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trVrROl)UCTION

Tn thc recent inror[nation society, system complexity

and the import'1nCe Of sortware are increasing. A
Targe coTnPIex system includes both humans and

compu(ers to control and manage the system. This

mc{wlSlh(1t SuCh tl SyStem is a combined computational
systctn, composcd or the human and computer

compuLational systems.

P](1nt OPeT'.1tion invotves a high degree of

intcrdcpcndcnce bcLwccn proccss equipment, control
systelnS '1n(I IMTnan OPCr'1tOI-S. Flexib]e production in

the proccss industry is grcatly owing to operator

control skiHs.1nd inLelligence. In this situation,
coT11Puter.1ids in various forms are essential in
solving opemtional problems. When we consider

compt)tcr '1id.s, wc must take into account the

operator's mental satisfaction. That scnse of
satisfaction is an important factor designing a
system. This means that computcrs arc not
substitutes for humans, but are used to assist humans.

In the manufacturing system, automation orten
creates black-box processes with more sophisticated
computer control systems. But some t'1Sks wi1l not be
automated for various reasons, such as cost
performance and safety. This will result h many
isolated islands of automation, imposing a scvcre
burden on the operator.

There are two approaches to this situation. Onc is Lo
clarify the operator's tasks under spcciried
circumstances and provide appropriate training; the
other is to develop an operator-friendly,
computer-aided operation support system for



coTmnCrCi'11 opcralion. This paper considcrs

hwT1(V"O]TIPuLer intcracLion in ptant opcration and
tmining rrom thc systems cngineering viewpoint.

PTJ^NT OPliRATION ISSUES

^ coTTIPrehcnLSive conLrol LWdinstrumcntation system
with distributcd CPU, callcd KS (distributcd control

systcm) htlS bcen uscd in thc process industry since
thc 197()Ts. The DCS is a customized computer for

system conlt'ot. CRT opct..1tion bascd on the DCS
brought '1CCurLltC and stable conditions to plants,
using sophisticated computer control technology. It

realized highcr qu'1lity products, energy
conscrvation, yie]d incrcLISe, and so on. It also saved

sp(1CC '1nd labor in Lhc conLrol l.OOm. However, it also
gcncratcd new problcms in plant operation.

Recenlly. LqCVCr'1I survcys on plant operation have

becn publistlCd in J(1Pan [l-4]; This implies that plant
opcr.1lion is a cruciat issuc for Lhc Japancse process
industry. ^ survey sl(1tCS thc futurc of p]ant

opcmLion '1S rOIIows [1]: Broadcr duties must be
carricd out by fewer opcr(1tOrS, uSing more
LqOPhistic.1ted contro1 (wd rclated technology.

Thc opemtor l1(1S m'lny taSks, such as to keep the

process running.1S Closely (1S POSSible to a given
condiLion, to prcservc optimality, to detect failures,
¥nld to TT1.1int'1in sarety [5]. In most plants, the

opcr(1tOr muLql h'1VC nOt On]y COntrOl ski]ls but also

compT'ehcnsive knowlcdge and techniques, such as

process ]Tlainten(1nCe and f'1Cility management.

Thc [)crrorm'1nCC Of skilled operators is represented
by tl thrce-]evel modc), '1S Shown in Fig.l [6]. This

TnOdcl c'nl bc uscd to p]an operator support and
tr.1ining systcms. lt is important that the operator be
¥1b]c to usc a logicat appro'1Ch to understanding the
st(1tC.1t the Linle. He should consciously reason out
Lhe me'1ning of things, analyze the situation, and

mLlkca mtional dccision. This approach enables the
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opcrator not only to take ovcr convcntional control
skills but also new ski11s vi'-omputcr aid, for coping
with uncxpectcd situation and rea]izing mol.C flcxible
operation of the production system.

Sensory lnputs SIgnals ^Ct10n

Fig.l Three-1evel modcl of ski11ed hum(w operator

TRAINIrVG ISSUES

In the process industry, training simulators were first

introduced to large continuous plants, such '1S
refineries, power plants and town gas production
plants. Simulation training is credited as a significant

factor in diminishing accidents. A recent survey on

operator training systems, that reviewed 20 tmining
simulators in the refining, petrochemical and

chemical industries in J'lPan, Summarizes objcctivcs,

hardware, software, training contents and so on [3].
Generally, simulation is reportedly very useful for

operator training.

