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Motivation and scope
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Motivation and scope

Scheduling
(weeks)

I

Site-wide Optimization

(day)
A
\ ]
Local Optimization
— (hours)
jmmmmmmmmmme e f
CV]
\ ]
I ¥ ]
[ |

{ Supervisory Control
(minutes)

E m CVa

Control layer

1
|

\

X ]
Regulatory Control
— (seconds)




Motivation and scope
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Motivation and scope
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Motivation and scope
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Motivation and scope
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Motivation and scope
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Motivation and scope
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Motivation and scope
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Motivation and scope
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Motivation and scope

S6: supervisory control layer
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Active constraint switching with classical advanced
control structures
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Active constraint switching with classical advanced
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Active constraint switching with classical advanced
control structures
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Design procedure for active constraint switching with
classical advanced control structures

u  Define control objectives, CV constraints and MV constraints ]

» Organize constraints in priority list

u « ldentify possible and relevant active constraint switches ]

» Design control structure for optimal operation

u » Design control structure to handle active constraint switches ]
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Design procedure for active constraint switching

Case study: Wair |
Mixing of
air and MeOH A’Ij—l

. Sp
U,=m -
2T _MeQH_ @ — @ Y2=Mtot

—©

o |
|||a|r
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Design procedure for active constraint switching

[ Step Al: Define control objectives, CV constraints and MV constraints ]
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Design procedure for active constraint switching

[ Step Al: Define control objectives, CV constraints and MV constraints ]

2 MVs
2 CVs
o : @
' Y1=XmeoH

I
—

@ Y2=Miot
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Design procedure for active constraint switching

[ Step Al: Define control objectives, CV constraints and MV constraints ]

2 MVs Control objectives:
2CVs * Keep Y1 = Xyeon = 0.10 € ideal
& * Keep Y1 =Xyeon > 0.08
ol « Control Y, = My, < ideal
Y1=XmeoH
|

I
—

@ Y2=Miot
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Design procedure for active constraint switching

[ Step Al: Define control objectives, CV constraints and MV constraints ]

2 MVs Control objectives:
2 CV
Vs * Keep Y1 = Xmeon = 0.10
N * Keep Y1 =Xyeon > 0.08
air [

« Control Y, = My,
Variable Units Maximum Nominal
Y1 = TpeOH kmol /kmol 0.10 (.10

Y2 = Ttor kg/h 26360
Uy = Mlair kg/h 23920
ke/h — 2940

Uy = MpfeOH

u, is has a maximum value
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Design procedure for active constraint switching

Step A2: Organize constraints in priority list
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Design procedure for active constraint switching

Step A2: Organize constraints in priority list

s nin

(P Physical MV inequaliy constraints 7 102 ST AW
(P2) Critical CV inequality constraints * Constraint (max and min) on Xyeon (Y1) o < Tmeon < X4fton
(P3) Less critical CV and MV constraints + Setpoint on Xyeon (Y1) TMeOH = Lpjeon
(P4) Desired throughput « Setpoint on my, (Y,) Mot = Mypy
(P5) Self-optimizing variables * No unconstrained degrees of freedom
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Design procedure for active constraint switching

[ Step A3: Identify possible and relevant active constraint switches ]
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Design procedure for active constraint switching

[ Step A3: Identify possible and relevant active constraint switches ]

« Case 1: CVto CV constraint switching
One MV switching between two alternative CVs.

O -—rheo-v--
sp |
U2 €1 ) | |
< ) " Y1 T & |
) u | V2= ¢ Yz
min/max »| Process
_sp |
Yo €9 j e P
ﬁ—n Cly U Y2 | U=y = min(uy, uz)
i
W -
— —
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Design procedure for active constraint switching

[ Step A3: Identify possible and relevant active constraint switches ]

« Case 2: MV to MV constraint switching

More than one MV for one CV.

