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Stanford’s second place team, Sebastian Thurn to direct Google’s own driverless
vehicle program.”> While the cars showed advanced technologies capable of
navigating a diverse array of obstacles, the course lacked key elements present in
every day driving scenarios, such as pedestrians and traffic signals or signs.”* These
recognition features would have to be developed to bring these cars to market.

B. Under The Hood — The Technology

To navigate through actual driving environments, a car must be able to see
hazards and road signs through various sensors, interpret these through a central
processing unit, and then control the motions of the vehicle and react to the world
around it. In order to accomplish this task, a variety of different and complex
technologies must work harmoniously with each other, and adapt to road conditions
automatically within moments, at least as quickly or faster than the average human
driver. To achieve this seemingly herculean task, a standard car is used as a
foundation, and modified with advanced technologies and programmed algorithms
that replace their human counterpart. A variety of automakers are using their own
vehicles to work off of, while Google has chosen a fleet of the Toyota Prius,” and a
single Audi and Lexus®® for its first round of testing.

As Google has continuously shown itself to be at the forefront of this
technology, it has also been one of the most vocal about divulging the structural
technologies that have gone into the development of their driverless cars. They have
embraced the notion of going “driverless” by taking the bold step of going so far as
to only equip their driver with a “stop and start” button for control over operations.”’

This is achieved through a variety of new technological advances, combined
with older existing technologies that have been adapted and repurposed for use in
automobiles.

A key feature, which has been highlighted by the Google team, is the LiDar
system, or the Light Detection and Ranging unit, which rests on the roof of the
vehicle.*® Similar to radar, but using light instead of sound waves, the LiDar has a
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range of 100 meters.” “It simply bounces a beam off surfaces and measures the
reflection to determine distance. The device used by Google—a Velodyne 64-beam
laser—can also rotate 360-degrees and take up to 1.3 million readings per second,
making it the most versatile sensor on the car.”* Automakers have claimed that
“LiDar can sense the difference between a paper bag and a small animal at 100
yards.”*' In addition to the LiDar, Google uses traditional cameras at various points
around the vehicle.

Google mounts regular cameras around the exterior of the car in pairs with a small
separation between them. The overlapping fields of view create a parallax not unlike
your own eyes that allow the system to track an object’s distance in real time. As
long as it has been spotted by more than one camera, the car knows where it is. These
stereo cameras have a 50-degree field of view, but they’re only accurate up to about
30 meters.

Google adds traditional radar and sonar systems in their bumpers to detect the
speeds of surrounding vehicles and to better react to potential hazards.*
Additionally, vehicle-to-vehicle (V2V) communications systems have received
government approval, which allow vehicles to communicate with one another,
sharing positioning information via a short-range radio network.** These V2V
systems are already being widely adopted, allowing a car to swerve to avoid another
vehicle equipped with the technology. “The Department of Transportation estimates
that safety systems using V2V communications will be able to prevent 76 percent of
crashes on the roadway.”*

Once all of these sensors take in their various data, it is interpreted by a central
processing computer at a rate of 1 gigabyte per second.*® “This device processes all
of the real-time data and directs the car as to how it should respond and safely interact
with the environment.”*’ The “brain” of the car uses programming and algorithms
to interpret this data in conjunction with satellite positioning technology, GPS, and
mapping systems like Google Maps.*®

While arguably the industry leader in driverless technology boasting over two
million miles driven completely driverless,” Google is far from the only
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