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Introduction

ORGANIZATION

The Linnaeus Center for Control of Complex Engineering Systems (LCCC) at Lund Uni-
versity was hosting this workshop on Process Control, in collaboration with the Process
Control Centre at Lund University (PICLU). It was held at the Pufendorf Institute in Lund
September 28-30 2016, and attended by 60 persons, organisers included.

Speakers to the conference were invited by a committee, with members equally divided
between academic and industrial leaders within the field. The comittees suggested further
speakers, while maintaining the ratio between the mentioned groups.

Upon opening speeches by Viktor Owall, Dean of the Lund University Faculty of En-
gineering, Anders Rantzer, LCCC coordinator, and Bernt Nilsson, PICLU centre leader,
a plenary talk Travels in Process Reality was given by Prof. Karl Johan Astrém, Lund
University. Subsequent activities comprised single track sessions, interwoven with group
discussions, and ample opportunities for less structured interaction, including a dinner
at Hackeberga Castle. The outcome of the group discussions served as basis for the last
day’s panel discussion.

SCIENTIFIC COMMITTEE

Margret Bauer, University of Witwatersrand, South Africa

Don Clark, Schneider Electric, USA

Guy Dumont, University of British Columbia, Canada

Krister Forsman, Perstorp, Sweden

Christos Maravelias, University of Wisconsin-Madison, USA

Stevo Mijanovic, United Technologies Research Center, Ireland

Sigurd Skogestad, Norwegian University of Science and Technology, Norway

Hongye Su, Zhejiang University, China



ORGANIZERS

Charlotta Johnsson, Automatic Control, Lund University
Tore Hagglund, Automatic Control, Lund University
Bernt Nilsson, Chemical Engineering, Lund University
Kristian Soltesz, Automatic Control, Lund University

Eva Westin, (administrative coordinator) Automatic Control, Lund University

TOPICS

The presentation topics were reflective of current trends in research and applications.
Common for several of the topics was the address of the complexity, which is inherent to
many process control scenarios. Scheduling, plant-wide control, and use of big data were
themes common to several of the presentations. These themes were complemented by
presentations highlighting relevant use cases and process control technologies.
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PROGRAM

ROCESS INDUSTRY CENTRE

Lund University

Process Control Workshop

Wednesday, September 28

08:15 Registration at the Pufendorf Institute

09:00

09:30

10:00
10:30

11:00

11:30
13:00

13:30

14:00
14:30

15:00

15:30

Welcoming remarks

Viktor Owall - Dean of the Faculty of Engineering, Lund University
Anders Rantzer - Chairman of the LCCC

Bernt Nilsson - Centre Leader of PICLU

Travels in process reality

Karl Johan Astrb’m, Lund University, Sweden

Coffee

Optimal resource allocation in industrial complexes by distributed
optimization and dynamic pricing

Sebastian Engell, TU Dortmund, Germany

OPC united architecture as a platform for automation

Dave Emerson, Yokogawa, USA

Lunch, served at Tegnérs

Research on economic performance assessment and diagnosis of
industrial MPC

Hongye Su, Zhejiang University, China

Control design and verification with physics based models for
HVAC/R applications

Jungiang (James) Fan, UTClimate, Controls & Security, USA
Coffee

A process control perspective to managing production-inventory systems:
modeling, forecasting, and control

Daniel Rivera, Arizona State University, USA

Online scheduling: basics, paradoxes and open questions
Christos Maravelias, University of Wisconsin-Madison, USA
Group discussions until 16:30




Thursday, September 29

09:00 A systemic procedure for economic plantwide control
Sigurd Skogestad, Norwegian University of Science and Technology, Norway

09:30 Practical and theoretical aspects of plant wide control for chemical plants
Krister Forsman, Perstorp AB, Sweden

10:00 Coffee

10:30 Group Discussions

11:30 Lunch, served at Tegnérs

13:00 The IoT of automation - a totally new way to look at control and automation
in the process industries
Don Clark, Schneider Electric, USA

13:30 The Future Control System Environment, as envisioned by the ExxonMobil
Next Generation Control System Pilot Project
Dennis Brandl, BR&L Consulting, USA

14:00 Coffee

14:30 Dark data? The use of sensor data in process monitoring and control
Margret Bauer, University of Witwatersrand, South Africa

15:00 Data-driven modeling of batch processes: two methodological
generalizations of DoE
Christos Georgakis, Tufts University, USA

15:30 Group Discussions until 16:45

17:00 Departure to dinner at Hiickeberga Castle

Friday, September 30

09:00 Performance improvements in extremum seeking control
Martin Guay, Queen’s University, Canada

09:30 Recent Development on global self-optimizing control.
Yi Cao

10:00 Coffee

10:30 Model-based Controls and Systems Engineering for Building and
Aircraft Systems
Stevo Mijanovic, United Technologies Research Center, Ireland

11:00 Recent advances in paper machine control
Guy Dumont, University of British Columbia, Canada

11:30 Lunch, served at Tegnérs

13:00 Panel summary of group discussions

15:00 Closing coffee




Group and Panel Discussions

BREAKOUT SESSIONS

Aim: Over the three days conference, three breakout sessions were organized and run
three times. The aim was to create room (in space and time) for discussions and idea-sha-
rings, in a brainstorming, workshop-like atmosphere. All ideas and thoughts were welco-
med! At the end of the conference, the collection of ideas and thoughts were presented,
and an additional discussion in plenum was held.

When: The three breakout sessions (session 1, 2 and 3) took place at the following times:

e Breakout session 1: Wednesday 15.30-16.30
e Breakout session 2: Thursday 10.30-11.30
e Breakout session 3: Thursday 15.30-16.30

What: At each breakout session, three themes were discussed.

e Theme A: Current challenges
e Theme B: Industry meets academia
e Theme C: Future visions

Who: The attendees, in total 60 individuals, were, divided into three groups, i.e. 20
individuals in each group. During each breakout session, the three themes were discussed,
each in a separate location, i.e. each theme was discussed three times, once during each
breakout session. In this way each individual had the possibility to contribute to the
discussion of each theme. The constellations of individuals in the groups were altered
between each breakout session, so that each individual would meet and discuss with as
many of the other individuals as possible. The chairperson for each theme remained the
same for all breakout sessions.

