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ABSTRACT

An ordinary exper: syriem conirels a plant
according lo heuristics. So, it fails 1o contrel the
plant for lack of heuristics if unforeséen evenir
occur as a result of abnormal situations, We
propose a new framework of medel-based
reasening thal can dynamically generate the
knowledge for plant control againgt unforeseen
events. This proposed [framework consisiz of
three funciions: {a} gencrotion of the goal state
after recovery from the unrforeteen evenis; (B)
peneration of knowledpe for plant control: (¢)
prediction  of process irend curves and
estimation of the generated knowledge. In the
proposed framework, various kinds aof models
which correspond to the fundamental knowledge
about plant control are used. We have
implemented a  thermal power plant control
expert sysfem on the basis of this proposed
framework, This paper describes the model-
based reasoning mechanism of the experimental
plant conirel expert system o 'Tealize each of
three functions. Especially ax for (c), this paper
explains qualitarive reasoning mechanism using
Juzzy logic.

1 Introductlon
In the area of thermal power plant control
convenlional expert systems based on heuristics

cannot deal with unforeseen events that eccur in -

Againgt this limitation of the
system’s  facueliy, we propose a

the plant[1].
conventional

framework of model-based reasomng[2i[3]. This -

paper describes the mechanism to realize this
framework, which can aulomatically generale the

knowledge for plant control to solve the
problems arising from wunforeseen evenis. To
generate  precise  knowledge, this mechanism
utilizes the quelitalive reasoning using fuzzy
logic[4]. It's a simulation mechanism to predict
the trend curves of plant processes when
operating the plant according to the penerated
knowledge., We are developing a more flexible
plant conwrol expert sysiem with these two
mechanisms.

A skilled human operator could operate the
plant some¢how and deal with the unforeseen
events, which are abpnormal sttuations  he
eouldn't foresee happening. At this time, he
would think as follows,

(3) Generation of the goal state
First, he brings te mind hiz fundamental
knowledge aboul plant  contrel, namely
koowledge about the plant's structure and the
principles of the plant's operations. He then
generates a goal stale of the plant where the
problems of the unforessen evemis are solved.

(b) Generatlon of the knowledge for plant

control

Second, he finds the essential operations
needed 1o bring the plani from the current
state to the poal state. He generates the
conditions that he must check before doing
each operation, and as a result, he generates
knowledge for plant contrel in IF-THEN form.

(¢} Estimation of the generated knowledge
Third, he predicts changes in the walue of
plant processes when he operates the plant
according to the generated knowledge. To do
this, he brings to mind his fundamental
knowledge about plant dynamics, namely

knowledge about relations among the plant's-

process paremeters and knowledge about plant
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Condition Generator, the Simulator, and the
Krowledge Estimaior.

The Diagnosor utilizes a Causal Model about
plant process parameters to deduce the cause of
abnormality.

The Operation Generator generates the goal
state of the plant where the problems of the
unforeseen events is solved. The goal state of the
plant is represented by the combination of each
picce of equipment's state, It uwses two kinds of
models: an Object Model and an Operation
Principle. The Object Model is fundamental
knowledge of the structure and function of
equipment. The Operatieon  Principle is
fundamental knowledge about the rules of plant
opcrations. After generating the goal siate, the
Upcration  Generator generates the essential
operations which bring the plant to the goal
state. These operations are equal to the
difference berween the current state of plant and
the poal state.

The Condition  Generator generates the
conditions of cach operation generaled by the
Operation Generator, which are then checked
before executing each operation. As a resuly, the
knowledge for plant control is generated in [F-
THEN form. The Condition Generator also
utilizes an Object Model, which is fundamemtal
knowledge about not enly the structure of the
plant Bbut also the gualitative relations among
plant process parameters.

The Simulator predicts plant behavior, namely
the trend curves of plant processes, when the
plant is operated according to the generated
knowledge. It wiilizes a Dynamics Model, which
is fundamental knowledge about the physics in
the plant and the plant contrel equipment.

