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SOME REPRESENTATIVE QUOTES
� “Truly expert human performance may depend on mapping a problem into

structures originally constructed for perceptual and motor tasks - so it can be
internally visualized, felt, heard or perhaps smelled and tasted. “ - The Robot
as Liberation from Human Nature (1989).

� “To remain sane, a transplanted mind will require a consistent sensory and
motor image, derived from a body, or from a simulation. Transplanted human
minds will often be without physical bodies, but hardly ever without the illusion
of having them.” - The Senses have No Future (1998).

� “By 2040, I believe, we will �nally achieve the original goal of robotics and a
thematic mainstay of science �ction: a freely moving machine with the
intellectual capabilities of a human being.” - Rise of the Robots (1999).

� “This path to machine intelligence, incremental, reactive, opportunistic and
market-driven, does not require a long-range map, but has one in our own
evolution.” - Ripples and Puddles (2000).
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INTRODUCTION

� The Roboticist
� Navigation, vision and evidence

grids - a mobile robotics
pioneer.

� The Futurist
� Time travel, brain swapping,

superrationality and other
assorted tales.
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THE ROBOTICIST

� Ph.D. from Stanford (SAIL) -
Worked on the Stanford cart (1980).

� Founded Mobile Robot Laboratory
at CMU (1980).

� Pioneered the use of evidence grids
(1986). (And is sticking to it!!)

� Funded by DARPA MARS program
as recently as September 2002.
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EVIDENCE GRIDS
� Also known as occupancy grids or

volumetric sensing.

� Create a spatial representation of
the world using the robot's sensors
and use this for navigation.

� 2-D Version (1984) - Used in many
robotics applications.

� Extended to 3-D (1996)
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MORAVEC' S BOOKS

� Mind Children: The Future of Robot
and Human Intelligence (1988)
� Transmigration

� Robot: Mere Machine to
Transcedent Mind (1998)
� Moravec's intelligence timeline
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OTHER FUTURISTS
� Futurist - (also "futurologist") Someone who

makes predictions about the medium to
long-term future shape of society through
varying proportions of inspiration and
research. (wikipedia.org)

� Ray Kurzweil - Optical Character
Recognition (OCR), music synthesis,
speech recognition, reading technology,
virtual reality, �nancial investment, medical
simulation, and cybernetic art.
� The Age of Intelligent Machines (1990)
� The Age of Spritual Machines (2000)

� Rodney Brooks - Roboticist in MIT AI Lab
� Flesh and Machines: How Robots Will

Change Us (2002)
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SOME HUMOR
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ON MIND, BRAIN, AND BODY

� Are the brain and mind the same thing?

� Must you have a brain to have a mind?
� Can computers and/or robots have a mind?
� Can computers and/or robots be conscious?

� “It is as if interactive machines were outboard
continuations of our nervous system, maintaining
the same time constants.” (Robot, 56).

� Believes robots are our “Mind Children”.
� Making robot's mobile is one path to make them

intelligent beings.
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FITTING AN INTELLIGENCE CURVE
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FITTING ANOTHER INTELLIGENCE CURVE
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1-G UNIVERSAL ROBOTS
� Estimated time of arrival: 2010
� Onboard Processing power: 3,000

MIPS (lizard-scale)
� General-purpose perception,

manipulation, and mobility
� Able to converse and read
� Probably wheeled
� Constructs 3-D mental maps
� No online learning/adapting of

behaviors!
� All this with the “personality of a

washing machine”
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2-G UNIVERSAL ROBOTS
� Estimated time of arrival: 2020
� Onboard Processing power:

100,000 MIPS (mouse-scale)
� Accomodation learning

� Conditioned online learning
mechanism

� In manufacturing stage, will use
Cyc-like database of percep-
tual/motor “common-sense” rela-
tions to �nd useful conditioning
suites. May use genetic algorithm
for design optimization.
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3-G UNIVERSAL ROBOTS
� Estimated time of arrival: 2030
� Onboard Processing power:

3,000,000 MIPS (monkey-scale)
� World modeling

� Cultural and psychological models
of their world

� Can run 2-G simulations/rehearsals
in their heads
� To predict what to do next
� To recount past experiences,

and improve responses
� Processing power enables use of

STRIPS-like reasoning (theorem-
prover) over non-toy, real-world en-
vironment.
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4-G UNIVERSAL ROBOTS
� Estimated time of arrival: 2040
� Processing power: 100,000,000

MIPS (human-scale)
� Abstract and reason from the world

model.
� Not only run the simulation, but can

reason about it.
� Very human like.
� Use ultra-simulators to ground lan-

guage understanding in robotic and
non-robotics AI systems.
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AND BEYOND
� “The machines will be dangerously powerful

physically and mentally, but can probably be
constructed to be law-abiding...It takes
force, indoctrinatino,and constant vigilance
to counter inherited needs and motivations
to enslave a human. Robots, on the other
hand, do not have natural survival or any
other instincts. Every nuance of their
motivation is a design choice. They can be
constructed to enjoy the role of servant to
humankind.”

� Civilization will loosen up into a more “tribal”
condition.

� Enabled by taxes and legislation on robots.

� Deep space
� Time travel
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TRANSMIGRATION

� Mental Prosthetic
� Humans held back by their

protein-based body, even the
genetically engineered in the crowd.

� Replace body but preserve self.
� Digitally storing your mind.

� Mind is de�ned by the abstract
pattern that is instantiated in your
brain, not your brain.
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TRANSMIGRATION METHODS

� Have your mind scanned chemically and
electronically. Build model of scan, then
write a program that acts like the model.

� Life-long robotic companion that sees
through your eyes, hears through your ears,
etc., and co-develops.

� Eavesdrop on your corpus callosum (com-
munication channel between both sides of
your brain) to copy your mind.
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CONSEQUENCES OF TRANSMIGRATION

� “Wholesale ressurection may be
possible through the use of immense
simluators.” (Mind Children, 123)

� Upgrading your hardware to speed up
your mind.

� Backing up your mind in case of
tragedy.

� Teleportation of mind and body.
� Share your memories on Napster?
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ONLINE RESOURCES
� Moravec - http://www.frc.ri.cmu.edu/˜hpm/
� Kurzweil - http://www.kurzweilai.net/
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