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Abstract

A conventional expert system for plant condral is hased
e Dirisbae s, whiel e o |:l|:.u|'l kllu'ul.'|1'|.|51' slotial 1o
knowledge hase. Swels a svstem hag a substantial i
talion 1ir Lhat i cannol deal with “woforescen almormal
giluaticns” moa plant due to Lhe lack of heunistics. ‘lo
realize o fexible planl control system wlich can over-
come this limitation, we focus on model-based reason-
ing, Qur systemn las three major [unctions: 1) model-
based diagnosis for unforeseen abnormal situations, 2)
model-based knowledge generation for plant control, and
1) knowledge-based plant control botli witl generated
and a priori stered knowledge.

In this paper, we foces on the function of model-based
knowledge generation.  First, we show an overview of
cur system which has an integrated architecture of decp
reasoning witl shallow reasoning. Next, we explain the
theoretical aspects of model-based knowledge generation.
Finally, we show the experimental results of our sys-
tem, and discuss the system’s capahilities aiu some open
[rrohlems,

1 Introduction

Cwrrently m the field of diagnosis and control of ther-
mal power planls, the more l:ulrl]ig-:nt and Hexible 5¥5-
terns become, the iore kunwledge they need. Conven-
tional diagnostic and control expert systems are based
on heuristics stored a prioct i knowledge bases, 5o they
cannot deal with unforeseen abnormal situations in the
plast. Such sitnations could oceur il knowledge engineers
[orgol Lo impleiment soine necessary know ledge.

A skilled human operator 15 able to operate the plant
ael somehew deal with such unforeseen abnormal sit-
wations because e has fundanenlal knowledge aboul
the structure and functions of component devices of a
plant, the principles of plant eperations, and the laws of
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physics. His thoughl process is as follows.
. |"Jlin5nu:1si5 ol an unforesren abmnormal situalion
¢ Ceneration of plant contral knowledpe
« Verilication of geoerated Koowledge

A skilled human operator can deal with unforeseen
abnormal situations by repeatedly executing these steps
using the [undamental knowledge mentioned before.
Thesefore, the concepts of our diagnostic and control ex-
pert system are based on the same steps,

T this paper, we focus on the peneralion and vers-
fication of plant control knowledge. First, we show an
overview of our gystem. Next, we explain Lhe mocde] regs-
resentalions and Lthe model-based reasoning mechanisms.
After that, we describe Lhe experimental results and dis-
cuss the system’s capabilities. Finally, we discuss some
open problems and refated work.

2 A System Overview

The model-based diagnostic and control expert system
{Figure 1) consists of two subsystems: the Shallow fnfer-
ence Subsystemn (515) and the Deep Muference Subsystem
{DIS).

The 515 is a conventional plant control system based
on heuristics, namely the shallow knowledge for plant
control. It selects and executes plant operations accord-
ing Lo the heuristies slored in the knowledge base, The
Flant Monitor detects occurrences of unforessen abnor-
mal situations, and then activates the DIS.

The DS consists of the follewing modules: the Di-
aguosor, the Cperation-Generator, the Precondition-
Generator, and the Simulation-Verifler. The Diagnosor
utilizes the Qualitative Causal Model for plant process
parameters to diagnose unforeseen abnormal situations.
The Qperalion-Generator figares oul which plant oper-
atlons are necessary to deal with these unforescen ab-
nermal situation. It utilizes the Device Mode! and the



Cperation Principle Model. The Precondition-Generator
allaches the preconditions to each plant operation above,
and as a result, generates rule-based knowledge for plant
conlrol, The Stmulalion- Verifier predicls plant behav-
ior which is to be observed when the plant is operated
according ta the generated knowledge. [t utilizes the
Dypreagreses Medel, verifies the generated knowledge us
ing predicied plant behavier, and gives feedback to the
I‘".i'_lln- virtieni-{rene ralor to reline Lhie |1II|"|'|'.'|HI]G1,‘ il necessary.

The knowledge compiled from models by the DIS is
transnulied Lo the 5650 The 515 executes the plant op-
vrations accordinely, and as a result, the unfloreseen ab-
normal situations should be handied properly.
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Figure 1

3 Model-Based Generation and
Verification of Knowledge

The main purpose of this section is to present a genera-
tion and verification procedurs for plant control knowl-
edge to deal with unforeseen abnormal situations. This
knowledge is 1 IF-THEN format.

