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Abstract: The tuning of the weight parameters on the input and output variables can significantly affect the
performance of a model predictive controller (MPC) to achieve a good closed-loop dynamic response.
However, the currently available approaches based on the bi-layer multi-objective optimization (MOQO) for
tuning MPC weight parameters are computation-consuming. In this study, a new tuning algorithm is
proposed, which converts the bi-layer MOQO-based approach into a single-layer nonlinear programming
(NLP) problem by treating the sub-optimization problem of MPC in the lower layer as the optimal KKT

(Karush-Kuhn-Tucker) condition of the optimization in the upper layer, so as to reduce the computational
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cost. The simulation results demonstrate that the MPC tuned by NLP method shows similar or even better
performance than the MPC tuned by MOO-based method. Moreover, by using the NLP tuning method, the
computational time of the MPC tuning can be significantly reduced from a range of 1.0 h to 1.5 h for the
MOO-based tuning method to a range of 5 s to 90 s.

Keywords: model predictive control; dynamic simulation; nonlinear programming; multi-objective

optimization; parameter tuning
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Table 1 Tuning parameters for SISO system
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Fig. 1 Dynamic responses of MPC controller for SISO system under setpoint changes
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Table 2 IAE values of dynamic responses of the output

variable for SISO system

NLP
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Y=1.00 y=0.75 v=0.50
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Fig .2 Schematic diagram of CSTR
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Table 3 Model parameters of CSTR
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Table 4 Boundary conditions of variables
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Table 5 Tuning parameters for CSTR system

BIE Nk 0 R
Ca T Cao Qr
7=1.00 1.237 5 78.114 1 23.399 9 10.910 0
NLP ¥Y=0.75 5.393 7 58.456 1 67.432 2 31.873 6
¥Y=0.50 7.256 4 37.887 8 70.929 1 46.634 6
MOO 4.937 1 95.301 9 25.584 1 29.704 6
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Fig. 3 Dynamic responses of MPC controller for CSTR system under 5 K increase of T\
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Table 6 IAE values of dynamic responses of the output variables for CSTR system under 5 K increase of feed temperature
1AE
HeE Iy ik M TAE {8
Ca T

y=1.00 0.002 184 0.129 2 0.131 4

NLP y=0.75 0.002 138 0.1389 0.141 0

7=0.50 0.002 242 0.1421 0.143 3

MOO 0.002 028 0.1361 0.138 1

P 4 Fiih T MPC $8 il 8 X6 S 25 R C o 1938 8 s OB B IR B VR . L AR BRS¢ =0.5 h BF,CA ik
ERMPEFRASE 1.22 kmol-m * 244 1.35 kmol-m ™ *;24 1 =4.0 h B, C, FIE E &l 1.35 kmol-m * 48 Ky
1.15 kmol-m™*, AILAFH HKEE v (E98 /)N, NLP 32 77 %k i i3 1) MPC & T 2218 F W Hh IR ER C 1913 £,
M T BB R 22 /N, MOO %58 7 AR5 MPC B AR BEDL s M R i C o B0 E A5 E T B 1B I i 22 %8¢
7=1.00 [ NLP 8 Jr ik i) MPC K, R 7 G/ T Col @MU/ Co M T shasmp i IAE (5., 5IR
L AS AL MPC /Y gl 250 i P BB AH AL, B %5 v (E 380/, NLP 85 7 3 i3 1) MPC #2461 2% CA 1 T 1) TAE
(B HBZE W AE K524 7y =1.00 I NLP # 5 J5 2 i #5359 MPC #ij 1 3h 2508 157 TAE {55 MOO % % J7 % 59 MPC
IAE MHIE . NLP % 52 J7 5 9 6 TAE [EI /N T MOO % 5E Ik 1 & TAE .

442
’
i
& 440 | M
= p
é é lg.‘\\ \\'\
= AR
' ©B8 V"7
Lo
1//
AJ'
436 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 38
R [E)/h
(b)
30 -

C,/(kmol-m~)
Q./(MJ-h)

34 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8
B /b Fisf [E)/h
(¢) (d)
—— y=100- - - y=0.75 — —- y=0.50----- MOO

4 CSTR &% C,i% E & R ER MPC 3 2 g Bz

Fig. 4 Dynamic responses of MPC controller for CSTR system under the changes of C, setpoint
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Table 7 IAE values of dynamic responses of the output variables for CSTR system under the changes of C, setpoint

IAE
HBE M IAE {8
Ca T
y=1.00 0.278 0.480 0.758
NLP y=0.75 0.185 2.362 2.547
¥=0.50 0.152 3.758 3.910
MOO 0.117 0.713 0.830
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Fig. 5 Pareto solution of multi-objective optimization for MPC weight parameter tuning
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