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ABSTRACT

The Purdue Laboratory for Applied Industrial Control (PLAIC) of Purdue University, West Lafayette,
Indiana, USA has carried out a highly successful industry/university research collaboration in the field now
known as computer integrated manufacturing for the past twenty-five years. In contrast 10 most university
laboratories working in this area, the Purdue University effort has concentrated on the process industries
instead of the discrete manufacturing industries.

This paper lays out the important research and development areas of the field of computer integrated
manufacturing and indicates where a university laboratory’s effort can contribute to all of these. The lists of
projects given should provide considerable guidance for the university laboratory to further develop such
projects.

This paper aiso indicates the value of an exteasive post-graduate continuing educational program in providing badly
needed technical education toindustrial personnel. At the same time itserves toacquaint this same ind sstrial segment
with the capabilities of the university sector to contribute to the solution of their problems. :

The topic of the best arganizational relationship to develop between industry and the university group is alsc
developed, again based upon the experiences at Purdue University.

it is sincerely hoped that the material included herein will be valuable to the university laboratories in
establishing and pursuing their own programs.

INTRODUCTION

As noted in the title of this paper, development of a Computer Integrated
Manufacturing (CIM) system easily divides itsclf into scveral main categeries:

1.  The Underlying Theory and Basic Technology Used

2. The Design Methods Applied

3. The Application Details and Initial Design Which Mould the System for Its
Ultimate Purpose of Development and Operations (Control) of a
Manufacturing System

4. Detailed Design and Commodity Programming Needed fos the System

5. Construction, Installation and Commissioning of the System

~ In the relationship between industry and the umiversity in carrying out this
development task some natural divisions of the work readily emerge:

1. The discovery, promulgation and teaching of the necessary underlying

theory and basic technology is the primary assignment of the university.

Industry usually does not have either the properly trained manpower nor

the luxury of working on projects whose payout is probably many years away.

2. Because of requirement., of timeliness, proprietary information, fiscal and

legal responsibility and ownership, the application area is the primary
responsibility of industry.
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The sccond arca, ihat o(desigﬁmthods.mbcdoncbydthayoup,pmﬁnﬂady
when industry is considered to include the so-called, design sofivare houses, who
develop and scll computer programs (o help fulfill the design requircmeats for the
proposcd systems.

The universily group maynlsowishtobecomcimolwdinthhmacfendemm,
particularly if the limitations usually present in the uhiversity covironment can be
overcome. These latter arc also discussed below.

The latter two catcgorics, those of detailed design and commodity programming;
and of construction, installation and commissioning of the system are traditionally
exclusively the province of the using industry and its aiding contractor organization(s).

If university personncl are involved at all in these latter functions they arc also almost
always scrving as consultants or members of the staffs of the contractor organizations
just mentioned.

THE SEEMING INCOMPATIBILITY OF INDUSTRIALLY RELATED PROJECTS
WITH THE NORMAL UNIVERSITY MISSION

When considering the "best of all worlds," one would belicve that industry and the
university would have a great desire to work logether in every way possible to aid
industry in its mission. From afar their missions would appear to be inextricably
intertwined. Industry has a vital need for the graduates of the university to staff their
olant. and offices. They also have need for the knowledge generated by the university
a ihe source of new products for manufacture and new methods of building and
opcrating their plants. The university, on the other hand, would seem to be looking for
problems from industry for possible solution by their researchers and for the funds
necessary to carry on this work.

However, in real-life, the two groups arc often very far apart. The problems of
industrv are most often "variations on 2 theme" long ago solved as a basic probiem in
the university, and thus of little or nointerestto the universityrescarcher. He, in contrast,
wants 1o work on the latest "will of the wisp” idea in the hopes of a possible major
breakthrough in a theoretical area. This latter, if it comes, is usually years away from
potential industrial use. Table 1 continues this list to present other areas of
incompatibility between industry and the university in attempting to mount a mutually
satisfving research program.

Despitc these problems, there are many locations where industry and academia have
developed a mutually satisfying and rewarding collaboration. What has been different?
Table 11 along with Table I lists some of the reasons these particular cooperative
projects have succeeded.

The Purdue Laboratory for Applied Industrial Control of Purdue University, in West
Lafayette, Indiana, USA, is one ofrhosennhersiymard:organizaﬁﬁmwhicﬁhaw
enjoved a la:ghism‘ofwupcmﬁRWkwilhhuhmialspomFoundedinBﬁﬁ,dx
Laboratory continucs this mission unﬁltoday.DmingthispetiodthclAboratm'yhasmkcd
with mnydiﬂmntgmupsdindmﬁalmpanbs,mswtrddiﬁmmmm
all of the \arious scts of conditions listed in Table I and Table IIL.
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TABLEI
SOME INCOMPATIBILITIES BETWEEN INDUSTRY AND UNSTVFERIFF
GROUPS IN CONDUCTING JOINT PROJECTS

1. TIMING AND SCREBULING PROBLEMS

1.  Once Funding Has Been Granied for a Project, Industry Gensraally Expecr.
a Very Rapid Response ("They Wanted It Yesterday™).

