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HE PRACTICE OF PROCESS control in the chemical

processing industries is undergoing rapid tech-
nological change. The availability of powerful and
inexpensive computers and micro-processor based
controllers has made the use of sophisticated con-
trol algorithms routinely possible and economi-
cally necessary. Unfortunately, the supply of com-
petent process control engineers lags far behind
the demand produced by the available technology
and potential applications. The typical B. S. chem-
ical engineering graduate has been exposed to no
process control beyond a first course in process
dynamics. These graduates are completely unfa-
miliar with the concepts of “modern” or multi-
variable control. Graduate work does not meet
this need either, since there are few graduate
students in chemical engineering and fewer still
who are interested in studying advanced process
control. The relationship between processes and
their control systems is becoming increasingly
sophisticated. Hence, there is an obvious need for
control expertise in the chemical engineering pro-
fession which is not being met by the conventional
chemical engineering curriculum [1,2].

Two factors have made it possible to initiate
a course sequence in process control in the chem-
ical engineering department at the University of
Maine. The first was a bold change in the curric-
ulum in the department. A program was instituted
in which a student must choose an area of special
concentration. Current options are process control,
pulp and paper, polymers, honors, or, in excep-
tional cases, an individualized program. Each op-
tion consists of at least four courses at the junior
and senior levels. The second is that there are
two of us who are interested and competent in
computers and process control. This allows us to
overcome the very real barrier imposed by the
“critical mass effect” as described by Waller [2].

The Process Control Option is a dramatic
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break with the traditional teaching of control
theory in this department, and we believe that it
is a unique program at the undergraduate level
in chemical engineering. Teaching in process con-
trol formerly consisted of an introductory process
dynamics course for all students, a graduate
course when there was sufficient demand, and an
occasional special undergraduate course in re-
sponse to demand. We now provide the coordi-
nated sequence which is described in this paper.

One of us has had industrial experience in
process control, and the other is knowledgable in
real-time computer hardware, software, and inter-
facing. Neither of us has much interest in pure
theory divorced from application. Hence, the en-
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tire sequence tends to be strongly applied in na-
ture.

THE COURSES

CHE 152: INTRODUCTION TO PROCESS DYNAMICS
AND CONTROL

This is the typical required course for all students in
the department. It covers LaPlace transform theory, trans-
fer functions, PID control, etc. The text in current use is
by Luyben [3]. Because this course is required of all stu-
dents, it is not actually part of the Process Control option,
although it is a prerequisite for the option.

CHE 154: INTRODUCTION TO DIGITAL PROCESS
CONTROL

This course considers single-input single-output (SISO)
systems using the Z-transform. The text used is by Kuo
[4]. The course covers all of the sections of the text which
do not involve state variables. (The reason for this rather
uncomfortable division of material is the scheduling prob-
lem created by our coop program. This will be discussed
later.) The use of fully interactive computer methods for
design is emphasized. Many of the “standard” algorithms,
such as the Smith Predictor, the Dahlin algorithm, etc.
are presented and compared with direct Z-transform de-
sign methods.

Unfortunately, there is no formal laboratory with this
course. However, we both feel very strongly that practical
experience is an essential part of learning, so we “steal”
some laboratory time by omitting a certain number of
lecture periods. Although we continue to look for good
experiments, the system used this past year worked very
well. It consists of a series of interacting tank levels, with
the series ranging from one to four tanks. The levels are
controlled directly by a PDP 11/60 computer programmed
in FORTRAN. The students were asked to identify the
process by any means they wished and then to control the
process on the basis of one of the design methods learned
in the lectures. For example, this year they were asked
to design a digital PID-exponential filter controller for a
third order system, a dead beat controller for a first order
system, and to apply any technique they wished, other
than PID, to a third order system.

The experiments can take a long time, far more than
the class time allotted, for several reasons. One group
was very slow because of poor planning. Another group
got very interested, tried all sorts of control schemes, and
produced a truly excellent report. All of the students
agreed later that the laboratory, in spite of the great
amount of time spent on the experiment, was an absolutely
essential part of the course.

