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.level)�

�

�

�
 �

sensedoutputs
controlsignals

exogenousinputs
(w
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(w
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�

� �
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��
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D

isturbances(� )
and

setpoints(� )

�� :
M
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ents(� �

� ��

)
and

setpoints(� )

�� :
M
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�� :
C

ontrolerror,���
�

�

F
ind

a
controller �
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hich
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the
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controlsignal

�
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therebym
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closed-loop
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R
elevantquestionsin

practice

1.Is
the

planteasyordifficultto
control?

(co
n

tro
lla

b
ility

a
n

a
lysis)?

2.H
ow

shouldthe
plantbe

controlled(p
la

n
tw

id
eco

n
tro

l)
?

(T
H

IS
TA

LK
)

A
lan

Foss(“C
ritique

ofchem
icalprocesscontroltheory”,A

IC
hE

Journal,1973):

T
h

e
ce

n
tra

lissu
eto

b
e

re
so

lve
d...is

th
e

d
e

te
rm

in
a

tio
no

fco
n

tro
lsyste

m
stru

c-
tu

re.

W
h

ich
va

ria
b

le
ssh

o
u

ldb
e

m
e

a
su

red
,w

h
ich

in
p

u
tssh

o
u

ldb
e

m
a

n
ip

u
la

te
da

n
d

w
h

ich
lin

ks
sh

o
u

ldb
e

m
a

d
eb

e
tw

e
e

nth
e

tw
o

se
ts?

T
h

e
g

a
p

is
p

re
se

n
tin

d
e

e
d

,bu
tco

n
tra

ry
to

th
e

view
s

o
fm

a
n

y,it
is

th
e

th
e

o
re

ti-
cia

n
w

h
o

m
u

stclo
seit.
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P
LA

N
T

W
ID

E
C

O
N

T
RO

L
(C

ontrolstructuredesign)
T

he
control

philosphy
for

the
overall

plant
w

ith
em

phasison
the

structural
deci-

sions:

�

W
hich

“boxes”
(controllers;decisionm

akers)do
w

e
have

and
w

hatinform
ation

(signals)are
sendbetw

eenthem

N
ot:

�

T
he

inside
ofthe

boxes(designand
tuning

ofallthe
controllers)
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L
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T
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R
E

D
E

S
IG

N
TA

S
K

S

1.S
e

le
ctio

no
f

co
n

tro
lle

d
o

u
tp

u
ts(a

setof
variablesw

hich
are

to
be

controlled
to

achieve
a

setofspecificobjectives)

2.S
e

le
ctio

no
fm

a
n

ip
u

la
tio

n
sa

n
d

m
e

a
su

rem
e

n
ts(setsofvariablesw

hich
can

be
m

a-
nipulatedand

m
easuredfor

controlpurposes)

3.S
e

le
ctio

no
fcontrolconfiguration

(a
structureinterconnectingm

easurem
ents/com

m
ands

and
m

anipulatedvariables)

4.S
e

le
ctio

no
fco

n
tro

lle
r

typ
e

(controllaw
specification,e.g.,P

ID
,decoupler,LQ

G
,

etc.).

Tasks1
and

2
com

bined:input/output
selection

Task3
(configuration):input/output

pairing

A
pproach

C
ontrolstructure

design:

�

Top-dow
n

considerationofcontrolobjectivesand
available

degreesoffreedom
to

m
eetthese(tasks1

and
2)

�

B
ottom

-updesignofthe
controlsystem

,startingw
ith

stabilization(tasks3,4,5).
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C
ontrolledvariables

�

S
cheduling
(w

eeks)

S
ite-w

ideoptim
ization

(day)

     !

Localoptim
ization

(hour)

� """ #
�

S
upervisory
control

(m
inutes)

$$$$ %
&&&

&& '
((((( )

R
egulatory
control

(seconds)
**** + ,,,

, -
...

../
C

ontrol
layer

F
igure

.1:Typicalcontrolhierarchyin
a

chem
icalplant.

