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by Jeannine Gailey

Dr. Ernest Hall builds robots that learn

from their mistakes. Adapt or perish!
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Fobot TE:DA.

On any given Saturday this summer at University of Cincinnati,
you will find Dr. Ernest L. Hall, of the Robotics Center, in
the robotics laboratory with a dozen or students, eating pizza and
comparing ideas for their robot, th cat (named after University

of Cincinnati's team mascot), which will be competing in the
Intelligent Ground Vehicle Competition in 2004. The students are from
graduate and undergraduate programs as diverse as mechanical,
industrial and electrical engineering, computer science, and
psychology. Dr. Hall, who recently won an Innovative Teaching award,
has spent 20 years giving students the opportunity to apply the
theory they learn in his classes by designing and building a robot that
is capable of guiding itself through an obstacle course.

Dr. Hall is interested in robotics, but also interested in the
practical application of engineering design, artificial intelligence
theories, software and hardware programming, and plain old mechanical
ability. And he wants to make that application fun. That is why
students are willing to give up their free time to work in the 1lab
building and programming a robot that can gather information about its
surroundings, make decisions, and physically master a series of
challenges. This isn't your average Radio Shack robot made for a quick
derby battle, content to be driven by a person with a remote control.

In many ways, it is a thinking machine.
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Why Intelligent
Robots?

You can see the potential for
thousands of applications — robots
that could navigate a street with-
out running over pets or crashing
into other objects could perform
routine duties such as street clean-
ing or trash collection. Such robots
could also perform risky blood
work in a medical lab, or take the
strain off overworked hospital staff by doing tasks like deliv-
ering meals to patients or collecting soiled laundry. What
would you trust a robot to do? This is a key question, Dr. Hall
points out, one that both defines and limits the goals of
robotic researchers. If a robot is developed that could admin-
ister vaccinations, would people trust a robot to do that? But,
if the robot could be trained to perform janitorial duties at a
nuclear waste site, and this eliminated risk to human life,
would people be more willing to trust it then? The practical
advantage of robots that can learn is in allowing robots to
take the place of humans in dangerous situations, which
means having robots that could detect and avoid land mines,
or collect hazardous materials at a Superfund site without
contaminating safe areas.

Dr. Hall, who has written three books and hundreds of
papers and articles on machine intelligence, knows that the
idea of an intelligent robot may sound pie-in-the-sky. But he
points to examples of intelligent robots that are already in
the workforce — the robot lawn mower, robot vacuum clean-
er, robot food delivery system and robot helpers for the elder-
ly. Unmanned military ground, underwater, and aerial vehicles
are currently beind developed at an accelerated pace as well.

What is Machine Intelligence?

Alan Turing is often thought of as one of the "fathers" of
Artificial Intelligence, the science of creating intelligent com-
puters. As early as 1947, he believed machine intelligence
would be found in the ability to communicate with natural
language. Some "bots" on the web are now sawvy in the nat-
ural language department. In the 1970s, research into artifi-
cial intelligence moved towards creating machines that could
respond to visual stimuli, and some scientists tried to repli-
cate the data manipulation of the human brain, building
machines with neural networks.

www.robotics.uc.edu
www.igvc.org/deploy
www.auvsi.org
www.ai.mit.edu
http://vasc.ri.cmu.edu
www.aaai.org/Pathfinder/index.html
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Dr. Hall defines machine intel-
ligence as requiring two attrib-
utes. The first is the ability to react
to sensory information. "We have
been doing this for twenty years,"
he says. Examples of this today
include AIBO, the robot dog from
Sony that has the ability to
respond to sound, touch, and
visual stimuli. However, AIBO can-
not learn. "The other, more chal-
lenging, aspect of machine intelli-
gence is creating a computer brain that can learn from repeti-
tive actions." With his students, Hall has been studying neural
networks in robots — that is, an architecture in which com-
puter processors are interconnected similarly to the way neu-
rons connect in @ human brain. This system allows the com-
puter to learn by a process of trial and error. "We need to be
more patient with our robots," Hall says. "Giving them time
to learn may mean exposing them to not hundreds but thou-
sands of iterations over time." More advanced ideas about
neural networking have emerged recently - for instance, the
ideas of the adaptive critic and creative learning.

Dr. David Casasent, a professor of electrical and comput-
er engineering at Carnegie Mellon University, and also a
researcher in the area of optical systems, has worked with Dr.
Hall for over 20 years. "When we started the SPIE Intelligent
Robotics and Computer Vision Conference, vision guided
robotics was just a research idea. Now we have several of these
ideas put into actual practice, such as the Sojourner that is on
Mars, and many vision-guided robots in industry and defense."

Q/A With Dr. Hall

JG: What is this adaptive critic learning?

Dr. Hall: The adaptive critic is a form of reinforcement learn-
ing that was developed by Paul Werbos of the National
Science Foundation (NSF). It uses a back-propagation algo-
rithm of a neural network to distribute error through the net-
work network and make the adjustments needed to learn a
given goal. In robotics, it can be used, for example, to make
a robot follow a precisely specified path.

JG: How would you define creative learning and how is this
approach different from existing techiques in machine intelli-
gence?

Dr. Hall: Creative learning chooses one of several goals - this
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