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Outline

v Interaction

v Control of multivariable processes using SISO
controllers

v RGA

v Control loop pairing
v Decoupling Control
v Multivariable Control
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Degrees of freedom

How to determine the maximum number of variables
that can be controlled in a process?

Hot Oil

Hot Oil
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S&



Degrees of freedom

S&

A basic requirement :
Number of valves (actuators) > number of controlled variables

[ This is a necessary but not sufficient condition in order }

to satisfy the control aims!
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An example!!!

4

A

b

Interaction

These cars

Are they controllable independently?

Does It exist interaction?

£= 2w
o~ v
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Interaction

These cars

Are they controllable independently?

Does It exist interaction?

Linked by a spring
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Interaction

These cars

e Are they controllable independently?

e Does It exist interaction?

Rigid link

Prof. Cesar de Prada ISA-UVA
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Reactor

o e e

| L Reactant
T 2hi:

DE > Reactor
Coolant

l Product
Input output interaction in both variables

Open loop interaction / Not necessarily equal to closed loop
Interaction
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MIMO (Multi Input Multi Output)

Systems
Inde Y1
pendent Clpnemiile o Dependent
Manipulated Process +—— VY, Controlled
variables S FaTEETE Figer variables
Y3

Yi(8) | [Guls) Gu,(s)
Yz(s) e G21(3) Gzz(S){

Ul(S):| Interaction
| Y5(8) ] [ Gauls) Gau(s)

U, (s) Directions
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Controlability/Operability

A process Is said to be controllable/operable if the
controlled variables can be kept in its set points in
steady state, in spite of the disturbances acting on the
plant

Model

CV1 Kll K12 le Kdl
of a 2x2
process CV2 _K21 K22 i MV2 _Kd2 5

1
_I_
O

Mathematically, for a process to be controllable, the gain
matrix of the process should be able to be inverted, that Is, its
determinant should be K # 0.

Prof. Cesar de Prada ISA-UVA 10



Controlability/Operability

A process Is said to be controllable/operable if the
controlled variables can be kept in its set points in
steady state, in spite of the disturbances acting on the

plant

Model |\/|V1 K11 K12 = CV1 Kdl :
of a 2x2 = oy D
process MV2 K 21 K 22 CVz K d2

S&

that maintain the CV’s on spite of the value of the DV’s.
(Assuming they remain within the appropriate range).

If the determinant K # 0, then we can find values of the MV’s

Prof. Cesar de Prada ISA-UVA
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Controlability

In this blending process

» Can F,,and x,,, be controlled independently?

* Isthere interaction among the process variables ?

Fa, Xa

Fais Xam

X, = Cte.

A ] s AR, = AF, + AF

F 1-x.)F i
sy e e %) B AE FaXs S AD
e (F+FL)° | (F, +FA)° .
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1 1
[AFM }z (1_XA)FA e FAXA {AFA}
Sl e e R R e

£h FAXA FA (1_ XA) e e FA

e o

#0

Yes, the process is controllable!

Would it be controllable if x,. were different from zero?
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Interaction
U, Y1
Open loop . @
{Yl(s)}_ “
Y, (6) |
[6.6) GLETU,E) =
[Gu(s) Gpu(s) ] U,0)
i G12
How does it behave Y-
in closed loop? 1 G,y <> :
P e B i ey R R R
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Interaction
Wy | U,
S R 1 Gy @
Y1
: Gy
Control with SISO
controllers R
. G12
W2 y
R 3 Wai il
“o— R, G,, D >
7 N u2
Prof. Cesar de Prada ISA-UVA 15
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Closed loop

Wl ) 4 u
Yy, =Gpu; +GLu, = »D— Rl 1 > Gll Q-
:GllRl(Wl_y1)+GlzR2(W2_yz) G Y
Y, =G,U;, +G,U, = 21
=G, R (W, —y) +G R, (W, —Y,) ® GlZ
W v Y
4 ><A> > R2 > G22 :() 2:
U
GllRl GlZRZ
W, + (Wz _yz)

