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Forewaord

Welcome to the high frontier of cognition and computation!

You are about to dig into a uniquely interesting and important book.
This is not a highly technical or abstruse guide to this often complex and
difficult-to-understand subject. Rather, the book provides short, clear def-
initions and interpretations of the major concepts and rapidly emerging
ideas in this dynamic field. The work includes numerous functional illus-
trations that help the general reader “see” the abstract robotics notions
presented. I envision this book as an important introductory overview for
the general interested reader and artificial intelligence (AI) hobbyist, and
as a valuable backup and refresher for professional workers in the area.
Because this book is all about terms, let me frame the effort by saying that
it addresses two major, universal needs: cognition and computation.

Cognition (kog-NISH-un) is literally “the act of knowing or aware-
ness.” As you refer to definitions in this book, you should steadily gain
knowledge and awareness of the robotics/Al topics presented. Most
interestingly, it is your own central nervous system (brain and spinal
cord), functionally connected to your eyes, that is allowing your natural
intelligence (NI) to study this material and build a relevant cognition
(mental awareness) of key robotics concepts. A thorough cognition and
comprehension of robotics/Al terminology and concepts is becoming
absolutely critical to all intelligent lay people worldwide.

X

Copyright 2003 by The McGraw-Hill Companies, Inc. Click Here for Terms of Use.



Foreword

“Can human consciousness be duplicated electronically?” Stan Gibilisco
thoughtfully asks us. “Will robots and smart machines ever present a dan-
ger to their makers? What can we reasonably expect from robotics and
artificial intelligence in the next 10 years? In 50 years? In 100 years?” Such
questions as these will be of ever-increasing importance for human cogni-
tion (NI) as machine computation or artificial intelligence continues to
evolve rapidly.

Let us coin a new word, computhink: a contraction of “computer-like
modes or ways of human thinking” A comprehensive introductory refer-
ence book such as this will help the NI of general readers to learn com-
puthink. This will result in a better understanding and management
of our powerful cousin, AL for the greater benefit and education of all
humankind.

This book presents a thorough, basic, blissfully nonmathematical cov-
erage of numerous electronic and mechanical concepts that is greatly
needed worldwide. Stan has provided us with the essential vocabulary
of machine computation for the twenty-first century, a vocabulary that
many (not just a select few) people need to understand.

THE HONORABLE DR. DALE PIERRE LAYMAN, PH.D.
Founder and President, ROBOWATCH
www.robowatch.org



Introduction

This is an alphabetical reference about robotics and artificial intelligence
(AI) for hobbyists, students, and people who are just curious about these
technologies.

Computers and robots are here to stay. We depend on them every day.
Often we don’t notice them until they break down. We will get more used
to them, and more reliant on them, as the future unfolds.

To find information on a subject, look for it as an article title. If your
subject is not an article title, look for it in the index.

This book is meant to be precise, but without too much math or jar-
gon. It is written with one eye on today and the other eye on tomorrow.
Ilustrations are functional; they are drawn with the intention of show-
ing, clearly and simply, how things work.

Suggestions for future editions are welcome.

STAN GIBILISCO
Editor in Chief

xi
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ACOUSTIC PROXIMITY SENSOR

An acoustic proximity sensor can be used by a robot to detect the presence
of, and determine the distance to, an object or barrier at close range. It
works based on acoustic wave interference. The principle is similar to that
of sonar; but rather than measuring the time delay between the transmis-
sion of a pulse and its echo, the system analyzes the phase relationship
between the transmitted wave and the reflected wave.

When an acoustic signal having a single, well-defined, constant fre-
quency (and therefore a single, well-defined, constant wavelength) reflects
from a nearby object, the reflected wave combines with the incident
wave to form alternating zones at which the acoustic energy adds and
cancels in phase. If the robot and the object are both stationary, these
zones remain fixed. Because of this, the zones are called standing
waves. If the robot moves with respect to the object, the standing waves
change position. Even a tiny shift in the relative position of the robot
and the sensed object can produce a considerable change in the pattern
of standing waves. This effect becomes more pronounced as the acoustic
wave frequency increases, because the wavelength is inversely propor-
tional to the frequency.

The characteristics and effectiveness of an acoustic proximity sensor
depend on how well the object or barrier reflects acoustic waves. A solid
concrete wall is more easily detected than a sofa upholstered with cloth.
The distance between the robot and the obstacle is a factor; in general, an
acoustic proximity sensor works better as the distance decreases, and less
well as the distance increases. The amount of acoustic noise in the robot’s
work environment is also important. The higher the noise level, the more
limited is the range over which the sensor functions, and the more likely
are errors or false positives. Ultrasound waves provide exceptional accuracy
at close range, in some cases less than 1 cm. Audible sound can allow the

Copyright 2003 by The McGraw-Hill Companies, Inc. Click Here for Terms of Use.



Active Chord Mechanism (ACM)

system to function at distances on the order of several meters. However,
audible signals can annoy people who must work around the machine.
Compare SONAR.

See also PRESENCE SENSING and PROXIMITY SENSING.

ACTIVE CHORD MECHANISM (ACM)

An active chord mechanism (ACM) is a robot gripper that conforms to the
shapes of irregular objects. An ACM is built something like the human
backbone. A typical ACM consists of numerous small, rigid structures
connected by hinges, as shown in the illustration.

Hinges

Rigid
sections

Active chord mechanism

The precision with which an ACM can conform to an irregular object
depends on the size and number of sections. The smaller the sections, the
greater is the precision. An ACM exerts uniform pressure all along its
length. This pressure can be increased or decreased, according to the
required task.

One application of ACMs is to position or arrange fragile objects
without damaging them. Another application is the picking of fruits
and vegetables.

See also ROBOT GRIPPER.

ACTIVE COOPERATION

See COOPERATION.



AGV

ACTUATOR

ADA

ADH

AGV

An actuator is a device that moves one or more joints and operates the
gripper or end effector in a robot arm. Simple actuators consist of electric
motors and gears, cable drives, or chain drives. More sophisticated actua-
tors involve the use of hydraulics, pneumatics, or magnetic interaction.
Stepper motors are commonly used as robotic actuators.

Some robot arms can function with a single actuator; others require
two or more. The number of actuators necessary to perform a given task
depends on the number of degrees of freedom, the number of degrees of
rotation, and the coordinate geometry of the robot arm.

See also CABLE DRIVE, CHAIN DRIVE, DEGREES OF FREEDOM, DEGREES OF ROTATION, END
EFFECTOR, MOTOR, ROBOT ARM, ROBOT GRIPPER, and STEPPER MOTOR.

PTIVE SUSPENSION VEHICLE (ASV)

An adaptive suspension vehicle (ASV) is a specialized robot that uses
mechanical limbs to propel itself. It moves on several legs like a gigantic
insect. This provides excellent stability and maneuverability. The ASV can
carry several hundred kilograms, and moves at 2 to 4 m/s. The machine
itself masses 2 to 3 metric tons. It is the size of a small truck, and it can
carry a driver or rider.

The design and construction of a robot with legs is considerably more
difficult than that of a wheel-driven or track-driven robot, but there is a
payoff: the ASV can move over much rougher terrain than any vehicle
with wheels or a track drive.

See also INSEcT RoBoT and ROBOT LEG.

ESION GRIPPER

An adhesion gripper is a robot end effector that grasps objects by literally
sticking to them. In its most primitive form, this type of gripper consists of
a rod, sphere, or other solid object covered with two-sided tape. Velcro™
can also be used if the object(s) to be grasped are likewise equipped.

A major asset of the adhesive gripper is the fact that it is simple. As
long as the adhesive keeps its “stickiness,” it will continue to function
without maintenance. However, there are certain limitations. The
most significant is the fact that the adhesive cannot readily be disabled
in order to release the grasp on an object. Some other means, such as
devices that lock the gripped object into place, must be used. Compare
ATTRACTION GRIPPER.

See AUTOMATED GUIDED VEHICLE.



Algorithm

ALGORITHM

An algorithm is a precise, step-by-step procedure by which a solution to a
problem is found. Algorithms can usually be shown in flowchart form.
All computer programs are algorithms. Robots perform specific tasks by
following algorithms that tell them exactly where and when to move.