T
he

setpointsof
the

controlled
variables(01 )

are
the

(internal)variablesthat
link

tw
o

layersin
a

controlhierarchy,
w

herebythe
upperlayercom

putesthe
value

of01 to
be

im
plem

entedby
the

low
erlayer.
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TA
S

K
1:S

electionofcontrolledvariables
Tw

o
distinctquestions:

1.O
ptim

ization:
W

hatare
the

optim
alvalues(e.g.02354

)?

2.Im
plem

entation:
W

hatshouldbe
the

controlledvariables0 ?
(includesopen-loopby

selecting076
� )

F
irst

question:A
lotoftheory.

B
U

T
secondquestion:A

lm
ostno

theory.
D

ecisionsm
ostly

m
adeon

experienceand
intuition.
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O
ptim

ization
M

inim
ize

cost8

w
ith

respectto
the

degreesoffreedom�

9:;<
8<= �� �>

(1)

subjectto
constraints

?= �� �> @
A

(2)

G
ives�2354= �> ,02354= �> ,etc.

D
egreesoffreedom

for
optim

ization
B2354 6
B< 6
B� �
BC

“F
ree”degreesoffreedom

aftersatisfyingconstraints

B2354DFEGHH 6
B2354 �
BIJ4 KLH
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Im
plem

entation

MM

M

.

N

NNN

N

N

N

N

O

O

O

N

N

O

O
P

P

O
ptim

izer
O

ptim
izer

O
ptim

izing
C

ontroller

C
ontroller

P
rocess

P
rocess

P
rocess

O
bjective

O
bjective

O
bjective

D
isturbance

(a)
(b)

(c)

M
easurem

ent

u

M
easurem

ents

u

d

n

d

u

d

noise

v

n

cs
c

m

-

(a)
“O

pen-loop”.C
onstant�1 6

�2354= �RQ>

(b)
“C

losed-loop”.C
onstant01 6

02354= � Q>

(c)
“Integratedoptim

izationand
control”.R

eoptim
ize� 6

�2354= �> .
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E
xam

ple:C
ake

baking
G

o
a

l(p
u

rp
o

se
):W

ell-baked
inside

and
nice

outside

D
eg

re
e

o
ffre

e
d

o
m:

H
eatinput� 6

S

Im
p

le
m

e
n

ta
tio

n:

1.O
p

e
n

-lo
o

pim
p

le
m

e
n

ta
tio

n
:C

onstantheatinputS

�

P
roblem

:S
ensitive

to
uncertaintyand

optim
alvalue

dependsstrongly
on

size
ofoven

2.C
lo

se
d

-lo
o

pim
p

le
m

e
n

ta
tio

n
:C

onstanttem
perature

�0 6

oven
tem

perature

�

“O
ptim

izer”:
C

ook
book

(look-up
table)

U
sedin

practice.Insensitive
to

changes(“self-optim
izing”).
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S
elf-optim

izing
control

C
    =

  constant

C
    =

  constant

R
eoptim

ized J    (d)
opt

1,s

2,s

d *

C
ost  J

D
isturbance d

Loss

F
igure

.2:Lossim
posedby

keepingconstantsetpointfor
the

controlledvariable

S
elf-optim

izing
controlis

w
hen

w
e

can
achieve

an
acceptableloss

w
ith

con-
stantsetpointvaluesforthe

controlledvariables(w
ithoutthe

needto
reoptim

ize
w

hen
disturbancesoccur)
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E
ffectofim

plem
entation

error

c

J

[

(a)

c

J

(b)

c

J

(c)

F
igure

.3:Im
plem

entingthe
controlledvariable

(a)
Im

plem
entationeasy:A

ctive
constraintcontrol

(b)
Im

plem
entationeasy:Insensitive

to
errorin0

(c)
Im

plem
entationdifficult:

Look
for

anothercontrolledvariable]
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P
revious

w
ork

on
self-optim

zing
control

�

M
orari,S

tephanopoulosand
A

rkun
(1980):

