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Subspace fault detection method
based on independent component contribution

ZHANG Mu-guang, SONG Zhi-huan

(State Key Laboratory of Industrial Control Technology, Institute of Industrial Process Control,
Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: In order to handle the problem of fault detection for industrial processes, an improved subspace method is
proposed based on the definitions of the independent component (IC) contribution and the contribution matrix. First, the
appropriate independent components are extracted by independent component analysis(ICA), and then, the contributions of
different independent components on the process variables are calculated to construct the contribution matrix. According
to the contribution, a set of suitable subspaces, which can reflect different root causes, are constructed by corresponding
variables. The fault detection models are established on these subspaces. Finally, combining all the above fault detection
models and choosing the proper ensemble strategy based on the actual requirement or the spread characteristic of the faults,
we make the ensemble decision for the fault detection of industrial processes. A case study on the Tennessee Eastman(TE)
process for each mode (1 normal and 21 faulty) illustrates the effectiveness of the proposed method.
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Fig. 1 Comparison of single model method and subspace method
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Fig. 2 Subspace construction algorithm
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Fig. 3 Detection rates of different strategy in the TE process
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Fig.4 Simulation of fault 4 by ICA
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5 458 (Conclusion)

AR — B AL T IC TR B2 1) 1 A 92,
T FERE I, T 6k SEIC AR I 5 93 AN AE 3 AN AR
S 2 [A) B RS I R R 95 A, AR S Ve T IC T
HR FE Fi b, T ok 78 R i 2 7 o A AN ) ST TG A
ANFIAZ & E R OTEREE, M JRGR 1) A% B ], A i
E ST e /| VA i i | 1 B 115 W e o 1 BV Ay i o L1
g R, T DL ST A0 S0 %) AN R, AR

P e A4 I sk R PN E B0 R AR A, DT B s A U
ROR. R, AR SCH S T — P R AR BRI,
FHRAS 21 e Z R I 45 . 18 3t #E Tennessee East-
man(TE)E Y582 1R g B R I 7 L300 1 07 ELAF
FT, VLU T AR SRV A B . R, ASCEEIE
AN Sy B T R U, s m A T e SIS Rl
R 125

£ % ik (References):

[1] CHIANG L H, RUSSELL E L, BRAATZ R D. Fault Detection and
Diagnosis in Industry System[M]. London: Springer-Verlag, 2001.

[2] RUMANA S, SIRISH L S, UTTANDARAMAN S. A PCA based
fault detection scheme for an industrial high pressure polyethylene
reactor[J]. Macromolecular Reaction Engineering, 2008, 2(1): 12 —
30.

[3] LIU X Q, XIE L, KRUGER U, et al. Statistical-based monitoring of
multivariate non-Gaussian systems[J]. AIChE Journal, 2008, 54(9):
2379 - 2391.

[4] HERAULT J, JUTTEN 1J. Space or time adaptive signal processing
by neural network models[C] //Proceedings of Neural Networks for
Computing: AIP Conference. Woodbury, NY, USA: American Insti-
tute of Physics Inc, 1986: 206 — 211.

[S] MCKEOWN M J, SEJNOWSKI T J. Independent component analy-
sis of FMRI data: examining the assumptions[J]. Human Brain Map-
ping, 1998, 6(5/6): 368 — 372.

[6] BARTLETT M S, LADES H M, SEINOWSKI T J. Face recogni-
tion by independent component analysis[J]. Neural Networks, 2002,
13(6): 1450 — 1464.

[71 KANO M, TANAKA S, HASHIMOTO I, et al. Monitoring indepen-
dent component for fault detection[J]. AIChE Journal, 2003, 49(4):
969 - 976.

[8] LEEJM, YOO CK, LEE I B. Statistical process monitoring with in-
dependent component analysis[J]. Journal of Process Control, 2004,
14(5): 467 —485.

[91 LEEJ M, QIN S J, LEE I B. Fault detection of non-linear processes
using kernel independent component analysis[J]. The Canadian Jour-
nal of Chemical Engineering, 2007, 85(8): 526 — 536.

[10] GE Z Q, SONG Z H. Process monitoring based on independent com-
ponent analysis-principal component analysis (ICA-PCA) and simi-
larity factors[J]. Industrial & Engineering Chemistry Research, 2007,
46(7): 2054 — 2063.

[11] HYVARIEN A, OJA E. Independent component analysis: algorithms
and application[J]. Neural Network, 2000, 13(4/5): 411 —430.

[12] CHEN Q, WYNNE R J, GOULDING P, et al. The application of prin-
cipal component analysis and kernel density estimation to enhance
process monitoring[J]. Control Engineering Practice, 2000, 8(5):
531 -543.

[13] CHOI S W, LEE C, LEE J M, et al. Fault detection and identification
of nonlinear processes based on KPCA[J]. Chemometrics and Intelli-
gent Laboratory Systems, 2005, 75(1): 55 - 67.

Y& A

IKOE  (1983—), T, W LBESA:, B RTHIEFCS ) i A
52 Wi K, E-mail: mgzhang @iipc.zju.edu.cn;

RPIF  (1962—), H, Iz, HRrw5e 7 4 36T 5048 0K 2+
AR % Tl ad F @, #4405 i 12 87, E-mail: zhsong @iipc.zju.

edu.cn.