In CRT operation, the operator can get informaLion
only via CRT. The first objective or the training
simulator is to acclimatize opcratol-S tO thc computcr
operation environment. First, the opel.atOr muSt
master screen manipulation on the CRT at the

operator station. Second, thc opcmtor must lc(1l.n



stwci.1t rMlOCCdurcs ror unusual opcration, such as
tqtn1'tuF"nd shutdown of equipmcnt items, and for

cmergcncy ot)cr(1tion.

Thc opcmtotl CannOt CaSily visualize what is

lmI't'Cning in lhc lnloccstscs. Thc].cforc, computcr
¥1i(Is ror visuali7-'1tion or the proccss state are crucial

ror intuilivc undcL'Stan(1ing. Steady-state process
siTm]t(1tion hcTps systenl PCrrOrmanCe understanding

¥1nd qtmtit(1Livc proccss simulation hclps dynamic
behavior understanding.

Thc Lmining simulator cnn atso be used to improvc

thc m(w-n1(1Chinc intcrr'lCC Of Lhc operator station.

ror this purposc, Lhc bchavior of tminecs at the
oT)Cr(1tOr St.1Iion must bc obscrved carefu11y '1nd
nnaly7JCd. Obset.vations on cogniLive and

Ltndcrslanding processcs will bc uscful in improving
the intcrrncc. Nso, ncw information technology,
such '1tS media technology and virtual reality

technology, wilt hc]p coopcrative human-computer
inter.1Ction. Thcsc tcclmiques enhance operator

conlrol ski11s; lhc rcsulting improvemcnt in the
TT1.W1-Tn'1Chinc intcrracc will hclp ]csscn human error.

F,N(;lrn.lJF.RING ISSUES

ln lhe tmining simulator, on-1ine simulation is used
to expcricncc opemting problems and take timely
corrcctive '1CLion. TheI.efore, the system should be

c(1Imb]e or '1CCUl-(1tC]y rCPreSenting startup, shutdown
nn(1 cmeT-geTICy COnditions at '1n OPeratOr Station. This
t.cqui1-eS dyn'wlic, i[1teraCtive, process-specific

mo(lcls ovcr broad opemting mnges. Combined
diLSCt'CtC 'Wd conLinuous proccss modeling in
I)nrticuI.1r is essenLial for representing actual plant

opemtion.

Thc sc(1uenLitll control system is a typical example of

lhc c(wlhincd discrcLe tlnd continuous process system.
Figu-c 2 shows the system structure, including

cMllro]1cd objcct, scqucntial conLrol equipment and
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OPeratOr [7]. Thc controIlcd objcct, c(1llcd outcr
system, is composcd of the proccssing cquipment
units and regulatory control system. The dyn'1mics

are represented by thc continuous state cquations. On
the other hand, acLions by the scquentiat contl-O)
cquipment and opcrator arc dcscz.it)cd by ;t sct or

rules. Thc evcnt-dt.ivcn, discrete systcm is callcd
inner system. The dynamics are rcprescntcd by the

discrcte state equations. The mcthod of modcling and
analysis of thc scqucnti'1t COntT.OI systcm ciln l)c LLqC()

to examine the behavior of the combined discrete and
continuous process system.

Fig.2 System struc(ure of sequential contl-Ol

Popularization of object-oriented progI.(1mming 'nld
graphic user interface fol. WOrkstaLions has been

changing the modeling and simulation environmcnt.
The progress of software engineering in computel.
science stimulated l.eSearCh on modelhg tools in

chemical engineering in the mid 1980's; the
objective was to support the mpid modeling and easy

maintenance of models.



ObjccL-oricnlcd simulation is an indispensable

tcctmi(1uC rOt- r'1Pid dcvclop]ncnt of application
systcTntq. Today, v{1rious coTmTICrCial modeling tools
c.1n be use(l to construct custom-m(1de simu]ators for
existing p1(1ntS. Thc coTnbinaLion of this kind of

simuI'1tOr and actuat control systems offers a
run(I.wlCnti11 I'CSCarCh cnvironment for solving

tn'('hlems in ptnnt opcmtion and system design.

TtlC r.1Ct th.1t SinmtLILion is widcly acccptcd for
opcrtltOr tmining is vcry sigIliricant. Plant models
use(l hl thc sinlul(1tOr Can bc '1 COmmOninterest for

enginccrs.ln(l opcmtors. coTnmunication betwcen
enginccrs 'ln(I opemtors will afrord bettcr

M1(1crst.1n(Iing or thc proccssing systcm at the design

¥wdof)Cr(1ting phtlSCS. Thc operator can know design
intcntioTHTld thc cngineer c'w rccognizc operational

l)rOblcmLq. Through coopcrative work, problems
wi1] be round tlnd efrcctively solved. This is an

cx.wlPlc o[ concun.cnt cnginccring in the process
industry. Computer-sul)POrted cooperative work is

nlso nn imr)ortnn( lhcme in p1(nlt Opemtion.

