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Abstract

We present a new expert-system “front end” or Design
Advisor for Implementing Systems (DAIs} for use in
conjunction with a commercial digital control system
environment, e.g., the Elsag Bailey INFI 90 System. The
objective of DAIS is to make it substantially easier for ap-
plications engineers to make effective use of the broad
spectium of capabilities of this and similar hardware
and software systems for industiial controls implemen-
tation. This concept is of quite general applicability for
industrial controls implementation environments.

1 INTRODUCTION

One of the main goals of computer-aided control en-
gineering (CACE) is to facilitate the design and imple-
mentation of control systems for practical applications.
While control-theoretic considerations are important,
they do not provide all the answers needed by field en-
gineers in carrying out this task. This leaves a substan-
tial gap between the capabilities of well-known control-
theoretic software environments such as MATLAB [1] and
MATRIXx [2] and more practical problems associated
with chosing algorithms, tuning them, and implement-
ing systems. We emphasize that there is little or no gap
between the systems that can be implemented on sys-
tems such as the INFI 90 and those that can be designed
using modern control theory and packages such as MAT-
LAB and MATRIXy — what is missing is support for more
down-to-earth concerns such as those mentioned above.

The specific difficulty faced by both Elsag Bailey and
their customers is that many line engineers lack the

knowledge and experience to take full advantage of

the advanced capabilities of industrial control systems
equipment such as their INFI 90 system. From a ven-
dor’s perspective, it seems that many customers exploit

1We would like to acknowledge the recent gift of an INFI 90
system from Elsag Bailey {Canada) Inc , Dartmouth, Nova Scotia.
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only a small percentage of the algorithms available; from
the customers’ perspective, either they are buying a sys-
tem that seems to provide a lot of unnecessary function-
ality, or else there is a frustration that they can’t take
advantage of functionality that they need but cannot
use effectively.

Based on these considerations, we decided to create a
Design Advisor for Implementing Systems (DA1s), using
an “expert-aided CACE” paradigm [3, 4] and a suitable
CACE environment that combines numerical and sym-
bolic evaluations, namely Pang’s expert-system frame-
work and software MEDAL [5, 6] More specifically, DAIS
has been conceived to elicit a definition of the problem
(e.g., simplified or more detailed form of process model,’
qualitative and/or quantitative performance objectives,
constraints), and then recommend a solution or outline
a decision-making process so that the user could reach
his/her own conclusions. The “solution” is in the form
of one or more controller designs, with simulated perfor-
mance plots and support for implementing it using the
INFI 90. If presently incorporates tules of thumb for
determining controller type and simple tuning 1ules for
parameterizing the compensator (e.g., see [7, 8]), as il-
lustrated in the examples that follow; in the next phase,
we plan to add similar but extended approaches for mul-
tivariable systems (e.g., [9]) and expert-aided strategies
for autotuning and autosynthesis (e.g., [10, 11, 12, 18]).

This project has reached the end of its first prototyping
phase. The “alpha” version of DAIS provides the ba-
sic functionality outlined above. In the next phase, the
knowledge base for this system will be heavily based on
Elsag Bailey’s expertise, obtained both from the orga-
nization that creates and implements algorithms for use
in the INFI 30 and that which provides customer ap-
plications support. In addition, the IN¥1 90 documen-
tation and application guides will be a valuable souzce
of contzol design and implementation knowledge. The
system (alpha and beta versions) will also be tested at
the University in conjunction with an industrial control



systems course, where DAIS will suggest how to design a

controller, and, in the associated laboratory, where the
students will be faced with a realistic industrial prob-
lem, i.e., “here is a process, here are some requirements
and specifications, here is the Elsag Bailley hardware
and software for implementation; use DAis to solve the
problem” . During this next phase, we will design and
build the “beta” version that will be more integrated
with the INFI 90 and also tested in the field.