In an efficient algorithm, every step is vital, even if it seems to sidetrack
or backtrack. An algorithm must contain a finite number of steps. Each
step must be expressible in digital terms, allowing a computer to execute it.
Although the algorithm can contain loops that are iterated many times,
the whole process must be executable in a finite length of time. Although
no algorithm is infinitely complex, there are some that would require
millions of years to be executed by a human being but can be done by
computers in a few seconds.

See also FLOWCHART.

ALL-TRANSLATIONAL SYSTEM

An all-translational system is a scheme in which the coordinate axes
remain constant, or fixed, in an absolute sense as a robot moves. A common
example is a system in three-dimensional (3-D) Cartesian coordinate
geometry, in which the axes are defined as north/south, east/west, and
up/down.

An all-translational system in a given environment does not necessarily
constitute an all-translational system in another environment. Consider a
Cartesian system in which the x axis is north/south, the y axis is east/west,
and the zaxis is up/down. This is all-translational as defined in, and relative
to, a small region on the Earth. However, this scheme loses its absolute-
ness with respect to the whole planet or the greater Universe, because the
Earth is a rotating sphere, not a fixed Euclidean plane.

In the absence of a set of physical objects for reference, an all-translational
system can be maintained by inertial means. The gyroscope is the most
common means of accomplishing this.

See also CARTESIAN COORDINATE GEOMETRY and GYROSCOPE.

ALTERNATIVE COMPUTER TECHNOLOGY

Researchers in artificial intelligence (AI) have debated for years whether
it is possible to build a machine with intelligence comparable to that of a
human being. Some scientists think that alternative computer technology
might provide a pathway in the quest for human-level Al

Digital processes

Personal computers make use of digital computer technology. The oper-
ating language, known as machine language, consists of only two possible



Alternative Computer Technology

states, the digits 1 and 0, represented by high and low electronic voltages.
No matter how complex the function, graphic, or program, the work-
ings of a digital computer can always be broken down into these two
logic states.

Digital computers can be made fast and powerful. They can work
with huge amounts of data, processing it at many millions of digits per
second. However, there are certain things that digital computers are
not good at doing. Some researchers think that other approaches to
computing deserve attention, even though digital technology has been
successful so far.

Analog processes

Whereas a digital machine breaks everything down into discrete bits
(binary digits), analog computer technology uses an entirely different
approach. Think of the square root of 2. This cannot be represented as a
ratio of whole numbers. A digital computer will calculate this and get
a value of about 1.414. However, a decimal-number representation of the
square root of 2 can never be exact. The best a digital machine can do is
get close to its true value.

The square root of 2 is the length of the diagonal of a square measuring
1 unit on a side. You can construct it with the tools of classical geometry
(an analog art) and get an exact rendition. But you cannot use this in
arithmetic as you use the numerical value 1.414. Thus, you sacrifice
quantitative utility for qualitative perfection. Perhaps similar give-and-take
will prove necessary in the quest to develop a computer that thinks like a
human being. Analog concepts have been adapted to computer design; in
fact, it was one of the earliest methods of computing. In recent years it
has been largely ignored.

Optics
Visible light, infrared (IR), and ultraviolet (UV) offer interesting possi-
bilities for the future of computer technology.

In CD-ROM (compact disk, read-only memory), optical technology
is used to increase the amount of data that can be stored in a given physical
space. Tiny pits on a plastic diskette cause a laser beam to be reflected or
absorbed at the surface. This allows encoding of many megabytes of data
on a diskette less than 15 cm across.

Data can be transmitted at extreme speeds, and in multiple channels,
via lasers in glass fibers. This is known as fiber-optic data transmission,
and is used in some telephone systems today. The wires in computers
might someday be replaced by optical fibers. The digital logic states, now
represented by electrical impulses or magnetic fields, would be represented
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by light transmittivity instead. Certain materials change their optical
properties very quickly, and can hold a given state for a long time.

Atomic data

As integrated circuit (IC) technology has advanced, more and more digital
logic gates have been packed into less and less physical space. Also, with
refinements in magnetic media, the capacity of hard disks and diskettes
has been increasing.

According to conventional science, the smallest possible data storage
unit is a single atom or subatomic particle. Consider a magnetic diskette.
Logic 1 might be represented by an atom “right side up,” with its magnetic
north pole facing upward and its magnetic south pole facing downward.
Then logic 0 would be represented by the same atom “upside down,” with
the magnetic poles inverted.

Another possibility is single-electron memory (SEM). An example of a
SEM is a substance in which the presence of an excess electron in an atom
represents logic 1, and the electrically neutral state of the atom represents
logic 0.

Some scientists think that computer chips might someday be grown
in a laboratory, in a manner similar to the way experimental cultures of
bacteria and viruses are grown. A name has even been coined for such a
device: biochip.

Nanotechnology

As ICs get more circuitry packed into small packages, computer power
increases. But it also becomes possible to make tinier and tinier computers.
With molecular computer technology—the construction of ICs molecule
by molecule rather than by etching material away from a chip—it might
become possible to build computers so small that they can circulate inside
the human body.

Imagine antibody robots, controlled by a central computer, that are as
small as bacteria. Suppose the central computer is programmed to destroy
certain disease-causing organisms. Such a machine would be something
like an artificial white blood cell. Nanotechnology is the field of research
devoted to the development and programming of microscopic machines.
The prefix nano- means one billionth (107 or 0.000000001). It also
means “extremely small.”

Computerized nanorobots might assemble larger computers, saving
humans much of the work now associated with manufacturing the
machines. Nanotechnology has already made it possible for you to wear
a computer on your wrist, or even have a computer embedded some-
where in your body.

See also BIOCHIP, INTEGRATED CIRCUIT, NANOCHIP, and NEURAL NETWORK.



Analogical Motion

Neural networks

Neural network technology uses a design philosophy that differs radically
from that of conventional digital computers. Neural networks are good at
spotting patterns, which is important for forecasting. Rather than working
with discrete binary digits, neural networks work with the relationships
among events.

Unless there is a malfunction, a digital machine does precise things
with data. This takes time, but the outcome is always the same if the input
stays constant. This is not the case with a neural network. A neural net-
work can work more quickly than a digital machine. To achieve speed,
precision is sacrificed. Neural networks can learn from their mistakes.
According to some scientists, this technology is a diversion and distrac-
tion from the proven mainstream; according to other scientists, it holds
great promise.

AMUSEMENT ROBOT

An amusement robot is a hobby robot intended for entertainment or
gaming. Companies sometimes use them to show off new products and
to attract customers. They are common at trade fairs, especially in Japan.
Although they are usually small in size, they often have sophisticated
controllers.

An example of an amusement robot is a mechanical mouse (not to be
confused with the pointing device for a computer) that navigates a maze.
The simplest such device bumps around randomly until it finds its way
out by accident. A more sophisticated robot mouse moves along one wall
of the maze until it emerges. This technique will work with most, but not
all, mazes.

The most advanced amusement robots include androids, or machines
with a human appearance. Robots of this type can greet customers in
stores, operate elevators, or demonstrate products at conventions. Some
amusement robots can accommodate human riders.

See also ANDROID and PERSONAL ROBOT.

ANALOGICAL MOTION

The term analogical motion refers to a variable or quantity that can have
an infinite number of values within a certain range. This is in contrast to
digital variables or quantities, which can have only a finite number of dis-
crete values within a given range. Thus, analogical control is representative
of so-called smooth or continuous motion.

A person moving freely around a room, varying position to any point
within a specific region, has the capability of analogical motion. The
human arm can move to an infinite number of positions in a fluid and
continuous way, within a certain region of space. This, too, is analog
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motion. Many robots, however, can move only to certain points along a
line, on a plane, or in space. This motion is digital. Some robots can move
in an analogical fashion, but the necessary hardware is generally more
complicated than for digital motion.

The illustration shows an example of analog motion in a plane.
Compare DIGITAL MOTION.

Analogical motion

ANALYTICAL ENGINE

The analytical engine was a primitive calculating machine designed by
Charles Babbage in the nineteenth century. Babbage never completed the
task of building this device to perfection, but the idea was to employ
punched cards to make, and print out, calculations, in a manner similar
to the earliest digital computers. Babbage is considered to be the first
engineer to work on a true digital calculator.

One of the main problems for Babbage was that electricity was not
available. The machines had to use mechanical parts exclusively. These
wore out with frequent, repetitive use. Another problem was that Babbage
liked to dismantle things completely in order to start over with new designs,
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rather than saving his old machines to keep their shortcomings in mind
when designing new ones.

