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insert the bolts as he had been inserting them in the past—
just to give his task some interest and variation. He cross-
threaded them, used short bolts and sometimes didn’t use any
bolts at all. Your imagination can fill out the further details of
this story and what interesting and imaginative things you can
come up with as you think about the various people who
bought those cars!

Robots can scrub or put bolts in holes forever—
assuming that the power is kept on and the mechanics don’t
fail. Robots do not get tired or bored or even interested in
what is going on. They just do what their little computerized
brains tell them to do. Of course, some robots have really big
brains but require knowledgeable, scientific human types to
keep them operating smoothly.

You will, no doubt, immediately think of other applica-
tions for these machines. Although we hate to admit it, we can
come up with one more reason for having a machine do tasks
for us. They can do it better! Yes, it’s true, they can do it better,
for a longer period of time, and more consistently than any
human can ever do. You see they have one advantage—they
do not get tired!

If we ask the fundamental question, will machines and
computers take over the world? We will find that we've a
disagreement on our hands. Some look at the exploding field
of robotics and say there is no doubt that someday machines
will control everything. These persons worry about jobs and
activities and—yes, it is true—a loss of control over the
machines by the humans who make them. They envision that
someday machines will be making machines which control
machines, etc. ad infinitum.

One thing is sure, no one has ever seen a machine
making love, so there may be hope. Indeed, there is hope for
all of us for an ever increasingly pleasurable future due to the
fact that machines are around and doing things for us.

I extend my gratitude to the many companies and indi-
viduals who provided me with information, discussions, ques-
tions, and answers for this book. Their illustrations are most
informative. Now, for a trip through the fascinating world of
advanced robotics, turn this page and keep going.
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of. This, of course, brings us to the type and kind of task
where the human emulates the robot. The robot performsina
delightful manner as long as it is working properly and
nothing goes wrong, and as long as all conditions of its task
remain the same. But, unless it is an adaptive type robot, any
change in the conditions of its job or task will not be accounted
for until it has been re-programmed to compensate for those
changes. The human, naturally, compensates automatically.

ARTIFICIAL INTELLIGENCE

One definition of artificial is that which is made by man to
imitate nature. One can conclude therefore that artificial
intelligence is a man-made imitation of nature. One can also
assume that an imitation can never be equal to the real thing.

In robotics the actions of a machine may be of such a
complex and delicate nature that one almost assumes the
machine has a human-like mind direct its actions. Such
machines have enough logical capabilities that what they are
able to do seems uncanny. But if we fathom the human mind
slightly further we find out that there is one aspect of the
human mind which, so far as we now know, cannot be dupli-
cated by a machine. That is the ability of the human mind to
question. A machine analyzes, performs, has logic, and can
make selections, but does it ever ask why?

Scientists are learning more about the human brain and
its functions all the time. This marvelous electro-chemical
device is said to be capable of doing billions of operations per
second, of storing incredible amounts of information for ex-
tremely long periods of time, and of using such information in
the solution of both new and old situations. It has been said
that a human is the sum total of what he has learned—and he
learns all the time. Since everything is fluid and changing, the
human must constantly adapt and learn and adjust to meet
changing conditions and situations.

So, some say that the only tasks and operations a human
can perform are those that he or she learned to do previously,
either by instruction, or by trial and error. Understanding
this, one hegins to think that a robot might be able to do as
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They selected the same number 12.3 percent of the time;
least those who had increased their corporate profits durin
the previous operating years did this. Those presidents
whose companies lost money selected the same number only
8.3 percent of the time. The computer selected the same
number 10 percent of the time as predicted by laws of proba-
bility. This test was said to indicate that the successful execu-
tive had strong and accurate intuition and the results were
reported in Time magazine. When these results were
analyzed it was said that man’s inefficiency, emotions, and the
nuances with which a man reads data may inhibit his thinking
or affect the accuracy of his conclusions. Using a computer to
predict trends or to select courses of action based on evalua-
tions of reams of data and then tempering the prediction with
human judgment seems to be the best way to gain the utmost
from the two worlds.

When we consider the world of advanced robotics, then,
we must concern ourselves with the problem of how much
intelligence we can build into a machine, how it will use that
capability, and when we must insert ourselves into the con-
trol loops to achieve the best of the two worlds. We have to
decide when the machine can function alone, and when it must
be aided by human intelligence. Of course, it goes without
saying that we will be forever trying to fabricate a complete
mechanical-electronic-chemical mind which will permit hu-
mans to specify our commands and relax while everything is
done for us! It has been shown by R.S. Aha of Grumman
Aerospace that man’s thinking process might be specified as
shown in Fig. 1-5. In this block diagram form we can easily
imagine how the brain of a very intelligent robot might func-
tion.

MORE ON THE GRIVET ROBOT

We learn still more from a deeper examination of the
Grivet robot’s characteristics. The arm sections as well as
the whole arm itself are moved by direct current stepping
motors which have built-in integral shaft encoders. This
means that a motor can drive any arm section to within plus or
minus .004 inch of a given position when the same commandis
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re-issued. The motors are driven by a single-board mi-
crocomputer which can be connected to, and accepts data
from, external lines. This computer has a built-in diagnostic
capability to pinpoint machine-operational problems. The
microcomputer uses a nonvolatile memory cartridge for
program storage. Its controller is a 16-line, optically isolated,
TTL-compatible unit.

Although the arm is electrically positioned, the gripper,
or end-effector or hand, is pneumatically operated. The robot
has a built-in air compressor to power this end unit. The use
of pneumatics means very fast responses are possible.

ROLE OF MATHEMATICS IN ROBOT-ARM OPERATION

In an earlier discussion we mentioned the algorithm, or
equation which a machine’s computer solves to permit the
robotic machine to function as the designers desired it should
function. Considering the Grivet robot arm, we can gain a
good insight into just what this means.

InFig. 1-3 we examined the teaching pendant as the little
box is called. On it we have seen that there are switches to
control various movements of the various segments of the
arm. We imagine, then, that when we want the arm to do a
particular task, we just move the proper button and watch that
segment of the arm move until it is in the proper position for
the next segment to be moved. We next cause that segment to
move until it reaches the proper position, and then we change
switches to cause the next segment to move, and so on.

What if we make a mistake? If we are teaching the
machine by using the little pendant to control the arm, what
happens if we “overshoot” the desired position and have to do
some manipulating and jockeying around to get the arm seg-
ment into the proper position? Will the robot arm then also
jockey around each time it moves? What happens in this case?
You can imagine that a person manipulating that arm for the
first time would certainly not be able to handle the control
pendant switches so perfectly that the arm would move
exactly and precisely to each desired and necessary position
for the completion of the required task. You merely need to
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the angles cannot be shown. V1 moves up or down by opening
or closing the angle alpha (a). V2 moves left or right (as
shown here) by opening or closing the angle beta (8). V3
moves up or down, and so moves its tip which we imagine to
be the robot’s gripper, by opening or closing the angle gamma
(y). With a little imagination you can visualize the simultane-
ous movement of all three vectors such that the end point
might be moved up, down, left, right, or in a combination of
these directions as required by the tasks. Of course, V3 could
be longer so that if the angle gamma were reduced to zero, the
end point would come around to the first section point and,
equipment permitting, would coincide with that position. As
shown, the end point has been moved up 12 units and out
along the positive axis 26 units.

We might imagine that the end point is a welding flame or
contact point for an electric welding unit. We might also
imagine that we want the end point to move up from where it
1s shown to point above it, and that when doing this move-
ment, the arc will be energized by another command so that
welding would take place along the strip T—M. In your
mind’s eye, visualize how the vectors must move through
their angles to keep that end point pressed against the metal
being welded along the strip T—M. Angle beta will increase,
as will angle gamma. It is possible, but not probable that the
angle alpha would increase during this operation.

This is a two-dimensional drawing using just the up-
down and left-right movements of the end point. In actual
practice a robot arm will move in three dimensions, so that
there would be a rotation of the vectors into and out from the
paper also. This might happen if the end point had a gripper
which was to pick up something from a conveyor belt on one
side and move it to another conveyor belt located on the other
side. The mathematics of the operation would then have to be
such that the gripper might move down along the T—M line
as shown, until the gripper tip was level with the origin point
(0) or in direct contact with the X axis.

Inthe Grivet-type robot — and others of this type—the
arm movement is specified to the computer in the form of the
first section point, the second section point, and the third
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will keep the robot system informed so that even if the line
speeds up or slows down, the arm will adjust to compensate
for this change. No doubt you have thought of other ways in
which the robot might sense or determine or find objects on
that first conveyor belt. Some other means which have been
considered are: temperature of the body, size of the body,
and—believe it or not—actual recognition of the body even if
it happens to be in some unusual orientation on the belt! This
latter case is very important because it means that such
robots can actually detect and pick out specified objects
among many other objects on a big tray or on the belt surface.
This is important in some assembly-type operations.

Giving the robot intelligence then means that it will have
a computer to solve motion movements, it will have sensors
to assist it in accomplishing its job, and it will have some kind
of anticipation and adjustment circuit in case its program
doesn’t exactly fit every situation.

In many current situations where robot arms, or robots
with fixed locations, are used and there are a multitude of
robots “employed” on a line, it is possible to have one intelli-
gent robot controlling the operations of many other dumb
robots. The tasks may be similar, and the jobs may be the
same. In some cases the intelligent robot may control another
robot in such a manner that the second robot does some
operations or jobs which assist or complete the job the first
robot is performing. This is the case when one robot with one
arm actually needs two arms to do the job. The solution is to
get a second one-armed robot and program it from the first
one so that the necessary actions are then accomplished.

Another form of intelligence built into a robot such as the
Grivet is that of delay. This means, in human terms, the
programming necessary to cause the arm to wait for an object
to arrive on the conveyor belt, if it has not arrived when the
arm is moving to pick it up. Robot arms can move very fast. It
may be necessary to tell the robot to move its arm into a
pickup position and then wait a specified time before moving
to actually pick up the object. Suppose a robot arm puts on a
bottle cap and then has to screw it down on the bottle. That
takes time. The arm must not move the bottle until the
screwing operation has been completed.
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the robot machines will do lots of jobs humans don’t like to
and it will do them well. This will release humans to do other,
more profitable work. So, if humans are to become futur
Robot Masters then they must prepare themselves now for
profitable and rewarding jobs. Technology will not stand still

FEEDBACK ACCURACY

We show, in Fig. 1-8, a kind of illustration which may
indicate how the accuracy of measurement of the end device
position may affect the general operation of the robot as a
whole.

Along the X axis we have the physical position which can
be measured by the feedback potentiometer, ac wave com-
parison unit, pressure feedback, or whatever. Along the Y
axis we have the accuracy of repeatable operations which are
performed time after time after time. Note that we never
reach a perfect operational state. If nothing else, Murphy’s
Laws will prevent that from happening. But we do reach a
close proximity to the state of blissful perfection, providing
that the feedback measuring elements each can provide the
high degree of accuracy required.

We have shown a linear drop off of accuracy. This may
not be exactly correct. Each machine may have a different
curve even though each machine may be constructed exactly
the same. The operational environment, the type of load, the
use to which the robot machine is put may well affect its
repeatable accuracy. From this illustration, then, we begin to
get some understanding of the complexity needed and the
precision required in order to exactly locate and assemble
small batch parts, or to perform operations where a few
millimeters of movement may be the whole ball park. We are
reminded that difficult measurements are not exactly impos-
sible. Back inthe Dark Ages of the 50’s when the atomic bomb
was being developed, there came a requirement to measure
extremely small amounts of U-235. Using a delicate, and
almost unthinkably precise, balance the scientists concerned
were able to measure U-235 in amounts of millionths of an
ounce. Of course you would not even dream that such a
measuring unit might be used in other than a laboratory
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operation—or would you? Think what that kind of measure-
ment possibility would mean in terms of precision feedback of
an advanced robot!

Now we are imagining the use of a machine robot to do
jobs that are being performed by humans using microscopes.
This requires them to move with slow, delicate precision
because the slightest error could be costly or irreversible.
We imagine that if such precision could be accomplished by
robots the costs of many items of modern technology might be
reduced and their reliability might be vastly increased. The
key to this precision is the ability of the machine to function
on the smallest of signals, and to physically measure the
smallest value we can think of.

This leads to another problem area—maybe it’s Mur-
phy’s Laws again. The smaller the signal or the more sensi-
tive the feedback, the greater the danger from extraneous
electrical and mechanical noise. Noise means error signals
and noise is the enemy which must be overcome in the fight
for greater precision and better computation.

SPEED OF OPERATION

In a study of servomechanisms, which form the basis for
all robotic operations, we find that the greater the speed of
movement the harder it is to prevent overshoot and oscilla-
tion. There are, of course, mathematical solutions to many of
these kinds of problem, and they are used. We want to plan
beyond the present day capability and consider what the truly
maximum speed of operation of a robot system or an indi-
vidual robot might be. We are considering power behind the
movement, and such amounts of power that the overshoot and
oscillation problems again rear their ugly heads.

How fast is fast? Why do we need to increase the speed of
operation? Is it useful, or required, or just a desirable de-
velopment? Is productivity, and therefore profits, dependent
upon speed of operation? Do we want to work toward that
ultimate blinding speed of assembly, or are we going as fast as
we can go considering our knowledge, and capability of mak-
ing advanced robot machines. Consider the CYRO 5 + 2
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Fig. 1-12. Voice synthesizer chip (courtesy Texas Instruments).

revolution according to TI. They are engaging in a big pro-
gram of research and development related to computers,
industrial machines, telecommunications, automobiles, and
to the entertainment market. Now even an automobile, prop-
erly equipped with a small diagnostic computer, will tell the
mechanic what is wrong or what needs adjustment in or on an
engine. How nice that concept is for the backyard mechanics!
If the machines will only explain carefully and in detail exactly
how to correct the problem, as well as telling you what the
problem is, then we’ve got it made! That you will find more
and more speaking machines in every phase of our lifestyle is
almost guaranteed by such indicators as TI's separate speech
organization to serve as a focal point for all their new applica-
tions and developments in this field. Let’s take a closer look at
that chip by examining Fig. 1-13. You can amaze yourself by
examining Fig. 1-12 and locating the Pipeline Multiplier chip
and then looking at Fig. 1-13 to see what is inside that little
device! But as you see from Fig. 1-13, that’s only a part of the
circuitry involved.

TI defines synthetic speech as either a word, phrase, or
sentence, or a complete or unique sound. A lot depends onits
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use, duration, and application. A word, for example, is defined
as a second of “utterances”, and only TI can explain what is
meant by that! Perhaps that is related to the 100 word vo-
cabulary of the chip in Fig. 1-12, which can be spoken or
uttered in 100 seconds. Of course improvements in vocabu-
lary, and if required, speed of making the sounds, will be
produced as the need arises. We are truly approaching that
day when all commands and instructions to our advanced
robots will be given by simple speech commands, and the
robots will also advise us of their condition and when they
need maintenance they will provide us with any other infor-
mation pertinent to the overall job, simply by telling us
verbally, or vocally, or making some sounds! -

As pointed out by TI it is relatively easy to increase a
robot’s or machine’s vocabulary. This can be done in many
instances simply by appending a sound to an existing sound.
In the polled-status mode, the host CPU (Central Processing
Unit) issues the address of a word, sets the talk command, and
polls this status bit to determine that the word has been
spoken. Delays between words and sentences are inserted by
addressing the particular delay word which is processed as if
it was just another word.

The monolithic speech synthesis chip uses Linear Pre-
dictive Coding (LPC), which duplicates the human vocal tract.
As this name implies, LPC is a linear equation which formu-
lates a mathematical model of the human vocal tract. Thus it is
possible to predict a speech sample based on previous sam-
ples. LPC s a technique of analyzing and synthesizing human
speech by determining from the original speech a description
of the time varying pitch and energy using digital filters which
also reproduce human sounds when excited by random or
periodic inputs. Because digital impulses themselves cannot
be used to drive loudspeakers, it is necessary to have, on that
same chip, a Digital-to-Analog (D/A) converter which trans-
forms the digital information into signals required to energize
the loudspeaker or earphone. On the chip shown in Fig. 1-12,
an 8-bit Digital-to-Analog Converter is used. This is iden-
tified in the lower right hand corner of Fig. 1-13. Codes for the
twelve synthesis parameters (10 filter coefficients, 1 pitch,
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and operation of machines, which are computer controlled to
do human desired tasks.” We also indicated that within the
control framework might be a human brain as a part of the
computing system.

There is an organization, dedicated to manufacturing
type robotics which has given a somewhat different type
definition of a robot. The Robot Institute of America has come
up with a typical engineering type definition: A reprogram-
mable, multifunction manipulator designed to move material,
parts, tools, or specialized devices, through various pro-
grammed motions to perform a variety of tasks. The ma-
nipulator in this case is what we have called the end product
(or tool) holder, or gripper.

While it is true that robots of any type, industrial or not,
will get smarter as time progresses and will be able, through
use of many sensors which humans do not have, to accomplish
many tasks relating to jobs we have for them, in & most
pleasing manner, they still must be programmed by someone.
The user may not develop the software necessary, but some-
one has to develop it, and someone has to develop the com-
mand instructions so that an android robot, for example, will
respond to your spoken commands.

Webster's dictionary has another definition of a robot,
and from this can be derived another definition of the world of
robotics: “A robot is a machine in the form of a human being
that performs the mechanical functions of a human being.” Of
course, this has been the general concept carried about in
many human minds for a long time, but it is not necessarily a
true definition as we apply it to today’s electromechanical
marvels. The Madison Avenue personnel devote hours and
hours to research and planning and burn much midnight oil to
prepare sales pitches which involve the magic word
“robot(s)”, and in many instances what they define as a robot,
for sales purposes, is not a robot at all. We have to make
allowances for the kind of sales personnel who jump on the
bandwagon, and present things which are not exactly correct,
according to the definitions presented herein.

It is very interesting that the Lord Company of Erie,
Pennsylvania hopes to market, arobot hand made out of a kind
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of sponge and filled with a grid of wires and sensors which are
so arranged that it will have an almost human sense of touch
and feel! Robots are here now! Let’s move ahead in our study
of some advanced types, and some hobby types.
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android—A human appearing type of machine whic
duplicates in appearance and some actions the huma
body and its functions. May converse, and does respond
to external stimulii with pre-programmed responses.
This is the type envisioned by sci-fi writers as the
companion to the hero in far-out escapades.

I add, in this writing, that the conversation capability is now
enhanced by a capability to formulate responses by analyzing
the questions asked, and thus it does not depend solely on
programmed responses as was the case in the past. Also we
must now add that the android is capable of sensing and
analyzing to a much more advanced degree than it was in the
past.

So what is the definition of a robot? A natural follow up
question.

robot—A general term which stands for an automated
unit which does have some kind of human symbolization
in its operation or physical structure. It may not look
human, but it seems to be able to perform human type
functions and actions.

In this book we shall find that there are many industrial
robots in operation and that they do, indeed, perform many
human-type mechanical functions. Usually we will find that
they are programmed in some manner to perform the tasks
that they have to accomplish to do a job. We also note here
that the most advanced type of electrochemical-mechanical
machine it is possible to conceive of has been defined in these
same references as a cybert. So, while we consider the word
android because it is well known, and conjures up visions of
C3PO in Star Wars, when we consider household tasks we
really have to think of a cybert. We will also use the word
robot because it is commonly used, and is understood to
represent a type of machine which can do things, as indicated
in our definition.

We find that one of the tasks confronting us at this
moment is sorting out what kind of machine we are to be
concerned with. The machine gets a different name each time
its intelligence and mechanical ability advance, it seems. In
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isn't it likely that food could be an item from which selecti
must be made.

Let us consider some types of robots currently de-
veloped and learn what they can do. The University of Rhode
Island engineers have developed Mark IV, a robot that can
select parts from a jumble of parts in a bin. Some people at
California’s Stamford Research Institute have developed a
seeing robot arm which can select the proper tool from many
tools on a bench and use that tool to bolt down the cover on a
small engine. At Carnegie-Mellon University they are work-
ing to enable a robot’s brain to accept orders spoken in the
human voice and, they say, the machine can now distinguish
among some 1,000 words spoken to it, and it will ignore
strange type human sounds which are not words. Joseph
Engelberger of Unimation believes that the future world of
humanistics will be laced with robots of the HAL type, and
this, you will recall, is the type robot which doesn’t appear as
a robot at all, but is a space station controlled by computers
and machines. Here we are considering a kitchen in a house-
hold.