Split range control

y*r

wP ul"" AUy or
q W™ A,

>

Valve position control

32

4

Uy

Cy

5]

Process

sp
W

v" =y + Ay

€1 U
A ,
Y
Process >
Usa

€2
%| -

Different controllers
with different setpoints
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Design procedure for active constraint switching

[ Step A3: Identify possible and relevant active constraint switches ]

« Case 3: MV to CV constraint switching
MV controlling a CV that may saturate; no extra MVs

é e e Input satur_ation pairing rule
Process «an MV that is likely to saturate at
e (2 u2 v steady-state should be paired with a
% — = oo CV that can be given up»
MV that does not HigrEority CV: L Low priority CV
saturate always controlled
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Design procedure for active constraint switching

[ Step A3: Identify possible and relevant active constraint switches ]

« Case 3: MV to CV constraint switching
MV controlling a CV that may saturate; no extra MVs

sp
€1 ) 51 ! Yy 1' €1 y U1 - | Uy i1
> C1 - - | Ch |—>| MV-MYV switch -
likely to saturate can be given up ?‘l can saturate cannot be given upl

sp
- é
+3
sp
s %
8

Process Uz2,2 Process
sp
2 [ ] (2 Y2 Ya ez l u2,1 l U3 Y2
Cy P Cy selector
L= 1 | never saturates | cannot L1 L [Tnever saturates can be
be given up given up

Following input NOT following input
saturation pairing rule saturation pairing rule
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Design procedure for active constraint switching

[ Step A3: Identify possible and relevant active constraint switches ]

» At nominal operation point all

. . g Variable Units Maximum Nominal
ConStraIntS are SatISerd Y1 = TrreOH kmol /kmol 0.10 0.10
Y2 = Tigot kg/h 26860
« Constraint switch: w1 = Mair kg/h , 23920
. . Us = Mase ko /1 2940
« Reach maximum air flow (u,) s = Mucon  ke/h

v

» Lose a degree of freedom (case 3)
* Must give up controlling the
constraint with the lowest priority
(desired throughput)




Design procedure for active constraint switching

Step A4: Design control structure for optimal operation
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Design procedure for active constraint switching

Step A4: Design control structure for optimal operation

Following input
saturation pairing rule
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Design procedure for active constraint switching

Step A4: Design control structure for optimal operation

Case A Case B _
MV likely to saturate MV likely to saturate
By A Low -
:nvj__@___uf@ﬂs"_%@e : Y2=Miat | /prlorlty | Y1=Xmeon
T~ Mo _
{j | Ur=rgie | toreactor ﬁ ™ ug=rig, | toreactor ngh

priority CV

XMEOH Up=Myeon™ @ _ T["‘_:p — _LEZTM_EO_HSP_ - @
___@ _______ —| | @ Z_. | : not always
Zmeot | | ‘ %i‘r | Fieon | YoMt controlled
% | ‘
|
|
|

~— |

_______________________ I S
Following input NOT following input
saturation pairing rule saturation pairing rule
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Design procedure for active constraint switching

Step A4: Design control structure for optimal operation

j-lg' U=m | toreactor
j —
3 sp
XMEO! Uz=MmeoH @
- .
Z\MeOH |
} i | Myeon : Y1=Xueo
I |
\ |
I ~ N |
|

Following input
saturation pairing rule

39

Case B Needs MV to CV
switching
e
XwEOH” __ _upEthg - | Y
TOmEe, 6
ﬁ | U= | toreactor
_”;_a@__“_zﬂwo:;_: @ n
 geee] T
: ~— :

NOT following input
saturation pairing rule
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Design procedure for active constraint switching

Step AS5: Design control structure to handle active constraint switches
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Design procedure for active constraint switching

