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The less-than-perfect driver: a new model of car-following behavior

magine a world where drivers don’t

make mistakes. Everyone pays per-
fect attention to the movements of cars
around them, and no one takes unnec-
essary risks like following too closely
behind another vehicle. There are no
distractions like cellular phone calls,
too-hot cups of coffee, or annoying
songs on the radio. In this world, it goes
almost without saying that the smooth
flow of traffic is not disrupted by vehi-
cle crashes.

This utopian world really exists—at
least in research labs where computer
simulations model the movements of
virtual vehicles. As the computing
power required to simulate hundreds or
even thousands of vehicles has become
available in personal computers, such
simulations have emerged as invaluable
tools for understanding the effects of
new traffic control systems and manage-
ment technologies.

But like all utopias, these neat and
tidy models are not as perfect as they
appear. For researchers like civil engi-
neering professor Panos Michalopoulos
and traffic researcher John
Hourdos, who are trying
to understand how and why
vehicle crashes happen and
how crashes affect traffic, the
behavior of virtual vehicles is
frustratingly limited. Joined
by civil engineering profes-
sor Gary Davis and gradu-
ate student Wuping Xin, the
researchers set out to develop
a more accurate and com-
plete model of car-following
behavior.

Understanding the causes and dynam-
ics of vehicle crashes is a goal shared by
many ITS researchers at the University
of Minnesota, and the search for
answers has spurred the development of
new tools and techniques. In the case of
the Minnesota researchers, the need for
more realistic simulations led them to
propose a novel model of car-following
behavior—one that will give researchers
a new insight into the quick and deadly
world of traffic collisions.

Reflecting reality

The first attempts to mathematically
describe the behavior of vehicles under
simple traffic conditions were made in
the 1950s, by scientists and engineers
seeking to understand how disturbances
in traffic flow propagate down a line of
moving vehicles. Based on systems of

linear differential equations, these mod-
els were strictly deterministic. Later,
recognizing that chance and uncertainty
play an undeniable role in traffic flow,
models incorporated a limited stochastic
element by adding a random noise term

John Hourdos and Wuping Xin.

to their equations. In addition, advanced
models of vehicle movement began to
incorporate reaction time delays to bet-
ter mimic driver behavior.

A significant advance occurred with
the development of psycho-physical
models that more accurately reflect the
decision-making processes of drivers.
Whereas in earlier models every vehicle
adjusted its speed constantly based on
distance to the vehicle ahead, vehicles
in a psycho-physical model change their
acceleration only when they reach an
“action point”—for example, when dis-
tance to a vehicle ahead drops below a
specified distance. Today, this principle
is incorporated into the car-following
models in several widely used commer-
cial simulation systems.

Despite these advances and the suc-
cess of current car-following models
at reproducing many observed features
of traffic flow, existing approaches fail
to capture the intricacies of individual
driver behavior. Even the best drivers
are subject not only to reaction time
delays but to distraction and errors in
judgment—factors that are
too complex to be modeled as
random noise.

Many researchers have
used car-following models
to understand the genesis of
dangerous traffic conditions,
by looking for evidence of
instability within the systems
of equations that govern car-
following models. Points of
instability, where the models
“break down” and the virtual
vehicles begin to collide, are
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Privacy and scalability are key challenges facing the
emerging field of location-based information ser-

vices, said Mohamed Mokbel at an ITS Institute Advanced
Transportation Technologies Seminar October 24.
Driven by improvements in consumer GPS and wireless

Seminar addresses privacy, scalability of location-based systems

among consumers and information providers, he said, but
the technology cannot reach its full potential unless users’
anonymity is protected. Mokbel outlined the development
of “location anonymizer” software that protects privacy
by obscuring users’ precise locations while allowing them

communications, location-based information
services have the potential to penetrate nearly
every aspect of daily life. Mokbel, an assis-
tant professor in the University of Minnesota’s
computer science and engineering department,
is currently developing technologies to pro-
vide high-quality location-specific information
while respecting privacy.

Interest in services that provide information
based on a user’s location is growing rapidly

Mohamed Mokbel

to electronically access information about the
area around them.

As more location-based services become
available, Mokbel said, the ability of data-
base systems to keep up with huge demands
for spatial information will become a limiting
factor. The second half of the seminar cov-
ered advanced server architectures designed to
remove the bottlenecks that slow down current
spatial information systems.
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Less-than-perfect driver (continued)

indicators of accident-prone traffic condi-
tions. One example is the formation of high-
density “traffic waves” in which gaps between
vehicles become too short for drivers to avoid
rear-end collisions. This phenomenon, fre-
quently observed in the real world and suc-
cessfully reproduced using conventional car-
following models, can arise naturally from
the dynamic interaction between vehicles as
traffic density increases.