2 GENERAL CONCEPT

The preceding discussion motivates the usefulness of a
Design Advisor for Implementing Systems (Dais)
for the Elsag Bailey INFI 90 and other digital control im-
plementation environments of similar class. The follow-
ing conceptual outline provides the basis for this “front
end” environment. DaIs is designed o support the in-
dustrial applications engineer in the following areas:

1. Definition of plant characteristics (description of

the process to be controlled)

2. Definition of performance objectives for the con-
trolled process '

3. Definition of implementation, operational and
other constraints

4. Selection of control scheme(s)
5. Design / tuning of controller(s)

These activities form the core of computer-aided con-
trol engineering {CACE), and involve problem-solving
approaches that combine knowledge of both theory and
“henristics” or experience-based “rules of thumb”. In
light. of this, it has been observed that artificial inteili-
gence (AT) can provide useful contributions in “diagnos-
ing the plant model, setting up a realistic design prob-
lem, selecting appropriate design methods, performing
trade-offs, validating the design, implementing the con-
troller, and using conventional CACE software” {3]. This
is because: “Heuristics are certainly a major factorin a
human expert’s ability to formulate a well-posed design
problem.” (same citation).

A high-level description of this idea will be outlined us-
ing two approaches: working through a partial “sce-
naric” using DAIS, and then sketching the knowledge
and decision-making framework of the environment.
This paper will then conclude with a discussion of im-
plementation plans and approach.

2.1 Preliminary DAIS Scenario

DAIS has been implemented using a simple graphical
user interface that gives the applications engineer rea-

: éonable ﬂeidbi_lity in carrying out the activities enumer-

ated above. Omne direct way to proceed in developing
this idea is to display some screens that arise in a sce-
nario using stich a system:

'In Figure 1 (top half)? we see a typical start-up screen

from the pals system. It provides the primary menu,
supporting the five areas of activity enumerated above,
plus a standard set of options stop, skip, and why. In the
future, our conceptual design includes Library (access
to a database of previous applications), Archive (sup-
port for inserting the present application into the Li-
brary), and Document (support for documentation of
the present application). To begin work, a usér would
select a menu option and proceed.

Next we assume that the user wishes to execute Step
1 in the proéess, definition of plant characteristics; re-
sponding to the first menu with a 1 produces the second
menu shown in Fig. 1, which supports several exact and
approximate approaches for accomplishing this crucial
step. At present, DAIS supports entering a plant model
in transfer function or state-space form, or supplying
less detailed plant characteristics in either the time- or
frequency domain, or providing input/output data for
model identification.

The most practically-oriented option (especially for
process industry appplications) is Option 3, “Semi-
quantitative time-response form” . This 1aises the screen
depicted in Fig. 2, which illustrates a dizect approach for
capturing simple (minimal) characteristics that should
suffice for selection of more basic control schemes and
their design (patameter tuning). As a preliminary
measure, we suggest that frequency-response and time-
response data are natural choices for these more qualita-
tive aspects. More comprehensive support, and access
to more sophisticated control schemes, may be avail-
able if the user supplies a more detailed plant model by
choosing Options 1 or 2 on the screen for defining plant
characteristics (bottom half of Fig. 1}.

The display produced by Option 3, as depicted in Fig. 2,
simply represents a set of common response characteris-
tics with an arbitrary parameterization. If the user se-
lects “Possible Step Response 1” (a first-order lag with
time delay), for example, then Da1s will follow up by
requesting estimates for the delay time, rise time (af-
ter delay) and steady-state gain. This will complete
DAIS’s “internal model® of the process, which in turn
will influence future suggestions for control scheme and
parameter settings, as discussed below.