2. Industry Personnel Are Commonly Assigned to a Project Fuliii-Tome an’
Can Thus Devote Their Full Attention to It Until Completion.

3. University Personnel, on the Other Hand, Geserally Do Ressearch au:
Development Work on a Part-Time Basis and Usually on a Lowerr Prior:
to Their Other Tasks (Teaching on the Part of Faculty - and Claasses unc
Examinations on the Part of Student Assistants).

4. The Above Leads to Considerable Friction Regarding the Schedduling of
Projects and the Establishment of Their Completion Dates.

. PROPRIETARY DATA VS, FREEDOM TO PUBLISH

1. Because They Are Generally the Supplier of the Major Part of the fr unding
of the Project, Industry Hopes to MaEc Commercial Use of the Finddings o
Joint Research Projects, At Least for as Leng as Is Required to FRecour
Their Costs. This Leads to the Desire for Proprietary Rights to the } ¥rojec
Results at Least for a Given Period of Time.

2. The University Researcher on the Other Hand Usually Achievves Hy
Professional Reputation and Eventually his Professional Advanscemen
Through His Research Publications. Hence He is Anxious to Pubbiish th:
Results as Soon as Possible to Avoid Being Superseded by Aunother
Rescarcher Who May Be in Competition and Able to Publish First:

3 This Is Obviously a Direct Conflict of Interest in the Disposal of thed Result
of a Study. The Common Remedy Is Usually a Prearranged Morateorium e
Publication of Research Results to Allow Industry Some Timer Towand
Commercialization, Commonly Two to Five Years.

HI. RESEARCH DATA VS. COMMERCIAL PRODUCTS

1 InOrder ToBe Able to Achieve the Rapid Commercialization of : a Produz
or Procces, Industry Requires That Research Be Carried Far Beyvond T
Point Where the Researcher Is Satisfied "With Proof of Concept” Resuts.

2. The Diversity Just Noted Is Particularly the Case Where the | Reseanc:
involved Happens To Be the Basis for a Doctoral Thesis Project:. Herethz
Resuli Desired for the Thesis for the Degree Is Traditiconally e
Development of New Knowledge. No Further Academic Creddit Is Geez
for Work Toward Commercialization.

IV. DOCUMENTATION AND TRAINING

L Related to the Point Just Covered the Graduate Student is Inteerested Gy
in Writing the Results of His Work to the Degree Acceptaable by His
Research Supervisors. Therefore, It Is Generally in Highly MAathematcal
Terms, Liberally Sprinkled With Acronyms and With a Minimaum of Fose
Explanation. i

2. Unless the Industry Individual Who Must Use the Above Resuults Has kees
Very Closely Followin%dthe Above Work, He Will Have Exirecme Diffiasls
in Deciphering It and aki.u%Early Use of It. As a Result thhe Work Mis
be Effectively Repeated for Understanding of The Report: or It Is Pui oz
the Shelf and Ignered.
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TABLET
THE REASONS FOR THE SUCCESS OF SOME MAJOR
INDUSTRY/UNIVERSITY COOPERATIONS

The University Rescarcher or Research ‘Group Involved Possessed a
Unique Combination of Skills and Experience in Industrial Type Problems
20 Both Industry and the Rescarcher fnvolved Wished to Exploit This
Capability.
The Probicm Tackled Was One Which No Single Company Was Likely to
Investigate On its Own Because of a Unique Breadth of Experience and
Knowledge Required; The Magnitude of the Project; The Overall Risk; Or,
the Migh Future Potential But Lack of Immediate Applicability of the
Poteniial Resulis.
The University Umbrella Offered the Industrial Personnel a Milicu Where
They Could Discuss Mutually Important, Non-Proprietary Problems
Without Fear of Anti-Frust or Restraint of Trade Acvusations. The
Preseace of the University Rescarcher as a Neutral, Uninterested Party
Removed the Governmental or Commercial Concern Involved.
The Problem Tackled Was One Which Every Industry Had (Such as
Enviroamential Poliution) and Research Results Wonld be Mutually
Applicable Without Any Special Benefit 1o Any One Tadustrial Participant.
Government Funds Machlnm!veﬂtoaMlﬁghchgruthan the
Industry Funds, But the Government Insists on Industry Participation to
Assure the Eventual Applicability and Use of the Rescarch Results
Obtained. In This Way Industsy is Able to Leverage Ts Rather Minimal
Funds Through Govermment Cooperation to Reduec Its Own Monetary
Involvement and Subscguent Risks.

