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Abstract—Originating from specific requirements of
future Advanced Driving Assistance Systems, the VIDA
system offers both basic functionalities and advanced
applications. Functionalities such as Lane Departure
Warning and Safety Distance Warning are provided by
the basic VIDA-W. On the same hardware platform
and with the same sensing device, additional features
can be added as plug-ins directly interfaced to the vehicle control network, offering vision-based Stop-andGo, ACC, and other intelligent functions.

I. I NTRODUCTION
Advanced driving assistance systems (ADAS) for
commercial off-the-shelf (COTS) or after market integration can significantly improve the safey and comfort on cars [1,2] and represent an interesting business
opportunity.
Commercial systems available today mostly offer a
single functionality such as obstacle, vehicle or lane
detection: Lane Departure Waring and Lane Keeping Assistant Systems [3] are already available on the
market, as well as Adaptive Headlight Beams controls
(AHBC), Blind Spot detection, Collision Mitigation
and Parking Assistant systems.
Most of these devices can warn the driver about
dangerous events, and in case of critical situations
–such as when an unavoidable collision is detected–
they can actively operate on the vehicle, for example
by applying a torque on the steering wheel to keep
the car in the center of the lane, slowing down to mantain a safe distance, or pre-charging brakes to enhance
the driver braking; the driver is nevertheless always
able to override these behaviours. Each of the mentioned systems usually relies on its own sensor and
processing units: a wider integration on a single lowcost, low-power processing platform, possibly using
one sensor only would be beneficial both in performance and economics terms; in the last few years,
improvements in perception technologies [4], [5–7],
research on ADAS and the increasing availability of

embedded platforms and sensors opened up to such a
scenario. Computer vision is a promising technology
in this field, as it is extremely versatile: cameras can
be integrated in vehicles for parking manoeuvers or
for night vision applications, and images taken from
a forward looking camera can be processed to extract several types of information, such as the position
and the classification of the preceding vehicles, lane
markings or traffic signs.
Following this trend, VIDA has been designed to
be an extensible solution providing both basic functionalities and advanced applications.

II. F UNCTIONALITIES
Lane Departure Warning and Safety Distance
Warning are provided by the basic VIDA-W. On the
same hardware platform and with the same sensing
device, additional features can be added as plug-ins
directly interfaced to the vehicle network, offering
vision-based applications such as ACC, Stop-and-Go,
and AHBC.
The system has the following features:
•

•

•

Lane Departure Warning: when driving at
speeds higher than 50 km/h, if VIDA detects that
the vehicle is about to leave the driving lane,
optical and audible warnings are issued. Such
warnings are also made available on the CAN
bus for additional and/or alternative feedbacks
(e.g. haptic);
Safety Distance Warning: the system warns
when running too close to the vehicle in front
based on the driver’s attitude (from relaxed to
sport driving).
Smart Cruise Control: VIDA detects the presence of a preceding vehicle and automatically
adjusts the vehicle speed to maintain a safe distance.

Fig. 1. Lane detection module output example. Colors encode
lane markings positions relative to the vehicle: green is left, red
is right, yellow is left in the left adjacet lane, and cyan is right in
the right adjacent lane. The map on the top right corner contains
a bird’s eye view representation of the detected lanes.

III. L ANE D ETECTOR
A recent proposal of the European Commission [8]
stresses the need of improved road safety requiremets,
with the introduction, along with other safety measures, of mandatory lane departure warning (LDW)
systems for heavy goods vehicles starting from 2013.
Anticipating these needs, the lane detection and departure warning system integrated within VIDA offers an even richer set of capabilities, making it suitable for applications ranging from driving assistance
systems to completely autonomous vehicles.
The selected lane detection algorithm, chosen for
both its reduced processing requirements and its robustness, is an evolution of the one developed for the
TERRAMAX autonomous vehicle at the DARPA Urban
Challenge 2007 [9] [10], with several enhancements
aimed at achieving the best performances allowed by
the target hardware platform.
The current setup allows to simultaneously recognize up to four lane markings, both solid and dashed,
at distances ranging from about 0 to 50 m, without
any restriction on their shape, since no predetermied
model of the road is used during the detection process; a sample of the resulting output can be seen
in Fig. 1. These features ensure not only good performances in terms of correctly issued alarms versus
false warnings, but also a very precise reconstruction
of the road geometry in front of the vehicle, which is
of paramount importance during autonomous driving.
The ever increasingly widespread availablility of
odometry data (namely forward speed and yaw rate)
on the CAN bus allowed to design an algorithm capable of predicting a set of possible future trajectories
to compare against the detected road structure, in or-

Fig. 2. Pitch detection module output example. The vanishing
point is computed as a weighted intersection of the blue lines,
corresponding to image features pointing towards the horizon.

