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Scientists
ore devisingmochinesthot con see,feel,heor,
wolk,moke decisions-,
ond reproducethemselves
by PAMELAWEINTRAUB
he setting is an ash-grey expanse
on the moon surrounded by jagged
ridges and craters. In the center
stands a bustling factory manned by robots. Some of them scumy about on
wheels, mining ore and transporting it
to smelters. Others work in place, focusing television-camera eyes and flexing
mechanical muscles as they assemble
the newly smelted metal into spaceships, satellites, and, most important,
new robots. Operating in a near vacuum, unprotected by any atmosphere
from the lethal rays of the sun, the robots build and then operate additional
factories that turn qut more products.
Eventually they design and construct a
superior generation of robots.
This indus trialization-and
robotization-of the moon is one of a number of
programs being considered by the National Aeronautics and Space Administration as the success of the space shuttle (page 18) expands NASA's vistas
from the exploration of space to the utilization of it. NASA has
always used machines-satellites, spacecraft, landers-that can be called robots because they interae|
with the environment. Similarly, industry applies the
word to the one-armed
welders and bolt-tighteners lately replacing human
beings on many assembly
lines. But now NASA, and
industry, needs better robots, truly intelligent machines that can, at least to
someextent, see, hear, feel,
smell, communicate, move
around-and make and carry out decisions. And scienceis taking steps to providethem.

Recognizing that intelligent robots
are essential to America's future in
space, NASA expects to spend at least
tens, and perhaps hundreds, of millions
of dollars yearly on robot research and
development by the mid-1980s. By the
turn of the century, says Stan Sadin,
NASA's deputy director of space systems technology development, smart
robots could be exploring remote parts
of the solar system and constructing
satellites that collect solar energy and
transmit it to earth.
Other scientists are trying to build intelligent robots that will mine the deep
sea or perfbrm rescue missions in nuclear power plants. The Air Force and
the aerospace industry are gearing up
to produce the "factory of the future,"
an automated airplane plant managed
by computers and manned by blue-collar robots. And Stanford University
plans to develop a robot with enough
dexterity to assist a surgeon.
Says James Albus, director of robot-

ics research at the National Bureau of
Standards in Gaithersburg, Maryland,
"It
is not inconceivable that self-replicating robots may, sometime in the next
century, develop into creatures that
think and show emotions that are somewhat analogous to those of the human
being. It is simply a matter of building
sensory devices and computers of sufficient complexity. Robots may never
look much like people, but they are
evolving into a living species."
The 4,000 industrial robots in American factories today'are not very advanced; See Threepio of Sfar Wars is nowhere near reality. Existing machines
perfotm some repetitive tasks with
more speed and reliability than human
beings, and they can withstand fumes
and heat. But, says Tom Binford, leader of the Robotics Laboratory at Stanford University in Califbrnia, "they are
nothing much more than three-thousand-pound idiots. After all, how much
could a person do with his eyes, nose,
Qoming soon: robots smart enough to
build other robots

A robot at the National Bureau
of Standards uses its television-cameraeye and sense of
pressure to pick up an egg
withoutbreaking it
ILLUSTRATION
BY MARK KAPLAN
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To recognize an airplane, a robot's
camera eye transmits a picture of the
plane to a computer, which simplifies
ihe image to its basic shape (bottom
left), thCn to a few essential lines, and
finally to the most critical points
and ears plugged, his legs glued to the
flbor, and his entire body injected with
the equivalent of novocaine?"
So roboticists (as they call t[remselves) like Binford are removing the
pilugs, freeing the feet, and providing
their creatures with thumbs and brains.
The most important first step, they say,
could be the development of a practical
robot eye.
Most visual robots undergoing tests

7A

in today's factories are limited because
they see a flat, two-dimensional world.
To give robots a sense of depth, scien.
tists in the research lab are building
eyes that see in three dimensions. One
such robot sits on a table in a darkened
room at the National Bureau of Standards. With a light shining from its
camera
and a television
fingertips
mounted atop its wrist, this mechanical
arm scans nearby objects such as metallic cubes and cylinders. The camera
transmits the image of any object illuminated by the light to a comPuter
under the table. Applying simple geometry, the computer calculates the shape

