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Abstract—This work describes an expert system for synthesis and design of control systenis for chemical
processing plants. We also outline the knowledge representation schemes for the expert system with object
oriented programming concepts cn control system design, control objectives and their relationships to
the knowledge structure shaped in this study — Task Frame Net Model.

Based upon various control objectives, shortcut calculations, and several heuristics including control
idioms, Intellite3 — the expert system developed in this study — synthesizes interactively the plausible con-

trol structures for a specified distillation column and screens effectively those alternatives to find out the most

reasonable une in the context of overall control objectives, operability, and other uperativnal requirements.

INTRODUCTION

In today's highly integrated process plants with the
push for tighter uperating conditions, greater demands
are being placed un the process control systems. De-
signing process control systems is a complex, upen-
ended collaboralive activity. If we could characterize it
completely, we could probably alsu write an algorithm
for ii. But we cannut. so we have to look to how design
is performed by experienced designers, trying to un-
derstand how they solve design problems

The obvious explanalion as to why experienced
designers are guod al design is that they Fave expers-
ences un what to rely, a basic understanding of the
sulution process. In the absence of profound theories
of how design is done, the design and analysis of cor-
trol systems car be greatly benefited trom the use of a
computer aided design package. and the only way
computers cair be ulitized to do design is by unpie-
menting models of how experienced designers do it,
using same information in a similar way. To the extent
we can emulate experienced designers, computerized
models of design may contribute both 1o a better
understanding and to an improvement of the design
process.

In recent years, significant research work has cor-
centrated on the raliomalization of the design process
and the outline of comprehensive models for it e,
especiallv a knowledge based exper! system which s

198

capable of dealing with chemical processing systeins
rather than simply being an adaptation from other
control fields. Since artificial intelligence addresses the
niechanization of large and coniplex, knowledge in-
tensive lasks, most of the contributions have come
from works in this area. Hence, it is expected that the
knowledge based expert systems containing the
knowledge in process control design will prumote ef-
fective transfer of the specialized and intuitive heu-
ristic knowledge lo general process engineers, Intel-
lite® represents such an expert system.,

[n this work, the general specifications and struc-
ture of a knowledge based control system analysis and
design environment suitable for chemical process
control are outlined and a specific realization, the
experl system Intellite® is discussed.

EXPERT SYSTEM APPROACH TO CONTROL
STRUCTURE SYNTHESIS

Chemical processes are large scale structured sys-
tems composed of many interconnected units through
which process streams flow. The main task of chemi-
cal process control synthesis is to structure a systen of
measurerients and manipulated variables so that cer-
lainy control objectives are satisfied i the presence of
disturbances. The control structure synthesis will ther
explore the question of which variables should be
measured, which variables should be manipulated
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and how these two sets of variables should be inter-
connected to form the control loops.

The configuration of control systems for a complete
chemical process is required to satisfy a multitude of
aiversified control tasks such as regulating production
and product quality at the specified levels, ensuring
safe operation, acquiring optimum economic oper-
ating conditions, satisfying environmental regulations,
and allowing for smooth transferring between oper-
ating conditions and emergency shutdowns or start-
ups, elc.

Since this diversily of several requirements makes
the process of designing control systems for complele
chemical plants quite informal and the process design
engineer is usually guided by his or her experience to
design such a complex systems or these design proce-
dures have lung been relying on experience and intui-
lion of some special control engineers. Those few
experts have a large body of knowledge which they
use to design control systems, but whicli is not readily
available to others.

In the past two decades, research vn developing
logical procedures for the synthesis of process conivol
systems have been carried out by several control
engineers. Although their efforts have been contrib-
uted to deeper insights into process control system
svithesis as well as to the development of general
process synthesis procedures, but still new, no unified
ard well defined theory is available for the syslematic
designing and synthesizing of contral structure for the
complete plants with several design and operational
requirenients.

From the late "70s some attemplts have been made
o elevate process control structure design from the
unit operations level to the higher level of plant con-
trol design (Govind and Powers, 1978, 1982 Umieda ot
al.. 19782 Bustol, 19800 Morari. Arkun. Stephano-
petlos. T980a: Morari. Stephavopoulos, 19800, T980¢:
Arkun. Siephanopoulos. 1980, 1981 Stephanopoules.
1983).

