mainframe computers employed at vari-
ous levels of the plant to perform func-
tions ranging from process control and
data acquisition to data management and
interactive scientific computation (34).
At each level, the computer performs its
own function, reports to and receives
instructions from the level above it, and
receives data from and sends instruc-
tions to the level below it. Microcomput-
ers operate at the local level to control
process loops and extract and display
data. Several microcomputers report to a
single minicomputer, which is responsi-
ble for decision-making for that segment
of the plant. The minicomputer may also
be responsible for tracking, analyzing,
and reporting results for analytical sam-
ples. The number of tiers will depend on
the number of tasks to be performed and
how the work load is to be distributed.
At the highest level; a large computer
receives data from the minicomputers
and performs scientific and business
computing functions. This multitiered
approach minimizes the effects of shut-
down of any single component, provides
stand-alone capabilities for alarm check-
ing, and provides a clear path for modu-
lar system expansion.

Modern refining control systems (35,
36) tend to replace the traditional control
panel and analog displays by operator
consoles with cathode-ray tubes: Pro-
cess units now have standard control
packages, including start-up and shut-
down procedures.
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Computers in Manufacturing

While the United States remains
among the most productive nations in
the world, other industrialized countries
are quickly closing the gap. In Japan
manufacturing productivity is currently
growing at the rate of 4.1 percent a year.
France and Germany have manufac-
turing productivity growth rates of 4.9
and 5.0 percent a year, respectively.
Meanwhile, in the United States the rate
of growth in manufacturing productivity
has fallen sharply. From 1969 to 1973,
output per man-hour increased at a com-
pound rate of 2.9 percent. From 1973 to
1979, the gains dwindled to 1.6 percent a
year (I).

In the United States the program to
significantly reverse this productivity
pattern must rely on the continued devel-
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opment of advanced technology and its
application. Perhaps the most important
element in this reliance on innovation is
increased factory automation and a
growing use of computers and micro-
processor technology in manufacturing.
Today, we are on the technological and
sociological edge of a dramatic increase
in the use of computers in our factories.
This will have a profound impact on the
nation’s productivity growth in the next
decade.

Within the next 10 to 15 years, four
evolutionary trends will meet on the fac-
tory floor: (i) the increasing power and
simplification of computers, (i) a wide-
spread appreciation of the practicality
of computerized manufacturing and ro-
botic applications, (iii) a new realization
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of the impact of computers on people
and of people on computers, and (iv)
a growing awareness of the urgent need
for manufacturing innovation in our soci-
ety.

Many computerized factory systems
exist today as islands of automation. The
immediate task of the scientific and tech-
nical communities is to use the increased
power and simplicity of computers to
link these elements into an integrated
system. Making use of low-cost comput-
er hardware to perform more and more
jobs will make such an integrated factory
system economically viable.

Some difficult technical problems re-
main. We must develop generally ac-
cepted, standardized interfaces between
computerized design engineering and
computerized manufacturing, between
individual machines and machining cen-
ters, and between computers and the
people using them. We must also refine
the present state of application technolo-
gy and reduce the cost of the factory
automated system through the increased
use of computers. Advances in factory
automation are dependent on advances
in computer technology.

The author is Manager of Technology, Industry
Automation Division, Westinghouse Electric Corpo-
ration, Pittsburgh, Pennsylvania 15203.
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Computer Evolution

The technological changes in the com-
puter field during the past several years
clearly equal any technological change
that has occurred in our society over the
past 100 years. The introduction of high-
performance, low-cost microprocessor
and storage technology has dramatically
improved and enhanced the functions
and capabilities of computer software
and hardware. With today’s increased
power, manufacturing computer systems
can be made more adaptable to the man-
ufacturing environment, thus cutting
systems engineering costs and time per
installation. .

The cost of computer hardware itself
has been steadily declining. This trend
will continue with the introduction of
new technologies such as very high per-
formance microprocessor chips based on
very large scale integration (VLSI). On
the other hand, the cost of the human
and software resources for systems engi-
neering and programming has gone up.
In 1955, 85 percent of the total cost for
processing information was hardware. It
is estimated that by 1985 hardware will
account for only 15 percent of this total
cost. To improve manufacturing produc-
tivity we must reverse this trend by
optimizing the use of our human re-
sources and take advantage of the in-
creased computer power and reduced
hardware costs (2).

