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ROAD SAFETY IS A

KEY ISSUE IN CURRENT

AUTOMOTIVE TECHNOLOGY,

AND IS A HOT RESEARCH TOPIC

BECAUSE IT INVOLVES BOTH HUMAN
AND ECONOMIC ASPECTS. |TS TWO MAIN
GOALS, IN FACT, ARE IMPROVING MOBILITY BY
ASSISTING DRIVERS AND REDUCING
TRANSPORTATION COSTS BY CAREFULLY
EXPLOITING THE ROAD NETWORK

AND BY OPTIMIZING FUEL AND

ENERGY CONSUMPTION.
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D RIVING-ASSISTANCE SYSTEMS
are now being considered and investigated
as the most important solution to the prob-
lem of mobility. By “driving-ass stance sys-
tem,” | mean adevice that supportsthedri-
ver inthedriving task: If thedriver becomes
ill or drowsy, the safety system can issue
warnings—both acoustical or opticd. Or, in
case of sudden danger, the system can even
take control of the vehicle. Depending on
theuser'schoaice, it could, for example, start
an emergency maneuver and stop the vehi-
cleinthe emergency lane, or keep the vehi-
clein the traffic lane at a constant speed
until the driver resumes control.

These devices can also provide automatic
vehicle driving; that is, automating one or
more driving tasks,such as

» following the road and keeping in the
right lane,

e maintaining a safe distance between
vehicles,

» regulaingthevehicle's speed according
to the traffic conditions and the road
characteristics,

¢ moving acrosslanesto overtakevehicles
and avoid obstacles,

« finding the correct and shortest route to
a destination,or

* moving and parking in urban environ-
ments.

Both onboard equipment and road infra-
structures can support these automatic
activities. Either scenario has its pros and
cons,depending on the specific application.
However, infrastructure-based applica-
tions—which also require onboard equip-
ment—generally need longer preparation
time. So, the systems that will take shape
in the short term will probably be vehicle-
based or, at most, will be basic versions of
infrastructure-based systems. But no mat-
ter what form these systemstake, their suc-
cesswill depend strongly on their means of
sensing the surrounding environment,
among which vision-based sensing plays a
fundamental role.

Why vision-based sensing?

Thanks to increasingly powerful com-
puter systems and less expensive high-per-
formance image-acquisition devices, inthe
last few years vision-based sensing has
gained in popularity and importance. This

gainis not only for military applications,
but also in the civil field, particularly for
automotive subsystems. Many research
institutions, ranging from higher education,
to government, to industry, are considering
the advantages of using passive sensors
such as cameras as the main means to
gather information about the surrounding
environment.

Although real-time image processing is
computationally intensive, visual informa-
tion has the specific advantage over other
kinds of information obtai ned by active sen-
sors (such asacoustic, laser, or radar-based
sensors) of not causing intervehicle inter-
ference. Active sensorsmeasure aterations
of signals emitted by the sensors them-
selves. So, besides polluting the environ-

COMPUTER VISION CAN
DELIVER A GREAT AMOUNT
OF INFORMATION, MAKING
IT A POWERFUL MEANS FOR
SENSING THE ENVIRONMENT.

ment, they can cause interference if other
vehicleshavethe samekind of sensors. Fur-
thermore, they suffer from awidevariation
in reflection ratios for many different rea-
sons,such as the obstacles shape or mate-
rial. Also, the maximum signal level must
comply with specific safety rules.

Automotive tasks for vision-
based systems

Compuiter vision is extremely complex
and highly demanding, but it can deliver a
great amount of information, making it a
powerful means for sensing the environ-
ment. So, researchers are widely employ-
ing it to address many automotive tasks.
These tasks include road following (auto-
matic movement along agiven path, which
includes lane and obstacle detection), pla-
tooning (an automatic vehicle following a
manually driven vehicle), vehicle overtak-
ing, automeatic parking, collision avoidance,
and driver-status monitoring.

Accomplishing these tasks will require
measuring different quantities or recogniz
ing patterns before the closing of the con-
trol loop. These subtasksinclude

e determining the vehicle' s position rela-
tive to the lane and checking for obsta-
cleson the path or known road signs (for
road following),

e recognizing specific vehicles’ charac-
teristics and computing the time-to-
impact (for platooning),

e sensing multiple lanes and detecting
obstacles (for vehicle overtaking and
collision avoidance),

» measuring the distance among parked
vehicles (for automatic parking),and

» determining the position and following
the movements of the driver’s eyes and
head (for driver-status monitoring).

THISSPECIAL ISSUE FEATURESA
survey onthe application of machinevision
to intelligent transportation systems, and
contains articleson topicsranging from off-
road or urban navigation, to visibility esti-
mation, to thefusion of visual information to
data coming from different sensors, to low-
level proceduresfor lane detection and real -
time processing, to road-sign recognition.
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