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Abstract:
P1antoperation involves a high degree of interdependence between process equipment, control
systems andhumanoperators. Nowadays, flexible production in the process indus&y is gready
owing to the operator7s control ski11s andinteuigence. In this situation, computer aids in various
forms are key factors in so1ving operadonalproblems. nis paper considers a framework of p1ant
operation for safe andefficient production in a p1ant.

mODUCnONJt

Acomprehensive contro1 andinstrumentationsystem withdisdbuted CPU, caned DCS (disdbuted
controlsystem), has txen used in the process indusq in Japansince 1975 [l]. The DCS is a
customizedcomputer for system contro1. Transferfrompaneloperation based on analogcontrouers to
console operationor CRT(cathode-ray tutx=) operation based on DCSs is going on even now.

CRT operation brought accurate andstable conditions to p1ants, using sophisticated computer control
technology. It realized higher quality products, energy conservadon, yield increase, andso on. It
also saved space andlabor in the control room. Tbe resu1ting situation, however, generated new
problems in p1ant operation. This paper considers some aspects ofp1ant operation for solving these
problems.

PLANT OPERATION EmOW

A p1antis composed of equipment and computer systems for contro1 andmanagement. Ju
COmPuterSyStemS Should be functional1y integrated into a p1ant-widemanufacturinginformation
system. Figure l shows a corrmon model having a hierarchical structure.

The basic conb:ol system detemhes control actions andactuates theequipment. At present the DCS
is widely used in almostan continuous p1antsandmanybatch p1ants; it provides both feedback and
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sequential control functions, the former for basic rebdatory contro1 andthe latter for automadc
sequence execution.

Recently the greater part of autorrndc contro1 aimed at more flexible producdon is reah2Ed by
sequential contro1, theevent-driven system for automadc startup andshutdown of equipment iterrB
and autormtic suspension of p1ant operation. However, the process control aspect of sequential
control has not txen studied enough in comp'arison with feedback contro1, txcause of the different

dymamicrepresentations. Wheninvestigating p1antoperation, it is necessary to examinep1ant-wide
conditions under feedback control and sequential control. Figure 2 i11ustrates the interdependence of
thecontroued objecL the sequential control equipment, andtheoperator [2].

In addition to basic control system, various advanced control systems are implemented for
optimizationandadaptation, to accorrmodate large variations in theproduction system environment.
These functions are usual1y created in process computers cormected to the DCS. More efBcient
connection between basic andadvancedconuol systems should tx considered.

Various computer systerns for rrnnagement are also connected to the DCS, to acquire actual operating
data. nese computers are usual1y caued business computers. Inteuigent integration of control
systems andmanagementsystems is a target for computer integrated manufacturing(CM) in the

process indushy. A recent survey on process CIM in Japanstates that the process indushy expects
irmovation of plantcontrol andoperation using information technology [3].
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Fig. 1 Configuration of various computer systems
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Fig.2 Configuration of sequendal control system

PLANT OPERATION ISSUES

Plant operadon is complex composite of equipment items, control systems, andhumanoperators.
Recendy, several surveys on p1antoperation have been pubushed in Japan[4-6]; nis implies that
p1antoperation is a crucialissue for the Japaneseprocess indus&y.

A recent surveyon cRT operation in Japan states the future of p1ant operation as fo11ows [4]:
Broader duties must be carried out by fewer operators, using moresophisdcated contro1 andrelated
technology. Under the predicted situation, each component of p1ant operation, i.e. conb:ol systems,
operators and processing equipm:nt has respective obstacles to overcome. ne fo11owing is a
summaryof those obstacles:
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Control Systems+
SimpliBcation of supervision andmipuladononCRT
Upgrading of supervision, contro1 andmanagementfunctions
Upgrading of rehabuity andsafety of hardware andsoftware
Development of p1antsimulator for practical use
Development of efficient andintelligent sensing devices
On-1inedevicefault diagnosis
lntegration withotherinformation systems such as OA systems