Outcome: At the summary session, each chairperson presented a summary of what had
been discussed during the breakout sessions. The summary is given below.



CURRENT CHALLENGES

In this group, current process control challenges were discussed, with the focus on chal-
lenges related to collaboration between industry and academia.

One question was why so few new control concepts developed at universities are trans-
ferred to industry. One obvious reason is that many of these concepts are too complicated
and not robust enough to be used in practice. It was also pointed out that people in
industry tend to be conservative, and want to have a proof of concept before they are
willing to accept the new ideas. These proofs of concepts are not only technical, the
economical benefits of introducing new concepts are also often required.

It was also argued that people in academia often are bad at “selling” their ideas. It is e.g.
important to adapt the language to the industrial audience, which means that many of
the mathematical terms used in academia should be avoided.

Another reason for the low transfer of ideas from academia to industry is the lack of
incitement. Many universities don’t appreciate the industrial collaborations, and people
focus on writing papers and increasing h indices. Publish or perish. There is a money
making pragmatism in industry, and a paper publishing pragmatism in academia. These
separate models do not directly encourage collaborations.

Vendors of control systems are willing to invest in implementation of new ideas and new
concepts, but only when they see a desire from end users or a threat from competitors. It
means, that if someone in academia would like to see a new idea implemented and used
in practice, they should not go directly to the instrument suppliers, but via end users. A
proof of concept at end users is crucial.

There were also long discussions about the use of model predictive control, MPC. When
MPC is used, there is normally some kind of backup strategy, often based on classical
PID control configurations. Places like refineries, that have used MPC for many years, may
have the old MPC as backup, if there are people left who understand how it works. Some
months after installation, the process will normally have changed so that the models in
the MPC have to be updated to retain satisfactory control. If this is not done, it is common
that the backup strategy is taking over.

Many PID controllers are in manual or have default settings, but most of the participants
seemed to be unaware or unworried about the situation. When the PID controllers are
used at a bottom layer under MPC, they are often tuned when the MPC is commissioned,
but they are unfortunately not maintained tuned.

There were also discussions about the use of big data. For control purposes, a problem is
that it is hard to find sequences of data that can be used for identification and modeling,
since most of the data is closed-loop data, meaning that causality may be reversed. One



way is to look for periods when controllers are in manual or when there are setpoint
changes. Sampling rate is also important. If the sampling rates of the historical data are
too low, the data may be useless for control purposes.

Another problem is that the technology used in automation software is old, often from
the 60s and 70s. The systems are clumsy, and hard to use. Very large overhead in terms of
engineering hours is required even for simple tasks such as replacing a sensor. Compared
to other systems (smart phones for example), there is a huge technological gap, and it
is widening. An interesting question is if small companies will break into the market
providing a new generation of modern functional DCS systems.

INDUSTRY MEETS ACADEMIA

This group discussed the relation between industry and academia, where the control and
process knowledge are, and how this knowledge is transferred between companies and
universities. There was often no consensus in the discussions, since the situations often
differ between countries.

Some had the opinion that control at the process level is more or less solved today, and
that the focus should be on control at higher levels. On the other hand, some disagreed
and pointed out that many plants were run in “fire fighting mode”, with lot’s of low-level
control problems. They also had the experience that very few advanced controllers such
as MPC could be seen, refineries being exceptions.

It was claimed that in US, process knowledge is outsourced to system suppliers, consul-
tants and integrators today. Engineers within the client companies function as project
managers. No process engineers are left at the plants. However, at least in Europe the
situation is different. Control knowledge may be outsourced, but process engineers are
retained and so is the process knowledge. Process engineers are key people. Good MSc
projects are often initiated by process engineers at the companies. Chemical engineers
make models of the plants, often static. They have good solvers, but these are not for
control purposes. Chemical engineers and control engineers should work more together.

The number of personnel is reduced year after year. In the 80s larger companies had
technical centers, often with PhDs, that had good contacts with both universities and the
industry. These centers were natural links between universities and industries, but many
of these centers have unfortunately been reduced or even disappeared.

Offering internship positions in industry would be of mutual benefit to industry and
academia. Jointly sponsored projects, such as ERC projects, are good. They help PhDs
who have gone to industry to stay in contact with academia, and they help introduce
students and faculty to the industrial reality.



In Canada, the attitude of companies has changed during the last decade. It is increasingly
difficult to work with industry, since they have a very lean, and often fire fighting mode
of operation. They simply have no time for students. In Canada several funding programs
require industrial co-funding, as in Europe. It is hard to make potential industrial partners
commit to long term involvements (3 years). Industry typically operates on much shorter
time scales than academia. It means that many projects are too big for a master project
and too small for a PhD project.

Government co-funding in the US is rare outside health and environmental research. There
are very few exceptions, and these are typically strongly affiliated with top universities
like MIT or Caltech.

Another interesting question is where the academic work stops and the industrial starts.
Many good ideas are stopped because everyone thinks that the other part should take
one more step. Who is implementing? The best projects are those where the academic
partner is following the idea all the way to the final project, including field tests.

Finally, it was claimed that the most successful technology transfer is obtained when
people transfer, i.e. when people leave universities, bringing their skills and ideas, and
start to work for industrial companies.

FUTURE VISIONS

In this group the task was to discuss Future Visions of Process control and Process Industry.
What do we think will happen in the next 10-20 years? What would we like to see happen
in the next 10-20 years?