Recerr advances in artificial intelligence ard ex-
pert svstets progratming techniques permit the e
coding of svmbolic reasoning and make possible e
creation of control systems where algorithmic krowl-
edee and human experience can interact i a conge
bined and unified environment.

The previous workers in expert svstern based con-
trol structure synthesis fields were Niida and Urmeda
(1986). Shinskev (1986), Stephanopoulos el al. (19087)
and Birky et al. (1988, 1989). Among them, Niida and
Lneda (1986) used two levels approach (Hmeda. Kot
vama. avd Ichikawa, 1978) as a stemn for the overall
svithesis procedure. Shinskev (1986) presented ap

expert system for distillation control system design. Il
selects the best control configuration for a distillation
column using relative gain analysis, criteria of
integrated error in relative units, and his heuristic
knowledge in control area. This work is mairly based
on analytical tools and can be used for offline control
purposes in very small, well confined units, i e., some
special types of distillation columns. Birky et al. (1988,
1989) presented an expert system, DICODE, which
configures the control structures on a distillation
column. It uses GTST model (Modarres, M., T. Cad-
man, 1986) and some control idioms for building
knowledge structures in the expert system and il
mainly uses a heuristic knowledge for control con-
figurations.

Stephanopoulos et al. (1987) proposed a software
suppurt environment developed to aid process en-
gineering activities such as: synthesis of process
flowsheets, configuration of control loops for coniplete
plants, planning and scheduling of plant wide opet-
ation and operational analvsis: it was named DESIGN-
KIT. It is still under development.

Intellite®* DEVELOPMENTS

1. Overview of Intellite®

The Intellite® is a general purpouse intelligent
systen, especially designed for supporting unified en-
vironments of control structure synthesis for complete
chemical processing plants.

Based upon various control objectives, shortcut
calculations, and several heuristics including control
idiorus, Intellite® interactively synthesizes the plausi-
ble contral structures for a specified chemical process-
ing plant (steady state process flowsheet Ly lead a
specific P& diagram) and effectively screens those
alternatives 1o find most reasonable one in the context
of overall plant control objectives, operability and
uther operalional requirements

Also it allows easy and transparent construction
and manipulalion of graphical engineering objects
through active Image. process models describing these
objects. knewledge acquisition facility for the genera-
lion of heurstic and/or model based (rigorous) rules
for an expert systen. It was intended 1o support the
veeds of the new intelligent svstem which is recessary
for the design of control svstems for chemical plants
and the educational aids for process engineers.

For effective representation of process knowledge
and transparent goal setting for control svstem syn-
thesis. Intellite® has a speciallv designed krowledge
structure — the Task Frame Net Model. [t's a madel
for deep knowledge representation consisting of a pet-
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work of Task Frames.

Each Task Frame has a specific goal. The goal is de-
composed into a set of necessary and sufficient sub-
goals; the satisfaction of all subgoals guarantees lhe
success of the root goal.

Based on the Object Oriented Programming
concept, the Task Frame Net provides structured and
systematic approach to overall goal — a reasonable
plant-wide control system design. More detailed char-
acteristics of the Task Frame Net are discussed in the
later section.

Knowledge base structures are also logically struc-
tured in an object oriented manner. The “object
oriented structure” of process knowledge representa-
tion makes it easy to trace processes with recycle
strearns; and it assures the consistency of the recom-
mendations on the overall control structure to system
users.

Currently Intellite® can configure 25 major pro-
cessing units including binary distillation columns,
several complex distillation columns, reactors, heat ex-
changers, compressors, furnaces, and several general
types of columns, vessels, mixers and splitters. We can
cover complex process flowsheets with these major
processing units by assembling them and modifying
pertinently with active images.

We can modify each unit with active images, which
are kinds of interactive graphic objects that interact
with parameters in knowledge base frames and the
systern user while cunsultation; active images have
the ability of self modification and adaptaton in the
reasoning process.

Though the expert system mainly uses the syni-
bolic manipulation, numerical computations are also
indispensable in works like control structure syn-
thesis. Intellite® has several built-in numerical rou-
tines for shortcut calculations including a RGA com-
putation routine and an exlernal steady slale simulator
for distillation columns. The computational resulls are
associated with their parameters and used during rea-
soning processes or directly support his or her deci-
sions un synthesis strategies.

