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Multimodal industrial process fault detection based on LNS-DEWKECA

GU Xing-sheng', ZHOU Bing-qian

(Key Laboratory of Advanced Control and Optimization for Chemical Process of the Ministry of Education, East China
University of Science and Technology, Shanghai 200237, China)

Abstract: Driven by the market demand, industrial processes need to switch between multiple modes, resulting in
multimodal and complex distributed data. Therefore, the study of multimodal fault detection technology is of great
significance to ensure safe operation of industrial processes. Aiming at the fact, a fault detection algorithm based on
local neighborhood standardization (LNS) and directional entropy weighted kernel entropy component analysis
(DEWKECA) is proposed. Firstly, multimodal data are normalized with LNS, which can eliminate multimodal
characteristics efficiently when compared with global standardization. Considering the differences in changing trends
between fault samples and normal samples, the information entropy of samples’ changing direction is defined as the
directional entropy, which is used to describe the disorder degree of samples’ changing direction. So DEWKECA is
used to realize dimensionality reduction, with which the characteristics of data’s changing direction can be extracted
effectively. Given that multimodal data often obey non-Gaussian distribution, the local outlier factor (LOF) algorithm is
adopted to establish monitoring statistics, whose control limit can be determined by kernel density estimation.
Numerical example and the TE process simulation verify the effectiveness of the proposed algorithm.

Keywords: multimode; fault detection; local neighborhood standardization; directional entropy; kernel entropy

component analysis; local outlier factor
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step 1.2: %F T 45 #E 4k J5 (1 FF A& # 48, R H
DEWKECA HE - BURFAE. 1 56 7] H KECA Rk it
AT HUHE P AE VRS2 X, 79 2 PR 4EFE RE Y AR5
B Py SR e AR R 20 (14) THEAS 207 1R I AUS FERE Q.
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step 2: TEZAT .
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2 9 TE 3 REAS, [ 51 step2. 1t 4k B 4775 LR K.
4 i E
4.1 BUEHF

AR SCHR [21] 42 H RO 7 20007 247 0
i, BARLE Ny
r1 = 0.5768sy + 0.376 655 + €1,
xo = 0.738 23% + 0.056 655 + €2,

z3 = 0.829 1s; + 0.400 953 + €3, (18)

Ty = 0.651 98152 + 0207082 + €4,
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A AR, 2

mode 1 s;: U(—10,-7),s9: N(—15,1);

mode2 sy : U(2,5),s0: N(7,1).

Hrh U FoR %5140 4. Lhmode 1 Almode 2 T 4% 400
YIEF FEAZ I ZR4E. MR H AT 400 MEA N IE
W, 5 400 MEAS g s HE, BOE

fault 1: R4IE4T7E mode 1 ', 7E 45 401 MREAL
x5 1 _EIEE A 4 I BRAE 5

fault 2: 2SI ATAE mode 2 T, 7E 45 401 P REARYS
21 1_E0.02(7 — 400) IRHEAE 5,

fault3: R4LIE 1T #E mode 2 N, 7E 55 401 IMEA LS
oy IO BB S R AE RIS Z 35 1 5245 5

A5 Hp AR S H P 4T LNS Ab B S, 4 B4
KECA-T2KECA-LOF.DEWKECA-T2 # DEWKECA
-LOF AT Wb A . Sy A s, 4 — e 2 o8l
4. K AR T AR K AL 1P 2 2 e oot 59 0 B 1 52
M) R RS T B RE AR, 35 e B IR B /I, U8 B A
Xof o 1 A TR 225 SR 5 M A R o e B Ik R R, U T g
IEHL AR R L B S U RTRE AR B T A — RS IR
KA. AR IR 2 56, A SC LNS ALOF H k HUE Ky
50; ¥ 2R B0 %5 o BU{E N 10000; T2 FTLOF 4t it & B
15 BE X609 0.99. THELJT 1] 95 I, 255 o 1308 A0 2R
Sk /IS, DUVRE AR 7 10 A8 A4 19 TG 1 72 B 52 8 3 o 1 3
R R Bt O, T FH 22 4 1) Al B R AR AR A0 T
A R S e — 3, A e B e = 6. [RIFERY, 4
B 8 w BB R TSI R A T ) 7 A AR AR A
ARG R Gn B /), T 1 I B AR A AR B T R
I AR AN R, A5 e 35w 24 20.

K4 mode 1 flmode 2 T £ 400 /™ 1E # £ 45 41 A
IEFHARAE. B 1A 4Fh 75500 1 5 E0H (A8 ) 45
TR B R AR I G A, 4 Fh 7 15 35 ARG I H R, 5
T 4% 704 2k, R 1B T 4R 6 T 3 R
AN [7) A B P A 0 22 faule 1 Hb 51N T BYERAS 5, T
e 5 M K, 4 ol 77 ¥k 340 AT DA R R A 235 b A i )
R 1 AR faule 2 FR BTN T R AS 5, I B B 1 (]
R NS 48 n, 761K B — & F2 5, 4 Fh 77 v R R AT
DL B M A 3000 2] W 5 fault 3 7h 51N T IE 5445 5, ik
B2 I J3E /)N, 4 Fe J7 3 55 1 fault 3 (1046 00 255 56 4 1 1 i
. A B LA 1T LUE H, KECA Bk Rl
151, 111 K F DEWKECA 5L $2 B T #5048 224k 77 11045
BJE IR AR, T2 Guit 2 i S A5 0 26 ) 66 %o
T %1 80.25 %o, LOF 4 1 & 14 e b A i 2 M 70 %o 32 T
$1199.2 %o, AR, 1 77 [ MBI L FH.

1.4
1.0
~ 0.6
0.2 Ii]““\w\iia“ n”“”l J\‘\
TP PP R O NN O P YO L A 01 LALICLL
200 400 600
smaple
(a) KECA-T’
15
10
I I
@) i
B |
i
0 200 400
smaple
(b) KECA-LOF
~
200 600
smaple
(c) DEWKECA-T’
1.4
1.0
=
O
= 0.6
0.2

0 200 400 600 800
smaple
(d) DEWKECA-LOF

1 fault3tMEER
R1 AWM RRBEER =R

fault KECA-T? KECA-LOF DEWKECA-T? DEWKECA-LOF

1 100 100 100 100
2 92.75 92 93.75 94
3 66 70 80.25 99.2

DA fault 3 Jy 5, 1] 2 36 b 4 18 78 1 S e 5 1) A2 4
R0 12 B2, B 401 MEASTT 46, Mg 18 W S5 oS, i
AR Wl e 5 A A A0 34 00 JE 7 78 BE B AIK. % L KECA
P4t A1 DEWKECA [54EJ5, 25 1 370 PC1 MEE 2 T
PC 2 75 AT 5 B an ] 3 . B8 3(a) 7T BAE i, A
D W B ARE AR T AR AR B A0 A U, T KECA S U
R L AT E% 1) & 4 AT Y6 Bl 1E SRR AR PCL AN
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KEAHZEAR, SR ATEPCIRIPC 2 F3H 14
I, FLAH 22 58708 17 8 R R A 1) PC1 AN PC 2 43 ) 43 A
7E[0.975, 11F1[—0.05,0.11 1, PC1 [ 434 [X. 7] K i B
KT PC 2 1 43 A5 IX R B2, U B A Ak 94 32 B4k
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