The need to make increased use of
available computer power is heightened
by the decline in available technical man-
power. The National Science Founda-
tion found the annual growth rate of
scientific and R & D personnel between
1954 and 1969 to be 5.9 percent. Some
556,000 employees were involved in
technical work in 1969, but the number
fell to 517,000 in 1973 and then grew to
only 610,000 by last year—a rate of only
2.8 percent annually (7).

The increased capability of computer
technology and broad availability of
application software packages, including
the expanded use of problem-oriented
languages and database software, can
reduce the cost of program development
and maintenance by a factor of 10. The
graphics capabilities of engineering com-
puters can link integrated design and
drafting systems to manufacturing sys-
tems. With these ‘‘user-friendly” ap-
proaches to provide a bridge between
man and computer, the user can interact
directly with the manufacturing system
without traditional interfaces and jargon-
heavy manuals.

Computers and the applications they
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Fig. 1. Industry automation, CAD/CAM uni-
fies the range of advanced computer technolo-
gies in the factory.

Automated
material
andling

support can now be considered for func-
tions or activities that only recently were
impractical. The opportunity for the ap-
plication of this technology, for all prac-
tical purposes, is unlimited.

Manufacturing Automation

Advances in the two primary elements
of factory computerization—computer-
aided design (CAD) and computer-aided
manufacturing (CAM)—will create a
new industrial revolution. By integrating
design with manufacturing, we can not
only turn out new product designs much
faster but also program the computer to
make sure the designs provide quality
and reliability as well as the lowest possi-
ble manufacturing costs. CAD/CAM is
the integrated use of advanced computer

mation, and cost factors. The end result
is greater design flexibility and what is
referred to as designing to cost.

The CAD functions can be grouped in
four categories: design and geometric
modeling, engineering analysis, kinemat-
ics, and drafting.

1) In design and geometric modeling,
the designer describes the shape of a
structure with a geometric model con-
stucted graphically on a cathrode-ray
tube (Fig. 2). The computer converts this
picture into a mathematical model,
which is stored in the computer database
for later use. Many other design func-
tions depend heavily on the model. It
can, for example, be used to create a
finite-element model for stress analysis,
serve as input for automated drafting to
make a drawing, or be used to create
numerical control tapes for the factory.

2) After the geometric model has been
created, the engineer can easily calculate
such things as weight, volume, surface
area, moment of inertia, or center of
gravity of a part. But the most powerful
method of analyzing a structure is proba-
bly finite-element analysis. In this tech-
nique, the structure is broken down into
a network of simple elements that the
computer uses to determine stresses, de-
flections, and other structural character-
istics. The designer can see how the
structure will behave before it is built
and can modify it without building costly
physical models and prototypes. This
procedure can be expanded to a com-
plete systems model, and the operation
of a product can be simulated.

Summary. Computers are now widely used in product design and in automation of
selected areas in factories. Within the next decade, the use of computers in the entire
spectrum of manufacturing applications, from computer-aided design to computer-
aided manufacturing and robotics, is expected to be practical and economically jus-
tified. Such widespread use of computers on the factory floor awaits further ad-
vances in computer capabilities, the emergence of systems that are adaptive to the
workplace, and the development of interfaces to link islands of automation and to

allow effective user communications.

technology in engineering and manufac-
turing (Fig. 1). It is a common database
of part and product geometry and related
information which makes it easier to
translate a creative idea into a final prod-
uct at a reduced cost.

With CAD, a user can define a part
shape, analyze stresses and other fac-
tors, check mechanical actions, and
automatically produce engineering draw-
ings from a graphics terminal. When
CAD is combined with the CAM system,
the user can also manipulate nongraphic
data such as bills of material, shop infor-

3) With computer kinematics, the user
can examine the effects of moving parts
on other parts of the structure or design
and analyze more complex mechanisms.

4) Finally, the CAD system automati-
cally drafts drawings for use in manufac-
turing.

Computer-aided design is a good ex-
ample of the transition of expensive,
state-of-the-art computer technology to
a commercial, economically justifiable
system. Recent advances in CAD tech-
nology have increased the productivity
and effectiveness of design engineering
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Fig. 2. Computer-aided design. Graphic design already makes extensive use of the computer’s
ability to simulate complex activities.

groups. Such systems will be even more
common in the next 5 to 10 years.

Manufacturing groups can draw on the
geometric and numerically coded de-
scription produced by CAD to create
numerical control tapes, which allow di-
rect computer control of shop machines,
determine process plans and scheduling,
instruct robots, computerize testing, and
in general improve the management of
plant operations.

Computer-aided manufacturing has
five main functions: tool design, machine
control, process and materials planning,
robotics, and factory management.

