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Chemical Process Monitoring Based on DNPE-SVDD

Abstract

Abstract: Chemical processes test dataset are high dimensional, and have the combined feature of
nonlinear and dynamic characteristics. However, traditional linear dimension reduction algorithm cannot
extract the local structure information and dynamic characteristics. The monitoring model of chemical
process based on dynamic neighborhood preserving embedding-support vector data description (DNPE-
SVDD) algorithm is proposed. With the superiority of NPE in nonlinear dimensionality reduction and SVDD
in the detection of outliers, dimension is reduced by DNPE algorithm and the monitoring model of the
manifold space with reduced dimension is established by SVDD algorithm. The Tennessee Eastman (TE)
process is simulated using the proposed model. Compared with DPCA and DNPE algorithms, the
simulation results show that the DNPE-SVDD has a higher accuracy of fault detection.
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Abstract: Chemical processes test dataset are high dimensional, and have the combined feature of nonlinear
and dynamic characteristics. However, traditional linear dimension reduction algorithm cannot extract the
local structure information and dynamic characteristics. The monitoring model of chemical process based
on dynamic neighborhood preserving embedding—support vector data description (DNPE-SVDD)
algorithm is proposed. With the superiority of NPE in nonlinear dimensionality reduction and SVDD in
the detection of outliers, dimension is reduced by DNPE algorithm and the monitoring model of the
manifold space with reduced dimension is established by SVDD algorithm. The Tennessee Eastman (TE)
process is simulated using the proposed model. Compared with DPCA and DNPE algorithms, the
simulation results show that the DNPE-SVDD has a higher accuracy of fault detection.

Keywords: neighborhood preserving embedding; support vector data description; dimensionality
reduction; process monitoring

B A T AN i e S W BRI AT, bt
R N R e 50 (o B L TS R % = A7 S
PCA® . ICAP!, HUFR T2 Ar e, ik S it 4
JRy G RE, JCTERIN 2 B AE Ei e 2 (B ) e AR et

25 T VTG 2% 3 AE 28 M B U v e g S T 2 o
nm aemone et e VI MBI M i 5 R 4
LA H « [H25 [ 40 R334 (61203020, 61503181), B A I N TERUE, PREFR T 5ds 10 ] i A &5
YEIRA AR R 3 42 (BK20140953), V17549 i £ [ s o Al v S N
PF 2 S (LIKIB510013) HAAZ . Forp, RBIRERFFR AL (NPE) A fiE

fEHmisr: BEIR7E(1989), 4, LARHH, Wit % 4% 2 i 4E I 2R B s AR 4 o, 1y BT £
fe, BT A TR R

BE L T RS R G R 2%, iR rh 4k
Pa AR EAPAE AR NE . IR S VER 2B IR,

http: // www.china-simulation.com
*184

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 23

57 30 55 1Y) Vol. 30 No. 1
2018 47 1 /] FhibetE, %5 3L DNPE-SVDD [k Tid F2 4% Jan., 2018
ST S AH TS, B ARLEF (RO e R T 2 ) S0 Xalh)=[Xp Xpy o Xy =

HIfEAE ) out of sample” il Y, S T AATH) X\ X X g

P SER XXX M)

NPE J& Jm #B 2k Pk ik A S (LLE) i e v,
L REVAEUIE R Je 08 10 6 P 45 ) SR T 4 R 1) Al 2
PERR R N AL B R A ST o3 A, AR T K
B I (8] AR A0 KRR AT S, TR SE B AL A i
Firf, B R A A L — 2 (R 1) AR e,
h T S AL I R (0 B AR, 6 B AT
TRALEE, R B AR M AR R AR Bt 4
AR Ji A FH AT B DR AR ok N SRV B oy 4 54 )R 4
THIG . S R A (SVDD) AT LA Sz B
F bR £ A R ERTE A I, w] DL R Ao R S
FRRI, MRS R, BRI ARSI
WEFRRE D). SCHR[OMEH TR A& LLE Hikksk
IS RE R (R 735, WG Tk, BRIK T i
J£. SCER[A0]82H T —FiJkT- PCA-SVDD [k
AR, SR PCA SZBUHHE 2k Fedi, 2
TR P AR R

BT A P BRI ARG v | s R At S L3N
BHPE, AR DNPE BT R (1 5) %5
P, K TR an LI 5 £ B B AE T IR, KRR AR
2 [ (I EE R R SVDD B MR A A, IR
SE MRS B LRI . Ao TEM UL T
F#, 5 DPCA. DNPE foxfLt, PPl BTHe 5k i
FEtRg.