CHE 156: ADVANCED PROCESS CONTROL

This course concentrates on multivariable systems. The
text in current use is the portion of Kuo [4] not covered in
ChE 154. Virtually none of the students who enter this
course have taken mathematics beyond the normal re-
quirement of 16 semester hours. Thus, they know little
about linear algebra and are inexperienced in the use of
the computer for matrix manipulations. Therefore, some
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The Process Control Option is

a dramatic break with the traditional
teaching of control theory in this department,
and we believe that it is a unique program

at the undergraduate level in

chemical engineering.

time must be used to remedy these deficiencies. Once this
has been accomplished, we can proceed to the representa-
tion of systems by state variables. This leads naturally
through such concepts as controllability, observability,
multivariable systems, and control of linear (or linearized)
multivariable systems.

CHE 158: ADVANCED PROCESS CONTROL II

The major emphasis of this course is on system identi-
fication through filtering and estimation. A portion of
this course must be devoted to developing the practical
concepts of probability and stochastic systems. Following
this, we consider system identification through techniques
such as the Kalman filter, least squares, maximum likeli-
hood, etc. Applications of these techniques are examined
through case studies, the modelling and control of esti-
mated parameter systems, feedforward systems, model
reference systems, and adaptive control systems. Labora-
tory work is used to reinforce the lecture material but,
unfortunately, here again we must “steal” lab time from
the lecture schedule. We have not found a truly suitable
text for this course, but have based much of the material
on the books by Gelb [5] and Meditch [6]. Current litera-
ture is also an essential source for this course.

ELECTIVE

To complete the process control option, the student
must take one more course related to process control. We
have been very liberal in this matter. For many students,
it is advantageous to take a processing course, in polymers
or pulp and paper for example. This gives better insight
into the problems which a control engineer might be ex-
pected to solve within a processing industry. We do not
encourage co-op students to make this choice, as these
students already have two semesters of professional work
experience behind them. Many students will elect a course
in mathematics, computer science, or electrical engineering.
The remaining students will usually choose to do a thesis
within the honors program (directed to a control problem),
or an individual senior project having something to do
with control. The actual choice which any particular
student makes depends upon his interests.

FACTORS IN TEACHING

We feel that there is a need for suitable text-
books for this program. We look forward to the
publication of a chemical engineering text suit-
able for the first course, ChE 152, which covers
the introductory material from the “modern con-
trol theory” point of view. For ChE 154 and 156
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The program is . . . unique and valuable. There is a high demand for our graduates, and they
seem to fill an obvious industrial need which is not being met by graduate schools. The sequence blends with
the other options within the department so that all students can find something of interest to them.

the text by Kuo is quite suitable. It is only a
minor handicap that the text is not oriented to-
wards chemical engineering or the process indus-
tries. The most serious text problem is the lack
of a suitable text for the final course, ChE 158.
This lack can only be partially offset by lecture
notes and the use of the periodical literature.

Within the department, we have excellent com-
puter facilities, and we are developing laboratory
experiments suitable for the program. We have
interested and capable students, and a good mesh
of faculty interests and expertise. On the other
hand, teaching loads in the department are very
high, making it difficult to teach, do research,
and to find the time to continue to develop and
improve the sequence of courses in the program.
It has required an almost fanatical belief in the
importance of what we are doing to push the
courses to their current state of development. Ac-
cording to Waller, this would probably be true
anywhere in the country, as control theory has not
been much appreciated [2].

About half of our students are in the co-op pro-
gram. It is impossible for these students to take
the control sequence in four consecutive semesters.
Because we cannot offer extra sections of any of
the courses, we have had to design the sequence
so that students could take either ChE 154 or ChE
156 as the first course beyond the introductory
course. This is the reason for the artificial division
of the material in Kuo [4]. Though this is less than
ideal, it seems to work. It should be mentioned that
the work experience of the coop students, about
half of the class, tends to raise the level of effort
and understanding of the entire class.

The constraints of university, college, and de-
partmental requirements so far have made it im-
possible to develop and include a formal laboratory
course in the program. Therefore, we must sacri-
fice lecture time in order to provide essential
laboratory process experience. Laboratory is very
time consuming for students and faculty. Because
of this pressure, we feel that we must provide
more setup and laboratory instruction than we
would like. This problem will be alleviated some-
what by development of more experiments which
can be run simultaneously by different groups.
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The problem here is instrumentation cost. Avail-
able computing power is more than sufficient.

GENERAL OBSERVATIONS & CONCLUSIONS

The program is, we believe, unique and valu-
able. There is a high demand for our graduates,
and they seem to fill an obvious industrial need
which is not being met by graduate schools. The
sequence blends with the other options within the
department so that all students can find something
of interest to them. It is important to recognize
that the option programs work within what most
curricula consider to be technical electives. There-
fore, every student completes the full ABET-
AIChE accredited program in Chemical Engi-
neering.

