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Abstract: Noise corruption always exists in the industrial process. Based on the probabilistic principal

component analysis (PPCA) method, a new process monitoring method based on probabilistic independent

component analysis (PICA) was proposed, which extends PPCA to the non-Gaussian process. Two

statistical quantities (I* and MR) were constructed for monitoring non-Gaussian and noise information of

the process. A case study of the Tennessee Eastman (TE) process showed that the proposed method was

feasible and efficient. The process monitoring performance was evidently improved, thus enhancing the

reliability and stability of the TE process.
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Table 1 Monitoring variables
No. Measured variables No. Measured variables
1 A feed 10 product separator pressure
2 D feed 11  product separator underflow
3 E feed 12 stripper pressure
4 A and C feed 13 stripper temperature
5  recycle flow 14 stripper steam flow
6  reactor feed rate 15 reactor cooling water
7 reactor temperature outlet temperature
8  purge rate 16 separator cooling water
9  product separator temperature outlet temperature
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Table 2 Monitoring results of TE process (leak detection rate)

Mode/statistic  PICA _I? PICA MR ICA_I* ICA SPE FA T® FA SPE PPCA T? PPCA SPE PCA T? PCA _SPE

1 0. 266 0 0. 460 0.008 0. 006 0.003 0.010 0. 006 0. 345 0. 005
2 0.024 0.011 0.018 0.019 0. 040 0.016 0. 065 0.016 0.078 0.016
3 0. 853 0. 956 0.965 0. 989 0. 989 0.998 0.999 0.989 0.983 0.976
4 0.921 0.975 0.993 0. 989 0.988 0.999 1. 000 0. 994 0.991 0.983
5 0. 699 0. 750 0. 785 0. 781 0.761 0. 819 0.798 0. 781 0. 794 0.763
6 0.025 0 0.013 0 0. 009 0 0. 009 0 0.034 0
7 0.525 0.673 0. 665 0.656 0.610 0. 745 0. 680 0. 700 0. 626 0.668
8 0.093 0. 021 0. 069 0.026 0.053 0.026 0.126 0.033 0.161 0.031
9 0. 894 0.943 0.978 0.975 0.976 0.998 1. 000 0. 981 0.981 0.971
10 0.508 0.193 0.331 0. 456 0.628 0. 265 0. 864 0.728 0.714 0. 664
11 0.741 0.534 0.961 0.633 0.969 0. 654 0. 960 0.631 0. 859 0.628
12 0. 080 0.018 0. 065 0.016 0.024 0.093 0. 055 0.025 0.043 0. 041
13 0.058 0.043 0.056 0. 059 0. 055 0.058 0. 084 0.054 0.074 0. 054
14 0.108 0 0.171 0. 001 0.905 0. 000 0. 180 0 0.059 0
15 0. 828 0. 946 0.968 0.971 0.983 0. 996 0.995 0. 986 0. 964 0. 969
16 0.543 0. 645 0.721 0. 836 0.733 0. 869 0.939 0. 858 0. 794 0. 828
17 0.161 0.028 0. 286 0. 056 0. 395 0. 045 0. 246 0.055 0.174 0.056
18 0.114 0. 096 0. 104 0.103 0.109 0.101 0.111 0. 101 0.115 0. 101
19 0. 861 0. 634 0.915 0.831 0.975 0. 845 1. 000 0.756 0.991 0.746
20 0.715 0. 359 0.521 0.553 0.431 0. 489 0.918 0. 695 0.831 0. 664
21 0.408 0.550 0.415 0.791 0.479 0. 700 0. 819 0.584 0. 685 0.591
Wi, MR 2 e IA 1, PICA Jrikxt TE it 150
M ) ol o A5 SR 2 B I Y, R I R T RE 10, 100}
L1, 19~21. Wl b EC T oA 0T B W . 3 |
o KT 10 10 RS I 2 R . AT e it Ll
\ e . 0
TR, R MR S WO B Lo 200 00 00 ST OO0 T
TH A S i Y I ROR . 'gg
\ m 60
5 4 # Zan
20t
ASCEW T —Fh 3T PICA (1 R M4 07 - T :
0 100 200 300 400 500 700 800 900 1000
E Xz B S Yepyd #E. 7EJRA PPCA Fl FA sample number
(b) ICA
w A b, FE TR EmAEE . Mike -
A Hik, PICA SR R U Mk 7 3 B A5 S, 40
e 30
150 20
10 F
100 | , .
~ 0 100 200 300 400 500 600 700 800 900 1000
50 AL ! sample number
kM J
Lo i A G VY 60
0 100 200 300 400 500 600 700 800 900 1000
sample number m 40 k “ M N
800 I Y. R—TYY [\ P T
600 w y
o ! ‘ ) , ;
= 400 0 100 200 300 400 500 600 700 800 900 1000
200} L sample number
o LA A A vuj"erumLh Y el (c) PCA
0 100 200 300 400 500 600 700 800 900 1000 o
sample number B2 RE 10 Mide4iiR

