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Abstract: The 2002 IFAC Congress iBarcelona isthe first Congress in the new
millennium, and thus it offers a unique opportunity for IFAC Technical Committees to
plan for their future. Each Coordinating Committee within IFAC asleed to prepare

a Milestone Report that summarized past accomplishnagatfiture challenges. The
Milestone Report wasrganized around @&juestions thatare given below in the

manuscript.

ForArea 7 the future growthareasthat were identifiedand which are

discussed irthe paper areinformation technology, environmental applications, new
sensor technologies, genomics, and mechatro@imsyright/7 2000 IFAC
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Introduction

Coordinating Committee 7 (CC 7)industrial

Applications, consists of four Technical

Committees (TC’s)organized arounctontrol of

specific processes, ChemicdlCPC), Mining

Mineral and Metals (MMM), Biotechnological
(CBP), and Power Plantsand Power Systems
(P®S), together with theSAFEPROCESS TC.
The methodologiestudied undethe scope of the
SAFEPROCESS TGre applicable to abroader
range of areathan the four withinArea 7. This

report attempts t@nswerthe questions thatvere

posed to CC 7 fodevelopingthe B'02 Milestone

Report. The questions posed are as follows:

I What are the most importantaispects of
your technology?

IIl.  What are the most promising applications
of your technology?

Ill.  What are the key control concepts in your
technology?

IV. What are the key challenges fowyour
technologies?

V. What are new areas, nevapplications,
new problems, etc.?

VI.  Will your technology become more or
less important? Why?

The answers to these questioosnstitute the
body of this paper.

Question I. What are the most important
aspects of your technology?

Thus, it is somewhalifficult to give aconcise
answer tothe most important aspectsof the
technology covered by CC 7. However, in
generalprofitability is an over-riding aspect of
industrial processescoupled with safe and
environmentallyfriendly operation. Three of the
areas within the CC represent mature
technologies,CPC, MMM, and PS. For older
processesrepresented inthese areas how to
optimize the economics of their operatioroften



the key driver for the application ofadvanced
control.  Yet within each areathere are new
technologies emerging. For exampléthin the
chemicalareanew materialsare being developed

on a regulaibasisand the control of these new

processes represents a challengamgblem. The
Biotechnological TC covers technology that is

emerging, and that has enormous potential for
mankind in relation to industrially important

organisms (e.g. for the production of fopducts

and additives) and biomedically relevant species

(e.g. for the production of antibiotics and
therapeutics)and tothe degradation ofpollutants
(e.g. wastewater treatment).. Since living
organismsare implied, reproducibility of cell
cultivationsandreduction ofvariability from run
to run deservespecial considerations. Anore
detailedexample can be takeinom P°)S TC. In

power plants and power systems the main focus of

interesttoday is the development ofcontrols for

the new environment in the power utility industry,

which involves restructuring. Thignvironment
presents an entirely new challenge sitive final
shape itwill take is still unknown. Therefore
although control at the system level wilkcome

much more important in the future, it will be an

amalgam of someentralizedcontrol through the
system operators and some local/distributed
control as the pattern of generation evolitesn

the large central generating facilities to

independentdistributed facilities. The challenge
that thisareawill faceinvolves theco-ordination
of controls betweenvarious independengentities,
each probably having different objectives and
goals, to maintairsuccessfuland reliable system
operation.

Finally, running processes safely, whether they are

chemical plants, aircraft, computer systems,
transportation systems, etc. isextremely
important intoday’s society. Oneseverespill
from a chemicalplant can wipe out years of
increased profitability from using advanced
control. Detection, diagnosiand isolation of
faults before they cause such lossesare an
important aspect of the work of the
SAFEPROCESS TC. Another important

technological aspect che SAFEPROCESS TC
is to provide alternativestrategies to control the

faulty process byusing additional (redundant)

hardware orsoftwarecomponents or relaxing the

control performance inorder to achieve safe
system operatiorand tolerate some faultgfault-
tolerant control).
isolation and fault-tolerant controlare the main

functions of a supervisory fault-tolerant process.
Safetyandreliability are generallyachieved by a

combination of: faultavoidance,fault removal,

Question II.