The discussion started with statements like “Nothing has changed the last 15 years, so
most probably there will be no changes for the next 10-20 years”. After some discussions
it was concluded that this statement is believed to be more true for large commodity
plants, i.e. facilities where the same product is produced 24/7, 365 days per year. The
feeling of what is going to happen for smaller, more flexible facilities with custom made
production, was much less static. After discussions about future scenarios for the small
flexible facilities, the groups also concluded that several of the proposed changes could
also apply for the larger commodity plants.

Small plants were foreseen to become more common (e.g. mini-mills, small pharma
plants). These plants will produce only to serve a local geographical area, their production
will be highly flexible and custom-tailored (batch size One). Operators will be needed
in these plants and they will play an important role in understanding and optimizing
product- and production changeovers. For the larger plants, were the production does
not need to have the same high degree of flexibility, an increased level of automation will
lead to fewer operators and even a possibility for lights-out plants.



Sustainability and lifecycle aspects were also foreseen to become more important in the
future. This implies an increased demand for taking care of re-circulation of materials
and hence there will be more plants focusing on material handling and able to work on
re-used materials.

Also more visionary aspects were discussed such as: use of automated vehicles and drones
in the plants. The main focus for drones will initially be on monitoring (of assets and on
production and process).

¢ possibility to have "pokemon-inspired games” for daily or weekly plant inspection tours.

e possibility to use e.g. machine-learning for capturing the context of the plant and the
production.

e possibility to have a Plant-Phone, i.e. a phone with which the operator or process-engineer
or plant-manager can, by using App-like tools, set up their individual screen etc.

e increased use to augmented reality to instantly access the information needed when e.g
out in the plant.

We will see a higher level of integration and interoperability between the various automa-
tion applications, as well as between automation applications and business applications.
There will be a shift towards control of business variables instead of control of traditional
plant variables. The business variables will help to control the business perspectives of
the plant (such as cost per product piece/volume, costs for energy consumption etc), and
it will help to identify root-causes when improvements are needed. The business control
is also foreseen to become more future oriented and give advices of what ought to be
done instead of showing what the passed has looked like.

We will see more applications using wireless technology. Cabling is today a major cost
when commissioning a new plant. Once wireless becomes as reliant and fast as today’s
technologies, it will likely become the default communication mechanism. Also cloud
applications will become much more frequently used, once reliability issues have been
removed. Initially, cloud applications are foreseen to take care of upgrades, patches,
maintenance and diagnostics.

Companies will remain very protective about their models used and their data collected.
Computer power will not be a limiting factor in the future.

The groups felt an enthusiasm for the future, a future that we together are forming!
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Abstracts

KARL JOHAN ASTROM

Travels in process reality

Experiences gained from working on a wide range
of control techniques in the process industry are
summarized with emphasis on lessons learned and
reflections on future development. The techniques
encountered include: computer control, PID control,
automatic controller tuning, system identification
and adaptive control. The experiences are obtained
by working with small (NAF and Telemetric), medium
sized (AlfaLaval Automation and Satt Control) and
large companies (ABB, Billerud, Emerson, Fisher Con-
trols, IBM, MoDo and UTC).
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SEBASTIAN ENGELL
TU DORTMUND

Optimal resource allocation in industrial complexes by distributed optimization
and dynamic pricing

Joint work with Simon Wenzel, Radoslav Paulen,
Goran Stojanovski, Stefan Krédmer

We address the distributed hierarchical optimization
of industrial production complexes where the indivi-
dual plants exchange resources via networks. Due to
the site-wide couplings a centralized or a distributed
hierarchical optimization is needed to achieve the best
overall performance of the site and to balance the
networks of the shared resources. Because of the size
of the problem, the sensitivity to missing data and
especially the partial autonomy of the management of
the units, a centralized solution is infeasible.

We discuss market-like algorithms that set prices of the shared resources in order to
influence the individual optimizers of the units so that the overall operation converges to
the site-wide optimum. Such iterative price adaptation methods are known to converge
slowly is a subgradient-based price adaptation scheme is used. In order to speed up
convergence, a novel algorithm for price adjustment based on the quadratic approxima-
tion of the responses of the individual optimizers is presented. It shows convergence to
the site-wide optimum with significantly less iterations in comparison to the standard
subgradient-based method. The price-based coordination scheme is demonstrated for a
subset of the plants at a petrochemical site.

The research presented here was performed in the context of the project DYMASOS
which has received funding from the European Union’s Seventh Framework Programme
for research, technological development and demonstration under grant agreement no
611281.

Simon Wenzel, Radoslav Paulen and Sebastian Engell are with the Process Dynamics and
Operations Group at TU Dortmund, Germany. Goran Stojanovski is with the Faculty of
Electrical Engineering and Information Technologies, Ss Cyril and Methodius University,
Skopje, Macedonia. Stefan Kramer is with INEOS Cologne, Germany.
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DAVE EMERSON
YOKOGAWA

The Power of Context

In today’s manufacturing enterprises there exists
a massive amount of underutilized data stored in
process historians. The data is underutilized because
its context has been lost, often a result of it being
maintained in a person’s mind. In order for the next
generation of manufacturing and information techno-
logy to provide its full promise data context must be
integral to the data and be accessible and actionable
by systems and algorithms.

The OPC Foundation’s Unified Architecture (OPC UA)
provides an open method for creating and sharing
industry specific data models with the ability to ex-
change information using well vetted communications
protocols. OPC UA has been adopted by a number of
different industry groups who have and are continuing
to build industry specific information models that are
starting to capture the contextual information asso-
ciated with data. This presentation will explain the
need for context, how OPC UA information models
can be used to capture context and the work required
to preserve context in open, interoperable and stan-
dards based formats.
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HONGYE SU
ZHEJIANG UNIVERSITY

Research on Economic Performance Assessment and Diagnosis of Industrial MPC

Advanced Process Control (MPC) is a mature techno-
logy and has been become the standard approach in
industry for improving product quality, operation effi-
ciency and enterprise profit. In this talk, | will address
the recent development of economic assessment of
Two-layer Industrial MPC system from two aspects, (i)
An optimization approach for economic performance
assessment of MPC system based on LQG benchmark
and (ii) An Iterative Learning Control (ILC) approach ‘ k ¢ h
for continuous economic performance improvement .

of MPC system.