(a) PICA Fig. 2 Monitoring results of fault 10



e 1670 tt T # i %59 &
1E TE of 72 0] /fji Eﬁ?ﬁ&iﬁ Bl T PICA WA %[ [6] XieL., Wul]. Gobal optimal ICA and its application in MEG
P SCRUCROOBCRIE CRORIMAE . L, A s Raewmpun: S @ SRS

. . 7 Chen Guojin (B E 4:), Liang Jun (%), Qian Jixin
B‘C%Hj E@ﬁ%ﬂﬁﬁﬁ?%’rﬁjk%%ﬁfi ’ ﬁﬁiﬁﬂii (R B #r). ICA and its application to chemical process
ﬂﬁﬁ?f?\f%jkgf ‘I.i Elg ’ ﬁﬂ WTEiZ??HiT}LﬁﬁﬂF%‘« monitoring and fault diagnosis. Journal of Chemical
‘I‘iﬂ/\]ﬂﬁiﬁ y Xj‘—F—ﬂ}E/\JIfﬁE%Hj TEHEIEsz Industry and Engineering (China) — (fbk T.2¢ k), 2003,
54 (10): 1474-1477
References [8] He Ning (fif5%). Research on performance monitoring and
fault diagnosis for process industry based on ICA-PCA
[1] Chiang L H, Russell E L, Braatz R D. Fault Detection and method [ DJ. Hangzhou; Zhejiang University, 2004
Diagnosis in Industrial Systems. London: Springer- 3154
Verlag. 2001 [9] Hyvarinen A. A fast fixed-point algorithm for independent
(2] Kim D, Lee I B. Process monitoring based on probabilistic component analysis. Neural Computation, 1997, 9. 1483-
PCA. Chemometrics and Intelligent Laboratory Systems , 1492
2003. 67: 109-123 [10] Chen Q. Kruger U, Andrew T Y Leung. Regularised
(3] Zhao Zhonggai GBI, LiuFei (X7®). Factor analysis kernel density estimation for clustered process data. Control
and its application to process monitoring. Journal of Engineering Practice, 2004, 12; 267-274
Chemical Industry and Engineering (China) (fL 124 . [11]  Zhong Mingjun 4% B % ). Some algorithms for
2007, 58 (4). 970-974 independent component analysis and their application to
[4] Hyvarinen A, Oja E. Independent component analysis: fMRI data analysis [ D]. Dalian; Dalian University of
algorithms and applications. Neural Network, 2000, 13 Technology, 2004; 31-42
117430 [12] Lee] M. Yoo C K. LeeIB. Statistical process monitoring
[5] Kano M, Tanaka S, Hasebe S, Hashimoto I, Ohno H.

Monitoring independent components for fault detection.

AIChE Journal, 2003, 49 (4): 969-976

with independent component analysis. Journal of Process

Control s 2004, 14. 467-485



