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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. ITS 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.

G U E S T  E D I T O R ’ S  I N T R O D U C T I O N
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DR I V I N G - A S S I S TANCE SYSTEMS
are now being considered and investigated
as the most important solution to the prob-
lem of mobility. By “ d riving-assistance sys-
tem,” I mean a device that supports the dri-
ver in the driving task: If the driver becomes
ill or drow s y, the safety system can issue
wa rnings—both acoustical or optical. Or, i n
case of sudden danger, the system can even
t a ke control of the ve h i cl e. Depending on
the user’s ch o i c e, it could, for ex a m p l e, s t a rt
an emergency maneuver and stop the vehi-
cle in the emerge n cy lane, or ke ep the ve h i-
cle in the tra ffic lane at a constant speed
until the driver resumes control.

These devices can also provide automat i c
ve h i cle driving; that is, a u t o m ating one or
more driving tasks,such as

• fo l l owing the road and ke eping in the
right lane,

• maintaining a safe distance betwe e n
vehicles,

• reg u l ating the ve h i cl e ’s speed accord i n g
to the tra ffic conditions and the ro a d
characteristics,

• m oving across lanes to ove rt a ke ve h i cl e s
and avoid obstacles,

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

• m oving and parking in urban env i ro n-
ments.

Both onboard equipment and road infra-
s t ru c t u res can support these automat i c
a c t ivities. Either scenario has its pros and
c o n s ,d epending on the specific ap p l i c at i o n .
H oweve r, i n f ra s t ru c t u re-based ap p l i c a-
t i o n s — wh i ch also re q u i re onboard equip-
m e n t — ge n e ra l ly need longer prep a rat i o n
t i m e. So, the systems that will take shap e
in the short term will pro b ably be ve h i cl e -
based or, at most, will be basic ve rsions of
i n f ra s t ru c t u re-based systems. But no mat-
ter wh at fo rm these systems take, their suc-
cess will depend stro n g ly on their means of
sensing the surrounding env i ro n m e n t ,
among wh i ch vision-based sensing plays a
fundamental ro l e.

Why vision-based sensing?

Thanks to incre a s i n g ly powerful com-
puter systems and less expensive high-per-
fo rmance image-acquisition dev i c e s , in the
last few ye a rs vision-based sensing has
gained in popularity and import a n c e. Th i s

gain is not only for military ap p l i c at i o n s ,
but also in the civil fi e l d, p a rt i c u l a rly fo r
a u t o m o t ive subsystems. Many re s e a rch
i n s t i t u t i o n s , ra n ging from higher educat i o n ,
to gove rn m e n t , to industry, a re consideri n g
the adva n t ages of using passive sensors
s u ch as cameras as the main means to
gather info rm ation about the surro u n d i n g
e nv i ro n m e n t .

Although real-time image processing is
computationally intensive, visual informa-
tion has the specific adva n t age over other
kinds of info rm ation obtained by active sen-
sors (such as acoustic, laser, or radar-based
s e n s o rs) of not causing interve h i cle inter-
fe re n c e. A c t ive sensors measure alterat i o n s
of signals emitted by the sensors them-
s e l ves. So, besides polluting the env i ro n-

m e n t , t h ey can cause interfe rence if other
ve h i cles have the same kind of sensors. Fur-
thermore, they suffer from a wide variation
in re flection ratios for many diffe rent re a-
sons,such as the obstacles’shape or mate-
rial. A l s o , the maximum signal level mu s t
comply with specific safety rules.

Automotive tasks for vision-
based systems

Computer vision is ex t re m e ly complex
and highly demanding, but it can deliver a
gre at amount of info rm at i o n , making it a
p owerful means for sensing the env i ro n-
ment. So, re s e a rch e rs are widely employ-
ing it to add ress many automotive tasks.
These tasks include road fo l l owing (auto-
matic movement along a given path, which
i n cludes lane and obstacle detection), p l a-
tooning (an automatic ve h i cle fo l l owing a
manually driven vehicle), vehicle overtak-
i n g, a u t o m atic park i n g, collision avo i d a n c e,
and driver-status monitoring.

Accomplishing these tasks will re q u i re
measuring different quantities or recogniz-
ing pat t e rns befo re the closing of the con-
trol loop. These subtasks include

• determining the vehicle’s position rela-
tive to the lane and checking for obsta-
cles on the path or known road signs (fo r
road following),

• re c ognizing specific ve h i cl e s ’ ch a ra c-
t e ristics and computing the time-to-
impact (for platooning),

• sensing multiple lanes and detecting
o b s t a cles (for ve h i cle ove rtaking and
collision avoidance),

• m e a s u ring the distance among parke d
vehicles (for automatic parking),and

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

THIS SPECIAL ISSUE FEATURES A
su rvey on the ap p l i c ation of machine vision
to intelligent tra n s p o rt ation systems, a n d
contains art i cles on topics ra n ging from off -
road or urban nav i gat i o n , to visibility esti-
m at i o n , to the fusion of visual info rm ation to
d ata coming from diffe rent sensors , to low -
l evel pro c e d u res for lane detection and re a l -
time pro c e s s i n g, to road-sign re c og n i t i o n .
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