Originally Intellite® was developed to meel the
twin demands of education and practical implementa-
tion. Thus emphasis was placed hoth on ease of use
and on incorporation of the most modern techniques.

Several neat graphical forms of process control
loops are displayed and they are easily turned into
screen hardcopies. The object oriented knowledge
structures allows the students to easily organize theiv
various knowledge and experiences on control struc-
ture synthesis for achieving the goal — designing cotn-
plete control structure fur the overall plan. Several
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Fig. 1. Overall implementation structure of Intel-
lite3.

heuristic recommendations on designing and control-
ling the processing units are also provided at the end
of consultation. In the next section, we examine more
detailed structural aspects of Intellite3,

2. Structural aspects of Intellite®

Up to now, we have explored the general uverview
of Intellite®. In this section, we can inquire into the
detailed structure of Intelite®. Major divisions of In-
tellite® structure are overall implementation,
knowledge base, and roadmap to goal satisfac-
tion.

2-1. Overall implementation

The expert system, Intellite®, has been developed
using Texas Instrument’s Personal Consultant
Plus Series (PC Plus, PC Image, and PC Online; an-
nounced at 1988 June, PC Plus version 4.0) and PC
Scheme — a dialect of LISP, It runs under IBM AT
(or AT compatible) computers with protected mem-
ory mode up to 4 mega bytes and a graphic support
—VGA card.

Figure 1 shows the overall implementation of In-
tellite? Frames, Parameters (object-altribute-value trip-
tet form), and Variables in TI's PC Plus enable us to
establish the structure in Figure 1.

As shown in Figure 1, process heurislics and deep
knowledge, Task Frame Nel and process related ub-
jects represented with parameters and variables are
designed on TI's PC Plus main system. Using forward-
and backward-chaining, versatile frame initialing
strategies, the inference engine was designed as a
hybrid type. Active images, shortcul calculalion and
heuristics routines, user interface and external con-
figurator consist the modular structural environment
and interact with process objects in PC Plus’ knowl-
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edge base.

Active images, supported in PC Image, are used
for reasoning and tracing process parameter values
and attributes; they provide effective representation of
control idioms on the specified flowsheet with self ad-
dition, abstraction and modifications.

Some shortcut calculation and heuristics
routines are programmed in PC Scheme to be built-in
purpose on the PC Plus main system and others are
programmed in external languages such as FORTRAN
or C to be external numerical routines which interact
with process objects through XLI, the external lan-
guage interface facility in PC Plus.

User interface module consists of active input
image screens and built-in pull-down-menu screens.
System users can input some initial data for consulta-
tion which are either generated by the external steady
state simulator or known values, e.g., column speci-
fications for distillation column configuration. Systern
users can chouse the design strategy by selecting an
appropriate path based on plant wide control objec-
tives through active images. The built-in pull-down-
menu provides various reasoning statuses to the sys-
tem user through the options: HOW, WHY, TRACE,
REVIEW, GET PLAYBACK FILE, SAVE PLAY-
BACK FILE, PRINT CONCLUSIONS, NEW
START, QUIT, CONTINUE, and etc.

2-2. Knowledge base structure

The knowledge base of Intellite® adopts hicrar-
chical structures. Thus, hierarchical and multiple in-
heritance of process objects (through parameters and
their properties), and structured design of process
knowledge base are available. Undoubtedly any initia-
tion or inheritance of parameters across the whole
knowledge base is alsu available using variables in
PC Plus.

Current version of Intellite® has 25 major pro-
cessing units as child frames in the PROCESS
frame. In addition to them, frame MAIN (root frame)
and frame START for specifying process flowsheet
and frame STREAM__LAYOUT consist the overall
kncwledge base. Figure 2 shows the overall knowl-
edge base structure of Intellite®,

Logical (and numerical) methods and several heu-
ristics (and control idioms) existing in the knowledge
base are widely used for process control design.

The difficulties in determining the suitable pair of
manipulated and controlled variable grow exponen-
tially as the number of prucess variables increases. For
a system with N controlled and N manipulated vari-
ables, there are N/ different fully decentralized loup
configurations. As the number of N increases. the
nuraber of different loop configurations increases very
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Fig. 2. Knowledge base structure of Intellite3.