During the research-and-development phase of the analytical engine,
some people thought that artificial intelligence (AI) had been discovered.
The Countess of Lovelace even went so far as to write a program for the
machine. Babbage’s machine represented a turning point in human atti-
tudes toward machines. People began to believe that “smart machines”
were not only possible in theory, but also practical.

AND GATE

See LOGIC GATE.

ANDROID

An android is a robot that has human form. A typical android has a rotat-
able head equipped with position sensors. Binocular machine vision allows
the android to perceive depth, thereby locating objects anywhere within
a large room. Speech recognition and speech synthesis can be included as
well. Because of their quasi-human appearance, androids are especially
suited for use where there are children.

There are certain mechanical problems with design of humanoid robots.
Biped robots are unstable. Even three-legged designs, while more stable,
are two-legged whenever one of the legs is off the ground. Humans have
an innate sense of balance, but this feature is difficult to program into a
machine. Thus, an android usually propels itself by means of a wheel drive
or track drive in its base. Elevators can be used to allow a rolling android
to get from floor to floor in a building.

The technology exists for fully functional arms, but the program-
ming needed for their operation has not yet been made cost-effective for
small robots.

No android has yet been conceived, even on the trendiest drawing
board, that can be mistaken for a person, as has been depicted in science-
fiction books and movies.

Humanoid robots have enjoyed popularity, especially in Japan. One of
the most famous was called Wasubot. It played an organ with the finesse
of a professional musician. This robot became an idol at the Japanese show
Expo ‘85. The demonstration showed that machines can be esthetically
appealing as well as functional.

See also PERSONAL ROBOT.

ANIMISM

People in some countries, notably Japan, believe that the force of life exists
in things such as stones, lakes, and clouds, as well as in people, animals,
and plants. This belief is called animism.



Anthropomorphism

As early as the middle of the nineteenth century, a machine was con-
ceived that was thought to be in some sense animate. This was Charles
Babbage’s analytical engine. At that time, very few people seriously
thought that a contraption made of wheels and gears could have life. How-
ever, today’s massive computers, and the promise of more sophisticated
ones being built every year, have brought the question out of the realm of
science fiction.

Computers can do things that people cannot. For example, even a
simple personal computer (PC) can figure out the value of w (pi), the
ratio of a circle’s circumference to its diameter, to millions of decimal
places. Robots can be programmed to do things as complicated as figuring
out how to get through a maze or rescue a person from a burning building.
In recent years, programming has progressed to the point that computers
can learn from their mistakes, so that they do not make any particular
error more than once. This is one of the criteria for intelligence, but few
Western engineers or scientists consider this, by itself, characteristic of life.

ANTHROPOMORPHISM

Sometimes, machines or other objects have characteristics that seem
human-like to us. This is especially true of advanced computers and robots.
We commit anthropomorphism when we think of a computer or robot as
human. Androids, for example, are easy to anthropomorphize. Science-
fiction movies and novels often make use of anthropomorphisms.

An example of anthropomorphism with respect to a computer occurs
in the novel and movie 2001: A Space Odyssey. In this story, a spacecraft is
controlled by “Hal,” a computer that becomes delusional and tries to kill
the human astronauts.

Some engineers believe that sophisticated robots and computers already
have human qualities, because they can optimize problems and/or learn
from their mistakes. Others, however, contend that the criteria for life are
far more strict.

Owners of personal robots sometimes think of the machines as com-
panions. In that sense, such robots actually are like people, because it is
possible to grow fond of them.

See also PERSONAL ROBOT.

ARM

See ROBOT ARM.

ARTICULATED GEOMETRY

Robot arms can move in various different ways. Some can attain only cer-
tain discrete, or definite, positions, and cannot stop at any intermediate

10



Artificial Intelligence

position. Others can move in smooth, sweeping motions, and are capable
of reaching to any point within a certain region.

One method of robot arm movement is called articulated geometry.
The word “articulated” means “broken into sections by joints.” This type
of robot arm resembles the arm of a human. The versatility is defined in
terms of the number of degrees of freedom. There might, for example, be
base rotation, elevation, and reach. There are several different articulated
geometries for any given number of degrees of freedom. The illustration
shows one scheme for a robot arm that uses articulated geometry.

Shoulder
Elbow

®\ — Wrist

Articulated geometry

Other geometries that facilitate movement in two or three dimensions
are defined under the titles CARTESIAN COORDINATE GEOMETRY, CYLINDRICAL COORDI-
NATE GEOMETRY, DEGREES OF FREEDOM, POLAR COORDINATE GEOMETRY, and SPHERICAL COOR-
DINATE GEOMETRY.

ARTIFICIAL INTELLIGENCE

The definition of what constitutes artificial intelligence (AI) varies
among engineers. There is no universally accepted agreement on its
exact meaning.

The programming of robots can be divided into levels, starting with
the least sophisticated and progressing to the theoretical, rather nebu-
lous level of Al The drawing shows a four-level programming scheme.

11
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Fourth level

Third level

Second level

First level

Artificial intelligence

Tasks

Complex motions

Simple motions

Artificial intelligence

Artificial intelligence, at the top level, encompasses properties, behav-
iors, and tasks and involves robots with features such as the ability to:

Sense physical variables such as light and sound

Generate high-resolution images (vision system)

Develop a concept of reality (world model)

Determine the optimum or most efficient course of action
Learn from past mistakes

Create a plan in a given situation, and then follow it through
Modify a plan as changes occur in the environment

Carry on two-way conversations with humans or other machines
Infer solutions based on limited or incomplete information
Develop new ways to solve old problems

Search the knowledge base for specific facts or solutions
Program themselves

Improve their own designs

Artificial intelligence is difficult to quantify; the most tempting standard
is to compare “machine intelligence” with human intelligence. For example,
a smart machine can be given an intelligence quotient (IQ) test similar to
the tests designed to measure human intelligence. In this interpretation, the
level of Al increases as a robot or computer becomes more “human-like” in
its reactions to the world around it. Another scheme involves the use of games
requiring look-ahead strategy, such as checkers or chess.

ARTIFICIAL STIMULUS

An artificial stimulus is a method of guiding a robot along a specified
path. The automated guided vehicle (AGV), for example, makes use of a
magnetic field to follow certain routes in its environment.

12
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Various landmarks can be used as artificial stimuli. It is not necessary
to have wires or magnets embedded in the floor, as is the case with the
AGV. A robot might be programmed to follow the wall on its right-hand
(or left-hand) side until it reaches its destination, like finding its way out
of a maze. The lamps in a hallway ceiling can be followed by light and direc-
tion sensors. The edge of a roadway can be followed by visually checking
the difference in brightness between the road surface and the shoulder.

Another way to provide guidance is to use a beacon. This can be
an infrared (IR) or visible beam, or a set of ultrasound sources. With
ultrasound, the robot can measure the difference in propagation time
from different sources to find its position in an open space, if there are
no obstructions.

There are many ways that objects can be marked for identification.
One method is bar coding, which is used for pricing and product identi-
fication in retail stores. Another is a passive transponder, of the type attached
to merchandise to prevent shoplifting.

See also AUTOMATED GUIDED VEHICLE, BAR CODING, BEACON, EDGE DETECTION, and PASSIVE
TRANSPONDER.

ASIMOV’S THREE LAWS

In one of his early science-fiction stories, the prolific writer Isaac Asimov
first mentioned the word “robotics,” along with three fundamental rules
that all robots had to obey. The rules, now called Asimov’s three laws, are
as follows.

+ A robot must not injure, or allow the injury of, any human being.

+ A robot must obey all orders from humans, except orders that
would contradict the First Law.

+ A robot must protect itself, except when to do so would contradict
the First Law or the Second Law.

Although these rules were first coined in the 1940s, they are still considered
good standards for robotic behavior.

ASSEMBLY ROBOT

An assembly robot is any robot that assembles products, such as cars,
home appliances, or electronic equipment. Some assembly robots work
alone; most are used in automated integrated manufacturing systems
(AIMS), doing repetitive work at high speed and for long periods of time.

Many assembly robots take the form of robot arms. The type of
joint arrangement depends on the task that the robot must perform. Joint
arrangements are named according to the type of coordinate system they
follow. The complexity of motion in an assembly robot is expressed in
terms of the number of degrees of freedom.
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Attraction Gripper

To do its work properly, an assembly robot must have all the parts it
works with placed in exactly the correct locations. This ensures that the
robot can pick up each part in the assembly process, in turn, by moving
to the correct set of coordinates. There is little tolerance for error. In
some assembly systems, the various components are labeled with identi-
fying tags such as bar codes, so the robot can find each part by zeroing in
on the tag.

