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ABSTRACT

An intelligent robot is a remarkably useful combination of a manipulator, sensors and controls. The use of
these machines in factory automation can improve productivity, increase product quality and improve
competitiveness. This paper presents a disc ussion of recent economic and technical trends. The robotics
industry now has a billion-dollar market in the U.S. and is growing. Feasibility studies are presented which also
show unaudited healthy rates of return for a variety of robotic applications. Technically, the machines are
faster, cheaper, more repeatable, more reliable and safer. The knowledge base of inverse kinematic and
dynamic solutions and intelligent controls is increasing. More attention is being given by industry to robots,
vision an d motion controls. New areas of usage are emerging for service robots, remote manipulators and
automated guided vehicles. However, the road from inspiration to successful application is still long and
difficult, often taking decades to achieve a new pro duct. More cooperation between government, industry and
universities is needed to speed the development of intelligent robots that will benefit both industry and society.

1. INTRODUCTION

Intelligent robots are an ideal, a vision. All one has to do to see the intelligent robot model is to look in a
mirror. Ideally, all intelligent robots move dexterously, smoothly, precisely using multiple degrees of coordinat
ed motion and doing something like a human but that a human now doesn’t have to do. They have sensors that
permit them to adapt to environmental changes. They learn from humans without making mistakes. They
mimic expert human responses. They perform automatically, tirelessly, accurately. They can diagnose their
own problems and repair themselves. They can reproduce, not biologically but by robots making robots. They
can be used in industry for a variety of applications. A good intelligent robot s olution to an important problem
can start an industry and spin off a totally new technology. For example, imagine a robot that can fill your car
with gas, mow your lawn, a car that can drive you to work in heavy traffic, a machine that repairs itself whe n it
breaks down, a physician assistant for microsurgery that reconnects 40,000 axons from a severed nerve.
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Intelligent robots are also a reality. Many are used today. Many more prototypes have been built. A trip to the
Robots and Vision Exhibition in Detroit in 1995 would have let you see high speed spot welding robots, precise
seam welding robots, spra y painting robots moving around the contours of an automobile body, a robot
solving Rubik’s cube, robots palletizing fixed size parcels, robots loading and unloading machines and a new
robot design that could apply 2000 pounds of force to press fit a bear ing. The Robots and Vision show
combined with the Motion Control Exhibition in 1997 and provided even more demonstrations of vision guided
robots locating parts, performing assembly, as well as many welding, and painting and machine loading
demonstration s. A new product for palletizing mixed size parcels was offered for the first time. Many exciting
motion control products were displayed including several multi-axis motion control boards for PC’s.

The components of an intelligent robot are a manipulator, sensors and controls. However, it is the architecture
of the combination of these components, the paradigms programmed into the controller, the foresight and
genius of the system designers, the practicality of the prototype builders, the professionalism and attention to
quality of the manufacturing engineers and technicians, that makes the machine intelligent. For example, one
could take the task of painting a ceiling and just paint it white. Or one could do as Michaelangelo did for the
Sistine Chapel.

Just where is the intelligence in an intelligent robot? It is in the controller just as the intelligence of a human is
in the neural connections of the brain. However, it is only possible to see this intelligence through some action
just as it would not be possible to see intelligence in a comatose human. Where does the intelligence come
from? The control program and architecture provide for real time responses to a variety of situations. If these
responses are intelligent, then the robot appears intelligent.

When are intelligent robots needed? When a task is repetitive such as making a million parts per year,
automation is needed. The most suitable automation may be an intelligent robot. Also, when a task is
hazardous for humans, automation is needed. The best solution may be an intelligent remote manipulator.
Finally, when an industry needs to be internationally competitive in cost and quality, automation is needed.
Again the intelligent robot may play a significant part in the solution.