INDUSTRY/UNIVERSITY COOPERATIONS

Usnless the Conditions of Item 1 of Table M and Bem H-3-of Table I Are
Present, the Industry Represcntation is Generally From a Consortium of
Companics Whe Eachi Pay 2 Relatively Small Fee - the Whole Becoming
Sufficiently Large to Fund 2 Reasonably Sized Project.

There Is Almost Adways Onc Pesson in Each Company Involved Who, For
Whatever Reasen, s Willing to Fight for Funding of the Project Within His
Own Company. Unfostunately, i This Individual Loscs His Interest or
Renegotiated or Dzogped. For the Same Reason, Change of the Rescarcher
Because of the Instability of the Mecess: eria of Hem 2 Above There

Must be Constant Effort an the Fast of the Univcrsity Research Leader to
Coatinually Renew the Membership of the Industrial Consortium, Either

From Wholly New Companics or New "Angels® Withia Current Sponsors.

ost Problems Eventually Get Selved or Are Superseded by More
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A DISCUSSION OF THE IMPORTANT AREAS OF RESEARCH
AND DEVELOPMENT IN COMPUTER

INTEGRATED MANUFACTURING AND

THE PLACE OF THE UNIVERSITY [N THEIR PURSUIT

DEVELOPMENT OF BASIC TECHNOLOGY

As noted carlier, basic research and development of the theories and fmasic
technologies related to the field of computer integrated manufacturing are the nasural
fields of endeavor of the University and its research staff. Since many of the topics@re
of a very long range nature and may have little immediate payout, the major probim
with them is that of interesting any of the several funding agencies in producing the
funding for their promulgation. Table IV presents a listing of some potential categosies
of research of this type.

_ TABLEIV
A LIST OF SOME IMPORTANT BASIC RESEARCH AREAS RELATED TO
COMPUTER INTEGRATED MANUFACTURING

-

CIM Reference Models or Architectures.

I What Is the Best List of Those Generic Tasks Which Are Carried Out By
All CIM Systems ?

IIl. What Is the Best Way of Defining the Place of the Human In the Overail
CIM System ?

IV. Development And/Or Collection Of A Set Of First-Principle Models Far
the Major Industrial Processes.

V. Continued Development Of Application Methods For the Mamy
Theoretically Promising But Little Applied Advanced Control Technigues.

VL Specifying the True Place and Potential of Artificial Intelligemce
Technigues In Industrial Applications.

There are already a large number of proposed CIM Reference Architectures and
Models in the literature. However, none of them, to this author’s knowledge, cam yet
supply the types of answers to potential users necds as are expressed in Table V. Note
that as used here thie terms CIM Reference Architectures and Reference Models arc
considered to be synonymous.

It is noted that all of the questions of Table V are related to the structyre, task
clements, and life history of the CIM System, ali topics which are real life aspects of the

and therefore those for whicha model or architecturein the above sense should
be able to be written. However, note that none ofthea;isﬁnglitemmreoﬁaigsm
abie to do this. Some few can answer part of the questions but none, to this zuthor’s
hnmﬂcd%mdmemmmthemaﬂ.ﬁmmdmrch in this area is
needed and readily justifiable.
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TABLE V
WHY DO WE NEED A CIM REFERENCE ARCHITECTURE ?

Yo Be Truly Valusbic a CIM Reference Architecture Should Be Able To Supply
Acswers or Solutions to All or Most of The Following Questions, Requirements or
Sitnations:

L  The Archilecture Should Present a Method For the Breakdown of All
System Functions to Their Inherent Generic Functions and Tasks. These
Should Be Accomplished With a Minimum Number of Basic Building
Blocks, Conversely it Should Be Possible to Build Up the Overall Functions
From These Ultimate Basic Building Blocks.

2. The Mcthod Should Be Able to Show All Existing Relationships of Those
Entitics Represented By the Blocks or Modules Used for Modelling.

1. Thc Place Of the Human Beiog in the CIM System Should Be Able To Be
Explicitly Shown, Functionally and Organizationally.

4. The Architecture Should Explicitly Show the Evolution of a CIM Program

From Initial Concept to and Including Operation as a Completed System.

1t Should Model the Interfaces Between Humans and Information Systems,

Humans and Manufacturing Systems and Between Information and

Manufacturing as Well as Between Foreign Elements and Other Members

Within Any System.

6. Modeliing of the Effect of Adaptation or Change in the System in Terms of
Limitations, Effects, Etc., Should Be Possible.

7. 1t Should Be Ablc to Show the Limitations Imposed by Specific Designs on
the Generic Requirements for the System.