Industrial MPC system typically consists of Steady State Optimization (SSO) layer and
Dynamic Optimal Control (DOC) layer. By explicitly incorporating uncertainty into the
performance assessment problem, economic performance evaluation can be formulated
as a stochastic optimization problem by integrating SSO and DOC layers. This helps to
identify the opportunity to improve profitability of the process by taking appropriate risk
levels. Using the LQG benchmark to estimate achievable variability reduction through
control system improvement, the proposed method provides an estimate of both the
performance that can be expected from the improved control system and the operating
condition that delivers the improved performance.

The above LQG based economic performance assessment requires accurate process model
and computationally demanding. In order to online improve the economic performance of
MPC, we further developed an ILC approach to optimize the MPC performance iteratively.
With the iterative learning control (ILC) strategy, SSO problem is solved at each trial to
update the tuning parameter and designed condition of DOC, then DOC is conducted in
the condition guided by SSO. The ILC strategy is proposed to adjust the tuning parameter
of DOC based on the sensitivity analysis. The convergence

of EPD by the proposed ILC has also been proved. The performance of the proposed
method is illustrated via an SISO numerical system as well as an MIMO industry process.
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JUNQIANG (JAMES) FAN
UTC CLIMATE, CONTROLS & SECURITY

Control design and verification with physics based models for HVAC/R applica-
tions

A model-based control design and verification process
is applied for heating, ventilation, air-conditioning and
Refrigeration (HVAC/R) systems. The process covers
each stage from requirements, to dynamic modeling,
to control design and verification, and finally to pro-
duct launch. Physics-based dynamic modeling is a key
step to enable robust control design and performance
evaluation. This process has been demonstrated in
many new United Technologies’ product developme-
nts with significant control performance improvement.
3 typical HVAC/R examples (a transportation refrigera-
tion system, a supermarket refrigeration system, and a
residential HVAC system) will be presented to illustrate
the effectiveness of this model based design process.
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DANIEL RIVERA
ARIZONA STATE UNIVERSITY

A Process Control Perspective to Managing Production-Inventory Systems: Mo-
deling, Forecasting, and Control

Production-inventory systems are iconic dynamical
systems that are meaningful to applications in pro-
cess settings and beyond. In this talk we focus on
the classical single-node production-inventory sys-
tem, and survey some recent published work from
our laboratory addressing modeling, control, and
demand forecasting considerations. A combined feed-
back-feedforward, three degree-of-freedom (3 DoF)
Internal Model Control (IMC) algorithm is presented
as useful in understanding fundamental control re-
quirements for this system, but in practice a Model
Predictive Control (MPC) algorithm is required. A
standard MPC solution is contrasted with IMC, which
ultimately leads to an improved MPC formulation that
mimics the positive attributes of the 3 DoF IMC control
system while addressing practical requirements such
as constraint handling. Feedforward compensation
of demand forecasts is critical to the performance of
the closed-loop system; borrowing from the field of
control-relevant identification, an analysis procedure
for estimating demand models is presented which
relies on sensible prefiltering of the demand data to
emphasize the goodness-of-fit in the regions of time
and frequency most important for achieving desired
levels of closed-loop performance. The various points
of the presentation are illustrated with meaningful
examples.
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CHRISTOS MARAVELIAS
UNIVERSITY OF WISCONSIN-MADISON

Online Scheduling: Basics, Paradoxes, and Open Questions

Production scheduling is one of the many planning
functions in the process industries. In the last two
decades there has been an increasing thrust towards
using advanced optimization methods to compute
better schedules. Hence, much work has been accom-
plished towards building realistic scheduling models
and effective solution methods. Finding the schedule
once, however, is only part of the whole scheduling
process. Due to disruptions or arrival of new informa-
tion, the incumbent schedule can become suboptimal
or even infeasible, thus motivating the need for on-
line (re)scheduling. Accordingly, in this talk we will
investigate how the design of the open-loop problem
affects the quality of the actual implemented schedule
(closed-loop schedule). Towards this effort, we con-
ceptualized and proposed a state-space scheduling
model [1], thereby alleviating many of the difficulties
associated with the use of conventional models for
online scheduling. Using this model as our workhorse,
we develop a framework for analyzing the relationship
between the open-loop problem and the resulting
closed-loop schedules.

First, we show that open-loop and closed-loop scheduling are two different problems,
even in the deterministic case, when no uncertainty is present. We also show how equ-
ally good open-loop schedules can translate to very different closed-loop schedules, so
much so, that it could mean a difference between no production vs. production at full
capacity. In addition, we discuss a paradox, wherein solving a well-defined open-loop
problem to optimality in every iteration leads to a worse closed-loop schedule, than if
this same open-loop problem were to be solved to a suboptimal solution. Second, we
discuss why it is important to reschedule periodically, even when there are no “trigger”
events, something that is in contrast with the current approaches to rescheduling. Third,
we show that suboptimalities in the re-optimizations do not “accumulate”, but instead,
are corrected through feedback. Fourth, we study how rescheduling frequency, moving
horizon length and suboptimal solutions of open-loop problem affect the quality of



closed-loop schedules, and found that there exist certain threshold values, operating
outside of which leads to bad closed-loop solutions. These thresholds, which depend on
characteristics of the network facility, and the demand pattern, can be utilized to appro-
priately choose the online scheduling algorithm attributes. We also discuss that there is
a cross-relation between these attributes, and hence, we should choose an appropriate
value for all three in conjunction. Lastly, we explore objective function modifications
and addition of constraints to the open-loop problem as effective methods to improve
closed-loop performance. Notably, we show that adding constraints can possibly lead to
lower quality open-loop solutions, but can ultimately result in higher quality closed-loop
(implemented) solutions. We close with some open questions.
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SIGURD SKOGESTAD
NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