1) Manufacturing engineering and tool
design deals with the machines and fix-
tures needed to make a new product. In
effect, the set of machines, tooling, and
fixtures is a new product, and all the
techniques of CAD are used in fashion-
ing it. The CAD techniques are then used
to simulate plant operation and the inte-
gration of machines and materials han-
dling.

2) Machine automation consists of a
chain of increasingly sophisticated con-
trol techniques. At the lower end of the
spectrum are fixed automation with re-
lays or cams and programmable control-
lers, where relays have been replaced by
electronics. Moving up the spectrum,
numerical control (NC) refers to control-
ling a machine with prerecorded, numer-
ically coded information to fabricate a
part. In this case, the machine is hard-
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wired and not readily reprogrammed. In
computer numerical control (CNC) the
machine is directly controlled by a mini-
computer, which stores the machining
instructions as software that is relatively
easy to reprogram. Because of the com-
puter control, CNC has the advantages
of much higher storage capability and
increased flexibility. Virtually all numer-
ical control is computer-based, yet only
10 years ago CNC was an expensive
exception.

3) Process planning considers the de-
tailed sequence of production steps from
start to finish. The process plan de-
scribes the state of the workpiece at each
work station. An important element in
process planning is group technology, in
which similar parts are organized into
families to allow standardized fabrica-
tion steps; this permits significant sav-
ings by avoiding duplicate tooling and
systems engineering. Most automated
process-planning systems use a retrieval
technique based on part families and
existing databases for standard tooling
and fabrication processes. Materials
planning or manufacturing resource
planning is concerned with the precise
flow and timing of manpower, materials,
and processes; it is a detailed look at
how everything comes together. The ul-
timate goal is to have continuous use of
all production equipment, no bottle-
necks, and a minimum inventory.

4) Because they are widely applica-

ble, robots have a distinct advantage
over specialized, highly engineered man-
ufacturing systems. The economic ad-
vantage of a mass-produced, readily
adaptable robot over a one-of-a-kind sys-
tem with a great deal of engineering
content is obvious. Robots are now be-
ing used to perform materials-handling
functions in CAM systems. They can
select and position tools and workpieces
for NC or CNC tools, operate tools such
as drills and welders, or perform test and
inspection functions. Through visual or
tactile sensors, the robot can manipulate
objects. Through its computer intelli-
gence, it can inspect the object and pro-
vide the machine with corrective feed-
back or actually reprogram the machine
or change the tooling.

5) Factory management coordinates
the operations of an entire plant. Factory
management systems tie together indi-
vidual machine .tools, test stations, ro-
bots, and materials-handling systems
into manufacturing cells and the cells
into an integrated whole. An integrated
CAM system of this sort is usually hier-
archical, with microprocessors handling
specific machining functions or robot
operation, middle-level computers con-
trolling the operation and work schedul-
ing of one or more manufacturing cells,
and a large central computer controlling
the overall system (3).

Reliability is greatly improved by
structuring the control system correctly.
Local, distributed control (with defined
responsibilities) reports up to a supervi-
sory control that, in turn, is linked to a
managerial computer. This parallels the
structure of the typical industrial organi-
zation.

Ultimately, the digital output from the
CAD computer will be simply plugged
into the CAM system to reprogram the
plant’s manufacturing computers. In
such an integrated system, the databases
will be organized in a way that avoids
redundancy and reformatting of informa-
tion. And any change in one part of the
system will automatically revise depen-
dent or related information in other parts
of the system.

Bridging the CAM and CAD systems
will be one of our major jobs in the
future. A fundamental difference that has
to be reconciled is that CAD makes use
of a pictorial, graphics-oriented comput-
er database while CAM involves a great
deal of text-oriented information. In oth-
er words, we need to find a way for the
computer doing the drawing to speak the
same language as the computer directing
the manufacturing plant.

Layering is one way to link these
systems. Layering is a particular tech-
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nique for structuring the CAD and CAM
databases. It enables various people to
input data without losing control of the
overall design and manufacturing pro-
cess. Equally important, it enables shop
people to see information that is mean-
ingful to them without having to sort
through and understand the rest of the
information that is normally included in a
drawing.

To do this, all information is organized
in an arrangement resembling layers, or
slices, inside the database. The engineer
or users in other departments of an orga-
nization can provide pertinent informa-
tion or examine any or all layers of
information according to their particular
needs. As an example, a printed circuit
board may have 250 to 300 layers of
information. A manufacturing engineer
inputs layers of information that deal
with fabrication and assembly. In turn,
machine operators concerned with the
details of the drilling and cutting config-
uration may access layers dealing with
this part of the drawing. Other layers
provide information pertinent to the
needs of the purchasing department or
component assemblers.