3.1

The Device Model and the Qperation Principle Model are
sl Lo generate the knowledge, The Dyramics Model is
nsedl Lo verify the knowledge. We cxplain these models
Lrriefly.

. Device Maodel

The evice Model represents the fundamental
knowledge about Lhe functions, structure and char-
acteristics of a p|.=.|1t.. Hecause a |1la|11 consists of

Model Representation

P

component devices, a Device Model can be defined
for each component device. Figure 2 shows the De-
vice Model representation for a beiler-feeding-waier-
pump, which supplies water to a boiler.

nEmE : a_bip

demand ; a_blif = 360 [tehr]

goal : a_biT =< capaciiy( a_biT}

stales on ; ckpacity]a BT )= 615 [lom'hr]
off ; capaciiy o BT ) =0 Jtoahr]

aperalion : ofT =#=om ; Clorwe-lagg = Q.1 [hr] , didif m_biT ) =+
o6 =8olT | tlroe-lag = 0.1 [hr| , d/de] a_bif) = -

qualliy a'di( m_BIT ) = idi AL}

flaw o : { defimed a3 gyeiem )

Maw ot 1 { dlefimedl ml wyriem )

syslem bip_systemd o_BIT, a_bAAF )

Figure 2 An example of the Device Madel

The demands for each component deviee are de-
seribed in Lhe demand slol, and their constraints
Lo Do sialixlien] o adescrilal an Ll goal slot.

The funclions of each component deviee are de-
seribed as possible states of each deviee in Lhe states
stot. The operations of a device are defined by the
change of its state.

Direct and indirect influences to plant processes
by operations are described in lhe operation and
gquality slots respectively.

The structure of a plant is described in the Aow_in
and flow_out slots. In addition, hierarchical mod-
eling can be done as shown in Figure 3,
bl'p_l.]'mu. - TR L

baller

=

Figure 3: Hierarchical modeling of plant devices

2. Operation Principle Model

The Operation Principle Model is concerned wilh
the principles {or sale and economical planl contrel.
It consists of the following two rules.

& Slrict Accordance Hule
The purpose of this rule iz to ensure plant
safety throwghout a series of plant operations.
It consists of the following two components: a
rule to use a device within its own allowable
range, and & rule to keep a fanlty device out of
SETVICE,



* Preference Hule
The purpose of this rule is Lo ensure an econom-
ical plant eperation. It consists of the following
two components: a rule to Iicep the number of
in-service devices to a minimum, and a rule to
egualize Ehe service-Lime of each device.

A Dvnminices Model

The Dyeinizeres Meodel represente the dynamic char-
acteristics ol the plant. In the area of plant gcon-
traal, Lheer frpaneises Alodod is coneerned either with
the functions of traditianal plant contrallers hased
o P e eandralor with the characteristics related to
pliysical laws, Figore 4 sbhows the model of a waler-
Mow-contraller. Wp anedl T are constants, II,l‘.-i means

Lhe imbegral opeerator.

Figure 4: An example of the Dyvnamics Made]

3.2 Model-Based lleasoning Mecha-
nism

We briefly explam the madel-based reasoning mechanism
of these medules: the Qperation Generator, the Precon-
difton Gencralor and the Somulaffon- Vertfier

I Operation Generator

This module determines the geal-stele where all of
the consteaints defined by the Device Aodel and
the Cperation Principle Model are satisfied, Gen-
ﬁ'ri‘i-ll:r'1 arn l.'l[lFU]"':'.if.!L‘ll :I.hnurulﬂ S-i.t.uﬂt.iﬂl:i CARUSEE A
state change of a plant, and this change ean make
the abeve cousteaints unsalished. To estimate this
unsatisfied constraints, the following funetions are
neecled,

{a) Verification of Constraints
All the constraints defined by the Dewvice Model
should he verified 1o see of they are stall satis-
fied afler the unforeseen abnormal situation,
This funetion (Figure 3) consists of the fallow-
ing two sub-functions: propagating the change

at each device to the others according to the
connections of devices, and locally verifying the
constraints at each device.

demand for & demand for B

=t devier A [

device I jtl—ro
process fow e ———
Propagate
tharge
{ Fallure 12 satlsfy {Sult chamge }-_f Paramebir's !
‘\—.‘_Ei“__d .......... Le. oper i value change
| Le external

\__ change

Figun—: 5 Constramts venficalion funetion

(b} Update of the Goal-State

I s oof Lhe comstrainbs al a cevlain device
are proved nol Lo be satished, a new state for
this device should be sought in order to sab
isfy them. This function {Figure §) consists
ol the fellowing sub-functions: scarching lor &
state of each device where all of its demands
can be satisfied, distributing the demands for
a device of higher hierarchy to devices of lower
hierarchy according to the constraints defined
by the Operation Principle Model, and generat-
ing new demande for connected devices accord-
ing to the Device Model and propagating them.
The plant operations are deduced by taking the
dilference between the initial goal-state and the
updated one.