The “critical mass effect” has been very im-
portant. It is not only necessary that more than
one faculty member be closely involved in the
program, but it is equally important that the fac-
ulty have interest and expertise in certain speci-
fic areas. We found it necessary that the following
areas be fully covered: mathematics, instrumen-
tation hardware, computer hardware and software
(on-line, real time system), interfacing of com-
puter and process, computer operating system
maintenance, industrial experience, and the areas
of process control covered by the courses. With-
out skill in the above “auxilliary’’ areas, our pro-
gram simply would not exist.

Although we feel we have developed an excel-
lent program, we have certain constraints which
we have been unable to overcome. Our students
generally lack background in statistics, proba-
bility, and linear algebra. Although we do con-
sider these topics within the sequence, we cannot
spend enough time on them. We do not have suffi-
cient time to spend on hardware, and we have no
time to spend on microprocessors or assembly
language. We agree with our industrial advisors
that these topics are important, but we feel that
the material we do cover is more important, and
that any time we can “steal” must be used for
laboratory work. Those students keenly interested
in any of the topics mentioned above can learn
more about them through courses given by the
mathematics and electrical engineering depart-
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ments. These courses can be taken as the fourth
elective or as overload courses.

Industrial response to our process control pro-
gram has been positive and encouraging. Indus-
trial representatives have helped us to choose the
material to be presented and have helped with
financial support for our computer facility. Posi-
tive feedback from instrument and control system
vendors and from manufacturing companies, es-
pecially pulp and paper companies, has consisted
not only of verbal approval but also the ultimate
test: They need, want, and hire the graduates of
the program. O
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book reviews

ADVANCED PROCESS CONTROL
By W. H. Ray
McGraw Hill, NY, 1981

Reviewed by John C. Friedly
University of Rochester

There are few available books suitable for a
graduate-level course in chemical process control,
although there are a number of more general as
well as a number of more specialized advanced
control texts. That fact alone would make this
text a useful addition to the literature. However,
this book has more to appeal to students and
practitioners alike.

The book covers nearly all of the most used
ideas of modern process control, from multivari-
able control, through optimal control, to state
estimation. Ray tries to present a balanced cover-
age of control of both lumped and distributed
parameter systems, linear and nonlinear systems,
theory and practice. From the large literature
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available, choice of the basic principles has been
skillfully made. As in most of Ray’s work the
concepts are illustrated with a wealth of rather
detailed examples, all pertinent to chemical engi-
neering. In addition, there is a summary of several
more elaborate case studies taken from the litera-
ture. The only noticeable omissions are parameter
estimation and adaptive control.

The style is mainly expository with approaches
to solving the problems stressed rather than an
axiomatically rigorous mathematical treatment.
As should be expected, vectors and matrices are
used throughout and the manipulative skills of
linear algebra are essential. For the most part,
mathematical methods are introduced where
needed as unobtrusive digressions in the text. The
prose is eminently readable and the typescript is
free of obvious errors.

The bulk of the material is jammed like meat
on a delicatessen sandwich into just three rather
long chapters. The advanced control concepts are
first introduced in Chapter 3 on control of lumped
parameter systems. Multivariable control, non-
interactive control, modal control and optimal
control are all covered in some detail. Both the
theoretical basis and the more practical imple-
mentation of the control is discussed, including
computation and approximation problems. The
following chapter attempts to give the same
type of coverage for control of distributed pa-
rameter systems. This is done to the extent
possible and the distinctive problems associated
with the more complex distributed systems are
covered well. The coverage of optimal filters and
observers in Chapter 5 is complete, but the con-
cepts of stochastic control are only paid lipservice.
In the same chapter both lumped and distributed,
linear and nonlinear systems are included. These
meatier chapters are contained between two
which, while appropriate, suggest that the sand-
wich could well have been served open-faced.
Chapter 2 gives an overview of the hardware
and practical details of the use of minicomputers
for process control and is virtually not referred
to again in the text. The final chapter reviews
several case studies from the literature that use
many of the concepts covered earlier, but is also
somewhat disconnected from the rest of the ma-
terial in the text.

The text is not without its faults however. In
using many parts of the text for a course in pro-
cess control, students found that it contained a
Continued on page 46.
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