Another major effort to integrate com-
puter systems is an Air Force program
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called ICAM (integrated computer-aided
manufacturing). This is a practical at-
tempt to greatly shorten the time span
for the implementation of compatible
and standardized computer-manufactur-
ing techniques and to provide a uni-
fied direction for industry. The ICAM
program provides seed money for the
establishment, within private industry,
of modular subsystems designed to com-
puterize and tie together various phases
of design, fabrication, and distribution
processes and their associated manage-
ment hierarchy. As appropriate, these
mutually compatible modules will be
combined to demonstrate a comprehen-
sive control and management package
capable of continual adjustment as pro-
duction needs and the state of the art
change.

The ICAM program is divided into five
major parts:

1) Defining the manufacturing archi-
tecture. This permits a concentration on
problems of generic scope and wide ap-
plicability as the basis for later projects
in integration, support, and application
systems and demonstrations.

2) Developing integration methodolo-
gy. This activity provides a bridge be-
tween industry and ICAM for the trans-
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fer of ICAM technology for the integrat-
ed factory of tomorrow. The projects
addressed include establishing factory
simulation techniques, ICAM implemen-
tation techniques, configuration manage-
ment, modeling tools, software integra-
tion simulation, automated systems engi-
neering methodology, and various sys-
tem analysis and design capabilities.

3) Establishing support systems. This
is concerned with the portion of the
ICAM system involving computer opera-
tions, including both software and hard-
ware and both operational and manage-
rial aspects of computerized manufac-
turing.

4) Establishing application systems.
This includes such items as manufac-
turing cost and design guides, the design-
manufacturing interface, manufacturing
standards, group technology concepts,
and scheduling and process planning.
Under an ICAM contract, tie National
Bureau of Standards considered stan-
dards in computer communications, lan-
guages, and networks to identify poten-
tial conflicts within an integrated manu-
facturing environment. Other areas of
concern include robotics, prototype inte-
grated production cells, integrated mate-
rials-handling and storage systems, and
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integrated manufacturing control and
material management,

5) Demonstrating the ICAM program.
The ultimate goal in ICAM is the use of
totally integrated manufacturing systems
by industry in the completely automated
factory (Fig. 3) (4).

Robotics

The problems encountered in trying to
integrate advanced computer concepts,
new manufacturing technologies, and the
shop floor are clearly evident in the
evolution of robotics. Robots are classi-
fied according to the way we provide
them with information and the amount of
self-adaptability they possess. The most
comprehensive categorization of robots
is provided by Japan’s Industrial Robot
Association (5):

1) Manual manipulators are worked
by an operator.

2) A fixed-sequence robot has a ma-
nipulator that repetitively performs
successive steps of an operation accord-
ing to a predetermined sequence which
cannot be easily changed.

3) A variable-sequence robot is simi-
lar to the fixed-sequence robot except
that the set information can be easily
changed.

4) A playback robot reproduces, from
its computer memory, operations that
were originally executed under human
control.

5) An NC robot is a manipulator
whose tasks are programmed by using
numerical control tapes or cards.

6) An intelligent robot, using sensory
perception, detects changes in the work
environment and proceeds accordingly,
using its decision-making capability.

Industry today is focusing on the de-
velopment of NC and intelligent robots.
There has been a growth in the number
of firms that manufacture and sell such
robots which is reminiscent of the prolif-
eration of minicomputer companies in
the 1960’s.

Basically, robots are microprocessor-
controlled mechanical devices that per-
form a function or provide an intelligent
interface between machines and process-
es. They can be intelligent enough to
make on-the-spot manufacturing ‘‘deci-
sions.”” But for robots to become practi-
cal, we must reduce their size, mechani-
cal complexity, and installed cost—pri-
marily through the expanded use of com-
puter and control technology.

Robots can duplicate human manip-
ulative skills with accuracy and preci-
sion. Their flexibility and versatility, as
opposed to hard automation, make ro-
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bots ideally suited to the kinds of small
batch jobs that constitute the bulk of
industry’s manufacturing activity. To-
day, robots are freeing people from jobs
that present serious health hazards, are
mundane, or are highly repetitive. In
most cases their use is justified for non-
€conomic reasons,

In the United States industry has been
slow to adopt robotics. This reluctance
appears to be due primarily to the large
initial investment and the general avail-
ability of relatively inexpensive manual
labor. Why install a $100,000 or $150,000
robot to perform a $25,000-a-year job?
Also, the majority of today’s robots are
monsters: bulky, unwieldy mixtures of
hydraulic and mechanical contraptions
with a machine tool heritage.