Splitter

rapidly ; often they cause the combinatorial explosion.
Thus variable pairing in control system design is also
very structured in nature. The selection of variable
pairing is usually accomplished by using sume interac-
tion measures as well as some heuristic rules at the ini-
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Divide the process
into separate blocks.

J

Determine the degrees of freedom &
the number of controlied/manipulated
variables for each block.

M

Determine all feasible loop configurations
for each block and retain the best.

L

Recombine the blocks
with their loop configurations.

J

Eliminate conflicts among the
control loops of various blocks.

* i

Improve the control configuration. l

Fig. 3. Multi-level approach to control system syn-
thesis.

tial stage of process design. For example, in configur-
ing control structure for binary distitlation columns,
the user can select the pairing methods: pairing by
calculation (steady state simulation and F.G. Shin-
skey’s computed RGA criterion; Shinskey, 1984) or
pairing by control objectives and heuristics. Ad-
ditional options for pairing methods like Page Buck-
ley’s criterion (Buckely P.S., W.L. Luyben, and J.P.
Shunta, 1985), frequency-dependent RGA analysis
proposed by S. Skogestad (Skogestad S. e! al., 1989),
and etc. can be included in Intellite®, We feel that for
the more precise and proper pairing, more demands
are being placed on the dynamic simulation of the pro-
cess under consideration.

2-3. Roadmap to goal satisfaction

Our final goal is to find a reasonable centrol struc-
ture for a process flowsheet. There are many alter-
natives that often form a combinatorial search space.
To effectively screen those alternatives and find rea-
sonable one fast, we adopt the multi-level approach
first proposed by Umeda et al. (Umeda et al., 1978)
and refined by Stephanopoulos (Stephanopoulos G.,
1984). Figure 3 shows such a multi-level approach and
Figure 4 represents a “Roadmap” to goal satisfaction in
Intellite®.

In Figure 4, the large block at the top of the figure
represents the conceptual Task Frame Net which is
discussed in the next section. The overall goal is to
find a reasonable control structure of the propused
plant. Each unit frame generally has four child task
frames: regulatory-control frame; supportive-conlrol
frame; constraint-control frame; and conflict resolu-
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tion frame. This Task Frame Net interacts with user in-
terface module and another module consisting of
shorteut calculations, control idioms, control objec-
tives, and heuristics.

3. Task Frame Net Model

3-1. Divide and conquer!

This is a prevalent heuristic in our daily life. If we
have a certain problem too large to handle at a time,
we naturally decompose it into several smaller and
more understandable parts; we find sub solutions and
then recombine them. This kind of intellectual be-
havior is unique to humans and some other intelligent
animals. In artificial intelligence, we characterize
creative behaviors as: representation (abstraction), in-
ference (reasoning), search {control of combinatorial
explosion), indexing (knowledge retrieval), prediction
& recovery (adaptation), dynamic modification (self
organization), and generalization (learning).

In process control and synthesis fields, there are
several examples of solving problems by decompo-
sition and recombination procedure(Douglas .M.,
1985; Modarres M. et al., 1986; Fusillo RH. et al.,
1987; Lakshmanan R. et al. 1988a, 1988b: etc.).

The Task Frame Net model developed in Intel-
lite® project is a hierarchical knowledge representa-
tion scheme for representing deep knowledge. The
root frame of the Task Frame Net has the overall goal :
finding a reasonable control structure over a complete
plant. Each of the frame in the network represents sub
goals (usually une or more) to be satisfied at each step
in each level of whole configurational working pro-
cess. Similar to a goal-driven strategy in the inference
process, each Task Frame set ils subgoals; the satisfac-
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Fig. 5. Structure of Task Frame Net.

ticn of all subgoals ensures the satisfaction of the root
gual.

The Task Frame Levels are aligned vertically
with hierarchy of specific control structure design
goals and Task Frame Steps are aligne horizontally
in a level of each hierarchical task. The vertical path,
i.e., Task Frame Levels, provides the method how
each subgoal is satisfied and usually terminates with
actual implementation of each actuator to each manip-
ulated variable. Thus for the lowest goal setting, there
exist several alternatives and we can handle them as
pairing problems. Task Frame Steps in each level
provide necessary conditions for satisfying their parent
Frame’s goal.