Step AS5: Design control structure to handle active constraint switches

Case B-SRC Case B-VPC
Split range control+selector Valve position control + selector
| T T T T T T T T T T T T @g_""._,Z""""""""“l
Xmeon " ke 1 Ug=rh 4 XMEQH o _UiTMair _ |
9@- _______ @ - _‘ = : @ : Y1=XMe0H !
2| : } Y1=XmeoH | Wy P @ o | | |
!_T‘MeO_HSRC Wair | - —— ==l \
_i } P q(? . s;,: _D_l—./'_"\
: 1 Mo | to reactor M wMeOH,vPC : | Mg | to reactor
| -= ’
Neot i " Uz=Myeon™ jhimi] —_ _T“‘loi
@ R el ® ACRRR TR O @
ZMeOH I\/fmtct | | Y25 Mot
i CRL : | I FL |
|
: | : ~— :
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Design procedure for active constraint switching

Case study: Mixing of air and MeOH

MV1 is saturated:

: . _ lost degree of freedom
High priority CV: concentration

Y1 = TMeOH

— 3P
% 10* up=m

air

I
[
o

T
Case A —-—-= Case B

g
o))
T

p—————
——
——

o

=

)
N
=

Mol fraction (-)
=]
=
)~

Mass flow (kg/h)
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=)
<o

g
=]

heid
wn

g
o)

D
o)

Mass flow (kg/h)
g
Mass flow (kg/h)

20 40 60 80 100 120 0 20 40 60 80 100 120
Time (s) Time (s)

Low priority CV (throughput)

o

MV?2 is not saturated:
It should be used to control the high priority CV
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MV to MV constraint switching

Split range control Different controllers with
different setpoints
Standard split range controller sp
Im==----------- /) €1 Uy
: lu.fim, . »{-5¢ (71
ap 1 | ) 1
Y € v L > ] J
oV —{ C SR| ! Process > . . . Process
' i Yo =Yy + Ay € Uo
I : ? r (—"2
Valve position Y LR
1
control
)

Process >
csp f ul"M AU or
(o maz
1 T —Auy Ug
v
-]+ (; 2
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Classical split range control

INSTRUMENTS AND PROCESS CCKTROL

Information Sheet 9§

KALINE CLEANER  RINSE PICKLE TANK RINSE  TIN PLATING BATH  RECOVERY  RINSE é ey P ) P
AR TANK TANK TANK TANK TANK E 8 =Tttt
= / cv - EaH
- R ] ) inokAT NG ‘§
— - TEMPERATURE 0
CONTROLLER )

@ _© 20 60 100

TIN PLATING BATH
TANK

‘) suPeLY

]
L DIAPHRAGM
oot | <= e MV1 Eckman, D.P. (1945).
ijm <2 Principles of industrial
‘::. control, New York.
“
J oopimacn

WITH POSITIONER

N MV2 Monogram of Instruments and Process Control
'——*C : prepared at Cornell, NY, in 1945

Fig. 125 - Temperature Control for a Tin Plating Path

Courtesy of Taylor Instrument Companies
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Classical split range control

(5]

max

max
g

Uy

100%

“'llnm “_t_;lul

0

Manipulated variable (u;)

0 vt =50%  100%

Internal signal to split range block (v)




Classical split range control

T

100%

v internal signal to split range block-> limited physical meaning

v¥  gplit value

u, controller output = physical meaning

0

Manipulated variable (u;)

* _ rO07 Cc 1 i
vt =50%  100% a. gain from v to ui = slope

Internal signal to split range block (v) i
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Classical split range control

[
sp , : uy
yt e ) v "l Ry - ; Y
v T C ! G >
, '
' 1

100%

v internal signal to split range block-> limited physical meaning

v¥  split value - degree of freedom

u, controller output = physical meaning

min
uj

0

0

Manipulated variable (u;)

* _ rO07 Cc 1 i
vt =50%  100% a. gain from v to ui = slope

Internal signal to split range block (v) i
u; =uio+a;v Vie{l,... N}
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Classical split range control

1o

]
o ' Lo
yt e ) v "l Ry - ; Y
o T (__, ! C‘! >
, ]
1 1

3" v internal signal to split range block-> limited physical meaning
< v*  split value - degree of freedom

= : :

