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HIDITORIAL NOTES

About This Issue
Peter Rony & Scott Keeler

A pleasant task for the editor appears in this summer issue,
the announcements of the CAST Division Award winners
for the year. We have a bumper crop of awardees: five total
associated with three divisional awards. Michael F. Doherty
and Michael F. Malone jointly receive the 1996 CAST Com-
puting in Chemical Engineering Award for their
collaborative work at the University of Massachusetts;
James J. Downs receives the 1996 CAST Computing
Practice Award; and Bhavik R. Bakshi and Kenneth R.
Muske share the 1996 CAST Ted Peterson Student Paper
Award for their equally outstanding papers. Readers should
observe that we have made a strong effort to explain the
basis of all of these awards. We invite all division members
to participate in the CAST Banquet at the Chicago AIChE
Annual Meeting, at which occasion our five award winners
will be honored.

In this issue, we present Part II of Tom Edgar's summary of
his 1995 Computing in Chemical Engineering Award ad-
dress at the CAST banquet that year. We also present an
introductory paper on “Data Compression for Process Histo-
rians,” by Peter A. James of Chevron Research and Tech-

nology Company. Though more technically written than the
typical CAST newsletter manuscript, we publish it with the
hope that it presents a different topic in these newsletter
pages. We have had this manuscript since November 1995,
and believe that the summer issue is the proper place for
industrial contributions of this type.

As a final point, we observe that AIChE meetings, with the
Chicago AIChE Annual Meeting (November 1996), are now
moving to the Internet age. You will be able to access the
meeting authors, sessions, papers, and abstracts through
Dale Kirmse's University of Florida Chemical Engineering
Web site. Authors submitted abstracts directly to Dale
through the Internet. Finally, the heavy, expensive Extended
Abstracts books are now being replaced by a CD-ROM, at a
savings of tens of thousands of dollars to AIChE. Your
friendly CAST editor is creating this CD-ROM based upon
Dale's Web site. As a bonus, several hundred megabytes of
demos and files from the Volume 2 CACHE CD-ROM --
which was distributed to students and faculty starting April
1996 -- will be included. 1996 is, indeed, the year when
AIChE entered the Internet bandwagon.

Michael F. Doherty and Michael F. Malone are
Joint Winners of the 1996 CAST Computing in
Chemical Engineering Award

Michael F. Malone

“For their development and implementation of a new, ex-
plicit design procedure for azeotropic, extractive, and reac-
tive distillation processes,” Michael F. Doherty and Michael
F. Malone were selected as the joint winners of the 1996
CAST Computing in Chemical Engineering Award. Both
are professors in the Department of Chemical Engineering at
the University of Massachusetts. Mike Doherty is currently
the head of the department.

The nomination statement for the award winners states the
following:

“Azeotropic and extractive distillation are widespread
problems that have been recognized to be of great industrial
importance for many years, and modern simulation methods
are now very effective for describing these complex systems.
However, this development of a geometric approach for use
in conjunction with simulation has given important new in-
sights into this class of problems. The practical use of this
approach has been facilitated by the development of effi-
cient and robust computational tools for their implementa-
tion. Doherty and Malone's joint contributions in this area
are a unique combination of analysis and computation that
has also proven to be useful in the broader context of reac-
tive distillation.”

“The overall framework has been in the clever application of
modern nonlinear analysis to simplify, classify and explain
the results of complex models for azeotropic, extractive and
reactive distillation. An excellent illustration of the ap-
proach can be found in their papers with Z. T. Fidkowski
(1993). In fact, this latter paper was awarded Best Paper in
‘Computers and Chemical Engineering’ in 1993.”

Editorial Notes o : 3
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“These geometric methods have been developed further by
Doherty and Malone and their students to give explicit de-
sign procedures for a wide variety of azeotropic mixtures. A
starting point for the design is the residue curve map, which
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Supporting letters elaborate on the significance of their work
as follows:

“The well established, by now, residue curve maps, which
have allowed them to identify distillation boundaries and
very simple criteria for determining the feasibility of splits
in distillation systems, have led to one of the most signifi-
cant developments over the last 10 years in the area of proc-
ess design. I have seen the touch of their work on a large
number of industrial applications in the U.S., Japan, and the
UK, all of which have demonstrated the dramatic improve-
ments that their insights can produce.”

“Extension of their work to reactive distillation problems
has produced one of the most interesting results that I have
seen over the last 10 years, namely, the invariant transfor-
mations which make reactive distillation problems share the
same representational structure as conventional distillations.
The value and impact of these results cannot be stressed
strongly enough since, besides their design consequences
they have led to a paradigm that bridges reactions and sepa-
rations within the same ‘unit operation.” Extension to other
systems involving reaction and different separation method,
for example, extraction or absorption, is at early stages and
promises to be of as profound significance as their earlier
work on reactive distillation.”

“Initially, the focus was on residue curves and the impor-
tance of simple-distillation boundaries. With Van Dongen,
Doherty provided important perspectives on multiphase
equilibria, emphasizing the multiplicity of solutions. This
led to papers that explain how liquid-phase splits cross dis-
tillation boundaries, thereby justifying heterogeneous azeo-
tropic distillations, and subsequently showing how to simu-
late the dynamics and control of these towers. Throughout
these studies, Doherty and coworkers addressed the limiting
cases of minimum and total reflux. His papers with Julka, in
which he applied geometric theory to locate the fixed points
of operating lines, provide wonderful insights and tech-
niques for locating the limits of operation at minimum reflux
(infinite stages).”

“In recent years, I have been impressed by Mike Doherty's
paper with Barbosa in which he defined the reactive azeo-
trope and showed how to compute phase and chemical
equilibria using transformations and computer programs for
phase equilibrium alone. His recent paper, with Fidkowski
and Mike Malone, which won the 1993 Best Paper Award
for papers published in ‘Computers and Chemical Engi-
neering,” presented an excellent application of the homo-
topy-continuation method to locate all of the azeotropes in a
multicomponent mixture.”

4 ‘ Editorial Notes
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“The contributions of Mike Malone in the area of distillation
are also substantial. Malone's work concentrates on the
synthesis of separation trains; more specifically, on the se-
lection of entrainers, the location of feasible regions for the
distillate-and bottoms-product compositions, and, more re-
cently, on the sequencing of distillation towers. His contri-
butions were very significant in the award-winning-paper
referred to above.”

“The first papers by Doherty and Perkins set the stage for
what was to follow. That early work established topological
insights that permitted one to establish a relationship among
the number of nodes and saddles for a ternary composition
diagram. The next work demonstrated the geometry of
minimum reflux computations and how to carry out very fast
design computations for these columns. We were also
treated to ways to show that some very plausible flowsheets
one would easily propose could not function, as they sub-
tlely violated material balances. We were shown how to
look at the behavior of solvents for breaking binary azeo-
tropic mixtures, thus giving us criteria for looking for good
solvents. The recent work on reactive distillation has again
led to many others to follow. Using a variable transforma-
tion, we were shown that reaction could remove or introduce
azeotropic behavior and that, in certain situations, we could
use all the previous analysis tools for ordinary distillation to
study reactive systems. Industry is now looking at reactive
distillation as an alternative processing scheme. I believe
their awareness of this approach is almost entirely due to the
work at U Mass. Finally, the Mayflower software created at
U. Mass based on this work is very well known throughout
industry and academia. It represents a significant contribu-

tion in itself as it makes this complex technology available
to practitioners.”