THE AUTOMATED KITCHEN CONCEPT

Examine Fig. 2-5. The premise upon which the sketch is
based is that you sit down at a serving table and speak aloud
what you desire. A computer will recognize the voice (it won't
serve anyone whose voice is not on record) and cause the
various plates to be prepared and served at the table in the
proper locations. Once the meal is concluded and you tell the
computer that a clean-up is in order, the plates and all will be
removed and everything will be returned to the pre-
preparation state—even to the ordering of such stores and
foodstuffs as are necessary to replenish those supplies used
in the meal!

Look again at Fig. 2-5. There are many loops of control
necessary. Here and there one will assume that there are
“pick and place” type robot arms, mounted to fixed stands.
These select, mix, prepare, and place foods, equipment, and
utensils as necessary. As you will see there are many direct
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feed type units such as from the food supply bins. We assu
also that somehow these bins will have been pre-load
either automatically or by human effort.

You need a lot of conveyor belting as shown by the
double lines. Then you will need quite a few “pick and place”
type robots and some quite intelligent robots which can de-
tect the various kinds of foods, do the proper mixing and
selection of plates and pots and pans and such in order to cook
the food. A small microcomputer directs the whole operation
and it receives its input from the people seated around the
table, this input being an order for whatever kind of food is
desired. Notice that the computer has a talk-back capability
so that if it does not understand, or you do not give it instruc-
tions in the proper manner it can request a repeat or correc-
tion. Even if you do have an automated system it must be told
every shade of every task and function that it is to perform,
otherwise it will send the silver to the garbage and the
garbage into the dishwasher. If you are so inclined, take a
pencil and paper and improve on the system shown. It could
be easier to just have pre-planned meals and assign a code
number to them. When you sit down to get breakfast you
simply say “Bring me A-21” and you can get your toast, eggs,
bacon, coffee, etc.

When we consider the automation of a range of activities
as shown in Fig. 2-5, then timing of the various processes is
very important. On an assembly line where it takes a finite
time for various items to reach various assembly or distribut-
ing positions, any delay in a sub-activity must mean that
somehow the computer will recognize this and delay the later
activities until the product has reached the position where the
next activity starts. We must also, then, realize that in the
completely automated kitchen (or any other activity related
to this concept) that there will have to be many sensors along
the way which will feed information to the central computer
so that it knows what is going on every place at every instant.
This will also stop the machinery in the event of a malfunction
or a breakdown at some point in the system. Voice communi-
cation to the machinery is not at all impossible. It is being
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sary. When the food has properly thawed, the robot will pl
it in its proper position so that it becomes a part of the o
on the Lelt.

As the meal ingredients move along the conveyor belt
they arrive at the second position. Here, those foods which
must be cooked are taken from the belt, placed into the proper
pot or pan which has been issued from storage. Some food
items may not need cooking and so will move on along the belt
to robot 3 who has the big job of combining all the prepared
food and placing it in the proper dish or bowl for table use.
This same multi-armed robot will place the empty pots and
pans on the return belt so that they will go to the dishwasher
where they will be cleaned and stored automatically. Can’t
you just imagine this robot #3 being a four armed, multi-
digited unit, whirling and waving its arms, as it performs its
assigned tasks? Of course, remember that all the while every-
thing is going on, sensors are relaying information back to the
computer about everything that is happening and when and
how it is happening.

The food, in the proper dishes, the silver, etc., arrive at
the table and now robot 4 begins to serve the meals, each to
its proper recipient. The computer directs the order of serv-
ing by the order of voice commands, first voice is first served,
etc. After areasonable time, or when ordered, robot number 5
begins to remove the dishes in some pre-programmed order.
Robot 5 puts the dishes on the converyor where robot 6 will
see to it that the garbage goes one way and the dishes and
silver return to the dishwasher to be washed and then pro-
ceed automatically on to the dish-silver storage shelves.

HOW TO PREVENT THINGS FROM GETTING OUT OF HAND

Prevention before cure, must be the motto concerning
automated operations. Think of the modern aircraft with their
many complex and intricate devices and their automated
electromechanical control elements. How do they prevent
mishaps? It is done through redundancy. Space robots are so
designed that they have duplicate and even triplicate systems
that function should the primary system fail or have a malfunc-
tion. In the coming world of robotics, redundancy and reliabil-
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insure that these promotional display robots attract
amuse the human population instead of provoking and
generating fear. Itis easy to understand how a robot’s appear-
ance can range from friendly to frightening. Perhaps the day
has come when the box type robot or the barrel shaped robot
is passe.

The good engineer designs for fast operation, efficiency,
low maintenance requirements, and reasonable cost. He is
not concerned, really, with how the thing looks, or is pack-
aged, unless the size and shape must conform to a particular
volume for some very pertinent reason. There are packaging
experts who can design appropriate housings for the elec-
tromechanical mechanisms. Perhaps they will be called in to
help shape the robot machines of the future when the field of
robotics demands that we have robots having personalities
and bodies to match.

Consider the inanimate human models that we see in
the fashionable department stores nowadays. Those models
aren’t cheap, and the store wouldn’t buy them if there wasn’t
proof that they add to sales. If the same holds true for display
robots or androids than we have to ask, “Just how human do
we want this robot to appear?”

The real “macho” type could be as lifelike as Yul Brynner
in Westworld, the movie in which robots run wild. The pretty
type could be as attractive as those female mannikins display-
ing the latest fashion gowns in the finest haute couture salons
But, do we want them that realistic? The cost of cramming all
of the machinery into that kind of package would be tremen-
dous. Would the economic advantages of this type of robot
over one that looks like C3PO, in Star Wars, be worth the
development costs?

What about the bad psychological effects? Perhaps
people feel more comfortable working with a machine that
looks like a machine than they do with a machine that, due to
its personalizing, seems to possess some kind of non-
understandable intelligence. When a machine seems to be
alive it can and probably does, generate some kind of fear in
some Homo sapiens. That fear, of course, is usually a fear of
the unknown. Since we are conditioned objects in space, and
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since our conditioning is a result of what we see and hear
experience, and since we see monsters on TV, etc., t
perhaps the personalizing of machines may engender 1n
subconscious some kind of relationship which could be det-
rimental. Who knows?

NUCLEAR INSPECTION ROBOT CONCEPT

It is a well-known fact that one of the primary areas of
robot functioning will be the ones in which mankind has
trouble operating. These involve deep space, any place where
there is low or high pressure or no oxygen, underwater
situations, extremes of heat or cold, and environments in
which there is high toxicity or possible nuclear contaminants.

A robot designed for this latter type environment has
been investigated by many companies, one of whom is the
Hughes Aircraft Industry with their Mobots. Another is
Quasar Industries of New Jersey. It is informative to us to
examine, by way of instrumentation and operation concepts,
what such a nuclear inspectionrobot are able to do in this kind
of nuclear contaminated environment, or in an environment
where inspection is necessary and malfunction means con-
tamination. With both the Hughes Mobot, which has multiple
arms, video cameras, and is remotely controlled from a
switchboard, and the Quasar BIOT, there is a mobility capa-
bility which permits moving the robot to an area within its
mobile range.

The BIOT is a four footed, mechanical, humanoid robot.
The designer says it is six feet high with a weight of 525
pounds, a width of 30 inches, and a ground clearance of some 3
inches. Its mobility is through wheels which would be self
inflating and self repairing. It uses batteries for power, and
the movements of its various limbs and tools and grippers is
controlled by electric units with hydraulic assistance. It, too,
has four arms, each with elbows and interchangeable hands. It
has a means of optical reconnaisance in color, a computer
control unit, and both hard-wire and radio frequency com-
munication and control. It could use voice re
means of decoding commands and instructi

In order to have maximum operational a
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Does the robot or android have a future as a security
guard in such locations? Can one really be programmed to
detect alien objects which may appear, and which may pose a
threat to the regular and permitted inhabitants of the area?
Let us see what might be required and then think of what may
be possible in view of current technological developments.

If the robot or android is going to patrol an area, it must
be able to do so ina random manner. It cannot patrol in a fixed
operation where its appearance at any point of its path can be
stated as a function of time. All an invader would have to do in
this case is simply time the appearance at some point and
enter during the time the robot was absent, confident that
there would be a definite time interval before it reappears.

That the robot or android would follow a path of some
kind in such an area is probably a requirement. It must be able
to move itself to any location where its weapons or defense
mechanisms can be effective against an invader. If nothing
else, its alarm system must alert the proper people to come to
the battle. Thus a means of causing it to follow a random walk
on a prescribed path is necessary. This path, of course, must
not be obvious, nor must it be easily changed or de-activated
if it 1s an active element type of path.

One might suspect then that programming internally
might be the path-following criterion. In this case there is
nothing external to the robot or android which can be changed
to cause it to follow an erroneous pathway, or get itself into
trouble. With modern microcomputer capability it would eas-
ily be possible to select a general path and then randomize
sections of it so that only the computer would know when the
robot or android would reverse, backtrack, stop, wait, speed
up or slow down as it follows its general trail. It should also be
possible to change the movement program from day to day, or
at least from week to week so that one could not determine a
fixed pattern, no matter what it might be, by watching and
counting and timing the machine’s movements. Also, by the
very definition of randomization, the machine’s movements
along a general path could not be predicted.

The area would also be safeguarded by some kinds of
fixed sensors, such as terrestrial vibration units, which are
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One can also imagine certain subtle variations in this
cam steering, motor-controlling concept. One might use
magnetic tapes generating tones of various types for various
actions. It would seem that with such programmed steering
and speed control, a house-movement robot or a lawn and
yard and garden movement robot can easily become an au-
tonomous reality!

A TIMED PROGRAM FOR PATH CONTROL

When we consider a robot following a particular path, be
it in or out of the house, we must remember that a robot will
be asking for some timed directions. A timed direction is
simply a signal which says the robot should go for a specified
period of time. If the speed of movement of the machine is
known, for example assume one foot per second, then you, as
Robot Master, know that if you let that signal exist for five
seconds the robot should move five feet. I say should because
there might be some impediment to the machine’s motion.
We begin to see that programming a robot for motion along
some kind of path, specified only by the internal timing and
speed of the mechanism, is not feasible.

COMPUTERIZED PATH CONTROL

How do we achieve computerized control of the robot for
the same path? Well, we first plan to have some kind of
feedback to the computer so that it can tell when the machine
it is controlling has done what it is supposed to do. For
example, assume that we have some kind of sensor which will
send one pulse per wheel revolution to the computer. One
revolution will mean that the wheel has traversed a distance
of 2mr inches where r is radius of the wheel in inches. When
the computer sends a signal for the robot to move forward, it
will be getting back a distance measurement pulse from the
wheel monitoring sensor. The computer can count these
pulses to determine distance. You might even have a pulse
generated for each quarter turn of the wheels. The computer
memory is used when you load it with software instructions
that tell it the number of pulses for each segment of the path.
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My first encounter with this delightful unit is illustrated
in Fig. 3-1. I had been invited to the home of Jerry Rebman
and after a few moments he vanished outside this lovely
family room. A moment later, to the tune of purring electric
motors, GARCAN appeared in the doorway and with uncanny
accuracy and agility entered the room, flashed his “head”
lights at me, decided I was friendly and came closer (Fig. 3-2)
There he stopped and silently examined me and all the while I
watched the maze of lights flash like small bits of lightning
under his plastic, hemispheric, domed head-space. I noted his
rugged construction and how well the inverted 30 gallon
garbage can made a suitable body when mounted on the
circular, one inch thick wood or composition board base
platform. I could just barely see the front idler wheel which
gave the base platform good stability. I assumed, and cor-
rectly, that there would be two other wheels located further
to the rear of the platform and that these would not only
provide mobility, but also steering. I also noted how easily
GARCAN moved across the bare floor and the thick carpet.

There are countless types of display robots being used
now at expositions, fairs, on TV, in movies, at parties and
such, and it is safe to say that 98% of these are radio control-
led types. They may be more elaborate than GARCAN, whois
a paraplegic (no arms at present) because the addition of arms
means much more complexity. Others may have arms and
wrists and hands, but these are all operated by control signals
sent from behind one-way windows in exposition booths
Display robots of this type may also have a multitude of self
contained sub-programs which can be started or stopped by
radio signals, and these may range from a pre-programmed
path movement, to animated arm and finger movements, to
speech delivery, to music, to display of TV pictures on a
special built-in screen. We have found that the big companies
such as GE and Hughes and others have used such display
robots to present their messages or logos to the public at
various functions.

Display robots are a reasonably big business and will be
a larger business activity as time progresses. They cost from
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We have stated that these robots are paraplegi
arms. If one decided to add arms, it would require addi
motor control circuits and motors. One motor and circuit
board would be needed for each arm as a minimum. With this
much additional equipment, the robot could be made to raise
and lower his arm—or with two such circuits, both arms
either singly or simultaneously. No elbows or wrists or grip-
pers would necessarily be used. Two more radio channels
than the minimum of three (for motor control right and motor
control left and tape unit) would be needed. But one mightuse
an 8-channel RC system (they are available) and cause the
closing of more microswitches to open and close pincers etc.,
if one wanted to experiment in this direction. Also, don’t
forget that a person might use an 8-channel RC system for
many functions with that RC system operating on one fre-
quency and thengncorporate a second R C system with another 8
channels operating on a second frequency! Since it would
operate on a different frequency no interference would be
experienced between the two. As we indicated earlier, the
limit as to what you can do with your robot will simply be
limited by time, effort, and money!

OPERATION OF GARCAN ELECTRONICS

Figure 3-17 shows how a computer may be interfaced to
drive a small radio-control type servomechanism. The impor-
tance of this circuit is that with it, you can interface a com-
puter to control your robot in either an autonomous or a
remote state simply by adding additional sections to the
GARCAN motor control circuit. Notice that the output of the
ICI 556A is driving a standard model airplane 3 wire servo. I
provides as output, the type of input necessary for the motor
control circuit of one motor of the robot. You would have to
experiment with the addition of a second similar circuit,
connected to the computer output, or to the MC 14081-8 chi
to make a second channel to drive the second drive-steering
motor circuit of the robot.

If you are ever to have an autonomous type robo , t will
have to have some kind of computer within it elf. A stic
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android type of household servant will never be achie
without it! The best way to understand how this migh
applied to the GARCAN robot, is to examine the follo
circuits. First take a look at a sketch of the RC transmitter.
From it learn how the various robotic functions are con-
trolled. Examine Figs. 3-18 and 3-19.

Notice that even the voice is controlled by a stick posi-
tion. When you are steering GARCAN, you will be holding
this type transmitter and you will be using the thumb of each
hand to position the two sticks. Jerry tells us that with some
practice you can control GARCAN easily and accurately. Both
thumbs would be working simultaneously as you can imagine.
All radio control bugs will love this type robot! Now study
Fig. 3-20.

It might be of help for us to point out that if you do not use
the radio control link, then there must be two signals from the
digital-to-analog converter. One of these signals must go to
the motor controlling circuit. The second signal must go to
several standard type RC servo units which control the off-on
switching for other functions. A motor for this application
should be relatively small, be either permanent magnet or a
field wound, 12 volt, direct current motor of about % horse-
power. If the robot you intend to power is much heavier than,
say, 100 Ibs, then you might think toward a 1/3-horsepower
motor. Each motor must be capable of being operated at
normal speed and load with an input of around 6 amperes, and
its stall current or starting current should not exceed the 25to
30 ampere range specified for these two motors.

Since we have been discussing the computer addition to
the robot control system, it is interesting to look at a small
microcomputer system and its disc operating system shown
in Fig. 3-21. You can imagine typing in your commands on the
keyboard and transmitting them via radio link to your robot,
and if you let your imagination work a little harder, you can
imagine the robot’s responses appearing on the CRT!

THE GARCAN MOTOR-CONTROL CIRCUIT

Jerry Rebman Electronics developed this motor control
circuit using as a basis, a circuit which appeared in the Feb-
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via telephone from anywhere. It is not beyond belief that one
could have a home sentry robot in the house when one leaves
home for a trip that would report by phone!

107









The software used with a commercial robot may be a vita

into its most guarded operational secrets. New patents
filed constantly. And just as there are new machines arising,
there are also new methods of controlling these machines.
For a variety of reasons, some manufacturers are reluctant to
reveal these methods.

A PRELIMINARY LOOK AT MACHINE COMMUNICATION

Since our communications to a robotic machine involves
telling the machine to do something, we must first have in our
minds the sequence of actions that we want performed. Let us
use a simple definition to expand that idea of action. Let us
call whatever the machine does an event. If it makes a light
flash, or it causes a visual blob on a TV screen, or it makes a
motor turn ¥8 of a radian, it is an event. It is the outcome of
having the machine perform an instruction, which we will
convey to it in some kind of language that it can understand.
So, one of the first premises that we must make is that we can
take something we understand and this will—through a con-
version device of an electronic nature—become an electroni-
cally coded signal which the machine can understand. When
we can do this, we can communicate with the machine.

Let us think of a simple example for a computer-machine
system. Suppose we choose a simple lettering arrangement
such as GF to mean to us that the machine must engage such
mechanisms as necessary to start the machine moving in a
forward direction. We must be clear in what we mean by
forward in this situation. If we have a machine which is mobile
(a robot such as GARCAN) this letter code would mean that
the drive wheels start up and both rotate at the same speed in
the same direction moving the robot in the direction it is
facing. We must have agreed with ourself that this is how we
will define forward because there is no other reference used
in this robot system except its own body geometry. Notice we
have assumed that the robot can “face” in a direction! We
derive this from the human body which has a “facing” direc-
tion and a “rear” direction!

The letter symbols GF mean absolutely nothing to the
machine until they are translated into its language. The
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of anindustrial robot to swing from an end positiontothe s
position, then we must either have a clock timing the arm
movement or a sensor at the end position which, when acti-
vated will send a signal the machine can understand, back to
its computing section to tell it to stop sending forward signals
out of its memory.

So, what’s the problem? The problem is to have a com-
puter that can convert the type commands we wish to issue
into suitable control signals for the mechanism to produce
events. Our commands may be of the immediate input form,
such as when we type them on the keyboard, or they might be
a stored typed on disc or cassette if we decide we don’t want
to sit there and command that unit all day! If the machine is to
perform many complex movements or operations or events,
then we will need subroutines performed in the proper order
and sequence so that no one—not even ourselves—can get all
mixed up and forget or omit some command which is neces-
sary to the whole operation. Very, Very, careful and accurate
programming, complete, and without bugs is necessary for
control of machines! Figure 4-1 illustrates this discussion.

WHAT ABOUT THE ROBOT THAT LEARNS?

We have mentioned a type of robot machine which is
taught what it must do by having it go through the series of
required movements and actions under the direct control of a
human teacher. One such robot is the Cincinnati Milacron T*
Industrial Robot, shown in Fig. 4-2 doing a commercial weld-
ingjob. The robot is an articulated arm, and here it works with
a robotic companion, to the left in the photo, which is a small
squatty unit which turns the work to various positions as
required. We know, just by looking at the photo, and with our
limited knowledge of welding, that the arm must be capable of
moving that welding wire and torch to just exactly the right
place for a spot, or along just exactly the correct line for a
seam. It must deposit just the right amount of weld material,
with the proper heat, for a perfect joint. It does this under the

guidance of a computer.
Before moving further into the operation, let us examine

the physical aspects of this arm in more detail. This is benefi-
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signed by some expert programmer, has done so
calculation and determined that the way we moved th

isn’t the best way to move it. So the computer works ou a
new spatial trajectory and moves the arm in its own manner.
The arm moves to exactly the position we want it to move to.
It orients itself in exactly the manner that we had it orient
itself and the only difference is the way the arm moves in
space to get there.

Now we need a thing and we need to slowly steer the arm
so it picks up the item and moves it over to the new location
and sets it down carefully on the belt and releases it. We take
the arm through those movements, using the button control-
ler. We then check our operation by a quick replay and if all is
all right we commit that section of movement and operation to
the computer memory. Finally we cause the armtoreturntoa
starting position where it will lie in wait for the next thing to
come down the input belt into its hungry jaws!

Because we don’t want to make this seem too simple—
although the teaching operation is relatively quite simple—
we present the following description of motion as stated by
the manufacturer:

“During the teaching, the operator has available
three different spatially coordinated motion sys-
tems; that is, paths along which he (or she) can
move the arm from point to point.

“Cylindrically coordinated motion moves the arm
around the vertical axis of the robot and in-or-out
from that axis.