Faultdetection, diagnosis,

fault tolerance, faultetectionand diagnosis, and
automatic supervision and protection.

What are the most promising
applications of your technology?

This questionwill be answeredindividually for
each TC.

Chemical Process Controt Model based
control is now firmly established inmost
petroleumrefineries the areas represented by
CPC. lts use irchemicalplants is increasing,
but these plants typicallgre more specialized,
have smallerthroughputs,and can be more
nonlinear than petroleum refineriesAll of
these aspectare important in terms of how
model based control is applied. Chemical
companiesare currentlylooking at theirentire
business operatioandthe integration of high-
level business models, supplychain
managementith actual plant operations is
becoming moreand more important. In the
last decade process monitoring and the
interaction of process desigrand control
(Process Operability) haveemerged as an
important applicatiorarea,and more recently
the issue of controllgperformancemonitoring
has also come to the forefront. It hbesen
estimated that many single loop process
controllers are poorly tuned, and this hurts
plant profitability. Similar issues alsarise in
model basedcontrol when a planthanges and
the model usedfor such controlneeds to be
updated.

Metals, Mining, and Minerals In a recent
papet Prof. Sirkka-Liisa Jamsa Jounela
summarizedhe applications within the MMM
TC. She based her sunmary on an
examination of the technical meetings
sponsored bythe TC over thdast 20 years.
Her results are reproduced inTable 1 below.
Only those contributions, which taketo
account control ormonitoring applications
with pilot or full-scale industrial processes,
were considered. Simulations were not included.

PowerPlantsandPowerSystems:

The nature of certain traditional functions in the
Power Plantand Power Systenindustry, such

as generation scheduling, economic dispatch,
etc. will change verysignificantly because
market forces will now govern them. There
will be a reversal ofthe forces driving the
operation of the transmission networkastead

of the systemoperator scheduling generation,




economic dispatch, etc. throughoptimidad
flow, the network will bemanaged according to
market requirements established by contracts of
supply and location of load. Further the
transmission networkill have to bemanaged
by incorporating controldevices much more
extensively. Such devices include Power
Electronic Devices(FACTS), to control the
flow of active power and reactive volt-ampger
the network while maintaining: angkability

to keep the synchronous system intact, and
voltage stability toprevent voltage collapse.
Also the integration oflistributed generation in
the network in the futurewill become a
challenging task.

Control of BiotechnologicaProcesses

The control of basic environmentafariables
like pH, pressureand temperature is well
established. Thealevelopment ofsoft sensors
(based orphenomenological process models or
multivariate statisticaltechniques) to estimate
the concentration of substrateshiomass
concentration, productand other biologically
relevantinformation such as the state of the
fermentationwill allow the determination of
optimal profiles on-lineandthe implementation
of adaptive nonlinear contré¢échniques tdrack
these profiles. Data mining techniqueshave
shown agreat potential toextract information
about the state of fermentations and cell cultures
that is very difficult to obtain by the usual
mechanistic models.

SAFEPROCESS

Fault detectionand isolation (FDI) and fault-
tolerant control techniquesare being widely
incorporated inindustrial processes. Important
exampleswhere this technology isapplicable
include continuous complex systems, such as
power plants, chemical plants, mineral
processing, furnaces, hot/coldmetal rolling
mills, water-gas-electricity distributiogystems,
and vehicle/transportation system@&@erospace,
automotive systemssurfaceships, under water
vehiclesand railway transportation). In some
cases, FDI schemesare being successfully
applied in complex components, such as gas and
steam turbines, whiclean be used in vehicles
(aircraft, ships, carggndindustrial plants(paper
making, plastics,petrochemical, gas industry,
combined cycle power generation, etc).

Question 111 What are the key control
concepts in your technology?