“Through their able students and their short courses, these
advances in enhanced distillation have been quite quickly
reflected in improved industrial practice. Processes specifi-
cally exploiting concepts developed by the Doherty-Malone
team are in actual operation. Many of their developments
have been included in the experimental computer codes,
MAYFLOWER and FORTUNE, which in turn have in-
spired directly the commercial software, HYCON, and also
indirectly another commercially available program, SPLIT.
In our conceptual process design group, the techniques of
Doherty and Malone are called upon and used more fre-
quently than flowsheet simulation. These techniques have
proven to be extremely useful in the analysis of operability,
flexibility, and resiliency as well as separation scheme syn-
thesis and column design.”

“There is another dimension to their work that I believe is
very important. These important results have come from the
close and effective collaboration of two professors and their
students. They have provided a tremendous model for their
students, whether they choose academia or industry. The
problems that we face today in industry are too complex for
a single person to solve, and consequently the days of the
‘Lone Ranger’ are over. I suspect that some folks may feel
uneasy about giving this award to two people, but I would
argue that this would be the ideal time with this award to
acknowledge the importance and value of teamwork, as ex-
emplified by Doherty and Malone.”

James J. Downs Receives the 1996 CAST
Computing Practice Award

James J. Downs

James J. Downs, Engineering Associate at the Eastman
Chemical Company, has been selected to receive the 1996
CAST Computing Practice Award “for leading the ad-
vancement of plant-wide control strategy design, integration
of control and process design, dynamic simulation, and
model predictive control at Eastman Chemical Company.”
The citation reads as follows:

“Dr. James Downs is nominated to receive the CAST Divi-
sion's Computing Practice Award in recognition of: (1) the
key role he has played in defining the development and ap-
plication of process control technology within the Eastman
Chemical Company, and (2) his influence on the chemical
process control community. Jim's contributions fall into
four main areas:”

“Plant-wide Control: Jim has led Eastman's control group to
develop control systems from the plant-wide perspective
rather than from the unit operations perspective. With his
methodology, process variation is directed to locations of
minimum consequence.”

"Integration of Control and Process Design: Jim has influ-
enced many Eastman process designs by considering con-
trollability at the flow sheet and equipment design stage. As
a result, Eastman now includes the process control group as
an integral part of the plant design process.”

Editorial Notes ‘ ' 5
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“Dynamic Simulation: Beginning more than 10 years ago,
Jim has led the development of dynamic process simulation
software at Eastman. These in-house programs are used for
control system design and evaluation. The functionality of
these tools is still not available commercially.”

“Model Predictive Control: Jim has incorporated model
predictive control technology from the literature into an in-
house package that Eastman uses for constraint control on
several processes.”

“In addition to his leading role within Eastman, Jim has also
set process control directions outside his company by pro-
moting process control education. He serves on graduate
student committees, presents papers, participates in panel
discussions, serves on journal advisory boards, and teaches
short courses. Jim's promotion of plant-wide control and the
integration of control and process design has influenced both
the academic and industrial control communities.”

“Perhaps Jim's most noteworthy educational contribution has
been the Tennessee Eastman Process Control Problem. The
problem is a rigorous dynamic model of a small, but com-
plex, chemical process, which can be used for a wide variety
of process control studies. The problem has been distributed
to 100-200 people all over the world and already many pa-
pers have been published from academia on this problem.
This problem is one of the few serious attempts to bridge the
'gap’ between industry and academia and it has influenced
the direction of some academic research.”

Letters supporting the candidacy of James Down state:

“Jim has made many contributions, not the least of which is
his philosophy of process modeling and control personified
in his Advanced Controls Technology group at Eastman
Chemical Co. His group is recognized as one of the top
industrial process control groups in the country, and played
a significant role in Eastman winning the prestigious Bald-
ridge Award for quality in 1993. Jim organized and man-
ages this group around the philosophy that process control
should be much more than mathematical solutions to control
problems. Jim and his group have done an exceptional job
of integrating process control with process design, process
analysis, process improvement, and process safety. Jim's
group understands the role for advanced control technology;
however, their success at Eastman stems largely from Jim's
determined effort to keep process control accessible to the
plant engineer by keeping it grounded in the fundamentals of
chemical engineering.”

“One important element of the success of Jim's group within
Eastman has been the development and implementation of a
family of process modeling tools. This software has revolu-
tionized how Eastman does process design, process analysis,

1.

and process control. Perhaps one of the most remarkable
aspects of the software is its user friendliness. It is a rigor-
ous dynamic plantwide simulation package; however, it is
widely used by engineers throughout Eastman. It is a tool
that empowers Eastman engineers to work on their own
problems and enables the central control group to focus on
the more difficult and challenging problems. While these
software tools are highly proprietary and not available out-
side of Eastman, Jim has been very open in discussing the
philosophy that has driven the software development. He
has unselfishly participated in numerous open forums
through invited papers and presentations. Through such
interactions, Jim has had and will continue to have a positive
influence on the development of commercial as well as other
proprietary software.”

“He has had a profound effect on my own approach to con-
trol education and practice. I could cite many examples, but
I will just mention three:”

“In the ‘plantwide’ continuing education course, he de-
scribed examples of potential problems due to uncontrolled
component inventories, then outlined a systematic approach
for avoiding them. The concepts were not new or particu-
larly difficult, but he presented them in such a clear man-
ner--starting simply and building up to complex cases--that
it finally crystallized for me. I now use this approach in my
undergraduate teaching.”

“In an invited talk at CPC IV, he described a simple
problem in control system configuration for a multivariable
system (vaporization process), making the point that this
problem was a good ‘test’ to see whether a student or po-
tential employee was capable. It was the usual, thought-
provoking presentation. I went home and tried it on my
own students, and it was eye-opening to see how many of
them had trouble. I have since made a point to do a better
job of teaching that aspect of process control.”

“The Eastman Challenge problem (described in
‘Computers & Chemical Engineering 17°, pp. 245-255,
1993) has haunted my professional life ever since I first
heard of it in 1991. The problem was formulated in a
clever way, providing fodder for those interested in plant-
wide control, nonlinear control, configuration of decen-
tralized systems, modeling, identification, fault detection,
and on-line optimization. I can document that there is a
growing, world-wide interest in the problem. I maintain a
database of requests for information on my related publica-
tions, and it contains over 30 names--from China to Eastern
Europe to Norway, the UK, Brazil, and the U.S. These are
only the people who have bothered to write to me. I am
sure there are many others. It is also a good challenge! 1
learned a lot about process control in my various attempts
to solve it. This ultimately filters down to our undergradu-
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ates. In fact, I used it as a case-study problem in the most

recent undergrad control course.”