Development of a corrmon data-base for an computer systems
S ustainable system architecture
Opennetworkarchitecture of DCS

_ eratOrS:

ClariflCatiOn Of duties androles
Meastuementof level of knowledgeandsknls
Methodof b:aiming
Achieving operator satisfaction

Prdcessin
Upgrading of processing equipment reliabihty andsafety
Achieving flexible operadon by processing equipment rehfit
Automatingequipment
Simpliacation of maintenance

PLjm OPERATOR

The operator has manytasks, such as to keep the process rumingas nearly as possible to a given
condition, to preserve optimauty, to detect fai1ures, andto nuintain safety [7]. In most plants, the
operator must have not only control skins but also comprehensive knowledgeand techniques, such
as process maintenanceandproduction control. Dccs a humanoperator alwayshave to master high1y
developed technlques for automation? h Japanopimionis divided on dds question.

Automation often creates black box prcK:eSSeS withmOreSOPhisticated computer control systems. But
sometasks dl not be autorrnted for various reasons, such as cost performmce andsafety. Asa
result, there wi11tx manyisolated is1ands of automadon. nis situation wi11impose a severe burden
on the operator.

nere are two approaches to the above situadon. be is to clariLy the work of the operator under
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specified circumstancesandprovide appropriate hmig.,theotheris to develop anoperator-Biendly,
computer-aided operadon support system for corrmercial operation. Tbese two approaches are
examinedinthefo11owingsecdons.

TRJmGSIMULATOR

Simulators are used successfu11y in such indusmis as aerospace, air transport andnuclear power. h
these industries, simulation training is credited as a signiBcant factor in dimimishing accidents. In
process indusbies, training simulators were rust introduced to large cominuousplants, such as
reheries andtowngas production p1ants.

h CRToperation the operator canget information onlyvia CRT. The hst objective of the training
simulator is to acclirmti2e OperatOrStO the COmPuterenvirOrmentOf operation. FirsL the operator
must master screen mamipulationonthe CRTat the operatorstation. second, the operatormust leam
special procedures for unusual operation, such as startup andshutdown of equipment items, andfor
emergencyoperation.

It is important that the operator canusea logical approach to understandingthe state at the time. He
should consciously reason out the meaningof things, analyzethe situation, andnvike a rational
decision [7]. This approach enables the operatornot only to take over convemionalcontrol ski11s but
also new ski11s via computer aid for more flexible operationof the production system. ne operator
cannoteasily visualize what is happening in theprocesses. Computer aids for visualization of the
PrOCeSS State, Steady-state process simulation andquautative process simulation canbe used to
support the operatorTs understanding.

In the b:aiming simulator, on-line simuladon is used to experience operating problerns andto take
ti-1y corrective action. nerefore7 the SyStem Should t-apable of accvately represendng startup,
shutdown andemergency conditions at anoperator station. nis requires dynamic, interactive,
PrOCeSS-SPeCific models over broad operating ranges. Especiauy, combined discrete andcominuous
PrOCeSS mOdehg is necessary for a high fidehty training simulation. However, at present, simplified
models are used for the traimingsimulator.

A recent survey on operator training reviewed 20 training simulators in the ref+ining, petrochemical

and chemical indushies in Japan [6]. It surnmarizes objectives, haldware, software, trainlng contents

and so on. General1y, simulation is reportedly very usefu1 for operator trainlng. General

conBguradon of operator bmig simulators is shown in Fig. 3.

ne b:aining simulator canalsobe used to improve the rr-rrnchine interface of the operator station.

5



For this purpose, the behavior of trainees at the operator station should tx observed carefuuy and
analyzed. Newinformation technology such as multi-m=diaandvirtual reality techniques, is
essendal for cooperativehurr- computer interaction. nese techniques winenhance operator control
sknls', theresulting improvementin man-machineinterface wi11help lessen humanerror.

