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this reason also that we shall make no attempts here to design highly miniaturized
computers that can fit into the ‘head’” of an automaton. Technology will sooner or later
provide us with such small but powerful computers in any case; in the meantime, we shall
learn how to program their large and cumbersome ancestors to control an automaton

remotely via cable or radio link.

Third, we decided to conduct no extensive research on the subject of visual pattern
recognition in this project. This ground rule by no means should be taken as minimizing
the importance of the problem of visual perception. On the contrary, it is probably one of
the most important problems to be faced in designing automata. But we felt that the
perceptual abilities conferred by employing presently existing pattern-recognition methods
were more than adequate to permit the use of a real environment sufficiently rich to tax
our skills in developing control programs for that environment. In the meantime, research

on mechanizing perception could and should continue independently.

Fourth, we decided that the environment of the automaton should be large in extent. Its
components may be simple in quality in the beginning, but there should be a non-trivial,
extensive environment that the automation is expected to deal with. This ground rule
forces us immediately to consider only methods for ¢ fficient internal representations of

the world.*

The eleventh report [11] gave a concise summary of the organization of
the Shakey system which can also serve as an overview to the present

note:

The robot system is a hierarchical structure in which we shall identify five major levels.
Although some of these levels are much more clearly defined than others and some have
considerable substructure, the five levels described below constitute a useful division for
this exposition. Also, the effectiveness of the system is largely derived from the clear

specifications for these levels and their interconnections.

The bottom level of the system consists of the robot vehicle and its connection to the user
programs. This connection includes radio and microwave communication links, a PDP-15
peripheral computer and its software, and a communications channel, with its associated
software, between the PDP-15 and the PDP-10. This bottom level may be thought of as
defining the elementary physical capabilities of the system. |

*From [1], pages 1-2.



The robot vehicle ia described tn Chapter Two and Appendiz A of the
present report, and the PDP-15/PDP-10 inter face is described in Appendiz
G of [10].

The heart of the software that controls Shakey ta its “model” of the
world it inhabits. This model is a global data structure that can be
accessed and modified by the other routines. It is described in Chapter
Three.

Continuing with the excerpt from [11]:

The second level consists of what we call Low-Level Actions, or “LLAs.” These are the
lowest-level robot control programs available to user programs in the LISP language, our
principal programming tool. The LLAs are programatic handles on the robot’s physical
capabilities such as “ROLL" and “TILT.” They are described in detail in Chapter Four.

So that it can exhibit interesting behavior, our robot system has been equipped with a
library of Intermediate-Level Actions, or “ILAs.” These third-level elements are
preprogrammed packages of LLAs, embedded in a Markov table framework with various
perception, control and error-correction features. (Markov formalizations are explained in
Chapter Five, Section B.) Each ILA represents built-in expertise in some significant
physical capability, such as “PUSH” or “GO TO.” The ILAs might be thought of as
instinctive abilities of the robot, analogous to such built-in complex animal abilities as
“WALK" or “EAT.” Chapter Five contains a description of the present set of ILAs,
along with the conditions under which they are applicable and how they each can affect
the state of the world.

The principal sensor of the perceptual system is the TV camera. Programs for processing
picture data have been restricted to a few special *‘vision'' routines, that orient the robot
and detect and locate objects. These programs are incorporated into the system at either
the ILA or LIA level. The algorithms in these routines are described in Chapter Six and
Appendix B.

Above the ILAs we have the fourth level, which is concerned with planning the solutions
to problems. The basic planning mechanism is STRIPS, described in Chapter Seven.
STRIPS constructs sequences of ILAs needed to carry out specified tasks. Such a

sequence, along with its expected effects, can be represented by a triangular table called a



MACROP (“‘macro operation”). Chapter Eight describes how such MACROPs can be
generated in generalized form, thereby enabling an interesting form of learning and plan

sclection to take place.

Finally, the fifth, or top, level of the system is the executive, the program that actually
invokes and monitors executions of the ILAs specified in a MACROP. The current
executive program, called PLANEX, is briefly described at the end of Chapter Eight.*

*From [11], pages 3-4.






CHAPTER TWO

The Robot Vehicle, The Computers, and Other Hardware

A. The Vehicle and its Environment

The robot, vehicle itself is shown in Figures 1 and 2. It is propelled by two stepping
motors independently driving a wheel on either side of the vehicle. It carries a vidicon
television camera and optical range-finder in a movable “‘head.” Control logic on board
the vehicle routes commands from the computer to the appropriate action sites on the
vehicle.. In addition to the drive motors, there are motors to control the camera focus and
iris settings and the tilt angle of the head. Other computer commands arm or disarm
interrupt logic, control power switches and request readings of the status of various
registers on the vehicle. Besides the television camera and range-finder sensors, several
‘‘cat-whisker’’ touch-sensors are attached to the vehicle’s perimeter. These touch sensors
enable the vehicle to know when it bumps into something. Commands from the computer
to the vehicle and information from the vehicle to the computer are sent over two special
radio links, one for narrow-band telemetering and one for transmission of the TV video

from the vehicle to the computer.*

More detailed in formation about the vehicle can be found in Appendiz A

at the end of the present report.

The initial environment of the Automaton was real, but contrived. It has been sufficiently
simple to allow current visual capabilities to be useful to the Automaton, and sufficiently
complex to indicate the weaknesses of current methods and to suggest areas of further
research. Perhaps the most important result of our vision-research effort on the
Automaton project is an appreciation of the potential complexity of the problem of vision
when the real world is the subject matter, and a strong notion that the first step we have

taken towards a general capability is very small indeed.

*From [2], page 1.