1 BhFWELRFF RN (DNPE)

1.1 DPNE ®iEHiiR

Y% D UERIREASE X={xoXe, X} XieRP,
3 3 Zh AR AR AR FR i\ (DNPE) S0k X i 21 %k
A Y={y1y2,-¥n}> VieR%, (d<D). DNPE 45yksx
/Uy T

(1) WIS REHRE . SRHATHT h A R
JEFEFE Xa(h) 2 F

Xo_h

X3 a1 X
b h ABEPHEL 2 he{1,2,3}0, FBEEHS
WAL R G I P R T,

(2) M ARHIERLIE o SRR FEA R, IR
PHES A E I k ANRE .

(3) HABUEMFE . FEREFEA KUCE IATR
s V) B AR AR 1) s R AEAR R 2 ) DR RFRE A RIS
IBUEANAR AR 22 B B a(Wa) I Bl B/ . o

2

e(W;) =argmin|x —Zk:vvijxj 2
j=1

k

Dow =1 (3)

j=1

R X AN E T % T8, ) wi=0,

(4) THERFIE SR AR R o AR v 4 ) A
AR5 E R AR s TR BB W, R AR
A BCERH R A AT LU I SR AR 2 s/ ME )

(IR
2}

FIFHPE BA H ek kg Lh ARk ) 8, 1

XMXTa=AXX"a ®)
X M=(-W)T(1-W) o SRR (5)F B/ d AN
TIE AR BT X I 1) R AIE T i AR AE R S AR R
A(a1,3,,ag) eRPY,

1.2 Giilh&E K EHI R A

K DNPE #EA7TRE FE M2 isE, 0 AR E =
i) R 5% 2 2% i) g2 37, Hotelling T2 1S 7 Pl i i 22
(SPE)Ze M), T2 Gl b FH ok Jo S B A i 2 =i
(RIS B R, L

T2 = ynewA_lerw <

n

)

i=1

k
A =2rg m;n Yi — ZWij Yi (4)
=1

90D c4n—d.a) (6)
n-d

/H\: I:F‘ ’ ynEW:AXneW ’ A _l:[YTY/(n_l)]_l ’ j’\] ﬁzl—t Y

http: // www.china-simulation.com

+185¢-

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/23
DOI: 10.16182/j.issn1004731x.joss.201801023



Han et al.: Chemical Process Monitoring Based on DNPE-SVDD

% 30 4558 1 3]
2018 4 1 J

(b7 250, F(d, n—-d, &) B HE A d Fl n-d,
BV Aalf] F 434 SPE FIORE R I RE 1B
A, 5

SPE = ”Xnew - )?neW”Z =e'e< glﬁ )
o, g=b/2a, h=2a%b, a F1 b 735k lIZkEA

SPE S s M E A %,
2 SVDD

WRAEAL G743 21 T2 A1 SPE Zeil- R AR hrxk
JH i) S5 R R T RAR AN B AR 70 5, ]
N T RS, IR SVDD SiAR
i R g R T A

SVDD [#EA AR i s — AN BRI, A7 5T
A UIGFEAR T B8 2 106 S 7R BRI N, BRI
Hepry a AR R o, BINGREIEE{XD,
xieR%I=1,2,-,n, I AL 4% (KR~ i v LA 3
T (AP AK 1 3R A

H 2

min f(R,a,&)=R +Ci§§i @

st. |y -af =R*+&  &=0i=12,n
Hof, CNEMFEAIIET RE, & AR T
R EEAL N Lagrange B4R 1) 55 4~ R s

L(R,a,&,a,r) =
Zn:aiK(xi-xi)— Zn: oo K(X#X;) 9)
i=1 i=1,j=1

n
/E;‘EP’ O<a|<05 Zaizj.o
i=1

T8 T A R BRI A 2 T (1 AR S 1tk i) A A
Ry v 4 23 () R 2 Pk v, DU S T4 R T AR
TNH

R2 = K (X, X ) —Ziai(xi.xk) +

i=1
Z oo (XX;)
i=1,j=1

PRI MAAREAS 2 35 2 R 2UA AR, DUt R

Wbz, mMBEIEL .