Operator lnterface

Fig.3 Configuration of traimingsimulator

OPERATION SUPPORT SYSTEM

Acombinedbatch/continuotB P1antgenerates difficult operationalproblerrB tX3CauSeboth discrete and
continuousdynamicsmust be considered in decision making. To resolve these problems, dynmic
simulations that predict p1ant-widestates cantx run. A Japanesechemicalcompanydeveloped an
operation support system withoperadonalguidance derived fromthemodelpredicdve control concept
[8]. Figures 4 & 5 show process flow of the objective p1antandoperationalproblerrB in the P1ant.
The proposed operation support system was lmplerT-ted in anactualplant, yielding considerable
productivity inc=easeandcontinuousmitstability.

To develop aninte11igent operadon support system for advancedp1antoperadon,cooperative work is
essendal txtween operators whohave extensive experience withreal tim5 data andengineers skiml
at modeling andsimulation. nis is anexample of integration of design andoperation. A
comprehensive database should also tx provided for this integradon [9]. Up-to-date data should tx
kept in constantreadiness for reference in thedata-base.
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Fig.4 Process flow of combined batch/conhuous process p1ant

Fig.5 0perational problems in combinedprocess plant



ENGmERNGEmRONMEm

Popularization of object-oriented programingandgraphical user interface for workstadons has txen
changingthemodeling andsimulation environmenLReseaICh on modehg tools txganin the1980,s
in chemicalengineering., the ob3ecdve was to support the rapid modeling andeasy maintenance.f
models. nese researches were stimiatedby de progress of software engineering in c.mputer
science.

For example, experience using "G2,'' a corr-rcial tool for simulation andreal tinTCeXpertsystems
with over 2000 instauations worldwide, reportedly yields a producdvity factor increase of about 20
times. Tbe graphic consbpucdon of the apphcation dond andstructtued natural 1anguage for
expression of knowledge7 mOdels and other informadon al1ows the engineer to direcdy buud and
managethe simulation without convendonal programing.Figure 6 is an example of evolutional
design of a udhty p1antcontrol system using simuladon [10].

Fig.6 Flow diagram ofudhty p1ant
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Object-oriented simulation is an indispensable technlque for rapid development of applicati.n
systems. Corrmercial modeling tools such as '.Visual Modeler:' developed by a Japanese chemical
company,cantx used to bund own simulators for various exisdng p1ants. ne combinationof this
kind of simulator and actual DCS offers a powerful research environmentfor p1antoperation.

The fact that simulation is widely accepted for operator training is very significant. P1antmodels used
in the simulator canbe corrmon topics for operators andengineers. Conversation txtween themdl
afford total understandingof the processing system at the operating phase. nen, problems should tx:
investigated by engineers deeply, for a txtter soludon. To this end, theengineer must tx fdar with
the data analysis and be able to easuy adjust the models in the simulator. Therefore, computer
environment for rapid mode1ing is inevitable for theengineer.

Dynamicsimulationhas txen studied vigorously inchemicalengineeringandcontrol engineering. In
these areas, off-hne simulation is used to analyzesystem performanceanddesign anoptimalsystem.
Weshould make thetxst use of simulation experience to developing a training simulator. Simulation
is a useful technlque not only for p1antoperation but also for system design. It is one of the most
powerfu1computer aids for testing andverifying theperformanceof proposed design of such systems
aS:

Model predictive control
Fuzzy or linguistic control
P1ant-widecontrol system
Process retrofit design
lntegration of managementand control systems

CONCLUSION ANDFUTUREDEVELOPMEm

Plant operation is a complex activity involving processing equipmenL control systems andhuman
operators. Regarding each component, there are obstacles to ensuringsafe andefncient operationfor
flexible production in the p1ant. h pardcular, coordinative humancomputerinteracdon is a crucial
issue, given the growing complexity of the process andcontrol technology. Simulation training
shows promiseas a methodof solving the problem. Also,manycomputer aids must be provided to
support the operator's decision.
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