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DARPA Grand Challenges

- -

DARPA Grand Challenge |
Barstow to Primm
March 13, 2004

DARPA Grand Challenge Il

Desert Classic
October 8, 2005

DARPA Grand Challenge Il
Urban Challenge
November 3, 2007

142 miles
10 hours

132 miles
10 hours

Enough?

| o
without SR ~

the
driver.

6 hours
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2004: Barstow CA to Primm, NV
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Senso utonomous Driving

LIDAR -+ POSITION ESTIMATOR

A rotating sensor on the roof A sensor mounted on the left
scans more than 200 feet in all rear wheel measures small
directions to generate a precise movements made by the car
three-dimensional map of the and helps to accurately locate
car's surroundings. its position on the map.

VIDEO CAMERA
Acamera
mounted near the
rear-view mirror
detects traffic
lights and helps
the car's onboard
computers
recognize moving
obstacles like
pedestrians and
bicyclists.

Four ive radar , three in front and one
in the rear, help determine the positions of distant objects.
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Video cameras

Sensors

LIDAR (depth/range) sensor

— times how long it takes a beam of laser light to
bounce off something

Radar sensors on front and rear

Position sensor on one wheel

GPS

Inertial motion sensor (IMU)

Where’s the Road?

Laser-Based Terrain Acquisition

Laser Range Sensor Interpretation
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Obstacle Detection

2005 Qualification Course

2005 Qualification Course

Using Video and Depth Cameras
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The 2005 “Grand Challenge” Race

The 200
 Je e

7 “Urban Challenge”
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* Driving in urban environments
Obey all CA traffic laws

* Accommodate road blockages, other vehicles, etc.

Lots of Hard Tasks!

* Where is the road, lanes, curbs, other
vehicles, road signs, stop lights, pedestrians,
bicyclists?

* How to navigate, pass, merge, park, stop,
avoid obstacles?

Learning What Cars Look Like
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Vehicle Tracking and Prediction

Autonomous Car Parking

Video camera on windscreen detects
traffic lights and moving traffic

Rotating sensor on
roof generates 3D
map of surroundings

Radar sensors - three at the front and one at the bac
help determine position

0 people in car - driver to over in an emergen
and engineer to monitor software
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Google’s Driverless Car

The Future of Autonomous Driving?

1,000 autonomous 1,000,000 autonomous
highway miles highway + urban miles
(2010) (2020)
2010 2015 2020 2025 2030 >
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The Future of Autonomous Driving?

* “In 20 years | will trust my autonomous car
more than | trust myself”

— Sebastian Thrun

* “It won’t truly be an autonomous vehicle until
you instruct it to drive to work and it heads to
the beach instead.”

— Brad Templeton

Many new driver | Fylly autonomous Fully autonomous
assistance systems | mijlitary vehicle production car
(today) (2015) (2030)
Summary

* An agent perceives and acts in an
environment to achieve specific goals
* Characteristics of agents:
— percepts
— actions
— goals
— environment
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