Elicitation of performance objectives and operational
and other constraints (if any) is accomplished in a sim-
ilar fashion, working down from Steps 2 and 3 on the

?Figures 1-5 can be found at the end of the paper.



first menu (Fig. 1) and using a similar menu/screen-
based interface. The user is then ready to progress to
control scheme selection (Step 4) and turing (Step 5)

If the applications engineer has supplied a suitable
problem definition (plant characterization, performance
specification, constraints), then the rule-based system
(rBs) will select a suitable control scheme or set of can-
didate schemes and support the user in selecting ome
(if more than one candidate exists) and completing the
design (e.g., tuning controller parameters). If the prob-
lem specification is not adequate for controller selection
and design, then DaIs will provide guidance on how to
tectify the situation (see Section 2.2 for further detail).

Once a control scheme is selected, the design/tuning
step can be undertaken. The exact nature of this part

of the process will depend on the detail and quality of

the internal model elicited from the user. (We are con-
sidering asking for some rough uncertainty measure in
addition to the parameterization outlined above; in the
simple scenarios implemented so far {e.g., Fig. 2) this
has not been a pressing need.)

To continue the example from Figs. 1 and 2, and assum-
ing that the user provided the following information:

o parameters for the qualitative model 1 are: delay
time = 6 sec, rise time (after delay) = 4 sec.and
steady-state gain = 10.5;

o desired closed-loop 1% settling time (after delay)
is b sec and tolerable % overshoot is 0%: and

o the constraint on the input to the plant is that u
should not exceed 0.24 “units” in magnitude, -

the Smith Controller is recommended (Block 160 in the
INFI 90) and the parameters are determined by a sim-
ple tuning algorithm (first three lines in Fig. 3). Using
the internal plant model and parameterized Smith con-
troller, simulated step-response plots are generated; in
this case a warning is raised that the constraint is vi-
olated (continnation of Fig. 3) and the step-response
plots are displayed as in Fig. 4. A recommendation is
made that the user relax the settling time specification
to 7 seconds (bottom of Fig. 3); of course, the user is
free to take that advice or make any other change to -t'he
problem definition that might alleviate this problem .

Once the preliminary controller behavior is displayed,

as in Fig 4, the user is allowed to tune the controller.

by perturbing its parameters by either + 40% (“coarse
tuning”) or &+ 10% {“fine tuning”); comparative step-
response plots are displayed for the user to select the
final design.

That completes an illustrative scenario using Dals. We
also provide a number of other options for defining the
internal plant model, as mentioned; here we merely illus-
trate the use of model identification from user-supplied

step-response data In Fig. 5. Our approach uses a
heuristic scan of the step-response data to determine the
time delay and then the usual least-squares data fitting
via mairix pseudo-inverse to obtain the time constant
and steady-state gain.

2.2 Preliminary DAIS Framework

The knowledge and decision-making framework of Da1S
is organized along the lines suggested in [3] The ba-
sic idea is that there are two foci of information, called
the Problem Frame (r¥) and the Solution Frame (sF).
The information in the PF is to be elicited from the
applications engineer, as suggested in Section 2.1, or
derived from information thus supplied. At the present
time, the contents of the sp are dictated by the func
tions and capabilities of the INFI 90 system, and the
corresponding problem-definition information needed to
apply these functions and capabilities effectively.

The information in the PF is gathered through the
straight-forward use of menus and screens. Once the
user signals that problem-solving is to commence {by
choosing Option 4 on the main menu, Fig. 1), this data
is processed to see if it is an adequate problem definition,
and it so what implementation options are available. If
we think of the information in the PF as being stored
in “slots”, then each INFI 90 function or capability can
be represented In the SF by a “femplate” defining the
PF information needed (or slots that must be filled ap-
propriately) to permit its application. The more basic
control algorithms such as PID may have a few basic
information slots specified in their templates; more ad-
vanced schemes or functions may have more extensive
PF data requiremnents (templates). Each template, then,
would be comprised of a set of slot_labels specifying the
PF information that must be provided for a successful
application of the corresponding function or capability.
Additional factors, such as ranges for data in the pr
may also be included in the template; these would cap-
ture quantifiable constraints such as “if the controller
order must be less than 4 then H-infinity control is not
available”.