This situation is changing. Robots are
becoming more streamlined and, when
they are manufactured in large quanti-
ties, will rapidly decline in cost. Many
technologically innovative firms are en-
tering the business. Equally important,
system engineering, which represents as
much as two-thirds of the cost of a
robotic application, is being greatly re-
duced. It is not difficult to imagine that in
a short time the cost of a typical robotic
system will be paid back in 1 or 2 years.
In the next decade the cost of a robot is
likely to be down to $10,000 to $20,000,
while skilled labor costs might easily be
$25 or $30 an hour. When this economic
threshold is reached, there will be a
virtual flood of robotic applications.

When this happens, robots will play an
important part in the totally integrated
factory of the future. Most of our plants
will have a direct numerical control su-
pervisory computer that coordinates the
activities of several NC and CNC ma-
chines or hardwired machining centers
and robots and connects all the machines
into a system. The robot interface will
handle the transfer of material and, with
newly developed sensory capabilities,
will also perform the in-line inspection of
parts. For the near future, however, our
factories will be some particular mix of
machines, robots, and people that makes
the most economic sense.

Eventually—in a decade or so—robots
will fill a void in the supply of skilled
labor. There has been a shift in the labor
force from blue-collar to white-collar
workers and from production jobs to
service jobs. Currently, about two-thirds
of our work force and 83 percent of all
college graduates are employed in a ser-
vice-related activity. The total service-
oriented labor force is expected to in-
crease by 20 percent in the 1980’s—to
about 85 million people. This shift to a
service economy, coupled with the slow-

down in the growth of the U.S. popula-
tion, suggests that many businesses will
find factory labor in short supply; this is
already the case in Sweden today.

At a leading university in Japan, there
is a robot with human-type hands and
legs, TV-camera eyes, artificial ears and
mouth, and with touch and joint sensing,
These technologies are combined to pro-
vide the robot with some of the capabili-
ties of a 2- or 3-year-old child. For exam-
ple, when ordered to fetch an item in the
room, the robot looks around the room
and finds the article, walks to it, picks it
up, and brings it back. If the robot does
not understand a command, it speaks up.

Such robots are essentially showcase
examples; they are not appropriate for
the majority of industrial applications. In
fact, a universal person-like robot would
make little sense except for very limited,
specialized applications. At present, the
major applications for robotics are in arc
welding and material transfer. In the
future, the major application will be in
assembly. Artificial intelligence is a
worthwhile goal, but for the moment
industry has more than enough applica-
tions for “‘dumb’’ robots. Employment
of robots in these applications is actually
limited by the extensive engineering re-
quired to put them to use,

It is estimated that by 1990, two-thirds
of the robots sold to industry will be off-
the-shelf, modular units rather than spe-
cially  designed systems. Looking at
automated systems generally, by the end
of the decade, 30 percent of our systems
will consist of hard automation, about 20
percent will be adaptive control, and the
remaining 50 percent will be systems of a
universal programmable nature.

Respondents to a study conducted by
the Society of Manufacturing Engineers
ranked the technical and performance
barriers constraining the rapid utilization
of robots in U.S. industry (6). The lead-
ing technical barriers were mechanical
manipulation, vision systems, tactile
systems, sensory systems, program-
ming, and control systems. The primary
performance barriers included accuracy,
speed, and the ratio of capacity to size.

Robots will have a much greater im-
pact in manufacturing when their total
installed cost is reduced and they are
more easily programmed. As with CAD
and CAM systems, the most difficult
thing about putting in a robot is interfac-
ing it with the factory-—both the ma-
chines and the people.

Research today is focused on the de-
velopment of (i) equipment that will
make greater use of computer technolo-
gy to cut the cost of systems engineering
and power electronics, improve servo-
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motor technology, and rapidly move
from hydraulics to electrics and (ii) sen-
sors that will enable robots to perform
more reliably and with greater precision
and adaptability.

A good overview of sensor types has
been provided by Bejczy (7):

‘“The nonvisual sensor information is
used in controlling the physical contact or
near-contact of the mechanical arm/hand
with objects in the environment. It is
obtained from proximity, force-torque,
and touch-slip sensors integrated with
the mechanical hand. These sensors pro-
vide the information needed to perform
terminal orientation and dynamic com-
pliance control with fine manipulator
motions. . . .