“His knowledge of design basics for various unit operations
has provided a rare linkage between conceptual steady-state
design, and design for operability. It is not at all accidental
that his entire group is physically housed right in the middle
of the Process Design group for the entire Company. Due to
his efforts to develop in-house simulators for key unit op-
erations as well as for overall plants, we now have the capa-
bility to simulate entire process operations prior to actual
concrete-and-steel construction, and this capability has
saved the Company untold amounts of money and headaches
during plant start-up. A pleasant side effect is that we can
now operate a plant model at conditions well outside ex-
pected norms, so that we can evaluate the performance of
process safety and emergency shutdown systems.”

“Secondly, Jim has made a significant effort to focus peo-
ple's attention on the need for considering control issues at
the process design stage. Although today we have sessions

. : . ‘Sumimer 1996:-VOL. 19 NO2 I

and even conferences devoted to this topic, Jim was pushing
this issue before the bandwagon was rolling. I was a re-
viewer for the paper that accompanied Jim's presentation of
this issue at the FOCAPD conference, and I have first-hand
knowledge of how effectively Jim made this case. The sim-
ple fact that this issue has resurfaced as a hot topic of re-
search demonstrates Jim's impact in the design and control
community.”

“Outside of Eastman, Jim is recognized as an effective
champion of advanced process control. For him it has not
become a platform to display his mathematical skills, but
rather he has demonstrated the quality of capturing the key
ideas and using them effectively to make money for East-
man. He has a real knack for getting to the heart of the
technical issues that he has displayed in plenary lectures at
recent CPC meetings. He is also involved as an advisor on
Ph.D. thesis committees and he serves our community as a
member of the editorial advisory board of two leading jour-
nals.”

Bhavik R. Bakshi and Kenneth R. Muske
Share the 1996 CAST Ted Peterson Student
Paper Award

Bhavik R. Bakshi Kenneth R. Muske

In a decision that is unprecedented for the CAST Division,
the Ted Peterson award committee and the CAST Executive
Committee have decided that two student papers are equally
worthy of receiving the 1996 Ted Peterson Student Paper
Award. Consequently, Bhavik R. Bakshi (assistant profes-
sor at Ohio State University) — “for his 2-part published
work, ‘Representation of Process Trends. Parts III and IV,
which appeared in ‘Computers and Chemical Engineering
18," pp. 267-332 (1994)” and Kenneth R. Muske (staff engi-
neer at Phillips Petroleum Co.) — “for outstanding contribu-
tions to the theory and application of model predictive con-

trol of chemical processes” -- were selected to share the
1996 award.

For Kenneth Muske, the citation reads: “The paper (‘Model
Predictive Control with Linear Models’) that is the basis for
the Ted Peterson Award nomination appeared in the Febru-

ary 1993 issue of ‘AIChE Journal.” This paper establishes
how to apply a new model predictive control theory to han-
dle challenging industrial process control applications. The
paper treats stable and unstable linear plants, constraints on
the states and inputs, nonzero target tracking, output feed-
back with sensor noise, state estimation, disturbance mod-
eling and removing steady-state offset, measured distur-
bances, and plants with unequal numbers of inputs and out-
puts. This paper develops a framework for the future devel-
opment of linear model predictive control technology. The
paper provides a design philosophy based on a rigorous
theoretical foundation with which industrially imple-
mentable controllers can be developed.”

Supporting letters for Dr. Muske state:

“The paper authored by Ken Muske in the ‘AIChE Journal’
provides coherence for many contributions in model predic-
tive control (MPC). As someone who has watched the field
of process control mature over the past decade, 1 think it is
safe to say that MPC is the single most important industrial
development of that era, in that multivariable constrained
control problems have been solved successfully in many
commercial applications. Ten years ago, we thought that 2 x
2 unconstrained control problems were challenging enough,
so to speak of treating 8 x 8 control systems is mind-
boggling, to say the least. As Ken's outstanding works
show, the Shell and DMC, Inc. efforts could have easily
been failures because of the lack of a unifying theoretical
basis, and the academic process control community would
be a shadow of itself today. However, history has been kind
to us, and now with the Muske-Rawlings papers we have a
clear understanding of how to make MPC work in theory
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and in practice. We also have better insight on how to at-
tack nonlinear model-based control as well.”

“Over the last several years Eastman Chemical Company has
maintained high interest in the model predictive control
field. Literally hundreds of papers have been published in
this area due to its importance and industrial success in the
process control area. Amongst the papers that 1 have read
and surveyed, I have found that Dr. Muske's paper, ‘Model
Predictive Control with Linear Models," AIChE Journal, 39
(2), 262, (1993), is one that truly makes a significant
advancement. While most papers in this area make marginal
algorithmic improvements or marginal increases in
understanding, Dr. Muske's paper reveals much deeper
insight. From an industrial perspective, I regard this paper
as relevant and important to the advancement of model
predictive control technology applications. Dr. Muske has
described an approach to model predictive control
implementation that addresses most of the shortcomings of
the current implementations.”

For Bhavik Bakshi, the extensive citation reads as follows:

“This work is an important one , with contributions of long-
lasting value to the area of systems theory and computer-
aided technology as follows:”

I.  *“Contribution to Systems Theory: Bhavik developed a
formal and mathematically sound methodology for the
analysis of process signals and the automatic extraction
of qualitative, semi-quantitative and fully quantitative
distinguishing features contained in a record of data.
This wavelet-based approach provides the concise
framework for the multi-scale extraction and descrip-
tion of temporal process trends. His theory has gener-
alized the scale-space filtering approach and has led to
a plethora of research papers by him and others, and to
a series of highly successful industrial applications.”

II.  “Contributions to Computer-Aided Technology:
Bhavik's work on the multi-scale extraction of tempo-
ral trends from process data has led to a series of new
developments in computer-aided technology. Typical
examples are the following, which originated with
Bhavik's subsequent work and have been adopted by
many researchers:

A. Compression of process data by functional ap-
proximation and feature extraction

B. Induction of real-time patterns from data for di-
agnosis and control

C. Wave-Net: Hierarchical Neural Networks with
wavelets as basis functions

D. Multi-scale models for stochastic processes.”

III. “Contributions to Industrial Practice: The ideas and
methodologies contained in the work for which he is
nominated have found broad applicability in the
chemical and biochemical industry. Here are a few
examples:

A. Eastman Kodak uses the methodologies on
induction of real-time patterns from data to diag-
nose the onset of failure in reactive crystalliza-
tions

B. Texaco used the same induction methodology to
diagnose the impending H,-flaring of column op-
erations

C. International Biosynthetics employed induction
of real-time patterns to diagnose and control the
operation of large, industrial-scale penicillin fre-
quenters

D. Japan Energy Corp. is using Bhavik's ideas on
process trends extraction to diagnose weeping in
distillation columns, while Honeywell is experi-
menting with Bhavik's work on data compression

E. DuPont has been pursuing the application of
Bhavik's methodologies to proprietary applica-
tions and expects significant competitive advan-
tages.”