8. It Should Provide a Basis for the Development of Needs for Standards for
Various Aspects of a Systcm and Be Able to Indicate Their Relative Value.

9. Most Important an Architecture Provides 8 Common Basis for Discussions
of a CIM System and Thus Assures a Full and Accurate Interpretation by
All Discussing Parties of All Points Under Discussion.

It Should, In Short, Be Able to Map Concepts, Answer And/Or Illustrate Questions,
as Well as Provide a Mecans of Comparing Disparate Systems, Alternate
Implcmentation Schemes For the §ame Systems, and Rival Development Methods and
Techniques.

While Developed Specifically for CIM Programs, This Scheme Should Also Readily
Cower Discussions of Other Aspects of Manufacturing Eaterprises and Probably Other
Types of Enterprised as Well

GENERIC CIM TASKS

Most CIM Refcrence Architectures and Models designate those CIM tasks and
functions related to information management and control in the CIM System as being
generic. Many of them proceed to list such groups of generic tasks and functions.
However, these lists vary widely from one research group to another and, even allowing
for diﬁermls_man!ies,sﬁllindudc different topics. That is, all or part are either
incomplete or redund:

,ﬁ
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The development of a ist, agreed to by others as being generic, would be extresmely
valuable to the CIM ficld. While this topic may border more on the subjece: of
standardization than research, it is included here in the hope that further research migzht
help to make the final work of adoptiod of the list by others much easier.

The list is needed in the CIM field to make possible the ready transportability cof
application systems from one factory to another and hopefully even from one industzry
to another. The extent to which the list can be all inclusive and acceptable thy
practitionersin the several industries will define the extent to which the above portabilitty
can be developed and carried out.

THE HUMAN IN THE CIM SYSTEM

Human Relations and the place of the buman being in a CIM System is probably the
basis for more research, and certainly for as much publication today as any other aspewct
of the field.

Unfortunately, because the subject strikes too close to home for all of us since wt
are humans ourselves, these publications all seem to have more of a political and/or =
social cause agenda to them than a purely scientific one. It is very difficult to find a pape:r
in this area for which the political or social bias is not very evident.

In this writer’s opinion, this part of the CIM field is crying out for the formation cxf
agroup of researchers, of all callings, whose joint voice could be recognized as unbiase«d
as possible, and which as a whole could investigate and rule on the "true” answer to thie
many controversial questions being raised in this area.

Perhaps this joint group could work out relationships which show the relative
economic gain or cost, as the case may be, of the use of various social/organizationial
structures which have been proposed for the operation of the factory. Some of thesse
are: hierarchical, matrix, self-supervised work teams, partnership, ctc.

Likewise the differences in economic versus social cost or gain from the varicous
cxtents of potential automation use in similar factories would be important informatiion
to have. Again, it must be provided that these analyses could be carried out in sucth a
way as to remove the affects of any political or social bias.

With the above two sets of information, however difficult they may be to obttais.
actual costs and/or benefits of the many social action programs proposed by legislaitors
or social action groups could be truly evaluated - a badly needed capability im af
industrial countries, whether developed or developing.

MODELLING AND SIMULATION TECHNIQUES AND THE MODELLING OF
SPECIFIC PROCESSES

This is a field of seemingly almost unlimited extent at first appearance beccause of
the large number of possible subject industries, and the wide variety of processess incack
of them. However, closer study will reveal that the basic processes (as in ‘the aml
operations of the field of chemical engineering) are repeated over and over: agam =
cach industry in turn.

Each has its ownidiosyncrasies,ofmursc,bntu&thslightmndiﬁcaﬁom the basic
mode! of the generic process can still be largely used.
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There are several caveats in this ficld, however. These are expressed in the
Proprictary Information sad Documeastation and Training sections of Table I. It has
b@mm&ﬂmbéngmlhisamhmmswhowmyﬁmthcme industry and even
the same company has contracted over and over again with different University groups
foﬁ&hgmpfmmoddandhasmdedupmingmeoithcmMmcmﬁng
pmblcmwilhinlhismofindusuiaimwchmdstohmasoluﬁm proposed -
puhpamtadwaﬁono{thepmmﬁa!umintheusepfcachmochcoﬂecﬁvelyand
individually, is the oaly long-term answer.