LR E R L iGR

G,.R G..R
iyt o St (Wl =3 yl) it il W,
1+ G,,R, 1+ G,,R,
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Interaction

i S R ! g G L d
G, R, G.,R, T 121 iy (ERTS
“=er ViR WY -
- 1|1:{ 1 11 1G - > GZl
L .
riddy 221X 9 12
W ) 4
—~d— R, N Gy, b5
G..R G..R G G..R
=168, " T16,R, Y T1eG Fla =Y = LR, )
117 11 22 22
Vi G,R;1+G,,R,)-G,R,G, R, W G,R,

(1+GllR1)(l+GZZR2)_612R2621R1 1 (1+GllR1)(l+GZZR ) GlZR GZlR 2
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£ v u
w, Y w, affect y, & R, 1 | G, - y
If G,, or G,,are =0 the closed e :
loop dynamics is the one of a - —
SISO system u, --- y,; 1 G
1212
If R, is commuted to manual W |
! AHG SRl R e 1P i
the dynamics of loop 1 changes himE  E 1222 iR e
2
Y, = GuR;(A+G,R,)-GR,G R, W. + G,R, W
1 1 2
(1+611R1)(1+622R2)_GlszGle £‘+GMR1)(1+GZZR2)_GlzRZGﬂRl
yl £ GllRl W1 + GlZRZ W2 y1 1T GllRl W1
(1+G11R1) (1+GllR1)(1+GZZR2) (1+GllR1)
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Sa
Interaction

U,
U
: |:V
g N T
>
J
l Condensate
Urmadamnine EGIMHEIE R
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Reactor

Coolant

l Product

Input output interaction in both variables

Open loop interaction

Prof. Cesar de Prada ISA-UVA
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Reactor
e
S . o ‘:
2
@ ok
i | | Reactante
il T it
ok Reactor
Refrigerante
l Producto

Input - output Interaction In both variables

Closed loop interaction

Prof. Cesar de Prada ISA-UVA

S&

21



S&

Interaction

v How to measure the degree of interaction?

v Is IS possible to control the process using SISO
controllers?

v If so, which Is the best pairing of input — output
variables?

i " Y1

Prof. Cesar de Prada ISA-UVA 22



Steady state gain matrix

{yl} I {kn ku}{ul}

y2 k21 k22 u 2

The steady state gain matrix is not a good measure of
Interaction:

v'It depends on the units of the different variables

v'It does not reflect the main characteristic associated
to Interaction: the change in gain in a control loop

when other loop switch from auto to man or vice versa.

Prof. Cesar de Prada ISA-UVA
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Bristol Relative Gain Array  S&
(RGA) Bristol 1966 McAvoy 1983

E iR oy, A\, measures the
ou; fikih change in gain
Yii Au o Ap A St ] between u, and y,
AR S oy, in the experiments
ou . described below
J Y =Cte;Vm=i

o i My _f
U, Y1 Uy Y1

[
|

Y
y

Y2 Yo

Prof. Cesar de Prada ISA-UVA 24



RGA =

The RGA can be used to choose adequately the pairing
of manipulated and controlled variables in MIMO
systems, selecting those pairs with minimum
Interaction in steady state (or at any other frequency).

%=1 == Best choice

oy,
7\' i auj U, =cte;Vk#]j 7\‘i,j :O (;112 (;JZS
i A )
oy Aj =0 y, 08 0.2
Guj Y =Cte; Vm=i

L. <0 —=> Instability

1]

Prof. Cesar de Prada ISA-UVA 25
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RGA

Uy Y1 Ay
A G Ay, = Ky Au, +Kp,Au,
Y2 Ay, =0 =Kk, Au, +K,Au,
u u
K, K ‘ = :
Ay, =k, Au, — 22 Au
1 ot 22 i k11k22 P k12k21
Ay, i K, K., —K,K,, Yil KKy —Kpky o Kk, —kpKy,
Augl, g, K,, Y — KKy K11K 2
k k k k11k22 e k12k21 k11k22 i k12k21
7‘*11 =i 11 i L=} 22
k11k22 i k12k21 k11k22 ie k12k21
Ko,
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: Distillation Column

