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Research observes final seconds before crash 

T he statistics they recite 
are chilling: over 40,000 
persons killed and 3 mil

lion injured each year in motor vehi
cle crashes. So researchers at the 
Human Factors Research Laboratory 
(HFRL), a facility of the ITS 
Institute, are investigating what hap
pens to drivers in the few seconds 
immediately preceding a crash with 
the hope that what they learn can 
someday save lives. 

"That's the true value of ITS
improving safety," says Peter Hancock, 
professor of kinesiology/leisure studies 
and psychology and director of research 
for the HFRL. 

With one of their latest projects, an 
HFRL research team led by Hancock is 
trying to discover how drivers react in 
the last vital seconds before a collision, 
and from this learn how general 
warnings could be communicated to 

drivers to promote avoid
ance behavior. 

Since many crashes 
involve multiple vehicles, 
the researchers chose to 
study the interaction between 

Hancock two drivers in accident-like
ly situations. Using vehicles with pre
determined confliction paths would not 
capture that critical interaction, so they 
created a simulation environment in 
which two individuals could each drive 
within the same virtual environment, 
seeing and reacting to each other's 
behavior in real time. 

This arrangement is possible because 
the HFRL has a "link simulation facili
ty." What that means, explains research 
assistant Selma de Ridder, is that the 
lab's wrap-around simulator, a 360-
degree immersive simulation environ
ment, is networked with a flat-screen 
simulator to allow research using two 
independent drivers. 

"As far as we know, no one else is 
doing this," says de Ridder. Other facili
ties typically use models of another car 
or an obstacle in the road, she says. 
"Having both cars driven by a real per
son ... more [closely] resembles the real 
world." 

The researchers used a pair of drivers 
in which neither individual knew of the 
other's presence in the experiment. On 
cue, the researchers coupled the two 
drivers in the same world, consisting of 
two different simulated scenarios: one 
where the two drivers met at an 
unsignaled intersection, and the other, 
where they met at the top of a hill. 
Normal driving in these circumstances 

ITS Institute to expand program at UMD 

put each driver into a 
conflict situation that 
required immediate 
mutual avoidance. 

Having complet-
IZill:i-:tlti1o ed their initial exper

iments, "the most 
interesting thing is 
that we've been able 
to set up an accident
likely situation ... that 
evokes real respons

es from drivers," de Ridder says. 
The researchers used measures of 

collision-frequency, closest point of 
approach, swerve and brake behavior, 
and gas pedal usage to quantify the reac
tions of the different drivers. More 
specifically, these methods entailed the 
analysis of three potential action strate
gies: swerving, braking, and application 
of the gas pedal (positive or negative). 
Swerving, braking, and applying the gas 
pedal were classified as active reactions, 
releasing the gas pedal as an intermedi
ate active reaction (waiting), and taking 
none of these actions as a passive reac
tion. The researchers plotted and exam
ined the 20 seconds before, during, and 
after the accident-likely situation and 
calculated the closest point of approach 
and the point of first possible sight for 
the two cars. By examining the kinemat
ic traces of steering and speed, the 
researchers determined at what point 
each of the cars responded to the immi
nent collision situation. They were then 

continued 

T
he University of Minnesota, Duluth (UMD), is 
increasing its involvement in ITS-related research 
and education activities, thanks in part to efforts by 

the ITS Institute. Two ITS Institute staff, Dr. Eil Kwon and Ed 
Fleege, are currently working with faculty at UMD to identify 
transportation issues in the Duluth region and to develop ITS
related research proposals that address those issues. 

Fleege was instrumental in the development and subsequent 
deployment of the Road/Weather Information Systems 
(RIWIS) network across the state. 

Kwon, the Institute's program director of advanced traf
fic systems, has been appointed the 3M McKnight 
Distinguished Visiting Professor in Technology 
Development by the College of Science and Engineering at 
UMD for spring semester, January through May 2000. 
Kwon, who is also an adjunct faculty member in the civil 
engineering department on the Twin Cities campus, con
ducts research activities at the Institute in the areas of 
advanced transportation management/information systems, 
including traffic modeling and simulation, adaptive control, 
real-time traffic operations, and capacity estimation. 

Fleege, a civil engineer recently retired from the 
Minnesota Department of Transportation (Mn/DOT), has 
been hired by the Institute to work with UMD faculty. In 
this role, Fleege will serve as a vital link between the 
University and Mn/DOT, providing a Mn/DOT perspective 
on operations and maintenance research needs while still 
working closely with Mn/DOT in the deployment of sever
al Transportation Operation and Communications Centers. 

K won and Fleege both have experience working on 
Mn/DOT research projects-experience that will help them 
work with Mn/DOT and other local agencies to identify 
both research needs and the appropriate researchers at UMD 
to address them. Kwon and Fleege, however, are not start
ing from ground zero. Although UMD has not had a tran~
portation engineering research/education program, ''the 
electrical and computer engineering (ECE) department has 
been actively involved in developing advanced transporta
tion information systems, such as RIWIS and the Pavement 
Condition Reporting System," Kwon says. "Further, the 
ECE faculty possesses a strong background in telecommu
nications and computing--key components of ITS." 

Ultimately, the goal of the UMD program is to comple
ment the activities of the Twin Cities' Institute by address
ing the unique issues in Duluth and nonmetro areas, such as 
weather-related sensing and safety issues. "Developing bal
anced ITS research programs at both UMD and the Twin 
Cities, and promoting an active collaborative working envi
ronment between the faculty at both campuses, will lead to 
more coordinated ITS research activities in Minnesota, 
which will benefit the entire state," Kwon says. 
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Crash research from page 1 
able to categorize the behavioral responses of 
the drivers as active, intermediate active, or 
passive by observing brake and gas pedal 
usage between the point of first possible sight 
and the point of closest approach. 

