ultimately, much of the visual material 
transmitted over the Internet will benefit 
from better compression schemes. 
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