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e constraints

e competing optimization requirements

MPC provides a systematic, unified solution to problems with these charac-

teristics.

1.3.1 SOME EXAMPLES

Example I : Blending systems (input constraints)

Valve

Positions Additive A
(51 Stock ra= stock >
—&—> __Additive B~
U2 @ Additves | Blending System "B T Taoa,
us Additive B Model q  total blend flow

e control r4 & rp (first priority).
e control q if possible (second priority).

e possibility of valve saturation must be taken into account.
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Classical Solution :

<
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controller :
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MPC Solution :
At t=k, solve
2
: P (ra) ki (ra)
min = ). - el + ik — qresl| R
i i=1 ||| (rB)k+ilk (TB)ref 0
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Example II : Two-point control in a distillation column (input con-

straints, interaction)

D (©istilate)

Yo
(Distitlate
Composition)

/ ;‘ L (Refux)

F

(Feed Flowrate)

TC

Zp

(Feed Composition)

p 3 }\ ‘}50}‘

Ve
V (Boil-Up) ;

B (Botiom) & B (Bottom
Compotition)

F Zp
v,
0.5
L > > —»
0.5
VvV 0.5 G T2
2 ] > —
-05

e strong interaction
e “wind-up” during saturation

e saturation of an input requires recoordination of the other input
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Clasical Solution: Two single-loop controllers with anti-windup scheme

(decouplers not shown)

PID w/ anti-windup

C 1 4—®<+_ (T 1) ref

T

1

h 4

05 _/_ = L

A 4

-0.5

C 2 4—®<+_ (TZ) ref

PID w/ anti-windup

e 77 controller does not know that V' has saturated and vice versa =
coordination of the other input during the saturation of one input is

impossible.

e mode-switching logic is difficult to design / debug (can you do it?) and

causes “bumps”, etc.
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MPC Solution:
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At t =k, solve
2
. Zp: (T k+ie || (T0)ret N mz‘:l ALjrilk
A i || (T2) kvl (T%) et o i AVivilk |||
with
Lmin L ) Lm X .
< ketilk < . forie=0,---,m—1
Vinin ‘/k-i—z|k Vinax

e casy to design / debug / reconfigure.
e anti-windup is automatic.

e optimal coordination of the inputs is automatic.
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Performance of classical solution vs. MPC

SISO loops w/ anti-windup & decoupler (no mode switching):
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Example III : Override control in compressor(output constraint)

e control the flowrate

e but maintain P < P,

Classical Solution :

LS

Set

Feed Press
back

Set
Flow NG

A 4

Discharge

Motor

Time

Compressor
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MPC Solution:

q
>
Uu Compressor flowrate
motor speed Model >

pressure

At t = k, solve
2 9 m—1 2
IE?}{EE HQk+i|k - QTefHQ + zz::() HAU}HMHR

with
Pk:+i|k§Pmaa: fori:la""p
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Example IV : Override control in surge tank(output constraints)

e control the outlet lowrate

e but maintain L > L,,;,

Classical Solution :

Hot
Staurated
Liquid
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MPC Solution:

q
—p
u Surge tank flowrate
_Pump speed ’ Model I A
liquid level

At t = k, solve
. P 9 m—1 2
Iilz}{illzz:l HQk+i|k - QTefHQ + ZEZ:O HAU}HMHR

with
Lk+i|k > Lmin for ¢ = ]" P
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Example V : Valve position control in air distribution network (op-

timization requirement)

e control the flowrates of individual channels

e minimize the air compression

Classical Solution :

Valve-position
_ controller

) HS
>®< >
R Feedback

.................
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: . iy individual
/PCN : voo D process
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MPC Solution :

PRIMARY
CONTROL VARIABLES
Val\{g
Positions air flow rates d1 _
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‘; Air Distribution o q
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SECONDARY
CONTROL VARIABLES
At t =k, solve
2
(QI)k+z’|k (q1)ref )

& _ _ m= 2
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20




©1997 by Jay H. Lee, Jin Hoon Choi, and Kwang Soon Lee

Example VI : Heavy oil fractionator (all of the above)

e y7; must be kept above T},,;,.
e y; and o is to be kept at setpoint(measurements delayed).

e BRD must be minimized to maximize the heat recovery.

Ys @_ Ir—{ reflux drum

Upper reflux duty . :
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Classical Solution:

Not clear

e how to use temperature measurements to fight the effect of delays, un-

reliability, etc. of analyzers.

e how to accommodate the optimization requirement.

MPC Solution :

wl
w2

— vyl

ul, —» comps.
02 Heavy-Oil —— y3
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plus other input constraints.
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Example VII : Tennessee Eastman process(supervisory control re-

quirements)
LooP #1

® E S ey | Y
@ _ 3 —l cws :
@ - : % (‘ CONDENSER D N 0
= L&
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GO—N
@
& REACTOR.
e
R

@ LOOP #3
P

Tier | Loop # | Controlled Variables Manipulated Variables
1 Reactor Level Compressor recycle valve
I 2 Separator Level Separator liquid flow
3 Stripper Level Stripper liquid flow
4 Reactor Pressure Reactor cooling water flow
2
D Q 1 m—1 2
Wkllom| + 2 [Auesinl
k. = r .:
(=1 ket 1|k 2 ekl

Pr S (Pr)maa:
(Hr)min S Hr S (Hr)ma:r

where
P,: reactor pressure, (P,)s: setpoint to reactor pressure loop
H,: reactor level, (H,)s: setpoint to reactor level loop

Q): total product flow G/H: mass ratio between products G and H
Fp: D feed flow Fg: E feed flow
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1.3.2 SUMMARY
Advantages of MPC over Traditional APC

e control of processes with complex dynamics

e decoupling and feedforward control are “built in” (traditional approaches

are difficult for systems larger than 2 x 2).
e constraint handling
e utilizing degrees of freedom
e consistent methodology

e realized benefits: higher on-line times and cheaper implementation /

maintenance
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