“Rectilinearly coordinated motion moves the arm
along (x,y, and/or z) coordinate lines.
“Hand-coordinated motion moves the arm through
as many as all three of the T?®s available axes (x, y,
z, or roll, pitch, and yaw) simultaneously. Because
all axes are coordinated, the arm moves only 1
straight line from point to point and maint s
orientation even though all three ax  re

tion. Hand coordinated movements

arm can be compared best to the movement of
human hand which goes from place t
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level to enable its grippers to grasp a thing. Next we ¢
how the arm contracts as it moves upward.

Note in the lower right corner the display unit o e
computer cabinet. It is possible to look at the computerized
program for this robot on that display screen, and program-
mers will be happy to know they can delete or add or even
build a program using this display unit without having to
actually move the arm at all. It might be somewhat similar to
writing a program at home on your home computer. This
screen also will display diagnostic information, should that be
needed.

Finally, we mention that the reference point in this
system is that spatial point where the gripper tool meets the
workpiece. You have to know where that is, visually, if you
program with the little control box, but not necessarily
mathematically. The computer will mathematically find out
and determine the space coordinates of that end point.

SUBROUTINE PROGRAMMING FOR A ROBOT

A subroutine for any computer generally means some
pre-defined action which will be called at some point when an
appropriate command or signal appears in the general pro-
gram. In a way it is an aside action, and the overall operation
of the computer is stopped while this side action is in effect.
When it has been completed, the computer will then pick up
where it left off in the main program and, possibly using the
information from the side action, continue on its main pro-
gram operation.

With a computer which controls a robot machine, the
subroutine is sometimes called a branch action routine. This
simply means that the movement of the robot arm will be
made to follow something other than its normal movements
when an appropriate activation signal causes it to go into the
subroutine programming. We need to examine a situation
which illustrates this.

A truly general-purpose industrial r m
have some way of selecting or altering ally
grammed path and functions of its armbased o hanges
working environment in which it operates. The name gi

122












BRIEF BOOLEAN ALGEBRA REFRESHER

Boolean Algebra is called the algebra or logic.
invented by George Boole, mathematician and logistician, in
1847. This is the algebra of automatic control and switching
devices in today’s world. It permits one to present switching
circuits with algebraic symbols and then to manipulate those
symbols according to the laws of algebra so that one can find
the simplest manner in which to accomplish complex switch-
ing and operation of various electronics and electrical cir-
cuits.

Boolean Algebra deals with truths and non-truths that
relate well to switching devices that are either on or off.
Digital devices use “states” torepresent one or zero which is
roughly equivalent to a switch being on or off. Therefore,
Boolean Algebra is well suited for digital work. Let us apply
this concept to a simple circuit.

Let us say we have a circuit with a switch and a light init.
We can say several things about that circuit:

(A) The circuit is on
(B) The light is on

Algebraically we can use the letter symbols of these state-
ments to indicate and express the condition of the circuit and
the light. For example:

1. A.B (meaning A times B) means that the circuit 1s on
AND the light is on.

2. A+B meaning either the circuit is on OR the light 1s
on.
Finally we can write:

3. A*B where the bar over the B means NOT or a
negative. Thus, the circuit is on and NOT the light.

These are the three basic functions of Boolean algebra, they
are the AND, the OR, and the NOT functions

When this kind of algebra is applied to circuitry, 1t 1s
common to use the multiplication functio
tions, see Fig. 4-8A. For parallel connecti
addition (Fig. 4-8B), and anegative situati
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is common to use a zero for anopen circuit output and
for a closed circuit condition.

With this concept of algebraically stating the condi
circuits, it is customary to express the Boolean conditions as
follows:

LAWS OF BOOLEAN ALGEBRA

(a) A*B + A<C =AB+C) (s = and)

b A+A =A (+ =on

© AA =A (A = NOTA)
(d A+A =1 (Key)

(e) A-A =0

® A+A-B =

(g A+B =(A*B)

() AB =(A+B)

) A(A+B) = A*B

G A+AB = A+B

Note that the dot is sometimes dropped, just as inalgebra, and
order is from left to right, unless specified by parentheses.

It is common to take a circuit and develop a Truth Table
of its operations. This is a chart in which all the outputs for all
the conditions of the switches are stated, one at a time. Then
letters are assigned to the switches, and, as you have seen,
the expressions of the truth table lines can then be put into
Boolean algebraic expressions which can be reduced to the
simplest expression. By re-converting the letters back to
switches or switching circuits, a person is then able to draw
the best circuit, and the simplest circuit, for that device.

One can quickly see how such a mathematical tool can be
of tremendous value in the field of advanced robotics. As we
have indicated in the Milacron robot, there might be many
inputs to the machine under various conditions of operation.
There will have to be conditions of multiple switching inside
the robot’s mechanism to make it do what the inputs call for.
Being able to mathematically state the operation using Boo-
lean algebra helps to arrive at a cost-effective unit which will
do its job in the prescribed manner.
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In an example, imagine that the robot arm is to pi
some automobile windshields from a stack of them, and
them one at a time on a conveyor belt, off toone sideo e
stack. Recall that only the starting point above the stack and
the bottom point, at the bottom of the stack, are necessary to
be known by the robot’s control machine. Thus, when the arm
goes from the start position down the stack, it stops itself
when its sensor contacts a windshield. The gripper then grips
that unit, and immediately moves it along a prescribed path to
the conveyor belt and deposits it there. Then the arm goes
back to the start position and resumes the operation all over
again. It is not necessary for the program to include the
specific pieces of work on their positions, the sensor on the
robot’s arm takes care of that. Only when the robot’s arm
reaches the second point, or stop position—meaning 1t 1s at
the bottom of the stack—will the arm move to some rest
position and stop moving.

Of course we realize the possibility of interrupting a
normal branching operation with an interrupt signal. This
signal might cause the arm to skip some movements and
move on to others, or go into an entirely new routine. Of
course any routine must have been taught to the computer by
moving the arm, with the teaching unit, or must be specified
by signals on a cassette or other similar type tape.

COMPUTER-USE SUMMARY

So we have learned that a computer can direct a ro-
bot—which, of course you already knew—and we now have
some concept of how the computer does this. The output of
the computer will be a series of signals to a bus which might
have, in our case, say, eight lines or terminals. When various
keys are pressed on the computer keyboard, the closing of the
key-switch contact will cause the computer, through its in-
ternal circuitry, to energize some combinations of these ter-
minals. Since a terminal status can be specified by being
either on or off—a two state condition—we can then consider
the permutations and combinations of eight things taken in
two conditions and we find that there are 256 possible states
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coordinates at any second? What referenc
coordinates on? Luckily for us, some m
developed what is called a stepping motor. It
answer the basic question,

As you know a stepping motor is one which revolves a
given amount when supplied with a pulse of electric current.
That amount might be five degrees or it might be twenty five
degrees. If pulses are supplied in a continuous train, the
armature of such a motor revolves in a continuous manner,
and if the pulse rate is fast enough we will not be aware that
there is any difference between the rotation of this type
motor’s armature and the armature of any other motor. Both
revolve smoothly and quickly, but, there is a difference, and
an important one to us.

With a stepping motor we can govern distance traveled
or arm movement quite precisely. If we have a motor which
turns five degrees with each applied pulse, due to the way it is
built there must be a space (no-pulse) following each pulse, or
it won’t work right. Divide 5 degrees into 360 to get the
portion of a turn each pulse represents. This number times
the circumference of the motor wheel is how far that wheel
will move on a floor with each pulse. Next we make a small
diagram of the movement our mobile robot should follow as
shown in Fig. 4-10.

What we do is to program a number into the computer
memory, for this example the number 11. Next we program
the computer so that when this number has been counted
down a subroutine will activate which will cause the steering
wheels to turn as shown through the angle alpha. The com-
puter knows that this has been done by monitoring a voltage
proportional to the angle the steering-drive wheels make
with the robot’s frame, which can come from a potentiometer
mounted on the steering section of the robot. Now a second
drive subroutine count-down section begins and at the same
time the steering wheels will equalize in speed turning
straight ahead almost immediately after the robot starts mov
ing. It will move straight along the X path for 8 pulses, turn
again thru the pre-set angle and continue 4 pulses to the stop
position. If you try to make such a robot, some experimenta-
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tion will be required, but this concept will e
you want it to, if you program the pulse cou
and make the turn-angle sensor equipme

This is just an example. There are o h
One alternative would be toput a small ma
drive wheel which is driven by a regular e m
time the drive wheel makes one revolutio
ated which can be used to make a computer circuit
down. Or if a more precise robot position location is need
then two such magnets, moving by a fixed coil spaced 80
degrees apart will give two pulses per wheel rotation.

One might use the wheel pulses by sending them
circuit which will accumulate them into a voltage and when
this voltage is high enough, it can trigger a relay or some such
device which will cause other circuits to energize. Now that
you have the idea, you can build on this concept to achieve
something satisfactory to your own needs and capabilities. It
is a fun project and when you can make your robot move
around a room without hitting anything, or stopping, or get-
ting off track, then you will really have done something!

In the industrial sense, the previous example shows how
arobot’s arm might be programmed during a cycle. Thenif the
program is repeated over and over, the cycle will be repeated
as long as the program is run.

COMPUTER LANGUAGES FOR ROBOTICS

There are no fully defined, recognized languages for
robot control. Individual manufacturers tend to put together
whole systems, including CPU, and define each movement in
a subroutine that the user calls by typing in a short code word.
These subroutines are, of course, in machine language, and
the programmer at the factory that made the robot had to use
machine language because it is the only language that allows
the level of intimacy with the internal workings of a given
CPU necessary for programmed control. Limiting the user to
those routines that the original programmer foresaw a need
for is not the best use of the system’s capability. Allowing
complete programmability appeared preferable, but there are
problems here too.
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“Two examples are MOVE and TURN. M
causes the robot to move in a straight line by tu
both wheels in unison, and TURN causes the robot to
rotate about its center by turning the drive wheels in
opposite directions. The arguments of MOVE and
TURN are the number of steps that the drive wheels are
to turn (each step resulting in a robot motion of 1/32nd
inch) and status arguments which allow inquiries to be
made about whether the function has been completed or

not.
“Once begun, the execution of any function either

proceeds until it is completed in its normal manner, or
until it is halted by one of a number of abnormal cir-
cumstances such as the robot bumping into unexpected
objects, overload conditions, resources exhaustion, and
so on. Under normal operation if the execution of the
MOVE command results in a bump, motion is stopped
automatically by a special mechanism on the vehicle.
This mechanism can be overridden by a special instruc-
tion from the computer, however, to enable the robot to
push objects.

“The problem solving systems for MOVE and
TURN are trivial. They need only to calculate what
signals shall be sent to registers associated with the
motors in order to complete the desired number of
steps.

“At a level just above MOVE and TURN is a func-
tion whose execution causes the vehicle to travel to a
point specified by a pair of X,Y coordinates. This func-
tion is implemented in the FORTRAN routine called
LEG. The model used by LEG contains information
about the robot’s present X,Y location and heading,
relative to a given coordinate system, and information
about how far the robot travels for each step applied to
the stepping motors.”

“Ascending one more level in the system we find a
group of FORTRAN two-letter routines whose execu-
tion can be initiated from the control machine keyboard.












TESTS, ADJUSTMENTS AND REPAIRS

Even now we have computers with diagnostic pro
One can envision in the robotics systems of the future tha the
machine itself, when it gets a signal from some source that
something is not going exactly right, will stop, initiate its own
diagnostics program to find out what is wrong, and then, using
visual and audible communications, tell its human supervisor
verbally to fix the bolt on number 4, left hand, third finger
digit. In all the current studies, at least to date, one doesn’t
find robots capable of repairing themselves without human
help.

Also, these robotics systems must have diagnostics
programs written, and fed to it by human hands or voices. The
need for people in such systems is still current and in evi-
dence. A diagnostic program is really just a check-through of
the operation to see if all the movements and operations
required are accomplished with the normal input signals. If, at
any stage, the robot’s response is not correct, then a signal
will inform the supervisor that some adjustment, testing, or
repairs are needed.
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combining a function command with a fun
duce a definite action.

Programming Rules. Programmin
Control Unit is simply the act of establishing a sequence o
coded instructions which directs the Control Unit to perfo
a particular task.

Programming is only as successful as the operators abi
ity to understand the fundamental activities of the task to b
performed. A good, sound structuring of a program is advis-
able to keep programs simple, clear and complete. The fol
lowing five (5) step procedure to successful programming
should be employed when preparing a program:

RULE 1. Define the Operation: This is a brief description of
the operation. The description should be prepared in a way
which tends to identify the activities of the task.

RULE 2. Chart the Sequence of Events: This is a detailed
description of the specific operation to be done. Each step o

the operation should be listed in the sequence of which itis to
be performed. (Depending on the complexities of the opera-
tion, it may be necessary to prepare sketches or flow charts in
order to identify each step).

RULE 3. Code the Program: From the detailed description,
prepare a list of coded instructions in the sequence in which
they are to be “taught”. This list of instructions is referred to
as a Source Program from which the Control Unit operates.

RULE 4. Teach the Program: This is the ENTRY of the
Source Program into the Control Unit in the sequence estab-
lished by the Source Program.

RULE 5. Check the Program: Once the program has been
entered into the Control Unit, a review of the program in-
structions is advisable in order to assure that all instructions
are in their proper sequence and the CONTROL UNIT will
execute them properly.

Program Teach Panel. The Program Teach Panel i
divided into five (5) basic categories. Prior to preparing any
program, it is necessary for the operator to thoroughly under-
stand the purpose of each control.

(a) Operational Controls: These controls are used pri
for the operator to execute certain operational as
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(c)Single Step: The Single Step position is used wh
desirable to review each instruction in sequence.

(d) Test Run: The Test Run position is used to che
movement and positions of the Robot Arm as established
by the program instruction sequence. The Robot Arm is
allowed to complete its cycle without interruption which
may normally be required by the program.

Program Number Request. Selecting the PROG
NUMBER Control will allow the operator to request any of
the programs (within memory) to be run. THERE ARE 64
POSSIBLE PROGRAMS WHICH MAY BE SELECTED.
PROCEDURE:

(a) Place the MODE SELECT key in the desired position.

(b) Pressthe PROG NUMBER Control on the program teach
Panel. (The lamp will light indicating the request)

(c) Select the desired program number on the function
keyboard (1-64).

(d) Press the ENTER pushbutton under the keyboard (the
PROG NUMBER indicator lamp will go off and the Pro-
gram Number selected will be displayed in the PRO-
GRAM NUMBER INDICATOR).

The Program is now available to be modified or run.

If the program selected is a valid program, the Mode
Select key can be placed in the Auto-Run position to operate
the program. If there is nothing in the selected program,
turning the Mode Select key to any of the run modes will
result in a code “130” display.

—CAUTION—

When operating the JOG control observe that the Robot
Arm travels a path which is free of any obstructions. If the
Robot Arm cannot be jogged to position without striking an
object, release the JOG pushbutton and operate the manual
axis request and axis direction controls to move the robot arm
around the obstruction, then continue operating the JOG
control until the robot arm arrives in position.

Program Erase. The Program Erase control is used to
clear the program identified by the Program Number Indi-
cator from memory. Once the program is erased all instruc-
tions and recorded positions are cancelled from the program.
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(b) Select the desired Program Number to be used.
(c) Establish and record the HOME position (positio

Manual Controls

The Manual Controls are used for setting, recording, and
modifying the robot arm positions. These controls consist of
axis request, axis direction, record position, modify position,
and next position number controls.

Setting the Position. Each one of the seven (7) possi-
ble axes has its specific request control. All axes are iden-
tified with yellow lighted pushbuttons for operator selection.
(a) Axis Request: When a change in a particular axis is de-

sired, the corresponding Axis Request pushbutton should
be selected. Once pressed the Axis Request control will
light as an indication of the request.

NOTE: If an incorrect axis has been selected, pressing the
desired Axis Request control will automatically change to
the intended axis.

(b) Axis Direction: The Axis Direction controls are identified

as ADVANCE and RETRACT. These controls will move
the robot arm in the corresponding direction relative to
the particular Axis Requested. Depressing and holding the
Axis Request control will result in acceleration to pre-
determined velocity, while tapping the control will move
the axis one count for each tap of the control.
NOTE: Motion of the robot arm requires hydraulic as-
sisted devices and therefore the HYDRAULIC UNLOCK
and PUMP ON Control on the Operator Control Panel
must be actuated.

When moving the robot arm with the Advance or Retract
Controls, either control must be pressed and held until the
robot arm arrives at the desired position. If the direction of
motion is opposite the intended direction, operating the other
Axis Direction control will provide the desired motion.

Movement of the robot arm to the desired position is a
result of operating the individual Axis Request and Axis
Direction Controls until their combined motions place the
robot armin the desired position, that position should thenb
recorded.
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ncionvaue a1 eniles e mmernum erto esetatno
s than .1 second and no greater than 99.9 seconds. The
IME DELAY requests one of ten timers to be set for
pecific period of time and immediately begin counting down
to zero. The period of time can be selected from 0.1 seconds
to 99.9 seconds in 0.1 second intervals. Choosing one o
ers is accomplished by recording the first digit (
ignificant digit) of the four digit number as the timer num
and the remaining three digits with the desired time interval:
i.e., timer number 3 to be set at 6.5 seconds; the function
value should be set as 3065.

The timers are numbered from 0-9. When using timer
number 0, it is not necessary to specify the timer number
prior to setting the desired time delay value: i.e., timer
number 0 desired to be set at 6.5 seconds; the function value
should be setas . .65. The INTLK DWELL function command
has two significant purposes; (1) Wait for external source
command before proceeding, and (2) Wait for timer to time out
before proceeding. The WAIT FOR EXTERNAL SOURCE
Command is determined by the function values 1-32 following
the INTLK DWELL selection. This instruction requests that
the Control Unit sit and wait until a signal is received from
one of the selected 32 input lines. When the selected input
line becomes “true”, the process will continue, until such
time the program will be stalled; i.e., wait for part to get into
position (assume position signal is received on line one); the
function value should be set as . . . 1; when the part arrives in
position, a signal will be sent on line one which informs the
Control Unit to resume the program.

The WAIT FOR TIME OUT Command is determined by
the function value 10 plus the particular timer number. This
Instruction requests the the Control Unit stop the program
until the specified timer reaches zero: i.e., wait for timer
number 3 to time to zero; the value should be set as 103;
function when timer number 3reach sz ro, the Control Unit
will resume the program.

XAMPLE 5: Time Delay & Interlock Dwe L NXXX
ILD.XXX) Wait for Time Out (ILD.10X)











































































ory movement and angular movement, then to try to exac
duplicate the bone structure of the human forearm.
member, what we will be looking for in the final design,
movement of a hand or gripper through those necessary
points in space required for accomplishment of whatever task
we have assigned to that robot.

Finally, we come to the hand or gripper. Now we need to
make some slight distinction. If we call the end appendage a
hand then we want to consider that it has some kind of fingers
or graspers in an amount of three or more, one of which might
be considered a thumb or opposing lever. The gripper on the
other hand might just be considered to be a pincers arrange-
ment of two fingers, which close on an object to a pre-
determined force level, and permit the arm to raise or move
the object so grasped.

The appendage attached to the wrist of an industrial
robot may be some tool such as a drive socket device to fasten
down bolts, or a drill, or a welding torch, or whatever. A good
robot may be able to use one tool on a task, then move its arm
sothat that tool can be discarded or disengaged. The arm then
moves to the location of another tool, moves the wrist so that
the second tool is fastened in place on the wrist, and then the
arm moves to perform tasks with the new tool. In this case
there are no fingers or grippers as such. There is just the end
tool which is positioned by the robot so that it can do the kind
of work it was intended for.

A side note here to those of you who thought that fingers
on a robot would be comparable to fingers on a human.
Although possible, such a thing is probably not very useful.
Take a look at Fig. 6-1. As you see, in this sketch, there are
three finger sections shown which represent the end joint, the
second joint, and the first joint of a finger. If we provide some
small nubs at each joint we can exert a lever force on the
finger element causing that part of the finger to move up or
down as we would push or pull some flexible push-pull rods as
shown. Such rods are ideally worked by small hydraulic pis-
tons like the model airplane type used for landing gear exten-
ston and retraction. As some force is necessary, and the lever
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slipping into a disoriented position in the hand. It could be that
several microswitches each requiring a slightly higher force
to close, might be used to sense the gripping forces applied.