See also CARTESIAN COORDINATE GEOMETRY, CYLINDRICAL COORDINATE GEOMETRY, DEGREES
OF FREEDOM, POLAR COORDINATE GEOMETRY, ROBOT ARM, and SPHERICAL COORDINATE
GEOMETRY.

ATTRACTION GRIPPER

An attraction gripper is a robot end effector that grasps objects by means of
electrical or magnetic attraction. Generally, magnets are used; either per-
manent magnets or electromagnets will serve the purpose. Electromagnets
offer the advantage of being on/off controllable, so an object can be con-
veniently released without its having to be secured by some external
means. Permanent magnets, conversely, offer the advantage of a minimal
maintenance requirement.

Like the adhesive gripper, the attraction gripper is fundamentally simple.
There are two primary problems with this type of end effector. First, in
order for a magnetic attraction gripper to work, the object it grasps must
contain a ferromagnetic material such as iron or steel. Second, the magnetic
field produced by the end effector can permanently magnetize the objects
it handles. In some cases this is not a concern, but in other instances it
can cause trouble. Compare ADHESION GRIPPER.

ATTRACTIVE RADIAL FIELD

See POTENTIAL FIELD.

AUTOMATED GUIDED VEHICLE

An automated guided vehicle (AGV) is a robot cart that runs without a
driver. The cart has an electric engine and is guided by a magnetic field,
produced by a wire on or just beneath the floor (see the illustration).
Alternatively, an AGV can run on a set of rails. In automated systems,
AGVs are used to bring components to assembly lines. AGVs can also
serve as attendants in hospitals, bringing food and nonessential items to
patients, or as mechanical gophers to perform routine chores around the
home or office.

There has been some talk about making automobiles into AGV's that
follow wires embedded in the road pavement. This would take part of the
driver’s job away, letting computers steer the vehicle and adjust its speed.
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Each car would have its own individual computer. In a city, traffic would
be overseen by one or more central computers. In the event of computer
failure, all traffic would stop. This would practically eliminate accidents.
Whether the public would accept this sort of system on a general scale
remains to be seen.

AUTOMATED HOME

See SMART HOME.

AUTOMATION

The term automation refers to a system in which some or all of the
processes are done by machines, particularly robots. Assets of automa-
tion include the following:

+ Robots work fast.

* Robots are precise.

+ Robots are reliable if they are well designed and maintained.
+ Robots are capable of enormous physical strength.

Advantages of human operators over robots include these facts:

* People can solve some problems that machines cannot.
+ People have greater tolerance for confusion and error.
+ Humans can perform certain tasks that robots cannot.
+ Humans are needed to supervise robotic systems.

AUTOMATON

An automaton is a simple robot that performs a task or set of tasks with-
out sophisticated computer control. Automata have been around for over
200 years.
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Autonomous Robot

An early example of an automaton was the “mechanical duck” designed
by J. de Vaucanson in the eighteenth century. It was used to entertain
audiences in Europe. It made quacking sounds and seemed to eat and
drink. Vaucanson used the robot act to raise money for his work.

Every December, certain ambitious people build holiday displays in their
yards, consisting of machines in the form of people and animals. These
machines have no “brains,” because they simply follow mechanical routines.
Although they are fun to observe, these devices lack precision, and the
motions they can make are limited. Some of these machines may look like
androids, but are actually no more than moving statues. Compare ANDROID.

AUTONOMOUS ROBOT

An autonomous robot is self-contained, housing its own controller, and not
depending on a central computer for its commands. It navigates its work en-
vironment under its own power, usually by rolling on wheels or a track drive.

Robot autonomy might at first seem like a great asset: if a robot func-
tions by itself in a system, then when other parts of the system fail, the
robot will keep working. However, in systems where many identical robots
are used, autonomy is inefficient. It is better from an economic stand-
point to put programs in one central computer that controls all the robots.
Insect robots work this way.

Simple robots, like those in assembly lines, are not autonomous. The
more complex the task, and the more different things a robot must do,
the more autonomy it can have. The most advanced autonomous robots
have artificial intelligence (AI).

See also AnDROID and INSECT ROBOT.

AXIS INTERCHANGE

Axis interchange is the transposition of coordinate axis in a robotic system
that uses Cartesian coordinate geometry. Axis interchange can involve two
axes, or all three.

The illustration shows an example in which the left/right (normally x)
and up/down (normally z) axes are transposed. This is not the only way in
which the left/right versus up/down interchange can take place; one or both
axes might also be inverted. Clearly, there are numerous possibilities for axis
interchange in a three-dimensional Cartesian system.

Axis interchange can produce useful variations in robot movements.
A single-motion programming scheme can result in vastly different work
envelopes and motion patterns, depending on how the axes are defined. No
matter how the axes are transposed, however, there is always a one-to-one
correspondence between the points in both work envelopes, provided the
motion programming is done properly.
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Axis Inversion
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Axis interchange

Depending on the type of robotic system used, axis interchange can alter
or limit the work envelope. Certain position points, or certain types of
motion, that are possible in one coordinate scheme might be impossible in
the other.

See also axis INVERSION, CARTESIAN COORDINATE GEOMETRY, and WORK ENVELOPE.

AXIS INVERSION

Axis inversion is a reversal in the orientation of one or more coordinate
axes in a robotic system that uses Cartesian coordinate geometry.
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Axis Inversion

When robotic motions are programmed using the Cartesian (or rect-
angular) scheme, the difference between right-handed and left-handed
operations consists only of the reversal, or inversion, of the coordinates
in one of the axes. Generally, the left/right axis in a Cartesian scheme is
the x axis. The reversal of the coordinates in this axis is a form of single-
axis inversion.

The illustration shows two three-dimensional Cartesian coordinate
grids. In the top example, a right-handed scheme is depicted. The lower
drawing shows the left-handed equivalent. The coordinate designations
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Axis inversion
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Azimuth-Range Navigation

are identical, except that they are mirror images with respect to the x axis.
All the divisions represent the same unit distance in either case. While
left and right are reversed in this example, the senses of up/down and
forward/backward remain the same.

In some systems, it is necessary to invert two, or even all three, axes to
obtain the desired robot motion. These schemes can be called dual-axis
inversion or triple-axis inversion.

See also AXis INTERCHANGE and CARTESIAN COORDINATE GEOMETRY.

AZIMUTH-RANGE NAVIGATION

Electromagnetic (EM) or acoustic waves reflect from various objects. By
ascertaining the directions from which transmitted EM or acoustic signals
are returned, and by measuring the time it takes for pulses to travel from the
transmitter location to a target and back, it is possible for a robot to locate
objects within its work environment. The ongoing changes in the azimuth
(compass bearing) and range (distance) information for each object in
the work environment can be used by the robot controller for navigation.

Azimuth

270

180

Azimuth-range navigation
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Azimuth-Range Navigation

A classical azimuth-range navigation system is conventional radar, which
consists of a transmitter, a highly directional antenna, a receiver, and a
display. The transmitter produces EM microwave pulses that are propa-
gated in a narrow beam. The EM waves strike objects at various distances.
The greater the distance to the target, the longer is the delay before the
echo is received. The transmitting antenna is rotated so that all azimuth
bearings can be observed.

The basic configuration of an azimuth-range scheme is shown in the
illustration. The robot is at the center of the display. Azimuth bearings are
indicated in degrees clockwise from true north, and are marked around the
perimeter. The distance, or range, is indicated by the radial displacement.

Some azimuth-range systems can detect changes in the frequencies
of returned EM or acoustic pulses resulting from Doppler effect. These
data are employed to measure the speeds of approaching or receding
objects. The robot controller can use this information, along with the
position data afforded by the azimuth-range scheme, to navigate in
complex environments.

See also RADAR.
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BACK LIGHTING

In a robotic vision system, back lighting refers to illumination of objects
in the work environment using a light source generally in line with, but
more distant than, the objects. The light from the source therefore does
not reflect from the surfaces of the objects under observation.

Back lighting is used in situations where the surface details of observed
objects are not of interest or significance to the robot, but the shape of
the projected image is of importance. Back lighting is also advantageous
in certain situations involving translucent or semitransparent objects
whose internal structure must be analyzed. Light rays passing through a
translucent or semitransparent object can reveal details that front lighting
or side lighting cannot. Compare FRONT LIGHTING and SIDE LIGHTING.