Chemical Process Controt In  chemical
process control classical control is theost
widely used control concept.  Inaddition,
almost all control techniqgues have some
applicability in chemical processes. Thus, one
finds applications ofadaptive control, expert
systems,neural networksetc. However, the
most important control methodology that is
used is model-based control. Practitioriease
turned to using model-based control and
optimization to improve plant profitability.
Linear modelbasedcontrol is nowwidely used
and can be considered as amature field.
Nonlinear modebasedcontrol is an important
research area. As chemical plants becamee
agile and they have to respond to a higher
frequency of set points changes nonlineedel
basedcontrol should take on more importance.
In addition companies are considering
optimizing their entire businessesand as a
result the use of optimizationan beexpected
to increase. Thearea of supply chain
management will take on increasimgportance
in the future. In the lastlecademultivariate
statistical methods have emerged as an
important set oftechniquesand they have a
wide range ofapplications. These include
process monitoring (including batghocesses),
fault  detection, controller performance
monitoring and soft sensing among others.

Metals,Mining, andMinerals The inability of
classical control methods to solve all the
application problems of interest in the MMM
areahasled to further developments in control
system methodologieandtheory. Since 1991
application of Al methods has grown theost.
The applicationshave mainly concerned three
Al methods: expersystems, neural networks
and fuzzy control. They are used in nearly 40 %
of all applicationsreviewed by Prof. Jamsa
Jounela, and therefore representhe most
important methodspplied inthe control and
monitoring of MMM processes. Duringcent
yearsthe increasing use of fault diagnosis and
process and quality monitoring techniques
indicatesthat control engineering isxpanding

to include tasks other than control. This
expansionrepresents an emergiragea in the
automation of the MMM industry.

PowerPlantsandPowerSystems

Cconventional control concepts up to now are
widely used inthe electrical power industry.
But there is an emerging need of chandimgse

This questionwill be answeredindividually for
each TC.

concepts because tife fact that power system
generation and distribution takes place more and



more under deregulatedmarket conditions.
Thereforenew control applications likeagent-

For the four applicationbased TC's the key

based methods for exploring market and physicalchallenge is to contributpositively to process

system situations will become increasingly
necessary.Also increaseduse of intelligent
methods likeexpert systems,neural networks,
fuzzy sets, genetiandevolutionary algorithms,
hybrid systems willtake place irthis industry.
Extendedcontrol concepts likeco-ordinated and
adaptive control of power plants and other
control devices, e.g. FACTSDC/AC-converter
of wind power parksetc. will substite in the
future the conventional control concepised up
to now. The application of onlinalynamic
security assessment systems wilbecome
necessanespecially in theEuropean electrical
systembecause ofthe huge extension of the
network to theeasternpart of Europe in the
future. In this context alsavide areacontrol
using modern IT technologies (Phasor
measurements, interndtased communication
etc.) is underdiscussion. As a main basis for
these new technologies onlimata acquisition,
dataexchangeand extended dagrocessingwill
become quite common in this industry.

Control of BiotechnologicaProcesses:

Most biotechnological processes operate
batch orfed-batchmode. Hence, classicéihear
control theory is often inadequate for the control
of substrate, celland product concentrations.
Adaptive, nonlinear,and multivariable control
based on anathematical model ofhe process
are required aswell as the determination of
optimal trajectories. Thalesign of controllers
based ompopulationbalances is attracting a lot
of researchattention from a systemtheoretic
point of view. Techniques from pattern
recognition and artificial intelligence have
proven veryuseful for fermentationand cell
culture monitoring, diagnosis and control.

in

SAFEPROCESS

The key control conceptsused by the
SAFEPROCESS TCare gquantitative and
gualitative model-based diagnosis, expert
systemsfor FDI, computational intelligence,
signal based diagnosadrobust controldesign

for tolerant-control schemes. Since thed-
1990’s computational intelligence (Al) methods,
such as fuzzy, neural networksieuro-fuzzy
structures, genetic programmingnd hybrid
guantitative-qualitatives techniques have being
incorporated succesfully in FDI schemes for
industrial processes.