EXAMINATION OF A ROBOT'S ARM KINEMATICS

There are many possible orientations of the various
joints in an arm which can permit the end device to reach the
same given spatial coordinate. The selection of any given
version of a kinematic plan for a robot’s arm is determined by
many specific conditions and requirements. One considera-
tionis that the arm must have a sufficient degree of movement
to do everything required in its work cycle. Second, from the
engineers viewpoint, the movements must involve the
greatest simplicity of design of the arm and its elements, and
thus keep the unit cost effective. When the end device is so
moved, it must have the proper angular orientation at that
point to do the type job required of it. When these two factors
alone are considered it has been found that, in general, it
requires at least six degrees of freedom of motion. This does
not include those motions of the end device itself which may
have several degrees of motion freedom.

Some robots need only three degrees of freedom to do
the job which they were designed for; i.e., a vertical motion, a
horizontal motion and one rotational motion. In this case
there would not be a translatory motion in and out of the arm.
If the degrees of freedom were increased to 4 then this
translatory movement might be incorporated. If the end de-
vice must have a certain number of degrees of freedom, the
arm must make up the number of degrees of freedom which
the end device does not produce or have in itself.

Since, we know that the number of degrees of freedom
can represent various kinematic plans for the arm. The de-
signer can lay-out the kinematics of the arm to satisfy such
requirements as he may deem necessary for that particular
application of that particular robot. Of course, he may over
design the arm for some installations and realize that the arm
will just meet the requirements for another installation, but
this gives the arm more use in a wider spread of applications,
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elements of the arm near a joint. But because you don’t g
much leverage, this is suitable only when the arm is n
required to lift heavy loads. We must also consider that t

of drive where the powering units are all located near the
shoulder joint and use other means of transmission of power
from the drive sections to the elements of the arm. In some
applications this may be a good way to power the elements so
that the weight of the drive units are not on the arm itself, and
thus the weight lifting capability vs the weight of the arm ratio
might be increased. Finally, we must consider the third alter-
native, which is that there be a combination of element-drives
and remote-drives for the operating machinery.

The three types of drives used are the electric, the
hydraulic, and the pneumatic. Each has some particular ad-
vantages when used in robotics applications. The pneumatic
and hydraulic systems require pumps at some remote loca-
tion, with only the hoses going to the machine. Control can
only be precise using sensors, however, load capability 1s
excellent. Electric motors are another matter.

The electric motors are easily powered and may be
designed for low inertia. Thus they are capable of excellent
acceleration, deacceleration, and velocity control, but they
are heavy for the amount of horsepower produced. They have
excellent reliability records. In the past there have been
some machine operations using electric motors working at
constant speeds, using various types of speed reduction units,
which may be controlled electronically, and also using
clutches to transmit the power from the drive unit to the
various elements. Clutches can engage and disengage quickly
and have, in the past, offered quite high reliability in such
applications. It is possible that for certain robotic applications
in the future, some systems or even parts of systems, may use
clutches and electric motors as a part of their powering
system.

Without clutches it is necessary to use stepping motors
in robots. Robot manipulators using these powering devices
are capable of very discrete and tight control and such motors
work easily with digital type input signals. If the stepping
movement is large, then some auxiliary type equipment
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when high speed of operation is required.

tain types and shapes of work pieces, speci rts

placed inside the jaws which then conform to the require
dimensions to insure a tight grip on the piece of work being
handled.

SOME CONSIDERATIONS OF THE PROGRAMMED ROBOT

There exist in our world a large number of machines
which have been called robots. Many find this terminology
not at all acceptable for these kinds of machines. As stated by
Dr. James S. Albus of the National Bureau of Standards,
“Most of these mechanisms exhibit few of the characteristics
the average person would associate with the term robot; they
are mostly pick-and-place machines that are capable of only
the simplest kinds of motions. They have little or no ability to
sense conditions in their own environment. When they are
switched on, they simply execute a pre-programmed sequ-
ence of operations. The limits of motion for each joint of the
machine are fixed by mechanical stops, and each detail of
movement must be guided by means of an electric or pneuma-
tic impulse originating at a plugboard control panel.

In a typical application, each row of the plugboard repre-
sents one degree of freedom in a specified robot joint, and
each column represents one program step. Connections are
made in appropriate rows and columns to determine which
joints are actuated, and in which direction, at each step.
Whenever a new program is needed, the mechanical stops can
be re-positioned and the programming connections can be
relocated to set up a new series of movements. A more
sophisticated level of control can be achieved by adding ser-
vomechanisms that can command the position of each degree
of freedom to assume any value. The addition of servo-control
requires feedback from sensors such as potentiometers en-
coders and resolvers, which measure the position of each
joint. The measured position is then compared to the com-
manded position, and any differences are corrected by signals
sent to the appropriate joint actuators.

This excerpt is interesting because it tells us how, in
general, a programmed system operates. A robot’s arm may
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oscillatory tendencies. When everything is finely adjuste

it does operate as it should, there will be no error in ou
but if there is any slight change to voltages in the syste
might throw the balance off and cause some problems. Inte-
gral control is a delicate type of servomechanism, but it
exists.

DETAILS OF ELECTROHYDRAULIC SERVOSYSTEM

Some robots are constructed with a combination of elec-
trically operated transfer valves and either hydraulic or
pneumatic pistons controlling the arm movements. Examine
a cut-away of an actual hydraulic transfer valve. Notice that
the valve is operated by torque motors. Figure 6-19 shows
the cut-away illustration.

Locate the valve spool. This is the element which is
moved by the torque motor to permit oil to flow to a piston,
not shown here. This valve controls the input to one side of
the piston while at the same time permitting the exhaust of oil
from the opposite side of the piston back to a sump of some
type. In order to have a quick response to the electrical
signals, it is customary to have the spool dither, which simply
means it vibrates in accord with a low amplitude, high fre-
quency signal imposed on the control winding of the torque
motor along with the control signals. Realize that it is easier
to keep something in motion than to start it in motion, so this
action is used to keep the valve spool moving and thus pre-
vent delays due to sticking deadband. Deadband is that region
of no response where a change in the control signal will not
cause a corresponding pressure change of the piston.

Some other terms used to describe phases of operation
of a transfer valve are:
null—the condition where the servovalve supplies zero con-
trol flow at balanced load forces across the piston.
null shift—the condition which results from a change in the
bias current which produces a null. The shift is expressed in
terms of a percent of the rated current of the servovalve
deadband—that region of no response where a control sig-
nal will not cause a corresponding pressure change in the
piston.
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THE COMPUTER INTERFACE

The computer interface is shown in Fig. 7-9 and it is so
designed that it will operate, by changing some internal
jumpers, with any 8 bit parallel I/0 port (TTL levels). The
interface was operated by a Radio Shack TRS 80 Level II
computer by the designers of the robot arm. Notice that there
are seven 4-bit parallel outputs and a single 4-bit input. The
address information is used to channel the four bits of output
data to the particular motor drive circuit selected. This is
done through individual 4-bit latch circuits. After a phase
rotation pattern has been sent to one motor through a given
latch, that latch is held until the next phase pattern 1s trans-
mitted. These latch circuits actually control the transistor
drivers, and thus the power which is applied to the motor coils
to make the motor step.

As we examine Fig. 7-9 notice several facts. There 1s
one input to the data bus from the arm at port A. There is one
spare output (port B) since only six of the output ports are
needed for control of the six stepper motors used on the arm.
This output port might be used to control another motor if
desired. Also, notice that only one feedback line is used. This
is to return a signal from the tension or grip-switch of Fig. 7-7
You could have three more feedbacks incorporated in this
system if desired, without increasing the size of the 70 port.

THE ARMBASIC COMMAND COMPUTER LANGUAGE

The ArmBasic language, developed to control this robot
arm, is an extension of the BASIC language for the TRS-80
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Note that the object is gripped at a point 0.5 i
above the table top (z=0) and is raised (or lowere
inches for lift off (set down). Its x location is cha
from 8 to 6 inches and its y location changed from 0 to 5
inches. The angular orientation of the gripper is always
straight down (pitch=—90 degrees), but the object is
rotated 90 degrees on its vertical axis between pickup
and set down (roll changes from 0 to 90 degrees)
“Data for the Cartesian coordinate program is lo-
cated after statement 10000. Each data statement
specifies an arm position and orientation in terms of x, y,
z, pitch and roll, and also includes a sixth parameter,
governing the grip opening (if positive) or squeezing
force (if negative) after each move, and a seventh
parameter governing the speed setting during each
move. The actual arm solution, beginning at statement
5000, takes an arm configuration specified by the vari-
ables X, Y, Z, P, and R, and finds the joint angles (in
radians) that would place the arm in that configuration. It
also includes several tests to determine if the position
and orientation requested is within the reach of the arm.
“The first data statement gives the initialization
point, which is used by the initialization phase of
the program, statements 140-260, to tell the computer
where the arm is in the coordinate system. Note that the
arm position registers are not used by the program
(although the @ RESET is necessary). Instead, the
operator is instructed to position the arm at the irutiali-
zation point under control of the @SET command. The
joint positions corresponding to that point are computed
and stored in variables W1-W5. In the main part of the
program, the relative offsets from one point to the next
are computed and used to step the arm. Thus, all arm
movements are made relative to the initialization point.
“Since the computer has no way of measuring the
arm’s joint angles upon startup, such an initialization
must be made by every program that relies on an exter-
nal coordinate system. Similarly, all arm movements are
made “open loop,” or without position feedback. There-












fore, a reinitialization is necessary if the armis unabl
successfully perform a movement due to overloadin
collision. The use of open loop control by step
motors eliminates the need for joint position sensors
and associated interface circuitry and is thus an impor-
tant design tradeoff that reduces the cost of the arm
while still providing accurate positioning.

“During the second phase of the program, state-
ments 300-530, the arm is moved from data point to data
point as the solutions are carried out. An arm solution
takes less than one second. The joint angles correspond-
ing to each data point are stored in array UU. After all
the solutions are obtained, control is transferred to the
third phase, beginning at statement 1000, where the
pick-and-place cycle is run repeatedly without coordi-
nate conversions by using the joint angles in UU.

“Those who analyze the Cartesian coordinate pro-
gram carefully will note that it is, in fact, general pur-
pose, capable of generating arbitrary motion trajectories
with up to 50 movements. This is sufficient for many
assembly tasks such as building structures from blocks.
The power of the ARMBASIC approach can be seen by
comparing the simplicity of this program, which is less
than 100 lines of code, with previous approaches which
have required 8K or more of assembly language coding
to do the same type of task.”

ROBOTIC-ARM ACCURACIES AND POWER

The Mini-Mover 5 was developed for, and can be used in
learning and teaching, and in an experimental way to verify
computer related concepts economically. From this view-
point, it is an impressive device. From a useful standpoint of
doing work it has some limitations which need examination.
One of these limitations is the power capability of the arm.

There can be no doubt that in advanced robotics applica-
tions a significant amount of power must be generated, pro-
portional to the size of the robot of course, to enable the
machine to do useful work. One may argue that useful works,
indeed, a good reason for the machine’s existence.
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intelligence pattern of the phase, the first zero has got t

one. It makes a one out of that space and the word has me

in its phraseology. Everything continues in a fashion.
With humans, the loss of letters—say with a Morse code

message—can easily be filled to make sense. Suppose you

receive the following; Th_ __an was tall. You supply the

missing letters to get “The man was tall.”

MULTIPLEXING IN COMMUNICATIONS SYSTEMS

Multiplexing means conveying many different items of
information on the same path. If we use a hard wire system we
know that we can send many different types of signals over a
single pair of wires, and each signal, or set of signals, can be
representative of information from a single source. Thus we
can have, with multiple signals, multiple information from
many sources sent over the same pair of wires.

Some elementary means of conveying different items of
information are to use a modulation procedure, or use a time
division of the use of the lines. In the first case, since, usually,
frequencies are involved, we think of this system as fre-
quency multiplexing. The second system, as you would sus-
pect, is called time multiplexing.

Examining frequency multiplexing further we find that
we can send many items of information simultaneously, since
we canmodulate a carrier (be it wire, radio signal, light beam,
or whatever) with many different signals simultaneously. An
example is our regular broadcast radio system. We know that
the musical tones of different instruments— say, for example,
the piano, saxophone, clarinet, drums, and a vocal—can all be
sent at the same time and we humans can distinguish each
instrument by its tone. For control purposes it was a practice
some years past—and still is in some systems—to send tones
denoting commands or information and separate them elec-
tronically at the receiving end with audio filters low fre-
quency rf filters. It is understood that a command can be an
off-on or present—absent type of thing. The presence of a
tone can cause a switch to close and some electrical or
electronic function to be performed when this happens. The
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some type of input starting clock signal. Since each pulse
be varied about this nominal existence time, being ei
early or late one can relate these positions to coded da a.
Early being one, late being zero. With robots such signals can
also mean up arm, down arm, and neutral arm position.

This is the system of transmitting command and control
signals used with the GARCAN robot discussed previously in
this book. It is a simple and reliable and well understood
method of sending commands. It can be used for both off-on
functions and proportional functions.

The code shownin C can be a direct representation of the
binary words used in computers. One simply has to have
enough pulses to match the computing system used; i.e., an 8
bit system needs 8 pulses, but one might have 12 or 16 or 32
or even 64 pulses if that kind of accuracy is needed. If the
pulses are microsecond or fractional microsecond existence
units, and are separated in time by fractions of amicrosecond,
it would not take long to send a 16 or 32 pulse word or train of
pulses. This word could be repeated over and over, just as a
message could be repeated to insure accuracy. There is
probably some probability mathematics which would indicate
just about how many times, on the average, one should repeat
a word to be assured that it would be properly received, but
we won't go into that here.

We find in C a system made to order for transmission of
binary code. We assume that signal presence—or pulse
presence—means a one and absence of the signal means a
zero. Therein lies our difficulty. If we lose a pulse in trans-
mission, the computer on the receiving end might interpret
this to mean that a zero should be written. The computer thus
might be incorrect! But, as we have stated, redundancy might
overcome this problem to some extent, and computer sen-
tence analysis could also be used.

Finally, we glance at D wherein we find the basic radio
teletype system of frequency diversity used to convey ones
and zeros. Two tone frequencies can be transmitted over a
common radio frequency carrier, or other type carrier, such
as previously indicated. One tone means a one, and the sec-
ond tone means a zero, as shown. Since the system must
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In all pseudo-science stories concerning robots w

that sooner or later, the “Laws of Robotics” are deriv o
stated. These laws are supposed to be the statements which
govern the limits of robotic action. Isaac Asimov formulated
and first wrote the Laws. One of these is paraphrased “The
robot shall not harm his maker.” Designers were supposed to
insure, in the circuitry associated with the robot, that this
Law was embedded and used as a control on the robot’s
operations. Now we find that there is an effort to state some
Laws for industrial robots, and since these, in a way, reflect
thinking concerning the use of industrial robots, we should
examine them. As stated by Neale W. Clapp of Block Petrella
Associates, one set of such Laws are:

(a). Organizations may not install robots to the economic,
social, or physical detriment of workers or management.

(b). Organizations may not install robots through devious
or closed strategies which reflect distrust or disregard for the
work force, for surely they will fulfill their own prophecy.

(¢). Organizations may only install robots on those tasks
which, while currently performed by men, are tasks where
the man is like a robot, not the robot like a man!

This decade is the beginning of the age of robotics, and
thus, while we are learning how to make them operate, and
what they can do, and how to make them better from a design
and operational standpoint, perhaps the sociological aspects
of robotics showed also be a prime area of consideration. This
could also influence the design, installation, development,
and operation of these types of machines

HOW SOME EXECUTIVES DETERMINE THE NEED FOR ROBOTS

W.R. Tanner of Tanner Associates has stated some rules

of thumb by which an executive might determine if he 1s on a
correct course when he installs robots in his installation.

(a). Avoid extremes of complexity

(b). Operations must be orderly and systematic

(c). Remember, robots are generally no faster than people

(d). For short runs use people, for very long runs use fixed
automation
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coordinates are a rotary motion (¢) and two arm motio

the vertical plane, performed by a lower arm () and an

arm (a). All three main motions are position-controlle vy
means of dc motors. A further two degrees of freedom are
available as options, a wrist turn and a wrist tilt version.

These motions are available either with dc drive or with
pneumatic rotary cylinders with mechanical limit position
stops. In the basic version these motions are mechanically
blocked.

The drive unit for the rotary motion is rigidly mounted in
the pedestal and drives the body around the pedestal column
through a reduction gearbox with a very low ratio. See Fig.
8-7.

The drive unit for all coordinates except the rotary
motion (¢) are mounted on the rotating body. The arm mo-
tions are provided by ballscrews which actuate the arms via
links and levers. The lower arm (6) moves the wrist horizon-
tally in and out. The motion remains completely horizontal
since the a-motion compensates for the -motion by means of
the control system. In the same way, the motion of the upper
arm (&) is compensated so that its motion moves the wrist
vertically up and down.

The wrist motions are driven via a system of linkages
which is designed so that the wrist coordinates will assume
the set angle to the horizontal plane regardless of whether the
0- or a-coordinate changes. The drive units for the wrist
motions are mounted on the frame at the lower bearing point
of the lower arm.

The wrist is also designed in such a way that tilting
always takes place in the vertical plane.

The driving system for this arm consists of dc electric
motors. It is easier to design a driving system to produce
variable speeds and torques using dc motors thanitis usingac
motors. When using ac one must have modulators, and de-
modulators and phase comparers and such. With dc motors
one simply uses high powered transistors or similar solid
state drivers. Since signals from computers are dc this also
makes the whole system more compatible, electrically. In
Fig. 8-7 we show the drive unit locations and some defini-
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ted to a linkage disc in the wrist via two m

turn and tilt motions have separate linkag

side of the arm system. Wrist tilt is achi

linkage disc at the wrist is fixed to the moving part o
wrist. Wrist turn is achieved by means of an angled ge
which transfers the motion from the linkage disc to a tu
disc, free to rotate in the wrist. The angled gear u
adjustable so that subsequent adjustments can be ma 1n
cases requiring very little backlash.

Figure 8-11 shows the linkage system in the lower rm
and upper arm. In the basic version the disc for the tilt motion
at the lower joint of the lower arm is mechanically locked, so
that the wrist keeps a given angle relative to the horizontal
plane regardless of arm motions. The turn motion is mechani-
cally locked at the wrist itself.

Mechanical stops are rubber composition. There are
mechanical limit position dampers for all motions, to prevent
damage to the mechanical components of the robot if, because
of faults in the control system, the robot motions should
exceed the working range. The dampers are of rubber and are
designed to damp the full motion speed without deformation
of the mechanical components.

A SIMPLIFIED DESCRIPTION OF THE LINKAGE MOTION

While ASEA uses two linkages from one disc to another
in the actual machine, the drawing (Fig. 8-11) is difficult to
analyze to see just exactly how the discs rotate to cause a
movement of the wrist. In Fig. 8-12 is a simplified look at how
this can be accomplished. If you follow the arrows and con-
sider that the motor output rotation through the gearing will
be limited to somewhat less than 90 degrees each way from
the neutral position shown, then you can see how the output
disc to which the wrist is attached will move up and down as
the motor driven disc is turned. Of course, the motor might
just have a small lever output to move the linkage up and down
(A) and not need a disc (B) at all in this first position.

It is essential that the discs and motor shaft be fixed to
the robot’s body so that no movement up or down, left or right
will occur. If they move physically, then they cannot transmit
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the rotational movement which we need at the wrist. A
you can consider another set of such discs and another m
and some additional linkages which can be so positioned
when this second motor is rotated each way somewhat less
than 90 degrees, it can cause the wrist to turn sideways, back
and forth. Thus we have the movements needed for back and
forth and up and down. The rotation or turning of the wrist
about its own axis can be accomplished with an integrally
installed motor at the wrist position, said motor to be turned
andtilted when necessary, and when activated, it can, through
its own gearing, provide a rotational movement 90 degrees
one way and 90 degrees the other way, of the wrist, or
whatever is attached to the wrist. It would be advisable, of
course, to provide electrical limit switches on the wrist so
that the motor cannot overdrive it past the 90 degrees posi-
tions. Examine Fig. 8-12.

We recommend that if you are deeply interested in this
linkage situation, you might contact some mechanical en-
gineering student, or friendly professor, at a nearby univer-
sity and question them about Fig, 8-11. A second source of
information on linkages of various types, pantographs, etc.,
can be found in your local library under mechanical devices or
mechanical engineering mechanisms. Ask the librarian to
help you locate a good reference work if you need it.