New demand - Fropagate
n::-l.'." new demund for D

devies C | device D

Pproces flow

Em State New s:u:-}

Operation

Figure fi: Goal-State update function

. Precondition Generator

In the domain of thermal power plant conlrol,
preconditioes  of each plant operation can be
classified inte the following five generic classes
{Kenuma 1990).

¢ Preconditions for the state before an operation

s Preconditions for the order of operations



¢ Preconditions for safety during an operation
e Preconditions for the timing of an operation

s Preconditions for completion of an operation

Plois pipeelagde: wrepales thie: alwne i.ll'l!*tulldilllﬁl'l‘s [or
il operalion by analyzing Lhe goal-slabe according
4 '.|::' |:u|||h||.|.l||1.‘-. 1|.l."|l:l.|:‘r1 l]}" t]1|." E‘rr'u'r J.ll.lr-'.h.lll'll. An
s of Uheir genesation process is shown i Figure

Uperallon %

C Precnd. for plant stale

{ Frecnd. for order

C Frecnd. for safety

Preend, for timing

{C Precod. for compleibon

IF-part

| b— THEN part —

|'l':|g_|||'r' -g': fu-r'l'-'". .:|‘.i|.||| |:-ru{\-!'_':%-\ rJ |_1|'t_‘(1.’:-1'|1}ili|‘.l||:1

3. Stoulation Verifier

This module predicis plant behavior using the Dy-
aamics Model to verify the knowledge compiled
from models by the Operation Generalor and Pre-
condition (Generator, The prediction of plant be-
havier can be realized through simulation methods
[Suznki 1900]. Alter the prediction, the module ex-
amines whether or not undesirable events have oc-
curred, Undesirable events can be defined by several
criteria, but one of the most important is the tran
sient violation of the allowable range for each pro
cess parameber’s value. The execution of plant op-
eralions nsmadly canses the Lransient change of pro-
cesses due Lo the dynamic characteristies of a plant.
If this change is beyond the allowable range of a
current planl state, it is detected as a violation.

The Simulairon=Vergier supports the Gener-
el Test algorithm of knowledge [Suzuki 1990] as
illustrated e Figure 8. This process can be for-
inalized as LIlJ[[a.I'.iHE the goal-state according to the
degree of Lthe vielation.

procedure GaneraledTem (M or D3, 50 )

[5,0p ] <= Operation_Gemerale (M or DO, 50)
Kl <= Precondilion Gemersiz (50,5, 0Op);
PR cm Simulsir {50, K1)
[ NG, D1, 81 ) o= Verlfy (P3 )3
I NG =i consiraint_viclation
ihen refurn( K1, 5e)
e
[ K2, 53 | xcm Generoled Test [ D1, 51}
[ KX, 5 | e Genevaned Test (M, 53);
Kooz FIN[ K1)+ K2a K3;
relurnl K4, 5¢ ) ;
endif
endd.
NOTATION :
Sk, Se ; pland stale
1 demand for a device
IS ¢ planl hebayler
Kl :plan of plast operations
R anpfesshsn

M olpul of Diagnesor

Op = plant operations

MG : Nag For sllowabde range
vlpdatlons

an i sulslfutlon expresdon

Figure 8: Generated;Test algarithm of the knowledge

4 Experiments

We have implemented the expert system on Mult-P5]
[Taki 1958]. To realize a rich experimental enviranment,
we have also implemented a plant simulator instead of an
actual plani on & muni-computer GE050. Both comput-
ers are linked by a data transmisston line. This section
describes the results of some experiments.

4.1 Configuration of a Thermal Power
Plant

Figure 9 shows the configuration of the thermal power
plent. It consists of controllers (halelied rectangle] and
devices. The condenser s a device for cocling the fur
bine’s exhaust steam; the steam is reduced to water us-
ing cooling water taken from the sea. The reduced wa-
ter is moved through the de-gerator to the boiler by the
condensalion pump-system and the bodler-feeding-pump-
system. The cosling water is provided by the circulation-
pump-system. The fucl-system supplies pulverized coal
to the boiler.