A systematic procedure for economic plantwide control

A chemical plant may have thousands of measure-
ments and control loops. By the term plantwide
control it is not meant the tuning and behavior of
each of these loops, but rather the control philosophy
of the overall plant with emphasis on the structural
decisions. In practice, the control system is usually
divided into several layers, separated by time scale:
scheduling (weeks) , site-wide optimization (day), local
optimization (hour), supervisory and advanced con-
trol (minutes) and regulatory control (seconds). Such
a hierarchical (cascade) decomposition with layers
operating on different time scale is used in the con-
trol of all real (complex) systems including biological
systems and airplanes, so the issues in this section are
not limited to process control. In the talk the most
important issues are discussed, especially related to
the choice of “self-optimizing” variables that provide
the link the control layers. Examples are given for
optimal operation of a runner and distillation columns.
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KRISTER FORSMAN
PERSTORP

Practical and theoretical aspects of plant wide control for chemical plants

We discuss some methods available for addressing ‘
various issues in plant-wide control, and exemplify

them with concrete examples from chemical plants.
Central concepts discussed are throughput manipula-
tor selection, degrees of freedom and variable pairing,
as well as analysis and selection of control structures.
In connection with this we also address the question
about control specifications, and the compromise
between high level automation and ease of use.

Some concrete examples presented are flow split con-
trol, reactor control and inventory controls.



94

¥ "ON ‘62-60-910Z ‘UeWSIOS ¥

$9s59004d [EIUSPLUOD USYO —
plIom ajoym ayy ul sjueld jo |njpuey e AluQ  —
*S|03u0D 3y3 ubisap

03 sey asiuadxa |ed0o| ‘enbiun Apuiey aie jeyy ‘sassaoold pazieads 104 .

(0002) sauiyoew Jadeq —
(SpIM plHOM 008~) SBLBUYSI 10 —

wia3sAs |03u0D Ag pabesoed uayQ "pasueApe a3nb uayo ‘suonnjos
plepue)s ale asaL) ‘aseq pajjeisul obie| e yum ‘sassaoold aunmew Jo4 .

2 "ON ‘62-60-910Z ‘UeWISIOS 3 PRy ve—

SaAIROR[qo |onuod bulAypads . 62-60-9102
uonpaes Jojejndiuew ndybnoayy — UBLISIO] 4231
wopaaly Jo saaibag —
{|onuod spimjueld .
diojsiad pue Ansnpui sjediwayd Ajepads noge spoej LoYs .




95

8 ON ‘62-60-910Z ‘UBWISIOS 3 L "ON '62-60-910Z ‘UeWSI03 3

¢ ueaw ,umopinys, SL0p 1eym
¢a1e1 uonpnpoud ay3 st 3leym
éssoye|ndiuew ndybnoayy Auew moH

*11 |eu3snpul pue jouod sadoid
uo awn ||ny Bupiom sjdoad g- Jo dnoub e sey Abojouyss] [eqo|D .

‘[9S91p-01q pue SIARIPPE PRy jl| s3NPold pus osje Ing

239 ‘syuabe Buiyoes|q ‘syuanjos ‘siazpnseld ‘sonseidowsay)l  —

salsnpul aAowolne pue buissanoid-onseld ‘sbuneod pue syuled ul SSARIPPY  —
S9LISNPUI [EDIWBYD JBYI0 10) SOAIIPPE AJUIRI SIPNPOId .

soaholdwa QOST —

Auedwod AjInba youal4 e ‘sisuped Ivd 19UMO ulely —

dN3IW 08T~ :STOC oid —

YN3IW 00CT~ :STOC 2AouinL —
Ansiwayd ojuebio uo sndoy yym Auedwod sjediwayd Ajenads .

9 "ON '62-60-940 ‘UBWISIOS 3 S "ON 62-60-910Z ‘UeWSIOS N

Buibbeg
npoud
uiepy
_ Z Pnpold _A|_ uonesedas _|'_ uoneledas _|'_ € Pnpoid _|'_ Bbuibbeg _

seb Jo pijos ‘pinbi| a1e spnpold .

SWIANSAS |03u0d pazundwod AQ po|jou0) .

//bz 9etado syjueld .

siayng |eussjul Auey —
€ |euaew mey
I salbojodoy xajdwo)y —

_ T 1PNpoid _||_ uonesedss _A‘ uoneledas _||_ uonoeay _A|_ 2 leusiew mey _ *sisayjuAs ayy ueyy xa|dwod asow yonw si yueld ayy jo yed uopeledss syl —
sdooj ajpA2a.1 Auew !(s1pnpoudAq) sweasis apis anjea ybiH .

E 239 ‘siojuedap ‘sebnyLijuad ‘suonen|y ‘suonezi|eysAid
a ‘suonesodens ‘suone|nsip |enpuanbas Jo Joquinu e aq ued uoneledss .

*SNONUIUOD uopeIRdSS puR ‘BSIM-UDJRq USYO S| UOIIRSY  «

(A103s N3 e UO paseq A[esooT) *sdays uoneusedss jo sequinu abie| e Aq pamoj|o) (uondeal) SISSLJUAS o



96

N on ‘sz-60-9102 ‘wewsios
d[E] *Sp|ol UOISUaIXd JO
22162p aduapuadsuel) se yons ‘sydeouod oleigable buisn ajqissod aq pjnoys siyl —
*uoniuyap |ed1newsayiew snolobu e 3oe| suoisodxs I1SO .