‘““Terminal orientation and dynamic
compliance control are essential and in-
tricate elements of manipulation. Soft
and adaptive grasp of objects, gentle
load transfer in emplacing objects, as-
sembling or disassembling parts with
narrow tolerances, and performing geo-
metrically and dynamically constrained
motions (like opening or closing a latch
or fitting two parts together) are typical
examples of manipulator control prob-
lems that challenge both sensor and con-
trol engineering. . . .”’

Vision systems close the control loop
and allow the robot to interact in a
dynamic, changing environment. A sec-
ond use of vision will be for the critical
inspection of the batch-produced parts.
The position and orientation of the part
can be used in advanced automation
systems to direct a robot manipulator to
pick up the part for an assembly or
transfer operation.

The Robotics Laboratory at Westing-
house is working on state-of-the-art ap-
plications in many of these areas. Sys-
tems and development engineers are
working on the integration of controls,
tooling, processes, computer, and other
elements of the automated factory. Spe-
cialists in robotics are concentrating on
developing and applying high-speed vi-
sion systems, tactile and force feedback
sensors, high-performance electric servo
systems, adaptable programmable as-
sembly techniques and computer con-
trol, and artificial intelligence.

One of these projects is called APAS
(automated programmable assembly sys-
tem). Funded in part by the National
Science Foundation, APAS is a pilot
program in which robots are used to
assemble components into the end bells
of the Westinghouse line of fractional-
horsepower motors. It is a development
project intended to transfer newly devel-
oped technology to the factory. The frac-
tional-horsepower motors are currently
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Fig. 4. Section of the
APAS assembly line.
A robot with an ad-
vanced vision system

quickly performs a
complex  assembly
operation (8).

assembled in batches averaging 600 units
at a time. There is a 20-second assembly
time per motor to put together 30 differ-
ent parts, and there are 13 changeovers a
day to handle 450 different motor styles.

The first section of the line (Fig. 4)
puts parts on the motor end bells. To
start the 15-second subassembly opera-
tion, a vision system in conjunction with
a five-axis PUMA (programmable uni-
versal machine for assembly) robot in-
spects the end bells to make sure they
are the style currently being assembled.
The end bell is then oriented and placed
on a pallet. The next step in the assembly
is the insertion of the uppermost compo-
nents: a thrust washer, a bearing cap,
and a felt washer. An auto-place robot
picks up the parts and loads them onto
an anvil. The end bell is moved into the
station, and the parts are passed on. At
the same time a semisolid lubricant is
injected.

At the next station, four screws, a
plastic plug, and a contact point are
inserted. Following this there is a com-
plicated assembly procedure. In order to
assemble all the different styles of end
bells, several styles of certain parts are
required. More precisely, six styles of
mounting rings and three styles of dust
caps are needed. Programmable feeders
are used to accomplish the feeding and
orienting of all these parts. At this sta-
tion, a PUMA robot picks up a mounting
ring, dust cap, and felt washer on an oil
finger from the programmable feeder and
places them on an insertion device,
where they are fitted onto the end bell.

At the final station, a vision system
and a PUMA robot are used to perform
the final inspection of the end bell, pick it

TV camera

End bell

up from the pallet, and remove it from
the system.

The computer control and sensory
parts of APAS are the most revolution-
ary elements of the application. A dis-
tributed microprocessor system is need-
ed to handle many simultaneous tasks in
the short 15-second assembly time, and a
visual sensory system is required to pro-
vide orientation and feedback (Fig. 5).
One master microprocessor controls the
entire system. Under its control are
three types of smaller microprocessors
for vision control, local process control,
and robot path control. All these control-
lers work in conjunction with the master
computer to coordinate the inspection
and assembly procedures. The vision
system on this project recognizes ran-
domly oriented parts on an assembly line
after a multipass learning cycle con-
trolled by an operator. It can also be
used to rotate the part to any given angle
@®.

Fostering Innovation

The technology exists in many parts of
the world to achieve significant advances
in many areas of factory automation.
Many European countries are working
on numerical control, process planning,
and group technology approaches rather
than the graphics approach emphasized
in the United States. They are well ad-
vanced in integrating CAD and CAM
systems.