4.2 Experimental Results

The total of the Demce Models in the system amounts
te 78 {Table 1). In this table, the difference between the
numbers in the left and right columns is due to hierar.
chical modeling.

The experiinents were performed as follows.

1. First, we selected appropriate faults of the follow-
ing devices: a coal-pulverizer, a boiler-feeding-pump,
a condensatfon-prump, a circulafion-waler-velwe, and
a waeter-feater. We made these faults the mallune-
tions of the plant simulator. We also set them up
for rr:ull.ipl:: faults.
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Fignre % Configuration of a thermal power plant

d Mt we e bracbes] sone specilic kuowledze for plant
contrel from the knowledge base in the SIS This
specilic: knowhalge was necessary to deal with the
scelected faulis. As a result, the selected Tanlls were
copial ta unlorcseen abnormal situations.

A4 Finally, after activating the malfunctions of the
plant simulator, we confitmed that the DS com-
piled the knowledge from the models and thal the
S5 executed the operations accordingly.

We explain the guality of generated knowledge for a
singhe fanlt, because the results 1n multiple faults are the
SR A% I oA s:ug|-‘.‘ fault. In the experiments, the con-
tents of generated knowledge are concerned with switch-
inng [eein a laully deviee to a backup one. Table 2 sum-
imarizes all the generated plant operations. In the case of
a watereheater fault, the system failed Lo generate plant
operiliens, [ allier cases, the system sucoeeded in gen-
craling plant operations. We estimate the quality of the
E-'-||r:r'='|l_l_-r_| b anav tlﬂ]“l’: in terms of its precﬂndit]una. This
tabide lists colmnns consisting of the following iteins for
eacl operation: the number of the preconditions encoded
v Dnsan espert (A1), the number of the essential oncs

Table 1; The amount of devices and controllers

Amount in | Amount in

the plant the Device Models
Devices 43 63
Controllers 7 15
Total 50 T8

in VM1 (N2}, the number of generated ones by the syslom
(N3, the covered vatio of N2 by the system (CH1), and
the uncovered ratio of N2 ( ER), namely, the ratio of N2
missed being generated or incorrectly generated by the
swstemm. [0R2 will be explained in Sectiond.)

The difference between N1 and N2 is due mainly to
the following reason. Although a human expert specifies
the preconditions of the knowledge as generally as pos
sible, the system generates specialized preconditions for
each oceurring unforeseen abnormal situation. With this
point in mind, we determine N2 by climinaling unnec-
essary preconditions from N1, O R {(i=1,2) and ER are
calculated by the following formulas.

Sueccess{N2)
N2
Miss(N2) + Fail(N2)
ER= Vo
Success{N2) denotes the number of N2 generated by
the system; Mess(W2) the number of N2 which were not
peneratel; and Fod{N2) the number of N2 incorrectly
generated,
We  adso
Success{ V2]

CRi=

vonsider  the  [llewing i evaluating

« Although the geonerated preconditions enumerale
the mdividual state of each deviee, a human expert
often represents thein succinctly, For example, the
conjunctive precondition “abfp = on” A “b.bip =
on” A “c.blp = off” are represented as “the number
of activaied blip = 2"

# The system cften generates superfluous precondi.
tions that a human expert does not mention,

+ Although a human expert encodes preconditions for
the selection of an in-serviee device, the system
never generate them because they are already es-
Limated in applying the Cperation Principle Model.

None of the above devalues the quality of generated
knowledge because the system is required only to gen-
erate sp-:fiﬁc preconditions for an CUCUTTING unfereseen
abnormal situation. For this reason, we regare pen-
erated preconditions applicable to any of the above as
Suecess{N2),

We carried out the experiments under the following
conditions.