*ssan0.4d ay3 Jo Joineyaq d13els ay3 Ayauenb sauo Bululewss sy —
0@ JIWRUAP B SBWNSUOD SUO Yoe3 "Pa||0J3uod 9q 0} dARY SSIIOJUSAU]  —
40 213B)S pue DIWRUAP USDMID] JoId

40Q JO JoquINuU = S3|GRLIBA PIJ|OJ3UOD JO JaqWINU YL  «

aje)s Apeajs
ul s9|qelieA Juspuadapul JO JaquinN :MIIA Jo juiod Buusauibus [ediwsy) .

-juepodwi Ajljesne) *SaAjeA Jo Jaquinu :AedidAl —
sa|qeleA
paje|ndiuew juspuadapul JO JSqWNN :MISA Jo Juiod Buussulbus joquo) .

oL
ON 62-60-910Z ‘UBWSI03 >

n

PR " ON '62-60-9107 ‘UewsI04 >
239 WajsAs wnnoea

‘uoneiodens ‘uone||asIp 103oeas

wouy saseb arsepm

<}

uey
poads a|qeLien

CROauCiCn

Jabueyoxa
edH

193e8y dLPaIF

éMOH ¢]|013u0D 03 JeyM\
sa|qelien ssadoud TT
sa|qeuen pajendiuew g
DOA 40 uonesaunul diARIeD

auaydsouny

6 ON '62-60-910Z ‘UeWISIOS 3

sa|qeuea 000 05~  siueid op ed AjjeloL

oqiz
syidsem
uojburLIep
k- opajoL
- " . = dioysiad
punsbunuais
e
ezue|2152D
uasneyydnig




97

oL
ON 62-60-910Z ‘UBWSI03 >

‘NdL sawodaq
jue|d 2y} Ul MOJy 3SJ14 DY) USYO UBY) “2210yD 33 0} USAIG SI Jybnoyz ou 41

*2U0 ,,jURISUOD SO, 3} o ||IM MO} NdL DYl :U0Sesy .«

‘jueisuod daay] o) Juepodw 3sow Moy Byl —
29U SN0 B3 0] 1SSSO|D MOJJ By —
IINdL S! 9|geueA ydiym bunos|as JO SAem UOWWOD JSOW OM] BYL  «

I
©ON 62-60-910Z ‘UBWSI04 >

Joye|ndiuew
ndybnoayy ay

st
ON 62-60-910Z ‘UBWwSI03 >

deoysimg [F]
“JuseApeul
10 33elaqiap J2Yld S 92104YD 343 :|Nd.L S! IBY3 S|JeLeA B 103|9S 0] 9ARY NOA .
*S|013U0D

12A9] ybnouyy AjjesidAy ‘moyy Ja3sew ay3 Aq Ajpdadipul USAID aJe SMoj J9UY10 IV .
‘INdL @43 J0j Juiodias ayy saAlb Jojesado Byl .
‘S [e49A3S 9AeY DBy Ul Aew NOA
pa||043U0d J0U S| [9AJ] AIaYM ‘seale ssadold usamiaq stayng abie| AloA aAey NOA JT —
Jojeindiuew Indybnoayy = Wdl pajed —
Llepad seb ay] *,mol 133sew,, sy} ‘mol) e Ajjewou sy —
:93e4 3ndybnosy ay3 saulwIeIap eyl s|gelieA e sey skeme jueld y .

1
ON 62-60-910Z ‘UeWwsI04 >

120uISUd [onuUoD Js|j0uoo-14
S oos
100uISUd [onU0) J18]|03u00-1d
120uIUd [01nU0)D |ouod apeosen
o
100uISUo 50001 Kioayy uonezijieskio

I29UIBUS $52001 uoneziwndo yayng

Z 9|dwexgy } a|dwexg

*s9pUS1Rdwod [esaAss sadinbau Aydaessiy ayy ul spaemdn sjOq Buinop .
jui0d}as 9sooyd 03 dARY I 'HOd# 243 9onpad Jou saop dooj e buiso) .



98

o0z 61
v ON 62°60-910Z ‘UBwSI03 ¥ s ON 62-60-91L0Z ‘UewsI04 >

©)
7
y

'00) abejuenpe ue sey )1 JOASMOH .
‘lenuew ui s TDT J1 dHom j,uom gD :ebejueapesiq .
*519]|013U0D Id Ajuo Buisn pazijigels aq ued ssa00.d dURUD BYj Jey) zieal 0} Aseg  —

*molaq Abojodo) |043u0d ay3 saAlb 91Nt bunelped, syl
J4OM os|e [Im mojaq Abojodol syl .

*S139]1013U0D [19A7 “(INd.L) Jo3ejndiuew Indnayy SUQ "SSIISS Ul SHUR) INO0H

L 2
. ON 62-60-910Z ‘UBWSI03 > s ON 62-60-910Z ‘UBWwSI03 >

[@l 7 uepesy I@l 7 uepesy
abeloIS I@l uonen|i4 @ :wwwnm_nt l@l J0pe8y abeloIS I@l uonen|i4 ]@l :wwme l@l 109y
! ! T juepesy

wwwwww [ E— T uepesy
|
ds Jojesado

ds Jojesndo

¢sabueyd ds Jo Jaquinu wnwiuiw Yim

uoPnpold wnwixew aAI6 03 JOPIO Ul MO} 13)1Sew 3q P|Noys 3|qereA Ydiym

° {o9u 9|10g a3 SI dois uonenyy Ayl .
- ‘INdL Se uasoyd sem T juedeal Jo pasy oy jued e ug :ajdwex3

“J|IWIS JO S|0J3UOD [9A3] JO SOUSNDISUOD B I8 SMOJ) IS0
~19beuew jueld / sojesado AQ 39S S| MOJy paady 1331y Y3 J0J Julodlas ay L



99

vz 5z
ON 62-60-910Z ‘UBWwSI03 > o ’ ON 62-60-910Z ‘UBWwSI03 >

gy 5] g [E|

@
O
b

i

I

o —o— o

-, po0b,, J0U S| BINPNIIS
3y} ‘uoipe aAieALISp Buisn 03 buiuosas Inoyym jueld ayy az1jIge3s 3,ued NoA JI —
¢lojedipul [esousb e ojul Spew oq ued siy) 9gAep .
¢SMOJJ JO SUORRUIqUIOD UDIYM  «

¢Anuspuadspul 38s 39 UED SMOJ BU3 JO AUBW MOH  « "QId B 3q 03 Sey aUQ "MIP-Id 218 ST Yoq 1 jouing .«
z iz
ON '62-60-0102 "UeWwsI04 5 - . ON '62-60-9102 ‘Uewsio4 >
daoyssng [E] clioysang 5|
'@I b '@' € (o
_>_&,|_.