BACK PRESSURE SENSOR

A back pressure sensor is a device that detects, and measures, the amount
of torque that a robot motor applies at any given time. The sensor produces
a signal, usually a variable voltage called the back voltage, that increases as
the torque increases. The back voltage is used as negative feedback to
limit the torque applied by the motor.

When a robot motor operates, it encounters mechanical resistance called
back pressure. This resistance depends on various factors, such as the
weight of an object being lifted, or the friction of an object as it is moved
along a surface. The torque is a direct function of mechanical resistance.
As the torque increases, so does the back pressure the motor encounters.
Conversely, as the back pressure increases, so does the motor torque nec-
essary to produce a given result.

Back pressure sensors and feedback systems are used to limit the
amount of force applied by a robot gripper, arm, drill, hammer, or other
device. This can prevent damage to objects being handled by the robot. It
also helps to ensure the safety of people working around the robot. The
accompanying illustration is a functional block diagram of the operation
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Backward Chaining
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of a back pressure sensor and the associated negative feedback loop that
governs the applied torque.
See also RoBOT ARM and ROBOT GRIPPER.

BACKWARD CHAINING

Backward chaining is a logical process that can be used in artificial intelli-
gence (AI). Rather than working with data that have been supplied in
advance, the computer requests data as it goes along. In this way, the
computer gets only the information it needs to solve a problem. No
memory is wasted in storing unnecessary data.

Backward chaining is especially useful in expert systems, which are
programs designed to help solve specialized problems in unfamiliar
fields. A good example is a medical-diagnosis program. Backward
chaining can also be of use in electronic troubleshooting, weather
forecasting, cost analysis, and even police detective work. Compare For-
WARD CHAINING.

See also EXPERT SYSTEM.

BALLISTIC CONTROL

Ballistic control is a form of robotic motion control in which the path, or
trajectory, of the device is calculated or programmed entirely in advance.
Once the path has been determined, no further corrections are made.
The term derives from the similarity to ballistics calculations for aiming
guns and missiles.
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Bandwidth

The main assets of ballistic control are simplicity and moderate cost.
A robotic manipulator with ballistic control does not have to carry sensors;
a mobile robot with ballistic control does not need its own on-board
computer. The main limitation is the fact that ballistic control does not
allow for rapid, localized, or unexpected changes in the work environment.
Compare CLOSED-LOOP CONTROL.

BANDWIDTH

Bandwidth refers to the amount of frequency space, or spectrum space,
that a signal requires in order to be transmitted and received clearly.
Bandwidth is generally defined as the difference in frequency between the
two half-power points in a transmitted or received data signal, as shown
in the illustration.

All signals have a finite, nonzero bandwidth. No signal can be transmitted
in an infinitely tiny slot of spectrum space. In general, the bandwidth of
asignal is proportional to the speed at which the data are sent and received.
In digital systems, data speed is denoted in bits per second (bps), kilobits
per second (kbps), megabits per second (Mbps), or gigabits per second
(Gbps), where

1 kbps = 1000 bps = 10 bps
1 Mbps = 1000 kbps = 10° bps
1 Gbps = 1000 Mbps = 10° bps

Relative

signal

power
Half-power
points

Relative
Frequency
Bandwidth

Bandwidth
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Bar Coding

As the allowable bandwidth is increased, the maximum data speed
increases in direct proportion. As the allowable bandwidth is restricted,
the maximum data speed decreases in direct proportion.

BAR CODING

Bar coding is a method of labeling objects. Bar-code labels or tags are
used extensively in retail stores for pricing and identifying merchandise.

A bar-code tag has a characteristic appearance, with parallel lines of
varying width and spacing (see illustration). A laser-equipped device
scans the tag, retrieving the identifying data. The reading device does
not have to be brought right up to the tag; it can work from some dis-
tance away.

I

Bar-code tags are one method by which objects can be labeled so
that a robot can identify them. This greatly simplifies the recognition
process. For example, every item in a tool set can be tagged using bar-
code stickers, with a unique code for each tool. When a robot’s con-
troller tells the machine that it needs a certain tool, the robot can seek
out the appropriate tag and carry out the movements according to the
program subroutine for that tool. Even if the tool gets misplaced, as
long as it is within the robot’s work envelope or range of motion, it can
easily be found.

See also PASSIVE TRANSPONDER.

Bar coding

BATTERY POWER

See ELECTROCHEMICAL POWER and SOLAR POWER.

BEACON

A beacon is a device used to help robots navigate. Beacons can be catego-
rized as either passive or active.

A mirror is a good example of a passive beacon. It does not produce a
signal of its own; it merely reflects light beams that strike it. The robot
requires a transmitter, such as a flashing lamp or laser beam, and a receiver,
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Biased Search

such as a photocell. The distance to each mirror can be determined by the
time required for the flash to travel to the mirror and return to the robot.
Because this delay is an extremely short interval of time, high-speed
measuring apparatus is needed.

An example of an active beacon is a radio transmitter. Several trans-
mitters can be put in various places, and their signals synchronized so that
they are all exactly in phase. As the robot moves around, the relative phase
of the signals varies. Using an internal computer, the robot can determine
its position by comparing the phases of the signals from the beacons.
With active beacons, the robot does not need a transmitter, but the
beacons must have a source of power and be properly aligned.

See also ARTIFICIAL STIMULUS.

BEHAVIOR

In robotics, behavior refers to the processing of sensor data into specific
motions, sequences of motions, or tasks. There are three main types:
reflexive behavior, reactive behavior, and conscious behavior.

Reflexive behavior is the simplest and fastest form of robotic behavior.
Sensors can be, and often are, connected directly to manipulators, propul-
sion systems, or other mechanical devices. An electric eye that triggers an
intrusion alarm is a good example of a device that employs reflexive behav-
ior. When the light beam is broken, an electric current is interrupted, and
this actuates an electronic switch that applies power to an acoustic emitter.

Reactive behavior involves a primitive sort of machine intelligence;
the extent or nature of the action varies over a range that depends on one
or more parameters in the work environment. An example of reactive
behavior is the operation of a back pressure sensor, in which the amount
of torque applied by a robotic arm or end effector varies depending on
the mechanical resistance offered by the manipulated object.

Conscious behavior involves artificial intelligence (AI), in which a
robot controller performs complex tasks such as playing chess or making
choices that depend on multiple factors that cannot be predicted.

BIASED SEARCH

A biased search is an analog method by which a mobile robot can find a
destination or target, by first looking off to one side and then “zeroing in.”

The illustration shows a biased-search scheme that a boater might use
on a foggy day. At some distance from the shoreline, the boater cannot
see the dock, but has a reasonably good idea of where it is. Therefore, an
approach is deliberately made well off to one side (in this case, to the left)
of the dock. When the shore comes into view, the boater turns to the right
and follows it until the dock is found.
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Binary Number System
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For a robot to use this technique effectively, it must have some famil-
iarity with its environment, just as the boater knows roughly where the
dock will be. This is accomplished by means of task-level programming, a
primitive form of artificial intelligence (AI). Compare BINARY SEARCH.

See also TASK-LEVEL PROGRAMMING.

BINARY NUMBER SYSTEM

See NUMERATION.

BINARY SEARCH

In a digital computer, a binary search, also called a dichotomizing search, is a
method of locating an item in a large set of items. Each item in the set is
given a number key. The number of keys is always a power of 2. Therefore,
when it is repeatedly divided into halves, the end result is always a single key.

If there are 16 items in a list, for example, they might be numbered 1
through 16. If there are 21 items, they can be numbered 1 through 21,
with the numbers 22 through 32 as “dummy” keys (unoccupied).

The desired number key is first compared with the highest number in
the list. If the desired key is less than half the highest number in the list,
then the first half of the list is accepted, and the second half is rejected. If the

26



Binaural Machine Hearing

desired key is larger than half the highest number in the list, then the second
half of the list is accepted, and the first half is rejected. The process is
repeated, each time selecting half of the list and rejecting the other half,
until only one item remains. This item is the desired key.

The illustration shows an example of a binary search to choose one
item from a list of 21. Keys are indicated by filled-in squares, except for the
desired key, 21, which is indicated by a shaded circle. “Dummy” keys are
shown as open squares. Compare BIASED SEARCH.
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Binary search

BINAURAL MACHINE HEARING

Binaural machine hearing utilizes two sound transducers, spaced a certain
minimum distance from each other, to determine the direction from which
acoustic waves are coming. This is done by comparing the relative phase
and/or the relative loudness of the incoming wavefronts at the transducers.