In Japan, major advances are achieved
through the efforts of the Ministry of
International Trade and Industry (MITI).
For example, hundreds of millions of
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dollars and some of the finest minds in
business and universities are being ap-
plied to the task of developing a fourth-
generation computer. Another example
is a $60 million government-funded proj-
ect to develop a flexible machining sys-
tem. This system will use high-energy
lasers to manufacture small batches of
machined parts with assembly line effi-
ciency. The project involves more than
500 engineers from 20 Japanese compa-
nies, and it could revolutionize much of
manufacturing.

MITI makes use of Japan’s homogene-
ity and organizational milieu. It would be
inappropriate for the United States to
adopt the same methods to foster manu-
facturing innovation. However, we must
recognize the urgency of the problem.
The United States is one of the few
major industrialized nations in the world
without a significant coordinated indus-
try-government-university program di-
rected at improving manufacturing tech-
nology. We need a national strategy for
productivity improvement that brings to-
gether government, business, labor, and
academia in a cooperative, rather than
adversary, relationship. We will have to
remove many of the disincentives to
innovation and find new ways to capital-
ize on our diversity and our proven cre-
ative and inventive abilities. Just as
MITI capitalizes on Japan’s homogene-
ity, we must find new ways to foster,
encourage, and channel our innovative
diversity.

At present, Westinghouse is working

with the National Science Foundation
and the universities of Rhode Island,
Florida, and Wisconsin on technology
development programs. Along with the
Robotics Institute of Carnegie-Mellon
University, we are developing ‘‘seeing,”
“feeling,” and ‘‘thinking’’ robotic sys-
tems for several of our factories. We are
also very interested in the Air Force’s
ICAM program to coordinate sophisti-
cated design and manufacturing tech-
niques now used by industry on a piece-
meal basis. This program attempts to
integrate design, analysis, fabrication,
materials handling, and inspection and
to develop hardware and software dem-
onstration manufacturing cells in select-
ed aerospace plants.

Human Factors Engineering and

Sociological Impact of Automation

The easier it is for people to use com-
puters, the broader will be their applica-
tions in manufacturing. We are moving
away from the airplane-cockpit ap-
proach, with rows of complex devices,
to create simple computer tools. Com-
pare the ease with which we use personal
computers today with the way we ap-
proached computers in the early 1970’s.
The same changes will occur in manufac-
turing.

The computer has three language lev-
els: machine language, programming lan-
guage such as COBOL or FORTRAN,
and user interface or problem-oriented

PUMA TV
robot camera
I
PUMA CRT XYZ
controller terminal } scope
|
[ ; Fig. 5. Distributed micro-
| i processor system used to con-
' l trol an APAS robot (8).
L PDP-11/03 Vision
minicomputer preprocessor

PUMA
training
box
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language. Designing the computer so
that it can be quickly used by someone
familiar with a problem-—but not with
computers—is the most difficult of all
programming tasks. Today, computers
“‘converse’’ with users in pictures, in
ladder diagrams, or in the secretarial
language of word processing. Voice rec-
ognition systems will free workers’
hands to perform other tasks and make it
even easier for them to use computers.
In the future, when research efforts be-
gin to pay off in systems with some
understanding of natural language and
with ‘‘commonsense,”” communications
with computers may become as simple
as talking to a 3-year-old.

An important area of concern in manu-
facturing is worker safety. Automated
systems and robots must be able to work
side by side with humans. Major devel-
opments are taking place in the sensor
area, particularly with proximity detec-
tors and ultrasonic sensors, to make ro-
bots more suitable for inclusion in exist-
ing factories.

The application of automated systems
in manufacturing will have several major
affects on the people involved in produc-
tion. It will make our jobs more interest-
ing and challenging, it will enhance job
security, and it will multiply the produc-
tivity increases.

Workers today are looking for greater
job satisfaction through greater involve-
ment and increased sophistication. New
technologies provide this added dimen-
sion to the workplace. For instance,
draftsmen use CAD today to perform
work that was normally performed by
engineers just 5 or 10 years ago. Engi-
neers, in turn, are freed to delve into
even more technically sophisticated ar-
eas. As a peripheral advantage, the criti-
cal need for technical manpower is par-
tially satisfied.

To manage technological change, we
must manage our human resources bet-
ter. For example, we must commit our-
selves to ensuring that none of our work-
ers are laid off because of technological
changes, as long as they are willing to be
retrained and accept new job assign-
ments. Our experience at Westinghouse
has been that employees displaced by
robots normally move up to better, more
challenging work. We should also re-
think who can do what job. For instance,
there is a tremendous potential for pro-
ductivity improvement if the person who
knows the machine better than anyone
else also has the skills to program the
machine while it is working on another
job and the skills to debug the programs
on the spot.