The Knowledge Estimator checks whether
undesirable events caused by the dynamics of
the plant occur in the predicted trend curves. If
they occur, the Knowledge Estimator gives
feedback to the Operation Generator to generate
supplementary knowledge to solve the problems
of these undesirable events,

The knowledge generaled in the DIS is added 1o
the knowledge base in the SIS and wilized by the
SIS, which operates the plant according to the
penerated knowledge, and thenm the problems of

unforeseen events is solved. Our main concern is

e s e

how to generate the knowledge for plant cuntrﬂl;
against the unforeseen events. Therafore, tl'l.isl.
paper focuses on aspecis of the DIS other than
the Diagnosor.

3 Model based Generation of Enowledge for

Plant Control

Utilizing as input the cause of abnormality
deduced by the Diagnosor, the Operation|
Generator and the Condition Generator
dynamically generate the knowledge for plant
control against the unforeseen events, This
section  explains  the model-based reasoning
mechanism of the Ogperation Generator, using an
cxample. Details of the Condition Generator are
omitted here. i

3.1 Plant Configuration :

Fig.2 shows the feed water system
configuration of a plant. Either water or steam
flows clockwise through two kinds of water pump
systems, namely the boilcr—fctd-wnl:bpump‘
system (bip-sys) and the condensation-pump;
system (cp-sys). Each pump system consists of |
twe pumps connected in parallel. Currently,
only a-bfp and a-cp are activated and the volume '
of flawing water is 390(T/H). 1

eendendEr

deanrator

boiler
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Figure 2 Feed water system conflguration

3.2 Operation Generator

The Operation Generator generates the goal
state of the plant where the problems of the
unforeseen events are solved and generates the
operations {0 change the plant state to the goal
state. [ts model representation and its model-
based reasoning mechanism are described below,




control nquipma‘t‘t-._ Il "he finds the occurrence
of undesirable events in the predictions, he
goes back 1w () o solve this,

A skilled human operater can solve the
problems of unforescen events by repeatedly
executing steps (a) to {c}. The proposed
mechanism is based on the models, which are the
fundamental knowledge the skilled human
operator brings to his mind. This mechanism
realizes his thinking process.

This paper describes the mechanism in detail.
Section 2 describes the overall configuration of
an experimental plamt control expert system.
Section 3 explains model-based reasoning
mechanism to realize the above steps (a) and (b).
Especially, we focus on step (a) because il's very
important, Section 4 explains  qualitative
reasoning mechanism using fuzey logic to realize
the above step (c). Additionally, this section
explains how to go back to step {a) when
undesirable events occur. Section 5 i the
conclusion of this paper,

— S

Deep Inference Subsysiem

2 System Configuration
The system consists of two subsystems: the
Shallow Inference Subsystem (S1S) and the Deep

Inference Subsystem (DIS) as illusirated in
Fig.l. To perform the real experiment, this
system is linked to a thermal power plant

simulator for training operators, instead of an

actual plant.

The SIS is the conventional
system based on heuwristics.
modules: the Plant Operation Executor and |.'r.u:
Plant Monitor. The Plant Operation Executor |
decides and executes plant operations according
to heuristics, namely the knowledge for plant
control in the knowledge basc, The Plaat Monitor
detects occurrences of unforeseen events and
activates the DIS,

The DIS utilizes various kinds of models 1o
realize the thinking process of a skilled human
operator and generates the knowledge for plant
control to solve the problems arising from
unforeseen events. It eonsists of five modules:
the Diagnoror, the Operation Generator, the

|
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Figure 1 Plant control expert system conflguration
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3.2.2 Model-based Reasoning Mechanism

The Operation Generator generates the goal
state according to the Object Model and
Operation  Principle, The plant component
equipment has the state which is defined in the
“states” slot of its Object Model, so the goal siate
of the plant 15 represented by the combination of
each piece of equipment's state, The mechanism
consists of two kinds of inference engines as
follows.