No one has said that a robotic arm is a simple device, it
just looks that way! Actually there is quite a bit of mechanical,
electrical, and computational equipment installed in such a
unit. Examine a block diagram of the ASEA robot system in
Fig. 8-13. The legends are in English and Swedish so a brief
explanation of the operation will help tie all the various blocks
together.

The control electronics consist of circuit boards which
make up a computer with a memory. There are also interface
boards for data communication with the various input and
output units, i.e. tape recorder, control panel, programming
unit and axis units. The signals between the function modules
of the control electronics appear at the rear plane of the
electronics rack and are in the form of a data bus, memory
address bus, address pointers for the various input and output
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There are two electronics modules for the com
memory: the memory unit and the PROM-unit.

The memory unit contains a4 K (4,096) word write/rea
memory. The write/read memory is a semiconductor mem-
ory which stores the robot programs programmed by the
operator. It defines the patterns of motion of the robot, that is,
data for position coordinates and speeds, and the control of
digital inputs and outputs. The second variant of the memory
unit, with write/read memory only, is used to increase the
memory space for the storage of robot programs.

The PROM-unit, which contains a 7 K (7,168) word read
memory, stores the control programs of the systems. The
memory content of the PROM-unit does not change in normal
service, but it can be re-programmed with a special pro-
gramming unit.

Finally there are the input and output units: these are the
tape recorder interfacing, axis control circuits and input/
output unit. The tape recorder interface controls data trans-
mission between magnetic tape and the memory. The “axis
control circuit” function unit receives data words which state
by how many increments the relevant robot axis must move.
The purpose of the input/output unit is to match words on the
bus system of the computer to signals for controlling and
checking panel controls and external relay and contact func-
tions. For reference voltage supply of the measuring trans-
ducers on the robot, the reference counter and resolver
amplifier function unit will be required. A test panel for
servicing is also available, as shown in Fig. 8-13.

OPERATION

As Fig. 8-14 shows, the basic program for controlling the
robot system is divided up into a number of subprograms. The
start-up routine is always activated after switching. Among
other things, this clears the registers and program counter.
The clock pulse routine synchronises the computer with the
10 ms sampling period used in the robot system. Whenever
the clock pulse arrives, ajump to the clock pulse routine takes
place, and at the same time the conditions of a group of
controls are read in. While automatic running is in progress, a
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and used as a reference for the motor current. A pulse s
then controls the transistor switches to give the req
direction of motor rotation and the required speed.

In IRb-6 the smaller robot system, the motor current is
monitored by a circuit in the drive unit and if the current
exceeds its critical value for more than 5 sec., this circuit
ensures that the current is reduced to a safe value. This
function is used to protect the system, when for any reason,
the robot arm comes up against a mechanical limit position.

The motor circuits of both IRb-6 and IRb-60 are fitted
with a thermal release which causes an emergency stop when
the motor temperature goes too high.

GIVING THE ROBOT A SENSE OF ITS WORLD

There used to be a saying that “mobile object knew
where it was because it knew where it had been.” It’s true!
Everything is relative. If a robot arm does not know where it
has been, how can it know where to move next?

To give the robot a sense of its working world, that is, to
give it some base coordinates from which to measure its
movements, and then to give it well defined programs 1n its
coordinate system results in a fine state of robotic well being.
It will then be able to make moves in coordinate system you
have selected. We now examine how a world is defined for the
ASEA robotic arm.

THE ASEA ROBOT'S WORLD

In order to enable the patterns of motion of a robot
program to be defined relative to the rest of the peripheral
equipment the robot must be set to a well-defined position
before the program starts. This takes place on synchronizing
to the reference zero point of the robot. When an order for
synchronizing is given, the robot axes begin to move at a fixed
speed in a positive direction. The axes move until a syn-
chronizing switch—one for each axis—is actuated; when the
switch closes, the axis continues to the nearest resolver zero,
or electrical reference zero point. On synchronizing to a
reference zero point, the position registers of the axes are
updated so that none of the robot axes can be run up against a
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® Charging time for discharged battery, approximately 6
hours.

A red indicator lamp on the battery unit lights up if the
battery is discharging. There is also a switch to disconnect
the standby battery function for expected long disappear-
ances of the mains supply voltage if, for example, the main
switch is off.

If the voltages for the electronics section of the control
equipment disappear or if their value becomes incorrect,
either too high or too low, this is detected by a monitoring
circuit, and the mains voltage to the control equipment is
switched off. Only the standby power supply unit (where
fitted) continues to receive mains voltage in order to maintain
the battery charge.

The system includes a circuit which monitors the
voltage supply of the program memory. If at any time this
voltage falls below its critical value, a flip-flop is set and a
warning lamp indicating loss of program lights up on the
control panel when the mains voltage is restored. The pro-
gram must then be re-written into the memory.

SIGNAL TRANSFERENCE IN THE ASEA ROBOTIC SYSTEM

There are tapes and recorders used to store programs
and other types of data and these are conventional so we won’t
spend time on this aspect of the system except to note that
they are used and have the normal advantages and disadvan-
tages. We also realize that from the control rack of any robot
system, a multitude of signals must pass to and from the robot
and its brain section. We have discussed this to some extent
in the previous chapters. Here is an actual working example
system for us to examine with respect to this important area.

Signals pass between the control cabinet and the ASEA
robot for the following:

Dc motors

Resolvers From three to six
Tachogenerators electrically-controlled
Synchronizing switches axes
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The relay driver stages, which are current-sinking,
designed for +24 V and 150 mA maximum. The total cu
in the output stages must not exceed 2 A.

The programmed outputs are used in automatic running.

Interlocking inputs for the robot program

®16 inputs numbered 1 to 16.

The input stages convert the contact functions or signals
from current-sinking driver stages into logical signals suit-
able for the control equipment. A contact or current-sinking
driver stage must be capable of connecting 10 mA to 0 V and
must be dimensioned for +24 V. A 2.5 ms filter circuit is
provided to eliminate the effect of contact bounce and high-
frequency interference.

The programmed inputs are used in automatic running.

Gripping tools and search devices signals and connec-
tions

The standard version of the ASEA robot is supplied with
electrical wiring to a socket on the robot arm for the connec-
tion of search devices or other types of grippers. Different
connections must be made in the control cabinet depending on
the function for which the socket is to be used. The following
signals are available, depending on the application.

a. Connection of search devices

@+ 15V to supply search device electronics (max 0.5A)

eInput to control system for the “search-stop” function.
The search-stop contact or transistor must be dimensioned
for + 24 V and be capable of connecting 10 mA to O V.

b. Connection of valves to control grippers

o2 make contacts (220 V, 2 A)

@ An option unit must be added to the control cabinet.

Two solenoid valves to operate two pneumatically con-
trolled grippers are also available as extra equipment. The
valves are controlled by signals from the control unit.
Compressed-air lines inside the upper arm are fitted to the
robot as standard.

The procedures in checking cables for proper signals and
to check these cables for broken wires and/or bad connec-
tions in sockets is the same as for any large piece of electronic
equipment. There are many relays used in this unit and these
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BATTERY

a. OFF

b. ON

OPERATION

STANDBY

SYNCHRONIZING
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The switch is on the battery unit
and is used to switch the
standby battery supply function
on or off.

Standby supply of program
memory from battery is
switched off.

The battery is switched on and
supplies the program memory
in the event of power supply
failure, to prevent the content
being lost.

Power supply connected to
robot motors. Yellow indicator
lamp lights up. Control system
is in the operation condition.

Starts the control system after
power supply has been
switched on or after disconnec-
tion of the supply voltage for the
robot motors. Yellow indicator
lamp lights up. The control sys-
tem is in the standby condition

A red indicator lamp lights up
after the power supply has been
switched on or after emergency
stop

If the button is held pressed the
robot axes go to their syn-
chronizing position.






PROGRAM START

PROGRAM STOP

POWER ON

PROGRAM LOST

EXCESS
TEMPERATURE

OPERATOR ERROR
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In the automatic mode,
robot program starts. In
manual mode an instruc i1on
is executed whenever PRO-
GRAM START is pressed. The
pushbutton is also used to start
reading from, and transfer to,
tape cassette in the “read cas-
sette” and “write cassette”
modes. A green indicator lamp
lights up during activity.

In automatic mode, stops the
robot program in progress; in
manual mode stops the instruc-
tion which is being executed.
The PROGRAM START indi-
cator lamp goes out. In the
“read cassette” and “write cas-
sette” modes the tape recorder
is stopped.

Yellow lamp lights up if main
switch is closed and power sup-
ply voltage is available.

Red lamp lights up to indicate
that the content of the program
memory has been destroyed.

Red lamp lights up to indicate
excessively high temperature
in control cabinet.

Red lamp lights up for incorrect
operation of controls, e.g. if a
switch is set to the wrong posi-
tion or if an incorrect mode is
set.






when an instruction key on the programming unit 1s press

In addition to positioning instructions, it is possible,
example, to store in the program memory instructions fort e
operation of grippers, opening and closing of a number of
outputs, testing of a number of interlock inputs, time-lag and
repeating. The programmed instructions are then executed in
sequence in automatic mode. The programming unit is shown
in Fig. 8-17.

In order to avoid tedious reprogramming after long
periods of power supply disconnection, or when more than
four programs are to be used with the robot, programs can be
stored on cassette tapes.

Some interesting aspects of the remote control panel are
section D, which controls the arm, and E which has the
control buttons for the wrist. Notice how the movements are
designated on this panel. Numbers have been added to the
button faces to make it easier to discuss their individual
operation. Look at section D first.

Buttons one and two control a rotary movement of the
armassembly by rotating the base structure. Refer to Fig. 8-7
where the Greek symbols for the angles are shown. The
control of the lower pivot of the arm is accomplished by
buttons 3 and 4, and the control of the upper segment of the
arm is with buttons 5 and 6. For the wrist section (E) buttons
1 and 2 control the tilting of the wrist, while the buttons 3 and
4 control the rotation of the wrist clockwise or coun-
terclockwise.

Since the angles in Fig. 8-7 are expressed in Greek
letters it might be of help to review this symbology. The
following short table shows the letters used.

Greek Name Capitol Letter  Lowercase Letter

Alpha A =

Theta (S) 04

Phi D =p=9¢
Upsilon Y

Tau T 7 (7)
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to make the arm move through each of the positions shown.
course you might also imagine some positions of your o
choosing and write down the button pushing program to e
the end point of the arm to those positions. You can also
imagine that grippers are attached and include in your pro-
gram the steps necessary to grasp and move something from
one place toanother. Try it! In the following table you will find
what everything does on the control panel. Some statements
will require some thinking and analysis on your part, but it
will be worth the effort.

THE CONTROL PANEL

Switch Function

AUTO SPEED Selection of speed to be pro-
grammed for positioning in au-
tomatic mode. In automatic
running of program, the highest
speed is limited to the speed to
which this switch is set. In
step-by-step operation the
speed is limited to not more
than speed 6. Position 8 gives
maximum speed
Posn 7 gives 75% of max speed

Posn 6 gives 50% of max speed
Posn 5 gives 31% of max speed
Posn 4 gives 13% of max speed
Posn 3 gives 5% of max speed
Posn 2 gives 2.5% of max speed
Posn 1 gives 1.3% of max speed

MANUAL SPEED Speed selection for manual op-
eration of the robot. The motion

1s executed by means of the
ARM and WRIST pushbuttons.
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c. 3PTP L

d. 4 GRIPPERS

e. 5 OUTPUT ON

f. 6 OUTPUT OFF

g. 7 WAIT

h. 8 PROGRAM
END

1. 9 TEST WAIT

j. 10 TEST OUT

k. 11 TEST JUMP
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Straight-line operation su
that positioning is conclud
simultaneously for all axes. The
travel time is stated in the form
of an argument.

The states of the grippers, i.e.,
“on” or “off” are stored.

The digital output (1-14)
selected on the keyboard must
be “on.”

The digital output (1-14)
selected on the keyboard must
be “off.”

Waiting time as set on the
keyboard (0.1 - 9.9 s).

End of robot program. Restart
from first instruction or jump to
next program.

Wait until the interlock input
(1-16) selected on the keyboard
is “on”.

Jump to next program if the in-
terlock input (1-16) selected on
the keyboard is “on”; otherwise
continue with next instruction.

Jump over next instruction if the
interlock input (1-16) selected
on the keyboard is “on”; other-
wise continue with next instruc-
tion.
























Only two fingers have been shown. Please realize thatin
some cases it may be necessary to use three or more fingers
and these can be made a part of a somewhat elaborate mechan-
ical system which can be activated by a motor arrangement
without undue difficulty. The principles of operation may be
the same as we have herein illustrated. In the pictorial we
show two such units courtesy of Manca, Inc. In some applica-
tions where a slight opening and closing of the fingers is all
that is necessary to grip the object the rotary or angular
system might be very satisfactory. Since it closes only
slightly, you would not have the finger-tip condition we have
shown at B or Fig. 8-19.

When one has fingers which can move in a parallel
manner, it is mandatory that guide rods be used to hold the
fingers in line while the motorized section opens or closes
them. We have called this part of the gripper a stabilizer bar in
Fig. 8-19.

Now we turn our attention to the fingers portion of the
grippers. We use Fig. 8-20 as an aid to our thinking. The
fingers may be just bar-like metal units or they may be flat
surfaces of metal. They may have some compliance or sticky
material attached to the flat metallic surface as shownin B, or
they may have an indent of some particular shape as shown in
C The gripper’s fingers will be designed and shaped accord-
ing to the type objects they are to handle and may include
even pneumatic suction cups on the inside edges which will
afford a tighter grip or better holding capability on fragile or
light weight objects which must be moved. In such a case a
very delicate closing of the gripper can be accommodated so
that it doesn’t close tightly at all. The gripper’s fingers will
close enough to bring the suction cups against the object and
then they will stop moving. The suction of the cups then will
hold the object while it is being moved by the robot arm.

Figure 8-21 is a typical commercial, angular type gripper
for an industrial robot. This unit can be operated by a hy-
draulic system, a pneumatic system, or a spring system.
Notice the limit switch labeled here as a proximity switch.
Realize that with hydraulic or pneumatic systems the
backpressure in these systems can cause the proximity
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switch to activate, sending a signal to the control computer
that the jaws have gripped something with a pre-determined
force.

In Fig. 8-22 the specifications are shown for the parallel
motion jaws of the Fibro-Manta gripper module. Also shown
are the diagram of the hydraulic system and the diagram for
the proximity switch installation.

We normally do not think of a gripper as being some unit
which must operate within a given time limit, but it is such a
unit, especially inindustrial applications. If the robot is tobe a
part of a large automated chain, then it will receive the units it
handles in some pre-planned time sequence. In order to do
this precisely, the jaws of the gripper must open at a particu-
lar instant of time, close in some fraction of time, and open
again on schedule. Note the time specification of the unit in
Fig. 8-22. If the unit is operated by hydraulics or pneumatics
the time is 0.2 seconds, which is very fast. If the unit is spring
activated then the time is longer by 50% to 0.3 seconds. If
these jaws were operated by an electric motor the time will
vary depending on how they were operated. Using a clutch,
gears, or a direct drive motor could vary the time to substan-
tially more than the fraction of a second stated for the hy-
draulic or pneumatic units.

A COMPARISON OF GRIPPER POWERING UNITS

We can make some comparisons among the three or four
types of activation units used to power robot grippers. First
let us list four types. Hydraulic uses a noncompressible oil or
similar working fluid. Pneumatic uses dry air or similar type
gas for operation. If the gas is exhausted into the atmosphere
it must not be toxic. Electric uses electric currents and
magnetic fields to produce the required forces. Spring is a
reactionary device responding to a compressing or expanding
force produced by some other means. Like the hammer
mechanism of a pistol, the spring can be cocked at a slow rate
and then released by some trigger mechanism. When it is
released it responds violently, and in a very short span of time
it returns to its rest state. A spring may or may not have
vibratory tendencies. A spring may come in many shapes and
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forms and sizes from the commonly visualized circular unit to
a simple bar-lever type arrangement. However, it is reac-
tionary, and must be driven to its state of energy storage by
some other means. This requirement may or may not be a
disadvantage.

HYDRAULIC-ACTIVATED GRIPPERS

The hydraulic system works with a non-compressible
fluid. This means that there is no give in the system. It
consists of a storage tank a pump or compressed air system to
apply pressure to this oil. The piston converts the pressure
into mechanical motion. The flow of oil to this piston is
regulated by the transfer valve, which is the means by which
the robot brain can control the movement of the arm seg-
ments. The transfer valve is electrically operated. It consists
of a spindle which has large and small sections machined into
it. When the large sections cover the oil-flow ports, the oil is
shut off. When the small sections are in line with the oil-flow
ports, the oil can get by the spindle. The spindle thus must be
centered when a neutral signal is applied to the magnetic coil
which encompasses the spindle. The centering is usually
accomplished with a spring which is factory adjusted. From
the description we can assume that the speed of operation of
the piston will be governed by the speed of oil flow, and its
pressure.

The transfer valve is subject to two forces which can
cause some delay in operation. They are stiction and friction,
the friction being of a viscous type, while the stiction is a
molecular attraction which tends to cause a kind of binding
when two metal parts are very closely machined and put
together. In other words, alarger force would be required and
there would be some delay if the spindle were at rest when
the signal to move the spindle energized the magnetic field.
To overcome this problem, it is customary to apply a low
frequency ac current to the magnetic winding and this causes
the spindle to vibrate at a high frequency with low amplitude.
Since it is thus in constant motion around its neutral position,
the stiction force is minimized, and a faster response is
obtained. But we must also remember that the working fluid,
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returned to the cylinder after use, it must be expended out
the system in some way.

The seals in an air operated system must be tight e-
cause the density of air is less than oil. A transfer valve used
in the air system must also overcome stiction and viscous
friction even though the viscosity of the air is very low. Then,
as we have stated, the air must be dry (inert gas is often used
because of this), and the air must be clean, requiring filters
with micron size holes in them.

THE ELECTRICALLY OPERATED GRIPPER

Perhaps the most versatile powering system is electric-
ity. It is easily controlled through well known means, and as
we have seen, motors can be mounted directly at the point of
usage and screw drives or clutches or cables can be used to
transmit the mechanical power. Electric motors are reliable,
have long life, can be well sealed, have no leakage problems,
require no tight seals and so on.

The motor also has a disadvantage or two. First, in order
to get lots of power one must have a powerful motor which
means bulk in size, and they are heavy. If one uses a gear train
to develop the required power, delays in movement must be
expected unless the motor turns at a fantastic speed. The
armature is heavy so there is always the inertial overshoot
problem to content with, snap-close clutches tend to wear
and have to be replaced and cable drive systems can become
loose if they do not receive constant attention. All of these
problems can be overcome, however, and the advantages
make it worth it.

Some advantages of additional importance are that the
electric motors can be controlled with either ac or dc electric-
ity. They can develop, through their own back emf, voltages
and currents proportional to their speed and these can be read
directly for control purposes. This prevents or helps to pre-
vent overshoot and subsequent oscillation or hunting. Elec-
tric stepper motors can be moved precisely with electronic
pulses, and a computer can keep track of exactly how much
the motor has moved. Solenoid-type magnetic units can cock
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thereby generated inform the computer controller just how
far the jaws have opened. Then if the beam is interrupted
completely, the computer knows an object has come between
the fingers and can initiate closing of them.

If we consider a parallel gripper finger movement such
as previously described, then we note that all beams stay
positioned on their respective receptors from wide open to
close position of the fingers. This fact can be used to let the
computer know how far inside the jaws an object has been
positioned as well as the fact that it has been positioned
therein. This could be of value in some applications.

Some applications might use a gripper-finger system
wherein light would be emitted from each finger outward and
a receptor near the emitter would then receive a reflection
when an object was encountered. This idea could be used to
help the gripper find an object on a belt, or help it be re-
positioned by the computer brain of the robot when items
come along some feeder system with some discrepancies in
their position. There are many ways in which this type of
sensor might be used in a robotic system gripper.

Another sensor which has been used is the proximity
switch system or the back pressure switch system which
enables the robot’s brain to apply just the right pressure to the
fingers to firmly grasp an object once it has found it and has it
withinits fingers or jaws. We have had some examples of this
type switch system in the Mini-Mover-5 system. The back
pressure switch outlet is shown on the Fibro-Manta specifica-
tion drawings, Figs. 8-21 and 8-22. We know it is relatively
easy to incorporate such a switch in the fingers themselves. It
can be closed whena given pressure is applied. These switch
sensors are very reliable and very commonly used.