In Westinghouse, by putting the pro-
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grams for people first, we expect to
multiply the productivity improvements
that are gained through technology and
capital investments. With participative
management, for instance, employees
welcome advanced technology because
they feel in charge of it. Only when these
programs are in place will we emerge
from the showcase and token automation
phase that manufacturing is presently in.

Today, scientific work in the applica-
tion of computers to factory automation

is in the embryonic stage. We are on the
verge of seeing the cost of NC, CNC,
and robotics become low enough for
these systems to be economically justifi-
able for many more applications. The
cost will continue to decline as applica-
tion problems are resolved and the com-
puter becomes an understood and re-
spected partner in the manufacturing
environment. When this happens, our
nation’s productivity will be greatly en-
hanced.

Japan-U.S. Competition:
Semiconductors Are the Key

The United States continues to domi-
nate world trade in electronics. In 1980,
the U.S. balance of trade surplus in
electronics was $6.8 billion on exports of
$20.1 billion and imports of $13.3 bil-
lion—up 38 percent from the previous
year (Table 1) (). In bilateral trade with

John Walsh

key constituent of the smart machines of
tomorrow.

Governments of industrial countries
are increasingly acting on the view that
maintenance of a viable electronics in-
dustry is essential to economic well-
being and military security. Several

Summary. Japan appears to have achieved a breakthrough with its success in
selling the 16K random access memory chip. The rivalry between Japan and the
United States over integrated circuits could make the 1980’s crucial years in the
contest for the lead in the world electronics trade.

Japan in 1980, however, the United
States imported nearly $4 billion more in
electronics than it exported (Table 2).
And trends in Japan-U.S. trade have
given rise in this country to concern that
the long-held American lead in the high-
technology sector of electronics is erod-
ing. The perception is growing here that
what is at stake is not simply first place
in a rapidly expanding international mar-
ket, but world primacy in technology.
What prompts this view is the phe-
nomenon, described in this issue, of the
widening application of microelectronics
to manufacturing and communications
and to the infusion of information tech-
nology into virtually every aspect of
commerce and technology. In this dec-
ade, a decisive contest is foreseen be-
tween Japanese and American industry
for superiority in integrated circuits, the
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Western European countries are follow-
ing the example of Japan in fashioning
national policies designed to assist their
electronics industries to achieve compet-
itive positions in world markets.

The rivalry in electronics is occurring
against a background of inflation, reces-
sion, and unemployment in Western in-
dustrial nations. In the United States,
microelectronics is seen as offering an
effective counter to declining technologi-
cal innovation and industrial productivi-
ty. At the same time, however, there is
apprehension that microelectronics-driv-
en automation will cause greater loss of
jobs and social dislocation. For all these
reasons, protectionist sentiment toward
foreign trade is mounting in the United
States and Western Europe.

Protectionist feeling in this country is
directed most strongly against Japan; the
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United States faces an expected trade
deficit of $28 billion overall for 1981 (2)
and a deficit of $15 billion in trade with
Japan. Resentment is sharpened by a
general perception that Japan has used
tariff and nontariff barriers to shelter its
own industry.

While trade relations are receiving
considerable notice, the broader dimen-
sions of the Japanese challenge are at-
tracting attention in industry and govern-
ment; comparisons are increasingly be-
ing made of the structure of industry,
financial systems, and social organiza-
tion in the two countries.

Supremacy in microelectronics is
equated with the holding of a command-
ing position in the sales of semiconduc-
tors and computers. The United States
retains a world lead in both categories.
The Japanese, however, have recently
won a round in the semiconductor com-
petition that some informed observers
see as presaging the kind of success they
scored earlier with textiles, footwear,
steel, shipbuilding, consumer electron-
ics, and, most recently and conspicuous-
ly, automobiles.

Breakthrough for Japan

The Japanese surge came with sales of
the 16K random access memory (RAM)
chip, widely used in multiples for com-
puter memories. The 16K RAM was
introduced by American companies in
the mid-1970’s, but the supply of Ameri-
can-made 16K chips fell short of de-
mand. Opinion is somewhat divided on
why the shortfall occurred. Some ob-
servers attribute it to an underestimate
of demand. Others note that unexpected
difficulties in production were encoun-
tered. A more general view, however, is
that, in the recession that followed the
oil crisis of 1974, U.S. industry failed to

The author is a member of the News and Com-
ment staff of Science.
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