(1) Operation Verification Inference Engine
The Operation Verification Inference Engine
supports the process of checking whether the
demand for a piece of eguipmenmt s still
satisfied afler the operation te the eguipment
chanpes itz state. It pets information about the
changed state from the “states™ slot and the
demand from the "demand" slot. Then, it
checks whether the “goal” slot description
still holds true. Furthermore, afier checking
the operated eguipment itself, it can also
check other connected cquipment according to
the “ferward” slot description.

(2) Operation Derivation Inference Engine

The Operation Derivation [nference Engine
supports the process of searching for states
where the demand for a piece of equipment is
satisfied. It wtilizes the Object Model and
Operation  Principle by getting the the
candidates for the state from the “stztes” slot
and checking each candidate state to determine
whether the “goal™ slot description holds true.
Then, the Strict Accordance Rule checks the
validity of the demand to see whether the
demand is within the limitations defined by
the "min” and "max" slot and the demand for
damaged equipment is zero. Additionally, the
demand for equipment of upper hierarchy is
distributed to equipments of lower hierarchy
according to Preference Rule. For each pisce of
lower hierarchy equipment, this engine
searches for the state that satisfies the
distribution demand, depending on the
descriptions of the "comp® and "relation”
siots. After deciding the state, this engine
proceeds to search for the state of connecled
equipment according to the “backward™ slot
description.

3.2.3 Example of Reasoning

Suppose that an unforeseen evenl occurs in
Fig.2 and the Diagnosor deduces that it is caused
by an abnormality of a-blp and that a-bip is

(1) Operation Verification Inference Engine [

going to stop. In  this  siluatiom, ﬁperalinn_._'.
Generator works as follows. [

It checks whether the state where a-blp 5Iops|
can be the goal state, If a-bfp stops, the
capacity of "QI1" changes to "0" according to|
the "states” slot of the Object Model of a-bfp |
in Fig.3. So, the "goal” slot description)
becomes false, As a result, it is deduced that
the state where a-bfp stops without any other
operations in Fig.2 isn't the goal state to
achieve.

(2) Operation Derivation Inference Engine [

It searches for a new state to satisfy the'
"goal™ slot description. Since the mew stalte of
a-bfp is fixed to "off" according to the output.
of the Diagnosor, its demand "Q1=390" in the'
"demand” slot will never be satisfied. As a
result, this demand must be changed at the
origin specified in the “demander® slot,
namely bfp-sys of the upper hierarchy.

Bfp-sys has the Object Model in Figd. Tts
demand, "“Q=390" in the "demand” slot, 1is
distributed to the pumps of the lower
hierarchy, "a-bfp" and "b-bip" in the “comp”
glot. The Strict Accordance Rule decides the
new demand will be "0" for the damaged pump
a-bfp. The Preference Rule decides the new
demand will be "390" [or another sound pump
b-bfp. B-bfp has the same object model as a-
bfp. so the new state of b-bfp is deduced to be
"on®.

After the mew states of bfp-sys are fixed, the
newly necessary wvolume of inflow "QB" is
caleulated according 1o the “relation” slot in
Figd4, and it becomes the new demand for the
deaerator on the inflow side, according to the
"backward” slot. As a resuli, the Operation
Derivation Inference proceeds to all equipment
on the inflow side of bfp-sys, and then it
generates the goal state of the plant.

Taking the difference between the generated

goal siate and the current plant state in Fig.2,
the essential operations to solve the problem of
the unforeseen event are generated as follows:

a-bfp: "on"—"off" (halt pomp)
b-bfp: "off"—"on" lactivate pomp)

SN, [ ———




3.2.1 Model Representation ' the "demander” sloi describes the origin of the |-
The two kind: of models wsed by the Operation demand for a-bfp. The relations in thcl
Generator are as follows. “relation” slot holds true in the siatic state of |

plant, so it is utilized for state generalion.
(1) Object Model
The Qhject Model is fundamental knowledge
about the siructure of the plant. Every piece of
component equipment in the plant has its own |