If the objects being handled are metal of a ferro-magnetic
type, then one might imagine a gripper made of some non-
metallic substance and inside this gripper a sensor which can
generate a magnetic field which will be routed with more
intensity through its windings when ferrous material comes
into its field. The closer the object is to the generated mag-
netic field the stronger the sensor signal would be, thus we
have a proximity sensing device with no moving parts. It can
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be very sensitive and very reliable. There are many way
magnetic field might be used as a sensor system in a robo

grippers.

POSITION SENSORS FOR GRIPPERS

The type sensors we have discussed have been of a
proximity type. They can inform the computer that an object
is present, where it is with respect to the grippers jaws, and
so on. Now we want to consider some simple type sensors
which can inform the computer of the actual physical position
of the grippers jaws. Refer to Fig. 8-24.

At A on the figure we can see a linear potentiometer
which has been connected mechanically to the bolt-screw
arrangment which translates back and forth to open and close
the gripper fingers. At this particular point of the mechanism
the motion is a translation and so a linear translatory poten-
tiometer can be used. The translatory potentiometer can be
calibrated so that a fraction of a volt represents a fraction of an
inch. It will give a signal amplitude directly proportional to
the position of the fingers since they move together and in the
same opening or closing direction. Notice that only one need
be used because of the simultaneous and twin action, of the
fingers. If the linear potentiometer is used in a bridge as
shown to the right, then opening the fingers will (or can)
produce a negative signal with respect to ground, and a
closing of the fingers will produce a positive voltage. Now we
have both amount of motion and direction specified by an
analog voltage.

At B on that same section of Fig. 8-24 we show how a
regular circular or semicircular potentiometer might be used
in the same manner. The arm of the potentiometer must be
fastened to the finger at the pivot point so when the finger
rotates about this point it will turn the wiper. The body of the
potentiometer must be fixed in place as had to be done for the
linear potentiometer. The housing shell or frame on which the

fingers are mounted can be used for this purpose. It would
work in the same manner as the linear pot.

At C on the figure we see how a resolver might be used
to give amplitude and direction information to a computer. It
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has to be mounted in a similar manner to the circular pot
tiometer. It has an armature which must rotate with
movement of the finger. The stator part of this unit has to
fixed. When the rotor or armature is turned, an ac signal is
produced from this unit which has a phase relationship di-
rectly proportional to the displacement. The amplitude of the
signal is proportional to the amount the armature has been
turned. This is an ac system which is quite commonly used in
servomechanisms for position feedback information. Again,
note that only one unit is required to give information on the
fingers because they move simultaneously, and always in the
same direction,

Finally, examine Fig. 8-24 D which is simply a parallel
type gripper equipped with a linear translatory potentiometer
to measure and generate signals proportional to the finger and
direction. It works the same way A did.

It is possible that one might ask why we need position
information on the fingers of a gripper. First because the
gripper fingers want to be opened to receive or grasp some-
thing and the robot’s brain will want to know that the fingers
have opened to the proper degree. Second, the fingers will
want to be closed only a specified amount in some cases to
receive specially constructed items. Again the robot’s brain
wants to know that when it initiates a signal for the fingers to
close, they have done so, and to the amount specified. It is
much the same as our human requirements to know our hands
have our fingers open to pick up something, or that our fingers
are pre-positioned to make grasping of special objects easier.
We also like to know when our fingers have opened to release
the object, although we are not really conscious that we have
obtained this feedback information. Our eyes simply tell us
we have put a book on a shelf, replaced a mechanics tool, or
laid down a pencil or whatever.

So we have proximity sensors and position sensors. Do
we need any others? You might well answer yes without fear
of contradiction. If the robot is working in an environment
where temperature is a factor on the parts it handles, then,
perhaps, it needs a temperature sensor to tell it when it can
handle a part and when it cannot handle that part. If a grinding
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Fig. 9-1.The Cincinnati Milacron T 3 robotic arm (courtesy Cincinnati Milacron).

excessive down time of the system. As you notice, the T®is so
protected. It is also of interest to see the complexity of the
wrist giving it the equivalent of a human’s wrist movements.
In the specifications for this robot, we find that the
servomechanisms use both the position feedback we have
discussed and also a velocity feedback. The position feedback
is through the use of resolvers which operate on ac, and a
tachometer-generator which produces a voltage proportional
to the speed of movement. These two feedback signals enable
the servocomputer to adjust the movement and operation of
every axis of the robotic arm to a smooth and fast operation.
You might want to go back and review Chapter 4 for the
operation and teaching method employed with this robot.
We have mentioned the velocity-of-movement feedback,
but perhaps we have not specified just how fast such a robotic
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illustrates how just a small off-set can make it difficult if
impossible, to get a bolt or shaft into a closely machined h
Perhaps the problem of getting a servomechanism to have
even greater than usual position accuracy on a repeatable
basis will be solved, and the limit of such accuracy may
astonish all of us!

When we consider an industrial robot as shown in Fig.
9-1 we also want to be aware that this type unit can be
programmed to perform a series of operations with one tool
as its end unit and then change to another tool to do some
other operation. The wrist connection must be such that a
quick disconnect and quick connection can be accommodated,
and with all the power connections necessary to make the
new tool operate in whatever manner it is designed to oper-
ate. When we think about this for a moment we realize that
there is more to a tool changing operation that is first
apparent.

One other item of information which we now should be
aware of and which we have not mentioned prior to this 1s the
concept of a rotary hydraulic actuator. They exist and they are
rather common. They are much used in marine operations.
They can be precisely controlled to rotate small or large
amounts and they have considerable power. If you are in-
terested in going into this subject deeper, I suggest a good
text on hydraulic engineering from your local library.

Itis always interesting to see a robot arminaction. If you
examine Fig. 9-3 you can get one idea of how this Milacron
robot appears on location and in action. One other view of this
robot in action can be seen in Fig. 9-4. What is interesting
about this picture is that this is just one station of a two station
operation. Shown is a refrigerator liner which is made of thin
gauge plastic and due to its large size is difficult to handle
One robot arm removes the liner from a moving conveyor and
places itina trim press, then it is removed from this trimming
press by a second robot which again hangs it on the moving
conveyor overhead. The two robots must work together in
coordination and must know all about the orientation of the
linear to insure it will be properly trimmed and will not be fed
to the next station up-side-down!
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pass its station each hour. 200 welds per body are ac-
complished, and that means the robotic arm must operate
quickly and precisely to do this job. Four such robotic arms
are used. With a capability called tracking the robotic arm can
move as the car body moves so that the welding takes place in
a continuous fashion, and the conveyor line never has to be
stopped. It is said that it makes no difference whether the line
speeds up or slows down, the ability of the arm to operate
faster or slower, going to the precise positions where the
welds are to be made, is accomplished by position sensors
which are attached to the conveyor belt and electrically inter-
faced with the robot’s computer control center. Thus we learn
even more about how such a robot is used and how it operates
in the industrial application. With these position sensors on
the conveyor belt, a continuous signal is sent to the robot’s
brain telling it the exact position at all times of the car bodies.
Inside the robot’s computer brain is a section which can take
this feedback signal and use it to the previously taught weld-
ing program and the arm’s position so that it moves to new
locations at the proper speeds to compensate for the car’s
movement.

THE MILACRON THREE - ROLL WRIST

The new wrist design which we examined in Fig. 9-5,
and which is called the three-roll wrist, is shaped like a
sphere about 8 inches in diameter and has built into it three
roll axes. Two of these axes work together to give the robot
arm 230 degrees of pitch (up and down) and 230 degrees of
yaw (side to side) motion. The third roll axis is aligned so that
it permits continuous rotation of the wrist with whatever tool
may be affixed thereto.

Once again, with remote drives to make the wrist func-
tion, resolver position feedbacks and tachometer feedbacks
on each axis, and each axis controlled independently by its
own servomechanism, the arm functions with a high degree of
precision. Its positional accuracy is within .020 inches. It is
quite an accomplishment to move that mighty arm around so
quickly and yet to within that small of an error of a defined
point in three dimensional space. Please note that many of the
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industrial robots achieve this accuracy, or better accuracies
than this. The discussion of accuracy is in connection with the
generic robotic generation of our time, not any single system,
although we are examining the Milacron as one example of a
fine robotic arm.

THE ROBOTIC EYE OR OPTICS CONTROL

I was delighted when I first saw the small robot mounted
ona four wheeled cart that was like a child’s wagon. It was self
propelled and steerable, and carryed the robot (shaped some-
thing like the upper half of a human torso) along with astonish-
ing speed. The head turning to look at various scenes around
this robot. I was told that this was an inspection robot which
was patrolling the yard of an industrial complex. It moved fast
and saw evervthing and then relayed, through a special mi-
crowave or ultra high frequency channel, the information
about what it was seeing back to a central control station
where the guiding mechanism—a human being—was in-
volved with steering, stopping, starting, and evaluating the
picture received from this remotely controlled robot. Figure
9-6 illustrates the general concept of this unit.

The robot has no hands or arms. Its purpose is simply to
run around the area’s complex looking at everything and
relaying the information back to control-central. It worked
much faster on patrol than a human might, and in case there
was danger from penetrators, its metal armor could shield it
while it informed its master what was going on. It never tired,
and aside from a pit stop now and then for a new battery
supply, it could patrol constantly and for indefinitely long
periods of time. Its eye protruding from the front of the round
head actually is the snout of a TV camera and on its head
protrude two antenna, one for transmission and the other for
reception of the required TV and guidance signals. Some
plaything!

But it has its purpose and can do a job for its owner. It
never tries to fight back if it runs into culprits, so it doesn’t
need guns and it may not even need a voice although it would
be an easy task to incorporate a speaker which would relay its
owners voice if questioning or demanding were in order.
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Let us now proceed to investigate some hard facts about
just what robotic eyes are, how they work, and what their
capabilities and limitations are.

There is no way at present to provide a robot with all the
visual capabilities that a human has developed. To elaborate
on this idea, think of all the various scenes that you can
immediately identify. Think also how the human brain can
identify size and shape and coloring and structure and com-
position and distances. Can a robot’s eyes do this? Can it do it
for all the countless pictures which the human brain has in its
storage bins?

What we are saying is that perhaps the hobbyist’s dream
of having a robot, with eyes roll down the street and say good
morning to Mrs. Smith and Mrs. Jones and Candy and Jim as
the robot sees them and identifies them, seems unlikely. Of
course, if we provide the robot’s brain with pictures of these
people and it can then compare the picture it sees with what
we have given it, it might. Polaroid and Bell Labs have both
been working on computer recognition.

In the industrial situation we find it very desirable to
give a robot some eyes. If it can identify a particular part
amongst many parts passing by on a conveyor belt, that can be
most useful. If it can watch and follow and adjust for parts
misorientation and placement and such, that also can be most
advantageous. So there are many prominent companies en-
gaged in developing robotic eyes for use in the industrial
scene as we shall see. For the hobby scene, it may be some
time before the use of eyes on a robot becomes worthwhile to
incorporate. The basic question is what advantage is there to
giving the robot some vision?

The remote-controlled robot might be clad in asbestos
armor for going into a flaming floor of a home or office or
warehouse and seeing what is there, and perhaps accomplish-
ing a rescue attempt. For underwater robots, one must cer-
tainly have some vision transmitted to the control center so
that a human might send commands to make the robot fix or
adjust things underwater. The seeing robot can be very useful
if it extends our own vision capabilities. Visual feedback may
also help to eliminate the stringent accuracy requirements in
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Fig. 9-7. A basic block diagram of a vision system for a robot.

Assume that a robot is using visual feedback to insert a
guidepin in a hole. To provide position information, the sys-
tem will track four features of the scene; the hole, the tip of
the pin and both sides of the pin. These are three totally
different features. A dark blob is the hole. A complex curved
line is the pin bottom edge, and the sides are straight vertical
lines. The computer knows there must be a certain specific
relationship between the curve and the blob, and the straight
lines and the blob, and these must occur simultaneously. It
then steers the robot’s hand to try to accomplish this.

We are now confronted with getting some dimensional
coordinates of the object which the hand is to take hold of.

Notice that the Z coordinate in Fig. 9-8 is the distance
from the camera to the object. The X coordinate is the left-
right position, and the Y coordinate would be the forward-
back position. Imagine an object coming along a conveyor
belt. If the camera were exactly aligned, the object would
move from — X direction, through zero, and on out to the +X
direction. The Y coordinate might be zero all this time. The Z
coordinate (the distance) will change as the object moves
directly under the camera and then away from it.

Imagine the picture that might be seen by the camera. If
we have a monitor screen to look at, we might see the dark
shape appear at one side of the screen and vanish off the other
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then this might be a signal to put it in the proper position
does not have the shape the computer thinks it should

then the computer might stop the conveyor and have thero ot
re-position it. If this cannot be accomplished the computer
will decide that the part is not useful and discard it.

THE VISION WINDOW

The computer cannot look at the whole screen all the
time, so it finds it convenient to establish windows to get
useful information concerning the object it is looking at. We
might illustrate this as shown in Fig. 9-10.

The computer finds the hole blob where it should be, in
window 2, and moving in a straight line toward window 5. It
finds the bolt blob occupying window 1, window 4, and win-
dow 2. If the bolt were positioned properly, it could not be
seen in window 4 at the same time that it is seen in window 1
So the computer has something to go on to adjust the bolt’s
orientation. If necessary the computer can shrink or expand
the size of the windows.

NOTE

BOLT-ONLY SECTIONS IN

WINDOWS ARE VISIBLE

WE SHOW ALL OF BOLT END FOR CLARITY

1 4 7 10 (‘\
BOLT HOLE
BLOB
-~ (
2 5 8 1 \
3 6 9 12

Fig. 9-10. Robot-Vision "windows™ depicted on an imaginary display monitor.
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9-12 may be helpful. Each window may be scanned separat
in a high resolution system. The scanning process is just |
standard TV technology.

USING THE MATRIX EYE

Scanning a light sensitive surface with a beam is one
method of converting light into voltages. A better way is to
have a grid which is composed of an incredible number of
small wires running vertically and horizontally and then tap-
ping into this matrix by means of a computer like system and
reading the voltages produced at each cross-wire junction.
General Electric has such an eye and we show it in Fig. 9-13

General Electric calls their new camera the TN 2200 and
it uses a charge injection device, (CID) to convert the light
energy into an electrical signal. The system resolution can be
enhanced by use of an appropriate system of lenses.

With the grid system the X and Y coordinates of the
object will be defined by the electrical charge at the junctions
in the grid field. The Z coordinate can be determined by the
intensity of that charge.

SOME BASICS OF
ROBOTIC-VISION COORDINATE DETERMINATION

Figure 9-4 shows the military problem of trying to hit an
airplane with an artillery shell. The first task in that problem
is trying to define the position of the airplane in a three
dimensional world. That is, its altitude, its azimuth, and its
distance. Here we assume that the observer’s position is the
origin of the coordinate system. The airplane is flying along a
path which is directly on the X axis, and it is approaching the
observer at a constant altitude Z. As shown we could say the
plane has at this moment an X coordinate of 18 units, a Z
coordinate of 14 units and zero Y coordinate. The TV camera
can certainly provide information on two dimensions of that
space, but what about the third measurement. How cana TV
camera give us range information?

The human eye is able to perceive distance because two
eyes are used. There is some distance between them, and the
brain can perform the necessary calculations (and we aren’t
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Focal Length  Object Size/Object Distance

mm inches
45 0.18 1.3
6.5 0.26 0.89
9 035 0.65
12.5 0.50 0.46
16 0.63 0.37
17 0.67 0.34
25 1.0 0.23
35 1.4 0.17
50 2.0 0.12
75 3.0 0.08
100 4.0 0.06

To view a 6-inch object at a 4-foot distance, the object
size/distance ratio is 0.5/4 = 0.125. Therefore, a 50 mm lens
is appropriate for this application.

The video output signal of the camera can be converted
to a TTL level signal with a threshold anywhere in the gray
scale required. A simple conversion is shown in Fig. 9-21.

THE INDUSTRIAL VIDEO-INSPECTION SYSTEM

Figure 9-22 is a block diagram of the industrial video
inspection system which shows us in a very simple arrange-
ment how the robotic eye can be used gainfully. The signal
processor shown is the computer. When it defines a part as

+5V
100K
PIN M 10K
VIDEO M- A 1000 TTL
T0 | SIGNAL
CAMERAY _uN R 10K “a01
VIDEO \ OP AMP
RETURN +—
THRESHOLD
SETTING 777
“R" CHOSEN TO MATCH VIDEO CABLE

Fig. 9-21. A Video to TTL (transistor-transistor logic) signal conversion circuit.
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tially applies the appropriate address signals to each of
columns, one at a time, This establishes a half-address co
tion on all the column pads in each column in turn. When a
the columns in a given row have been scanned the row
scanner increments to the next row and the process is re-
peated.

The result is a video signal in a television-like format.
This read-out is fast—usually 30 frames per second. Of
course this output is analog in nature and so to use it in a
microcomputer you have to feed it into an analog-to-digital
converter. There are many types described in the current
literature. If the signal is to be used directly by a robotic
control system, the converter in Fig. 9-21 can be used to
digitize it. The use of a video system for measurement of
parts size and shape can produce really good accuracy. In the
system described, it is claimed that an accuracy of up to 4 mils
(0.004) inch can be obtained using microscope-optics sys-
tems.

FOLLOWING THE VIDEO SIGNAL

If we again refer to Fig. 9-19 we see that the video is
immediately converted into a one-bit binary, black and white
signal. The threshold level is adjusted electronically, but
compensation for light variations can be made by adjusting the
camera lens setting or the aperture opening. The balance of
the equipment shown in the block diagram uses the binary
signal as input except for the TV monitor, which uses the raw
video. The system has a video mixer which permits the
processed video to be superimposed on the normal image as
an aid to setting up the system.

After the signals go into the feature and select switch
where information from the window generators unit may be
selected, the signals go the feature extraction section consist-
ing of the accumulators. Let us examine the window feature in
more detail.

The windows may be of any size or at any position within
the field of view. They may overlap if this is desired. The
position of each window is programmed by means of a set of 8
switches which set up binary numbers equivalent to the
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which indicate that this may be something which we can use
to advantage if it is refined and improved. The future of this
kind of system titilates the imagination. Smaller cameras,
better lighting methods, ruggedization of the equipment, and
good accurate algorithms might well bring about a whole new
world of usefulness for the robotic arm and robotic eye
systems.

More on this research is in the 1979 winter issue of
Robotics Today.

A NOTE ON ONE INDUSTRIAL
DEVELOPMENT TREND USING ROBOTIC VISION

In Japan, where there is great effort being made toward
development of the automated factory, the development of
the two-handed robot using three dimensional vision has been
progressing for some years. The use of such robots able to
coordinate the use of two hands and multiple fingers in the
assembly of batch products is under intense study. At the
University of Waseda, Tokyo, a robotic machine has been
built which has two hands, two legs and two video camera
eyes. This robot can recognize some speech and can speak to
a limited extent. The use of two video cameras give a three
dimensional view of objects.

IS THERE AN ADVANTAGE TO A TALKING ROBOT?

We know it is technically feasible for an electronic cir-
cuit to recognize and accept human speech and to generate
some kind of response to those sounds. We also know it is
possible for an electronic circuit to generate human speech so
that it conveys intelligent messages back to us. These cir-
cuits are available at the present from Telesensors, Radio
Shack, Texas Instruments, and other suppliers. We have
already discussed talking units, so we will focus on voice
recognition and human acceptance.

Obviously, for a central computer doing batch work
voice communication with each terminal or user is not effi-
cient. A high-level language is better. This is also true of
industrial applications where more than one robot is used and
the actions of all concerned need to be coordinated. However,
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There are four primary significant models of langu
and these are; the fixed sentence model, the finite s
model, the syntactical model, and the transformational model.
These are described in detail in Syntactic Structures by
Chomsky, (Monton & Co, the Hague, Paris, 1957). The first
two are the most applicable to present voice recognition
technology.

In the fixed sentence model there is simply a list of all
the allowed sentences. One defines each sentence with a
mathematical term. If we develop a whole list of sentences
which are unique then when the computer receives an order it
essentially compares that order to that series of sentences
and chooses one which matches or most nearly matches the
command.

