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The Robot Abstraction

Until now, matching robots to specific industrial tasks has been
done by trial and ervor, requiring the creation of expensive
prototypes. Recent advances at the General Motors Research
Laboratories have produced a computer system that can be used
not only to select the right robot, but also to program it to
perform the task in the most efficient way.

Robot Task

Fi iﬁlure I: Two-dimensional overhead view of a
robot task— the straight path trajectory of a solid.

Fi xgre 2: Three-dimensional illustration of the
robot work cell layout, showing reach capability
Jor the task in Figure 1. Areas of color show
total reach as well as the joint limits stored in

the robot model.

I HE DECISION to use robots
to automate a manufacturing
facility introduces the need for more
decisions. There are several dozen
kinds of robots, each with different
capabilities. Thus far, choosing the
right robot for a given set of tasks
has been largely a manual process,
involving great expenditures of
time and money. By combining
previously separate disciplines in
a single computer system, two
General Motors researchers have
made the introduction of robots to
the factory floor a more rational,
less costly undertaking.
RoboTeach is the first com-
puter system which integrates
robotics, solid modeling, and sim-
ulation. It was designed and devel-
oped by Dr. Robert Tilove and Mary
Pickett, both members of the Com-
puter Science Department.

The use of powerful program-
ming languages for manipulating
robots is a major new development
in the discipline of robotics. The
languages specify desired robot
motions, but they have no way of
describing the robot’s environment.
Hence, they cannot automatically
take into account physical obstacles
or anticipate collisions. With only
robot programming languages at
one’s disposal, assuring proper
interaction with the environment
requires testing with actual robots
and parts.

Solid modeling, on the other
hand, provides geometrically com-
plete representations of environ-
mental components and their spatial
relations. But solid modeling can-
not represent processes, because
it has no way of representing tem-
poral relations. Traditional solid
modeling deals only with static
relationships. While robot program-
ming is without physical context,
solid modeling is nothing but phys-
ical context. Neither by itself is
adequate.

Nor are they satisfactory to-
gether. Only by simulation of both
the robot and its environment can
the sequence of discrete steps in a
robot task be converted into the
continuous motion of a process.
Also- without simulation, there is
no way to represent accurately the
robotic process as it unfolds in its
environment.

RoboTeach, by combining all
three disciplines, provides computer
representations of the environment,
the robot, and the task. Conse-
quently, it helps users reach high-




level decisions about the real world
without the investment of time or
money in actual robots, actual parts,
or the factory setting.

One key RoboTeach abstrac-
tion is a mathematical robot model.
Solid modeling techniques represent
the geometric form of each link of
the robot. Then constraints are im-
posed on the relative positions of
mating links to produce a mathe-
matical abstraction of a mechanical
joint. By insisting that the joint
constraints always be satisfied,
RoboTeach insures that the abstract
robot model corresponds to a
physically realizable geometric
configuration.

OTHER representational facil-
ities in RoboTeach handle
robot task definitions. The repre-
sentation of any task can be matched
with the representation of any robot.
In this way, RoboTeach helps users
to determine the optimal robot for
the task. Once a robot has been
selected, RoboTeach can be used
to program the robot off-line.

Not only are robots prolifer-
ating, but the tasks assigned to
them are becoming more complex,

making the need for off-line pro-

gramming more urgent. When there
are only a half dozen robots in a
factory, the prospect of reprogram-
ming them all by conventional
show-and-teach methods for every
new task is not overwhelming. But
when there are hundreds of robots,
the value of being able to reprogram
without interaction with each robot
becomes more apparent. Without

off-line programming, the savings
which justified the initial robot
investment may quickly vanish.

RoboTeach distinguishes be-
tween two kinds of off-line pro-

gramming: at the task level (what
to do) and at the robot level (how

to do it). For example, in the crea-
tion of a mechanical assembly, task-

level instructions would include
what components to assemble, the
alignment of the components for
the assembly process, and criteria
for verifying that the final assembly

is correct. Typically, there is a one-
to-many relationship between task-

level instructions and robot-level
instructions.

“RoboTeach is currently in
use, says Robert Tilove, “to study

robot reach capabilities and to sim-

ulate simple robot-level tasks.’
“Future research] adds Mary
Pickett, “will explore the possibility
of using RoboTeach to approach
problems from the more abstract
task level, with the user defining

the task at a high level and Robo-

Teach filling in the details”
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Dr. Robert Tilove and Mary Pickett
are Staff Research Scientists in the
Computer Science Department
at the General Motors Research
Laboratories.

Mary Pickett received her
B.S. in mathematics from Iowa
State University and her Master’s
in computer science from Purdue
University. She was a member of
the team that developed GMSOLID,
an interactive geometric modeling
system. Her research at GM has
also included the design of real-
time programming languages. She
joined GM in 1971.

Robert Tilove received his
undergraduate and graduate de-
grees in electrical engineering from
the University of Rochester. His
Ph.D. thesis concerned the design
and analysis of geometric algorithms
for solid modeling. His current
research interests also include the
application of geometric modeling
to computer vision and robot con-
trol. He joined GM in 1981.




