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ABSTRACT

Within i t s Automated Manufacturing Research F a c i l i t y (AMRF),
the U.S. Nat ional Bureau o f Standards (NBS) i s addressing
research issues i n inter face standards f o r the ful ly
automated factory o f the future f o r the production o f smal l
batches o f discrete parts. Consisting o f robots, machine
too l s and computers, the AMRF i s being in tegra ted using a
real - time, sensory -feedback, data-driven h ie ra rch i ca l
con t ro l architecture. As such, the AMRF i s a research t o o l
f o r investigating the manufacturing enterpr ise as a system
o f intell igent machines. This paper: (1) describes the AMRF
i n terms o f i t s real - t ime control system architecture: ( 2 )
notes the r o l e o f symbolic languages, knowledge -
representation, sensory -processing and other aspects of
a r t i f i c i a l intell igence i n i t s development; and ( 3 )
speculates on fur ther appl icat ion o f A I i n future
intelligent manufacturing systems s imi la r i n form t o the
AMRF.

I.INTRODUCTION

Within i t s Automated Manufacturing Research F a c i l i t y (AMRF),

the U.S. Nat ional Bureau o f Standards i s addressing issues

o f standardized inter faces f o r the flexibly -automated,

robotics -based, computer - integrated factory o f .the future.

The AMRF as a form o f this factory i s being bui l t i n a

modular, easily - integratable, multi-vendor form [19 ] .

As this paper will suggest, the NBS AMRF i s conceived and i s

being implemented as a prototype o f an intell igent machine

- of production. The paper; (1) describes the AMF4F.h terms o f

i t s real - t ime cont ro l system architecture; (2) notes the

r o l e as subsystems within the AMRF o f the four pr inc ipal



types o f intell igent machines: those o f both production and

service, both physical and mental; and ( 3 ) speculates on

eventual rea l iza t ions o f these types o f intell igent machines

i n future ABfRF-like production systems.

11. THE FAMILY OF INTELLIGENT MACHINE SYSTEMS

I n t h i s paper, an intell igent machine i s taken t o be one

capable o f autonomous, e f fec t i ve action. As such, an

intell igent machine i s one which can independently choose

and execute a plan o f act ion' f o r the accomplishment o f an

assigned goal within an uncertain environment.

A. The Four Pr incipal Types o f Intel l igent Machines

As indicated i n Table 1 below, there four types o f work t h a t

intell igent machines are intended t o perform: physical and

mental, production and service.

TABLE 1. PRINCIPAL TYPES OF INTELLIGENT MACHINES

Inte l l igent Machinesc
Physical Work

ProductionelService

e.g. e.g.
I

AutonomousAutonomous
I

Machine Tools Vehicles

Mental Work

Productionr- lService

e.g. e.g.
I 1

A I Knowledge Information
Machines Servers



I .

Simi lar ly in t h i s scheme, a r t i f i c i a l in te l l igence ( A I )

machines -- taken t o be those based on in fe ren t ia l , non-

algorithmic symbol manipulation used, f o r example, i n

knowledge representation, heurist ic problem solving, machine

vision, natural language understanding and re la ted areas--

can be associated w i t h t he intel l igent machines o f mental

production, whi le intel l igent database managers and com-

munication systems can be associated w i t h the intell igent

machines o f mental service.

111. THE FACTORY OF THE FUTURE
AS AN INTELLIGENT MANUFACTURING ENTERPRISE

W i t h an in te l l igent machine defined as above -- one capable

of autonomous, ef fect ive, goal -directed act ion -- the

fac tory o f the future as an intelligent -machine -system i s

one capable o f autonomously and e f fec t i ve l y producing

mate r ia l products t o meet customer needs within the

uncertain environment o f both the shop f l o o r and t h e

marketplace.

To car ry out this task, t he fac tory as an in te l l i gen t

machine o f physical production employs as subsystems each of

the four principal types o f inte l l igent machines, as

i l l u s t r a t e d i n Table 2 below. (As suggested i n the table,

the f i e l d o f robot ics i s usually associated with inte l l igent

machines o f physical work, whi le the general f i e l d o f

computer science i s usually associated w i t h in te l l i gen t

machines o f mental work).

-



TABLE 2. INTELLIGENT MACHINE SYSTEMS AS COMPONENTS
WITHIN THE INTELLIGENT FACTORY

Intelligent
' Machines

Physical Work
(ltRobotics tt)

Mental Work
( Computers )

Production Work Intel l igent Machine AI-Based
Tools cAD/cAE/cAPP/cAM

Service Work Automated Hater ia ls
Handling

Intel l igent
Data Systems

. -
This conceptualization o f t he fac tory o f the future as an

intelligent machine o f production -- incorporates the no t ion

o f a r t i f i c i a l in te l l igence i n various forms: a smart machine

t o o l as an intel l igent machine o f physical production; a

sensory - interactive materials -handling robot as an

intell igent machine o f physical service; AI-based systems of

product design, funct ional modelling, process planning and

control programming as intel l igent machines o f mental

production: and smart data administration and communication

systems as intell igent machines o f mental service.

I V . THE NBS AMRF AS AN INTELLIGENT MACHINE

As a physical system, the NBS Automated Manufacturing

Research F a c i l i t y (AKRF) consists o f machine too ls , robots,

and computers from a var ie t y o f manufacturers which are

- being integrated by means o f NBS-developed uniform

interfaces.



-- ce l l , shop and f a c i l i t y -- levels o f the AMRF system t h i s

transfer i s over a high-speed broadband net.

V. TOWARD HIGHER INTELLIGENCE I N THE AMRF

As a goal -directed, sensory -input, computer -controlled and

data-driven manufacturing system, the NBS Automated Manu-

facturing Research Fac i l i t y i s a rea l i za t ion , i n research

form, o f t he factory o f the future. A t i t s current l e v e l o f

development, the NBS AMRF as a t o t a l system represents very

high levels o f automation and' integrat ion: yet the l e v e l o f

intel l igence rea l ized i n the AMRF as an intel l igent machine

o f physical production is , i n the main, low on the scale o f

machine inte l l igence 1121 summarized in Table 5 below.

TABLE 5. HIERARCHY OF CONTROL CAPABILITIES OF
INTELLIGENT MACHINE SYSTEMS

Reaction

Planning

Ability t o sense and measure a s ta te of t h e
environment and, i n t h e light o f a current
in ternal state, i n i t i a t e an appropriate
response t o sat is fy some need o r goal.

Ability t o hypothesize and specify a plan
o f act ion tha t when carr ied out will
transform the system' f r o m an ini t ial t o a
goal s ta te beyond the range o f reaction.

Optimizat ion Ability t o t e s t and evaluate plans by means
o f modelling, simulation and analysis i n
order t o select the best o f a number paths
t o the goal state.

Learning Ability t o accumulate, filter, i n t e r p r e t and
store information i n t h e form o f facts,

. ru les and other re la t ions as new knowledge
which modifies i t s basis f o r action.


