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Reverse Engineering the Brain

What does that mean?

Building computational machines that are
functionally equivalent to the brain

In their ability to perceive, think, decide, and act in a purposeful
way to achieve goals in complex, uncertain, dynamic, and possibly hostile
environments, despite unexpected events and unanticipated obstacles,
while guided by internal values and rules of conduct.

Functional equivalence ::=producing the same
iInput/output behavior
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Reverse Engineering the Brain

Will require a deep understanding of how the

brain works and what the brain does
How is information represented in the brain?

How Is computation performed?

What are the functional operations?

What are the knowledge data structures?

How are messages encoded?

How are images processed?

How are relationships established and broken?
How are signals transformed into into symbols?

How does the brain generate the incredibly complex
colorful, dynamic internal representation that

we consciously perceive as external reality?
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Engineering Intelligent Systems

Intelligent Control Projects ~ $100M total over 43 years

6575 NASA-NBS -- Cerebellum model for learning control (CMAC neural net)
73-85 Navy/NBSi Robot control, Automated Manufacturing Research Facility
86-87_DARPA -- Multiple Unmanned Undersea Vehicles (MAUV)

88-89 DARPA -- Submarine Operational Automation System (SOAS)
90-92_GD Electric Boat -- Next generation nuclear submarine control

86-88_NASA -- Space Station Flight Telerobotic Servicer (NASREM)

87-89 Bureau of Mines-- Coal mine automation

87-91_U.S. Postal Service- Stamp distribution center, General mail facility

86-08 Army -- TEAM, TMAP, MDARS, Picatinny Arsenal UGV, Demo | and IlI ARL
Collaborative Technology Alliance, JAUGS, VTA, FCSANS

96-97 Navy i Double Hull Robot, Multiple UAV SWARM

94-95 DARPA / General Motorsi Enhanced CNC & CMM Control

99-01 Boeingi Cell Control, Riveting, Hi Speed machine tool

92-01_ Commercial CNC - plasma & water jet cutting

96-98 DARPA T MARS, PerceptOR

02-04 Boeing/SAICT FCS Autonomous Navigation System, Integrated Combat Demo
02-07 AirForce i RoboCrane Paint Stripping Robot for Large Aircraft

08-09 DOT 1 Intelligent vehicles, FovealPeripheral Vision for Driving

06-07 DARPA T Learning Applied to Ground Robotics (LAGR)

08-10 DARPA T EATR Foraging Robot
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Intelligent Cleaning and
s Deburring Workstation
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Intelligent Coal Mining Machine
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Multiple Autonomous Undersea Vehicle
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Intelligent Vehicle Control NIST_
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NIST Autonomous Mobility Team _NIST
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AD/RCS Reference Model Architecture
for Unmanned Vehicle Systems

Adopted by GDRS for FCS Autonomous Navigation System
Adopted by TARDEC for Vetronics Technology Integration
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A 4D/RCS Computational Node

Mapping to the Brain
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Functional Capabillities

Mapping to the Brain
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Computational Architecture of Brain
What Is the brain for?

The brain is first and foremost a control system
All brains generate and control behavior

Brains initially evolved to control locomotion

Swimming motion & gait generationi coordination of actuators
Path planningi how to get from Ato B

Decision makingi where to go, when, why, how

Tactical behaviorsi hunting for food, evading predators, . . .

UOIIN|OAT

Strategic behaviorsi migrating, establishing territory, mating, . . .

Manipulation, language, and reasoning
are recent developments
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Hierarchical Architecture

Brain Is organized hierarchically

Unitary SELF at top
Millions of sensors and actuators at bottom

Complex strategies at top
Simple actions at bottom

Frontal hierarchy: decision making, task decomposition,
planning and execution of behavior

Posterior hierarchy: attention, segmentation, grouping,
computation of attributes, filtering, and classification
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Cortical Architecture
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The brain is a
hierarchical
sensorycontrol
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Cortex and Mind

\1 ENVIRONMENT
Joaquin Fuster
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Hierarchical Architecture

More
neurons
at the top
of the
hierarchy

Cortex and Mind
Joaquin Fuster
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