The human ear/brain system processes acoustic information to a high
degree of exactitude, allowing a person to locate a sound source with
remarkable accuracy even when the source cannot be seen. When
equipped with sensitive transducers, a circuit called a phase comparator,
and a sophisticated controller, a robot can do the same.

In binaural machine hearing, two sound transducers are positioned
on either side of a robot’s “head.” The phase comparator measures the
relative phase and intensity of the signals from the two transducers.
These data are sent to the controller, letting the robot determine, with
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Binocular Machine Vision
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certain limitations, the direction from which the sound is coming (see the
illustration). If the system is confused, the robot head can turn until

the confusion is eliminated and a meaningful bearing is obtained.

BINOCULAR MACHINE VISION

Binocular machine vision is the analog of binocular human vision. It is

sometimes called stereoscopic vision.

In humans, binocular vision allows perception of depth. With one eye,
that is, with monocular vision, a human can infer depth to some extent on
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Bin Picking Problem

the basis of perspective. Almost everyone, however, has had the experience
of being fooled when looking at a scene with one eye covered or blocked.
A nearby pole and a distant tower might seem to be near each other,
when in fact they are hundreds of meters apart.

In a robot, binocular vision requires a sophisticated microprocessor. The
inferences that humans make, based on what the two eyes see, are exceed-
ingly complicated. The illustration shows the basic concept for binocular
machine vision.

Left eye sees: Right eye sees:

\\ //

Controller

Depth and
perspective

Machine sees

Binocular machine vision

Of primary importance for good binocular robot vision are the following:

+ High-resolution visual sensors

+ A sophisticated robot controller

* Programming in which the robot acts on commands, based on what
it sees

See also VISION SYSTEM.

BIN PICKING PROBLEM

A bin picking problem is a challenge presented to a robotic vision system
in which the machine must choose a specific object from a group of ob-
jects. Basic machine vision systems can see only the outlines of objects;
depth perception is lacking. As viewed from different angles by such a
vision system, the appearance of an object can vary dramatically.
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The illustration denotes the example of a cylindrical drinking glass.
When seen from exactly side-on, it looks like a rectangle and its inte-
rior (left). From the top or the bottom, it looks like a circle and its interior
(center). From an intermediate angle, it has a shape similar to that
shown at right.

The problem of object recognition is compounded when a certain object
must be picked from a bin containing many other objects. Some, most, or
all of the desired object can be obscured by other objects. One of the
greatest challenges in developing artificial intelligence (AI) is giving robots
the ability to solve these kinds of problems.

One way to help a robot select items from a bin is to give each item a
code. This can be done by means of bar coding or passive transponders.

See also BAR CODING and PASSIVE TRANSPONDER.

BIOCHIP

A biochip is an integrated circuit (IC) fabricated with, or from, living matter
by means of biological processes. The term has also been suggested for
ICs manufactured using techniques that mimic the way nature puts
atoms together.

It has been suggested that the human brain is actually nothing more
than a sophisticated computer. Any digital computer, no matter how
complex, is always built up from individual logic gates. Whether the same
can be said for the human brain remains to be seen.

Nature assembles a brain (or any other living matter) by putting
protons, neutrons, and electrons together in specific, predetermined
patterns. Every proton is identical to every other proton; the same is true
for neutrons and electrons. The building blocks are simple. It is the way
they are combined that is complicated.

Based on these premises, it is reasonable to suppose that a computer
can be “grown” that is as smart as a human brain. Some researchers look at
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Biomechatronics

the way nature builds things to get ideas for the construction of improved
ICs. The ultimate goal is a biochip that sprouts and evolves as a plant,
from a specially engineered “seed.”

See also INTEGRATED CIRCUIT.

BIOLOGICAL ROBOT

A biological robot is a hypothetical machine derived by cloning from
living organisms, and grown in a laboratory environment to perform
a specific function or set of functions. Research has been done in this
field, although true biological robots have not yet been fabricated or
grown.

Biological robots have served as characters in science-fiction stories.
The possibilities posed by this notion are limited only by the imagination.
There are ethical questions and problems in biological-robot research.
These issues are of such grave concern that some scientists refuse to work
in this field.

See also cyBore.

BIOMECHANISM

A biomechanism is a mechanical device that simulates the workings of
some part of a living body. Examples of biomechanisms are mechanical
hands, arms, and legs, known in the medical field as prostheses. Especially,
the term applies to robotic devices that not only perform the functions of
their living counterparts, but look like them.

The term biomechanism can also be used in reference to some body
function. Thus, one might talk about the structure of a forearm and
hand, calling it a biomechanism. The human anatomy has, in fact,
proven to be an excellent model for the design of robotic devices.

See also BIOMECHATRONICS.

BIOMECHATRONICS

The word biomechatronicsis a contraction of the words biology, mechanics,
and electronics. The field of biomechatronics is part of the larger realms
of robotics and artificial intelligence (AI). Specifically, biomechatronics
involves electronic and mechanical devices that duplicate human body
parts and their functions.

Biomechatronics has received more attention in Japan than in the
United States. In Japan, some robot researchers attack their problems
with religious zeal. Not only would Japanese robotics engineers like to
build robots that can do all the things people can do, but some want their
robots to look like people, too. The ultimate biomechatronic device is an
android. Scientists generally agree that an intelligent android will not be
developed for many years.
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Biped Robot

The problem of making androids can be approached from two direc-
tions. On the one hand, biological robots might be grown in laboratories
by a process of cloning. This idea is clouded by profound ethical issues.
On the other hand, engineers can try to build a mechanical robot with
the dexterity and intelligence of a human being. This notion, too, brings
up ethical questions, but to a lesser degree.

See also ANDROID, BIOCHIP, BIOLOGICAL ROBOT, BIOMECHANISM, and CYBORG.

BIPED ROBOT

A biped robot is a robot with two legs that are used for support and
propulsion. Usually, but not always, such robots have arms and a head, so
they are androids.

Physically, biped robots are unstable unless equipped with specialized
balancing systems. Humans can manage with two legs because the brain
and inner ear together constitute a feedback system that provides a good
sense of balance. The human sense of balance can be duplicated electro-
mechanically, but the designs are sophisticated and expensive.

Robots that use legs for propulsion generally have four or six legs,
because these designs offer better inherent stability than the biped scheme.

See also INSECT ROBOT, QUADRUPED ROBOT, and ROBOT LEG.

BIT-MAPPED GRAPHICS

In a robotic vision system, an image can be assembled from thousands of
tiny square elements. The smaller the elements, called pixels, the more
detail the image can show for a given image size. Images made this way
are bit-mapped graphics, also known as raster graphics.

On a computer display, the image you see is a pattern of pixels in a fine,
interwoven mesh. You can observe these pixels if you dim your monitor
so you can hardly see the image (this is important!) and then look closely
at it through a high-powered magnifying lens. A computer stores bit-
mapped graphic images as a vast array of logic highs and lows (ones and
zeros). To obtain an image from this array of bits, the computer employs
a function called a bit map.

Bit-mapped graphics always produce approximations of scenes or
objects. This is because each pixel is a square, and can take only certain
digital values. If the number of pixels in an image is extremely large, the
approximation is a good representation of reality in most instances. How-
ever, the detail obtainable with bit-mapped graphics is always limited by
the image resolution.

Bit-mapped graphics produce an artifact called jaggies or aliasing, a
peculiar “digitized” appearance in the edges of rendered objects. Vertical
and horizontal lines look all right, but curves and diagonals are roughened
with “saw teeth.” To some extent this can be reduced by means of antialiasing
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Blackboard System

software or photocopy reduction, but a better way is to use object-oriented
graphics. Compare OBJECT-ORIENTED GRAPHICS.
See also compuTER MAP and VISION SYSTEM.

BLACKBOARD SYSTEM

A blackboard system incorporates artificial intelligence (AI) to help a com-
puter recognize sounds or images. The incoming signal is digitized using
an analog-to-digital converter (ADC). The digital data is input to a
read/write memory circuit called the blackboard. Then the digital data is
evaluated by various specialty programs. The overall scheme is depicted
in the diagram.