IIUM^N lrVrER^CTION ISSUES

Tn thc 199()Ts, it is widely recognized in the systems
cngincering that the hum{1n is an important system
L'LWIPOnCnt nnd thaL lhc pc].rot.m.1nCC Of a composite
or huTn.1n (lnd computcr should be evaluated. As a

resu]t, coordination and cooperation between humans
¥wd conlPutCrS is being investigated by many
I.CtSC.11-Chcl-S.

M.1n-TTl(1Chinc intcrr(1CC h(1S bcen studied in

crgonomics or hm'ln engineering to optimize

systeTTIS COmPOSCd or hum'1nS '1nd machines. In this

tlL)PrOnCh, thc ]mman is regarded as responsible

l)hysio]ogic{11 equipTnent. On the other hand, mental

rcsponscs in intet]ectu'll lasks, including pattern

t'ccognitkm, nlCTnOry, l)rOblem solving, deduction,

]inguistic lhcot.y, were the focus in cognitive science.

EtlSC Or uSC, ttndersL'1nding and learning have been
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studied as user interface research in this al.Ca.
Cooperative intcmction bctwecn lmman and

computcr is undcr vigol.OuS Study.

Fig.3 Life cycle of system

Any system has its life cycle, as shown in Fig.3. The
target of systems tcchnology is to support human

activity at every phase in the lifc cycle. E'1Ch phasc
has human inter'1Ction issues to bc solvcd, '1S rOllows
[8,9]:

P]anning Phase:
Up-stream activity of design, such as conceptual
design and feasibility study, should bc supportcd by

computers. For this purpose, free acccss to nccess(1ry
information is csscntiaI. At thc s(1mC timc, thc

security of the entirc information system must bc
guaranteed.

Design and Construction PhfISe:

The size of software for operation control and

management is increasing enormously. A systcm
failure caused by software bugs c'1n fata11y d'wage
the system. Thereforc, the transmission '1nd
inheritance of engaged technology is il key f'1CLor in
maintaining and impl.OVing the system. To this end,
the design intention must be corI-eCtly described or

symbolized by the designeI.. It must a]so bc
transferred froln the design team to the m'1inten'1nCe

team.



Management Phase:
tt is important lo gr'1SP thc present staLus by

{1Cquir]'ng up-to-datc d'1L'1 and to makc a correct
(lcci.qioTl batqcLI on ar)pror)ritltC inrormation. For this

tluTLt)oSC. nn Crricicnt inrormation rctricval system is
rc(Iuirc(I. Cot11l)utCr '1ids ror lhc coopcmtivc work of

cxpcrtt"rc '11so requircd.

()pemlion Phase:
tn ttlC autOm(1tCd syslcm, computer systems cover
their fnvoritc subjccls. On lhc other hand, a human is
in chnrgc or comI)rehcnsivc judgment. In lhis

situation, thc rolcs of hu]nan '1nd computer must be
b.1]LlnCed. ^]so, Lhc roIlowing instructions should be

considcred in dcsigning.1 huTn(1n interfacc:

'tndic.1tC inluitive inrot.mation on what is happening
'Tndic(1te CSSCnti'11 inrormation on what is happening

(This is to avoid operator mental overload.)
'Giving suggcslions according to operatorrs

cxt)crience and skil)s

Tmining Phase:

^n opcr'1tOr muSt CXPCt.icnce operating problems and
t(1ke tiTnC]y COrrCCLivc nctions. Opcrational skills and
undcrst.wding or system bchavior are acquired by
on-thc-job tr(1ining 'wd simulation lraining. To cope

with ulCXt)Crienced situations in a large system,
IL'gic'11 uldcrst'Tmding bascd on the principles of the

phcwmenon is cssenti(ll for maintaining system
integT'ily.wLl cnsuring systcm survival. To this end,

¥wHduc{1tionnt inlcrrLICC iL"CCdcd to support human
undct-st.1nding.

Thc Llhovc-mcnlioned issucs cannot be hand]ed by

thc tt.'1diLion(1I systcms technology. A new systems

cnginccring (1Pt)rOaCh is required to solve many

tlrOt)TcTnS involveLl in thc human interaction issues.

Supcrior hum'ln-COmPuter interaction can generate
¥mlinte11igcnt nlnnuraClurillg SyStem.