..T_|_ _r.L|_ rL_|_ TL| __..L| _..|.|_ __..l WdL

T 19A3)
1013U0D Ajlenuew 03 pasn si TDH pue ‘Ajjeoinewoine pajjoJ3uod ||13S SI T [9A9)] JI
ss200.d By} 3|puey 03} J3ISed S| ) ‘Z ue} uey) J9||eWS Yonwi S| T Juej DuUIS .
*S19]|013uU0d-Id Ajuo Buisn pazijigels aq ued s|PAd)| ||e Bulueaw . 'dS PaXly UNM T MO} UnJ 0} Spasu Jojelado ay) ‘sswn iy «



100

8z
ON '62-60-910Z ‘UBWSI0d ¥

h ¢ ph ' p

YU L e W e ty R st B e S g s ST S 10 IHkGE I ) oo el

AT b o Ty Ty o) ot alivk e Awomedidng

wiRoedot L SOpnGE i RO SOLF0 NIV SYUMEIE LG ¥ ]

. oz
ON 62-60-910Z ‘UBWSI03 >

. 2z
ON 62°60-910Z ‘uewsI03 >

WdL

sz
ON 62-60-910Z ‘UBWwS103 >



101

z e
ON 62-60-910Z ‘UBWSI03 > o ON 62-60-910Z ‘UBWSI04 S

syafoid

|o3uod pue spsfoad JuswissAul ||e Jjo Jed e aq pinoys ,bunjuiyl DM, g .

*Aba3esys D\ @sooyd 03 yoeoidde d1jewalsAs e asn Ajpael sioaulbud ssa004d .

*A1o0ay3 |013u0d pue Bulsaulbua [eoIWBYD USIMIS] S||Bj MOYSWOS —
*$9s4n0d ul 3ybne) Jou usyo s DM AjPreunuojun .

uond3|es Jojendiuew ndniyy  —
sawRYds DM d|qissod |le bunelsawnua 104 sisAjeue wopaauy-jo-saaibag —
‘Apuaiye ajesado
jueld e Bupjew 4oy |00] Juepodw AJSA e si Abajesys [0J3uod spim-ueld syl .

100335 WdL on ‘az-60-9102 ‘ewsios' . on 62600102 ‘vesios
g
3
ol § ©
g
¥ _ 5 SOLIeUSDS 3|qIssod ||e 9952404 03 YN —
. o4 waye diyming, —

. é(s19]103u00-d AQ) AjjedirewoINe pa||0J3U0d
I ” 24e S[PAJ] Jaynqg aJaym juejd pajewoine Aj@39|dwod e aAeY Jou AYMm

*solIsie)s uoipe Jojyesado ul ‘62 9qISIN  —
*su0} Jo Jaquinu Jybu ayy aonpoud *SMO[J 3U3 JO dWOos
0} 19pI0 Ul 3s00Yd 03 ,paads, Jeym ssanb o} sey Jojesado / Juswabeuew jueld — 10} sabueyd julodias Jo Jaquinu abie| e SI 31343 1BY] SI SIY3 JO J03edIpul Uy .
-uejd uondnpoud ayj 0} BIBYPe 0} YNDLYIP SIOW SAWO03]
‘painseaw si uononpold a1aym juiod a3 wouy Aeme Jej payedol si NdL U3 I

:6uluue|d UoRANPoId Ul UoISaId BUY S1LE WL J0 9910 BUL - Jue|d 2y SpIsul SI9yYNQ SLIPAWISIUI DIe D19y} 9snedad 3|qissod SI SIyL .



102

%
ON 62°60-910Z ‘UBwSI03 ¥

Jojesado ayy Aq patajua si |e1ol /z14 Hids padisaq

1-0
nds
paisaq

ve
ON 62-60-910Z ‘UBWSI03 >

7 weans

T wepns

r@-L

*9|qissodwl SI € Mo} pue g Moy yloq buijjosjuod ‘esinod Jo  —
*Z Weaus pue T weals usamiaq Mol ay3 Jijds 03 Aem e sonposul  —
*ID4 AQ paj|03U0D S| MOJy [2303 YL "Moyy (3]qissaidwiodur) pinbry

se
ON 62°60-910Z ‘uewsI03 >

a0

$MOU 3SN OM UBD 24Nn3oNAIS YDIYM  «
9|qissod se |jews se aq p|noys dop ainssaid |e10] —
*€ MO} JO JOJDB) B SB ¢ MOJJ 19S O} DABY SSWNSWOS ASyl —
‘yeys |euonesado Aq paydacoe jou sem uoln|os Siyl —
*(posop J0u INQ) Paxy Sl ZAd T Mol JO
1010ej B se £ mojy AJoads uojesado sy s39] (MOJ9Q) |043U0D Onel [euonipel] .