”T
ra

n
sla

tee
co

m
o

m
ico

b
je

ctive
sin

to
co

n
tro

lo
b

je
ctive

s”

”F
in

d
a

fu
n

ctio
n0

o
fp

ro
ce

ssva
ria

b
le

s,w
h

ich
w

h
e

nh
e

ld
co

n
sta

n
tle

a
d

sa
u

to
m

a
ti-

ca
lly

to
th

e
o

p
tim

a
la

d
ju

stm
e

n
to

fth
e

m
a

n
ip

u
la

te
dva

ria
b

le
s”

�

S
hinnar(1981);A

rbel,R
inard

and
S

hinnar(1996):

”D
o

m
in

a
n

tva
ria

b
le

s”
(=

naturalchoicefor
controlledvariables0 )

�

Luyben
(1988):

”E
ig

e
n

stru
ctu

re’
(=

the
bestself-regulationgand

self-optim
izingstructure)

�

F
isher,D

ohertand
D

ouglas(1988,part3):
H

D
A

exam
ple

�

R
ijnsdorp(1991):

”o
n

-lin
e

a
lg

o
rith

m
sfo

r
a

d
ju

stin
gth

e
d

eg
re

e
so

ffre
e

d
o

m
fo

r
o

p
tim

iza
tio

n
’

�

N
arraw

ay
and

P
erkins(1991,1993,1994):

B
asecontrolstructureselectionon

processeconom
ics

�

M
arlin

andH
rym

ak(1997):Im
plem

entationofoptim
alsolution;active

constraints

�

Z
heng,M

ahajannamand
D

ouglas(1999):
M

inim
ize

econom
icpenalty
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R
equirem

entsfor
controlled

variables
�

S
kogestadand

P
ostlethwaite

(1996;C
hapter10).

T
he

selectedsetofvariables0

should:

1.H
ave

a
sm

allvariation
in

optim
alsetpoints

2.B
e

easyto
controlaccurately(sm

allim
plem

entationerror)

3.S
houldbe

sensitive
to

the
m

anipulatedinputs(� ),i.e.have
a

large
range.

(E
quivalently,the

optim
um

shouldbe
flatw

ith
respectto0 ).

4.B
e

independent(notcloselycorrelated)

T
he

fourrequirem
entsm

ay
be

com
binedinto

the
singular

value
rule

:

P
refera

setofcontrolledvariablesw
ith

a
large

m
inim

um
singularvalue

ofthe
scaledgain

m
atrix,T=VU
= A>> .

H
ere

�W076
U
W�

(linearizedm
odel)

�

V
ariables0

(and
thusU

)
are

scaledsuch
thatX 0 �

02354= �> XZY
[

(takes
care

of
requirem

ents1
and

2)
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S
electingcontrolled

variables
Today:S

teady-stateoptim
izationis

perform
edroutinely

T
hus:H

ave
the

m
ain

tools
neededfor

a
properselectionofcontrolledvariables:

�

S
teady-statem

odel

�

Inform
ation

aboutoperationalconstraints

�

W
ell-definedeconom

icobjective
(scalarcostfunction8

to
be

m
inim

ized)

20



P
rocedure

for
selectingcontrolled

variables

S
tep

1:D
egree

of
freedom

analysis.
D

eterm
inethe

num
berof

degreesof
freedom

( B2354 6
B< )

available
for

optim
ization,and

identify
a

baseset(� )
for

the
degrees

offreedom
.

S
tep

2:C
ostfunction

and
constraints.

D
efine

the
optim

aloperation
problem

by
form

ulating
a

scalarcostfunction8

to
be

m
inim

ized
for

optim
aloperation,and

specifythe
constraintsthatneedto

be
satisfied.

S
tep

3:Identify
im

portant
disturbances(uncertainty).

�

D
isturbances� �

� Q

thatoccurafterthe
optim

ization

�

Im
plem

entationerrors(�\ )
in

controlledvariables0

S
tep

4:O
ptim

ization.

