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Lab and the
volution of
on-Based UGVs

more on supervised systems and advanced driver assis-
tance systems ADAS.

Atthe same time, research on UGVs has slowed, since
industry and governments no longer view UGVs as a
primary strategic area of investment. Transportation
departments worldwide are concerned with social, eco-
nomic, or environmental objectives aimed at enhancing
fuel and road networ efficiency and quality of life.

Recently, the automotive industry’s success with ADAS
has induced the military to reconsider its ground-eet-
automation goal. DARPA too a considerable step for-
ward with its 200 and 2005 Grand Challenges
www.grandchallenge.org , which drew entrants from top-
level research institutes competing for seven-figure pri es.

PRECOMPETITIVE RESEARCH
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Real-world lessons
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SUPERVISED SYSTEMS

Full automation
will require governments

to address legal and
liability issues.




Current VisLab research

Vulnerable road users’ protection.

The US Department
of Defense plans to automate

one-third of ground
military forces by 2015.

Preventive safety.

A NEW PUSH TOWARD UGVS
Enhanced vision.

Military applications.
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VisLab at the Grand Challenge

Claudio Caraf and Stefano Cattani During the DARPA Grand Challenge, TerraMax selected the
baseline based on vehicle speed. Higher speeds required
greater sensing distances and thus wider baselines.We devel-

VisLab, together with Oshkosh Truck Corp. and Rockwell oped image stabilization to overcome vehicle oscillations
Collins, developed and successfully “elded TerraMax,an  from off-road environment terrain bumps.
autonomous vehicle that reached the “nish line of the 2005 The system relies on a two-step approach for full 3D
DARPA Grand Challenge. TerraMax uses arti“cial vision, lasstereo reconstruction.The “rst step exploits V-disparity image
scanners, GPS, inertial sensors, and map databases to sengaroperties to stabilize images. The V-disparity images are 3D
and understand its environmefYisLab developed its vision graphical representations of the similarity measures between
system for obstacle detection and drivable path sensing. left and right image rows depending on the shifts used to

TerraMaxes three-camera system allows precision and  compare thent.V-disparity images contain basic information
ef‘cient computation at a wide range of viewing distances. about the groundes position and shape, taking slope changes
The cameras sit on a rigid bar over the vehicle hood.By  into consideration. In this way, the system can estimate the
selecting two cameras at a time, the system can get stereo vehicless pitch at the time of acquisition and stabilize images.
pairs with different baselines,that is, intercamera distances. As a second step, using the information about the ground,
the system addresses the correspon-
dence problem by computing a
disparity search image (DSI).The
correspondence problem is the
process of “nding which pixel in the
left image matches which pixel in the
right image of a stereo image pair. We
compute the DSI using small con-
frontation windows to allow detection
of thin obstacles that other sensors
missed. We apply a series of “lters
to the DSI, highlighting disparity
concentrations that are detected as
obstacles.We compute the obstacle
3D world coordinates via stereo
triangulation. Figure A shows an
example of this process.

Code optimizations exploited the
processorse MMX and Streaming
SIMD Extensions (SSE) instruction set.
During the DARPA Grand Challenge,
obstacle detection ran with a guaran-
teed 15-Hz throughput, although it
could perform the entire computation
within 30 milliseconds on a Pentium IV
using a 2.8-GHz processor system,
allowing other image-processing rou-

Figure A. Obstacle detection for different scenarios. The color of the obstacles varies with tines to run on the same machine.
distance. The images on the right map the obstacles in a bird’s eye view. The camera’s field of Along with obstacles, the vision
view is plotted in green. system also provides drivable path

Computer