“Finally, it should be noted that a comment, which has been
repeated in all supporting letters, in various wordings, is far
more important: Bhavik Bakshi is worthy of the Award not
only for the originality and lasting impact of his published
work, but for the excellence in research and intellectual
leadership he has demonstrated as an academic.”

Selected excerpts from supporting letters include:
“The basis of my support for this pair of papers is:

I.  The novelty and innovative nature of the ideas pre-
sented, and
II. The excellent combination of theory and practice”

“The theory of wavelets is adapted from the applied mathe-
matics literature to provide a novel framework for feature
extraction and subsequent pattern classification by decision
trees. The methods are then extremely well illustrated by
application to three industrial problems. To have such a
combination of attributes in a pair of papers is rare. Fur-
thermore, the papers are well written and some difficult
ideas are explained clearly using a series of illustrative ex-
amples.”
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“Professor ~ Bakshi's  paper,
‘Representation  of  Process
Trends. III. Multiscale Extrac-
tion of Trends from Process
Data,” develops a mathematically
sound approach based on
wavelet theory combined with
other feature extraction and
analysis tools to extract process
trends at multiple scales. This
work becomes even more valu-
able when combined with the
triangular representation of the trends to provide quantita-
tive, semi-quantitative, and qualitative representations of
features in the process data. New developments in com-
puter-aided technology are direct outgrowths of this seminal

paper.”

“In the second paper,
‘Representation of Process Trends.
IV. Induction of Real-Time Patterns
from Operating Data for Diagnosis
and Supervisory Control,” Professor
Bakshi demonstrates the applicability
of his work to examples drawn from
fine chemical manufacturing, reac-
tive crystallization, and fed-batch
fermentation. In these works, he uses
induction to develop pattern recog-
nition models based on the quantita-
tive and qualitative features produced by his multi-scale
methods. Although extremely powerful, the computational
burden is small, and this makes it attractive for implementa-
tion on already existing computers.”

CAST-Sponsored Information Technology Ses-
sions at the Fifth World Congress of Chemical
Engineering

Given the current trend towards global competition, and the
corporate ‘re-engineering’ taking place in order to become
more responsive to this competition, the efficient and effec-
tive application and management of a company’s informa-
tion base is quickly becoming a means to developing a com-
petitive advantage. Approached from a chemical engineer-
ing perspective, the application of this information to create
knowledge about a process and its operation becomes criti-
cal.

With this theme in mind, CAST sponsored two sessions at
the Fifth Word Congress of Chemical Engineering held July
14-18, 1996 in San Diego.

The two sessions on Information Technology, as part of the
Technology Management and Transfer Block of sessions,
contained papers and posters that addressed the issues of
recent experiences and future challenges and plans in the
development and application of information technology
from a chemical engineering perspective.

The Wednesday morning session, “Information Technology
- Approaches and Applications”, contained reports and post-
ers by approximately two dozen groups from around the
world. Topics ranged from current ‘state-of-the-art’ indus-
trial applications, to leading edge research. The Wednesday
afternoon session, “Information Technology - Information
Processing, Simulation and Artificial Intelligence”, ad-
dressed future directions, both technologically and philo-
sophically, in the use of Information Technology in a chemi-

cal engineering arena. This session also included presenta-
tions outlining examples of current applications and re-
search.

Specific subjects covered in these sessions included: the
design and implementation of a real-time, event-based con-
trol system; evolutionary optimization of nonlinear time-
dependent processes by combining neural net models with
genetic algorithms; modeling and optimization of fed-batch
bioreactors; and the application of neural nets for the closed
loop control of refining processes. The keynote address at
the Wednesday afternoon session was given by Dennis
Spriggs, President of Matrix Process Integration, and ad-
dressed Technology Base Management for a Sustainable
Competitive Advantage.

The representation at these sessions was truly global, with
experts participating from Europe, the Middle East, the Pa-
cific Rim, and North and South America.

The conference itself was well attended, as were both of the
CAST sponsored sessions, with most of the 20 parallel ses-
sions attracting an audience of between 40 and 100 people.
Greater than fifty percent of the attendees were from outside
the U.S. Of the plenary sessions and keynote presentations,
David Buzzelli gave an enlightening report from an indus-
trial perspective on the recommendations from the Presi-
dent’s Committee on Sustainable Development (of which he
is co-chair), and Congressman Bob Filner, who has training
as a Chem. Eng. undergrad, shared some of the difficulties
in dealing with what he perceives to be the current “anti-
intellectual, anti-science” Congress.
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Modeling and Control—Back to the Future,
Part 11

Thomas F. Edgar

Copyright © Thomas F. Edgar 1996

Department of Chemical Engineering

University of Texas, Austin, TX 78712

[Part I of Prof. Edgar’s article was published in the Winter 1996 issue]

What is coming next in MPC?

My colleague, Jim Rawlings, has suggested the following
items:

1) Faster hardware: MPC control of units with as many as
10 inputs and 10 outputs is already established in in-
dustrial practice. Computing power is not causing a
critical bottleneck in process control, but larger MPC
implementations and faster sample rates will probably
accompany faster computing.

2) Better MPC algorithms: Do not underestimate the po-
tential improvement here. The improved algorithms
could easily have more impact than the improved hard-
ware for the next several years. The presence of many
tuning knobs does not appear to be a liability yet.

3) MPC appearing at the lowest level in the DCS: What
will be the ratio of PID to MPC loops designed if this
happens?

4) Nonlinear Models. When will control based on nonlin-
ear models become part of industrial practice? Nonlin-
ear MPC theory and algorithms are improving steadily
as are nonlinear model identification technologies.

Some of the new versions of MPC are incorporating model
adaptation, but to this time adaptive control has not had
much impact. This is due to problems in keeping such loops
operational, largely because of the sensitivity of multivari-
able adaptive controllers to model mismatch. On the other
hand, there has been considerable success with adaptive PID
controllers, which can be purchased for a small incremental
cost over the standard non-adaptive PID controller from
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many instrument companies. Unfortunately, adaptive con-
trol algorithms are not readily available from DCS vendors.

Recently I have had the opportunity to interact with several
microelectronic companies in the area of process modeling
and control. The microelectronics industry shares many
common features with the chemical industry, especially from
the unit operations viewpoint. The establishment of
SEMATECH in Austin, Texas has provided a focal point for
developing modern, intelligent production systems for mi-
croelectronics manufacturing. Since microelectronics firms
now manufacture products with smaller feature sizes, previ-
ous etching and deposition processes have been replaced by
specialized reaction systems including plasma etching and
chemical vapor deposition. However, these processes are
essentially empirical and not well understood. Significant
yield losses occur for no apparent reason. Process specifi-
cations and windows are exceedingly rigid and tight, which
requires very precise processing techniques. Currently,
process control usually consists of end point detection
(open-loop programming of manipulated variables), which
often results in low yields, and statistical process control.
Manual rather than automatic feedback control is normally
employed.

