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ABSTRACT
We deseribe an  architecture  comprised of three
1mlcropzoceﬁsor based Bxpert systems, eéach operatlng Gohcurrently
in  a real=time process control environment. This architecture

has been applied to the ¢ontrol of an autotlave. Early results
Are Encour vsuccessful cure of 256-ply varbon-fiber
lamlnates traditionally requlres up to twelve hours of cure time,
whilé the»knowledge base créeated for the concurrent arohltecture
has suceessfully ¢ured the ‘same laminates vepeatably in three
hours-

Two of the expert systems are implemented on M6B8000-based
CO'processo s oh an IBM PC-elass computer, and the third expert
em 1's blemented in the pe its . HEach expert system i8 &
version of ‘the FORTH-based EXPERT-5, running a 4 itative
Process shell language (QPA), and a knowledge bage suited to the
process control ‘task. The pe-based expert system serves as a
bliackboard monitor, eontrolling sommuhications between the expert
systems themselves, and between procéss §énsors, autoelave
sontrols, and the expert systems.

This work is supported by the U.8. Air Porece, MLT and FIG
laboratories, Wright-Patterson AFB.

SYSTEM OVERVIEW

A real=time procéss ‘cohtrol systetn has been constructed and
tested w1 small autoclave at he Materials Laboratory at
‘erght ] £ cess controller applles
qualitative process theory (QP heory) [Forbus85] to the task of
i i &5 the process and achisving goals
{the cure ¢f a carbon“f bver laminate).

The process controller architecture divides the task ‘of
issuing approprlate‘COmmands to the autoelave inteo two separate
subtasks:

1 - ‘pa)rsil [P W
2= deterhining the next- appropriate command and issuing it
the

subtask of

reading input
Yy whieh

iy,

Th1nk1ng = determln“ng the next ‘appropriate command ahd
issuing it 1is ‘the ‘subtask of ‘comparing “r‘ent goals to ‘the
& #nt state defined by the parser, ‘and - ding an @ppropriate
action through means~ends=-analysis ['ERNSTB69] . .




200 'The Journal of Forth Application and Research Volume 5 Number 1

A blackboard [HAYES-ROTH85] serves as the vehicle by which
the parser and thinker communicate with each other and with the

outside world (autoclave). The +three subtasks - parsing,
thinking, and blackboard management - are assigned to separate
computers operating concurrently on a PC bus. The PC serves as

the blackboard monitor, collecting data from the data acquisition
board, sending commands to the autoclave, rassing information
between parser and thinker, and communicating with the user at
the terminal. The parser and thinker each are separate M68000-
based coprocessors [HALLOCK85] with one megabyte of memory.

Software is implemented in FORTH on each processor. The
underlying shell is EXPERT-5 [PARK85] which implements a FORTH-
based production system akin to OPS5H [BROWNSTONEB5]}, together
with tools for frame representation, and a blackboard. '

SOME PRELIMINARY RESULTS

The two figures show the results of a cure cycle. One
figure shows a typical cure cycle with the QPA system, while the
other figure shows a QPA-driven cure as compared with an
industry-typical cure cycle; QPA achieves full cure in about
three hours as compared to a typical ten to twelve hours for -the
same cure using the industry time-temperature cure cycle.

These results are preliminary, but indicative of the
capabilities of QPA. The cure cycles are repeatable, and
physical properties of the components cured under control of QPA
are comparable to those achieved with the industry-typical cure
cycle. As such, we believe the results achieved thus far are

encouraging, and continued exploration of the capabilities of QPA
are under way.
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SYSTEM CONFIGURATION
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