Object Model, that is, an Object Model is { desand ¢ Q@ - 390(T/H).
defined for each device. Fig.3 shows the Object | gaal : @& = capacity,
Maodel of a-bfp. It is represented in the "slot- demander : boiler.

value” form like the [{rame representation. For conp : a-bip( 01,018 ),
example, the "states” slot says that a-bfp has b-bfp{ 02,078 ).

binary state, en” and "off", and the
“papacity” of the outflow "Q1" is "400(T/H)"
or "OT/H)" respectively, The demand for the
outflow of a-bfp is "I9T/H)}" (in the
"demand” slot) end the current state of a-bip
is "on" (in "statug” slot) , so this demand is

foerward ; boiler( @ ). S
batkward : deacrator{ @B ).
relation @ capacitly =

capacity{ a-bip }

+ capacily{ b-bfp ),

satisficd because the condition in the "goal” 0 = g,
slot becomes true. The limitation constrzints ¢ = 01 + Qz,
for the cuflow are described in the "max" and OF = Q1R + O7E.
"min" slots, :
demand  : Q1 = 390(T1/H}.
goal 81 = capacity,
demander : bfp-sys. Figured Object model of bip-sys
sltatus 1 OOm, |
states ; il Status = on f {2) Operatlon Principle :
then capacity = 400(T/H), The Operation Priaciple is the constraint for |
if status = off safe and efficient plant conmtrol, Tt is used to

determine the demand, which is in the

i then capacity =« 0(T/H).
, "demand” slot of the Object Model. It consists

5yslem o bfp-sws( Q1,018 ),
relation : 01 = Q18 . of twa‘ kinds of rules, as follows, which are
ain .01 = 0{I/H). bath lep]em!rlfe.d as ]{ruuedures in _the
i ) operation  derivation inference engine
‘ Rax L '_:“W[”H}' explained later.
| (a) Strict Accordance Rule
i ! The Sirict Accordance Rule is the rule to
Figure3 Object model of a-blp maintain safety in plant operations. That is,
- it is a rule 10 keep damaged equipment oui of
The Object Model can be described - service and to use equipment within its own

=l

hierarchically. Fig.4 show the Object Model of limitation constraints, which are described
bfp-sys, which is the parent Object Model of 2- = in the "min" and "max” slot of its Object
bfp and b-bfp. Bfp-sys comsists of two pumps Models.
(in the “comp" slot) and is connected to the
“deaerator™ for inflow direction (in the
"backward” slot) and to the "beiler” for
outflow direction (in the "forward" slot). In
Fig.d, the "system" slot says the parent Object - That is, it is the rule to keep the number of |
Model of a-bfp is as the same as that for bip- the activated equipment to a minimum and to !
sys. Furthermore, the "relation” slot describes equalize the activated time of each picce of
the relations among parameters of a-bfp and equipment. |

{b) Preference Rule _
The Preference Rule is a rule to maintain
efficiency and economy in plant operations.

wilinin
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(3) Fuzzy rules
Fuzzy rules represent the qualitative
caleulation primitives. By categorizing the
range of value by membership functions finely
50 far as no trivial category is generated, a
rcasonable solution can be calculated without
combinational explosion by ambiguity. Table 1
illustrates the fuzzy rules for "add(X,Y.W)".
For a pair with the fuzzy values of X and Y, all
the fuzzy rules in Table 1 are applied to
calculate the fuzzy value of W, So, for example,
the rule if X="P" and Y="N" then W="Z" doesn
say that W is zero, bul says that the grade of
membership of W for the "zer0” category is
calculated by this rule.

Tablel Fuzry rules for addLY, W)

—

"X W N5 1/ ps| p
™

| | |

[ | N N, N5 2

| kS K| Ns| Ks| I]ps
I | Wiws| 7[ps p

ps | wst 7/ PslePsiop
Plafesi vl vl pf

(#) Bimulation procedure
The simulation is execuled with propagation
and prediction steps in tum.