However, data from real-world car-fol-
lowing experiments also point to another
instability mechanism related to driver per-
formance. Factors such as visual perception
and decision errors appear to exert a signifi-
cant influence on the car-following behavior
of individual vehicles. This instability is not
accounted for by conventional models, even
those incorporating random noise terms into
their linear equations. If traffic simulation is
to provide a clear picture of crash mecha-
nisms, car-following models must take both
sources of instability into account.

Model behavior

Wuping Xin has spent a lot of time think-
ing about instability. Under the direction of
Micholopoulos and Hourdos, Xin took on
the challenge of implementing the research
team’s conceptual model of driver behavior
and vehicle response in the form of computer
software that can be interfaced with traffic
simulation systems. The model Xin devel-
oped is based on a highly flexible conceptual
framework that improves its ability to simu-
late complex interactions between driver per-
ception and response.

The framework divides the driving task into
two major components—the external world
and the driver-vehicle unit (DVU). Rather
than conceiving of the driver and vehicle as a
single entity, the DVU comprises three subsys-
tems that work together to govern the move-
ment of the virtual vehicle. A DVU acquires
information about the external world through
sampling, and compares this information to a
target specification or reference input.

* The information acquisition stage com-
prises sampling of conditions in the exter-
nal world. Information acquisition gov-
erns driver perception and thereby affects
reaction time.

* During the decision-making stage, infor-
mation about the external world is pro-
cessed in order to determine what control
inputs to the vehicle are required.

* Finally, vehicle control includes the
implementation of control decisions such
as whether to accelerate or decelerate.
The output of this stage is fed back into
the simulation as changes in vehicle posi-
tion, affecting the traffic situation.

In the present model, each DVU is char-
acterized by its own perceptual thresholds,
resulting in an individual perception-response
time dependent on traffic situations. Each
DVU also seeks to maintain a desired fol-
lowing gap time subject to safety constraints.
While the current model is not a complete
implementation of their conceptual frame-
work, it is designed so that additional factors
can be added to it as detailed data on driver
behavior becomes available from experimen-
tal research. The new car-following model
offers a more realistic simulation of the driv-
er’s perception-response process, because the
response behavior of each driver-vehicle unit
conditions varies according to external con-
ditions. This differs from previous models,
in which the perception-response process is
defined independently of local conditions or
prescribed within limited parameters.

In many car-following models, vehi-
cles change their acceleration primarily in
response to changes in the amount of head-
way separating them from other virtual vehi-
cles; this headway is “perceived” with cer-
tainty through the direct evaluation of relative
velocities. Driver-vehicle units in the new
model, in contrast, rely on perceptual cues
to determine when they are approaching too
closely to a vehicle ahead. These perceptual
cues take two forms, analogous to the visual
cues used by drivers in the real world, and are
governed by perceptual thresholds modeled
on the limits of human perception. While
the perceptual thresholds are constant for
each DVU, different constant values may be
assigned to different DVUs.

* The first visual cue is the rate of expansion

of the apparent size of a vehicle ahead.
In order to perceive relative motion,
the change in apparent visual size of a
leading vehicle must exceed a specified
threshold rate.

* When the visual expansion rate is too
low to be useful, the DVU evaluates the
change in headway distance, again subject
to limits modeled on human perception.

Using these perceptual cues, each DVU
attempts to maintain a desired following dis-
tance to the vehicle ahead. In a typical simu-
lation scenario that mimics real-world obser-
vations, a DVU hovering near its desired fol-
lowing distance is unable to directly perceive
relative motion through visual expansion rate
or change of distance—the DVU enters a kind
of “blind zone” and continues to accelerate
or brake until the perceptual threshold of a
visual cue is exceeded. This behavior imple-
ments the “action point” concept grounded
in human perception and subject to realistic
variation between drivers.

A crucial feature of the model is that
acceleration and braking decisions are based
on the amount of reaction time each DVU
“believes” it has based on analysis of percep-
tual cues—this may differ from the DVU’s
actual minimum perception-response time,
which varies depending on traffic conditions.
However, acceleration or braking maneuvers
are carried out in accordance with the DVU’s
actual perception-response time. This feature
of the model allows it to emulate common
decision errors.

While the development of the new car-fol-
lowing model was motivated by the research
needs of Michalopoulos and Hourdos, future
researchers may benefit as well. Implementing
the model in such a way that it can interface
with standard simulation packages used by
traffic researchers makes it a powerful gen-
eral tool for examining collisions.

Development of the model is ongoing, as
the research team plans to improve its accu-
racy by adding new features such as the abil-
ity of a DVU to consider the movements of
multiple DVUs ahead of it, if they are vis-
ible. This addition would bring DVU deci-
sion-making behavior more in line with that
of human drivers, who frequently respond to
braking or acceleration by cars further ahead
in the lane.
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