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THE PROCESS CONTROL curriculum at Wisconsin 
presently involves two faculty members and 

consists of an undergraduate course (annual en­
rollment ,--..,80 students), a graduate course (en­
rollment ,--..,20 students), and an informal gradu­
ate research seminar. This paper will concentrate 
on a description of the graduate course. An over­
view of the undergraduate course will follow in the 
next issue of this journal. The objective of the 
course is twofold: 1) to familiarize the students 
with those classical and modern results of process 
control theory which have been found useful in 
practical applications and 2) to allow the student 
to gain experience in the implementation of these 
techniques via a real-time computer. Therefore 
the course includes a laboratory. It is stressed 
to the students that the computer is. simply a 
modern tool so that the discussion of hardware 
aspects and specific programming techniques is 
limited to only those subjects of importance to 
the process control engineer. Software has been 
developed so that almost all of the real-time pro­
gramming done by the students is in FORTRAN 
IV. 
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FIGURE 2. Multi-sidestream Distillation Column with 
Draw-off Rate used to Control Sidestream Composition. 

THE COMPUTING FACILITIES 

THE COMPUTING FACILITIES for the process 
control laboratory consist of both analog and 

digital computers. There are three -+- 100 volt 
analog computers with a, total capacity of 132 
amplifiers used primarily for process simulation. 
The digital computer available for the laboratory 
is a PDPll/55 minicomputer operating under the 
RSXllM operating system. The configuration, 
shown in Figure 1, includes 128 K words of 

TABLE 1 

Graduate Process Control Lecture Topics 

1. Practical aspects of on-line data acquisition and 
control 

2. Control of systems described by ordinary differential 
and difference equations 

3. Control of systems described by partial differential 
equations 

4. State estimation and stochastic control 
5. Parameter estimation and adaptive control 
6. Influence of process design structure on process dy­

namics and control 
7. Control of interconnected systems of large dimension 
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memory, twin 1.2 magaword disks, a 9-track 
magnetic tape unit, and graphics terminals. There 
are digital and analog links to each of the labora­
tories as well as analog links to the analog com­
puter allowing hybrid computation. Analog to 
digital and digital to analog conversion are done 
at the computer with 16 channel, 12 bit con­
verters. 

COURSE DESCRIPTION 

THE GRADUATE PROCESS control course, offered 
once each year, has attracted students from a 

wide range of research areas and backgrounds. 
The course consists of three hours of lecture each 
week plus a project-oriented laboratory with in­
dividually arranged hours. The topics to be 
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TABLE 2 
Some Recent Graduate Laboratory Projects 

1. Multivariable computer control of a multi-side-stream 
distillation column 

2. State estimation and stochastic feedback control of a 
nonisothermal continuous stirred tank reactor 

3. On-line parameter identification for a reactor having 
catalyst deactivation 

4. State estimation and stochastic feedback control of 
interacting gas storage tanks 

5. On-line parameter identification for a steel ingot in a 
three zone furnace 

6. Implementation of the Self Tuning Regulator for level 
control with widely varying process gains and time 
constants 

7. Control of thermally coupled distillation columns 
8. Control structures for heat exchanger networks 

covered are selected from those shown in Table 1 
and are designed to acquaint the student with the 
wealth of powerful estimation and control tech­
niques resulting from modern control theory. The 
emphasis is on algorithms likely to find wide ap­
plications in the process industries. Applications 
and case studies are stressed more than mathe­
matically rigorous derivations. Many homework 
problems involve computer simulation and the 
development of control laws either through 
numerical techniques or using interactive graphi­
cal design methods. Much of the lecture material 
is available in a forthcoming textbook (W. H. 
Ray, "Advanced Process Control," McGraw-Hill 
(1980)). A large library of computer programs 
for the design of control systems has been de­
veloped and is readily available to the student. 
Those programs carry out the numerical calcula­
tions necessary to determine the controller or esti­
mator gains, compute the realization of a transfer 
function or find the needed compensator for in­
teracting multi variable systems. Some well known 
graphical methods for the design of multivariable 
controllers (inverse Nyquist array, character­
istic loci, etc.) are also available. 

The principal part of the laboratory activity 
is devoted to a rather substantial term project 
over which a formal oral and written report is 
made. Most of these projects are carried out by 
two students working together as a team. The 
topics and the emphasis of the projects vary from 
year to year. The titles of some projects recently 
completed are listed in Table 2. Some of them 
(1, 2, 3) involve hybrid computation where the 
process is simulated on one of the analog com­
puters and the control algorithm is realized on the 
digital computer. Others (4, 5, 6) deal with the 
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testing of algorithms on actual physical processes 
which are completely interfaced with the minicom­
puter for data acquisition and control. A third 
category (7, 8) is mostly computational in nature 
and has as its goal the investigation of the process 
design-process control interactions. 

As an illustration, one such recent project in­
volved the control of side stream compositions via 
draw-off rate adjustment for a multi-side-stream 
distillation column (Fig. 2). This is a multi­
variable control problem for a system having 
strong interactions. The column was simulated on 
the analog computer and a variety of feedback 
control schemes ranging from classic single loop 
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FIGURE 3. Multiple Single-loop Control. 

control to optimal control were implemented on 
the digital computer and their performance evalu­
ated. Multiple PI single loop control, shown in 
Figure 3, leads to strong oscillations and long 
settling times (Figure 4) and was therefore not 
acceptable. However, the implementation of a non­
interacting control scheme, for example, using a 
dynamic compensator as shown in Figure 5 re­
sulted in much improved controller response 
(Figure 6). 
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FIGURE 4. Product compositions for multiple-single loop 
Pl control. 
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FIGURE 5. Non-interacting Multivariable Feedback 
Control. 

Through projects such as this one,* the 
students learn the specific advantages and pitfalls 
of the various control algorithms and are able to 
see clearly how actual implementation may be 
carried out in practice. 

CONCLUDING REMARKS 

As WITH ANY CURRICULUM, the offerings in 
process control at Wisconsin will change and 

evolve with time. In addition to modifications in 
the lecture material, we are constantly altering 
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FIGURE 6. Product compositions under dynamic non-
interactive control. 

the mix of laboratory projects in the graduate 
course. Often experiments are developed in the 
graduate course as special projects and subse­
quently included in the regular curriculum of 
the undergraduate course. These revisions arise 
partly in response to student comments and 
suggestions, but mainly are the result of better 
perceptions of the best integration of theory and 
experiment in teaching process control. D 

*This project was carried out by graduate students, 
Lance Lauerhass and Paul Noble. Lance recently has 
completed his thesis on process design strategies while 
Paul is doing thesis research in bioengineering. 
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