E | upe U controller output - physical meaning

27 = 100%

of gain from v to ui - slope

Internal signal to split range block (v)
u; =uio+a;v Vie{l,... N}
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Design of split range control: select slopes

SRC
Goal: get desired loop gain lg C| PP o ) w —] y

1 o T C ! G

at crossover frequency We = — ? : e
7C ’ __________ Sliblod—
1 4‘_/
C(s) = K¢ (1 + —)
TIrS
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Design of split range control: select slopes

SRC
Goal: get desired loop gain lg C| P o o ) w — ! y

1 o T (: ! G

at crossover frequency We = — ? : S
7C ’ __________ Sliblod—
1 4‘_/
C(s) = K¢ (1 + —)
TIrS
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Design of split range control: select slopes

SRC
Goal: get desired loop gain lg C| . = — = ., __
) ¥ K (3: C v w N G Y
at crossover frequency . — — ; SN —|
7C ’ __________
1 4‘_/
C(s) = K¢ (1 + —)
TIrS
Fast process (I ; Slow process
K, = %= : L
Desired DOF Common © & © v Desired DOF Common
gain for u; gainin C gain for u, gainin C
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Design of split range control: order of MVs

Define the desired operating point for every MV

Group the MVs according to the effect on the CV

Within each group, define order of use

least expensive most expensive
MV C—

most used
least used

closer to the nominal operating point
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Design of split range control

Standard split range controller
: ----------- _.-_f_r'.-;ai 1= Tamh
| lu e l(
sp T‘s]) E E uew |:GIJ:| T
yP =T 3 v - e y= aEW
C e o [fn | g
' : (Room)
: 1 UEH
E : Avpac Avew Avgw AvEH
\ : v =0 v=1 .
--------------- Internal signal to split range block (v) g
U, = U : air conditioning (AC) U, = Uy, - heating water (HW)
U, = Ugy, : cooling water (CW) U, = Ugy : electrical heating (EH)
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Classical split range control: a compromise

1N SRC ...
C — K 1 _|_ —_— s E ) . 1o : uy 2
(S) i( ’TIS) Y ?( o w o AN

2 tuning parameters

100%

Kci= aiKc

i

1 DOF

0

Manipulated variable (u;)

0 =959 100%

Internal signal to split range block (v) .
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Generalized split range controller

Generalized split range controller

1 .
| luizru : d
1
1
1 ' .
I 'U.l 1 p
1
: | Cy > t 1 Gy
1
1
! :
1
! |
1
1
1
sp ' o Baton ! )
ﬁ,@ e G U, ot Ly G Y
T =~ C; = strategy >
_ . ' sy I (Process)
' logic '
1
1
1
: o .o |
' ' '
1 TIN ' UnN
1
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Generalized split range controller

Generalized split range controller

]
5P Baton i 1
- @ Stlrj;!fy i (Pr(f::(!s‘ ) d
[ .i
Preliminary step:
» Define order of use of MVs (j=1,...,N)

* Tune controllers
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Generalized split range controller

«Baton strategy» logic

Generalized split range controller

H uhim d 1 1 1
! , (S k is the active input
: c, 1 Lo
: ! ; +  C, computes u,’ (suggested value for u,)
E ' ° min ’ ma;
4 o |C_| ul f;fon E . a y If Uy ing Uy < Uy X
' 't stra ?E‘Y ' Process . y
: logie | ( ) +  Keep u, active and u, €& u,
H [ ] ® E N . . T
5 e m . Keep remaining u; at limiting value
: - ’ + else

«  Setu,=u™"oruc<u > depending on the reached limit
*  New active input selected according to predefined sequence

Preliminary step: (= k-1 or j=k+1)
= K- J:

» Define order of use of MVs (j=1,...,N)

* Tune controllers
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Generalized split range controller

