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Research on the fault classification based on support vector data
description and drop reconstruction in batch process
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(1. Department of Science, Shenyang University of Chemical Technology, Shenyang Liaoning 110142, China;
2. College of Information Engineering, Shenyang University of Chemical Technology, Shenyang Liaoning 110142, China)

Abstract: For batch process fault classification problem and further studies of failure of a type, Support Vector Data
Description (SVDD) method is adopted in this paper. On the basis of the database of many types of faults, corresponding
fault types of models are built applying SVDD, then super-spherical radius of each model is obtained using kernel function;
for the new fault samples to be classified, examining its distance to the center of the sphere hyper-sphere various types of
models, then comparing the size of this distance with radius, and to determine the type of fault, especially for the tested fault
samples may be beyond the detection range in each fault model, performing iterative reconstruction decline to determine
their types. The method not only can accurately identify faults occurred independently, but also can be effectively achieved
for a variety of other methods are difficult to identify concurrent fault, and it is used in penicillin fermentation process and
numerical simulation experiments to verify its validity and accuracy.

Key words: batch process; fault classification; support vector data description (SVDD); decline reconstruction; kernel

function

1 5|5 (Introduction)

() Bt B — P E ) Mk AR = 5, R A~
TIREA B} I N A A% 7 il Ao 30T PR AR A, ALk,
e TR EJRE AR R, Sl A = e R o s R A e A
L AR Ok T, T B G v S B A A
TERE I =21 IS b (1 TR Rk —
RN S

A, B 220792 A AT MR HERRE R 732
i, MRS I R PR LA ] B ), U I A 1 A
BRIV RT A 2 S 202K, (L L s A e ¥

Wike HY1: 2014—06—11; s H: 2014—11—11.

T3 A% . E-mail: li-yuan @mail.tsinghua.edu.cn; Tel.: +86 13082424115.

(R HE R HEREE, RE AR AORIHE I VA, T Re v
5 AN E P 5RO PE, HBRAIIL A I HE 3 I F,
AP R BR 22 1 . FH T W 70 288, AR s ORI O &R
FEREAT A — € (PR, 73 2RA82 2 NN A 3T 1 43
K7k, Horp N T 28 W 4% (artificial neural network,
ANN)HLAT BRI 2% 2] 12 A8 7501, S i 2 B FH
TRy T SR A SR IR, AE S B
e B a1 e FH Ve L B 23 28 S ) Bl (one-
class support vector machine, one-class SVM) fg % 1

I M S I EAAEL 73 2R e R0 (BRI T AR 2 532K ]

K B AR AR T R0 H (61034006), FIZK B AR ARG H (61174119)BEH).
Supported by State Key Program of National Natural Science Foundation of China (61034006) and National Natural Science Foundation of China

(61174119).



53 1)

UIEFARC & S CTe -V €I (1R id il IR R DR ea 1k en s (i e 0 VAR 381
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2 AP (Basic theory)

2.1 SVDD ¥ % & Ji& 3 (The basic principle of
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3.1 AREIEE N (Modeling) 4 HRE 43 25 1 SE 4 B 5T (Case study of fault
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Fig. 1 Fault classification flowchart of batch process
based on SVDD

4.1 F({E{iE (Numerical simulation)

4.1.1 7T BB B (Establishing a faulted data-
base)
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4.1.2 FHEMiALHE (Data preprocessing)
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4.1.3 MBI (Modeling fault classification)
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Fig. 2 Classification results of step fault about three types of fault model for 1 + 0.25
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Fig. 3 Classification results of step fault about three types of fault model for z2 4 0.25
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Fig. 4 Classification results of step fault about three types of fault model for z3 + 0.25
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Fig. 5 Classification results of step fault about three types of fault model for 1 + 0.32, z9 4+ 0.27
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Fig. 6 Classification results of step fault about three types of fault model for 1 + 0.32, z9 + 0.27, 23 + 0.25
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analysis)
N FHSVDDJ7 200 15 %% 2% A2 &1 AR 520 il
Wi 5 P2 2 ol A5, B AT R 4 2, AR
PRI 1R o R 5 S an 7 — 8 k.



53 1)

UIEFARC & S CTe -V €I (1R id il IR R DR ea 1k en s (i e 0 VAR 385

0.985 T T T T T T T

0.980

K
S
0.975
0970 | * | 1 1 J 1 1
0 50 100 150 200 250 300 350 400
K
(a) B R IR AR B 17E40~ 1200 %1 % 7%
PRI R A e e 23 2R 5 SR
1.005 T T T T T T T
1.000 - gs* 4
0.995 - i
K L i
& 099
0.985 - §
0.980 Pt ——
0.975

0 5I0 l(I)O 1510 2(I)O 25I0 3(I)0 35IO 400
PR
(b) ZZ R IR AR 52 7E 80~ 1600 %I KA
6% I R B £ 43 2 45 2R
K7 HE AR IR REE R K
Fig. 7 Classification results of model for penicillin variable 1
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Fig. 8 Classification results of model for penicillin variable 2
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Fig. 9 Classification results of fault reconstruction for 18% of

penicillin variable 1 with its model



386 T SRS VA 32 %
1.004 ————————————— TR S, A SCRGE MBI Ry = 1.0113. IXHLLL
12% A ] TR A AT TR A 0], LA RN 11,
0.998 1.015 T T T T T T T

W 0.996 :
R 09941 : 1010} ]
0.992 1 10051 )
0.990 : ,
0.988 - B j; 1.000 - q
0.986 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 0.995 - A
KA 0.990 1
(a) ﬁﬁ”‘]ﬁﬁﬁ%ﬁﬁ] IS],U H(Jﬁ%éjﬂ:;‘% 0.985 1 1 1 1 1 1 1
770 50 100 150 200 250 300 350 400
0.988 T T T T T T T Y7
P
0.987 -
0.986 - 1 SRV VAN ) RN AP N
8222 Fig. 11 Classification results after malposed reconstruction
S'éé 0.983
ool .. ] YR 11 R 1 D4 0 97 A, e KR
0980f 1 AN AR R, 22 $R 20 B AR, 5%
0.797 % . \ P\ S e L N - N .

0 50 100 150 200 250 300 350 400
(ORESECE il e S PN

Bl 10 7585 5 AR B2 BN AR 2 M) 15% W oA ) 2845 R K]
Fig. 10 Classification results of fault reconstruction for 15%

of penicillin variable 2 with its model
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