(10)

E R
Journal of System Simulation

Vol. 30 No. 1
Jan., 2018
n
|lz- a||2 =(2+2) - ZZl:ai (zex,) +
i=
i aaj (%) < R? (11)

i=1, j=1
FERFAE 3 () A I GE T e it AR AT s,
X gt AR

L=[z-aff <R?
3 F DNPE-SVDD ke i 2 2

A, LR

(1) FRECIE S T80 i 8Os & 34T 15— 1k
ALI\IE,

() HEshALHh, WET EARE Xa(h);

(3) KJH DNPE Sy e BEHEAT R fE 2
B, JEAFREAE WA A(ay,ag,+-ag) R™;

(4) WA AR y=Ax, T AR 4E ik N A )
Y={y1.y2,Yn}s

(5) MRHHLLE LA [A] Y A SVDD %Y,

B. fE&kliix

(1) SREUHT I EE AR Xnews  FEARIEAE IEH
T NS B E AT 22T I AL B

(2) MRATHHE MBALE h, THEBY R
B Xanew(h)s

(3) MAEAIR Ynew=Axnews AR LE N 25 ]

(12)

Ynew:

(4) THE Ynew TREASFEAS 552 - 1 0 (1)
e
(6) SR E L, AW R R

4 HEBHR
4.1 LRI

ARSI A SR P AR 2 A 7R 36 E 595 1)

B, BRIt R,
Xl:t+el
X, =t* —3t +e, (13)
Xg =12 +3t% + e

Hrh, te[0.01,4], eiv ex. es & 3 ANAHH AT I

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

* 186«



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 23

230 B2 13 Vol. 30 No. 1
2018 4E 1 A BRI, 4% JET DNPE-SVDD [F4k Tf FR a4 Jan., 2018

PR, IRMIMEL 0. J5 220 0.5 M Aii .
BOE MR WAL 1 B

RO EAGE

Tab. 1 Specific information of the failure

il A il s R
M\ =200 IR ZIEE 45 xo A — i
A -6 (155 "
e —
M t=200 I ZIE xlbu)\ o

A 0.02(t-200) (f) 15

Pl 1 i g R 1 R, KB 1(a). K
1(b)73 %] PCA. DNPE-SVDD S8k 4T b
=, WA LLEH, PCA [ SPE 4iiH EAEWSHS
) R 1 2 7 T2 BT A e A I A
100 5 1., AR i sy O PR RS At A1, HL e i A —
BN 1] 5 TR AT A 80 Al . DNPE-SVDD ) L
éfﬁﬁ%&ﬁ&l%ﬁi):“ﬁﬁaﬂ@E/Eiﬂ?‘éfﬁﬂ LA L, It

HAFPEARE, Rens IR AR b I 42 i (1 R 2
20
& 10 i
; MM@W
0 100 150 200 250 300 350 400
FEA
15
00 LSLOA T(I;OAI?O A2(J)0I 2§0 3(I)0 3%0 400
FEA
(a) DPCA
0.7
0.6
0.5F
04r
~
03F
0.2
0.1
00—+ —+ o1
0 50 100 150 200 250 300 350 400

FEA
(b) DNPE-SVDD

1 ks 1 iR g R
Fig.1 Monitoring results of fault 1

Xk 2 iiiEg R 2 pros, E 2(a)

T LLE H, PCA ) T2 Geit-i B Rl e bz 1
K, SPE Gvl- i EGIAN i, ARER s Hds

LR EZ A NE 2(b)EF'ﬁILJ%Hj, DNPE-SVDD
SRR W R A AR R
100
& 5oL
0 VY. WYY ol i ol .A‘]nm"
0 50 100 150 200 250 300 350 400
FEA
? |
S3]
St
00507 100 150 200 250 300" 350 400
FEAS
() DPCA
0.7
061
05k
04k
~
03}
02
0.1
0.0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

s
(b) DNPE-SVDD

B2 Wb 2 il da g R
Fig.2 Monitoring results of fault 2

MEE Z 5015 BB T LA Y, DNPE-SVDD
ety ¥ 75 PCA 76 T2 55 SPE Ziil A2, A
HEUF AR PEAL EERE

42 TE 3 E

FH 2 74 - 1 7 2 I R (TE) 2 — /N 36 B L e
HIFREIN LS, 5 4 PPN 2 Bl 1 Fb
TEALI N 1 MR R A i R dE 5 A4
BAERTG: [RNVAS. B I ER TR
G HLATYCHREE O, 32 4T AR N e o 00 e 5
http://depts.washington.edu/control/LARRY/TE/dow
nload.html#Topics.