Another related topic is that of gathering the prime examples of the similar models
for each basic process from the mass of literature available. These could then be

to industry along with the necessary basic and applications training to
assure that the models in question achieve understanding and ready application by their
pcmﬁaﬁw&ﬂmver,memadﬁmus&mﬁzethatthislaﬁsrismt a new idea.
Peshaps before getting too deep into it one should find out why others did not succeed
in dimilar endeavors.
CONTROL TECHNOLOGY ANB ITS APPLICATIONS

Like the Held of mathematical process models, the literature is replete with
pdﬂiaﬁonsrdamdmth:mathemaﬁmhhwryoi automatic control. Nonetheless only
# mimimal amount of this literature ever seems to get applied to real processes in
industry. There are many reasons for this:

L Alargnpattofﬁmﬁlcmtmacanbcdassﬁcdasmimvaﬁaﬁonsonathcms
and therefore not worthy of industry concern.
2 Much of the literature is related only to mathematical extensions of linear
systemtheoryand—is-maﬂywrincnusingverymllsystcms as examples.
Given the nonlinear, non monotonic, and multivariable nature of real
industrial systems, the lack of application of these is understandable.
3 Mmywchniqmmmgrmslyheﬁidemdmmplmmrthatmntoday
lhey:rcimpmcﬁcﬂandﬂprobabiyremainsofmthcfomsceableﬁm.
4, Ghmaﬁthis.thuesﬂlmim&widchodyoﬂhemulmamcwﬁidlshould
find application in industry but does net. It is in these areas where applications
rescarch in cooperation with industry should prove very promising.
nmmbchcpth;mindinmnhgupammhpmgmhtheamaoﬂtem4above,
that there arc many very well-kmown university and industrial automatic control
Wwedﬂiﬁnghmwph.htﬁsm-m&cmwmbemkm
wmm@amwﬂmmdmwmmdmm
a ‘competitive quality states with them. Literature search must show that there is 2
potentially important application area available, (1) where the current or potential
rescarch staff has an active interest and (2) which is not already occupied by a well-
known and productive research group.
THE PLACE OF ARTIFICEAL INFELLIGENCE

At the outset of the discussion of this topic the author must confess the fact that he
hmwﬁaﬂaﬂymmmim@ﬁefddmﬁﬁddhmmmltmmm
mﬁmmbenmibmhsapdﬂimmcompmmﬂmtmmiahﬂmﬂythae,
Mw&mﬂy&mﬁmd&zmoﬂhm«mﬁ
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‘These views are obviously not shared by a large segment of the automatic conitred
research field as evidenced by the fact that artificial intelligence and its various potentiial
application regimes are by far the most popular areas of rescarch today in the antomatitic
control and automation field. But, despite the vast amount of work going on, it seemmns
that Litile true application petential has yet been proven, except for several arcas.ofif
application of expert systerms.

EXPERT SYSTEMS

Even expert systems seem to be showing major successes only for static systems amsid
mmasl*cdmgnmhmwhucaﬂameofm&rfemhhngthenﬂcbmw
is available.

The many attempts to extract a wiable rule base through interviews of a group cof
human experts seem to have been, on the whole, unsuceessful. This lack of successdis
due to several well-knowa reasons:

1. Lack of sufficient knowledge. of the application arca by the knowiedige
engineers conducting the interyview - They didn't know how to ask the righbt
questions! -

2. Lack efknowbdgc %Wh&mmw&hcm
of the interviewees — They.did not know how to prompt the interviewersscor
what knowledge to volunteer!

3. Alack of complete knowledge of the pracess being modelled on the partt of
any one interviewee.

4, A reluctande on the part of some interviewees to give up their "liffe’s
work" to the expert system, and possibly face a loss of their fivelihoesti to
the computer system - The company’s reward system was not sufficiemily
investigated prior to cstablishing the expert system project!

The potential use of expert systems technology to derive operatiional
management procedures by the reduction of current plant operating: diata,
particularly to allow the system to extrapolate from current operating levels, sseems
fraught with the same problems which were encountered carlier when thesse same
capabilities were sought from statistical methods. There was no way. wiith the
inherently lincar method involved to predict the true non-fincar behaviarr of the
system when operated in regions beyond these actuslly tested. There isimothing
visible in the current technology known to the author which promises to sedive: that

Despite the above there is a great potential for the development andiwsse of the
type of expert system whose successful development was mentioned earflicr, those
dwehpedfmm@ﬁabﬁﬁedm mm.s mm&gm

; R - stcohni
mdammde&ermdmmmmnmdﬁmh
ﬂmﬁddufexpeﬂmhuﬁmdyadvmdfumwm&ewmi
mmmwﬁﬁmﬂywmﬂybmamm*
than a research function.
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NEURAL NETS

Neural nets are a very intriguing idea, and deserve much of the current interest which
they have eajoyed. However, there are scveral caveats concerning their use which
current rescarch has not yei dispelled:

i Meuwrsl neis as modelers of physical system must follow the behavior of that
sysiem. Thus they are inextricably tied io the dynamics of that system and
darc not extrapolaic ahead of the systems’ own operation. Thus they should
only be used on known cndothermic or inherently stable processes. Their
sc on potentially unstable or, particularly, os known exothermic processes
weuld seem to be extremely dangerous.

