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‘ Outline .

bjective: provide a real-time control strategy

for complex processes (here, a drying process

o)

N—"

e for trajectory tracking,

e to solve any optimization task (i.e. with
performance specifications and process

limitations).
— Proposed solution:

e new model based predictive control (MBPC)
approach.

Difficulties:
e solve a on-line constrained optimization

problem,

e handle a nonlinear dynamic PDE model.

— Necessity:

e reduce the time required by the optimization
task for on-line implementation of such a

\ controller.
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‘Infrared drying process.

[Blanc et al., 11th IHTC, pp.181-186]
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/ ‘ Energy balance I \

; 5
) (Co(%.They + peCses) 5 = =3 Pt Pabs, £ >0 (1)
T(0) =Ty

\

with the losses P;:

and the absorbed infrared flow:
Pups = iy ()Z)sz'r (t) (3)
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‘ Mass bakw

with the boundary conditions :

_Deff(XaT)% — @ for z = €secy, T > 0

z

%z@forz:0,t>0

with the initial condition:

X(2,0) = x;(z) for 0 < z < egec

(0 0 9,
8_>t< = a[DefAX’T)@_)z(] for 0 < 2z < éegec, t >0
. Doea:p( _7a)ea:p( _Rb;“a )
with Dess(x,T) = E=IRE
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/ Nonlinear dynamic PDE model (SNL)I \

0
( 8—f:Fd(x)for0<z<esec, t>0

Fyp(z,u) =0 sur for z € {0, esee}, t >0

y=Cxsurforz=0,t>0

the state vector is z(z,t) = (T'(t), x(z,t))", the controlled variable (CV)
y(t) is the temperature T'(t), the manipulated variable (MV) u(t) is the

Qlfrared flow ;- (t). /
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MPC framework: the paradigm'

[Morari & Lee, Comp. € Chem. Eng., 23(4-5), 1999][Rawlings, Control Systems, 20(3), 2000|

Predictive horizon N,

Past |
K =|<

1 , ,,,,ff.’.ji',ﬁT.'.Tfjfjjjii::::t::::::;;-;:;;;mwgs:.g.::;;:::j;i;";';il
- 7
,,,,,,,, / Process behavior looked for
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,,,,,,,,,,,,,,,,,,, Process behavior
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/ MPC framework: main features. \

e Key idea is to forecast future process behavior: model needed.

* Historically, models obtained from experimental step response

were used: simple but local,
* Now, use of first principle models: complex but more global.
e On-line decision level: need to solve an on-line constrained
optimization problem over the future window, based on the model:
* Need to reduce the on-line computational burden,

* Need to handle constraints.

e In the closed loop structure, proof of stability (based on ODE model).

—> Our approach: explicity handle a nonlinear dynamic PDE model
Ql a MPC strategy, and reduce the on-line computational burden. /
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‘Internal model control Structure'

[Morari & Zafiriou, Robust Process Control, 1989]

(k:) (k:) Process
Yre Yd
e Control u(k) Jéi) e(k)

algorithm -
Model |Ym (k) }
(Snir)

)
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‘Real time aspect:'
I| variation model LI
A model linearization about (Sy) characterised

by (ug, T, yo), with variations checking:

leads to (Sprv):

[ 0A OF
—x:—dAxforO<z<esec,t>O
ot (‘3x|(So)
%Aaz + %Au =0 for z € {0, esect, t >0
) “(So) T T(So) (7

Ay, = CAz for 0 < z < egee, t >0

AZE(Z,O) = 0 for 0 < 2 < €e4ec

o /
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Internal time-varying linearized'

‘model control StructureI

+ yp(k)

Process

Yref (k)  ya(k) :
-+ Control | Au(k) Nonlinear Yo (k) + e(k)
% % algorithm model _ @7
- - uo (k) (SO)

Time variant

linearized Aym (k) + Ym (k)
model +
(Stvr)
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‘Real time constrained optimization problem'

. ~ 1 J=k+Np . .
min J(AG) = x> X 9(Wrer(7): Aym (i), e(k))

At = [Au(k) ... Au(k + N, — 1))7

ci(Au(j —1)) <0 (ieZ, jel{k+1, k+ N.})

s JAN F
M:QA.TfOI‘O<Z<€S€c, t >0
ot 0x|(So)
O Ag + 9o Ay = () for 2 € 0, €sect, t >0
9 (50) 9 (So) t J

(Stvi) 4
Ay, = CAx for 0 < z < éegee, t >0

Azx(z,0) =0 with for 0 < z < ege

\

~
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e Key idea is to forecast future process behavior: model needed.

* Historically, models obtained from experimental step response

were used: simple but local,
* Now, use of first principle models: complex but more global.
e On-line decision level: need to solve an on-line constrained
optimization problem over the future window, based on the model:
* Need to reduce the on-line computational burden,

* Need to handle constraints.

e In the closed loop structure, proof of stability (based on ODE model).

—> Our approach: explicity handle a nonlinear dynamic PDE model
Ql a MPC strategy, and reduce the on-line computational burden. /
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‘Real time constrained optimization problem'

. ~ 1 J=k+Np . .
min J(AG) = x> X 9(Wrer(7): Aym (i), e(k))

At = [Au(k) ... Au(k + N, — 1))7
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/ Constraints on manipulated VariableI \
‘ magnitude and velocity: a transformation method'

From the constrainted variable 0:

emin S 9 S emax (9)
an unconstrained variable p is defined such that:
1 1,
(9 — f(p) — §(emax + emin) + 5(\9max - emin) taﬂh(p) (10)

0 1

Omax [~

\_ ?’ /
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/ ‘Fmal unconstrained optimization problem' \

. j=k+N,
Hilpn J(Ap) = - J %H 9(Yref(J), Aym(J

Ap = [Ap(k) ... Ap(k + N, — 1)]*

based on the transformation method: v = p, Au = Ap

([ OA F
\ u:8dAat:for()<z<esec,15>0 (11)
ot 0x|(So)
8F"Aaj—|— anAu—O for z € {0, esec}, t >0
(STVL) 4 *1(So) “(So)

Ayy, = CAx for 0 < z < egee, £ >0

Az(z,0) = 0 with for 0 < z < e

\ \

ﬁ Optimization problem solved by the Levenberg-Marquardt’s algorithm./
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‘ Conclusions '

e Implementable control strategy:

* for trajectory tracking or for any

optimization task,
* handles constraints dealing with
performance and process limitations.
e Computational time reduction:
* nominal behavior given off-line,
* on-line correction,

*x transformation method for MV

constraints,

x constraints on CV can be accounted for in

a exterior penalty method.

®
—
-
-
D
-
@)
@
N
®)
=
®

e (Noisy) mean water content trajectory
tracking: use of a receding horizon

observer.

e Need for multi disciplinary approaches.

o /
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