The obstacles to new process control approaches for solid
state device processing are similar to those faced by the
chemical industry during the past 20 years and include:

1) There is clearly insufficient fundamental understanding
of most complex chemical processes used in microcir-
cuit fabrication. Mathematical models are very poorly
developed and are needed for each piece of equipment.

2) On-line process monitoring tools for the determination
of gas phase composition and film properties are not
readily available.

3) The lack of trained personnel hinders systems analysis
and implementation.

Cooperative projects between academia and industry are
making considerable progress in upgrading the level of
process control in this industry [1].

Computer-integrated manufacturing (CIM) is a more general
approach than that described earlier. CIM is defined as a
unified network of computer hardware and software systems
that combines the business and process functions (such as
administration, economic analysis, scheduling, design, con-
trol, operations, etc.). It provides general access to a com-
mon data base and produces reports for managers, engi-
neers, and operations so that optimum decisions can be
made and executed in a timely and efficient manner. Proc-
ess control provides the lower levels in a pyramid-like
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structure (Figure 1). CIM is recognized as an important tool
for improving the competitiveness of the U.S. process in-
dustries, but we are a decade away from seeing CIM imple-
mented on a large scale. Cooperation among computer ven-
dors will be required to develop a satisfactory computer/
communication system. While technology exists to carry
out the tasks involved in CIM, no single computer vendor
currently has equipment to support completely such a com-
prehensive network.

In the factory of the future, the industrial environment where
process control is carried out will be different than it is to-
day. In fact, some forward-thinking companies believe that
the operator in the factory of the future may need to be an
engineer, as is the case in Europe. Because of greater inte-
gration of the plant equipment, tighter quality specification,
and more emphasis on maximum profitability while main-
taining safe operating conditions, the importance of process
control will be increased. Very sophisticated computer-
based tools will be at the disposal of plant personnel. Con-
trollers will be self-tuning, operating conditions will be op-
timized frequently, total plant control will be implemented
using a hierarchical (distributed) multivariable strategy, and
expert systems will help the plant engineer make intelligent
decisions (those he or she can be trusted to make). Plant
data will be analyzed continuously, reconciled using mate-
rial and energy balances and nonlinear programming, and
unmeasured variables will be reconstructed using parameter
estimation techniques. Digital instrumentation will be more
reliable and composition measurements which were hereto-
fore not available will be measured on-line. There are many
industrial plants that have already incorporated several of
these ideas, but no plant has reached the highest level of
sophistication over the total spectrum of control activities.

Modeling and Control--Back to the Future

Model Predictive Control serves as a good example where
old control ideas have resurfaced as new ones. It is perti-
nent here to quote Goethe:

“Everything has been thought of before, but the problem is
to think of it again”

In some respects MPC for linear systems is simply a revis-
iting of the LQG problem studied in the 1960's by Kalman
and others, In fact, my Ph.D. research in the late 1960's at
Princeton involved solving the LQG problem in the presence
of linear state and control constraints with variable final time
horizons, much the same problem that has been addressed
during the 1990's. An analogous early model-based ap-
proach favored by statisticians, with discrete time series
analysis and noise models instead of disturbance models,
was articulated by Box and Jenkins [2].
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In the area of linear MPC, perhaps the first model-based
controller was the 1957 Smith predictor [3], shown in Figure
2. It used a model of the process, G 5(2), to predict the ef-
fect of control actions C(z) and effectively eliminate the
process time delays from the characteristic equation. The
controller is designed for the process without time delay
(TP(Z) in order to achieve good set point changes. The
analytical predictor (Figure 3) was suggested in 1970 by
Moore et al. [4] and included a model prediction in the

feedback loop (Z+N) to give satisfactory performance for
both load and set point changes. Both of these block dia-
grams can be rearranged to form the well-known IMC
structure [5] with controller G¢ and filter F, shown in Figure

4. Using the IMC structure, the analytical predictor was
later generalized by Wellons and Edgar [6] for G (z) #

Gp(2), which in effect yields a two degree of freedom con-

troller (A>l< and G in Figure 5). Thus in the past 40 years

we have seen many variations of the same approach for lin-
ear model-based control.

In the area of nonlinear model predictive control, a 1967
reference [7] contains the following statement:

“One technique for obtaining a feedback controller synthesis
from knowledge of open-loop controllers is to measure the
current control process state and then compute very rapidly
for the open-loop control function. The first portion of this
function is then used during a short time interval, after which
a new measurement of the process state is made and a new
open-loop control function is computed for this new meas-
urement. The procedure is then repeated.”

Control researchers during the early 1970's addressed the
problem of using nonlinear programming to solve optimal
control problems, e.g. [8], and even used orthogonal collo-
cation to treat the model as a set of constraints [9], a current
popular approach. Hardware and software limitations pre-
vented much progress until the late 198(0's, when software
advances made nonlinear programming a practical real-time
control tool with state-of-the-art workstations.

Cooperative Research in Modeling and Control

The process control community has been quite active in
forming research partnerships between academia and indus-
try. At this time the largest research consortia in process
modeling and control are at the University of Texas, Univer-
sity of Wisconsin, Lehigh University, University of Mary-
land, Purdue University, University of Tennessee, Texas
Tech University, and MIT. When one also considers single
investigator projects supported by industry, it is likely that
industrial support of process control research is comparable
in scale to that provided by NSF (about $2.5 million), and
the industrial percentage is growing due to such new NSF
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programs as GOALI This contrasts to the situation in the
1970's, where there was an air of distrust between the two
groups and little or no cooperation.

The bigger problem in cooperation is perhaps within the
academic community itself. It is well-known that in the
process control area, highly critical proposal and paper re-
views seem to be the rule rather than the exception. Faculty
in other areas such as catalysis and separations seem to feel
that more of their colleague's projects are praiseworthy, and
indicate so on the review form. Our community, on the
other hand, chooses to be very negative about work done by
others, and wants to "throw the baby out with the bath wa-
ter". Several managers at NSF have indicated that without
evidence of more proposals rated "excellent” that are not
being funded, the process control area is not likely to receive
more support from NSF.

This psychology also carries over to such petty issues as
who gets referenced (and who does not). One humorous
award presented at the end of the 1986 CPC-IIT Conference
was called the Self-Citation Award, which is given to the
author with the highest ratio of self-citations to the total
number of citations (I have suggested a related award for
CPC-V, called the “I'm OK- You're not OK” Award). I be-
lieve the process control community can reform itself, espe-
cially with so many young researchers who do not have to
follow the old traditions. But this reform will have to be
done internally and collectively to make real progress. As a
glimmer of hope, the recent CPC-V conference (January,
1996) appeared to have considerably less acrimony than
other control conferences and technical meetings in the past.