2. Neural nets seem to be faced with the inherent problem which faced all

statistical modelling routines - How many variables should one use in the
analysis? What form of response should be used? What interactions
between these variables should be tried?
While nenral aeis can poteniially answer some of these problems, ihey are
ali ultimately liznited to the capability initally included in their design. How
do we know a priori that any analysis has been complete enough. Any neural
net like the statistical procedure will only give the best model it can within
its own capabilities, it has no intelligence to reason further.

A PROPOSAL

Itis this author’s firm belief that artificial intelligence methods cannot ever take the place
of deterministic, first-principles modelling and design methods. Combined together
(deterministic plus artifical inteliigence techniques) we can, perhaps, achieve better
models, operating procedures, etc., faster. Certainly the Al techniques when tempered with
the more classical procedures can give much more accurate and useful systems.

The research probiem then is ie develop an accurate mapping of the usefulness of the
curvent A iechnology and of other new procedures as they are developed versus the needs
of the industrial automation field for ali kinds of technology. This would serve to promote
industry’s confidence in the use of Al techniques where they truly fit and avoid the expense
and disappointment of attempting to use them in areas for which they are not suited.

DESIGN AND DEVELOPMENT METHODS AS TOPICS FOR PURSUIT BY THE
UNIVERSITY LABORATORY

In their contacts with its industrial spensors, personnel of the Purdue Laboratory
for Industrial Control were continually told by their industrial counterparts that what
they, the industry, wanted was methods and techmques for dowag the job themselves.

in other words, despite the contrary indication from the titles of the Laboratory’s
reports 0 Appendix 1I, industry would rather have had us work on first-principles
modelling methods and simulation technigues, for example. This rather than to develop
the actual models oursclves, which is what we usually did.

The reason for this is simple, it is the problem of proprictary information and
commercial advantage discussed earlier. Industry wishes to develop its own models of
its processes and equipment and keep these secret from its competitors. This, of course,
works totally contrary to the university's desire to publish their research results to obtain
credit for their work and its resulis and to prevent others from repeating the same work
over and over again as the indusiry procedure would require.

16 Studies in Informatics and Control.Vol.1,No.1,March 1992



This incompatibility in desires on the part of industry versus the performaneze-of the
university laboratory was ecngendered by two factors:
L The need for positive research results from studeat thesis projects, wsually
rcad:lyamrcredbyundm'akingspedﬁcmodeﬂingtopiu,md
2. A lack of innovative topics in the field of modelling techniques amd
simulation to be used by the students for their rescarch topics.
Since there is no way that one can command innovation but one can aiways pick fremm
a nearby inexhaustible list of potential modelling topics, our response was obviowms
despite some disappointment on the part of our industrial partners. They understood
our dilemma, of course, and always aided us in tackling modelling tasks which were
important to us. Nevertheless we could have served them better if we could hawe
developed topics in the other area of investigation.

There are four major arcas where methods and technologies important to industry
need further development. These are: design methodologies; the above—mentioned
process and equipment modelling and simulation technologies; production schedulimg
methods; and process planning techniques. All are vitally important to the industrial
automation or computer integrated manufacturing field. Of course, all of the major
divisions of the computer science ficld necessary to industrial automation are also
candidates for rescarch work.

The field of sensors is another area which is a rich source of potentiai research topics.
Again these are not included bere since cach separate scnsor rescarch investigation s
an entity unto itself because of the special conditions which are almost always present.

THE SPECIFIC NEEDS OF THE METHODS FIELD

The types of research topics which most need study in each of the four areams
specifically mentioned here can be summarized as follows:

1. Design methods are needed which allow designs to be verified while they
are still on the computer system. That is they need to be tested against their
design specifications and goals, such as by on-line simulations of
mathematical models while still under development. These could che:ck
dynamic performance, missing or incorrect functioning, etc. Designs. for
physical devices could have mockups build by electronic means to prove
dimensionality, lack of internal conflicts, etc. [12].

2. Modelling and Simulation Techniques require ever higher capacitics in
terms of numbers of variables, range of variation of variable parameters.
speed of computation, methods of choice of future trial parameters, <tc.
which are allowed. All of these are necessary to permit a more tharough
testing and exercise of models. This will help assure faithfulness of a model
under development and an ever increasing number of test cases toshelp o
increase the probability of attaining optimal results of optimization: studies.