Question IV. What are the key challenges for
your technologies?

profitability. For mature applicationadvanced
control can do so by decreasingnergy use,
increasingthroughput, reducing off specification
products, enabling market processes to function
in former monopolies etc. For new applications,
e.g. drugs, electronianaterials, etc. control can
be a key to getting a process apd running. The
ultimate challenge for biotechnologicadrocesses
is the controland regulation of theintracellular
cell metabolism. Mthods for themeasurement
and control of metabolic fluxeshave to be
developed. For the SAFEPROCESS TC mthest
important challenge is to maintain safe,
economical and reliable plant operation.
Concerning the environmensafe operation of
industrial processeswill take on increasing
importance in the future. As industriptocesses
increase incomplexity, reliability requirements
both at component levebnd system levels
become more challenging and difficult to achieve.
Traditional diagnosis methods become less
capable of ensuring the reliability of such
complex systems. Aadditional challenge is the
development of methodbat maintain thelegree
of plant “visibility” required by the human
operator. Forthis reasonthe SAFEPROCESS
TC is alsoconcernedwith issues of‘people in
control”, the psychologicadnd ergonomicfactors
which ensure that the human operator parform
efficiently under faultysituations. Developments
seek to avoidhe undesirable behavior oplant
operators in the “3-Milelsland” type of
emergency scenario.

Question V. What are new areas, new
applications, new problems, etc.?

The areas, applications, and problems are
described individually.

1. Information Technology Today's world is
changing rapidly as companies adjust to global
economic  competition. Information
technology (IT) is currently the main
mechanism for streamlining business activities,
and isnow used widely bycompanies seeking
to improve competitiveness.Technological
change and organisational restructuringpave
been found tobring gains in productivity and
market share. Current businessimlergoing a
major paradigmshift, moving fromtraditional
management into a world of agile organisations
andprocesses. An agile corporation should be
able to respond rapidly tomarket changes.
Corporations have been developing a number of




information technology(IT) systems to assist
with variousaspects of the management of on-
line business processes. The glolahrket
generates aneed for global technicalsupport.
Telecommunication technology is providing a
large number of opportunities for enhancing the
speed andjuality of the support process by
enabling remoteaccess to equipment. A
technician can contact equipmeltcated far
away from his office, diagnosethe equipment
status, and suggestappropriate repair®nline.

In some cases they can even intervene directly in

the operation. This remote operati@presents
considerabldime savingand areduction in the
costs of the technical support process.

2. Environmental Monitoring and Emission
Controt Environmental control imowadays an
important issue for the survival of thgrocess
industries. The monitoring ofindustrial
emissions is the first task in pollution control.

Reduction of industrial wastes such as waste gas

and wastematerialsare anessentiaineasure for
environmental protection.Yield improvements
and energy savings are also important for
reduction in industrial waste, as well as for
improving the profit margin of productsExact
process control isiecessary fothe betteryield
and reduction of power consumption.
Forecasting of environmental conditioasound
an industrialarea is also important forbetter
pollution control. Pressure for environmental
protection is driving the process industries to
use better, moredvancedmethods of control
and monitoring. In the chemicateaplants are
being designed for minimum effluentnd such
plants will be challenging to control and
operate. In th&¢IMM arearecycling is a new
field that hasemerged. Animportant issue
involves how to design and control recycle
operations so that the environmentpeserved
and plants remain profitable. Earlgetection
and isolation of abnormalsituations, such as
environmental pollution (e.g. in rivers,
irrigation  systems, wastewater treatment
plants,..) hasbecome akey new area for
application of FDI methoddeveloped under the
remit of the TC SAFEPROCESS.