Conclusions

The increased usage of computer modeling and control will
have significant implications for the process industries and
will undoubtedly increase productivity and quality. How-
ever, currently there is much uncertainty and pessimism
about the future of basic research funding in the U.S. T re-
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member a conversation with a fellow graduate student at
Princeton in 1971, a time when Ph.D. employment opportu-
nities were at a low point. Both of us had accepted faculty
positions and were worried about the future of academic
research in control. My colleague said that after Pontryagin
and Lyapunov, all that was left was the crumbs. So I guess
in the intervening 25 years, I have had a pretty ‘crumby’
career. This vignette should give process control research-
ers some reason for optimism as we head into the next cen-
tury. To quote Pogo, “We face insurmountable opportuni-
ties.”
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Figure 1. Computer-integrated manufacturing (CIM) activities.

d(z)
5 (SR G Y@)
R+ cw

Figure 2. The Smith Predictor.

d(z)
Y (z)
——p F&) | GO G, @ Y(2)
GP(Z)
a(z)

Figure 3. IMC structure with filter.

Articles and Communications



{ CAST Communications

2o Summier 1996--VOL. 19 NO.2.

d(z)
% ® Y@
———»?—» C@ [—P Gp(z) ——> —>
N e
Figure 4. The basic Discrete Analytical Predictor structure
G, (2)
L d@
Y
Y (2) > > 6o Gp(z) (2)
GP(Z) ——»
d@
1@ A@
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Data Compression For Process Historians
Peter A. James
Copyright © 1995 by Peter A. James,

Chevron Research and Technology Company,
Richmond, CA 94802-0627, paja@chevron.com

Historization

This paper deals with storing and retrieving the time history of
plant sensor data. Historization is an important part of modern
plant monitoring and information systems. Operators look at
real-time multivariable trends for clues to “what's going on”,
post-mortem committees need to reconstruct the circumstances
leading up to plant “incidents”, and engineering studies benefit
from a way-back look at a not-so-recent mode of operation.

Compression

Why compress, why not just store all data? The reasons are
pretty obvious:

to conserve storage space

to live within limited channel bandwidth -- this could be the
input-output channel to disk or the message channel from a
data collecting/filtering process to a history storage process.
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Efficient utilization of storage space is important even with
today's huge storage volumes. Operations and Engineering want
months of data on-line in addition to last shift's. Compression is
not the only means to fulfill this need: storage of “averaged”
data, for example, hourly, shift, daily, weekly averages may
fulfill the really long term data storage requirement. Nonethe-
less, for some "short" time scale most clients want "raw" data or
some really close approximation thereto. And "short" may mean
months or longer to some clients.

Data compression is not effective at dealing with limited I/O
bandwidth at all times. This is because there will be intervals
during which little or no compression will take place: for
example, computer or instrumentation subsystem startup, plant
upsets, neurotic sensors, etc. Compression can only help insofar
as memory buffers are able to provide a temporary repository
when the /O channels are “maxed out.”

Compression is not the only means to deal with limited I/O
bandwidth. Multiple channels can be provided. This approach
is especially convenient when used along the lines of data type
(e.g. analog versus discrete) since the different data types are
usually dealt with separately anyway.
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Who's the Client?

The client is an operator, an engineer, a plant supervisor, an
accountant, a government agency -- in short, anybody or any
body that may want a peek at the historical record. Choosing a
compression method is as much a matter of clientele proclivity as
mathematical proof.

The Customer is Always Right

Our clients ask three questions about each compression method:

e How good a representation of the original data will I get?

e  What will it look like (when reconstructed from the
historical record)? Some reconstructed data looks digitized.
Other plots appear “sharper” than the original data, or have
suspicious “glitches” in them. These subjective assessments
may, in the end, carry far more weight than mathematical or
statistical reassurances.

e How efficient is it in terms of reducing the amount of
storage I have to buy?

Details vary from client to client, but two views cover the gamut.
Which one of the following views do your clients espouse?

View # 1 — “My only requirement is that any reconstructed point
be within £max_dev of the actual value (as originally presented
to the historization process).” This requirement will hereafter be
referred to as the iron-clad guarantee. Note that the iron-clad
guarantee eliminates store-every-nth point, time slicing (periodic
sampling), and averaging methods.

View # 2 — “I want two criteria to be met. First, any recon-
structed point must be within tmax_dev of the actual value (the
iron-clad guarantee). Second, any point stored in history must
be exactly the value as received from the scanner.”

If you subscribe to view #1 then you can use any of a wide
variety of compression methods including some very efficient

ones. View #2 does not lead to quite the same economies.

Time and Time Again

Bear in mind that a data point is a time-value pair. The compres-
sion algorithm may have permission to alter a value (but by no
more than +max_dev). But the scanning subsystem indelibly
time-stamps a value and this time-stamp must pass to the
historical record unscathed--if it makes it into the record at all.
Probably some economies could be achieved by relaxing this
requirement. In one view the compression process should have
complete freedom to invent time stamps. For instance, a
historical record that represents the data by a spline fit does not
explicitly contain any time-value pairs at all.
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STATUS and other gualifiers/modifiers

Operational requirements may dictate a maximum age (max_age)
as well as a maximum deviation. Thus, a new data point may be
stored simply because it is more than one hour older than the last
stored point. This is both a credibility issue (e.g. a point that is
scanned once a minute but hasn't been stored in 2.5 months
because it hasn't changed enough...nevertheless raises eyebrows)
and a backup to whatever other ways the program designer
provides for failure-tolerance.

The compression methods we use accommodate maximum age
and status gracefully, with an unavoidable toll on efficiency.
While they add to other interesting problems (such as startup,
normal shutdown, and sudden shutdown) for the system designer
and programmer, they are not dealt with further in this paper.

Compression Methods

Space telemetry needs motivated researchers to devise and
analyze data compression schemes in the 1960's and 70's (1), and
the methods developed were screened with real telemetry data
(2,3,4). In the early eighties, Hale and Sellars (5) promoted the
“boxcar” and “backslope” compression algorithms (predictors),
which have since seen some service in process monitoring
historians (6,7). New schemes are described from time to time
(e.g. 8). Recently “Swinging Door” algorithm(s) were intro-
duced and to some extent popularized (9,10,11). Today, much
data compression research is focused on image compression—
for example, by wavelet-based spectral transformations (12).
Possible application of the latter to process historians has not
been considered by this author and is not covered by this paper.

The methods we have found particularly useful are the “fan
interpolators” (2), which we nicknamed SLIM (Straight-Line-
Interpolative-Methods). A definition of these and other methods
is contained in the Appendix.

Table I lists the properties of several compression methods.
Table II gives some indication, at least, of relative compression
efficiencies in terms of compression ratio, which is the number
of points received divided by the number of points stored.
Depending on max_dev, the compression ratio for any particular
set of data can vary between 1.0 and infinity.