What are the benefits from using intelligent robots? Robots can do many tasks now. However, the tasks that
cannot be easily done today are often characterized by a variable knowledge of the environment. Location, size,
orientation, shape of the work piece as well as of the robot must be known accurately to perform a task.
Obstacles in the motion path, unusual events, breakage of tools, also create environmental uncertainty. Greater
use of sensors and more intelligence should lead to a reduction of this uncertainty and because the machines
can work 24 hours a day, should also lead to higher productivity. More intelligence could also lead to faster,
easier setups and reduced cycle times. More intelligence should also lead to faster diagnosis of pro blems and
better maintenance for the systems. Finally, there is the fact that to remain internationally competitive, the
best technology usage is required. Waste of human or material resources is too expensive for industry and for
society.

Since this paper is about factory automation, which may not be obviously considered high technology, let us
begin with a few definitions. Intelligence is the most outstanding human characteristic; however, it is still not
totally understood and theref ore has many varying definitions, implied meanings, and levels of sophistication®.
Human intelligence is defined in Webster’s dictionary® several ways. Consider the two following,

1. The capacity to acquire and apply knowledge. This capacity may lead to the ability to learn or
understand or to deal with new or trying situations.
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2. The faculty of thought and reason. This faculty may lead to the ability to apply knowledge to manipulate
one’s environment.

Studies in Artificial Intelligence (AI) attempt to implement the first definition of learning or understanding
usually with a mathematical or computer algorithm. Research in Machine Intelligence (MI) is directed toward
designing new, useful, adaptive machines. Some of the goals of Al are:

Finding new methods for extracting useful information from the environment using sensors.
Developing methods for building, updating, and retaining information from a knowledge base.
Inventing algorithms for utilizing information stored in a knowledge base to make intelligent decisions.
Finding improved methods for translating user needs into a workable software system.

Developing reusable software components that can expand toward an ultimate software system.

Why all the emphasis on computers and Al if we are talking about mechanical robots? Genetic engineering
aside, it is only with computer control that we have any possibility of building an intelligent robot. Any
comparison of the complexities of a hum an arm and a manipulator arm show how little we still know about
arms. The best prosthetics today is poor substitutes for the originals. Also, designing a robot requires the use of
many computer tools such as symbolic computation of non-linear inverse ki nematic and dynamic equations,
simulation of control characteristics, simulation of manipulator motions and interactions, path planning,
obstacle avoidance, self diagnosis, etc.

Robot intelligence implies doing something in the real world and is often taken as the ability of a robot to adapt
to changes in its environment, and possibly to learn from these adaptations. Intelligence is a difficult
characteristic to guarantee in either humans or machines and is not mentioned in either the industry or
standard definition. Intelligence cannot be easily measured. Only in science fiction does one try to defend a
robot gone awry as lacking intelligence. In our world, the designers, manufacturers and users must answer and
often pay dearly for design mistakes and manufacturing flaws.

The Robotics Industries Association (RIA) 3 definition of an industrial robot is: "a reprogrammable
multifunctional machine designed to manipulate materials, parts, tools, or specialized devices, through
variable programmed motions for the performance of a variety of tasks."

The definition according to the International Standard3 ISO 8373:1994(E/F) for a manipulating industrial
robot is: "An automatically controlled, reprogrammable multi-purpose manipulator programmable in three or
more axes, which may be e ither fixed to place or mobile for use in industrial automation applications.

A trend? is: "a general inclination or tendency; a direction of movement, a course, a move in a specified

direction.” A factory?is: "a place where goods are manufactured, a plant.” Automation?is: "automatic
operation or control of a process or system or of equipment; the techniques and equipment used to bring about
automatic operation or control; the condition of being automatically controlled or operated.”
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This paper is a description of trends for intelligent robots for factory automation. The trends will be classified
into two types: economic and technical. Economic trends will be presented in Section 2. Technical trends will b
e described in Section 3. A selected case study is described in Section 4. Finally, conclusions and
recommendations are given in Section 5.

1. ECONOMIC ASPECTS --BILLION DOLLAR MARKET

Recent reports regarding the use of industrial robots are encouraging as shown in the following quotation.