F
ind

the
optim

alsteady-stateoperationfor
variousdisturbances.

S
tep

5:Identify
candidate

controlled
variables0 .

�

N
orm

ally
im

plem
ent“active

constraints”

�

LeavesB2354D EGHH degreesoffreedom
:

–
Typically,considerm

easuredvariablesorsim
ple

com
binationsthereof.

–
W

antto
useconstant01 6

0]^5_= �RQ> .
–

U
se

above
requirem

ents,e.g
look

for
variablesw

here0]^5_= �> is
constant

21



S
tep

6:E
valuation

ofloss.C
om

putethe
m

eanvalue
ofthe

lossfor
alternative

setsof
controlledvariables0 .T

his
is

doneby
evaluatingthe

loss

`= �� �> 6
8= �� �> �
8= �]^5_= �> � �> a
� 6
b \= 01 c
�\� �>

(3)

w
ith

fixed
setpoints01

for
the

defined
disturbances�

d
e

and
im

plem
entation

errors�\ d e\ .
S

tep
7:F

urther
analysisand

selection.

�

S
electfor

furtherconsiderationthe
setsofcontrolledvariablesw

ith
acceptable

loss.

�

S
eeif

they
are

adequatew
ith

respectto
othercriteria

thatm
ay

be
relevant,such

lik
e

–
region

offeasibility
–

expecteddynam
iccontrolperform

ance(input-outputcontrollability)

22



C
asestudy:D

istillation

f

g

h

ij kl

ml

n

�oi

pq
ml

pr

�sq

sr

P
ropylene-propanesplitter

t 6
[u[v

B 6
[[Aa
Bw 6
xy

�w 6
A uz{

S
tep

1:
D

egree
offreedom

analysis
G

iven
pressureand

feedrate

B2354 6
B<|6
v

(e.g.selectedas }

and~

,or `

and~

)23



S
tep

2a:C
ostfunction�

8 6
� 6
� �
}c
� �
� �
� w�� �
� �
~

P
rices[$/km

ol]

� � 6
vAa
� � 6
[A �
vA ��a
� w 6
[A

Typicalprofit:� Y
�

$/m
in

M
axim

um
acceptableloss`

:
0.04

$/m
in

=
20

000
$/year

S
tep

2b:
C

onstraints
.

���
�
A uyy{

(D
istillate

purity
specification)

�~@
vA
��
��� �
��

(M
axim

um
capacity)

�

(and� 6
[
��
��� �
��

)

24



W
ill

considerthree
cases:

C
ase1:� � Y

A
(cheapenergy)

C
ase2:� � 6

A u[
[$/km

ol]

C
ase3:

S
am

easC
ase2,butw

ith
feed

rate
asdegreeoffreedom

C
ase1:

C
heap

energy
(�~

�
� )

B
oth

constraintsactive

��� 6
A uyy{

(neveroverpurify
valueableproduct)

�~ 6
vA

km
ol/m

in
(to

m
axim

izeyield
ofvalueabledistillate

product)

Im
plem

entation“trivial”:
C

onstant��

and
increase~

until
achieve

m
ax.

pressure
drop

(avoid
flooding)

25



C
ase2:

T
rade-offbetw

eenenergy
and

yield
(�~

�
� ��

[$/km
ol])

M
ore

detailedanalysisneeded

S
tep

3:
D

isturbances.

�� :
30%

increasein�

�� :�w

from
0.65

to
0.5

�� :�w

from
0.65

to
0.75

�� :
Liquid

fraction
from

1.0
(pure

liquid)
to

0.5
(50%

vaporized)

�� :
S

afetym
argin

on��
:

increasepurity
from

0.995to
0.996

In
addition�\ :

20%
im

plem
entationerrorsfor0
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S
tep

