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MPC Performance Monitoring and Diagnosis Based on Dissimilarity
Analysis of PLS Cross-product Matrix

SHANG Lin-Yuan' TIAN Xue-Min' CAO Yu-Ping? CAI Lian-Fang'

Abstract Performance monitoring methods for control systems based on output covariance matrix can not sufficiently
exploit the correlation between the process variables and output variables. To solve this problem, a performance monitoring
and diagnosis method based on dissimilarity analysis of partial least squares (PLS) cross-product matrix is proposed
for multivariate model predictive control (MPC) systems. Firstly, the PLS cross-product matrix, which contains the
correlation information of augmented process variables and output variables, is constructed. And dissimilarity analysis
is carried out to transform dissimilarity comparison of cross-product matrixes to eigenvalue comparison of transformed
matrixes. Then, using the [ eigenvalues, which include the maximum dissimilarity information, a new performance index is
constructed to monitor the performance of MPC system. Finally, the index is further improved to meet the requirement of
diagnosing the root cause of performance deterioration. Simulation results on the Wood-Berry binary distillation column
demonstrate that the proposed method can effectively enhance the monitoring performance and accurately locate the

source of performance deterioration.
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Fig.5 Ellipses figure formed by matrices C' and & with

changing disturbance
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Fig.6 Real-time monitoring curves of
changing disturbance
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Table 3  Performance under different standard deviation
of disturbance
FrifE2E Ndet Tdissim Nr
0.11 0.6622 0.8365 0.7308
0.12 0.4675 0.7538 0.6520
0.13 0.3394 0.6807 0.5836
0.14 0.2524 0.6162 0.5242
0.15 0.1915 0.5593 0.4726
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ANZEAL TR 25 55 2. % Lol T i SEmt
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WA bR R I B THERE T, (EXS T HEAR Naer, £
t = 2000 min :HE N, HTAERKE N d = 1000
(AT B AT T A R B o R i Y s SR
1k, B % R A B BE A IR T B A

WAL TOUEE, T3 BT e BN, 1
t = 3000min Ji5; ¥ % HAIFEAS LS 7R S AL
P, IHARIR nae A BT ETHFETPAR, HIEH Naet
B/ T 1 R RGMERESAL; 75t = 4000 min
W, RGIMAEIEHR LI, MM R THEREPOET
i R ) S SR A P BERAR naee /D, FHAE
t = 5000min 5 # ETF5F & TR AT AR AR
Naer XF i 20 AL 2 B PR Y A= R &
2 B A LR 2, PR BE S AL AR S I 2 & 7
A BRI T BRI Bl AT TR BEVR S 4 ) 39 2 1 i
PERERAR, THEFR 0, A Naissim WA Z B . [
BF, F8FR e AR Naissim BIE /D, BEFEROCR AT
R 4 IR BCE AR R 2R, B 4 T EAR
AR Y, =AM EFER RN 2 R gt Rk nyts Ak, HLE
BARWARE IR, RARREA /D, R MPC &
ST A
%4 NIRRT PP b
Table 4  Performance under different degree of

output constraint saturation

LA Tdet Mdissim Nr
[-0.75 +0.75] 0.4881 0.4457 0.0879
[=0.70 + 0.70] 0.4879 0.4325 0.0606
[-0.65 + 0.65] 0.4868 0.4248 0.0444
[-0.60 + 0.60] 0.4850 0.4189 0.0340
[-0.55 + 0.55] 0.4850 0.4159 0.0269

—4 -2 0 2 4 =20 -10 0 10 20
K7 BRI R C 58 & BT ARG 15
Fig.7 Ellipses figure formed by matrices C' and @ with

output constraint saturation
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Fig.8 Real-time monitoring curves of output constraint
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Fig.9 Real-time monitoring curves under small extent of

model mismatch
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Table 5 Performance diagnosis results corresponding

various test data
AR SHUE S1,1 ST o S1.3

(20.48 —30.24) 0.9959 0.7029 0.5201

(23.04 —34.02) 0.9992 0.6886 0.5180

CPy (25.60 — 37.80) 1.0000 0.6776 0.5163

(28.16 — 41.58) 0.9994 0.6685 0.5149

(30.72 — 45.36) 0.9978 0.6609 0.5137

0.11 0.7652 0.9725 0.5231

0.12 0.7217 0.9936 0.5091

CP, 0.13 0.6776 1.0000 0.4941

0.13 0.6344 0.9945 0.4797

0.13 0.5928 0.9798 0.4665

[-0.75 +0.75]  0.5345  0.5649  0.9342

[-0.70 + 0.70] 0.5230 0.5221 0.9857

CPs3 [-0.65 + 0.65] 0.5163 0.4941 1.0000

[-0.60 + 0.60] 0.5120 0.4751 0.9896

[-0.55 +0.55]  0.5088  0.4594  0.9648
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