Siepl) Calculate the fuzzy wvalue of the input
]JETEH‘.IET.ETS.

Step2) Execute prediction by calculating the
integration primitives,

Stepd) Execute propagation to get the value of
the other parameters at the new
simulation time.

Stepd) Go e Stepl,

4.1.2 Example of Simulation

In Fig.2, two Dynamics Models are implemented
for the flow control of bip-sys and the water
level control of the dcaerator. Namely, bip-sys
is controlled to keep the total volume of its
outflow at 390(T/H), and the deaerator is
controlled to keep its water level at O(mm). Fig.7
gives a block diagram of the model for the
deacrator.

The Simulator predicts the wend curves of the
plant  process when operating the plant
according to the generated knowledge explained
in the previous section. Fig.® shows the result of
“the simulation, The trend curves of the inflow to
p—— e

outllew of
cendenser

srandard| -
Qo
1 + + 1 .
To# Ti = f
deaerator

QB eutTlew ol deasrator level

Figure 7 Block dlagram for water level control in the
deacrator
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Flgure 8 Simulator output

bfp-s¥ys and the deaerator, "QB" and "QC-, arai
simulated as illustrated in Fig.8(a) and F‘lg.ﬂ{b]I
respectively. The fluciuations are caused by the,

delay of plant control equipment,

4.2 Enowledge Estimator
4.2.1 Item to Estimate

The Knowledge Estimator checks whether the
viplation of the limitation constraints occurs in
the Simulator outpul. These constraints are
defined in the “"min" and "max* slots of the
Object Model. If a violation ocecurs, it gives
feedback to the Operation Generator to generate
knowledge to deal with such an undesirable
violation. Currently no priority for the

e e mr— E—




3.3 Conditlon Generator

This module generates the conditions for each
operation generated by the Operation Generator.
It utilizes the Ohbject
information not used by the Operation Generator
is described. This is knowledge about the
qualitative relations of changing processes
caused by operations, the time required by
operations, and the maximum changing ratic of
processes. To make wse of the qualitative
propagation mechanism, il peneratcs four kinds
of conditions according to the Object Model.
Fig.5 shows the generated conditions for b-hip
activation. Due to limited space, more details
about this mechanizsm are omitted here.

| L E

@ a-bfp = on

@ b-bfo = off . activate

@ deaerator_level{l} = 400 + a b-pip

@ bfp_cutput_flowid) = 6

Flgure & Conditions for b-bip activation

4 Model-based Estimation of the Knowledge
for Plant Control
The Operation Generator and Condition
Generater generate knowledge by penerating the
goal state of the plant. This goal state is
regarded as the state at a given time point, so the
model they wse is based on static relations
2mong Pprocess parameters and represents no
time concepts. In general, time concepts are very
in.joriant, especially in the arca of contrel, so
. the dynamic relations among process parameters

‘must be taken imio consideration. From (this
point of wview, we incorporate a simulation
mechanism with the model-based reasoning

mechanism[5].

First in this section, we explain a qualitative
reasoning mechanism using fuzzy logic to
predict plant behavior., Next, we explain how io
detect the occurrence of undesirable events and
how to pive feedback to the Operation Generatar
to solve this.

4.1 Simulator

4.1.1 Qualitative Reasoning Using Fuzzy Logle
The Simulator predicts the trend curves of

plant processes caused by the plant operation. It

utilizes a Dynamics Model. A quantitative

simulation based on a detailed model can predict

R e —

Model where additional

the exact trend curves, bul this detailed model ..
is often hard to build. On the other hand, a'
qualitative simulation based on a qualitative
model iz useful because qualitative modeling is
easier and because the qualitative reasoning
process better matches to the thinking process
of a skilled human operator[6][7]. However, a

qualitative simulation has the following|
disadvantages:
{a)Because of the ambiguity in qualitative

calculus, there is the possibility that many
solutions are caleulated.

