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Abstract — An efficient method for identification of MIMO state space model has been developed by combining par-
tial least squares (PLS) regression, balanced realization, and balanced truncation. In the developed method, a MIMO
system is decomposed into multiple MISO systems each of which is represented by a high-order ARX model and the
parameters of the ARX models are estimated by PLS. Then, MISO state space models for respective MISO ARX trans-
fer function are found through realization and combined to a MIMO state space model. Finally, a minimal balanced
MIMO state space model is obtained through balanced realization and truncation. The proposed method was applied to
the design of model predictive control for temperature control of a high pressure CO, solubility measurement system.

Keywords: Identification, PLS, Balanced Realization, Balanced Truncation, Model Predictive Control
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Ak 1 A%5S Fgwale] Aol ofsl A4k HMIS0)) B tPde R sh oS QA Hidlehs Bl U
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£ IdentificationPro

Process Indormation

Mo, of MV ¢ H Open MV File
Mo, of CV © ¥ OpenCVFie |

Mo, of Sampies : [0

Modeling
No, of Model 5 Exacute Modeling
Dimensian :

Variance Table

No. % of Variance X% Cumulative % of Variance X |% of Varlance of v’ Cumulative % of Variance of ¥[8 «
1 64.765511 64.765511 94.295564 94.295564
2| 20.651479 94.416989 0567517 94863082
3 3881656 98298645 2.96BETS 97.831756]
4 0.380508 98679553 0.396202 98.227959
5 0642359 99.321912 0.055558 98.283517
B 0171343 99.493255 0.026504 98.310022
7| DIGTEE3 99.660938 0001674 98.311696
B 0126219 99.787157 0.000239 98.311935
9 D.030700 99877857 0.000019 98.311955)
10 0.038313 99.916170 0.000010 98.311964
1 0.083785 99.999955 0.000001 98.311966
12 0.000045 100.000000 0.000226 98312192
13 D.000000 100.000000 0.000283 98.312475
14 o.onoooo 100.000000 0.000006 98.312481
15 o.o0o0on 100.000000 0.000000 98.312481
16 0.000000 100.000000 0.000000 98.312481
17 0.000000 100.000000 0.000000 98.312481
18 D.000000 100.000000 0.000000 98.312481
19 n.ooooon 100.000000 0.000000 98.312481
20 n.ooooon 100.000000 0.00ooo0 98.312481
21 0.000000 100.000000 0.000000 98.312481

22 n.o0o00n 100.000000 0.000000 90.312481 i =

Select the number of Iatent vector of 1 3
coet_|

(b)

Singular Values

Nl—lalm a|w|w|m|n|w|~|—|‘

]_._._.

w

a5

Select an appropriate
number of singular
value :

()

Fig. 1. Human-machine interface (HMI) of the developed identifica-
tion package program; (a) an initial screen, (b) variance table,
(c) Hankel singular value table.
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Fig. 2. Process flow diagram of the concerned solubility measure-
ment experimental system.



MISO 172} ARX E2! 7]HE] MIMO

—— process
estimate

Normalized Temperature

A '50 500 1.000 1,500 2,000 2500 3,000 3500
Time (min)
(a)
1 -
= input |
10
E 9
g
> 8
(&}
7 S
60 500 1,000 1,500 2,000 2500 3,000 3500
Time (min)

(b)

Fig. 3. Results of temperature prediction in the solubility measure-
ment system; (a) mean centered and normalized temperature,
(b) input excitation signal.
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Fig. 4. Closed-loop response against a set point change under MPC and
PID control; (a) trajectory of temperature, (b) process input of
MPC, (c) process input of PID control.
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Table 1. Variance of @ and Y explained by the latent vectors
Latent Vector Percenta.ge of Explained Cumullative Pe.rcentage of Percenta.ge of Explained Cumu.lative Pe.rcentage of
Variance for ® Explained Variance for ® Variance for Y Explained Variance for Y
91.80 91.80 94.99 94.99
2 7.78 99.58 497 99.96
3 0.22 99.80 0.01 99.97
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