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Abstract: Efficient projection to latent structures (EPLS) algorithm is a multivariate statistical analysis method to reflect
the correlation between process variables and quality variables, which performs well in quality-related fault detection.
However, since the EPLS algorithm is a static detection model, it cannot reflect the dynamic characteristics of the actual
industrial process or equipment testing, and the detection rate of quality-related faults in the dynamic process is low.
Therefore, this paper proposes a dynamic efficient projection to latent structures (D-EPLS) projection algorithm based on
the auto-regressive moving average exogenous (ARMAX) model. Firstly, an augmented matrix is constructed based on the
input delay value to reflect the dynamic characteristics . Secondly, the augmented matrix is decomposed into quality related
and unrelated spaces for fault detection respectly. Finally, numerical simulation and Tennessee Eastman process (TEP) are
used to verify the effectiveness of the D-EPLS algorithm. Experimental results show that the proposed algorithm can be
better adapted to the dynamic process and improve the detection rate of quality related faults.
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2 YRl DI 23 Wpkler ARIBE R
3 VIRl BB 24 Wpklerh BB /RIR &
4 YRl AR O R 25 W6 CHIBE R
5 TR 26  Wrkleh DREE IR E
6 S N AR 27  Wikleth EHIEE R E
7 SAE S 28  pkleth FRIBE R E
8 SR 29 Wpklorh AREE R
9 SV AR FE 30  Wpklovh BIREE /R R
10 Herlix 31 YIRIOFCHIBE R E
11 Sy AR 32 Wkl DR EERIE
12 BaN= R YA 33 Wpklovh EffEE R &
13 Sy EARES 34 YpRlorh FHIBE R E
14 Sy RHE 35 WrRloh GRIEE R R:
15 TREEESRAL 36 WK H I B R iR
16 RIEET 37 W11 DB R &
17 RIEB R E 38 Wk ERIEE R E
18 TR IR 39 YN H B R
19 RIS ZRNE 40 W1 GRIBE /R
20 FEAEHLINR 41 YRk BB R
21 JRVAEA K H R
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Fig. 5 Detection results of EPLS algorithm to IDV(10) in TEP
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Fig. 6 Detection results of D-EPLS algorithm to IDV(10) in
TEP
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Table 3 FDR(100%) of quality-related faults in the TEP

FDR(100%)
s LA R etk :

EPLS  Di-TPLS  D-EPLS
IDV(1)  A/CHERNRE LR B, oy BERIRREAL  90.62 100.00 100.00
IDV(2)  HHBEERRAETN, A/ICHEREILRFEAT  88.37 98.36 98.74
IDV(5) BB A TR N RS R AR 100.00 30.06 100.00
IDV(6) LY SV 99.12 100.00 100.00
IDV(7) WIELC R 773k A0 5% 41.12 54.09 92.34
IDV(8) Ykl A, BIMCHIZARUR EAE, 67.87 97.11 99.12
IDV(10) YIRLC IR EE R AR 46.00 52.83 95.60
IDV(12) SRR AR R R A28k 84.12 99.87 100.00
IDV(13) SRS PR S SRR 90.37 94.84 96.86
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Fig. 7 Detection results of EPLS algorithm to IDV(4) in TEP
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Table 4 FAR(100%) of quality-unrelated faults in
the TEP

FAR(100%)

kg S AR P AR g .
EPLS Di-TPLS D-EPLS

YRl DR
IDV(3 13.62  10.82 7.53
O mprmE
SN EA KN
4 11. 91 )
IDV(4) LR A, 00 5.9 8.91
IDV(9) Yk DEEREDZN 750 893 7.47
SN BEA KN
IDV(11 10.24 14 18.71
D gy 10 09 187
IDV(14) RMNFFABKIETT 999 1006  13.69
IDV(15) JEFEHLAEDKIRTT 1050 1472 12.56
5 4t
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