The decision-making in DAIS thus involves several com-
ponents:

1. checking that the data in the PF is consistent and
well-posed, e.g ., seeing if the performance require-
ments are sensible given the plant characteristics
specified, seeing that the constraints and perfor-
mance requirements are not incompatible, etc., and

2. matching the entries in the PF with the templates
specified in the sF —if a template is satisfied by the
user’s information in the PP, then the correspond-
ing function or capability is said to be “available®.
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Figure 6: DAIS Knowledge Framework

In the alpha version of DAIS these features are quite lim-
ited. However, it is our belief that the system should
not stop with a simplistic ‘yes’ or ‘no’ assessment with
respect to availability; rather it would be far more help-
ful if the reasoning system would also check templates
that are neerly satisfied and advise the user that ad-

ditional functions or capabilities would be available if

further information were provided or if the plant charac-
teristics, performance requirements and/or constraints
were modified slightly. DAIs should be able to tell the
uger how to obtain and supply additional information
or make modifications in many instances.

Based on these .ideas, the DAis framework can be de-
picted as shown in Fig. 6, which is a simplified version
of that from [3}]. In describing this scheme; we speak

_of our plan for the next phase of development; the al-
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pha version of DAIS represents a useful and illustrative
subset of the concepts that follow

It is assumed that the design engineer has available a
“plant model”, either in detail {e.g, a transfer fune-
tion or ABCD model) or in simple/qua.litative terms
(e.g.; standaxd metrics such as DC gain, delay-time and
SIgmﬁcant time constant). The user will interact with
DAIS via a graphical interface as suggested in Figs. 1
and 2 to get the appropriate plant model “slots” in the
pF filled in. If higher-level model information is sup-
plied, then DAIs will infer the lower-level metrics, e.g.,
qualitative model parameterizations as described in Sec-
tion 2.1. The outcome of this dialog is an internal model
which will be used as the basis for design, simulation
and tuning. Upon completion of the plant model com.-
ponent of the r¥, the user proceeds to constraint and
specification entry, which is done in a similar manner,
via various menus.

At this stage the »Bs is activated to start the process of
comparing the filled slots of the PF with the templates
in the Solution Frame (sF). Fizst, DAIS runs some quick
heuristics to check if closed-loop specifications are rea-
sonable. The final word is left to the user; however,
should the user choose contradictory or unachievable
specifications in light of the plant model and constraints,
then all DAIS can do is make a few checks and issue
warnings. At the end of this step, the PF is ready for
the initiation of control scheme selection and design.
Then, any templates that are immediately satisfied are
designated “available”. Other templates which are not
completely satisfied are tagged with the designations of
the PF slots which correspond to missing data or un-
satisfied requirements. If there are available controllers,
then the user is supported in selecting one; in either case
(whether or not there are available controllers), it will
be possible to request help in increasing the number of
available controllers by revisiting the Problem Frame.

The process of adding to the list of available controllers
would proceed as follows: the rBs would work through
the “unavailable” controllers’ missing-data tags, to se-
lect those that appear to be easiest to satisly. The te-
sult of this analysis is a prioritized list of PF slots to
try to fill, which is used to initiate a dialog with the
user to increase the number of “available” controllers in
a systematic manner The interaction with the user to
accomplish this job might take several steps. An impor-
tant part of this process would be reasoned requests for
additional information, e.g.,

e “If you can supply a higher-order transfer function
model you will be in a position to apply <list of
additional control schemes>.”

s “If you can state that the plant is stable you will



be able to ...”

e “If you can state that the plant is not conditionally
stable you will ., .”