This separate goal setting on each Task Frame is
largely due to Bristol’s idiomatic control methodology .
ldiomatic control analysis is an attempt for structural
analysis and synthesis of control systems. Since idio-
matic control synthesis is a structured procedure in
which control objectives or goals are unambiguously
defined, it is highly likely that a knowledge representa-
tion for the structured knowledge exists.

Unit goals of a processing unit are generally de-
composed intu subtasks: regulatory, supportive, and
constraint control tasks. In the Task Franie Net model,
the goals are determined according to their priorilies,
i.e.. regulatory first, then constraint second, and finally
supportive. Some conflicling situations can occur
when certain constraints are imposed on the process
under consideration. Conflicts generally exist between
regulatory controls and constraint controls or in the
regulatory controls themselves. In the former case, we
can handle it with some advanced control schemes

like selective control systems (override and auctioneer-
ing) or split-range controls (with coordinate control
scheme). The latter situation requires some (economic)
trade-offs between conflicted goals. In the case of
distillation columns and reactors, we generally give
higher priority to inventory controls than to composi-
tion controls. The composition controls must be
sacrificed when constraints are imposed on inventory
controls. Figure 5 shows general structure of the Task
Frame Net.

The Task Frame Net model is also convenient for
establishing whole knowledge bases with object
oriented structure. It clarifies what goals should be
satisfied and how can we achieve them to satisfy our
final goal. Thus the Task Frame Net clearly reveals the
overall knowledge structure and provides transparent
reasoning path during consultation.

3-2. Constructing the Task Frame Net

To describe the construction of the Task Frame
Net we will use the sample Task Frame Net taken
from binary distillation column knowledge bases in
Intellite®, Figure 6 shows the Task Frame Net struc-
ture of binary distillation column in Intellite?,

The main goal of the root frame in Task Frame Net
is to find reasonable control configurations for a given
distillation column. This root Task Frame is divided in-
to three sub Task Frames: determining regulatory con-
trols, constraint controls, and supportive controls. As
shown in Figure 6, the regulatory control Frame is
broken into sub Task Frames again to satisfy each
necessary goals such as composition controls and in-
ventory controls which guarantee the successful sat-
isfaction of regulatory Task Frame goals. The Task
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Fig. 6. Task Frame Net of distillation column.

Frames of composition and inventory controls are
decomposed in a similar way to the lowest Task Frame
which finds specific manipulative variables. Thus, the
lowest Frame of each Task Frame, i.e., the end node of
each Task Frame Level, generally has several com-
peting alternatives of manipulative variables.

The manipulative variable alternatives for distillate
composition control are the reflux flow L, distillate
flow D, or reflux ratio L/D; and those for bottom corm-
position control are the bottom flow B, steam input V,
or the ratios V/B or L/B, elc.

The pairing problem (assigning one of those vari-
ables to each goal, i.e., the contrulled variable, of the
lowest Task Frame) is resolved either by shortcut
calculations (e.g., RGA computation) or by direcl pair-
ing based on several heuristics.

Once Intellite? finds the pairings of composition
controls, then it determines inventory control pairings
autornatically based on heuristics.

Constraint controls are thuse which take over con-
trol of the process when it approaches the liruits of nor-
mal operation. These controls are often process spe-
cific, such as controlling the vapor rate in a distillation
column between the flooding and weeping constraints.
We can easily take up these constraint goals by com-
bining standard process idioms with control objectives
of each operation. Subgoals of the constraint controls
are determining overrides for level control al con-
straint, overrides to avoid flooding and weeping, and
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overrides tu control column pressure.

In many processes, the regulatory and constraint
controls can be improved by using some supportive
controls such as cascade, feedforward, etc. Task
Frames of supportive controls are decompuosed into
sub Task Frames: feedforward control to reduce lag in
reflux drum level response. feedforward control com-
pensating feed flow changes. cascade control to reduce
the effects of heat upsets and flow upsets.

Each process in Intellite® has certain Task Frame
Nets similar to those of distillation column mentioned
abuve. But, there are some processes that do not re-
quire complex Task Frames in configuring their con-
trol structures. They are rather simple processing units
such as Stream-Mixer or Stream-Splitter, Heat-Ex-
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changer, etc. In this work, control configurations of
those units were done by intuitive and careful observa-
tions on the several existing process flowsheets.