(bJA qualitative solution cannot
dircctly by the plant control system.

be used

In order to solve these disadvantages while
keeping the  advantages explained above, we
propose a method that employs a qualitative
reasoning mechanism using fuzzy logic[8]. This
mechanism is explained below,

(1) Model representation !
The Dynamics Model is represented by the !
ambiguous quantitative wvalues (fuzzy wvalues)
of input parameters and constants, and the!
relations among all parameters., This model

consists of two kinds of models, which
describe the physics of the plant and the plant
contrel  equipment. The following six
primitives of fuzzy calculation are used:
Integration X =vdi integ(X,Y)
Sign reversal Y =X minus(X,Y)
Addition W=X+Y¥ add{X.Y. W) |
Multiplication Qe=X=Y mult{X,Y, W) |
Coefficient QO =axX coef(a, X, W) |
Equality W=X equal(X) i

(2) Membership functions
Five membership functions,
Fig.6 .are used.

illustrated in |

grade

W ONS I PSP

range of Fuzzy value

__ Figure 6 Membership functions _ i
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5 Conclusion 2] SuzukiJ. et al. ,"Deep Knowledge based

This paper propescs a mechanism of model- Expert System for Plant Conrol”, Proc. of
bascd reasoning using fuzzy qualitative 9h Knowledge Enginecering Symposium,
reasoning, which realizes 2 flexible expert Society of Instrument and Cootrol
system for plant contrel thal can solve (he Engineecrs, pp.153-158, 1989 (in
problems of unforescen events. The mechanism Japanese)
actualizes the thinking process of a skilled {3] Taoka.M. et al. ,"Decp Knowledge based
human operator. This mechanism has two Expert System for Plant Control -
characteristic featurcs: the generation of a goal Generation of Plant Operations =%, Proc. of
state by a moedel of static relations and the 1§th Annuzl Convention, Information
estimation of the generated knowledge by 2 Processing Society of Japan, pp.599-600,
model of dymamic relations. As our second 1989  (in Japanese)
cantribution, we apply to this estimation the [4] Washio,T. et al. ,"Auempting of Fuzzy
techmigue of qualitative reasoning using fuzzy Qualitative Reasoning”, 3th Knowledge
logic. This mechanism is implemented on @ P5l- Engineering Symposium, Society of
II{Personal Sequential Inference Maching) LEITE Instrument and Control Engineers,
ESP(Extended Sell-contained Prologl, and is pp.147-152, 1987  (in Japanesc)
under caperimental implementation. (5] SuzukiJ. et al. ,"Deep Knowledge based

Expert System for Plant Control -
The open problems remain as follows: Combination of Deep Inference Mechanism
with Knowledge Estimatien Mechanism -%,
(1) Refinement of Knowledge Estimator 11th Knowledge and Intelligent System

A new mechanism is needed to deal with the Symposium, Society of Instrument and

priority of the limitation constraints and to Control Engineers, pp.7-12, 1990 {in

analyze the effect of the temporal operations Japanese)

against the consizaints violation. [6] Kuipers,B ,"Qualitative Simulation”,

Artificial Imtelligence, wvol.29, pp.2B9-

{7} Reflinement of Simulator 338, 1986
In the experimentation, the qualitative (7} de KleerJ. ,"A Qualitative Physics based
reasoning using fuzzy logic doesn't produce on Confluence”, Artificial Intelligence,

reasonabie results in all cases. In some cases, vol.24, pp.7-83, 1984

wning up of the model or the fuzzy rules is (8] Konuma,C. et al. ,"Plant Control Expert

necded. System  against the Unforeseen Events -

Inference Mechanism  with Qualitative
(3) Dynamic generation of model Reasoning -", Proc. of 40th Annual

Convention, Information Processing
Society of Japan, pp.298-299, 1990 (in
Japanese)

[9] Falkenhainer,B, ,"Setting up Large Scale
(ualitative Models", Proc. of AMNATEER,
pp. 301-306, 1938

The example presented in this paper is a very
simple ome, and we make no mention of the
generation of the model used. However, it is
very important lo gencraie dynamically the
model which reflects unforeseen events and to
transform the model to a suitable grain size
for each inference module(9].
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limitation constraints is considered, so all the
constraints are ireated equally.