Robot
controller

Read/write
memory
@ = Specialty @
programs

ADC

Analog data
from sensors

Blackboard system

33



Bladder Gripper

For speech recognition, specialties include vowel sounds, consonant
sounds, grammar, syntax, context, and other variables. For example, a
context specialty program might determine whether a speaker means to
say “weigh” or “way,” or “two,” “too,” or “to.” Another program lets the
controller know when a sentence is finished and the next sentence is to
begin. Another program can tell the difference between a statement and
a question. Using the blackboard as their forum, the specialty circuits
“debate” the most likely and logical interpretations of what is heard or
seen. A “referee” called a focus specialist mediates.

For object recognition, specialties might be shape, color, size, texture,
height, width, depth, and other visual cues. How does a computer know if an
object is a cup on a table, or a water tower a mile away? Is that a bright lamp,
or is it the sun? Is that biped thing a robot, a mannequin, or a person? As
with speech recognition, the blackboard serves as a debating ground.

See also OBJECT RECOGNITION and SPEECH RECOGNITION.

BLADDER GRIPPER

A bladder gripper or bladder hand is a specialized robotic end effector that
can be used to grasp, pick up, and move rod-shaped or cylindrical objects.
The main element of the gripper is an inflatable, donut-shaped or cylin-
drical sleeve that resembles the cuff commonly used in blood pressure
measuring apparatus. The sleeve is positioned so it surrounds the object to
be gripped, and then the sleeve is inflated until it is tight enough to accom-
plish the desired task. The pressure exerted by the sleeve can be measured
and regulated using force sensors.

Bladder grippers are useful in handling fragile objects. However, they
do not operate fast, and they can function only with objects within a
rather narrow range of physical sizes.

See also ROBOT GRIPPER.

BONGARD PROBLEM

The Bongard problem, named after its inventor, is a method of evaluating
how well a robotic vision system can differentiate among patterns. Solving
such problems requires a certain level of artificial intelligence (Al).

An example of a Bongard problem is shown in the illustration. There
are two groups of six boxes. The contents of the boxes on the left all have
something in common; those on the right have the same characteristic in
common, but to a different degree, or in a different way. To solve the
problem, the vision system (or you) must answer three questions:

+ What do the contents of the boxes to the left of the heavy, vertical
line have in common?

+ What do the contents of the boxes to the right of the line have in
common?
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+ What is the difference between the contents of the boxes on opposite
sides of the heavy, vertical line?

In this case, the boxes on the left contain four dots or straight lines
each; those on the right contain five dots or straight lines each. The dif-
ference between the boxes on the left and those on the right, therefore, is
in the number of dots or straight lines they contain.

See also OBJECT RECOGNITION.

BOOLEAN ALGEBRA

Boolean algebra is a system of mathematical logic using the numbers 0
and 1 with the operations AND (multiplication), OR (addition), and NOT
(negation). Combinations of these operations are NAND (NOT AND)
and NOR (NOT OR). Boolean functions are used in the design of digital
logic circuits.

In Boolean algebra, X AND Y is written XY or X*Y. NOT X is written
with a line or tilde over the quantity, or as a minus sign followed by the
quantity. X ORY is written X+Y. The first table shows the values of these
functions, where 0 indicates “falsity” and 1 indicates “truth.” The statements

Boolean algebra: basic operations

X Y -X X*Y X+Y
0 0 1 0 0
0 1 1 0 1
1 0 0 0 1
1 1 0 1 1
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Boolean algebra: theorems

Equation Name (if applicable)
X+0=X OR identity

X*1=X AND identity
X+1=1

X*0=0

X+X=X

X*X=X

—(=X)=X Double negation

X+ (—X) =X

X*(=X)=0 Contradiction
X+Y=Y+X Commutativity of OR
X*Y=Y*X Commutativity of AND
X+ (X*Y)=X

X*(-Y)+Y=X+Y
X+Y+Z=X+Y)+Z=X+(Y+Z) Associativity of OR

XXY*XZ=X*Y)*Z=X*(Y*Z) Associativity of AND
XX (Y+2Z2)=X*Y)+ (X*Z) Distributivity

—X+Y)=(=X)*(=Y) DeMorgan’s theorem
—X*Y)=(=X)+(-Y) DeMorgan’s theorem

on either side of the equal sign are logically equivalent. The second table
shows several logic equations. These are facts, or theorems. Boolean
theorems can be used to analyze complicated logic functions.

See also LOGIC GATE.

BRANCHING

Branching refers to routines, or programs, that have points at which an
intelligent robot controller must select among alternatives.

Consider a robot on an assembly line that makes cars. The robot’s job is
to insert hubcaps in the two right-side wheels. (An identical robot does the
same job on the left side.) Suppose that 20 percent of the cars are fitted with
gold-colored (G) hubcaps; the rest are fitted with silver-colored (S) ones.
The robot should insert hubcaps in the following sequence: SS SS SS SS
GG SSSSSSSSGGSSSS..., and so on. Every fifth pair of hubcaps is gold.

Each time a hubcap pair is to be inserted, the computer must make a
choice. Thus, the routine is at a branch point for every hubcap pair. Every
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fifth time the choice must be made, the robot controller chooses gold
hubcaps. Otherwise, it chooses silver ones. This sequence is programmed
into the controller. The logical process proceeds something like the flow-
chart in the accompanying figure.

Identify car
number <
(1,2,3,...)
No Divisible Yes
»| Install SS Install GG <€

=] Add1to >
Vd )
car number

Branching

Suppose a glitch occurs, in which the robot controller or hardware
omits or overlooks a single hubcap. This will throw off the robot’s per-
ception of the sequence of cars, so it thinks a new car has arrived with
each set of rear wheels. Shortly, the front wheel of a car will get a silver
hubcap and the rear wheel of the same car will get a gold one. The next
car will get a gold hubcap on the front wheel and a silver one on the rear
wheel. The repercussions will be repeated down the line over and over,
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Bumper

messing up two out of every five cars, or 40 percent of the automobiles
coming off the assembly line.
See also EXPERT SYSTEM.

BUMPER

See PROXIMITY SENSING.

BURN-IN

Before any electronic or electromechanical system is put to use, it should
undergo a burn-in process. This usually involves running the system
continuously for hours, days, or weeks. In some cases, a faulty system
fails shortly after it is put online. In many instances, however, failure
does not occur until a considerable time has passed. Intermittent failures
might not manifest themselves until many hours have passed with con-
tinuous supervision.

The burn-in process can weed out systems with early-failure problems,
minimizing real-time failures.

See also QUALITY ASSURANCE AND CONTROL.
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CABLE DRIVE

A cable driveis a method of transferring mechanical energy in a robotic
system from an actuator to a manipulator or end effector. This type of
drive can also be used in wheel-drive propulsion systems and in cer-
tain indicating devices. The system consists of a cable, or cord, and a
set of pulleys.

The main asset of the cable drive is its simplicity. The principal limitation
is the fact that the cable can slip on the wheels or pulleys, and over time, the
cable can degenerate, and ultimately break without warning. Anyone who
has been stranded on a highway because of a failed automotive fan belt
can attest to the problems this can cause. Compare CHAIN DRIVE.

CAPACITIVE PRESSURE SENSOR

A capacitive pressure sensor consists of two metal plates separated by a
layer of nonconductive (dielectric) foam. The resulting variable capac-
itor is connected in parallel with an inductor; the inductance/capacitance
(LC) circuit determines the frequency of an oscillator. If an object strikes
the sensor, the plate spacing momentarily decreases. This increases the
capacitance, causing a drop in the oscillator frequency. When the ob-
ject moves away from the transducer, the foam springs back, the plates
return to their original spacing, and the oscillator frequency returns to
normal. The illustration is a functional block diagram of a capacitive
pressure sensor.

The output of the sensor can be converted to digital data using an
analog-to-digital converter (ADC) and then sent to a robot controller.
Pressure sensors can be mounted in various places on a mobile robot,
such as the front, back, and sides. Then, for example, physical pressure on
the sensor in the front of the robot might send a signal to the controller,
which tells the machine to move backward.

39

Copyright 2003 by The McGraw-Hill Companies, Inc. Click Here for Terms of Use.



Capacitive Proximity Sensor
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A capacitive pressure sensor can be fooled by massive conducting or
semiconducting objects in its vicinity. If such a mass comes near the
transducer, the capacitance changes, even if direct contact is not made.
This phenomenon is known as body capacitance. When the effect must be
avoided, an elastomer can be used for pressure sensing. For proximity
sensing, however, the phenomenon can be useful.