Figures 7-10 show the Task Frame Net structures,
their properties and parameter browser.

WORKING EXAMPLE OF Intellite®
1. Distillation column control

Figures 11-24 show how Intellite? is used to de-
sign binary distillation column controls. Here, we

Intellited starts with some USER-OEF!NED CHARCTERISTRICS
of PROCESSING UWiTS.

This sectlon specifies

1. The number of UNITS,

2. The kind of UNITS,

3. The PROCESS IDERTITY and,
4. The PROCESS FLOW RELATIONS.

Then, iet's start with the nunber of units 111

Hou many processing units are in your P/1 7

Fig. 13. Inputting the number of units.

can use two methods for variable pairing: (1) RGA
method and (2) direct pairing based on the cuntrol
heuristics.

In the former case, we need some initial data for
column specifications such as product quality specs,
feed composition, number of trays, column efficiency,
and reflux ratio. These numerical data can be acquired
from steady state simulations or from process descrip-
tions.

Expert systems can maximize the utilization of the
existing available informations, that is, the results from
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hal's e U1 7

PROCESS UNIT IDENTITY

I UNIT$T DSTILLATION COLUMN
| _D_COLUMN _ ey

G_COLUMN FROCESS $TREAM FROM 10 CURRENT oMl
G_VESSEL oory | FEED A — 1 et o
G_STREAM " — _
REACTOR 0P2 1" DE2
B FURNACE Loor ENPUT NODEI
HEAT_EX LoaP4 — INPUT MNODE4
COMPRESSOR Lo0PS Ll — INPUT NODCS

Press F1D to contlnue.

RELATIVE GAINS
D

x v L L/D
B 03¢ 036
| 4 966 94.539 14,032
L/B | 18.629 9.9
V/B |9%s 13.585 79m

Press any key to continue.

Fig. 14. Unit & stream specification.

Fig. 18. Computed RGA.

Mow, you are entering the Bistitlation Column FRAME,
Here, you can configqure several types of Distillatlon Column.

Seiect desired column type.........

BINARY DISTILLATION COLUMN
COMPLEX_COLUMN

1. Use arrow key or [Irst letter of ftem to position the cursor,
Z. press ENTER to continue,

Fig. 15. Selecting distillation column type.

Best palring based on RELATIVE GAIN INFORMATION
in as follows:

For Top composition control:

Usa Distillate flow rate as a manipulated variabie in controlling Top
composition.

For Bottom composition controt:

Usa Steam to Bottom flow rate Ratlo as a manipstated variable in coatralling
Bottom composition.

M% More - press ENTEH to contimue.

Fig. 19. Pairing recommendation based on RGA.

Selc! configualion b you wanl

BY__CALCULATION

BY_HEURISTICS

Press any key to contlous.

Fig. 16. Pairing method selection.

Fig. 20. Regulatory controls.

Imshal Data for Column Confrguration

MOL. TR, LIGHT KLY IN TOP <y) 0~9?7

MOL. FR. LICHY REY IN ROTIOM (x)} OOOO‘

noi, FR. LICMT KEY iN FLED (1) U-"?’

NUMBER OF ACTEAL TRAYS <n) 150

TRAY IFTICIENCY (T) 09

RLFLUX BATIO ¢L/P) [5ﬂ o ]

Press any key to coatinue.

Fig. 17. Distillation column spec.

July. 1990

Fig. 21. Constraint & supportive controls.
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that the level In the colunn bage and raflux accunulator ars atuays wndar
control pven during constralat operation.

% For Top Lomposition fontrol,
use Distitlate Fiov late as & manlpslated variable.

% To controt Botton composition,
use bollup to bottom ratio
as a manipalated variable.

x To control top Orun level,
use the raflux flow rate
as a manlpulatod variable.

% Yo controt columm basa leveti,
use bottom product flov rates as a nanlpulale variable.

2. Supportive Contral loops are |

%% More = press ENTER to comtinue.

Fig. 22. Recommendations on regulatory controls.

Sais operstion at constralints Is satisfied by the following goals :

% To prevent flooding (a colusn,
use prossure dif{erence as sn indicator
and bulld override control with BIU contraller.

Flooding can occur if column throughput is incresssd vesulting in n higher
votume of vagor bollup.