% %
0.99 -0.82] %
G(0) =
0.38 -0.35] %

L V

RGA x,[99 -89
X,| -89 9.9

Strong interaction associated to
the pairing (L X;) (V X,)

Instability with (L x,) (V X,)

Prof. Cesar de Prada ISA-UVA
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RGA

RGA(G) = A(G)=Gx (G

GL F _2} Sum of elements of a RGA
i row or columnis 1
., [ 04 02
P ey RGA does not depend on
L [04 08 the units or scaling of u
A(G)=Gx(G™) {06 04} and y

When dealing with asymmetric processes, the inverse matrix can
be substituted by the pseudoinverse :
ihis Matlab RGA = G.*pinv(G)’

Prof. Cesar de Prada ISA-UVA 28
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Example
] 046 -0.35]
Y, RS e :
= u, pinv(G) =|-0.02 0.26
Y, 0 4 05
redl 1 0.14 -0.08 |
ul u2 u3

A(G) = Gx(G)T :{yl 0.91) -0.05 0.14 }

y, | 0 ~0.04

y; must be paired with u,

y, must be paired with u,

Prof. Cesar de Prada ISA-UVA 29



[ 16.8 30.5
G=|-16.7 310

Example RGA

Ll
-1.41

| 1.27 541 5.40 |

Y1
Y,
Ys

ul u2
[ 1.50 0.99
-0.41 0.97

-0.08 -095

The only admissible SISO pairing Is:

e sy Yo aean

With a higher interaction in the third loop

Y3

e U3

Prof. Cesar de Prada ISA-UVA
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0.45

2.03 |
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RGA
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G=|-16.7 31.0 -141

oy,
}\’ 8UJ U, =cte;Vk=j
i,j I
oy,
ou .

] Y =Cte; Vm=i

6.8 805 =311

| 1.27 541 5.40 |

S&
RGA

u u, u,

y[(150) 099 148

y,| —0.41 ‘ 0.45 RGA
Y,| 008 -0.95 203 |

Notice that, if A > 1, when changing
from auto to man, the resulting gain
will be larger than before and, likely,
the loop will tend to oscillate. By the
contrary, if A < 1, will provide a slower
response.
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Distillation Column

Rt Reflus
[kgimin] Top [ka'min] T-:up_ _
Iw Composition 2] a29 Compaosition [3]

| 94.5 B

2> E o

Controller Conwrcller Setpoint (%]
g Clutput [

Feed Flomw Output [] l Feed Fl_nw | 94 5
[k.gimin] | A0.0 [k.gfmin] 43.4

| 536

[Dizturbance]

| 596

[Dizturbance]

Conkraller
Controller
Steam . .
(katmin) Cutput 3] (katmin] Output <]

213 | 478 KL I
E ! Setpoint [*]

g ? g -

~
- Battom |
Bottom | 2B Composition [] Al

Composition ]

e
e
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Top
Comp. [%]

Top
Composition [*]

Top
CO [%)

Controller

Clutput [*]

Feed Flow
[ka'min]

| 500
50

| 598

[Dlizturbance|

[ka'min]

| 213

BEE
<

Boktam
Comp. [%]

Contraller
Clukput [%]

| 47.9

Bottom
CO %]

Compaosition [+]

Eottom

B

1 1ur. weow ule Prada

i HlikGaetaimioage s
it el 60s+1
o K,e ®** 0.815e*
R A T o B
ISA-UVA
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Fead Flow
[k.gimin]

| 59

[Dlizturbancs|

Feflu
[kgfmin] R
IW Compaosition [3]
B
ﬁ? >
Controller
Cutput [
BET
5 Contraller
[k;fn?;] Cutput 3]
S BE
53
47.9