"US-based robotics companies orders and shipments in the first quarter of 1997 surged according
to the RIA. Orders of $300 million, mostly for spot welding applications, were up 43% over the
first quarter of 1996; 3133 robots were shipped, up 45% from 1996. ‘ The growth in orders and
shipments made this the strongest first quarter since we began collecting statistics in 1983, says
Donald A. Vincent, executive vice president of the trade group. While 44% of the robots shipped
last year will be used for spot welding and 24% for material handling, areas like arc welding,
coating, assembly, material removal, dispensing, and inspection are also growing, he says.

Though automotive users continue to dominate the robot business, Vincent says manufacturers
of fabricated metal products and primary metals are beginning to see how the technology can
boost productivity and quality and get products to market faster and cheaper. In short, ‘North
America is one of the world’s hottest robotics markets.” " 4

AGE of REALISM in ROBOTICS

New technologies go through a pattern of usage starting from zero, then increasing perhaps too far, then
coming down then, then reversing and going steadily upward until the reach a downward turn at the end of
their useful period. When a technology is first introduced, we may expect more than it can deliver. This period
has been called the Age of Overexpectation. Following is a period of disillusionment in which less is expected
than the technology can actually deliver. This period is called the Ti me of Nightmare. Finally, reality sets in
and we learn to expect only what the technology can deliver -- the Age of Realism. The industrial robot has now
reached thls age of reahsm The U S has a sohd base of nearly 70 000 successful 1nstallat10ns4—B-readeﬁ-1ﬁg—t-he
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Engineer Application Robot Robot cost Internal rate
of return

Aker Material Fanuc S-800 102,000 114%
handling

Dhumal Spot welding Fanuc S-800 102,000 73%

Henderson Spray painting Fanuc P-100 70,000 37%

Karanth Spray painting DeVilbiss TR- 60,000 106%

4500

Lean Spray painting ABB IRB 5002 110,000 2906%

Noschang Solder machine Fanuc S-700 92,000 49%
loading

Parisca Carton Fanuc S-10 60,000 58%
palletizing

Srivivasa Material Adept 1850 75,000 356%
handling

Ruiz de Silicon wafer Yamaha MXYL 25,000 144%

Luzuriaga material
handling

Shelton Assembly Fanuc S-10 62,000 57%
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Winenger Loading and Adept Three 39,000 284%
unloading
trimmer
Engineer Application Robot Robot cost Internal rate
of return
Brooks Saw blade Fanuc M4101 87,000 40%
cleaning
Damodaran Spot welding Motoman K100 96,380 73%
Delehanty Loading EDM Fanuc S 12 70,000 50%
machine
Deshpande Spray painting Fanuc P-100 70,000 36%
Eswaran Arc welding Motoman K6SB 75,200 114%
Gandhi Tolerance Fanuc S-5 50,000 69%
measurement
Hagenmaier Material Yamaha MRC 40 | 20,000 57%
separator
Harvey Vacuum cleaner | Motoman K30C 85,980 21%
Jackson Inspection Cyber Research 18,981 34%
Gantry with
Remshaw Touch
Probe
Kamuf Tire assembly Motoman SKi120 | 88,980 84%
Motoman K30 77,080
Kelkar Spot welding Kawasaki UZ- 120,000 69%
100
Kumar Frozen food Motoman K 30 C || 59,980 172%
handling
Paramaguru and | Assembly of PCB || Adept 550 30,000 73%
Ramesh
AdeptOne-MV 50,000
Manning Arc welding Fanuc ArcMate 53,640 139%
100
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Pruyn Ultrasonic Staubli 60,000 248%
inspection Unimation RX
90
Rajagopal Dimensional AseaIRBL6/2 75,000 81%
inspection
Riedesel Screw fastening | Panasonic SRA 30,000 183%
Roberts Paper roll Fanuc S-9ooH 170,000 30.2%
handling
Clark GL-541 100,000
Samu Chicken pox Motoman S-6 60,000 56%
vaccine
packaging
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