3. Production Planning and Scheduling is effectively an optimization study
with a very large number of variables and conditions. The needs bere, iike
those just discussed, are for vastly increased problem dimensiomality and
much larger number of allowable trial cases to help prove the atiminment of
the optimal result for the particular investigation at hand.
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& Process Planning requires a marriage between computcr-aided desiga and
database development techniques. What is necded is an automatic method
for working out the best manufacturing methods {or any new product design
which may be developed. Next the computer system must auntomatically
convert this set of manufacturing steps into the sct of control instructions
for the manufacturing equipment to produce the new product. These latter
could be loaded into the operational database of the plant CIM system and
called up whencver that product needed to be produced. For safety
purposcs, these scts of operating instructions would have to be verified on
the computer via simulation or equivalent techniques to avoid any possible
damage to the manufactured cquipment because of erroncous instructions.

OTHER CONTINUING PROBLEMS OF INDUSTRY REQUIRING ADDITIONAL
UNIVERSITY INVESTIGATION AND COOPERATIVE WORK

In addition to the major classes of research topics whichwere described in the earclier
chapters, there is a number of other topics which though uncoordinated are also
important to the well-being of the computer integrated manufacturing fi=1d and should
be discussed as possible places for rescarch endeavor. Two among these will be
discusscd as potentially important services of the university team to industry. These are
reliability studics and continuing education for future workers in the CIM field.

SYSTEM RELIABILITY OR TOTAL OPERABILITY

Enormous strides have already been made in the reliability ficld, mainly through
improvements in the design, manufacture and use of integrated circuits for the
system elcctronics. There are also numerous application techniques which can
contribute to overall system reliability, availability, mean-time-between failures and
other measures for improving the continuous non-stop performance of industrial
control systems.

Whatever the method used to assure such action is called, industry wants its control
systems 1o run cffectively forever without any significant lowering of their ability to carry
out their assigned mission. Notice, we did not say that components or whole units could
not fail, they will of course. The need is for the ability of the control system to carry on
its mission regardless of the type or severity of the failure which bas occurred.

With unit element reliability in the capable hands of the "chip” or basic circuit
makers, the type of work to be studied by the university applications laboratory would
be the promotion of higher overall system availability. This could be done by studying
the following among others: climination of potential failure points in system
structure;developing operating strategies to counteract any failures which might occur;
and evaluating the proper location and operation of redundant units for maximum
effectiveness in reducing system vulnerability.

The achievement of plant control systems which effectively "never fail" (to carry
out their mission) can have enormous effects on the way industrial plants are
operated. It is noted that much of the technology to achieve this is already in place. .
The remaining factors are demonstrations that such a continuous operation is
.ndeed achievable and thea installation of confidence in the minds of management
that this is indeed the case.
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CONTINUING EDUCATION

CIM and its related technologies have burst rapidly on he industrial scone amthe past
few years. The result is that there is a very great lack of information conememing CIM
and its ramifications in the minds of engincers and managers in the various Fmdustries.
There is also an even greater lack of the skills necessary to plan, design, implenment, and
operate CIM systems in their plants, '

~ As units of enterprises whose basic existence relies on their mission to trrain and
educate, the university-based industrial control applications research laborastory is
uniquely qualified to fulfill the resulting need to its own benefit as well as to thoses of the
industries whose employees are being trained.

Short Courses

One of the very first activities of the Purdue Laboratory for Applicd Industtrial
Control in the early years ofits existence was to mount a major program of short courrses
(one to two weeks in duration) to train industrial engineering personnel in- tthe
technologies needed to apply digital computer based control systems in thseir
companies. These were highly successful and attracted a large number of students fioom
all over the United States and scveral foreign countries as well.

They were discontinued in 1971, not because of lack of available students but becawusse
of a lack of personnel to staff the teaching program as well as our growing reseazrch
program and because many other American universities were following our exanie
and generating major competition to our program. It was also felt (wrongly as it turmied
out from later analyses) that the locations of some of these other schools pear popuiiar
vacation sites might give them an advantage in attracting future students.

Nevertheless, these early offerings in the short course area went far to showingaur
industrial partners the abilitics present in the staff of PLAIC and our capabilities:imithe
applicd industrial control research area. Thus they helped greatly in recruiting indiugtrial
sponsors for our research programs.

_Initial Management Preparations for a Computer Integrated Manufacturing Plamt

An especially important class of continving education services which the umiversity
can perform is that of the education of industrial company managements to malke them
*CIM literate,” as discussed below.

Experience with American companies has shown that many management pwrsomnel
are ill-equipped in terms of their knowledge of CIM, its benefits, its ansts, 'its
requirements for successful implementation, etc., to make the necessary plians and
decisions regarding the use of CIM techniques in their companies,

While there is a multitude of consulting and CIM vendor companics who are happy

to tell company managements how their organizations (the vendors) can imstall CIM
systems in the clients’ plants, they are all selling their own company’s serviczs.
. What these managements really need arc the services of truly knowledgealiiic, but t-uly
unbiased, educators to teach them real basics of CIM system capabilitics, touguirements,
costs, benefits, stumbling blocks, etc. In this situation, the university, if it has pairsoane] with
mmbmmmwmwmwmmwm
&s having no ukterior motive and therefore as prescating the real facts of thesituation.
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Such training courses should cover economic factors, personncl needs, the effects
of various plant cultures, training nceds, and all the other ramifications of CIM beyond
mercly the technical factors involved.