HUMAN-CENTERED SYSTEMS

TECHNOLOGY

The aim of systcms tcchnology is to supr"l-t a11

activitics in thc systcmTs lirc cyclc. Coopcr'ltion
bctwccn humans and computcrs is csscnLiL1) tO LIChicvc
this. Humans and computers both have thcil. StrOng

points. Each has its allottcd tasks. A human is good at

circumstantial judgmcnt and pattcrn rccognition. Hc
can detect signs and interprct them. He can L11so

+exercise commonsense and avoid conflicts. On thc
other h'1nd, a computer is superior in so)ution-
searching abiliLy to thc human.

Researches on task allotment and computcr suppot.t
for humans are now undcr way. Systcms technology

aimed at cooperation beLwecn humans and computcl.S

requil.eS the integration of obscrvations on the human
cognitive process and computer tcchnology. Thc ncw
systems technology is composcd of thc following
three components [9]:

Computer technology:

Simu]'1tion and optimization tcchnology
AI tcchnology
Media tcchnology
Artificial reality tcchnology

Cooperation technology (Groupw.1re):

Computer supported cooperative wol-k technology
Self-organization technology

Cognitive science:
Observation of hum'ln COgnition and undcrst'wding

The problem-oriented approach is rccommended for
developing a systcm. Thc gcncra] proccdurc is.

summarized as foIIows: First, thc objcct problcm
must be analyzed carefully. Then, an appropl.i(1te

solving method is determincd by taking (1CCOL]nt Of
the characteristics of the problem. Tt is neccssal-y tO
customize a gencral method for solving the actual
problem. To this end, infol.mation on availab]e

methodologies and technologies should be shown on

the screen; computer tools that support design should
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'1tSO bc providcd.

Modclhlg (nld simu]aLion tcchniques are being

devcTopcd in lmditional cnginccring disciplines. The

dcsigning or LSyStCmS rOr PILlnt OPCmtion 'Tmd training

rcquircs iIltCgrLltion or pt.occss cnginccring (chemical

cnginccring) nnd ncw systcms Lccho)ogy.

OTISF,RV^TIONS lrV C()GNtTIVE SCIENCE

Interrace ModeI

Whcn wc considcr a man-machine interface or a

comt)tlLcl- Sur)POrt SyStem in plant operation, a basic
TnOdct or interraccs is useful in idcntifying the
t)rohlcm locaLion. Thcrc arc sevcml intcrfaces for

pl(1nt OPCmtion, as sllOWn in Fig.4. Each has the

roI]owjng (Icsign instruction [8,IO]:

Tntcrr(1CC T: bctwcen uscr '1nd object
WYS]WYW( WIlat yOu SeC is what you want)

Tnlerr{1CC Il: beLwccn objcct (1nd cnvironment

WYSIWYG( What you see is what you get)
Tntetr(1CC ITt: bctwccn uscr and object

WYGIWYW( What you get is what you want)
7ntcrracc IV: bctwecn users

WYSIWtS( Whatyou see is what l see)

hterface N

Fig.4 tntcrrtlCCS Of p]ant opcration
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9peratorW
Control

Figure 5 shows a model of supcrvisory contl.OI. tt
was pl.OPOSCd (1S rCPrCSCnting Lhc conrigut.;lLio11 ()r

tcle-opcration rcmotc conLrol or a vchiclc on Lhc
moon from the earth. There at.c two computcrs
between the contro11ed object and the opcrator. ^
task interactive computer (TIC) is ne'1r tO the
contl'011ed objcct 'wd a I"m'ln intcmctivc comlntCl.

(HIC) is near to thc operato]..

Fig.5 Model of human supel.Visory contl.01

This model can be used to show many man-machinc
configurations, such as in manufacturing processcs,
nuclear power plants and aircraft. The operator's
tasks in supervisory control can be classified into the
fo11owing five groups [l 1]:

PIanning: An action is planned by the operator
to achieve a specified goa1.

Instruction: The plan is input to the HrC by
command or programming.



tStJPerViLSion: Thc opcr'ltOl. mOnitors the objcct, to
(1etcmlinc whcthcr Lhc objcct is controlled as planncd

tlnd whcthcr tlny abnormat state is occurring.

Tntcrvention: Tr thc goat hLIS bccn achicved, the
opcmtor givcs a command to the HIC to set up a new
go(1T. T[ '1n '1bnormal condition is detected, the

operator intcrvcncs wiLh the TIC to remove
nut(mlntic contro1.