«Baton strategy» logic

Generalized split range controller

H uhim d 1 1 1
! , (S k is the active input
! '(“_,1| y H 1
: ! +  C, computes u,’ (suggested value for u,)
E ' ° min ’ ma;
Y e ! o L% f“i"" Do G y If u < U< ume
' . stratesy: o Process . y
: logle 1 ( ) +  Keep u, active and u, €& u,
H [ ] ® E N . . T
! et ﬂ . Keep remaining u; at limiting value
: — ' + else

«  Setu,=u™"oruc<u > depending on the reached limit

.. * New active input selected according to predefined sequence

Preliminary step: (= k-1 or jk+1)
= K- Or]: +

» Define order of use of MVs (j=1,...,N)

* Tune controllers The active input will decide when to switch and
will remain active as long as it is not saturated.
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Generalized split range controller

Generalized split range controller

_____________________________ d= Tamb

: l“hm. : l

1 1

1 1

] r ]

u ? L . .

. \ AC v dAC Active input (input with baton, uy

1 N ()1 1 p P

: : Value of ul, U] = Upc Uy = UCW Uz = Ugw Uy = URH

1 1

. . utt < uf < uf® keep up active  keep ug active keep ug active keep ug active

ol ;
, o ey Vo Uow uy 4 uh up up ¢ utn uy ¢ uptnt
F—{ L2 p = ; i
P ! Baton ! |:GP:| - Uy ues up 1 ug  uin Uy  min
= . et = )
Y ® € strategy ! Gy Y g up uy e un us us e uype
A : ’ul ) lUglC : w ) Uy — uzzin uy — uamn Uy — ugnm Uy — ug

| C HW  UHW (Room) X -

! 3 T uy > uper keep u; active  baton to uy baton to wuy keep uy active

\ \ k k

! ' (max. cooling) u§ = ufr" u = upin (max. heating)

1 1

' 1,-,’;,5 I ' oupm ), < up baton to us baton to uz baton to us baton to uz

— ‘4 0 _ , max 0 _ , min 0 _ , min 0 _ , max

1 T 5 = U- o= U 5 = U h o= U

! T Uy = U Uz = uf Uy = uf Uz = uf

1 1

1 1

1 1

1 1

1 1

U, = U, : air conditioning (AC) U, = Uy - heating water (HW)

U, = Ug, : cooling water (CW) u, = Ugy : electrical heating (EH)




Generalized vs standard split range controller

Ambient temperature (d = T%")

Time (min)

—_
n

——Generalized |
— — Standard

—_
o
-

- =P

<

o
5 30f |
E 20 m,_____\: ______ = = o Manipulated variables
E107 1LOF=-=== ' A ———
E ' ‘ -~ 05+ p / .
S0 100 200 300 400 57 0.0 b= _J‘ { _
' Uac — UcwW Ugw —UEH
;O Room temperature (y = T) _0'50 100 200 300 400
©20] ‘ ' -
=
5
o
=
L
H

100 200 300 400
Time (min)
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Generalized split range controller: initialization
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Generalized split range controller: initialization

1 t
w = ug + KC,k (6(15) + — S(t))
TI,k Jt,

This suggested input was This accumulated error is
not being applied while not due to the previous
k input k was not in use actions of input k
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Generalized split range controller: initialization

Only use error Resetting:

when | receive

the baton 1\ (4
' uﬁﬂ(t) = ug + KC,k (6(15) + — S(t))

( /7

o k
uk(tb) = ug -+ KO,ke(tb)

A

Initial action proportional to error at t,
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Generalized split range controller: initialization

| was keeping

track of the Back-calculation:
applied input

trategy
X ' mas
e=y" -y r= u; R 7¥
‘ Kei 4 _/_ Process
v' u:."i“
7 IS oY

66 @ NTNU




Generalized split range controller: initialization

. Resetting:  w(ty) = ui + Koxe(ty)
Ambient temperature (d = T%") 9 g
$30 — : Back-calculation:
Bat.

% 20 = B strategy .