Each driver's response was recorded at 
15-20Hz. The results indicated that the cru
cial temporal window for interactive colli
sions in which the drivers' mutual actions 
negate their avoidance intentions is between 
two and five seconds mutual viewing time. As 

a result, the researchers discovered that the 
hill situation they created afforded too little 
viewing time. Since the participants had only 
one and a half seconds to react, they exhibited 
a random pattern of actions: about half steered 
to the right, half to the left, and none braked. 

"What that tells us is that if drivers have 
too little time to react, then maybe a [colli
sion avoidance] system should take over," 

de Ridder says. 
If a driver has more reaction time, perhaps 

the car's system can issue a warning or sug
gest a maneuver to avoid the accident, de 
Ridder says. However, the warnings them
selves must be carefully considered, since cer
tain warnings at critical times might induce 
panic, she adds. The future of this research 
will involve using the knowledge ofhow driv
ers naturally avoid collisions in order to 
implement ITS technologies in vehicles that 
help, rather than distract, drivers. 

New technology may improve safety for pedestrians 

Y
ou're crossing the street at a busy 
intersection when, half way to the 
other side, the signal changes from 

"Walk" to "Don't walk" and you're caught in 
the path of oncoming cars. 

A new system developed by researchers at 
the University of Minnesota may solve that 
problem by automatically detecting pedestri
ans in a crosswalk and extending the walk sig
nal (and stopping traffic) until they've safely 
cleared it. 

"We believe we can help prevent acci
dents," says associate professor Nikolaos 
Papanikolopoulos of the Department of 
Computer Science and Engineering, who, 

Tracking pedestrian speed and direction in the 
crosswalk. 

with graduate student Osama Masoud, creat
ed the system. The idea, Papanikolopoulos 
says, came from Gary Ries, traffic signal 
engineer at the Minnesota Department of 
Transportation (Mn/DOT), who was familiar 
with Papanikolopoulos's previous research on 
video-based detection of cars. Ries proposed 
developing a similar method for pedestrians 
that improved upon the drawbacks of current 
devices. 

"I thought something better might be pos
sible," he says. Ries explains that most traffic 
signals respond to vehicles and adjust accord
ingly. However pedestrians, unlike cars, are 
not automatically detected, nor does pedestri-

an signal timing vary based 
on individual pedestrian 
needs. Ries says that while 
many pedestrians easily cross 
a street in the time allowed, 
others, particularly the elder
ly and the disabled, need 
more time. 

This system, says Ries, 

system produces a sequence of 
difference images by separat
ing the figure pixels from the 
fixed background image. 

will not only improve safety Nikolaos Papanikolopoulos 

These difference images 
are then passed on to the sec
ond level, where they are seg
mented to obtain "blobs." In 
this level, the system tracks 
blobs, without regard to what 
or whom they represent, then for the pedestrian, but will 

also improve the efficiency and flow of vehic
ular traffic at intersections. 

How it works 
Although detecting pedestrians in a cross

walk is easy for the human eye, performing 
the same task with a computer requires a com
plex program that can detect moving objects. 
For this, the researchers use a regular video 
camera to collect data and a Pentium-based 
PC with a Matrox Genesis board to process it. 

The camera, mounted in an arbitrary posi
tion, captures an image of the background, in 
this case the crosswalk scene, without move
ment. This background image is processed 
and stored in the system, then updated 
throughout the day according to changing 
light and weather conditions. 

The process considers images as groups of 
either figure pixels, belonging to a pedestrian, 
or ground pixels, belonging to the back
ground. The researchers assume that uninter
esting objects, such as the crosswalk, are dis
played by pixels whose intensities are con
stant or change very slowly over time. But an 
interesting object, such as a pedestrian, would 
be located where pixel intensities have recent
ly changed. Thus, by identifying and analyz
ing figure pixels in each image of a sequence 
over time, the system receives information 
about the existence of pedestrians. This takes 
place on the first, or image, level of process
ing. From the sequence of raw images, the 

passes them on to the final level--the pedes
trian level. In the pedestrian level, relations 
between pedestrians and tracked blobs, repre
sented by an undirected bipartite graph, as 
well as information about pedestrians, is 
inferred from previous information. By using 
Kalman filtering, the system can predict and 
estimate pedestrian attributes. These include 
the spatio-temporal coordinates (location, 
velocity, etc.) of each pedestrian while the 
pedestrian is visible--which constitute the 
output of the system as a whole. 

The research project culminated in a suc
cessful field test of the system last fall at a 
campus intersection, which allowed 
researchers to learn how it handled various 
simple and complex pedestrian scenarios, 
including different walking speeds, partial 
and full obstructions, and pedestrians meeting 
and passing each other. During this test, how
ever, the system activated a flashing signal 
rather than a red light at the crosswalk. 
Papanikolopoulos explains that stopping vehi
cles or otherwise interfering with traffic 
brings with it safety and liability risks that no 
one is yet willing to take on. Once the team 
has found an industrial partner to evaluate, 
test, and commercialize the system, its imple
mentation in the field will most likely be lim
ited to specially selected sites chosen based on 
the age mix of pedestrians, the volume of 
pedestrians, and the width and complexity of 
the crossing, Ries says. 
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