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Abstract: Efficient partial least squares (EPLS), as one of the extended algorithms of partial least squares (PLS), has
achieved good application results in the quality-related fault detection. However, it is found that when there is information
unrelated to the product quality in the system, the detection rate of EPLS is reduced, which can affect the safety and
efficiency of the industrial production. Meanwhile, the traditional contribution graph-based fault diagnosis method has
unequal contribution values to the fault detection index when there is no fault, thereby affecting the fault diagnosis effect.
As such, an improved EPLS (IEPLS) quality-related fault diagnosis method is proposed in this paper. Firstly, the normal
data are used to establish the IEPLS-based model, and the obtained model parameters are employed to spatially decompose
the process variables. Secondly, the local mean value of the incremental information and the local dynamic threshold are
defined to detect the fault in the decomposed space. When there is a fault, the new information matrix of each variable is
applied to calculate the new information contribution rate to the total failure, and the fault variable is located based on the
new information contribution rate of each variable. Finally, the performance of the proposed algorithm is verified by using
the Tennessee Eastman process (TEP).
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Fig. 5 The IDV(4) fault detection result of [EPLS
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Table 1 Quality-related fault detection rate of three algorithms in TE process

e mRSIERpuy =i AT =2 / %%
S AL in EPLS OSC-EPLS IEPLS
IDV(1)  A/CHERMLEER, BIREEE (& iE4)  90.51 91.26 100.00
IDV(2)  BIRFEMHE, A/CHLRIILIE R (EiE4)  88.26 99.13 99.33
IDV(5) PR A RN TR AR 99.87 99.75 4717
IDV(6) ABERMRAR(ETED) 99.00 98.00 100.00
IDV(7) YIRICH S35k (id) 41.07 64.79 92.41
IDV(8) A, B, CHEENR B0 (B 1E4) 67.80 91.26 98.20
IDV(10) CHEENRE AL 45.94 4931 55.35
IDV(12) JEZE B VA H 7K P BRI AL 84.02 84.89 98.85
IDV(13) FANE SIS d 90.26 94.01 96.60

% 2 TEiTAL P34y 5 k09 Jf 2 40 £ 3k R4 %

Table 2 Quality-related fault false alarm rate of three algorithms in TE process

e SRR R R %
i A EPLS OSC-EPLS IEPLS
IDV(1)  A/CHbRILLi#RE, BIREIEE (BiE4) 0 0 0
IDV(2)  BiRE#E, A/CHERILIEE(EIE4)  1.00 28.00 4.00
IDV(5) BEERA EIR N IR AR L 0 0 0.90
IDV(6) AfUEHRR(BIED) 0 47.30 6.00
IDV(7) WIRLC R 14 2k (i 4) 2.00 25.00 0
IDV(8) A, B, CHUENK A0 (B 1E4) 7.00 32.00 420
IDV(10) CHBENR ARk 0 5.00 3.00
IDV(12) FEARARA K N ERIRE AR 14.00 1.00 4.60
IDV(13) SN BN AR 2.00 12.00 1.10

T3P T 3MEE R PR BT R MR R R,
FHLHE ol 3 Fh Bk AR iR e e () — 2. AT LR
EPLS 577306} J5 8 T 5 4 B (10 A W A e A Ak s 22, 1
OSC-EPLS 5y [ 5 = J6 5% Wi b s i 14k g B B A T

EPLS, H H1IDV(9) 1) i 5 TG 5% b 1% i % 12.0.87 %,
A] DA H OSC-EPLSHi2: B i FEAIK 17 o3 = o o0 il
IR Z. AR IEPLS 9552 T 4EIDV(3), IDV
(9) FIDV(11) 3R % & T OSC-EPLS 5.740.98%,
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Table 3 Quality-unrelated fault false alarm rate of three algorithms in TE process

LRI AR e IR %
TR
s e EPLS OSC-EPLS IEPLS
IDV(3) DHENE S (E1E2) 13.61 3.62 4.60
IDV(4) SNEA 7K N TR 10.99 3.37 2.12
IDV(9) DAEEHE B 7.62 0.87 6.67
IDV(11)  NAHKEHOKIEE 1024 6.87 14.21
IDV(15) JEAEA KR 10.49 5.24 3.23
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Fig. 6 The fault diagnosis result of IDV(8) based on

contribution plot
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Fig. 7 The fault diagnosis result of IDV(8) based on IEPLS
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