Top
Comp. [%]

Top
CO =]

Biattan

Comp. [%]

Bottarm
CO %)

W

Bottom Iizﬁ

Composition []

925

K,e ™™ —0.894e 2%

Gy, = =
7,5 +1 54.3s +1
Kpe %  —0.236e°%

G Poptii
T,,S+1 41.9s+1
ISA-UVA
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Fefluz
[kafmin] Top
Iw Campaosition [3]
945
> o
< @ -
Conkroller
i Cutput [
eed Flow |
[kafmin) a0.0
| 596
[Oizturbance)
5 Controller
[k;:'urilr'lu] Cutput [3]
T B
‘ >

Bottom | 2E
Composition [] :

Gll 1

Gy

GlZ E

GZZ_

S&

Open loop Model

FOPD Step response models
Both loops open

K,e™ 0.648e7°""
7,,S+1 60s+1

K e T 8 TR
7,5+1 84.7s+1

Ke % —0.894e %
TSt 04.3s+1

_ K,e® —0.236e %

T,,5+1 41.9s+1
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Watch the experiment!

Feflu

.:LE {k.gémin] Top
[=)'=4 Composition [*]
L= a4 233
3 Bd
i

Controller

Ckput [2]

Change of _g

3= Feed Flow
0.5% 8 o) 'S0 — 51
. [Diisturbance) 50
1 e, Gupt (9
EE [ 213 479
In non-linear ©~ = e
systems,
smaller
|r|;put G Klle—dlls 0.99e—22.7s G K21e—d21s 0.386—30.95
changes can 1= == e s
) T..S+1 72.85+1 T,,S+1 66.65s +1
provide L 24

better results Prof. Cesar de Prada ISA-UVA 36
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Plan well the experiment

o
-

Top
Campasition [)
| 9356

Fefluz
[kafmin]
a30

Feed Flow

Cantroller
Output []
50,0

[kafmin]

& ) o o
[3] dwog (%103
doj) do

596

(D

sturbance|

49

Contraller
Cutput []
| 490

Steam
[kafmin]
214

[V [P | —

~” ol

[3] ‘dwog
woyiog

Ty
-

Eottam
Compaosition [*]

22

G941

G761

G521

G401

G221

G041

S261

G621

a501

5321

5141

—0.35e¢ %
57.02s+1

TSkt

—d,,S
K,e

G22:

66.67s +1

3 Ol82e—22.365

T,5+1

—dy5S
K€

Gl2 =
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BRRR e =521
- -~ gLy

Y _ =500
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Sa
IN manual

Impurity control

Head composition control with

bottom

-

828

Fiefluz
[kgimin]

94735
9450
9423

e
ra

Top
Compaosition [+)
94.4

94.

Setpoint [3)

Clukput [2]
A0

*
Controller

Feed Flow
[kafmin]

59

(Di

Cantroller
Cutput ]
479

Steam
[kafmin]
213

zturbance)

[3] dwad
wiogyog

e
ra
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]
]
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N
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'
]
N
]
'
]
]
-
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]
]
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]
]
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'
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]
'
]
-
]
'
]
'

S00

(%] 02
wayog

 z¢

Eattom
Composition [+]

n

47

497161

496931

406201

406621

496441
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406021

495301

495721

405541

495361

In.

=2.19, T, = 70.85 mi

K,

In

=50 mi

IMC tuning A
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ty control with head JSe

Impuri
composition control in manual

=
O
=
O
m

e

Top

95.2

Composition [+)

827

Feflux
[katmin]

Contraller
Qutput 3]
| A0.0

%] dwa]
do|

Feed Flow
[kgimin]

596

[Dizturbance|

Steam Cantraller
[katrmin] Cutput [3]
213 47.0

[%] dwo]
wayiog

Setpoink ]

b
-

Bottom
Composition [*]

[3] 02
waoyog

30
a0

a01481

01001

A00321

S00644

00461

A00231

S00401

409921

499741

409561

409321

in.