CONTINUING FUNDING NEEDS AND RELATED FROBLEMS

SOME RAMIFICATIONS OF OPERATING A UNIVERSITY RESEARCH
LABORATORY _

A university rescarch laboratory has all the problems.of a small business in terms of
its operations, particularly in terms of its sustained life and growth. Staff (here
professorial rescarch advisors, graduate students and support staff) must be recruited;
the products of their efforts must be sold (here the research projects and their resulting
rescarch reports); facilities must be procured and kept in operating condition (here
manifested as equipment purchases and installation, maintenance personnel, and
overhead for buildings and utilities) and continued life assured (here by developing new
projects, securing research grants from government sources and assuring the quality of
the research work carried out).

In the United States, a research professorship is often characterized as a "hunting
license® io allow cne logooutandmiscrescarchhmdsinthznamcofthcuniversityto
sustain their rescarch laboratory. Save for relatively rare exceptions, all rescarch funds
in a university in the United States must be raised from external sources. The American
professor is very covious of his European counterpart who (as we understand it) is granted
a Efetime research budget along with his appointment as professor. We understand that
thacue[cwhﬂ!ptdcssmialﬁduinEmopcanmivusiﬁﬁbﬁmalsonmc&alaﬂ
laboratory direciors appear to have such titles. Thus we consider ourselves equivalents.

In most cases faculty research advisors receive a fraction of their stipend from each
graduate student thesis they supervise. These funds, commonly 10% per student project,
come from the rescarch grants supporting the student involved, hence also from the
jaboratory’s' budget. Usually the laboratory director is required to also procure a
fraction of his own salary and benefits, commonly 50%, as part of his funding
procurement activity.

Another aspect of the university milieu which complicates the university laboratory’s
fundingrcquircmcntsislhcﬁmcchm'adaisﬁtsofagraduatc student’s program. Each
graduate student must complete a certain number of advanced course hours and pass
awiesofmminaﬁcnsbcfmehehgaﬂmtdmpmedwﬂhhidhmrmchsmdics.
Normally the studentspwdsthcﬁmmtoth:eeycarsmhislhcrsmdiesfouowedby
myano(mmnﬂﬁcdmchwmkmmdcmmmlymhuhwher
mscuchsﬁpcadthoughomhk{hugadum:mdypeﬁodmgard]essofhiﬂheradnal
adhﬂiesamypoinlh&mc.owouslythchbontmydhectmmustfaaorthcpcﬁods
o[mswchinadivhyinlohiaﬂurspendhgplmsandinmhislhcrschodulefm
completion of various projects.

THE IDEAL SITUATION

chchbwataydireﬁwmuldhwhisfhuddceﬂmmlﬂhefsh:wishﬁm
hi#hcrhbulwty'srmpmymmdfumﬁngmtolmkﬁke?

Aswebncnotedmalplmhdﬁsmpmttbatmmanymydm&abh
characteristics to have in the laboratory’s structure:
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L Continving industrial sponsorship is very necessary. It wouldiibe mos:
helpful if these sponsoring companies were from a varicty of induastries tc
give a broad experience base to the program.

2. Representatives appointed by the companies themselves should fform ar
Advisory Board who meet at least four times a year to actively criticizze the
Iaboratory’s research program and its results. They should take a veryzactive
role in advising the dircctor on important research which the laboreatory
should undertake. They should also actively support the laboraitory’s
proposals for government funding for the work by endorsement letterss o
and personal visits and interviews with decision making personnel off the

3. The sponsoring companies should pay an established annual fee ifor
sponsorship. The act of paying is more important than the relative amosunt
since funding agencies wish proof-of-interest on the part of sponsors and
money "talks loudly” here.

4. The sponsoring companies should provide summer or cooperative periood
employnfent to the graduate student researchers to be sure they know amd
understand the industrial milieu. This is particularly important for foreign
students who would have no other chance to get this experience.

5. Sponsors should provide actual plant data for analysis by the students whiile
investigating their research topics. Here again it is a major lcarniing
advantage for the students to have real plant data for their analyses,

6. It would be helpful if total industrial funding were in the range of 50-68!%
of total research funding expended. This provides a smoothing function ffor
the wildly fluctuating government funding base, and provides a cushion:ffor
any periods when government funding is difficult or impossible to obtaiin.
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