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Abstract : In non-linear dynamic batch processes, the measured variables have different serial correlations, and the cross correlation
among the variables could be reflected at different sampling moments, however, traditional detection methods do not consider the
correlation among the variables, the relationships among all variables are usually regarded as independent or correlative for feature
extraction, and the features of fault information are not fully extracted, so the monitoring effect is bad. Therefore, a batch process fault
detection algorithm based on the kernel dynamic latent variable-dynamically weighted support vector data description (KDLV-DWSVDD)
of variable blocks is proposed. Firstly, the variables are divided into related and independent variable sub-blocks through obtaining
mutual information (MI) values among the variables. Then, KDLV algorithm is used to divide the related variable sub-block into a
dynamic part and a static part, the vector auto-regressive model is established to monitor the dynamic part and the neighborhood
preserving embedding (NPE) algorithm is used to monitor the static part. In the independent variable sub-block, DWSVDD algorithm
can be used to extract the dynamic information of independent variables. Finally, the monitoring statistics are established for fault
detection through KDLV-DWSVDD algorithm. The average fault detection rate of the proposed algorithm in the penicillin fermentation

simulation process reaches 90.38% , which is nearly improved by 15% compared with that of the comparison algorithms. The actual
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semiconductor industry process also proves the feasibility and superiority of the proposed algorithm for the fault detection of batch

processes.

Keywords : batch process; fault detection; mutual information; dynamic latent variable; support vector data description; neighborhood

preserving embedding
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£1 LpTE
4 FEEZLAEBITEGERIE Table 1 Monitoring variables
AR AR AR AR
HA R MRl R R B AR B 1 3 L% 6 ol Xt
AP A ] BCAE 7 e B AR SCR 36 AR R s BN 37 3 2 R SYE 7 J R AR
TAEBEF R 1Y Pensim2. 0 F 8 &R & W B AR 07 FOF 3 M R 8 AR B
B9 2 0 R RS HEAT 07 B 1T & W) LLE i i 4 LR 9 pH {H
FE AN [R)ELER 76 1 5 3 BB PN 19 0 0 2% (A 400 75 5 3K R s 5 T 10 B RER

1o A v AR e A B 2 B T e Ak O, e R
JSLS R B[] 2 400 b, SRAERTE]Y 1 h, 427 30 LR IE
W OLOUEE I 18 AR R 10 AR RN 1 T
AR R WP AR A 3 = AR X (30 x 10 x 400) 1EN
YIRS, 52Ul A J2 X I AF s ¥ A T = i A
Mg AT 8 AR ARL S B 2 7 ol 7 vp A B B Sl 2R
BB 56 o T R B A2 1) 4 FEYE BB, AR SO 5 32 LB
W HERE 0=5000, E2 HIEHHIK T M 10 il
AR HP R EUY 4 Fh 4R AR B RS AT, R 2 AT L
B AR R R B R AR v G R U B A eR Y
I 0 TR, R R RN B BE S Bk 2
FiR o

K2 ARSHTHIHERE

Table 2 Fault typse under different parameters

WS ZRpE [ WEfE/%  BIARTE/ K
1 1 S 15 100~ 300
2 2 45 15 100~300
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Table 4 The fault detection rates of 8 fault batches for five methods

il TNPE DPCA DLV SVDD KDLV-DWSVDD

A SPE T2 SPE T2 SPE, T, T2 R2 SPE, T, T2 R2
1 1 0.95 1 1 0.535 1 1 0.91 0 0 0 1
2 1 1 1 1 1 0. 980 1 0.82 1 1 0. 960 0.03
3 0. 820 0.95 0.740 0.91 0. 830 0.720 0. 800 0.83 0. 095 0. 150 0.190 0.88
4 0.535 0.74 0. 445 0.76 0.110 0. 695 0. 565 0.53 0.795 0. 695 0. 455 0
5 0.725 0.47 0. 900 0.74 0. 135 0.765 0. 965 0.70 0. 590 0.755 0. 480 0.73
6 0.930 0.91 0. 940 0.94 0.910 0. 840 0. 870 0.92 0.330 0.270 0.230 0. 96
7 0. 080 0.18 0. 040 0.24 0. 450 0.510 0. 450 0.31 0. 880 0. 940 0. 870 0.03
8 0.755 0.52 0. 900 0.77 0.270 0.790 0. 900 0.77 0.610 0.900 0. 550 0. 82
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Table 5 Fault false alarm rates of 8 fault batches for five methods

it p TNPE DPCA DLV SVDD KDLV-DWSVDD

¥ 5 SPE T2 SPE T2 SPE T,? T,? R? SPE T,? T,? R?
1 0.010 0. 220 0.030 0. 045 0. 105 0. 450 0. 335 0.010 0 0.030 0 0
2 0. 030 0.110 0. 020 0. 045 0.020 0.010 0 0.115 0.014 0.010 0. 005 0
3 0.010 0. 325 0. 045 0.075 0. 025 0.300 0.010 0.010 0.010 0.015 0.010 0.01
4 0. 050 0. 185 0.030 0. 060 0. 030 0. 055 0 0. 050 0. 020 0. 130 0. 050 0.01
5 0. 505 0.135 0.535 0. 545 0. 150 0. 530 0.705 0.510 0. 505 0. 505 0. 550 0.44
6 0. 080 0. 200 0.110 0. 100 0. 240 0. 040 0. 030 0. 060 0. 190 0.030 0. 150 0.01
7 0. 060 0. 250 0.130 0. 135 0. 250 0. 050 0. 080 0. 020 0.030 0.100 0. 040 0.02
8 0. 550 0.230 0.530 0. 550 0.170 0. 580 0.715 0.510 0.515 0. 505 0. 560 0.45
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Table 7 17 process variables in the semiconductor

manufacturing process
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