4:
O

ptim
ization

��

��

}� �

`� �

~� �

`� }
�� �

�� 9:;
� �
A uyy{
A uA �A
A uzxy
[{ uAz{
[{ u�A �
vx u{�
�u{ v�

� 6
[ux
A uyy{
A uA �A
A uzxy
[{ uAz{
[{ u�A �
vx u{�
�u{ v�

�w 6
A u{

A uyy{
A uAx v
A u��z
[{ uvA v
[{ u{ v{
x [uv�
vuy��

�w 6
A u�{
A uyy{
A uA{A
A u� �[
[�u{ �x
[{ uv� �
[y uz v
{ uz vA

  w 6
A u{

A uyy{
A uA �A
A uzxy
[{ u[xx
[{ uv� v
vx uz�
�u{� [

�� 6
A uyyz
A uyyz
A uA �v
[uv� �
[{ u{y �
[z uvx v
v�u��
�u��x

N
om

inalvalues:¡ ¢
£¤ ¥¦ ¢§ ¨©ª¤« ¦ ¢
£¨§ ,¬ ­ ¢
®§ ,¬ ¯ ¢
§ ¨£

Table
1.O

ptim
aloperatingpoint(w

ith
m

axim
um

profit �� �

)

S
tep

5:
C

andidate
controlled

variables
.

�

B
ottom

productpurity
constraintalw

aysactive:�� 6
A uyy{

�

O
ne

unconstraineddegreeoffreedom
, B2354DFEGHH 6

[

�

F
rom

Table
1:C

ontrol��

at0.04
B

U
T:E

xpensive
and

controlproblem
s

�

S
ix

alternative
controlledvariablesare

considered

��a
}� �a
`a
`� �a
~� �a `� }
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S
tep

6:
E

valuation
ofloss�� 6

}� � 6

` 6

`� � 6

~� � 6

`� } 6

A uA �
A uzxy

[{ uAz{
[{ uAz{
[{ u�A �
vx u{�

�� 9:;
� �

A

A

A

A

A

A

� 6
[ux

A

A

° u± ²
³

A

A

A

�w 6
A u{

A uA vx
:;
´

A uAAA
A uAAA
A uAA [
²u°µ
¶

�w 6
A u�{

A uA [y

·u±¸
°
A uAAz
A uAAz
A uAA �
° u²
·µ

  w 6
A u{

A uAAA
A uAAA
A uAA [
A uAA [
A uAAx
A uAAA

�� 6
A uyyz
° u°¹
¶
° u°¹µ

° u°µ ²
° u°µ ²

° u°µ ²

° u°µ¸

vAº :
9» �u¼ ½½� ½
A uA [v
:;
´
° u²²µ
° u²²µ

° u²
·¾
° u²¸
°

¿ÀÁ
denotesinfeasibleoperation

20%
im

pl.error:ÂÃ ¢
§ ¨§ ÄÅ¤ ÆÇ ¡ ¢
§ ¨È©©¤ m ¢
£Å ¨§Å¤ mÇ ¡ ¢
£Å ¨§Å¤ ÉÇ ¡ ¢
£Å ¨Åª¤ mÇ Æ ¢
®Å ¨®Å

U
nacceptableloss(largerthan

0.04)show
n

in
bold

face

Table
2.Loss[$/m

in]for
distillation

casestudy.

�

Losssm
allw

ith��

constant

�

A
lso

sm
allloss: `� �

or~� �

constant.

�

P
oor: }� �

(or }

)
constant

�

A
ll

insesnitive
to

feed
enthalpy

(  w )

�

R
elatively

poor:`� }

�

Large
lossw

ith�� 6
Ayyz

(overpurification)
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Include

“feedforw
ard”from�

for`
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29



S
tep

7:
S

electionofcontrolled
variables

.Low
estloss:

0� 6
ÊËÌ ����
ÍÎÏ a

0� 6
ÊËÌ ��`� �
ÍÎÏ a

0� 6
ÊËÌ ��~� �
ÍÎÏ a

�

“T
w

o-point”structure0� :
D

ifficult(interactive)controlproblem

�

“O
ne-point”0�

or0�

preferred

P
ro

p
o

se
dco

n
tro

lsyste
m

.

