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Neighborhood denoising quadrature autoencoder based fault
detection for industrial process

Guo Xiaoping Zhang Zhipeng Li Yuan
(School of Information Engineering, Shenyang University of Chemical Technology,Shenyang 110142, China)

Abstract: Aiming at using autoencoder to extract process features for fault detection, the local structure information of
data is not considered, a method of neighborhood denoising quadrature autoencoder is proposed. The neighborhood
preservation embedding algorithm extracts the neighborhood information of the data as a weight to weight the process
data and strengthen the local structure information of the data. The orthogonal autoencoder further extracts the
nonlinear features of the process data with local information weighting. The robustness of the autoencoder is enhanced
by adding noise, and the network parameters are trained by the back-propagation algorithm to obtain a robust
autoencoder model that can capture the local and global characteristics of the data., T” and SPE statistics are constructed
in the latent feature and reconstructed residual space of the model, respectively, and the statistical control limits are

calculated for fault detection. Simulation experiments are carried out on the Tennessee-Eastman process and the three-
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phase flow process, and the results show the effectiveness of the proposed algorithm,
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%1 TE:37E 21 #igfE T° #n SPE & it EMHER N E %
Fault PCA AE DQAE NDQAE
No. T? SPE T? SPE T? SPE T? SPE
1 99. 25 99. 00 99. 50 99. 25 99. 50 99. 25 99. 25 99. 50
2 98. 37 98. 62 98. 50 98. 00 98. 25 98. 37 98. 25 98. 65
3 5.87 21. 87 3. 60 0.10 1. 60 0. 25 13. 25 15. 00
4 43.15 72.62 30. 87 59. 87 43.75 64. 87 43.75 100. 00
5 27. 87 140. 75 26. 70 22.10 23. 00 23.75 32.62 31. 87
6 99. 12 99. 65 99. 00 98. 87 99. 25 99. 50 99. 62 100. 00
7 100. 00 100. 00 100. 00 69. 90 100. 00 100. 00 100. 00 100. 00
8 97. 75 98. 00 97. 50 95. 62 96. 37 97. 25 98. 50 98. 25
9 4. 75 17. 87 4. 00 0.62 0.37 0.37 12. 88 15. 25
10 45.50 57.37 49. 50 43. 25 49. 25 50. 87 62. 87 63.12
11 54. 50 72.50 50. 40 28.10 39. 62 35.12 56. 50 55.12
12 98. 25 98. 75 100. 00 97.37 97. 87 97. 00 99. 25 99. 12
13 94. 37 95.12 94. 25 94. 12 94. 00 94. 25 94. 62 95. 00
14 99. 87 100. 00 99. 62 95. 12 97. 87 100. 00 99. 75 100. 00
15 9. 62 11. 37 5.70 1. 90 2. 62 2.00 20. 50 10. 87
16 31.75 50. 12 17.90 9. 00 16. 00 14.5 44, 25 414,62
17 84. 62 92. 00 79.90 72.60 74.12 83.70 82.62 86. 37
18 89. 25 91. 25 89. 00 88. 37 90.12 89. 37 89. 50 89. 12
19 2.50 19. 37 8. 20 0. 20 0. 00 0.62 3.62 11. 87
20 44, 25 58. 25 28.75 36. 62 42.37 45. 37 62. 25 60. 25
21 34.75 42.12 34.40 20. 40 35. 20 25. 25 34.37 44. 00
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Bt 3 AN TR B A A A T M N S0 1) 8 R A KO 4R
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Xt HE AN R AT O R B WRR R BOME LA BEAT B R AR I . SR
M RYELRRE 3.5 1 6 A A TR . R 3

FE 3 RS BIR (A5 4% 3_1,3.2,38_3) s R 5 4045 2 Fhi gk
PRRBHE (48 5_1,5_2) s B 6 A9 2 F 25 1 A S0HE (A
£ 6_1,6_2), BMRIBEMURE 24 Ml RAR,

BT HE 5 15 PCA H DQAE J7 vk Xt 22 M i 2 1 ik
Bz 3.5 1 6 HEATAG I X L, AR ECTTAR TR 85 0 B &
JTEAECR 5, NDQAE g 3] 568854 0. 01, K I 48 11 = 45 il
MBS E N 99% . NDQAE Mt A2 S50k 24,
BROBE 2T Ak 5, f R RO 24, 3 Mok 24
Pt AR B 3.5 F 6 AR5 SRIC BTEE 2 .

x2 ZiEFTE DR PCADQAE #1 NDQAE B E#H MR (%) MIZWE (%) (ESH)
- PCA DQAE NDQAE
BB T SPE T SPE T’ SPE

31 97.37(15.95)  99.72(32.97)  97.74(9.40)  98.58(8.53)  97.82(12.25)  98.59(4.03)
32 81. 41(51. 77) OT(OT) OT(OT) OT(OT) OT(OD OT(OT)
33 97.22(22.29)  99.65(12.31)  97.85(15.67)  99.03(10.65)  98.28(13.25)  98.93(3.52)
51 70. 63(70. 08) OT(OT) OT(OT) OT(OT) OT(OT) OT(OT)
52 83.34(11.47)  89.41(22.53)  79.89(4.65)  70.39(4.12)  79.38(6.44)  85.86(4. 76)
61 99.72(1.27)  99.81(5.97)  99.72(0.00)  99.81(0.00) 99.72€0.00)  99.92(0. 00)
6 2 99.86(0.00)  99.94(0.28)  99.86(0.00)  99.92(0.00)  100.00¢0.00)  99.95(0.00)
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