Table 2: Quality of generated knowledge

. The number of precond|iions
E:J:tri.un (OF) ™ Knowledge | Knowledge | Generated |Covered {CR1)| Error (ER) [C.R. alter (CR2)
Dperation in KB [N1)]in KB [N2) {M3) |ratio[%] ratio [%] |refinement [ %]
1. activate
Pulverizer|  a Pulverizer 12 [ 11 100 0 104
Fault I hali
a Pulverizer o B 12 100 0 1(H)
3. actvale
a DFP a2 18 8 n 78 100
4,
AFWCY 26 10 8 40 60 50
5. FWCY
LFP jﬂm iz B & an 62 75
Fault [p.setFWLY
- !1::nd 11 o4 7 75 15 104
T. el
SEWCY 14 6 9 83 17 100
N
e 23 8 1 87 13 100
9. activale
cp acp 17 7 6 57 4 100
Fault [ 10, halt
- A CP 13 7 8 86 14 100
11. actival
Y 8 7 7 57 41 100
12,
cwv | acwy a 3 7 &7 3 100
Fault 13 ¢l
S CWy 4 3 8 67 33 100
14, halt
a CWP ] 7 & ! 9 1080
15, apen a HTR tallad 1o faliad ta lalled 1o falbed 15
HTR Bypass VIV 1 3 generais OF | generats OF generste OF | genersis OPF
Faull e lose a TR falied 1o failsd to faltad o failed to
YLY 4 3 gensrate DP | generats OF | genersis OF | genersts OF

# Onee DFF was activated, no further unforessen ab-
worinal sibuation occurred.

* The Drgnozordeduced the exact diagnostic resulis.

Decause of the alove conditions, 519 interpreted all
the generated knowledge and handled the unforeseen ab-
normal sttuations. Figure 10 shows the generated knowl-
edge and itz corresponding knowledge encoded by a hu-
man #xpert for dhe operation no% in Tahle 2. We also
show some additional iaformation in Figure 10, which is
referred Looin the next section,

5 Discussion

In this section, we evaliate the system's capability to
woenerake le nevessary plant operations and Lo gener.
ptee Lhe correct preconditions for each operation. The
foraer is concerned with performance of the Operation
Cornerador and the latter s concerned with that of the
PMeceanditeon Generafor. In addition, we discuss the pros
andd vons of using Multi-P5S] and some open problems.

1. Capaliiity to generate plant operations

In Lthe experiment, the system could genevate all the
necessary plant operations for each malfunction ex-
cepl the water-heater fault. We briefly explain the
reason for this failure bellow.

At & bouer, the following approximation holds true
fur outlet steam pressure | F), inlet fuel flow {F), in-
let water temperature (T) and inlet water flow (7).

P= f(e.F b eaG(T — o) + ag)elt

0, €y are positive constants, and oy, oy are correc-
tion terms related to other process parameters.

The Cperalion (Fenerator calculates F, 7 and T
from F using this formula defined in the Device
Medel. P s the demand for the beiler. After that,
the Uperation Generator propagates ' to the fuels
system, and 7 and T to the waler-liealer as a new
demand respeetively. In this time, the Operation
Feneralor must evaluate the above formula from left
side to right side, but possible value combinations of
F 7 and T cannot be decided using the single inpul
value P. To deal with this undecidability, the Op-

eralion Gemeralor utilizes the Operalion Principle
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fauly is cansed by Lhis reasoning mechanism, We be-
lteve that additional principles are needed to evalu-
ale E-ur.']l ol [rEHCESS bﬂ‘lﬂ“'.;t".

Capahility Lo generate preconditions

From 'Rl and ER in Table 2, we can see that
powt of the generated preconditions are imperfact,
wanely B0 = 00 Uhe reasons are as follows.

® The Frecondition Generafor failed to generate
preconditions relaled to devices not modeled
inn Drevece Model An example is the set of pre-
conditions Lo establish the electric power sup-
ply far the pump. We can reselve this problem
easily by augmenting the Device Model

o Althougle all the necessary preconditions could
e checked o the goel-state search, the Precon-
dilien Generator wissed apalvzing them. Nod
to nej in Figuere 10 illustrates this point. The
system focuses only on the peighbor devices
af the aperalted device. Becanse the system
i oreguined only Lo generate speeilic precondi-
tions for an oeowring unforeseen abnarmal sit-
uation. we can resolve this problem easily by
I'.‘."Eh.'l]Lii.:llE thie fu-;:using Area.

e The Precowdilion Generalor generated incor-
rect preconditions for the timing of operations,
as shown by no to no.9 in Figure 10, Al
though the system is based on the concept that
the timing of operations can he determined
from the maximum sutlet process flow of each

dlevice, this conceptl does notl hold true for de-
vices such as PlD-controllers or devices placed
under the control of P1D-controllers.