�`

is
usedto

keep�� 6
A uyy{

.

�~� � 6
[{ u�A

is
keptconstant(because~

m
ay

reachconstraint).

f

g

h

ij kl

ml

n

�oi

pq
ml

pr

�sq

sr
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C
ase3:

F
eedrate

as
degree

offreeedom
�

T
hreedegreesoffreedom

�

A
dditionalconstraint

�
@
��
ÐÑ

C
onsider“available”feed

rate��
ÐÑ

asa
param

eter.

1.Lo
w

available
feed

rates;��
ÐÑ@
[uv� �

[km
ol/m

in]).
(S

am
easabove)

P
ro

p
o

se
dco

n
tro

lsyste
m

:

�`

is
usedto

keep�� 6
A uyy{

(active
constraint).

�~

is
adjustedto

keep~� � 6
[{ u�A

constant

��

is
keptatits

m
axim

um
available

value ��
ÐÑ

(active
constraint).

2.Interm
ediate

available
feed

rates; [uv� �Ò ��
ÐÑ
Ò
[u{zz

[km
ol/m

in].

P
ro

p
o

se
dco

n
tro

lsyste
m

:

�`

is
usedto

keep�� 6
A uyy{

(active
constraint).

�~

is
keptat~�

ÐÑ 6
vA

(active
constraint).

��

is
keptatits

m
axim

um
available

value��
ÐÑ

(active
constraint).

A
s��

ÐÑ

is
increasedfrom

1.274
to

1.566,the
optim

alvalue��
ofincreasesfrom

0.04
and

0.09.
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3.Large
available

feed
rates;��

ÐÑ
Ó
[u{zz

[km
ol/m

in]).

P
ro

p
o

se
dco

n
tro

lsyste
m

:
�`

is
usedto

keep�� 6
A uyy{

(active
constraint).

�~

is
keptat~�

ÐÑ 6
vA

(active
constraint).

��

is
adjustedto

keep~� � 6
[vu��

constant(alternatively,
w

e
m

ay
keep�

6

[u{zz

constant,butusing~� �

is
betterif

the
value

of~�
ÐÑ

changes)

In
this

case:�� 6
A uAy
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O
ptim

al
operation:

A
n

ethicaldilem
m

a?
B

oth
designand

operation:M
axim

ize
profit[$/m

in]

Ô½� ÕÖ 6
Ô½�×Ø
ÙÖÚ
� �Ø
¼ �
Û¼¼×
Ù�ÜÖ �
Ý � ½:
�Þ �¼Ù�ÜÖÜ

Forexam
ple

� 6
� �
}c
� �
� �
� w � �
� �
~

D
esign

��

given

�

M
axim

ize
profit �

=
m

axim
izevalue

increase �� �

[$/kg]

O
peration

�

O
ften: �

a
degreeoffreedom

(w
ith

no
effecton

prices)

�

M
axim

ize
profit�

:
O

perateatcapacityconstraint(s)and
increase�

until
zero

lim
iting

value
increase;� �� � � 6

A

�

S
m

allerspecificvalue
increase �� �

than
design

�

Lesseffective
useofraw

m
aterialsand

energy
than

design

Q
uestion:

�

A
n

environm
entaland

ethicaldilem
m

a?33



A
plantw

idecontroldesignprocedure

S
tep

Tools
(in

addition
to

insight)
Top-dow

n
analysis:

1.
C

O
N

T
R

O
L

L
E

D
V

A
R

IA
B

L
E

S:
W

hatis
the

controlobjective
and

w
hich

vari-
ablesshouldbe

controlled?
G

oal:
O

btain
prim

ary
controlled

variables
(ß àâá

ã )

S
te

a
d

y-sta
tem

o
d

e
la

n
d

o
p

e
ra

tio
n

a
lo

b
je

ctive
s

D
egreeoffreedom

analysis.
D

eterm
inethe

m
ajordistrubances.