der to warn the driver in case the car behaviour indicates a likely or imminent lane departure. Said data
is also used to provide a better reconstruction of the
lane markings geometry by performing an high-level
tracking; this ability becomes especially useful when
the lane detection results are used for path-planning
purposes.
During normal driving vehicle oscillations affect
camera orientation (with respect to the road surface)
in a non-negligible way: correct calibration values
can nevertheless be computed from the position of
the image vanishing point, extracted using image features [11], as can be seen in Fig. 2.
When the VIDA lane detector module is used as a
warning device it provides different alert levels, based
on the vehicle behaviour and the environment conditions. If the speed is below 50 Km/h, no output is
generated, but the system remains active in order to
be able to provide meaningful results as soon as the
speed raises above the defined threshold. As soon
as the speed reaches the working range, alerts are
issued whenever an imminent lane departure is detected, while a different notification is used to inform
the driver that the it is not possible to provide meaningful results (e.g. because of roads without painted
lane markings, or in poor lighting conditions).
The positions of the detected lane markings are also
made available via Ethernet or CAN connections with
the encoding presented in Fig. 3, which has been designed to easily fit the output data within the fixedwidth packets typical of automotive communication
busses.
IV. V EHICLE D ETECTOR
The importance of keeping sufficient headway for
reduction of accidents is recognized by worldwide

Fig. 3. Lane detector data encoding. Y -axis coordinates for each
lane marking are provided at fixed distances along the X axis

traffic authorities and is being enforced in an increasing number of countries; in order to help the drivers
to keep adequate headway distance, VIDA provides
two different functionalities: Safe Distance Warning
and Smart Cruise Control.
VIDA vehicle detector can recognize the rear end
of vehicles of all types and sizes in a wide variety of
weather and illumination conditions, exploiting a single camera the system performs equally well in highway or urban scenarios. In Fig. 4 are presented example outputs.
The Safety Distance Warning system monitors the
distance to the preceding vehicle and uses the vehicle speed and other kinematic parameters to calculate
the braking safety distance of car. The system compares the two distance and when the headway distance
is smaller than braking safety distance, it warns the
driver.
The Smart Cruise Control system enhances the
functionalities of conventional cruise controls, helping the driver to keep safe at speeds above 50 km/h.
This system not only maintains the desired speed,
pre-set by the driver, but also monitors and controls
the distance to the preceding vehicle. When the lane
is free, the vehicle speed is kept constant, but as soon
as the driver encounters a slower vehicle ahead, VIDA
recognizes the diminishing distance and reacts reducing the speed accordingly. Should the maximum deceleration provided by the system be insufficient to
cope with the situation, a direct driver intervention is
requested.
Determing whether a vehicle ahead should trigger
a slow down or not can be a complex task in presence
of curves and multiple adjacent lanes: VIDA Smart
Cruise Control exploits the integrated lane detector
module to perform this task.

(a)

(b)

(c)
Fig. 4. Vehicle detetection module output example. Blue boxes
represent the detected vehicles, while lane markings are use to determine which vehicles belong to the ego-lane. (a) and (b) heavy
traffic conditions, with multiple vehicles on adjacent lanes; (c)
distant vehicle on a curved road.

V. S YSTEM
The sensing hardware of the VIDA system consists
of one digital camera and inertial and speed sensors
connected via CAN bus. The camera is equipped with
a Micron MT9V022 CMOS bayer pattern sensor providing 752 × 480 images at maximum rate of 60 Hz;
its wide image aspect ratio is particularly suited for
automotive applications since it frames a wider lateral
area containing relevant information. It is mounted

inside the vehicle, on top of the windshield, close to
the rearview mirror. The CAN interface allows to acquire the speed and steering angle data, and to provide
the processing results to the vehicle control units.
VIDA development is carried out on different
stages, at increasing integration levels. At first the
algorithms are tested on a standard PC architecture,
which allows to easily collect data and play it back,
and has extended debug capabilities. The following step consists in porting the code on an embedded prototype featuring the same processing hardware of the final product: in this case a Texas Instruments TMS320DM642-600 DSP processor running at 600 MHz with 64 MB SDRAM, which has
been chosen for its image processing capabilities, low
power consumption and low price.
The prototype represents a valid testbed since it allows to evaluate the algorithm behaviour and performances on the production hardware, while retaining
a configuration that, with its flexibility, eases the final tuning steps. As an example, the camera is connected through the same IEEE1394 (FireWire) interface used in the PC-based solution, thus making it
easy to switch between the two different platforms
without any intervention on the sensors; moreover, a
software framework running on the DSP board provides a number of facilities to speed up the development:
• network-based firmware updating;
• remote access and tuning of the algorithm and
sensors parameters;
• persistent storage of variables and data (such as
lookup tables) on flash memory;
• dump of small sensor data sequences for debug
and/or calibration purposes via the network interface;
• on-screen display of sensors and debug data;
• frame-by-frame playback of prerecorded data
for testing and benchmark purposes.
Once the porting and tuning process is complete
the final board can be engineered, exploiting the I/O
capabilities of the target DSP processor, which features integrated Ethernet controller and video ports,
allowing direct connection of the imaging sensor to
the processing hardware.
VI. C ONCLUSIONS FUTURE WORKS
Two different enhancements are currently under
development, each requiring some amount of control
over the vehicle actuators. The first plugin provides
an intelligent headlight system, which regulates the

high beams switching in presence of opposite traffic,
thus avoiding potential dangerous blinding situations.
The system, that can detect car front headlights at a
distance of up to 200 m, has been already developed
and is under test, and will be integrated in the near
future. The second functionality will provide an autonomous Stop-and-Go for queue driving, to be used
when the vehicle speed is lower than 15 km/h in a
urban-like environment: once engaged, gas and brake
controls are handled by VIDA until some driver’s
action on pedals disables the automatic system; autonomous steering will also be employed to enhance
driver’s comfort.
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