TE 1R 1 ey BB AT 21 SRR, A2
LR, A7 16 AN AT 5 AR AR

http: // www.china-simulation.com

* 187«

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/23

DOI: 10.16182/j.issn1004731x.joss.201801023



Han et al.: Chemical Process Monitoring Based on DNPE-SVDD

%30 B4 1409 ARG EAAAR Vol. 30 No. 1
2018 41 Journal of System Simulation Jan., 2018
A, Hh OansbE iR AR BN X 3R R, H AR A e
PSR R S5 o BEPLIE T oL, R FE TR 300
IBAT N 960 MR FEAAE R INZREE, KA M2 9 fgg i
R HT 160 A RUN IEFFEA, M 161 MEA ST .
IV 150 o
ARSI /75 DPCA I DNPE BH 5 "ol rh. T
RILE, FSERL T e, fEREST DPCA 2 %0100 200 300 400 500 600 700 800 900 1000
RUI, S H] e SRR HE I D 8594 e 1T FEAR
£ DNPE B, Bl MO k=33, A= (a) DPCA
WK 4ERCh d=25, {F%fL, DNPE-SVDD #% , 210
H U s R ] RIS AR AN BRI N 25 1) 4E %5, R 99% &1k //M‘*‘”‘“W
HIFETRIR, 2RJFAHIK 3 RIS TE R 21 i 00700 200 300 400 500 600 700 800 900 1 000
T EAT T A P
43 I 4 ShEe i T 3 BpEAL R S, T
10 FAFR IR . ks 5 R ARl as M T i SN M e
R T A B A LTI AL, 0 100 200 300 400;)2(;K 600 700 800 900 1 000
B 10 A2 2 PIRL C WL 2R AR RS I (£) DNPE
b, [7] DPCA. DNPE fEXT L, i Siikaess 1eil 16
B A i TR A, REAEFFIRERAS, Rriih 141
X BRI TR, A R LA Y, DNPE-SVDD 12
BRI £ T AR U] R TT, $91 T DNPE < ;g
A R MR IE R S T B2 A ME R, 0.6
HAT (R IE SR AE )y, 74 DNPE-SVDD A 0.4
AT S IR o AR Bl e A B B 0207700 200 300 400 500 600 700 800 900 1 000
AR A I PR B 23 R A A HH s (R R AR i
Ko BT A R AK A LU AR, A SCR IR A (c) DNPE-SVDD
TR MR PPN FRIE, THE T TE RFR 21 Ff 3 S AR
R, W0 2 For. M 2 LI, Fig.3 Monitoring results of fault 5
5 A R S MR He, DNPE-SVDD AT 17 o 777
RTINS o ElRTRE— AN, I 2R g5 e R AR R S 50
AR R, PTLUE HSRH DNPE &L, SPE 007100 200 300 400 500 600 700 800 900 1 000
GV T 113541 5% (average) i€, 15 DNPE-SVDD - A&
(1 L Gevt i i PR R AR ZE A K. R TR 3, < ol
9. 15, M THARLHINIRE A, FA SR R SN U AR “““". "

PRER ARSI LR R, TR LA BR 2k E 3. 9. 15
2 5 1) % (average*) I, DNPE-SVDD #&

0
0 100 200 300 400 500 600 700 800 900 1 000
FEA
(a) DPCA

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

* 188«



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 23

#5530 B3 11 Vol. 30 No. 1
2018 4E 1 A BRI, 4% JET DNPE-SVDD [F4k Tf FR a4 Jan., 2018
1500 S
5 iR