E
valuate

the
(econom

ic)
loss,

w
ith

con-
stantcontrolled

variables
and

look
for

“self-
optim

izing”controlstructure.

2.
P

R
O

D
U

C
T

IO
N

R
A

T
E:

W
hereshouldthe

throughputbe
set?

T
he

throughputm
anipulatorcannotbe

usedfor
othercontroltasks,thusthis

choicew
ill

have
a

large
effecton

the
structureof

the
controlsys-

tem
.

T
he

optim
alchoice

m
ay

follo
w

from
steady-

stateoptim
ization,butm

ay
require

continuous
reconfiguration(m

ay
useM

P
C

to
avoid

this)
T

he
throughputm

anipulator
should

have
a

strongand
directeffecton

the
productionrate.

34



A
plantw

idecontroldesignprocedure

B
ottom

up
design:

(W
ith

given
controlled

and
m

anipulatedvari-
ables)

A
nalysis

1.
R

E
G

U
L

A
T

O
R

Y
C

O
N

T
R

O
L

L
A

Y
E

R
.

T
he

purposeof
this

controllayeris
to

enable
m

anualoperationofthe
plant

S
ta

b
iliza

tio
n

.
S

electionofm
easurem

entsand
inputsfor

stabi-
lization

(including
slow

ly
drifting

m
odes).

Po
le

ve
cto

rs
G

ive
insightaboutw

hich
m

easurem
entsand

in-
putscan

be
usedforeachunstablem

ode.S
elect

large
elem

ents:S
m

allinputenergy
neededand

large
noisetolerated.

L
o

ca
ld

istu
rb

a
n

cere
je

ctio
n

.
O

ften
basedon

secondarym
easurem

ents.
Pa

rtia
lly

co
n

tro
lle

d
p

la
n

t
S

electsecondarym
easurem

ents(ß ä

)
so

thatthe
effectofdisturbanceson

the
prim

aryoutput(ß à

)
can

be
handledby

the
operators.

2.
S

U
P

E
R

V
IS

O
R

Y
C

O
N

T
R

O
L

L
A

Y
E

R
.

T
he

purposeof
this

controllayeris
to

control
the

prim
ary

controlvariables(ã ).
D

e
ce

n
tra

lize
d

co
n

tro
l.

W
e

use
a

decentralizedcontrolstructureif
the

processis
noninteractingandthe

constraintsare
notchanging.
F

eed-forward
controland

ratio
controlm

ay
be

usefulhere.

C
o

n
tro

lla
b

ility
a

n
a

lysisfo
r

d
e

ce
n

tralize
d

co
n

-
tro

l
Pairon

relative
gain

arraycloseto
identity

m
a-

trix
atcrossoverfrequency,

provided
notnega-

tive
atstead-state.Closedloop

disturbancegain
(C

LD
G

)
and

perform
ancegain

array
(P

R
G

A
)

m
ay

be
usedto

analyzethe
interactions.

M
u

ltiva
ria

b
le

co
n

tro
l

U
se

for
interacting

process(coordination
in-

cluding
feed-forward

control).
M

P
C

is
useful

for
tracking

the
active

con-
straints(if

the
steady-stateoptim

ization
show

s
thatthe

active
constraintsarechangingw

ith
dis-

turbances).

3.
R

E
A

L
T

IM
E

O
P

T
IM

IZ
A

T
IO

N

V
alidation.

N
onlineardynam

icsim
ulation
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C
O

N
C

LU
S

IO
N

Q
U

E
S

T
IO

N

�

W
hy

do
w

e
controlallthesevariablesforw

hich
thereareno

a
p

rio
rispecifications?

(tem
peratures,pressures,internalcom

positions,...)

A
N

S
W

E
R

:

�

W
e

have
degreesoffreedom

thatneedto
be

specifiedto
achieve

optim
aloperation

�

T
he

controlledvariablesare
the

links
betw

eensteady-stateeconom
icsand

process
control

�

S
electthe

controlledvariablesto
achieve

se
lf-o

p
tim

izin
gco

n
tro

l
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