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Monitoring activity in publlc places

ince the events of
September 11, the sur-
veillance of public

spaces has taken on greater impor-
tance and urgency. As video cameras
are increasingly used at vulnerable
areas—bridges, seaports, and poten-
tially on airplanes—the volume of
video data generated will be enor-
mous. It simply won’t be feasible for
human operators to monitor and
evaluate it all.

According to Professor Nikolaos
Papanikolopoulos, of the University’s
Department of Computer Science,
autonomous vision-based systems are
ideal for monitoring human activities
in public places because they are
more “attentive” than a human. A
computer system could be used to
first screen data, then highlight signif-
icant cases for human operators to
evaluate.

Such systems have the potential to
play a major role in national security,
Papanikolopoulos said. But first, he
and research associate Osama
Masoud had to test the concepts on a
smaller scale.

Metro Transit, the transit system
for the Minneapolis-St. Paul metro-
politan area, has a problem with ille-
gal activities—specifically, drug
dealing—at certain bus stops. Drug
dealing is typically characterized by
individuals loitering at a stop,
and tends to move from bus stop

Osama Masoud and Nikolaos
Papanikolopoulos

to bus stop depending on factors
such as police presence. What
Papanikolopoulos proposed develop-
ing for Metro Transit was a vision-
based system that would identify
individuals from a video feed at a
bus stop and track how much time
they spend there.

Drawing on his and Masoud’s earli-
er work on human detection and
crowd monitoring, Papanikolopoulos,
along with graduate students
Guillaume Gasser and Nathaniel
Bird, developed such a system.
Across the street from a busy bus stop
on the University of Minnesota cam-
pus, the researchers installed a video
camera to watch people come and go
at their test site.

The system in action
Papanikolopoulos points out that
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their system uses standard equip-
ment: an off-the-shelf video camera
and a computer equipped with a
Pentium 4 2.66 GHz processor and 1
GB main memory running Mircrosoft
Windows 2000. The monitoring
process itself is divided into three
distinct phases: background subtrac-
tion, object tracking, and human
recognition.

Background subtraction involves
separating the background scene
supplied by the video feed from the
foreground. By comparing each new
frame in a video sequence to a back-
ground model of the scene (without
activity), the system can detect mov-
ing objects. These objects (represent-
ed by groups of pixels) are then sep-
arated from the background image
and tracked. However, static back-
ground subtraction, while working
fairly well in controlled environ-
ments, does not work as well for
continuously changing environments
such as those found outdoors—and
in this case, at a bus stop, the
researchers note. A wide range of
possible lighting conditions, the
existence of shadows, and objects
such as street signs that can block the
view of a given individual are just
some of the problems that must be
addressed. “I can give you a system
that will work perfectly in a con-
trolled environment, but outdoors,

Continued on back page

portation community in several ways,
including as a teaching assistant in
several transportation and traffic engi-
neering courses. Dr. Gary Davis, a pro-
fessor in the Civil Engineering depart-
ment who has worked closely with
Sanderson, describes her as a “can-do”
person and a natural leader. Sanderson
has demonstrated her leadership abili-
ties as vice-president of the North
Central Section of the Institute of
Transportation Engineers student
chapter, as president of the Minnesota
chapter of Women’s Transportation

interested in transportation.
Sanderson has also been involved

Seminar, and by spearheading efforts to create the
Interdisciplinary Transportation Student Organization
(ITSO), now a valued networking group for students

Sanderson named Student of the Year

Katherine (Kate) Sanderson, a graduate student
enrolled in the University of Minnesota’s Civil
Engineering Ph.D. program, received the ITS Institute’s
2003 Outstanding Student of the Year Award.

Sanderson has served the University and the trans-

Max Donath, Kate Sandersn, and Gry
Davis at the TRB annual meeting

in a variety of

research efforts at the University. Her thesis research

attracted attention for her findings on the extent of high-
way expansion needed to accommodate future travel
demand, and was featured on local television news and
in a newspaper editorial.

Sanderson received the award in January at the

' || and talent, gave me the opportuni-

L and enabled me to attend the TRB

Sanderson is currently working as a transportation
engineer at URS Consultants in Minneapolis. Previously,
she received her bachelor of engineering from the
University of Sydney, Australia, and her master of sci-
ence at the University of Minnesota.

Transportation Research Board
83rd Annual Meeting in
Washington, D.C. “T am honored
that the ITS Institute, an organiza-
tion with such a range of activities

| ty to travel to Washington, D.C.,

conference,” she says. “The con-
ference is a huge event on the
| transportation calendar, and a
great place to meet people with
similar interests and learn from the
technical sessions and posters.”
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Transit spaces from front page

it’s a big challenge,” Papanikolopoulos
says. So the researchers used a method
based on an adaptive background modeling
and subtraction technique known as non-
parametric kernel density estimation,
which is able to detect moving objects in
outdoor environments with respect to
changes in the background like changing
illumination.