In choosing a compression method, we need to consider how we
intend to recreate the historical record (retrieval). This will

always be by interpolation, or something like interpolation,
because of trending:

ok

not ok
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The downside to choosing joined line segments is that it may
exacerbate oscillating situations (ref. 3, p. 84).

Let's create a strip chart, starting from historical data, mov-

ing the “curve” to the left each time a new point is stored
and a real “uncompressed” point is plotted.

from history ~——p!
I

/'\/.I/.< real data point
extrapolation of fan (e.g. -~

midpoint) to then-current time

If we then replot the data, now entirely from the historical
record, we may get:

from history —— gl
!

" y

Which shows that retrieval is like scuba-diving; you have to
be careful on decompression or you'll get the bends!

It is probably not a good idea to recreate the unclosed recon-
struction epoch each time the chart is bumped to the left by a
new data point, because this would result in noticeable verti-
cal wobble of the existing trace (as the slope of the best-fit
line changes), and would require more coordination between
storage and retrieval.

Retrieval versus Storage

A curious dichotomy possesses many compression methods.
When the compression process receives a new point it com-
pares it to one or more extrapolators.

If the extrapolator does not predict the value to within
+max_dev, then some .action is taken, for example, the ex-
trapolator(s) is(are) terminated at the prior point's time
stamp. The line or function may still be an extrapolator.
However, because of its value there may be an extrapolation
of previous values, not the value as received.

The decompression process, however, is purely one of inter-
polation. Why? Because it looks better on a trend.

Does the disparity between compression by extrapolation
and decompression by interpolation pose a problem? Yes, if
it leads to a breakdown of our iron-clad guarantee.

Articles and Communications

>

For Value and for Modified Boxcar compression, extrapola-
tion results in a staircase appearance, which is unacceptable
for trending. At least the staircase meets our iron-clad guar-
antee for reconstructed data. Straight line interpolation may
not. In order to use straight line interpolation to reconstruct
data, we may have to halve the value of max_dev used dur-
ing compression. This applies to Modified Boxcar, Modi-
fied Backslope, and SLIM2 (see the Appendix), and un-
avoidably reduces the compression ratio. But happily, if we
always reconstruct by interpolating, we no longer need to
remember which of the methods was used to compress the
data.

More Gotchas

Retrieved data carries more meaning if you're aware of what
value for max_dev was used. Indeed max_dev probably
doesn't change very often, if ever. Nevertheless, provision
must be made for recovering that number with certainty.

The instrumentation system may itself impose limits on a
value (clamping). It is possible for reconstructed points to
lie outside the clamped range by as much as max_dev. In
this way, a trend of absolute pressure might dip below zero,
whereas the “live” engineering values were originally non-
negative. SLIM1-compressed data suffers from this anom-
aly.

The compression ratio experienced depends on the method
chosen, on the nature of (e.g. variance in) the data, and on
max_dev. It can also be highly serendipitous. Take for example
a constant process subjected to some sort of sinusoidal distur-
bance and sampled frequently:

y=C+sin(t)
and
max_dev=1.0

We discover that the compression ratio is large indeed, limited
only by max_age, provided the very first point falls on y = C, as
will happen if we start at t = 0. Otherwise, the compression ratio
could be as low as one.

Finally, we note that send-on-change instrumentation systems
may introduce their own error which is not covered by our iron-
clad guarantee unless specifically accommodated by reducing the
value of max_dev. This could be important where substantiating
environmental compliance is an issue.

And the Winner is...

It comes down to choosing between SLIM3, with its faithful
reproduction of original data points, and SLIM1 with its higher
compression ratio. Both methods guarantee that any recon-
structed points will be within + max_dev of the original value.

17



When a sensor is likely to yield measurements very close to an
implausible region (e.g. subzero absolute pressure), use SLIM3.
Otherwise enjoy the maximum compression SLIM1 offers. But

or first order projection. We now must also store the current
point if its value is beyond * one-half of max_dev from the
projection through the new last recorded point (= previous

check with the historian's owner first!

Appendix -- Compression Algorithms

Pseudocode is used to describe the first few methods.
1. Value Compression

IF the value of the current point differs from
the last recorded point by more than max_dev
THEN {
IF previous point is later than last recorded point
THEN {
record projected point =
(previous point's time, last recorded
point's value)
record current point
}

ELSE record current point

}

Although this is basically an extrapolative method, an inter-
polative reconstructor can be used transparently.

2. Hale and Sellars (5) Box Car

IF the value of the current point differs from
the last recorded point by more than max_dev
THEN {
IF previous point is later than last recorded point
THEN record previous point
ELSE record current point

}

3. Hale and Sellars (5) Backward Slope

Project the last two recorded (time, value) points to the
current time.

IF the value of the current point differs from
the projected point by more than max_dev
THEN {
IF previous point is later than last recorded point
THEN record previous point
ELSE record current point

}
4. Modified Boxcar and Modified Backslope
Our ironclad guarantee forces us to modify the boxcar and

backslope procedures, which record only the previous point
when a current point turns up out of tolerance with the zero
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point). Point B, below, is an example.

+ max_dev — AT T T~

® = store (Boxcar)

+ max_dev / 2

-max_dev / 2

Since these are extrapolative methods, we really ought to
use an extrapolator for reconstructing data. If an interpola-
tor is to be used (as recommended), our iron-clad guarantee
requires us to set the tolerance bands to + one-half of
max_dev. Point A, above, illustrates why.

5. SLIM1

We'll describe this method by working through an example.

Ul

L1

Given points 1 and 2, i.e. (t1, y1) and (t2 y2), we construct
a pair of lines of slope L1 and U7 as in the above sketch (d

is max_dev and defines upper and lower limits or “tolerance
band”).

Now point 3 comes along.

We change slope L1 to L1' and U7 to U1' to subtend y3's

tolerance band. Notice that we close the fan (reduce slope
U1 and/or increase slope L1); we never open it (else we
might go outside 2's tolerance band).
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Now point 4 arrives
6. SLIM2

SLIM2 is similar to SLIM1 except that we record the actual
previous value and time whenever a new point's tolerance
band falls outside the "fan". Alas, to meet our iron-clad
guarantee we must set the tolerance bands to + one-half of
max_dev.

. 7. SLIM3
this time we change only slope Uj' to Up"
We revert to using +max_dev instead of tone-half of
max_dev for the tolerance bands, and tentatively mark a
previous point for recording when its value (rather than its
tolerance band) falls outside the “fan”. Consider:

When point 5 arrives

we discover that this time we are out of luck. 5's tolerance
band does not overlap the region subtended by the two lines
at all. So we go back to t4 and record pseudopoint (t4,y4")

which is at the intersection of 4's tolerance band and the line When point 4 arrives we go back and store point 3, and start a

of slope Li'. (Had point 5 lain above line Ul, we would new fan from point 3 through the extremes of point 4's tolerance
have chosen to record the value y4+d instead.) band.