500
0 bt ATSCAE NPE HFERE F, & TRl FE Al &

0100 200 300 400 500 600 700 800 900 1 000
. FEa BN ASRE, R Bh A LRI ik A\ (DNPE) 5
DA EUECE R AR AR, 45 A SR 1) B AU g

=y 1000
% 508 WMWM (SVDD) 532 %, #H T DNPE-SVDD 5%,

0 100 200 300 400 500 600 700 800 900 1 000 N NS T o e
Pk IR X — Sk N T iz, A svDD
(b) DNPE SR GE Tt AT IR % . K DPCA. DNPE Fi
1.6 DNPE-SVDD M T TE BRI T X Lo #r, 4531
LA 1] DNPE-SVDD ik L HoA 5 AT AT Iyl
1.2 o v A N
10 BT IvERE, e T o RUE S, ReA AN T
~ N . » e
0.8 AR, (HIEAE TE i 55T, DNPE-SVDD
gj SHABSEE—RE, HRAER O 3, 94 15 1
02 1 1 1 1 1 1 1 1 ﬁj}ﬂu%{&o
0100 200 300 400 500 600 700 800 900 1 000
FEA SE R
c) DNPE-SVDD L .
A ( ;&Bﬁ 10 [ ] Rk, SEZE, JiKE, 4 JET LSNPE SLkffe T
i) I TE S LA
o i Ay 2% : 620-
Fig.4 Monitoring results of fault 10 ILFEAIE T fe Lo, 2014, 65(2): 620-627.
Song Bing, Ma Yuxin, Fang Yongfeng, et al. Fault
%2 TE R MR I i i % detection for chemical process based on LSNPE method

Tab. 2 False alarm rate of fault detection in TE process [J]. Journal of Chemical Industry and Engineering

Wb DPCA DNPE DNPE-SVDD (China), 2014, 65(2): 620-627.

KM T SPE__T* SPE L [21 Ef, BE, wEH. RTRIEE I WRE R PCA
1 0.62 0 0.12 0 0 SR A R A P TR R 9], L o 3R, 2013,
2 125 137 1 1.12 0.75 28(5): 683-687.

3 99.37 835 9487 5175 915 Wang Jian, Feng Jian, Han Zhiyan. Locally preserving
4 9.5 0 0.25 0 0.37 PCA method based on manifold learning and its
S 7 46.87 0 44 0 application in fault detection [J]. Control and Decision,
6 0.87 0 0 0 0
7 0 0 0 0 0 2013, 28(5): 683-687.
N Y =7 1 - =N 7 PR
8 25 212 187 05 112 [3] EEMQL,‘?E%}*M: W%?Zﬂiimmfﬁk)ﬁmfllﬂmﬁl
10 7425 4375 14.12 26.25 12.25 Zhang Muguang, Song Zhihuan. Subspace fault
1 7725 65 19.62 10.87 15.25 detection method based on independent component
12 0.75 2.37 0 0 0 contribution [J]. Control Theory & Applications, 2010,
13 525 425 425 35 4.25 27(3): 296-302.
14 0 0 2.75 0 1.87 [4] Miao Aimin, Ge Zhigiang, Song Zhihuan, et al. Time
15 99.37 8375 93.62 6262 87.75 Neighborhood preserving embedding model and Its
16 89.62  44.62 5 2612 12.37 application for fault detection [J]. Industrial and
17 2362 237 312 412 3.25 Engineering Chemistry Research(S0888-5885), 2013,
ig ;g?; 282;2857 398;6122 44.127 39(;6327 °2(38): 1371713729,
' ' ' ' [6] BREE, WA, EER. T INBGEL R R AW

20 e 125 e G T Bk B A R [0]. R BT R AR A A, 2013
21 5887 44 4337 41 375 FOLRMRIAE T, AV ke, 2013,

Average 46.42 2449 2142 1948 19.69 42(6): 106_6'1072' -

Average* 3759 1471 9174 1281 7.79 Chen Xinzhong, Hu Huijuan, Wang Xuesong.

http: // www.china-simulation.com
+189

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/23
DOI: 10.16182/j.issn1004731x.joss.201801023



Han et al.: Chemical Process Monitoring Based on DNPE-SVDD

%5 30 %52 1 0] E R Vol. 30 No. 1
2018 41 Journal of System Simulation Jan., 2018

Dimensionality reduction for hyperspectral data using [11] Dong Jie, Zhang Kai, Huang Ya, et al. Adaptive total

weighted neighborhood preserving embedding [J]. PLS based quality-relevant process monitoring with
Journal of China University of Mining & Technology, application to the Tennessee Eastman process [J].
2013, 42(6): 1066-1072. Neurocomputing(S0925-2312), 2015, 154(22): 77-85.