3. New SensorTechnologies In the majority
of processplants the sensorssed for control

Research on modesensors holds the promise
to have a dramatidmpact on how process
plants areoperated. For example, if oneould
measure chemical composition on line using an
inexpensiveand robust sensor then problems
could be corrected quickly and fastban if one
had to wait for a laboratory assay. idfo-
chemical sensorthat are chip based offer one
approach to such online chemical sensing. Due
to their low cost, thesehemical sensorsould
also beused in environment applications as
well. For biotechnological applications,
sensors based on imagpealysis will beuseful

to characterisethe cell population during
culture. Similarly, in the MMM area new
sensors for measuring particle size distribution,
froth characteristics, etc. hold grgabmise for
future application. Researchinto model-based
FDI methodscan be seen as a complementary
technology (“software” sensors) of process
engineering when the hardware sensors
malfunction. Sometimes, thenodel outputs
can replace the faulty or unhealthy sensors in a
fault-tolerant control scheme. The concept of
the software sensor or software actuator is now
a part of the development of so-called
intelligent actuators or sensors, in whithese
componentsbecome more tolerant tdaults,
thereby guaranteeing improved plant reliability.

4, Genomics, Proteomics, Bioinformatics,

Metabolic_Engineering: Given the recent
development of genomics and proteomics,
computational methods need to developed to
integrate and quantify biological data. This
information has the potential otlucidating
gene regulation mechanismend identifying
genes implicated in disease, querfecting
industrially important high performance strains.
Concepts and methodologies of metabolic
engineeringwill have amajor impact on the
integrated designand control of cellular
systems. These methodswill allow the
systematic study of cellular responses to
genetic and environmental perturbations.

5. Mechatronics Mechanicalsystems such as
robots, car engines etcare being developed
which have an increasing level of integration
with sensors, actuatorsnicroelectronics and
information processing. Theydevelop an

have been around for many years. These sensors advancedconcept, the mechatronicsystem,

include flow meters, pressure sensors, level
sensors, etc. Thegre robust and they have
stood the test of time.However, inmost cases
these sensors do noteasure variablethat are
key indicators of product quality, which is a key
variable that determines procesgrofitability.

characterized through the integration of
componentghardware) andgignal and model-
based functions (software), resulting in
automatic functionality. This is an important
area for the SAFEPROCESS TC asaspects
of reliability andsafety must beconsidered as



key requirements during design, testing, new opportunities in  biotechnology and
manufacturingand operation. In generafault- biomedical research. The new knowledge
tolerance methodsmust be implemented at generatedwill eventually lead to introducing
componentand unit level to improve the control at the genetic level. Theerformance of
reliability and safety of mechatronicsystems. dynamic control systems is not onlybeing
Unavoidable faults must be covered by  definedwhen all components work correctly, but
maintenancend on-line supervisionjncluding also whenthere is an abnormaituation (afault
all the main tasks of thEAFEPROCESS TC: in a sensor, actuator, controller or plant
fault-tolerance, protectioand supervision with  component). The concept degradedbut fault-
FDI, fault diagnosisand appropriate safety tolerantperformance ofthe faulty process is a
actions. guaranteghat the plant maintainssafe process”
operation.  Consequently, the tasks of the
Question VI. Will your technology become  SAFEPROCESS TC will increase in importance.
more or less important? Why?
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traditional approaches and are generating numerous

Table 1: Distribution of the different control methods according to the kind of process

Mineral Hydromet Electro- Blast Steel Hot Cold
process-irg-allurgy refining furnace & making & Roll- Roll-
furnaces continuousing ing
casting
Classical control 6 1 0 1 0 5 1
methods
Model based and 3 0 0 10 0 6 2
MPC
Multivariable 10 0 0 1 0 2 0
control
Adaptive control 7 0 1 3 6 1 5
Al 11 1 0 12 10 2 2
Fault diagnosis 8 1 1 9 3 5 0
and Process
Monitoring
Quality 2 0 0 1 5 1 0
monitoring
Others 0 0 0 0 0 3 0

Total 47 3 2 37 24 25 10