45.2 m

K, =-547, T,

In

=35 mi

IMC tuning A
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1
ysetpoint

ysetpoint

Control loop Interaction

CONTROL
Process 1

PV1

CONTROL

response to
Co1

PROCESS 11

PV1
response to
CO2

INTERACT 12

response to
Co1

INTERACT 21
> PV2

PROCESS 22
PV2

Process 2

response to
CO2

Prof. Cesar de Prada

ISA-UVA
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Battarm

Battan

Open loop response G between 1-1 withthe Sa&
bottom impurity control in automatic

Mg =
0.99/0.11 =

[Ege.'fll-n’li:] Top Composition
(2]
334
94.5

Centraller @
Feed Flow Chutpua (2]
[kgimin) m
) | 536 51
- [Disturbance] 50
- St Contraller
. [kg?:ﬂli-l;] Durpur (]
- 214 493
Setpaint (2]

r de Prada ISA-UVA 42

E Eom?:\c::i:::-;n > 2B
N >

i Dynamics has changed completely!
5w Gain G, changed from 0.99 to 0.11
5 f and the type of response is different



4 Head composition control with bottom S&
Impurity control in automatic

Switch from man to auto in the bottom impurity
control loop

Fieflu:
[kafmin] Top

IW Composition [+

dynamics N
changes . N T Caniiy T S

Clukput [%]
completely

Process

[ B4z | 95.0
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SG261

)

26021

1

25901

35721

— 8.
SRR |

-8

2554

25361

35121

25001

24821

S4641

24461

a30
4
=l

s00
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woyog wayag

do)
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40605
496201
40EE2
406441
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405544
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[T} =+ =+ = ™ (]
(1) (1] (1] (1)
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Top
Comp. [%]

Top
CO %]

Comp. [%]

Bottom

Bottom
CO[%]

9235

ann
330

s00

ar de Prada ISA-UVA

Freflus

[kalmirn) Top  Composition
gimir o

58 94.4

Cantraller ." Setpoint (%
Dutput (37) etpoint []

Feed Flaw
[katmin] m lm
B9E

[Disturbance]

Steam Contraller
{l:gfmir) Output (]

214 | | 430

47§f *
o

Biottom 75
Composition (7]

Dynamics has changed completely!
Gain G,, changed from -0.35 to
-0.043and the type of response is
different

45



Bottom impurity control with head S
composition control In automatic

Switch from man to auto in the head composition

control loop
- E T
Dynamics g% Compostian 4
has : i
Changed D_ﬁ Setpoint []
oX
completely #s =
— [ Il
g Gupur ()
= O
= . 385
: ? Setpoint [+)
i | 30
LB : 5
i Du:uﬁ?iu:-n b &
- - - - T
5 2 R 2 B 3 £ 8 4 & 3
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Example: Mixing two streams

Uy Global balance:

® F=F +F,

Composition balance:

EX=F X +FE X,

Lol el e
B F
Ax—(F1+F)X - (R X, +F, xz) (F+F)x —-(F x, +F, xz)
(F +F,)? o (F. +F,)? "
F  (X; — 2) F (X, - 2) Linearization in a certain
(F, +F,)? s (F, +F,)? i steady state point
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Example: Mixing two streams

Steady state gain matrix

AX Fz(xl_xz) i H (Xl_xz) AF
{ }: (F1‘|'F2)2 (F1+F2)2 S5 {AF }
1 1 2

SS

EeEHE Fx=F X, +F X,

Eliminating F, between both
equations: 1 X—X, F

7‘~F,F1 = = =
F:Fl.Xl_XZ |]|:||::> (Xl_xzj Xl_XZ F

R Ko X—X,

e 20, St e GELH BB Ot eeal o Gl S8 Rl R GE 5D Sl e RSN B5 s ol lp GRELE B dtH e R B9 &

Prof. Cesar de Prada ISA-UVA 48
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Mixing two streams

RGA :
I:l I:Z
F, =
_ 1— 1
- = F
F =
X |*TE -

Which is the best pairing between manipulated and controlled
variables? What influences the answer?

