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Incipient fault detection of multivariate exponentially weighted
moving average principal component analysis
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North China Electric Power University, Beijing 102206, China)

Abstract: The principal component analysis (PCA) is a useful tool for data analysis and has been widely used in fault de-
tection and process monitoring. MEWMA-PCA (multivariate exponentially weighted moving average principal component
analysis) is used to solve the problem where PCA cannot detect incipient faults properly. This paper further investigates the
mechanism of the effect of EWMA on the fault detection of PCA in MEWMA-PCA. The reason that MEWMA-PCA can
detect incipient faults is analyzed. The relationship among the forgetting factor, the detectable amplitude of a single sensor
and the delay time introduced by EWMA is derived. Both numerical simulation results and historical data simulation result
of a coal grinding unit in a power plant validate the mechanism of the improvement of fault detection by MEWMA-PCA.
An example is given for showing the detection of an incipient fault within a specified time range satisfying the practice
requirement, by setting appropriate forgetting factor.
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4.1 F{E{iE (Numerical simulation)
Zx W SCHR (1319 1005 B0 7 v R a5 4k, LAk
MR X = As + B4R, Hd A ade RA R i i,
BUH I (36), s = [s1 82 85 s4)' K4 x n KIHHEH
B, 81, Sa, 83, SAIIRMIME N0, T5 22 1 IIER 50T,
E 3 RMNIHE R0, T7 25 550,255 A (R0 75 B AR B
[—0.6266 —0.3935 0.1911 0.2075 |
—0.0397 0.3559 —0.4510 —0.0722
0.6209 —0.3288 —0.2797 0.1234
0.1381 0.4254 0.0618 0.6010
—0.3020 0.0518 —0.7609 0.0280
0.2399 —0.1791 0.0567 —0.5458
—0.1735 0.4960 0.1127 —0.5117
| —0.1494 —0.3855 —0.2884 —0.1216 |
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Table 1 Forgetting factor’s effect to the mean value

of T?

N 500 2500 4500 6500 8500
A=0.2 3.7151 39607 39412 3.8904 3.8626
A=04 39114 39844 39694 39474 39134
A=0.6 39893 4.0052 39852 39682 3.9393
A=0.8 4.0277 4.0160 39921 39742 39511
A=10 4.0414 4.0127 39879 39689 39514

%2 HER-FATSPE4IT MM Bk
Table 2 Forgetting factor’s effect to the mean value
of SPE

N 500

2500 4500 6500 8500

A=02
A=0.4
A=0.6
A=038
A=1.0

0.0346
0.0776
0.1338
0.2095
0.3161

0.0360
0.0812
0.1397
0.2180
0.3276

0.0360
0.0810
0.1391
0.2166
0.3248

0.0363
0.0816
0.1400
0.2180
0.3273

0.0365
0.0818
0.1400
0.2176
0.3260

R LRI 20] DUE H 8t s IR AX T2 48 1 5 Al
SPEZE I[P Ol f S8 R 5 UL FHE SIS &5
W—E, 7 RGISAT R KR, £ITEWMAJENR,
T2IAE JL T & AN A2 (1), 17 SPE ¥I{E AZ g Js ok 1N/
(2 — N\). RGUSATI R, T2 FISPEIE AR b Bk
THIAEIRZS.

Sh T 0 LW TR B S PR VR IR K
PC A ] A8 Wi AEL 1) 5 ), SR3FAZR 4 41 HH T 5652
ARt ) A RS B (5 AFR AR K R DG R

k3 AR SR FARIE K FAT R T2 43T F 8 T A ha (A
Table 3 The detectable amplitudes of 772 statistic corresponding to different forgetting factors and delays

BIEKREE 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
A=02 101 73 63 57 54 52 51 51 50 50 50 50 50 49 49
A=04 94 80 76 75 74 14 74 T4 14 T4 T4 14 T4 T4 14
A=06 104 98 97 97 97 97 97 97 97 97 97 97 97 97 97
A=08 122 121 121 121 121 121 121 121 121 121 121 121 121 121 121
A=10 148 148 148 148 148 148 148 148 148 148 148 148 148 148 1438

k4 RFikE B F ARt ¥ JE 5 64 SPES 8 3 B v 4 b fh

Table 4 The detectable amplitudes of SPE statistic corresponding to different forgetting factors and delays

IRAEK 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
A=02 197 143 121 111 105 101 099 098 097 097 09 096 096 096 0.96
A=04 184 156 148 145 144 144 144 144 144 144 144 144 144 144 144
A=06 201 19 189 188 188 188 188 188 188 188 188 188 188 188 1.88
A=08 237 235 235 235 235 235 235 235 235 235 235 235 235 235 235
A=10 288 288 288 288 288 288 288 288 288 288 288 288 288 288 2.88
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Fig. 1 Fault detection results of PCA without EWMA
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Fig. 2 Fault detection results of MEWMA-PCA with A = 0.2
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Fig. 3 Fault detection results of MEWMA-PCA with A = 0.5
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4.2 Sil4)i E(Example simulation)

TR BHE e A BRI LR (HE D R
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Table 5 The detectable amplitudes of PCA without filtering

AP i T x2 x3 x4 x5 Z6 xr7 xg

T2HIRMEME  27.93  43.05 2379 1980 17.52 839 2562 36.16

SPEW¥yliE{ 379 3.64 384 391 398 605 3.80 3.75
L A A SORABISE — ] LIS tH B Ak 1k, A i
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Fig. 4 Fault detection results of PCA without EWMA
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Fig. 5 Fault detection results of MEWMA-PCA with A = 0.5
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