Although we can resolve the former two problems
easily, Lhe last problem is serious because it is closely
related to the basic concept for the generation of
preconditions. b is still an open problem. In Table
2, column (" R2 represents the expected resulis after
the refinements against the former two problems.
The remaining uncovered parts for operations 4 and
5 (EH is 10% and 25% respectively) are related to
the last mentiened problem above,

. Real-time reasoniog wsing Malti-PSI

Althongh our system dacs nol require of the severe
reil-Line reasoning capability to cover either PIL-
canlrol or adaplive-conlrod, il roquires at least the
.|1r”il_y Lin r'IlrIIrI:II' Lloer ]’LIIIIWEI'\II']"I" willsin o few o
ules. Lo guarantee this peclormance, we have been
mvesligaling a parallel reasoning mechanism wilh
Multi-P'51 [Suzuki 1991]. We car use KL1 language
an Multi-FSI, which 1z a profitable language to im-
plement a multi-process system concisely. In par-
ticular, its process synchronization mechanism by
“guspend” is an advantage for our system implemen-
tation. In spite of this point, it is very difficult to
achieve a drastic speedup using KL1 and Multi-P51.
We have already demonstrated a threelold to five
fold improvement of reasoning time by using Multi-
P51 with 16 processor elements. To achieve more
improvement, we think we must make a more elab-
orate implementation.

. Utalivy of the compiled knowledge

In contrast to the classical appmm:h b}' shallow
knowledge, our propesed model-based reasoning
mechanism suceeeded o deal with unforeseen ah-
normal situations in a plant. This point is the utility
ol the compiled knowledge.

Although our proposed mechanisa is powerful to
deal with unforeseen abnormal situations, it is weak
with respect Lo the acquisition of knowledge which
is reusable in the 515, Because the system generates
specific knowledge only for occurning unforeseen ab-
normal situations, the generated knowledge is either
too general with respect to the lack of some con-
junctive preconditions or too specific with respect
to their enumerative representations from the view-
point of its rensability.

. Facility of medel acquisition

The system utilizes the Qualilative Causal Madel,
the Device Model, the Operation Principle Madel
and the Dynamics Model These models could be



built from Lhe plant design, and should be consis-
tenl with each ather. In the current implementation
of the system, each model is built and implemented
separalely, Therefore, nodel sharing is not vet re-
alized.

I a diagnostic task, Yamaguchi[Yamaguchi 1987]
refore to the facility of model aequisitien. Some
other related works aze in the area of the qualilative
reasoning. Crawlovd [Crawford 1990] attempted to
maintain aml support e qualitative modeling en-
wirurnienl .l:_\r QP?

i Clver sepsibive verfication of the plant behawvior

In the current implementation of the Generntefd Test
algorithm for the knowledge, the pricrity of each
allewalde cenpge Bs aeb considered al all, There
lure, even thangh Lhe vielation of the range is slight
cnonpl bo be jgnored, Ehie system tries to deal with
s wiolabion sensibivedy, “Ulos sensitivily 1= mean:
ingless [ot all practical purposes becavse a plant
wauld be designed with encugh capacity to absorh
Lher wiolation, TFor tlus reason, the system should
clieck the range with some allowable degres of vie.
lation. We are pow investigating the mechanism.

. Monitoring the execution of the generated knowl.
edpe

I this praprer, we sepposeld el Lhe Disgrazar can
diagnose unloreseen events exactly,  However, in
'_',r‘lii‘r'ﬂr. this .‘-4I|!1I|.l:-:|-||.|r| van fwee dppvalil. T‘]mgnnﬁ-
e vesilis should Le estmated Ly planl onitening

Toller iug. A |_.l||'|]|r. aperakions,

Y Tor e velatedd wirl ke, Dvarak [U'I-"Ol'ﬂlt lﬂsﬂ] ulbi-
fizes the QQSTA [Kuipers 1956] to monitor a plant,
Howewer, e does not refer to the generation of the
knowledge Tor vnloreseen svents,

6 Conclusion

We proposed a diagnostic and centrol expert system
based on a plant model, The main target of our approach
i s svalenn which could deal with unforeseen abnormal
sitnations, Qur approgch adonts a model-basal arelid

tevbnre Lo realize Uhe thought process of & skilled human
Plant operator.

o Lhis paper, we focused on model-based generation of
plant rontrol keowledge, and cxplained the details of the
model-based reasoning. Our system utilizes the follow.
b medels: the Derice Model, the Operation Principle
Muodel and the Dynamics Model We alse discussed jts
alility as demonstrated through some experimental re-
sults. The resulis encourage us to make sure the el
Basan] ressoning capabilities in plant contral.
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