Now we start anew, starting with a pair of lines emanating

from (t4,y4"): The performance of SLIM3 could be improved. When point

4 arrives,

\-

\'4

do we have to go back and store point 37 Not necessarily
L 5 because the next point may be such that it is unnecessary to
store 3, as for example is the case with point 5. But if we
have point 5' instead of point 5, then we must go back and
store point 3, and proceed from there. Since we may have to
-\ store point 3, we must keep track of the fan emanating from

3 at least until such time we discover that we will not have to
store it (i.e. a point within the fan like 5 comes along.) Of
course, if point 4's tolerance band had not overlapped the
fan, we would have immediately stored point 3. We might
expect a small-to-modest increase in compression ratio, at
the expense of more complicated programming. We haven't
evaluated this proposed improvement.

This, then, is SLIM1.
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8. SLIMMER

Yet another variant (on either SLIM1 or SLIM2, but illus-
trated with SLIM1) uses multiple (say, two) fans.

-

Instead of storing y4 or y4L+, we remember y4L and yaU

Now we start two fans, one at y4L' and one at y4U. When
we finally eliminate one, (e.g. as when point yg comes
along) we store the apex of the surviving fan (in this case
y4U) and continue. Indeed there could be any number of

fans emanating from points, say, equidistant on the sub-
tended tolerance band of the last recorded point. There re-
sults potentially better compression, same or better noise
immunity, and same or better fit; but additional fans to keep
track of and more complicated logic to program.

6. Swinging Door as described by Bristol (9) with certain
modifications.

Starting with points 1 and 2 we construct a pair of lines
emanating from the extrema of 1's tolerance band and inter-
secting at point 2. For each new point we either:

e rotate L clockwise through the new point e.g. point
3,
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e rotate U counterclockwise through the new point e.g.
point 4,

e do nothing, e.g. point 5

When the lines L and U no longer intersect at some time
more recent than point 1 (i.e. the swinging doors swing past
parallel), as happens with point 6, we store the line segment
(that is, the rwo end points) midway between the previous L
and U (dotted line in the example) and start new swinging
doors at the offending point.
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TABLE I---COMPRESSION-METHOD GUARANTEES

reconstruction actual continuous
compression +max_dev values line
method of actual stored segments
none YES YES YES
boxcar NO YES NO
backslope NO YES YES
modified YES YES NO
boxcar
modified YES YES YES
backslope
value YES NO NO
SLIM1 YES NO YES
SLIM2 YES YES YES
SLIM3 YES YES YES
modified
Swinging Door YES NO NOT REALLY
Table II - Performance
Signal Pure Sine Wave Noisy Sine Wave
Parameters y[I] = 100 sin(t[I]), sampled 360x per period for y[I] = 100 sin(t[I]) + G[I], sampled 360x per period
four periods, max_dev=1.5 for four periods, max_dev = 1.5 G[I] is a random
number normally distributed about 0.0 with stan-
dard deviation = 0.5
Compression Compression Max Reconstraction Error Compression Max Reconstruction Error
Ratio Ratio
Method Interpolative Extrapolative Interpolative Extrapolative
None 1 0.00 0.00 1.00 0.00 0.00
Boxcar 1.27 1.37 1.21 1.32 2.35 2.57
Backslope 8.9 0.85 1.40 6.2 241 2.63
Modified Box- 1.13 0.85 0.55 1.14 1.06 0.73
car
Modified 6.2 0.52 0.70 1.47 1.23 0.75
Backslope
Value 1.20 1.49 1.49 1.28 1.50 1.50
SLIM1 35 1.50 NA 16.7 1.50 NA
SLIM2 22.1 1.17 NA 5.3 1.32 NA
SLIM3 25.3 1.47 NA 9.8 1.50 NA
Modified 17.8 1.48 NA 10.1 1.50 NA
Swinging Door

Notes

1. In general adding noise degrades performance as measured by compression ratio. However, if the compression ratio is near
unity, almost every point is stored anyway, so noise may actually improve performance by providing data within the tolerance

band.

2. Zero order (i.e. zero slope) compression methods (Boxcar, Modified Boxcar) may exhibit a smaller error (e.g. zero error for a
triangular waveform synchronous with the sampling function), or a larger error (e.g. for staircase or rectangular signals) for
interpolative reconstruction than for extrapolative reconstruction.

3. max_dev is the maximum deviation required. Modified Boxcar, Modified Backslope, and SLIM2 use a tolerance equal to
one-half of max_dev in order to meet this requirement (see text).
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MEETINGS ANDCONFERENCES

To submit a paper for consideration at any event listed be-
low, please contact the symposium coordinator or session
chair directly. For further information or details about each
of the four CAST Division programming areas, contact the
appropriate Area Chair as noted in the masthead. For gen-
eral information concerning CAST Division sessions and
scheduling, or to correct errors in this listing, please contact
Jeffrey J. Siirola (CAST Division Programming Chair),
Eastman Chemical Company, PO Box 1972, Kingsport, TN
37662-5150, 423-229-3069, 423-229-4558 (FAX),
siirola@eastman.com. Many of these postings are archived
on the World Wide Web at URL http://www.che.wisc.edu/cast10.

Third Workshop on Discrete Event Systems (WODES '96)

Edinburgh, Scotland
August 19-21. 1996

Discrete event systems has developed to be an interdiscipli-
nary field of shared interest, methodologies, and applica-
tions between control and computer science. This work-
shop, sponsored by the Institution of Electrical Engineers
(U.K.), aims to bring together control theoreticians, software
engineers, and computer scientists with a view to integrate
methodology, techniques, and tools. The workshop will
focus on the control of discrete event systems (with empha-
sis on real time control), computer science (with emphasis
on hybrid systems, timed systems, Petri nets, process alge-
bras, software verification, and design), and applications
(with emphasis on manufacturing systems and software de-
sign). For more information, contact Rein Smedinga,
WODES 96, Department of Computer Science, University
of Groningen, NL-9700 AV Groningen, THE
NETHERLANDS, 31-50- 633800 (FAX),
wodes96@cs.rug.nl.

AIChE is enterin e electronic age.
Starting w1th the Ch1cag0 1996 Annual
Meeting, AIChE has asked the CAST Di-
vision to requlre that all programming
transactions be done electromcall /. Thi

1ncludes (@ rece1pt of proposals -to-
present and extended abstracts (b) con-
duct of the centrahzed review and accep-
tance process, (c) not1f1cat1on of authors

and so forth.

Meetings and Conferences

S

1996 Portuguese Control Conference

Porto, Portugal
September 11-13, 1996

The Portuguese Society of Automatic Control will hold the
2nd Portuguese Conference on Automatic Control in Porto,
Portugal. Held in cooperation with Instituto de Sistemas e
Robotica, Instituto Superior Tecnico, and Faculdade de En-
genharia da Universidade do Porto, this conference will
bring together people working in the fields of control, auto-
mation, and related areas. Topics of interest include linear
and nonlinear systems, adaptive control, robust control,
modeling and simulation, syste