Omnce a control scheme has been selected, the RBS at-
tempts to evaluate controller parameters to achieve sat-
isfaction of the performance criteria and constraints.
This involves execution of known tuning strategies
where they are conveniently available, or making sug-
gestions to the user where antomatic tuning is not fea-
sible. The latter interactions might entail suggesting
parameter values, telling the user what process to carry
out (e.g., inspect Bode plots to determine various char-
acteristics), and outlining what to look for in the results.

Finally, atter the controller scheme and parameters were
designed, simulation results are provided using the in-
ternal plant model. At this point the user may either
accept the controller suggested by DAIs or run Option
5: Tuning of the controller (Fig.1). Once the con-
iroller structure and parameters are finalized, an aux-
iliary rulebase is run, to transform the controller gains
into INFI 90 parameters.

2.3 Knowledge Representation and Pro-
cessing in DAIS

A rule-based systern approach provides the best struc-
ture for implementing pals. The preceding discussion
illustrates its power and applicability in addressing the
problem at hand. Such an environment should be ca-

pable of both forward and backward chaining modes of

inference. Forward chaining would be an effective way
to fill Pr slots, especially where a single piece of in-
formation (e.g., a plant transfer function) may be used
to establish a number of lower-level facts {e.g., to deter-
mine steady-state gain, that a plant is stable, that it has
right-half-plane zeroes, etc.). Backward chaining would
be an effective way to manipulate information in the s¥,
e.g., check the “Fact Template” for a control scheme,

see if the facts are established or, if not, determine if

they can be established from available information, etc.
This is not an absolute requirement, however; there are
approaches available to solve the problem using either
forward or backward chaining alone, as we have done
with MEDAL.

3 BUILDING DAI1s

Based on this preliminary development effort, there
arise several major areas of focus to be considered in
building the next, more comprehensive version of DAIS:

11

¢ Knowledge capture: We need to develop a more
comprehensive knowledge engineering plan that in-
cludes further UNB input and (most importantly)
experience from Elsag Bailey and other “ultimate
consumers” (commercial users of the INFI 90). Asa
starting point, we have a large amount of documen-
tation from Elsag Bailey on the iNFI 90, including
detailed application bulletins that will allow us to
proceed well beyond the high-level “alpha” version
presented here,

e “Narrow-slice” development: Several local compa-
nies have expressed interest in working to add a
meaningful depth of capabilities for their applica-
tion areas. These include a heating, ventilating and
air-conditioning contractor, a power system con-
sulting company and a paper plant. Creating capa-
bilities for carefully limited scenarios will provide a
deeper understanding of the problem and the re-
quirements of the end user community.

e “User friendliness”: We will continue to take ut-
most care to make DAIS flexible and easy to use.
Primary concerns are: minimizing to the greatest
extent possible the need to *bother” the user for
information, suggesting alternative approaches but
not dictating a course of action, and providing more
direct connections to implementation using the INFI
90 (e.g., writing the parameters and configuration
files directly; compare with Fig. 3).

4 SUMMARY AND CONCLU-
SION

|
Our 'intention in creating an “intelligent front end” for
the Elsag Bailey system is to increase the efficiency
and satisfaction of industrial controls engineers in using
powerful, state-of-the-art control systems implementa-
tion environments such as the INFI 90. The effort in
developing the present “alpha” version of DAIS repre-

- sents a feasibility study and an attempt to realize our

concepts to serve as the basis for the next stages of de-
velopment, as outlined above. Therefore, the details
are tentative and subject to revision as we work in col-
laboration with Elsag Bailey personnel and their cus-
tomers to understand requirements and strategies for
implementing such a system.

We do believe, based on the concepts outlined above,
that the benefits of DAIS will be substantial. From an
industrial poinf of view, making it easier for an appli-

“cations engineer to employ a broader range of INFI 90's

capabilities has a clear and significant pay-off. From an
academic standpoint, the research is important in its
own right (advancing the state of the art in computer-



aided engineering of control systems), and the potential
for using DAIS in classroom and laboratory settings to
bring industrial approaches and solutions to the fore is
an additional attraction.
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