The finite states model is essentially what the adven-
tures use.

SOME CONSIDERATIONS OF
AUTOMATIC SPEECH RECOGNITION BY MACHINES

Once the meaning of a sentence has been decoded, there
is still the problem of identifying the speaker.

There are two general ideas for recognition of human
speech. These are a system where the pitch and spectral
characteristics can be analyzed and related to some person,
and a system where the electronic circuitry can extract
phonemes and from a tabulation of these phonemes identify
the different persons speaking.

Ina study at the Rome Air Development Center, Griffiss
Air Force Base, New York, an analysis of human speech was
conducted. It was found that speech sounds are primarily of
two types—voiced and unvoiced. For voiced sounds such as
the vowels the vocal chords vibrate and produce a line spec-
trum which has a fundamental frequency in the 70-180 Hz
region for males, with harmonics extending to 8,000 Hz and
even higher. The unvoiced sounds are produced by the turbu-
lence of the air stream as it exits the mouth and not from the
vocal chords at all! There are also sounds such as Z which
require both techniques.
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There are about 40 basic phonemes in the English lan-
guage. There have been detailed studies to find out just what
identification characteris = there are in human speech, so

we can make machines d t we do, recognize who is
speaking.

Ablo shows asyst  for recognition of
human sp an characteristics is
shown 1 on using this type
s m h is fed into the

or as shown. The

t y 20 milliseconds,

ized, mputer knows

t ar ause it has previously
ore

11 uses some clues to

ken. One set of clues is

e eq ncy—the average
p a of s speech tonal
As t romthe speech
v st peaks of sound,

lley amplitude

ent of the peak

. One man-

form multi-

10N process

in the com-

in through the

aluated has the

ed-deviation of

ides that this is

as areference.

f speech iden-
cognition con-

c g 10-13. This
b 1 h e the algorithm
illus _ B sical is equipment would

make use of nalo eshol -logic erating on the rectified

399









output of the filter banks to provide such features as spect
energy, spectrum slopes, local maxima-minima, transitio
sequences, and simultaneous occurances. All of these f -
tures are used in speech recognition systems.

In the RCA equipment which is illustrated in the block
diagram, Fig. 10-13, the input is conversational speech and
the equipment is used to recognize, and segment from the
speech, a set of phoneme-like elements. During the occur-
rence of each such element the slope of the logarithmatical
spectrum was employed to measure the speaker’s
characteristics-of-speech by integrating the spectrum slopes
of the analog signals, which are derived from the filters, and
then quantizing these to three levels; positive, negative, and
zero.

TEXAS INSTRUMENTS DEVELOPMENTS IN SPEECH CIRCUITRY

Texas Instruments has done much advanced research in
both speech synthesizing, speech recognition. They hold a
patent for a single stage digital speech-synthesis filter. We
have indicated how important filters are in breaking down the
components of speech so that they may be analyzed. In fact,
the unit shown earlier represented a major price break in
voice synthesis using a breakthrough called linear predictive
coding, which we discussed in an earlier chapter. Figure
10-14 shows the circuitry. Since using the inverse of this
technique may provide a similar breakthrough in speech rec-
ognition, we will take a closer look.

We have indicated the algorithm solving unit in the
microprocessor block of Fig. 10-15. It represents the summa-
tion of a series of terms fromi = 1toi = n.

“Brute force storage of speech signals can be ac-
complished by sampling and converting speech at an 8 to
10 kHz clock rate. This results in a digital data rate of
100,000 bits per second of speech. Pulse-coded modula-
tion codecs and companding techniques have found ac-
ceptance in all new, all digital, telecommunications sys-
tems, but their data rate of 64,000 bit per second is still
high.
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program computes an optimal set of coefficients for the vocal
tract filter of the model electronics unit. The response of this
filter, then, when suitably excited, will closely resemble the
original speech model

In the next stage of the LPC system a frame repeat
analysis takes place. Here, similar sets of reflection coeffi-
cients (40 bits each) are eliminated from the data stream and
replaced with one-bit “repeat” code signals. Stop codes are
added at word-phrase boundaries, allowing the synthesizer to
“speak” a complete word or phrase and stop automatically
with no supervision from a host microprocessor.

After thousands of samples of speech are analyzed by
expert speech persons, those samples judged to be suitable,
from a pronunciation and diction standpoint are ready to be
committed into a “memory image” format. The fully analyzed
data-set is encoded according to the pitch, energy, and filter
parameter coding tables of the selected synthesizer. Then the
final speech product is ready for listener tests and acceptance
or rejection for various consumer uses. Figure 10-16 is a
block diagram of the speech analysis and coding electronics

Fig. 10-18. Some possible uses, in addition to robotics, for the Ti speech chips
(courtesy TI).
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return. We can then multiply the time and the speed of trav
and we come up with the round trip distance. Divide this b
two and we get the distance to the object.

Emission of a single tone may permit extraneous notes
at that pitch to enter the system. But a “chirp” signal, the
emission of several tones, can override this difficulty to some
extent, also “chirp” gives the detector of the system an ability
to look at several echoes at different frequencies, or just one
which may come from a secondary frequency in the “chirp”
pattern. If just one tone were used, there might not be an
echo, as the reflecting material might absorb the signal total-
ly! Polaroid uses a four tone “chirp” at frequencies of 60,57,
53 and 49.7 kHz to overcome this kind of difficulty. A very
high reliability of echo response has been obtained in their
system.

A pamphlet has been prepared by the Audio Engineering
Society, 60 East 42nd Street, New York, NY 10017, titled
Polaroid Ultrasonic Ranging System, and this can provide you
with more details of the circuit operation, and some other
considerations which were mandatory when developing this
system.

USING ASOUND RANGING SYSTEM IN ROBOTIC APPLICATIONS

It is not necessary for a robot to be “intelligent” to make
use of sonar anymore than it is necessary for a bat to be
intelligent. Both are essentially blind, and the sonar reflec-
tion triggers reflexive action.

Such a sonic system can be used to trigger relays which
have been arranged to control the drive motors, the steering
motors, headlights, voice track, or voice synthesizer. An
industrial application might be sonic ranging ina gripper. Like
the photo-electric eye system, it can provide information that
objects are on a conveyor belt, their spacing, and even the
distance they are placed from the edge of the belt. Advance
information of this type can be used to cause the microproces-
sor to adjust the robotic arm position to meet the on-coming
objects precisely. And, unlike the photo-electric type device,
the ultrasonic system needs no receiver other than its own
transducer, and gives ranging information.
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voice synthesizer for speech, and a multitude of sensor de-
vices to provide information as to where it is, what 1t 1s
encountering, and what is around it. Some persons, talked to
in the preparation of this book, said that they find, in the larger
toy store , Ititude of electrically driven cars, trucks,
tanks, and such, which make ideal starting units for robot
development. Some, of course, start “from scratch” and built
up from just an idea. Such was the origin of GARCAN which
was illustrated in an earlier chapter.

John Cledhill discussed his robot in Robotics Newsletter,
Sept. 1979. Some of what he said is interesting to us at this
time. “It’s surprising that most of the complexity of a com-
puter (in robotics) is a result of the necessity of communica-
tions with humans. A dedicated, on-board robot computer
doesn’t have to have a keyboard, address/data light, etc., if
you have a separate system for generating software. In my
robot, decisions are made by a SC/MP-II microprocessor
from National Semiconductor. But one could use the
Motorola 6802.

My robot’s basic senses begin with a bumper that encir-
cles the frame and wheels. Eight microswitches provide input
identifying if and where an object has been struck. The 8
microswitches for one 8-bit word are ANDed with constants
by the computing section, so it knows which switches have
been closed. The computer then knows what corrective ac-
tion is necessary.

Since number 2 will be sonar using a National Semicon-
ductor chip LM1812. The computer will tell the chip when to
transmit and then time the echo response. Extreme accuracy
is not necessary, as this will be used only to find out if there is
anything in the field of view. Once something has been found
inthe field of “view”, the bumper becomes the back-up device
and will generate the operational signals causing whatever
action is necessary.

This analysis and excerpt from that hobbyist’s report
gives us some indication of one way ultrasonic systems might
be used in a very secondary role. With the Polaroid unit and
with proper circuitry, there is no reason why ultrasonics can’t
be used as the primary control sensor. The Ultrasonic ranging
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system of Polaroid might be useful. With Ultrasonics y
robot would not have to strike anything to get a signal that it
was approaching something, or getting close enough to stop
moving or to turn away!

MESOTECH SYSTEMS LTD of Vancouver, B.C
makes a mode-952 Bottom-Scan-Profiling-Sonar with some
features that might be useful to think about in connection with
robotics applications. Of course the transmission of sound in
water is somewhat different than the transmission of sound
through the air, especially with regard to the frequencies
used. We know that some frequencies propagate very well
through water and others do not. We have no correlation for
the propagation of these sound frequencies through air versus
other frequencies which might be used. One might have to do
some experimentation in this area. In any event, the sonar
system under discussion is one which, from a single location,
records a profile of water depths along a particular line of
bearing. By changing the orientation of the transducer, pro-
files of several lines can be made.

This transmitter unit, the sonar head, transmits a narrow
beam, high frequency acoustic pulse. The narrow beam 1s
swept through a vertical plane, and, of course, the returning
echoes are timed which gives the distance to the reflecting
surface, which, in this case, is the ocean, channel, or harbor
bottom surface. The complete system consists of the sonar
head and the recorder case (which charts the bottom profile)
and a 100-foot cable which connects the two units. Inside the
sonar head are the acoustic transducer and the stepping motor
which sweeps it. There is also an inclinometer which senses
ships rolling, and the sonar transmitter and receiver circuitry.
The beam width in this unit is only 1.5 degrees, but its
operating frequency is 360 kHz. It ranges to 160 meters with
an accuracy of plus or minus .5 percent. Its angle measure-
ment resolution is plus or minus 0.75 degree.

What is very interesting to us in robotics is the narrow
beam concept of this unit. If such an acoustic device could be
used in air, on a mobile robot, one could have a device which
could accurately measure objects around it, and distances to
them. The use of a stepping motor for the sweep also means
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reader. This gives the commands to the computer which,
turn, controls the stepping motors, or the closed loop se
vomechanism, to make the machine elements do what the
instructions say it should do.

The way the commands are spaced is by using a tab key
on the tape perforating keyboard. This, like a typewriter tab
key will cause the instructions to line up properly by forming
a special kind of “end of command block” code which lets the
computer know that another set of movements will be the
next block’s numerical grouping. After the machine drills the
hole, as previously specified, it moves to a home or starting
location where the coordinates are (0), (0), (0). The next
command, which might consist of the numbers (5000), (6000),
and (1000), tells it what to do next. See if you can interpret
what the above figures mean using the information we have
already given you. The tape used to store and present the
command-instructions to the computer may look like that
shown in Fig. 13-1. The numbers are in Binary form, i.e., the
rightmost column is the 20, the next, 2!, the next 22 and so on.
Thus the position of the holes in the tape specifies a given
number, and that number is a command for the machine tool
movement. The rows of holes come in a specific se-
quence, as previously stated, which tells the machine’s com-
puter control brain how to move the tool, first in the X
coordinate, then in the Y coordinate and in the Z direction.
This, as you can realize, gives the position of a point in three
dimensional space.

CHANGING TOOLS AND RANGE OF OPERATIONS

The NC machine can do marvelous things. If a source of
tools is supplied to it, on a circular retaining unit, for example,
it can, when so instructed, change its operating tool for each
required operation. What it does is to move toward the circu-
lar retainer, which, itself has rotated under computerized
command to a given position, attach its working head to the
tool in a specific position, then the head is moved back to the
work and to the position where that tool is to be used. When
the task for tool number one is finished, the head will return
the tool to the circular retainer, which grips it, the retainer
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might say, then, that we build hobby robots to learn, and
fascinate ourselves and our friends.

Many persons and companies as well as scientific 1 -
stitutions are making, or developing kits for, or are inves-
tigating the use of, hobby type robots. This type robot is
distinguished from its industrial brothers in that the industrial
robot has a definite task to perform, or many of them, and 1t
does this well and for long periods of time. Tasks as demand-
ing as making printed circuits and inserting parts on such
circuit boards, something a humantires of very quickly, to the
handling of thousands of pounds of equipment or materials in
various plants. The hobby robot, on the other hand, is just for
the pleasure or education, or satisfaction of the creator. Some
types have been constructed just to investigate how far one
can go in putting some kind of intelligence into a machine of
some type. That, in turn, leads to much study and research.
But for the many units which simply run around, or draw lines
on something under computerized command it seems the
satisfaction is simply to have built such a machine. It is our
belief that with technology at the current state of the art that it
is, even hobby robots should do something useful.

One robot which has been built and named Midnight
Special, uses various types of light sensors to get information
about paths through mazes. The information he derives is
sent to a computer where it is stored and analyzed. When the
Midnight Special has made one trip through such a maze 1t
then canrepeat its path without any deviations or problems or
trial and error efforts. This kind of operation is said to be one
in which a robot has been given some kind of intelligence.
Certainly, it is a system in which the robot learns by its
mistakes. Hobby robots should have this kind of capability.

WHO?

The robot builder comes from a diversified segment of
our population. From the college professor to the high school
science major. We found it interesting that a former college
Physics professor found pleasure constructing hobby type
robots. He said that his interest is in constantly trying to
make his robot do more things, and do them more intelli-
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mike signals into a digital pattern which can be saved in
memory units. The board’s circuits accept these digital pat-
terns and transform them back into analog signals for use by a
loud speaker.

The circuit board has an on-board ROM that is a 256 byte
type. This ROM is accessible from BASIC by a call instruc-
tion to address CNOO (Hex) where N equals the slot number
that the board is in. Calling this address will place you in the
talk mode, and a call to CNO3 (Hex) is for the listen mode.

3 REM

S REM MOUNTAIN HARDWARE ‘S

7 REM SUFERTALKER DEMG PROGRAM

9 REM

18 HIMEM 4895

20 GOSUB 25000 REM CALL AUTO SLOT FINDER

30 PP(2) = 16: REM SET STARTING PAGE OF PHRASE TABLE

40 PP(3> = 127: REM SET ENDING PAGE OF PHRASE TABLE

41 PP(4> = 3: REM SET VOLUME (1-4)

42 PP(S) = 4: REM  SET SAMPLE RAT E 1-4)

S50 GOSUB 25018  REM INITIALIZE SUPERTALKER WITH PP ARRAY

100 CALL - 936: PRINT

110 PRINT “HIT RETURN KEY WHEN YOU ARE®

126 PRINT "READY TO BEGIN RECORDING. *

138 PRINT

148 PRINT "HIT RETURN KEY A SECOND TIME®

159 PRINT "WHEN YOU ARE DONE RECORDING "

160 INPUT Af REM WAIT FOR FIRST RETURN KEY

170 P = 1: GOSUR 2502@. REM CALL LISTEN SUBROUTINE

186 P = 1 GOSUR 25028: REM CALL TALK SUBRCUTINE

198 GOTC 100

25000 REM TALKER AUTO SLOT FINDER AND ADDR CALCULATOR

25061 PP(1) = 1:P1 = - 16000

25002 IF PEEK (P1 - 1) = @ fiND PEEK (P1 + ) = X THEN GOTO 25094
29983 PP(1)> = PP(1) + 1:P1 = P1 + 256" IF PP(1) ¢ 8 THEN GOTO 25082
25004 IF PP(1> = & THEN PRINT "SUPER TALKER IS NOT IN THE APPLE II": IF PP(1)> = 8 THEN

GOTQ 25043
25065 P2 = 256:P4 = FP(2): IF PP(2) < 128 THEN GOTO 25087
25006 P2 = - 256 P4 = 256 - PP(2>
25007 PG = P3 % P4 P2 = = 16256 + 16 * PP(1)

25093 FETURN
25019 REM TABLE INITIALIZATION (ASSUME PP ARRAY IS SET UP)

25011 P2 = 256 P4 = PP(2). IF PP(2> ¢ 128 THEN GOTO 25013
25212 P3 = - 256°P4 = 26 - PP(2)
25013 PS = P2 = P4. POKE FS,FP(4). POKE PS + 1.PP(5)

25014 POKE PS + 3,PP(3). POKE PS + 4,134: POKE PS + S, FP(2)

25015 RETURN

25020 REM TALK ROUTINE

25021 POKE 1528,PP(1): FOKE 1656, PF(1) * 16

25024 POKE 1144 + PP(1),P - 1° POKE 1272 + PP(1),PP(2) FOKE 1400 + PP(1>, FEEK (PS5
+ 3+ 1

25625 FOKE 1784, (4 - FEEK (PS + 1)) * 16 + (4 - PEEK (P5))

25627 CALL - 16284 + PP(1) * 256

25028 RETURN

2503¢ REM LISTEN ROUTINE

25631 POKE 1528, PP(1)- POKE 165€, PP(1) * 16

25024 PUKE 1144 + PP(1),P - 1 POKE 1272 + PP(1), PF(2)' PCKE 1400 + FP(1), PEEK (P35
+ 3>+ 1: POKE FZ + (4 - PEEK (PS + 1)) + 18

23026 CALL - 16384 + PP(1) # 256 + X

£5637  PETURN

Fig. 13-3. One Supertalker demonstration program (courtesy Mountain
Hardware).
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CHECKING ERRORS IN DATA
TRANSMISSION AND SOME ROBOTIC-SYSTEM PROBLEM

Among the professionals, there are several methods by
which data information can be checked and the capability of a
system to transmit the bits accurately and completely is
determined. One of these methods is to use a parity bit for
each word or character and inspect this. Parity is a system in
which we add a pulse to a coded group in such a way that for
even parity, the sum of all the 1’s will be an even number, and
for odd parity, the sum of all 1’s will be an odd number. In the
transmission of an even parity code, those bytes which have
an even number of 1’s are not changed. In effect, a zero is
added to the extreme left of the byte binary sequence. But, if
the number of 1’s in the byte is odd, thena 1is added to the left
to make the numerical total of 1’s even. A byte with the wrong
number of 1’s has an error in it.

Other writers, in discussing the checking of data in
transmission systems have indicated that a cyclic redundancy
check might be used. This means, essentially, that you re-
transmit the same information several times and if it all
comes out the same, then the system has no errors—at least
for that transmission period. Checks using special messages,
such as the “Quick Brown Fox” which require transmission of
characters representing all keyboard letters and numbers
might be used. If, on the receiving end, one knows what the
sequence of transmission is for this kind of special message,
then errors in the transmission system can easily be noted.
Finding the cause may prove difficult.

The number of methods of checking for errors in a
computing system and its transmission system increase in
proportion to the amount of information transmitted, and the
number of people or stations involved in the generation,
reception, and use of this kind of data. If one knows the
particular weaknesses of his own system, which he learns by
experience, then perhaps he can imagine and fabricate a
checking system which will let him know how well his own
system is operating. You need such a check in robotics, be 1t
hobby type or industrial type robot system you are using, if it
uses a computer and/or a communications system.
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actual operational inputs of the same type that the in
actually gets. We must test the input sensor system or in
signal system just as completely as we have checked a
intervening elements or system blocks. Finally, we might run
a systems check. This is a closed loop test which actually is
the robotic system in operation, doing what it is supposed to
do.

In a robotics system, then, you'll check the computer
section for accuracy and correct operation, you'll check the
software to see that it was correctly prepared and inserted,
you'll check the transmission system (cables, lines, and
whatever) to see that the signals actually get to the operating
units. You'll check the control amplifiers, and the motors and
the hydraulics and the pneumatics and whatever. All this in a
step-by-step procedure to insure that you actually will find
the problem area.

If a system develops more than one malfunction simul-
taneously, then, unless you use the open loop test concept,
you might not ever find the real causes of trouble! It has also
been said by those who know about these things that some-
times two malfunctions make a no malfunctioning condition
exist. The two malfunctions tend to cancel one another. This
may happen if one depends too much onjust a closed loop type
of test,

Testing of hobby robots is performed much in the same
manner. Usually you start at one end of the system, say the
mobility end, the drive motors and gearing and power and
such, and move back toward the input end of the system,
checking as you go, to make sure everything is operating
correctly. Lots of times this prevents troubles and helps you
find and correct trouble spots which might not have been
noticed, unless you check for correct operation as you pro-
ceeded backward, toward the input end of the system. It
sometimes is very difficult to find trouble spots in any kind of
system like this if you wait till you have it all built, and
put-together, and then try to make it operate as it should. If it
doesn’t work correctly when completely assembled then you
suddenly find there are ten thousand places where things
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controlled may be vastly different depending upon what
to do.