= e=y" -y /] O Ui L
%10 i —Tamb &l S _/_ i
= L1 = | ® —e—

H 1 1 1 1 1 L I Ijl €y

0 50 100 150 200 250 300 350 400 L
Room temperature (y = T)) Manipulated variables

U T T T T T T T T T

.20

2

2 O

S50 Resetting integrator e

2, - — Back-calculation

g ----- Tep UAC =———UCW UHW UpH
=10 : ! ! ! . : ! -05 ! 1 | | L | I

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Time (min)

Time (min)
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Generalized split range controller vs MPC

Ambient temperature (d = T™)

] . .
R e ) I Manipulated variables
< T T T
g 10/ _ pamb R — S —— g """
= : ‘ : 05

0 100 200 300 400 e 1&CN /‘ ot
_ Room temperature (y = T)) 0.0 = S E—
0020 ' ‘ , U A ——UCW UHW Upyg
° 0.5 ‘ ‘ .
5 - 0 100 200 300 400
8 5] 1 Generalized SRC | Time (min)
2 ——--MPC
E _____ T&[I
=10 ' ‘ '

0 100 200 300 400

Time (min)
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Multiple controllers with different setpoints

Does this make sense at any point?

=
vy el Uy

.‘:"P o .‘!"p F,
Yo =Y, + A?;”? € o Us
Eal + . -:2 -

Y

Process
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Multiple controllers with different setpoints

Input Setpoint
usage m Ay deviation

J(ug, Ay®P)
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Multiple controllers with different setpoints:
Optimal setpoint deviation

Linear for u and quadratic for Ay Inputs are a linear function of output

u; = k; Y+ uip

J = puu +py(y —y)? +c
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Multiple controllers with different setpoints:
Optimal setpoint deviation

Linear for u and quadratic for Ay Inputs are a linear function of output

J = puur +py(y —y")* +c Ui = ki Y+ uqp

\ Cost when using u, as input /
J = pu ki v+ py(y — y°F)° + i + puytino
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Multiple controllers with different setpoints:
Optimal setpoint deviation

Linear for u and quadratic for Ay Inputs are a linear function of output

J = puur +py(y —y")* +c Ui = ki Y+ uqp

\ Cost when using u, as input /
J = pu ki v+ py(y — y°F)° + i + puytino

dJ

&y =0
Optimal . ] o ko
setpoint deviation AyP =y* —yP = — ’;k
minimizing cost Dy
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Multiple controllers with different setpoints: Case study

T, m
55}

Q,c © air conditioning
Q. : heating water

Qgy : electrical heating
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Multiple controllers with different setpoints: Case study

Cost: linear for u and quadratic for Ay
Jenergy
J = ?ACQAC;‘I'?HWQHWL‘I’?EHQEI—;-F?T(T - T";p)i [$/ 5]
Tamb P;:Ll p;;g p;;‘? py(yry“qp)g
Qac | e T m
553 '
N a.
22¢ N a.
L S
% Tr, Mg E

Q,c © air conditioning

Q. : heating water

Qgy : electrical heating
75

@ NTNU



Multiple controllers with different setpoints: Case study

Cost: linear for u and quadratic for Ay
Jenergy
J = ?ACQAC;+}3HWQHWL+1PEHQEHE+?T(T - T";p)i [$/5]
a T amb P;:Ll P;:bz P;{Ls py(yrysp)g
AC | I,
%+=‘ T,m . .
5599 A Inputs (Q,) are a linear function of output (T)
... m,
G
N a. 0= a(T"™ —T) + Quw + Qerr — Qac [W]
222 M ax
L S
% TrL, Mg E

Q,c © air conditioning

Q. : heating water

Qgy : electrical heating
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Multiple controllers with different setpoints: Room T