Object tracking. To enable the system
to track objects in real time—here, people
as they walk around a bus stop—the
researchers developed algorithms to recog-
nize pre-specified actions. Motion is
extracted directly from an image sequence,
and motion information is calculated using
an Infinite Impulse Response (IIR) filter.
Then, an algorithm compares this action
with other actions that have been entered
into a database, finds the best match, and
labels or classified the action accordingly.

Although the method is limited by the
scope of its action database, it does seem
promising for identifying well-defined
behaviors, Papanikolopoulos says.

As individuals enter the scene, the system
assigns each a unique number and creates a
database of these individuals. Because pres-
ence history information is generated for
each target, the system can recognize indi-
viduals who leave the scene and return later.
This is an important aspect for this particu-
lar application because individuals dealing
drugs at a bus stop may come and go.

Human recognition. Research in the area
of biometrics has produced various methods
for identifying specific people, such as fin-
gerprint and face recognition. For the pur-
poses of the bus stop monitoring project, the
researchers chose a short-term biometric
technique—clothing color.

The system’s human recognition module
segments the image of an individual into
three portions corresponding to the head,

Indeed, shadows present the [
most difficult challenge for this |
type of work, Papanikolopoulos
says. Although the researchers
have been able to address most
of the problems with shadows, §
one remains: an individual wear-
ing black clothing who casts a
shadow. “This is difficult even
for the human eye to separate,” |
Papanikolopoulos says. Most of
the current literature and tradi-
tional approaches offer no solu-
tion, he adds, although he is

=

hopeful about the progress
being made in this area.

Results of the researchers’ test
showed that the system could
successfully track individuals in sparsely-
populated outdoor scenes, with limited
occlusion, in near real time. The human
recognition algorithm was tested with a test
set of 21 people with between three and
nine images for each person (106 images
total). By checking all possible combina-
tions in this test set, the algorithm demon-
strated an accuracy of 82 percent. The sys-
tem was also robust in handling image size
changes due to differences in perspective as
an individual walked across the scene,
Papanikolopoulos says.

What’s next
Papanikolopoulos says future work could
include improving the segmentation of body
portions to better recognize individuals who
have appeared in a scene previously, and
using optical flow to determine which part
of an image corresponds to head. torso, and
legs to help identify individuals by improv-
ing median color recognition for those areas.
Expanding the system to recognize certain
behaviors—such as stretching for extended
periods of time without ever jogging, or
leaving a package unattended—is also a pri-

As individuals enter the scene, each is assigned a unique num-
ber. Besides monitoring their activity, the system can recognize
those individuals who leave the scene and then return.

ority, Papanikolopoulos says, especially
since the Department of Homeland Security
(DHS) has recently expressed interest in the
research for the purpose of detecting securi-
ty threats. The National Science Foundation,
acting as the manager on the project for the
DHS, is funding continued work on the sys-
tem for national security applications—
specifically, threat detection. The plan is to
deploy the system at a transit stop in
Philadelphia in early 2005.

Defining what constitutes a threat, or
threatening behavior, may be the toughest
issue, Papanikolopoulos admits. “For me,
this is one critical question that we need to
answer. Can we learn suspicious activity?”
he says. One aspect may be detecting anxi-
ety in an individual. While that may be pos-
sible (using infrared technology with video
cameras), it may be difficult to judge
whether the anxiety is due to a person’s fear
of flying or from the intent to commit an act
of terrorism, for example.

If the potential uses for a system like this
are numerous, so are the issues raised,
Papanikolopoulos says. A major retailer
could monitor customers’ shopping behav-
ior. Law enforcement could

torso, and legs. Using the medi-
an color of each of these regions,
two people can be quickly com-
pared to see if they are the same
person. Drawbacks to this
method include recognizing indi-
viduals who are dressed alike,
individuals who remove articles
of clothing such as an overcoat,
and people who cross into areas
of deep shadows,
Papanikolopoulos says.

ITS research in spotlight at conference

TS Institute research underway at the University of Minnesota

will be showcased at the 13th Annual Transportation Research
Conference, to be held May 4-5 at Saint Paul RiverCentre, St. Paul,
Minnesota. Session themes include technologies for modeling,
managing, and operating transportation systems; human perform-
ance and behavior; and computing, sensing, communications, and
control systems. Researchers will be on hand to discuss their work
and answer questions.

For more information about the conference or to register, visit
www.cts.umn.edu/events/rescon/index.html.

watch for impaired drivers.
Auto insurance companies
could analyze driving behavior.
“As long as we have video
feeds, someone is going to
exploit this information and
extract data,” he says. “Where
we draw the line is...a critical
question for our society.”
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