4.2.2 Procedure to Solve Constraint Vielatlon

The detected viclations are transitory and all

processes settle down for the static goal state
generated by the operation decision module. So,
the operations against the violation are
temporal. To generate knowledge about these
operations, feedback to the Operation Generator
is given. That is, the new demand for the
equipment where the violation occurs is the
value of the process parameter violating the
constraints, and then the Operziion Derivation
Inference generates a temporal goal state where
this new demand is satisficd. Fig.9 illustrates
the general procedure.

Against the unforeseen event "M" at the|
current state "S0", the Operation Generalor and
Condition Generalor generaie the goal siate "Se”
and the knowledge "K1" for plant conirol., The
Simulator predicts the trend curves "PS" when
the plant is operated accordimg to “"K1". If there
is mo wviolation of the limitation constraints in
"PS", no knowledge other than "KI1" is needed Lo
solve "M™. If the wviolation occurs after the
intermediate stale "S1" between "50" and "Se”,.
the wvalue "D1" of the violating parameter is
taken, The Operation Generator gencrates the
temporal goal staie "S3" where the demand "D1"
for the wviolaiing equipment is satisfied. After
generating “33%, the knowledge "K2" 1o change
the plamt state from "S1" 1o "S3" is generated
and ecstimated, This process is performed with a
recursive call of this procedure, The knowledge
"K3" from "S3" 1o "Se” iz generated in the same
way. As a result, all the knowledpe to solve "M"
is the addition of "K2"."K3" and & part of "K1"
which is used 1o change the plant state from =507
to "81" ( "fix(K1)" in Fig.9). This procedure is
exccuted against the first detected wviolation, So,
if many wviolations occur, they are solved one by
one in chronological order,

4.2.3 Example of Solving the Constraint
Violation

In Fig.8, the current state "S0" is at time 10
and the goal state "Se¢" is at time 92, when all
processes settle down. The fuzzy value of each
parameter is  1.0{p.u.) when the related
equipment is fully loaded. The wvalue of "QC" is
beyond 0.5 from time 14 to 33. On the other
hand, in Fig.2, the maximum outfllow of a-cp and
b-cp is 400(T/H) mamely 0.5(p.u.) and currenily

procedure  Estimate(M or DO, 50)

n
op <= tion_Generatar(M or DO, S0):
K == n_Generalod30, Se, Opl:
<= Simulator(50, K1);

K2, 53] <= Estmale(D1, S1);
[K3, Se] <= Estimate(M, S3):
K4 <= Ax(K1) + K2 + K3I;
return(K4, Sel:

end:

Notatian
3.5 : planl stale M: cause of abnormality
M : dernand 1 Hores

FS: trend curves of process parameters
NG @ lag for cons £ viclation ocourrence
Hi : lmowledge for plant eontrol

.13 laf expreasion <= substtution

Flgure @ General procedure agalnst the constraint
viclatlon

only a-cp is activpted. So, the maximum value of
"QC", which iz the total outflow of a-cp and b-
ep, is 0.5(p.u). As a resull, the violation of the
limitation constraint for "QC", the demand for
cp-sys, occurs from time 14 to 33. In Fig.!(h].t
the maximum volume of "QC" is 0.57{(p.u.),
namely 456(T/H), at time 28. And then, the new
demand for "QC" is 456(T/H) and the Operation
Generator generates the temporal goal state "$3°
where this demand is savisfied. As a result, the|
temparal operation to activate b-cp is generated
to change the plant state from the staie "S1°
before time 14 to "$3". Finally, all knowledge 1o
change the plant state from "S0" to "Se" via "S51"
and "83" is generated as [llustrated in Fig.10.

it M e 3 13 i

t=33 H

-

tL=-92

LL] alff

Figurc10 Example for constralnt violatlon solving
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