Cost: linear for u and quadratic for Ay

Je 11111 5
J = ?ACQAC;‘I'?HWQHWL‘I’?EHQEI—;-F?T(T - T";p)i [$/ 5]
T amb priy paz paus py(yryﬁp)g
e Tm | |
5599 Inputs (Q,) are a linear function of output (T)
.o.. m
. v
P a. 0= a(T™ —T) + Quw + Qerr — Qac [W]
222 M an
Quw M 1 Optimal setpoint deviation minimizing cost
ﬁ TrL, Mg E
A sp.1 — Tsp . Tsp _ OPgc
o ! e "oy
Quc © air conditioning AyP? = v — _YPhw
: heating water o 2pr
Qhw ing w Ay = T3n T _ QPel
Qg : electrical heating 2pr
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Multiple controllers with different setpoints: Room T

5] apac
) ) AySp’lsz TP — 4
Optimal setpoint ac 2pr
1ati sp,2 s APhw
- dgw_atl_o_n t Ay*P? =Tih, — T = oo
—_— minimizing cos
&ﬁ TJ m g .9}'),3 _ sp sp __ apf’l
§559 Ay =Ty =T = -
o) m 2pr
e«
M ,
222 N a. 5
Q jm 2R =y
HW 7]
ﬁ Te, Ma E 2 —
=_ 0 Qac
= —Qru,Qunw
I
o
Q,c © air conditioning ‘<>]'¢-1’
. heating water 2
Quw g 0 2 4 6 8 10
Qgy : electrical heating p./Dy [°C%/kW]
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Multiple controllers with different setpoints: Room T

‘ld
d —_ Tﬁmb yap.l — :UHP + Aysp‘l e («, 1y
(S 41 N
Y =y 4 Ayl e s Yy
6‘ b (&) Room
O|_|20_ [ F— ?;5])3:!;3P+A?;“P‘3 (33 p [.[3
< o
- il
0
U; = Qi
22} — 4y P
| |
0 Z
O|_|20 | 2 L QAC'
e Quw
= | o4 —Qrn
18 Y N e B
0 5 10 15

time [h]
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Multiple controllers with different setpoints: Room T

) .50
d = Tam ? 40+ —Different setpoints ’
"‘15 - -SRC
30 .
—_ T Constant setpoint
O e e =20 J
e E 0 Lower accumulated
___Tsp s | . . .
SR R c | | cost with minimum
0 . ‘ < o 5 10 15 setpoint deviation
0 5 10 15 time [h]
Y= T U; = Qz
E‘ 4 __’f___r ________________ ;_‘- __________
o | - ==
oL) 20t < LY [ Qac N r\_—
il ___TTr =21 Quw ===
—~ —— Different setpoints Q'; : —Qrr |
- —SRC | = =SRC 1
15 ' ‘ 0 = —
0 5 10 15 0 5 10 15

time [h] time [h]
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Final comments

« Steady-state optimal operation may be easily achieved using PID-based
control structures
— Chapters 2,3,4: active constraint switching
— Chapter 7: optimal setpoints
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Final comments

« Steady-state optimal operation may be easily achieved using PID-based
control structures
— Chapters 2,3,4: active constraint switching
— Chapter 7: optimal setpoints

« Useful to systematically define control objectives, feasibility and tools
— Priority list of constraints
— Control structures available for each type of switch (CV-CV, MV-MV, MV-CV)
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Final comments

« Steady-state optimal operation may be easily achieved using PID-based

control structures
— Chapters 2,3,4: active constraint switching
— Chapter 7: optimal setpoints

« Useful to systematically define control objectives, feasibility and tools

— Priority list of constraints
— Control structures available for each type of switch (CV-CV, MV-MV, MV-CV)

» Possible to improve performance of PID-based advanced control
— Chapters 5, 6: design of split range controllers
— Chapter 8: improved level control
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One final comment

« The “gap” between theory and practice can be in both directions

Centrifugal governor used in steam
engines in the 1780’s:

Proportionally controls fuel flow to
maintain engine speed.

Theoretical investigation started about
a century later.

FIG. 4.-—Governor and Throttle-Valve.

Astrom, K. J., & Kumar, P. R. (2014). Control: A perspective. Automatica, 50(1), 3-43.

84 @ NTNU




Systematic design of
advanced control structures

Thank you for your attention!

Norwegian University of Science and Technology
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