See also CAPACITIVE PROXIMITY SENSOR, ELASTOMER, and PRESSURE SENSING.

CAPACITIVE PROXIMITY SENSOR

A capacitive proximity sensor takes advantage of the mutual capacitance
that occurs between or among objects near each other.

A capacitive proximity sensor uses a radio-frequency (RF) oscillator,
a frequency detector, and a metal plate connected into the oscillator circuit,
as shown in the diagram. The oscillator is designed so a change in the
capacitance of the plate, with respect to the environment, causes the fre-
quency to change. This change is sensed by the frequency detector,
which sends a signal to the apparatus that controls the robot. In this
way, if the system is properly designed, a robot can avoid bumping into
things. In some detectors, the induced capacitance causes the oscillation
to stop altogether.
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Objects that conduct electricity to some extent, such as house wiring,
people, cars, or refrigerators, are sensed more easily by capacitive trans-
ducers than are things that do not conduct, such as wooden chairs and
doors. Therefore, other kinds of proximity sensors are necessary for a
robot to navigate well in a complex environment, such as a household or
office. Compare INDUCTIVE PROXIMITY SENSOR.

See also PROXIMITY SENSING.

CARTESIAN COORDINATE GEOMETRY

Cartesian coordinate geometry is a common method by which a robot
manipulator (arm) can move. This term derives from the Cartesian, or
rectangular, coordinate system that is used for graphing mathematical
functions. Alternatively, this movement scheme is called rectangular coor-
dinate geometry.

The drawing shows a Cartesian coordinate system in two dimensions.
The axes are perpendicular to each other. In this case, they are up/down
(vertical) and left/right (horizontal). Three-dimensional (3-D) Cartesian
systems also exist. In a 3-D system, there are three linear axes, with each
axis perpendicular to the other two. The manipulator shown in the illus-
tration could be converted to 3-D Cartesian coordinate geometry by
allowing the vertical rod to slide forward and backward (in and out of the
page) along a horizontal track. Compare CYLINDRICAL COORDINATE GEOMETRY,
POLAR COORDINATE GEOMETRY, REVOLUTE GEOMETRY, and SPHERICAL COORDINATE GEOMETRY.
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CENTRALIZED CONTROL

In a system containing more than one robot, centralized control refers to
oversight of all the individual robots by a single controller. Communication
between the controller and the robots is usually done by wireless means
such as radio, although other means, such as flexible wire or fiber-optic
cables, can be used. This type of robotic system is somewhat analogous to
a client-server computer network.

In a centrally controlled robotic system, the main computer plays the
role of a quasi-human operator. In some systems, the individual robots
are partially autonomous, containing controllers of their own; this allows
the system to keep operating at full capacity for a time, even in the event
of a break in one or more of the communication links. This is known as
partially centralized control. Another example of partially centralized
control is a system in which each robot receives a set of instructions from
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Charge-Coupled Device (CCD)

the controller, stores those instructions, and then carries them out inde-
pendently of the central controller.

In some robotic systems, the individual units are completely and con-
tinuously dependent on the central controller, and cannot function if the
communication link is severed. Such a system is said to employ fully cen-
tralized control. Compare DISTRIBUTED CONTROL.

See also AuToNoMous ROBOT and INSECT ROBOT.

CHAIN DRIVE

A chain drive is a method of transferring mechanical energy in a robotic
system from an actuator to a manipulator or end effector. It can also be
used in wheel-drive propulsion systems. The system consists of a chain
and a set of wheels with sprockets.

The main asset of the chain drive is its simplicity. It can provide addi-
tional traction compared with a cable drive, because the chain is not likely
to slip on the sprockets. Another asset is the fact that variable speed and
power can be obtained by using sprockets of various sizes, in conjunction
with a shifting mechanism. On the downside, the chain can come off the
sprockets. The chain requires lubrication and maintenance, and can be
noisy in operation. A common example of a chain drive is found in any
bicycle. Compare CABLE DRIVE.

CHARGE-COUPLED DEVICE (CCD)

A charge-coupled device (CCD) is a camera that converts visible-light
images into digital signals. Some CCDs also work with infrared (IR) or
ultraviolet (UV). Common digital cameras work on a principle similar to
that of the CCD.

The image focused on the retina of the human eye, or on the film of
a conventional camera, is an analog image. It can have infinitely many
configurations, and infinitely many variations in hue, brightness, con-
trast, and saturation. A digital computer, however, needs a digital image
to make sense of, and enhance, what it “sees.” Binary digital signals have
only two possible states: high and low, or 1 and 0. It is possible to get an
excellent approximation of an analog image in the form of high and
low digital signals. This allows a computer program to process the
image, bringing out details and features that would otherwise be impos-
sible to detect.

The illustration is a simplified block diagram of a CCD. The image
falls on a matrix containing thousands or millions of tiny sensors. Each
sensor produces one pixel (picture element). The computer (not shown)
can employ all the tricks characteristic of any good graphics program. In
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addition to rendering high-contrast or false-color images, the CCD and
computer together can detect and resolve images much fainter than is
possible with conventional camera film or more primitive types of video
cameras. This makes the CCD useful in robots that must employ night
vision. Compare IMAGE ORTHICON and VIDICON.

See also VISION SYSTEM.
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Clean Room

CHECKERS AND CHESS

A computer can be programmed to play checkers. An excellent program
was created by the roboticist Arthur Samuel, in which the computer can not
only play the game move by move, but can also look ahead, or anticipate,
to see the possible consequences of a move.

Checkers is a fairly simple board game. It is more complex than tic-
tac-toe, but far less sophisticated than chess. Anyone who has played
tic-tac-toe has discovered that it is always possible to get at least a draw (tie).
This is so elementary that a high-school student with some programming
experience can get a computer to play tic-tac-toe. In this game the ma-
chine needs to look only one move ahead.

Look-ahead strategy involving more than one move takes a certain
amount of practice or learning. Computers can, however, be pro-
grammed to learn from their mistakes. Arthur Samuel’s checkers program
uses a multiple-move look-ahead strategy so effectively that even the best
human players in the world find it nigh impossible to beat his machine.

There is another scheme that can be used for checkers: adopt a general
game plan. General strategies can be broadly categorized as either defensive
or offensive. The defensive/offensive schemes require look-ahead of only
one move.

Chess has been used to develop and test machine intelligence. One of
the first chess-playing machines was developed by Rand Corporation in
1956. Chess is a complex game. A computer must look ahead more than
one move to play a good game of chess. Multiple look-ahead strategy,
along with machine learning, can enable a computer to play chess at a
level of skill comparable to the masters.

The program developed by Rand Corporation was able to prove some
mathematical theorems. This is another good way to test the intelligence
of a computer.

CLEAN ROOM

A clean room is a chamber specially designed and operated to minimize
airborne contaminants. In some industries it is important that dust, dirt,
bacteria, and other particulates be kept to an absolute minimum. A good
example is the manufacture of integrated circuits (ICs) for electronic and
computer systems. Robots have a considerable advantage over people in
these environments.

If certain precautions are observed, the environment in a room can be
kept “clean” while allowing humans in. People who enter such a room
must first put on airtight suits, gloves, and boots. A room that only robots
enter, not people, can always be just a little bit cleaner.
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The contamination in a clean room is measured in terms of the number
of particles of a certain size in 1 liter (1000 cubic centimeters) of air. Alter-
natively, the cubic foot is used as the standard unit of volume.

See also INTEGRATED CIRCUIT.

CLINOMETER

A clinometer is a device for measuring the steepness of a sloping surface.
Mobile robots use clinometers to avoid inclines that might cause them to
tip too far, possibly even falling over.

The floor in a building is almost always horizontal. Thus, its incline
is zero. But sometimes there are inclines such as ramps. A good example is
the kind of ramp used for wheelchairs, in which a very small elevation
change occurs. A rolling robot cannot climb stairs, but it might use a
wheelchair ramp, provided the ramp is not so steep that it upsets the
robot’s balance or causes it to spill or drop its payload.

A clinometer produces an electrical signal whenever it is tipped. The
greater the angle of incline, the greater is the electrical output, as shown
on the left side of the graph. A clinometer might also show whether an
incline goes down or up. A downward slope might cause a negative voltage
at the transducer output, and an upward slope a positive voltage, as shown
on the right side of