[6] Kenneth S McClure, R Bhushan Gopaluni, Terrance [12] KRN, RPIR. —FEET DLPP [ sh Al F b i
Chmelyk, et al. Nonlinear process monitoring using MWL) S RHER 2241k, 2009, 37(1): 62-65.
supervised locally linear embedding projection[J]. Zhang Muguang, Song Zhihuan. A fault detection
Industrial and Engineering Chemistry Research method based on DLPP for dynamic processes [J].
(S0888-5885), 2013, 53(13): 5205-5216. Journal Huazhong University of Science and Technology

[7]1 Gui Jie, Sun Zhenan. Discriminant sparse neighborhood (Natural Science Edition), 2009, 37(1): 62-65.
preserving embedding for face recognition[J]. Pattern [13] Jiang Qingchao, Yan Xuefeng. Probabilistic Weighted
Recognition (S0031-3203), 2012, 45(2): 2884-2893. NPE-SVDD for chemical process monitoring [J]. Control

[8] k4, Ty, £kg. HET LTSA [ FS-SVDD J5ik Engineering Practice (S0967-0661), 2014, 28(5): 74-89.
M ALAEA T R g P N []. A T4k, 2010, [14] Miao Aimin, Ge Zhigiang, Song Zhihuan, et al.
61(8): 1894-1900. Nonlocal structure constrained neighborhood preserving
Zhang Shaojie, Wang Zhenlei, Qian Feng. FS-SVDD embedding model and Its Application for Fault
based on LTSA and its application to chemical process Detection[J]. Chemometrics and Intelligent Laboratory
monitoring [J]. Journal of Chemical Industry and Systems(S0169-7439), 2015, 142: 184-196.
Engineering, 2010, 61(8): 1894-1900. [15] Ji-Hoon Cho, Jong-Min Lee, Sang Wook Choi, et al.

[9] Olga Kouropteva, Oleg Okun, Matti Pietikainen. Fault identification for process monitoring using kernel
Incremental Locally Linear Embedding[J]. Pattern principal component analysis[J]. Chemical Engineering
Recognition (S0031-3203), 2005, 38(10): 1764-1767. Science (S0009-2509), 2005, 60(1): 279-288.

[10] #ldill, EHEFR, RIIF. 3T PCA-SVDD [l [16] Molina G D, Zumoffen D AR, Basuldo M S. Plant-wide
R IAN B 2 S HER[]. WL K224k, 2010, 44(4): control strategy applied to the Tennessee Eastman
652-658. process at two operating points[J] Computers and
Zhu Zhibo, Wang Peiliang, Song Zhihuan. PCA-SVDD Chemical Engineering(S0098-1354), 2011, 35(10):
based fault detection and self-learning identification[J], 2081-2097.

Journal of ZheJiang University, 2010, 44(4): 652-658.

—— - —— e —— - — — - — — - — — A — — - — — S —

(423 183 10) Fan Z F, Ma X P, Shao X G. RBF neural network
multi-step predictive control for nonlinear systems[J].

L N Nan ST R AS R 2 ..

[15] WRBHAMIE, 530y, TR, S5 JE TR A E Control and Decision, 2014, 29(7): 1274-1278.

SRIEEN [ i bz = LR N SN < ey Sz e >
S AR B AR LR SRR, 2008 gy gl i T C RS HOHOM RBF
37(8): 1818-1824. 28 9 24 TUAT B e ) 5 P AR AEL0). BUBR TR 2%
Ou Yang L H, Ma'Y Z, Wang J J, et al. Response Surface 1, 2014, 50(12): 58-64
Modeling Base on Model Uncertainty[J]. Systems Zhang Y Z, Dong J H. Modeling Fuzzy RBF Neural

Engineering and Electronics, 2015, 37(8): 1818-1824.
[16] #EJRUE, S/, HEERR. AFZeih R 48 RBF fhi pd 44

Network to Predict of Mechanical Properties of Welding
Joints Based on Fuzzy C-means Cluster[J]. Journal of

1= N 72 7 =Y fres .
2ok TR E g R, 2014, 29(7): Mechanical Engineering, 2014, 50(12): 58-64.
1274-1278.

http: // www.china-simulation.com

*190 «

Published by Journal of System Simulation, 2018



	Chemical Process Monitoring Based on DNPE-SVDD
	Chemical Process Monitoring Based on DNPE-SVDD
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/yYwHhfT2nz/tmp.1688107323.pdf.0YfDf