and location of the object, then tells the
robot arm how to grip it and where to
moveit.
Robots that use light beams to see
could do many factory jobs, but are otherwise quite limited. They can see only
where the light shines, and for only a
few feet. If a robot is to navigate
through a cluttered office or build satellites in space, it must perceive complex, three-dimensional panoramas in
stereo, using two eyes much as people
do. Duplicating human visual perception and recognition is far beyond present capability. A human retina contains
150 million light sensors that send signals to billions of nerve cells. Human
eyes combine the signals to detect
depth, edges, curvature, and motion.
Sent to the brain, the image is recognized through comparison with information stored in the memory.
Without aspiring to such complexity,
scientists are working on systems that
mimic human vision. Stanford's Binford is building a robot that uses two
video camerasto seein stereo. The computer brain reducesthe resulting image
to a few crucial lines indicating the most
important edges and curves.
To enabie the robot to recognize these
"world
pictures, Binford is building a
model," that is, an electronic memory
that will eventually contain enough information to identify most physical objecls or landscapes.That is no easy task.
It is clearly impossible to make a model of each chair or tree in existence, or
to take into account changes in an object's shape or position. Binford's goal
is to construct abstract models of common objects, starting with those in his
laboratory. He plans to use a single
building block-a three-dimensioual
cone-shaped image that can be represented digitally in the computer's memory and programmed to appear on'a
computer screen.
Binford's seeing robot is painfuily
slow; it takes two or three minutes.to
recognize a simple geometric shape like
a cube or a sphere. WhY so long? Because the robot must sift through millions of bits of digital data to simplify
the image and compare it with modeis
in its memory, amonumental task even
for today's speedy computers. But the
computer of the future will work thousands of times as fast. Then the robot
eye may begin to give its human
counterpart a bit of comPetition.
Even eagle-eyed robots will need other abilities-a sense of touch, for example. With that in mind, researchers
Danny Hillis and John Hollerbach, of
the Massachusetts Institute of Technol-
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will travel ten times as quickly as the
Stanford version. The reason: a powerful laboratory computer, built specifically to analyze visual information,
works far rnore quickly than the one
used last year; it sends instructions to
twelve on-board microprocessors that
rapidly orchestrate the motion of three
sets of wheels. The new robot, two feet
in diameter and three feet high, will
look something like a wastebasket with
a tilting, panning TV camera eye on
top. Moravec says that future roving
robots will gain speed and precision
as computers continueto improve. They
will have color stereo vision, a memory as extensive as the one being built
by Binford, and two or three arms'
each with muscle-like force-sensors and
a senseoftouch.
Even when laden with sensors, robot
limbs will be relegated to heavy work
on the factory floor unless they become
as versatile as human limbs. Toward
this end, Ken Salisbury, a graduate student at Stanford, is building a hand with
three fingers, each of which is opposable
to the other two and works much like
the human thumb to grasp objects. Tom
Binford is developing a robot that can
coordinate two hands to perform a single task. Robert McGhee, a roboticist at
Ohio State University, in Columbus, is
building a walking robot with six legs;
his next robot could have four legs and
may be capable of working in a nuclear
power plant or a coal mine. And Haruhiko Asada, of Carnegie-Mellon, is designing a fast robot arm driven by ultra
Reddy with a robot's map of Pittsburgh

Tom Binford in the Robotics Laboratory at stanford university
light motors. The arm, which looks like
a human limb, is far more agile and
powerful than the conventional robot
arm and consumes little energy. But it
still weighs 280 pounds. Asada plans to
use materials such as titanium, fiberglass, and plastic to build an equally
powerful arm, weighing onlY 13
pounds.
To endow robots with intelligence,
scientists are depending upon the development, within a decade, of VLSI (very
large-scale integrated circuit) systems,
which will work at least a thousand
times as fast and hold a thousand times
as much information as today's best microprocessors. Then, says Raj Reddy'
each robot eye, ear, and hand will have
its own tiny but powerful microprocessor to sift through billions of visual
points, analyze hundreds of voices, or
determine the pressure on each finger
and joint. The most important data will
be sent to the robot's central computer,
the size of a transistor radio, which will
coordinate the entire machine.
"But
being smart is not just a question of storing static information in a
powerful computer," saYS ReddY. A
smart robot rnust be able to adapt to
changes and solve Problems as theY
arise- To give the robot this ability, Reddy and others at Carnegie-Mellon are
developing a set of techniques that will
help robots make Plans or find the
means to accomplish a particular end.
The Carnegie-Mellon group hopes to
build an abstract, problem-solving model somethins like Binford's abstract

model of the visual world. Reddy ex"If robot is exploring Mars and
plains,
a
comes to a canyon it has never seen before, it can attempt to find an alternative path by relying upon its sensors and
a set of general instructions on how to
maneuver past obstacles."
Robots will start off with a simple set
of skills, Reddy adds. In five years, those
working in space, for examPle, might
be able to fly from the space shuttle to
a satellite, guided by their own brain
power. But when it came to the more
-omplex task of repairing the satellite,
a human supervisor would have to radio instructions to the robot brain. In
ten or fifteen years, Reddy believes,
space, sea, and land robots can be more
or less autonomous, smart enough to
build complicated structures or navigate rugged terrain.
"There are two illusions about ro"One is that they are
bots," Albus says.
already here. The other is that they'll
never be here, that they are the stuff'of
science fiction and will never have a significant impact on the real world. The
real world of robotics is a funny thing
that takes place between those two extremes." Indeed, robots intelligent
enough to design a new' superior race of
robots may be a long waY off. Even so,
50 industrial robots made in Japan have
recently begun to reProduce themselves, building new robots round the
clock. Some human help is still needed;
about 25 people assemble parts that
these deaf, dumb, and blind factotums
E
are too stupid to handle. So far.
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