The high vapor rate can causa liguid backup on the trays as the vapor
attempts to flow throush downconers.Flooding can be avoided by tlmiting the
heat Input to values below the flooding point.

Prassura drop across the column is normally used as a measure of approach to
flooding. Ais Tlooding Is approached, the pressure drop across the column
increases dramatically.

The contral loop Implementation is as follows :

Using a differentlat pressure controller to overrlde the heat input to the

#*¥ More - press ENTER ta contimue.

The basic regulatory and constraint controis can de improved by ucing come
aupportive control loops.

Datorriinatlon of the supportive contruls for Improved parformancs lncludes
uze ol CASCADE and FEEOFORUARD control toops.

The appropriats use of these supportiuve or secondary control schemes It
deternlned largely by HEURISTICS or ¢ RULES OF THUMD 5.

One commos supportive control loop is the flow control loop used ac the inraer
loop of & cascade arrangement for a slower loep such as composition.

Tho purpose of 8 flow loop Is 10 increaso porformancn of the outer loop by
rajact ing disturhance in the Inner loop. The flow loop can cumpansate wery
quick y for upsets in Flou dus to prassuvs chanyes.

% To remoun lag In the response of top drum level control,
bulld cascade controt foops
using [low rates of reflux and distlilate siream.

X% More ~ press ENTER to comtimge.

Fig. 23. Recommendations on supportive controls.

the systems can be degraded gradually from the ex-
cellent results when all information such as steady
state information, steady/dynamic models, heuristics
are available, to the acceptable results when the only
source of knowledge is heuristics based or the process
design. The direct pairing methud based on control
heuristics may give only acceptable result. We feel that
the results from both pairing methods should be tested
by rigorous dynamic simulation betore we can know it
thev are really guod.

CONCLUSIONS

An expert system for designing control structures
for distillation columns have beenr implemented aiid
useful technigues on building industrially usable
expert syslems for other application fields have been
obtained.

The expert systent, Intellite3, fur conirol struciure
synthesis on chemical processing plant can serve as o
useful aid to process engineers, plant operators and as
an effective educational aid to students who search fon
this area and who are willing to organize his of liey
idea into knowledge based expert systems.

The Task Frame Net model was fully used as a
basic backbone of the knowledge representaiion

Fig. 24. Recommendations on constraint controls.

scheme in the expert system. The Object Oriented
Programming is implemented on Task Frame Net
model using Frames and idiomatic control methodol-
ugy. Due to the Task Frame Net, the whole knowledge
structure is clearly organized and the system user can
“grab fast” the runctional objects, goals, and reasoning
processes.

The major features of Intellite3 are as follows:

1. It can configure control systems for binary distil-
lation columns based on either by the RGA method or
by direct pairing based on cuntrol vbjectives.

2.1t has highly modular structures with object ori-
ented programming on the Task Frame Net.

3. Well structured knowiedge bases reveal trans-
parent reasoning process and provide refined explana-
tion to the user through several user friendly
interfaces.

4. Current version of Intellite® has open siructure
for further expansions. Intellite® will continue 10 be
improved and suppurted by additional works. We are
currently expanding it to configure control systern for
whole chemical processing plants and plarning the
extensions of the system like dynamic simulation fa-
cility. active animation of overall process flowsheets,
and more precise and logical interaction measures.

Automating the design of plant wide control systemn
is a project operating in multiple phases with a series
of knowledge intensive tasks.

The basic scope of the methodology, established by
expert systems. is compleniented and enlarged by
techniques from knowledge based expert systeimns and
rigorous analytical tools offered by the advanced con-
trol theory. Thus the performance of resulting expert
syslemi is very close to the qualily of gathered process
knowledge and its structure.

To achieve the final goal of knowledge based cx-
perl systems for control structure synthesis and for
other fields such as process svnthesis, fault diagnosis,
and online intelligent controls, it is important to

Korean J. Ch. E. (Vol. 7, No. 3)
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expand the framework of the research area and t¢
stimulate research in new areas.

Basic and renewed analysis of problems and prob-

lem solving methods in control structure synthesis
and whole process engineering are required to estab-
lish a new paradigm leading to useful expert system
development. Eventually through these process-
es, the resulting expert systems can provide
more convenient and safe working environ-
ments for human beings !

o
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