Prof. Cesar de Prada ISA-UVA 49
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Mixing two streams

= F
Case F, =10,F =15
I:1 I:1
1—
F F = F,
% 1 H F, - 0.67 0.33
F F

x | 0.33 0.67

Case F;=3,F=15

H F,
0.2 0.8
% 0.8 0.2

Prof. Cesar de Prada ISA-UVA 50



. -l
RGA(jo) >

RGA(G(Jw))

RGA was originally formulated for the steady state
case (zero frequency), but the same concept can be
applied to the operation of the process at any other
frequency to measure the interaction during transients.

Prof. Cesar de Prada ISA-UVA 51



Niederlinski stability theorem

Let’s assume that inputs and outputs of a multivarible system have
been ordered so that y, is controlled with u,, y, is controlled with
U,, etc. and each pair is controlled with a regulator having integral
action, then, the closed loop is unstable if:

det(G(0) _,

[16,0

Prof. Cesar de Prada ISA-UVA
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Singular values
Eigenvalues of G: ]G -\l =0
Spectral radious: p(G) =max [1,(G)

How to compute the eigenvalues of a non-square matrix?
Singular values

5.(G) = +4/1, (G'G) = +/1. (GG ")

if G(lxm),
the k = min(l, m) largest eigenvalue sof G'G y GG are selected
min 6, =o(G) max o, =o(G) condition number :_“g

o

o(G) <] (G)| <(G) o(G)=1/o(G™)

Prof. Cesar de Prada ISA-UVA 53
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o o o
o9 o o
o o o o

0
0

— m

U(lx1), V(mxm) unitary matrices (orthonorm als)
U'=U" V'=V* uiu; =8, Ju, =1 viv;=8; |v|,=1

*

Columns of U: u; output singular vectors: unitary eigenvectors of GG

Columns of V: v; input singular vectors: unitary eigenvectors of GG

Prof. Cesar de Prada ISA-UVA 54
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SVD

One input In the direction v; gives an output in the direction u;
G=UxIV'= GV=UIV V=Ux
Gv, =o.u.

Vi U;

o; gives the gain of G in the direction v;
As Vil =1 Juif, =1

Gv
O
ill2

Directions computed using SVD are orthogonals
Prof. Cesar de Prada ISA-UVA 55
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Interaction using SVD

v" Opposite to the RGA, the SVD depend on the scaling of
the matrix, so, In oreder to obtin sensibles results, the G
matrix should be scaled to units used in the controller

G=UxV’

v" First column of V (row of VV*) provides the combination of
controller moves with the largest effect on the controlled
variables, these ones changing in the direction given by the
first column of U. The second column of V provides the
second largest effect, etc. These gains are given by the
singular values c;
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Pairing variables with SVD

5 4 u
G= R G —y’
Sl

. [-0.872 -0.490]7.343 0 |-0.794 -0.608]

G=UXV =
—0.490 0.872 0 0.272] 0.608 -0.794

: : .. |-0.794
largest gain appearsbetween the input direction i and the output
... |-0.872]. ; _ . .
direction i In theinput, the largest value-0,7941s associated with

inputlandin the output,the largest valueis - 0.872,associated with
outputl, so therecommended pairing is input1- outputl.
Then theprocedureis repeated with thesecond largest gain (second column)

being the largest values the onescorresponding to input 2 and output 2
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Selecting variables with C.

condition number =C, Lty it G e
(G)

Multivariable systems with large condition number presents pairs
with very large or very small gains that will make difficult the design

of a good control system.
So, may be that only a subset of the inputs and outputs should be

selected for control. This subset can be selected using the C,
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Example: Mixing streams