e
ON 62-60-910Z ‘UBWsI03 >

éuonouny 396.e) S| JeYM pue SJUIRSUOD AIe JeUM  —
*S9A03[qo |043u0d BulAyioads 03 pasn Jou Ajjewlou ale sioaulbud Ssa004d .
ssao0ud ayy Jo bBuipuelsispun doasp e aney sAemie 3,uop sioaulbus j0U0D .
*syuswaJinbas wi aq Aew asyl —
*S9AD3[O [013U0D By} JO UoNRdLIDSOP JLYIUSIDS B UIR}qOo O} pJey USYo SI T «

‘spwi| uyum aumesadwsa) buidssy ajiym Indybnouy) Jojpeal sziwixe —
*SHWI| SWOS UIYIM [9A3] 943 Buidasy ajlym suoneLieA Moy 3I9AN0 SZIWIUIN  —
*sdnyiels buunp oiny ul uni 0} d|qissod aq pjNOYs J3J|013U0D BYL —
*yonw 003 AW Y3 Bulrow Jou dYm
‘s2ouRqINISIP 4B 2133 USYM JuI10d1ds Y3 0) 3|qissod se asopd se Ad ay) doay —
ale suoneoydads [0.3u0d Jo s dwexy .



103

8
©ON 62-60-910Z ‘UBWSI04 >

..
4

Joquod 8sInId aAndepy :aJedwo)

W..\..-...M“l o
o
2

*103e12do 3y} UO peo| SAIHUBOD SY3 SSeaoul Aew UOKRWOINE IO
‘suoiesydads Y3 Ul USNOBIO) BISM sjuBWRLINbaI BWoS  —

*3|puey 03 sey Jojesado
3U3 323 SOIIRUIDS 3Yj} || JOA0D JOU S30P UOIIN|OS [043U0D DY} SDWNIBWOS

*Alleoiewolne pajpuey ale suonenyis
UdIYym mou| 03 Jojelado ay3 104 piey 31 e SUOIN|OS [043U0d Xa|dwo)

e

ON 62-60-910Z ‘UeWwsI04 >



104

DON CLARK
SCHNEIDER ELECTRIC

The loT of Automation - A Totally New Way to Look at Control and Automation
in the Process Industries

The future of process automation technology as we
know it is slowly disappearing. The challenges of pro-
cess control — to keep a process safe and operating
to design to produce economic value for the asset
owners — will always persist and will never go away.
But, how we solve/address those challenges — i.e.
the platform on which the control is executed, ie the
"automation” — will radically change in the future. The
forces of economics and evolving technology are pus-
hing automation relentlessly toward a future of highly
intelligent autonomous cyber physical systems (CPS),
networked in a manner that enables their interaction
and interoperability and maintains absolute security.
This concept is called the Industrial Internet of Things
(IloT). This paper will explore what “lloT” will mean for
process control and the automation industry, where
the “intelligence” to achieve this objective is being
pushed further and further down the architecture,
and the traditional process control “Levels” (Levels O
to 6 of the Purdue Reference Model) are being com-
pressed over time closer to the valve and the sensor,
and ultimately into the process assets themselves, and
“Levels” will no longer mean “networks”, but rather
describe functionality.
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DENNIS BRANDL
BR&L CONSULTING

The Future Control System Environment, as envisioned by the ExxonMobil Next
Generation Control System Pilot Project

There has been a lot of discussion about the Exx-
onMobil Next Generation Control System initiative.
This session will help to clear the air and explain the
positive and negative consequences of changing the
existing DCS and PLC architectures by one of the parti-
cipants in the initiative. The current architectures have
not changed significantly since the 1970’s. They are
still based on the concept of one or more computers
in a hardened box, what connects to tens to thou-
sands of I/0 points, connected to dumb devices. There
have been incremental advances in functionality, and
decreases in size and cost, but the basic architecture
has remained the same. The advances that are shaking
up the world through connected smart devices in ho-
mes, stores, health care, transportation, and energy
have not penetrated the barrier of obsolete industrial
system architectures. The ExxonMobil initiative was
designed to break down the barrier and fix the major
limitations of the DCS and PLC architectures. The new
architecture, its pros and cons will be discussed.
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MARGRET BAUER
UNIVERSITY OF WITWATERSRAND

Dark data? The use of sensor data in process monitoring and control

Dark Data is a term for underused information that
is collected, processed and stored and usually incurs
more expense than value. Industrial manufacturing
plants are prime suspects for gathering dark data.
Many different sensors capture measurements, which
is primarily stored in the plant information manage-
ment system (PIMS). However, analysing the stored
data systematically is a difficult task. Examples of
making use of dark data are control loop performan-
ce monitoring, root cause analysis, sensor validation,
predictive maintenance, alarm management and en-
ergy management. Increased processing power and
big data analytics are opening new opportunities but
rely on organised data capture. This talk discusses
what methods and technology are currently available
to get value out of dark data and shows the limita-
tions of these approaches. It builds on the presenter’s
experience at ABB Corporate Research and presents
current software solutions and developments.
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CHRISTOS GEORGAKIS
TUFTS UNIVERSITY

Data-Driven Modeling of Batch Processes: Two Methodological Generalizations
of DoE

The ever-increasing availability of process data pre-
sents us with the challenge of seriously reexamining
our modeling practices. Most models can be broadly
categorized into two main categories: data-driven
and knowledge-driven. The present seminar focuses
on the development of data-driven models. It des-
cribes two generalizations of the classical design of
experiments (DoE) methodology, the long-standing
data-driven modeling methodology of choice. The
first generalization enables the design of experiments
with time-varying inputs, called Design of Dynamic
Experiments (DoDE). The second generalization ena-
bles the development of a dynamic response surface
model (DRSM) when time-resolved measurements are
available. We will discuss how both advances are able
to contribute significantly to the modeling, optimiza-
tion, and understanding of batch processes for which
a knowledge-driven model is not easily at hand. Two
industrial applications to a Dow batch polymerization
process and a Pfizer pharmaceutical reacting system
demonstrate the utility of the two generalizations.
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