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Real-time Performance Monitoring of

MPC Based on Covariance
Index Prediction

TIAN Xue-Min* SHI Ya-Jie! CAO Yu-Ping!

Abstract Aiming at monitoring model predictive control per-
formance real-timely by using process data, a covariance predic-
tion error based performance monitoring method is proposed.
On the basis of analyzing MPC optimal objective and control
structure, a monitored variable set composed of prediction er-
rors, manipulated variables and process output variables is de-
veloped. Then, a covariance based real-time performance assess-
ment index is presented by adopting a moving window. For the
problem that covariance index has no control limits, a time se-
quence model for real-time covariance index is presented. The
predictive residual of covariance index is monitored to detect
MPC performance deterioration. The source of performance
deterioration can be located by using a performance diagnosis
method based on data set similarity. Simulations on the Wood-
Berry binary distillation column demonstrate the effectiveness
of the foregoing scheme.
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Fig.1 Schematic diagram of the internal model control

structure for model predictive control
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Fig.2 MPC controller performance monitoring framework
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Fig.3 Real-time monitoring curves of model mismatch
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Table2 Performance under different degree of

model mismatch

TR AL s bR BOKE B R AT 1 2 I, I,
(13.20 — 38.8] 1.6530 1.6936
[14.50 — 42.68] 1.9379 2.3487
[15.84 — 46.56] 2.4166 3.5729
[17.16 — 50.44] 3.2879 6.2279
[18.48 — 54.32] 5.1623 13.6386
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Fig.4 Real-time monitoring curves of changing disturbance
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constraint saturation
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Table3 Performance under different standard deviation of
disturbance
R[> I, L,
0.0105 1.5040 1.7709
0.0110 1.8104 3.0905
0.0115 2.1614 5.2624
0.0120 2.5611 8.7609
0.0125 3.0139 14.2864

KA PR L AN R R IR e
Table4 Performance under different degree of controller

output constraint saturation

LORIES DY I, I,
[-1.9 1.9] 2.6649 189.5881
[-1.7 1.7] 23.9432 2.1738 x 10*
[-1.5 1.5] 124.6160 5.7804 x 10°
[-1.3 1.3] 422.1544 6.4517 x 10°
[-1.1 1.1] 1.0937 x 10° 4.2520 x 107

EI X PR R FP1 TR AR 4 FP2 Fldir i 29 R
WA FP3, 23 R 2 ~ 4 Bl 4B AL BE BUR Y.
Y, H5ERESESE (V) 1= 1,2,3 WAL bR ST,
iR RINE 5 Fin. BE 5 aLUEH, STl AR i
FP1, AMUEE Sy a3l 1, B E KT Sl Fl SI.3, K
R R T N I AR R, B o = 0.85 , MTILE,
RO CLE 58T 0 AR AR U 1)1 B8 12 Wt D7 vk BE 8% 1 10
JE MPC PERE T B J5i A

RS ASENREE X AR BLEE S bR

Table5 Similarity index corresponding various test data

EAGIR SR/ S1z1 Slyz2 Slz3
[13.20 — 38.8] 0.9764 0.7975 0.4712
[14.50 — 42.68] 0.9937 0.7570 0.4647
FP1 [15.84 — 46.56] 1.0000 0.7175 0.4535
[17.16 — 50.44] 0.9909 0.6760 0.4349
[18.48 — 54.32] 0.9498 0.6250 0.4045
0.0105 0.7173 1.0000 0.5319
0.0110 0.7174 1.0000 0.5320
FP2 0.0115 0.7175 1.0000 0.5320
0.0120 0.7176 1.0000 0.5320
0.0125 0.7177 1.0000 0.5320
[-1.9 1.9] 0.5898 0.6916 0.9227
[-1.7 1.7] 0.4887 0.5716 0.9933
FP3 [—1.5 1.5] 0.4535 0.5320 1.0000
[71.3 1.3] 0.4397 0.5156 0.9985
[-1.1 1.1 0.4332 0.5075 0.9965

4 it
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Wi 7k, 1E Wood-Berry #5 LT H 48R, ¥R )5
H AR AR MPC PERE T BETEBUS, R W 5 2= e b (1)
TN 5% 22 BE 0% SIS AG I 21 MPC MRS [, MR 38 Bdis 82 AH 8
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