Robotics, Automation,
and The Future of
Transportation



Three Stories

e SLAM & self driving cars
* Insect-based intelligence & Roomba + Packbot

 Humanoid Robots & Collaborative factory robots



The world’s mobile robots in 1977

LAAS, Toulouse JPL, Pasadena SAIL, Palo Alto



Hans Moravec, Stanford Al Lab:
Invent/Implement Everything
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Image pyramids,
stereo vision,
build maps,
navigate,
simultaneously.

(And digital radio
link, rendering
Images, overlay
graphics, etc.)




Path Planning




Rodney A. Brooks, Visual Map Making for a
Mobile Robot, IEEE ICRA, St. Louis, MO,
March 1985, pp 824—829.

Raja Chatila and Jean-Paul Laumond,
Position Referencing and Consistent World
Modeling for Mobile Robots, IEEE ICRA,
St. Louis, MO, March 1985, pp 138—145.







Simultaneous Localization
and Mapping (SLAM)
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Hardware availability
leads to crowds of
researchers, leads

to well defined
problems & solutions.
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The Evolution of SLAM/Self Driving

 Early:
— DARPA, NASA, ONR

e Middle:
— DARPA, NSF, NASA

e Later:
— Private companies, other governments




How do drivers’
interface with
robotic cars?



How do robotic
cars interface
with outside ppl?



What do you do
when...?



Adoption:

Complex interplay
of soclal and Irrational,
with better Ul






Behavior Based
Robotics



Inspired by Insects, Spiders, & Birds

Detect oy Tum to
Movement Stimulus

Run

Dance
é/y d » Mate or Evade
“.r

Wait \ i ?

Creep Slowly » Jump on Prey










B I S journal of the
british interplanetary society

SMALL MISSION SYSTEMS

Journal of The British Interplanstary Society, Vol. 42, pp 475483, 1989

FAST, CHEAP AND OUT OF CONTROL:
A ROBOT INVASION OF THE SOLAR SYSTEM

RODNEY A. BROOKS and ANITA M. FLYNN
MIT Ariificial Intelligence Lab®, Cambridge, MA; USA.



























NASA/JPL Mars Rover: Landed July 4, 1997

*First 28 sols was under
teleop control

*Sol 29 was put under
behavior control

Mission ended when lander









Roomba, Packbot, IRobot 002




PACKBOTS
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Behavior-Based Robotics

Early:

— DARPA, NASA, ONR

Middle:

— DARPA, BMDO, NASA, MITI (Japan),
Later:

— DARPA, Private companies

Full deployment

— DARPA, Rapid Equipping Force, VC
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Humanoid Robots

 Early:

— DARPA, NASA
e Middle:

— DARPA, NASA

e Later — for manufacturing:
—VC