You will immediately add that the appearance of
machine will, or might be, governed by what it is to do, and
you would be exactly right. For entertainment purposes we
might want a robot which looks manlike, or girl-like, but for
job purposes, such as taking objects from one place to
another, the robot might better resemble a small car with a
flat bed on it and have somewhat different arms which load
and unload the material, than those found on the kind-of-
human-duplicate the entertainment robot might be. So, when
thinking about what the machine is to do, or to state the
purpose for building the machine, you will probably also be
thinking about what it might look like in the finished version.
This is a second step.

Next, and closely associated with the previous thinking,
will come those thoughts related to mobility. We can make
some doodling sketches as we have done in Fig. 13-10 which
may assist us in our thinking.

You can expand on this concept and come up with,
perhaps, a dozen different possible illustrations of how a
baseplate of a robot might be made and how it might be
propelled. In our illustration at A we show a conventional
drive using a common axle and one drive motor for one rear
wheel. This is important because you can’t get the robot
around a corner if you make both rear wheels a drive type.
One must be free, that is, its hole slightly larger than the axle
so it can turn freely and on its own. The other wheel is fixed
rigidly to the axle or so mounted that a gear can be attached to
it and this gear is meshed with the motor drive gear to propel
the baseplate (and robot). The steering is just like any au-
tomobile steering, or toy car or truck, using a turning motion
for both front wheels which are linked together. This will
work, but the robot may have some problems because the
turning radius of the base is large. It is a stable base, however,
and can carry lots of weight as we know.

At B is a diagram showing two independent motors
driving two wheels, and use of small idler wheels, front and
rear, to give the platform balance. This type system is com-
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monly used when you have stepping motors for drive po

If you step the drive motors at the same speed the base g
straight forward (or backward). If you step the motors a
different speeds, a turning motion results. Stepping one
motor forward and the other backward at the same speed
gives a very tight turning circle. It is easy to synchronize the
speed of stepping motors just by observation. If the robot
starts to turn somewhat as it goes forward, you just move the
control (assuming radio control) of the slow motor to increase
its pulsing rate slightly and synchronism is quickly obtained.
The GARCAN robot which we discussed in an earlier chapter
uses this system.

At C of Fig. 13-10 you see how one idler wheel has been
removed. The platform is not as stable as before, but can be
all right for level floor operation. Also, if you want to try to
use the idler wheel as a drive wheel, this is possible, and you
can so arrange the mechanics of the system that the one
driven wheel can be turned for steering purposes. You might
use a single motor in that case. Or with the three wheeled
configuration you might use a single motor to drive both rear
wheels as in (A), or use two stepping motors. There are many
variations.

So, you doodle and try to come up with some kind of a
base-and-drive-and-steering system for your robot, if it is to
have mobility. Of course, not all robots (domesticated types)
will need mobility. They may be permanent fixtures in the
house wall section somewhere, yet they can control all kinds
of functions around, and in, and from the home. These are
decisions which you must make in your planning.

You can select a wheel size and from that as a starting
point calculate the gearing needed and the motor horsepower
and so on. You select the wheel diameter based on where the
robot is to move. If the surface is smooth and has little change
in level, then a relatively small wheel size, say 4 to 6 inches
diameter might be all right. But, if you plan the robot going
into grass or on rough terrain or unpaved streets and
sidewalks and such, then a larger wheel diameter is neces-
sary, say 12 to 18 inches might not be unreasonable. Some
may argue this point so we won't say it is required, we just say
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Fig. 13-11. Torque versus wheel size considerations for robots.

rectly because most have display screens, and maybe disk
memories and such, which you actually may not need. They
also have keyboard inputs which may or may not be appro-
priate to your planning. Actually, what you may want for your
robot may be more of a comparison type system with memory
banks, which can be programmed, and with sensor inputs
from all the various devices you imagine might be useful to
the machine. It would be nice if you have a kind of plug-in
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review of the whole operation, down to the most mi
detail, of the business, or plant, or industry wherein the us
industrial robots is being considered. We are in mind o a
system of plan evaluation or job operation planning called
PERT (Program Review and Analysis Techniques) or, as it is
called by some, the critical path planning approach to—
whatever job or task or operation is in mind. Can it help show
the need for automation or robotics?

WHAT IS THE CRITICAL PATH APPROACH

If we take the start and end of a series of tasks and call
them events, and we take the activities in between the start
and end of each such task and call that an activity, we can make
a diagram showing this concept as illustrated in Fig. 13-15.
Notice that there are many activities (arrows) shown, 5 in
total. Also know that it will take the completion of all 5
activities before the end event can be said to be done! At this
point we do not know from whence the other activities origi-
nate, or how they may be inter-related, or interdependent
upon other end events, but be assured that in our modern
industrial world, there will be a rather complex network
before we come to that stage where the end event actually
means the completion of the job!

The starting event can be merely a time and date at
which some activity begins. The end event can be a time and
date when the job is finished. The activity can have a length
which is somehow related to the time it will take to do that
activity, based on the educated guesses of many experienced
personnel who have some knowledge and, hopefully, experi-
ence with doing that kind of activity. Thus we might say
activity #3 will take 4 days to complete, by best estimates.

Think what this means if it is required that all the other
activities must be done within that same time frame in order
for the end event to properly occur on time! As you might look
over the time and date estimates of each activity, you might
find one which is so long that it is a bottleneck. It will be that
long-time activity which will hold up the job which needs
some attention. The path through that activity from its start-
ing event, to the end event, is the path known as the critical
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for the parts movement, into a non-critical path and eve
thing is accomplished in the required time and lots of pro
results!

There are many approaches to consider when trying to
make a decision as to whether or not to robotize some, or all,
of your operations. There are many things to consider. For
example, you must always have in mind what will happen if a
machine fails. No one likes to think of this, but it can and does
happen. We are reminded of a situation wherein some robots
failed because the human attendant did not keep the hydraulic
oil tank filled properly, nor did he (she) report leaks which had
been observed, etc. It was determined that it was that worri-
some case of a human hating a robot and thus hoping it would
cause trouble and helped it to do so!

There is no question but that, in some cases, the robot
will displace humans in certain work functions and activities.
Itisjust an axiom but for some things, robots can doit better.

CONSULTING THE EXPERTS

Of course this is done. One just doesn’t expect all the
people in his own operation to, necessarily, know all about
robots and robotic installations, and operation and mainte-
nance and what can and what cannot be done with these
machines. Sometimes, and this is true in most cases, an
analysis of your operation by a robotic expert will help to
show what should or should not be done. However, one must
always consider that probably any representative from any
robot manufacturing company will be a salesman. But most
will give a good, honest, and reliable report on the situation at

hand.
Because a conversion to industrial robots is an expen-

sive operation, probably in more ways than just changing
equipment, management will also want to inspect and discuss
robot plants with those who have already done this in part, or,
as some Japanese have done, completely robotized a plant or
industrial operation. One question which always comes to
mind is, “What do you do if some machine fails or stops, and it
is a line item which must function in order for the whole
operation to function?” First, of course, there needs to be an
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senses and a somewhat low intelligence which is not yet able
to comprehend and really handle the information which is
presented by the various types of sensors. But that even so
they are most valuable in industry. It is not uncommon for
industrialists to recover their capital investment in robots in
somewhat under three years.

It has been pointed out that robots need something
better than the type of grippers which are now common. But
these improvements are under research and development,
especially in Japan and in Russia. Robots which have fingers
that can handle objects as delicate as an egg without any
danger of rupture, and quickly adapt to different and varied
object forms have been made. It has been stated in various
studies that one of the most valuable ways a robot can im-
prove plant production is by speeding materials through a
plant. It was found that materials are worked on only some 5%
of the time, and the rest of the time that material is lying idle
or being transferred from one place to another. When robots
are specifically designed for a task, they can offer some very
remarkable work. For example, the Fiat Robogate, installed
in its Rivolta and Cassino factories is said to be able to
accomplish all the required welds on a car body in less than
one minute. There are more than 50 robots on each welding
bay. The precision of each job is the same so that quality
control problems are reduced, and should improvements be
needed, a slight change to the control program affects the
desired result.

The use of robots on an assembly line seems to be
inevitable and no matter what the task, it now seems possible
that the job can be done by such automated machines. The
human system seems to break down when subjected to the
constant boredom of doing the same task over, hour after
hour, day after day. It was found that in Silicon Valley of
California where chips or integrated circuits are developed
and made, that this type boredom has led to such advanced
human problems as drug usage. That, of course means profit
loss to management in that quality is sacrificed, and integrity
of the firm or plant is jeopardized. That means a loss of buyer
confidence. Again, here, in this type environment and task
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programming will be learned at special schools provide

the user plant or the robot manufacturer. There will be

who will be responsible for moving the robots to desire
workplaces if the robots are the fixed location types. These
persons will coordinate the robot’s work load, and will see to
it that they are productive at their new line locations. Of
course there will be more and more need for robot designers.
These persons who have engineering backgrounds in control
and electronics and mechanical engineering and physics will
obtain very high salaries and find their work challenging and
very productive. Industrial robot use and plant analysis may
be another rewarding career field in which people, sociologi-
cal problems and machinery are all considered together. It is
going to be a long, long time before robots will be able to
repair and adjust and teach themselves much more than very
elementary operations. So they will need lots of care, adjust-
ment and help.

The respected Wall Street Journal has reported that
some factories in which robots are built by other robotic
machines without human control, have been under construc-
tion by some Japanese electronics firms. This has been the
beginning of a deep seated fear of job loss among many people
who are not knowledgeable about such machines. It is en-
tirely feasible to specify, down to the smallest detail, the
parts and layouts and connections of those parts, to make up a
robot, and then to design machines which will do the assem-
bly work so that at the end of the assembly line, a so called
robot will appear, ready to go to work.

Are robots on the increase in industry? Ransberg and
Renault have formed a venture to make and deliver industrial
robots with each system selling at $100,000 to $200,000 each.
It is said that they have invested some 15 million dollars into
this venture. The chairman of the Ransburg Corp. (France)
has estimated that the U.S. market for industrial robots 1s
expected to be in the vicinity of $500 million dollars annually
by 1985.

If there is a process in a factory or plant or industrial
complex which cannot be robotized, it is just because no one
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the master box to the outlet in your remot

tion. You plug-in the devices you wish to control i
modules receptacles and you are ready to operate.

way, don’t do as some do, they plug in lights but forget to u
the switch on. When the signal is sent from the remot
location to energize that light (or whatever), it won’t work,
because its own switch is off. There is a unit made th
interfaces this system to a TRS-80.

In this robotic home concept we must not forget the
possibility of remote control, from some pleasant beach re-
sort to our homes back in our own home town. Yes, it i
possible and feasible when we use a device called a telephone
interface such as is shown in Fig. 13-18.

Looks complex, doesn’t it. It is. But that is no problem to
us. When this is connected so the telephone has an input to it
you can communicate with your home computer from alm
any place in the world. If your telephone system is a
Touchtone phone you can obtain status reports on various
things in the home when you send certain coded groups of
numbers which the computer can recognize and respond to.
For example, you can tell the computer to water your plants,
give you a report on the integrity of your windows and doors,
test the air for smoke or other bad odors, also to play back for
you, any recorded messages which are onfile in the telephone
message recording machine.

With appropriate sensors you might get a report on the
grass height and the dryness of the ground. If the grass needs
watering, then you can tell the computer to water, using the
robotic sprinkling system, for a specified period of time
Imagine also that you found the grass too high, in your status
report. You simply send in a new series of coded numbers and
the computer will order the robot lawnmower into action. It
will cut the grass, following a carefully prearranged routine
path route and then return itself to its garage home or wher-
ever. It could be that in the future all mail will be electronic.
When you query from Hawaii or elsewhere the computer will
tell you to pay such and such bills and ask you if it is all right
for it to issue the checks! Yes, 'tis true, all things are possible
nowdays in our computerized, robotic world.
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(c) Check the availability of the parts needed for each
block of your block diagram. If some parts are not available
then improvise, invent, construct, or change the system in
that block.

(d) Construct breadboards of your circuits and test them,
adjust them and modify them until you get the necessary and
correct operation from each board reliably and repeatably.

(e) Construct models (miniatures) of all moving, working
parts. Check for construction difficulties, needed materials,
and make such changes as necessary to accomplish the end
objective for each unit. Test and adjust each unit.

(f) Construct a full size working model of the robot—
leaving room physically for changes and modifications—
being sure you have easy access to parts and test ports. Check
the operation of each unit and the complete assembly.

(g) Construct the final package which has the desired
shape, size, and appearance you want. Test and adjust it.
Operate it, or let it operate itself. Check for faults and rehabil-
ity. Study it for improvements. Then, have fun!
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Camera-robot interface, 368
Cams, use of, 68
Cartesian coordinate program, 258
Cassette connectors, 155
Central processing unit (CPU), 40
Chain drive system, 86
Chef, robot, 52
Cincinnati Milacron T
Industrial Robot, 112, 116
Cincinnati Milacron T robot, 347
Circuit, conditions of, 128
Circuit, talking, 427
Circuit operation, 411
Circuitry, 98
Closed loop servosystem, 219, 227
Command, 122
Commands in BASIC, 249, 252
Commands in programming, 112
Communication, 110, 261
Communication, languages for, 239
Communication, machine, 110
Communication, robot, 26
Communication between robots, 27
Communication with robot,
two-way, 262
Communication with robots,
rules for, 394
Communications, voice, 57
Communications signals, 274
Communication systems, robotic, 263
Computer, 13, 20
Computer, interfacing with
radio-control mechanism, 96
Computer, the, 365
Computer-control output, 247
Computer interface, 248
Computer languages, 138
Computer memories, 15
Computer programming and, 390
Computers, speed of, 33
Computer uses, 16, 132
Computers for
control of multiarmed robots, 143
Conditional branches, 129
Conditional-branch subroutine, 125
Control, adaptive, 4, 131, 134
Control, magnetic, 425
Control, motor, 105
Control, numeric, 419
Control, remote, 425
Control devices, automatic, 126
Control of robots, 58
Control panel for ASEA robot, 320
Controls, editing, 186
Controls, function, 160
Controls, manual, 156
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Controls, operational, 153

Controls, review 183

Controls in programming, 152
Control switches 313

Control system, 59, 365

Control system, computerized, 113
Control unit, teaching, 117
Coordinate determination vision 362
Coordinates, base 308
Coordinates, rectilinear 33
Coordinate system, 240
Coordination of arm parts, 115
Coordination of robots in groups, 27
Costs, 28, 115 448

CPU, 40

Critical path approach, 450

Critical path definitions, 444

Cyro 5-plus-2 arm robot, 34

D

Data analysis function, 379
Data systems, spacia spatial, 381
Data systems, use of, 135
Data transmission

checking errors in, 430
Deadband, 232
Decision generation, 371
Degrees of freedom. See freedom,

degrees of
Delay intelligence, 24
Design considerations, 60
Design of robots, 134, 461
Determining need for robots, 276
Diagnostic programs, 144
Diagnostics, 25
Digital keyboard, 325
Dimensions of robots 47
Display robots, 74
Distance traveled, controlling, 136
Domestic uses for robots 49-50
Door opener, 65
Drives, types of, 202
Drive unit of ASEA 290
Duplication of actions, 19

E
Elbow joint, robot’s, 193
Electric motor 202
Electric system, all-, 279
Electrohydraul’
Electro-mecha
Employment a
English, Ruly
English langu






Least Squares Optimization,
Wiener's, 134

Light beam, infrared, 65

Limit switches, 145, 198

Linearity, 233

Linear Predictive Coding (LPC), 40

Linkage motion, 296

LISP language, 142

Lord Company, 42

LPC, 40

M
Machine language, 13
Machines, 1

Magnet device, 198
Magnetic control, 425
Malfunctions, 36, 58
Manufacturing problems, 27
Mark IV robot, 54
Mathematic principles for
robot design, 134
Mathematics in robot operation, 18
Matrix eye, 362
Maximum principle of Pontryagin, 134
Mechanical considerations, 47
Mechanics, robotic, 48
Mechanisms, robot, 77
Memory, 15
Memory, loss of in
microcomputers, 309
Microwave motion detector, 68, 71
Mini-Mover 5, 240
Mini-Mover 5 cable operation, 242
Mini-Mover 5, programming the, 253
Mini-Mover 5 teaching program, 257
Mobile robot, 37
Mobile robot, programming, 135
Modifying position, 159
Monitoring of systems, 25
Motion detector, microwave, 71
Motion detector,
Solfan microwave, 66
Motion detector antenna patterns, 68
Motion, in all axis, 151
Motion, rectilinear, 33
Motion, types of, 120
Motions of ASEA, 286
Motions, Versatran arm, 177
Motor, electric, 202
Motor, stepping, 136, 203, 244
Motor components, 92
Motor control, 105
Motor-control circuit, 98
Motors, in robot design, 242
Mountain Hardware
Supertalker system, 427
Movement, schematic, 196
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Multiarmed robot, 142
Multiloop servosystem, 229
Multiplexing, 264

Multiplexing, time division, 265

N
NC machines, future of, 421
Next position number request, 158
Noise, 32
Nuclear inspection, robot use for, 62
Null, 232
Null shift, 232
Numeric control operations, 420

0
Open loop servosystem, 219, 230
Optics control, 355
Optimum response, 135
Optomation system operation, 372
Optomation video system, 367

P

Palletize operation, 145
Parallel servomechanis s, 223
Patchboard, 217
Path control, 67
Path control, computerized, 70
Path programming, 125
Personality, robot, 59
Pert definitions, 444
Phonemes, 399
Piston, 207
Piston-transfer vaive, 210
Planet Corp., 203
Planning a robot, 436
Pneumatic power system, 212
Point to point automatic system, 151
Polaroid Ultrasonic

Ranging System, 412
Position, recording the, 157
Position, setting the, 156
Position sensors, 342
Power, arm, 201
Power of arm, 260
Power of ASEA, 286
Power supply, 49, 82, 201
Power systems, 214
Prab Conveyors, Inc., 145
Precision, 32
Preparation, program, 152
Principle of Optimization,

Bellman's, 134
Problems, detecting, 25
Program erase, 154
Program examples, 186
Programming, 109
Programming, control, 139



Programming, industrial robot
Versatran, 151
Programming, methods of, 139
Programming, mobile robot, 135
Programming, path, 125
Programming procedure,
five-step, 152
Programming robots, 13
Programming robots for
selected chores, 23
Pro rammin rules 152
g [ n er 5, 253
0 ramn ue 154
mp
ams for V
ams sim
te
use code mo u

bot 146
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g system, 41
g system using 1
ri

finit  of
d
dis 1
ind al
o mobile, 37
o, multiarm d
bot, programmi 1
Robot building, who, 424
Robot design, 134, 461
Robot diagram,
computer-controlled, 101
Robotics experimentation, 239
Robot Institute of America The 42
F botnik 2
bot pilot, 2
bots, android, 28
bots, domestic, 45
bots, improving industrial, 353
bots, types of hobby, 423
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Robots in residential uses, 457
Robot system problems, 430
Robot uses, 14, 62
Robot uses, android, 49

S
Safety, 36
Sanyo autofocus system, 417
Schematic symbols, 195
Search function, 131
Search function, robot, 130
Section point, 22
Security, robot use for, 63
Security needs home, 457
Selsyn-type power system, 203
Sensor, tactile, 131
Sensors, 5, 121, 199, 265
Sensors, fiber-optic, 339
Sensors, fixed, 65
Sensors, gripper, 339
S nsors, positien, 342
nsors for diagnostics, 25
r'es servomechanisms, 221
rvo amplifier, 305
Servo Driver unit
electronics schematics, 237
Servomechanism considerations, 218
Servomechanism definitions, 218
Servomechanisms, 32
Servosystems, 219, 227, 229, 301
Shoulder joint, robot's, 192
nal 122
nals, interrupt, 131
i nal transference in
ASEA system, 310
Size of robots, 47
Sociology of robot use, 275
e, 110, 146
ware design, 433
fan 66
nd-ranging system
disadvantages, 413
Sound-ranging system
in robotics 412
Speak and Math machine, 397
Speak and Spell learning aid, 37
Speech, 445
Speech, robotic, 37
Speech, synthetic, 38
Speech chips, 408
Speech circuitry, 402
Speech for robot, 392
Speech recognition
automatic 398
GARCAN robot 7
See also voice recognition system,
400
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