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Quality-related Variable Division and Fault Detection Based on
Quality-related Virtual Variable

LIU Mei-Zhi*? KONG Xiang-Yu® HU Chang-Hua’

Abstract Quality-related fault detection, as an important research content in data-driven multivariate statistical
process monitoring, is a key technology for ensuring the safe and efficient operation of complex equipments or indus-
trial processes. Determining or dividing quality-related variables is a core aspect of this method. Existing quality-re-
lated fault detection methods typically rely heavily on quality variables, and their effectiveness is severely chal-
lenged when quality variables are unmeasurable. To address this challenge, a quality-related variable division meth-
od based on quality-related virtual variable (QRV) is proposed. An independent component analysis (ICA)-based
model for quality-related fault detection is established using this division method, and an application study on fault
detection is conducted. First, a QRV is constructed to indirectly reflect the quality characteristics of systems;
Second, based on this QRV, process variables are divided into quality-related and quality-unrelated variable groups
by hypothesis testing; Subsequently, this division results are applied to the ICA-based quality-related fault detec-
tion, utilizing exponentially weighted moving average (EWMA) to modify statistics and construct comprehensive
detection indices; Finally, the feasibility and effectiveness of the proposed method are verified through numerical
simulations and Tennessee-Eastman process (TEP) experiments.
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Table 1 FARs and FDRs of the quality-related faults (%)
ik MI-KPCA MKICR VIP-DCPLS OMDPLS QRVICA-without-EWMA QRVICA
#MI4R5 FAR (72)FDR (72) FAR (1?)FDR (i2?) FAR (d,.)FDR (d,.) FAR (T2)FDR (T2) FAR (¢.) FDR (¢,.) FAR (¢,.)FDR (¢,)
1 0.30 99.62 0.63 69.13 0.00 99.75 2.50 99.63 0.00 99.75 0.00 99.75
2 0.00 98.50 0.63 96.88 0.00 96.50 0.63 97.75 0.00 98.25 0.00 98.50
5 0.00 24.12 0.63 20.62 0.63 24.00 1.25 19.25 0.00 24.13 0.00 25.12
6 0.00 99.75 0.00  100.00 0.00 100.00 3.13 98.75 0.00 100.00 0.00 100.00
7 0.00 40.75 0.63 35.13 0.00 40.88 1.87 64.50 0.00 37.00 0.00 37.62
8 2.40 97.62 3.75 76.00 1.25 97.75 1.25 88.13 0.00 97.63 0.00 97.50
10 0.00 79.87 0.00 63.38 0.00 55.63 0.63 54.00 0.63 80.63 0.00 84.88
12 1.25 98.88 21.88 74.13 0.00 98.75 1.25 83.88 0.00 99.25 0.00 99.62
13 0.00 94.63 1.25 85.38 0.00 95.25 0.63 93.75 0.00 93.75 0.00 94.75
S22 0.44 81.53 3.27 68.96 0.21 78.72 1.46 77.74 0.07 81.15 0.00 81.97

MFEFRII SIS, BEAh, & 1 T 77725 IDV (5)
AIUIDV (7) BRI 22 35 51K, 3 A DR Dy 3 79 ol g e
B TR, A oM RS, METEs
IR BT ) B B, R A A 2 I R R
R, RS 2 W B IE FIRAS L R
%I+ IDV (5) f1IDV (7), ﬁﬂllﬁ&«mﬂfztmﬁ_ﬁ%, ]
R T LA AR LA I vHE A A 110 ) A o G 3o PR A 0
F 1, B QRVICA 4&, fiTfs HAth 7 L3547 15
ARV R AR T QRVICA AN AE Fr A e b vp
ME R, HAEKZH MY T FDR 31k 3
mEKF. BRI S, AT MI-KPCA, MKICR, VIP-
DCPLS, OMDPLS } QRVICA-without-EWMA,
QRVICA [J°F35 FDR 435l & 0.44, 13.01, 3.25,
4.23 M1 0.82 MA > . X — LA IDV (10) HIJC
RHE, W 11 Fros. ATEW RIS R, BF

Xof R DX AT Jey O AR B (Gn £ €6 K2 2R A P T
7N). BB 11 A HL SR QRVICA ik E D&
P BB AR (A I i A I Tl B i R oA 7 vk
A A5 22 AR A R R I AR T3 1 PR, 3 Blux 1k
JIEXT IDV (10) R il 228K, X EC ] 11(e)
R 11(f) AT40, 5] N EWMA A] 43 232 T i i
MPYERE, FAR M 0.63% FEK2 0.00%, 1 FDR M
80.63% & & 84.88%.
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Table 2 FARs and FDRs of the quality-unrelated faults (%)
v MI-KPCA MKICR VIP-DCPLS OMDPLS QRVICA-without-EWMA QRVICA
WSS FAR (72) FDR (72) FAR (2)FDR (72) FAR (d,.)FDR (d,) FAR (T?)FDR (Q) FAR (¢.) FDR (¢.) FAR (¢,.)FDR ()
4 0.10 100.00 3.75 100.00 1.25 99.00 13.00 100.00 0.10 100.00 0.00 100.00
11 2.40 69.87 12.00 83.63 2.62 66.50 17.88 79.50 0.31 73.88 0.00 83.75
14 0.00 100.00 17.88 100.00 0.37 100.00 99.38 99.88 0.21 100.00 0.00 100.00
1y 0.83 89.96 11.21 94.54 1.41 88.50 43.42 93.13 0.21 91.29 0.00 94.58

MI-KPCA, VIP-DCPLS fil QRVICA J5ykR I H
BRI FAR. 1X 3 B RS T 2= [0 0 i 7
Jed T R E R R R A EEHK R, R)E
T[] VA A B AT A B 2 f# (Singular value
decomposition, SVD), ¥ 75 [a] kIl 73 N & AH K 755
[ AR TR s ). X RTEW MM Z,
AT A A5 RIS SVD J0fiff i B id ) S ms 2%
AT — 715 1) it 22 305 0T B 52 M i e A U0 PRS2 T
FET AR TR 53 0 5 1 DGR AL {5 S L5 A O 5
BLKRERMAE &, REARER S L% HE,
At RERE A R KR IR, FTEE QRVICA JyiEfExt
IDV (4), IDV (11) A IDV (14) MR iRk,
[F) B EL AT e e () B S 2, P35 FDR AR
il FL AN TS R E 4.62, 0.04, 6.08, 1.45 F13.29
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