LeEIrning: Tlle OPeratOr )earnS for the next such

event.

rigMIC 6 shows thc scqucnce or operator's tasks. This

t(1Sk sc(IuCnCC mOdel is tlSed to pick up hum(1n errOrS
on rccycle paths 'lnd to study how to cope with the
.situ'1tion.

PcdagogicalW

^ ped(1gOgical interracc was proposed to facilitate
humtln llnderstaTlding by somc means [12]. Figure 7
LS11OWSthe sLnJCtUrC Or a Pedagogical interface. Such
nn intcrf.1Ce Shoutd includc functions to repeat

Fig.6 Sequcncc of opemtor's tasks

problcm description and exp]'1n(1Lion, Lo usc Lln()LllCt.

pel.SOn'S OPinion '1nd knowlcdgc '1nd to Tn(1kc

cut-and-try experimcnts in thc vil.tu'1I cnvil-OnnlCnt.
To this end, it is necessary to inLcgrate ncw
technologics such as hypc]-mcdia tcchology,
groupware tcchnology and virtual l.Cality
technology.

In particular, hypcrmedia technology, which shows

information structure by nodcs and links, enablcs
information management of various kinds oF
communications mcdi'1 including tcxt, im.1gC (nld

voice[13]. This technology wi1I provide tl basic mc(TMS
of inhcriting the knowledge and know-how or thc

skilled operator. This kind of interf(1CC is dcsired
for operator training. Tt will bc also used to

pigeonhole various kinds of knowledge input by

many experts.

The combination of hypermedia (1nd simul(1tion,

called hyper-simulation, facilitates different types of
understanding, such as experiential undcrstanding by

simulation, 1ogical undcrstanding by theory and
intuitive understanding by image [13].

Another Person

E]
Fig.7 Pedagogical interface for understanding

SuPPOrt SyStem

7



C^SF, STUl)Y OF IIUMAN_COMPUTER

TrVrF,R^CTIOri

^ combjncd batch/conLi[mous pt.1nt gCnemtCS difficult
ot'cr.1tion'1l problcms bccausc both discrete and

conlinuous dyn'1mics must be considered in decision
mnking. To I.eSO)Ve Lhcse problems, dynamic

sinMt.1ti("1 th'lt T".CLlicts phnt-widc statcs can be run.
^n opcrntion sl]PPOrL syslcm wiLh opcrational

guid."1CC WnS derived from the TnOdel predictive
con(t'o] conccpL [14]. The basic idca or model

Fn-edictive control is c(1Sily undet.standable for the
opcT'(1tOr.n1(I is widc]y ncccptcd in proccss controI.

f7igu'e 8 stmws Llle PrOCeSS flow of the objective
pltwL Thc c(luSe.lnd effcct of operational problems
cl"1CCrnitlg l11C Pl(lnt (Ve Summarized in Fig.9. The

structurc or lhe opcration support system is shown in
Fig.lO. Tn the sysLem, the flow controtler.s set-point

v(1hJCL"t-Cimptcmcntcd t)y lhe oper'1Lor. Automatic
inlPIelTlentalion of set-point control eliminates the
ncc(l ror nTI Ol,CmtOr; howcvcr, operational problcms
such LILq b{ltCh 1.C(lCtOr (lischargc wait and idle

of)er;ttion or continuous uniLs wi]] still occur undcr

"1CCT.tain c("ditions bcc'luSe Or the ]imited flexibility

or T)1."1t C(lPnCily. ln such a situation, an operation

suptwt systcm is usefu] fot. coping with various
irrcgtll(1riLics.

Fig.8 Proccss now or coTnbined batch/continuous
proccss p]'1nt
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Fig.9 0perational p1.Oblems in combincd process

plant
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Fig. lO Structure of operation suppot-t system

This system allows operators to enter optional values
of flow-rates and shows them simulation results. The
man-machine interface is important for effectively
informing the operators of the resu]ts. The proposed
operation support system, implemented in an actua)
plant, yielded considerable productivity increase and
continuous unit stability.



CONCLUt)TNG REM^RKS

H"11nn-C("11PutCr intcmction is a kcy issue in
fn'(Widing synergisLic production in a sare and

conlrOT1.lhlc m(wuf'lCturing environment.
Ohscrv{1tions in cogniLive scicncc should be
crrcclivcly uscd to dcsign a ]mman-centcred

IlrOduction systcm witt"ooperativc human-computer

iTltCmCtion. ln this p'lPCr, thc present status of plant
oT)Cmtion.wd tmining was rcviewcd and future

rese'1rCfl TICeds wcrc idcntiricd.
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