For F, =3, F,=2
Y EP X;=0.7 X,=0.2
E. x % : ' The steady state is : F 5, x=0.5
AR T
F, X
R X)) R oX) | ryy05 15725
G(O) it (Fl * F2)2 sS (Fl + F2)2 sS i 1 1
L 1 1 -

s 0.04 -0.06 i 001 -0.9999)1.4143 0 |-0.7068 -0.7075
1 1 | [-09999 -0.01 0 0.0707 | -0.7075 0.7068

C, =1.4143/0.0707 = 20.0  pyrof. Cesar de Prada ISA-UVA 59
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Example: mixing streams

Largest singular
value 1.4143

F controlled
with F;

—

e —0.9999}
-0.9999 —0.01
EP V:'-o.7068 -0.7075}
-0.7075  0.7068
T
U= L _0'9999} — xcontrolled
(£09999) -0.01 with F,
 _[-0.7068 -0.7075}
(-0.7075) 0.7068 0.01
Y= 09999 001

Second largest -

singular value 0.0707 V= i @'
-0.7075 0.7068
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Example: mixing streams

U,

b % 0.04 —0.06
G(0) =
¢ >

U, |

F, , X5 ﬁ Niederlinski index = LAl s
F . X 0.04*1
O 04 —006 : F controlled
G(0) = } RGA analysis with F,
recommends the

same pairing: x controlled
RGA = ‘ (but not always) with F,
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Designing control systems In

multivariable processes

MULTILOOP vs Centralized

Multiloop: several independent
PID controllers

One single
multivariable
controller

S&
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Decoupling
W, | i
:<> > Rl > 1 f ! yl
W, D > € > Y
9 . Uy

Find a matrix D such that GD behaves as a diagonal (or
quasi diagonal) matrix, so that the interaction is cancelled
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Steady state decoupling

S&

» Y1

i u
4NV Rl 1
-1
W2 G(0)
Y
% R; i

> y2

If D is chosen as aG(0)* ,then G(s) G(0) is diagonal in
steady state, so that there Is no interaction at equilibrium.
This decoupler is very easy to compute and implement
because G(0)* = inverse of the steady state gain matrix

Prof. Cesar de Prada ISA-UVA
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Control structure with Decoupling

1 1 ul PROCESS 11
Ysetpoint CONTROL Uteedback s total = PV1 Y1 T
> ™ responseto [T > A "
Process 1 T =iy =
Gy1(9)
DECOUPLER 12
PV1
[ [ 7] decoupled from [T INTERACT 12
CcOo2 ~ “decouple __ PV1
response to
D, (5) co2
G2(s)
DECOUPLER 21| i B
iy = Udecouple | response to
»1 decoupled from col
Co1
Gp1(8)
Dy4(8)
v PROCESS 22
CONTROL i PV2 Y
. 2 = > > responseto [ ——Y2
Ysetpoint Process 2 TEyriahn uZ Sop
pvTALe
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2x2 Multivariable Decoupling

v It requires 4 dynamical models:
— Process 11 (how CO, influences PV,)
— Interact 12 (how CO, influences PV,)
— Interact 21 (how CO;, influences PV,)
— Process 22 (how CO, influences PV.)

v These models must be obtained from validated
experimental data.

v" Loop decoupling is not use very often because It
requires a certain effort in terms of modelling,
tuning and maintenance, and MPC can provide
better performance spending similar resources.
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Interaction, Single loop Pl
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SS Decoupling

Wy | Uy
<> Ry ; > Y1
10.03 —23.491 ~
W, {10.88 —28.37} G - Y
LD R 1
N 2
U,
o). | 099 —082 * [10.03 -23.49
1038 -035| [10.88 -28.37
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Multivariable Control

The controller receives signals from all controlled
variables (and perhaps measurable disturbances)
and computes simultaneously control actions for all
actuators taking into account the interactions.
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Multivariable Predictive Control S&
MPC

Temp  Conc.

P

U2 u

1
MBPC l
gﬂ l Gf) l
@),

I ) N —
& | | l Product
| Dki > Reactor DMC. GPC

Coolant EPSAC, HITO,
| PEC. .
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