5546 %5 55 W
2019 4F

JEEAE TR AR (A ARBE2RR)
Journal of Beijing University of Chemical Technology (Natural Science) 2019

Vol.46, No.5

SIAME IR, RIGIE, e A5, BT FOE N S A [ ML (DTW) 1Y GA - FCM. Z [ Befal B s iz i ()] Jbntfe T

Rzl (ASRBEEAR) ,2019,46(5) 287 - 93.

LIANG XiuXia, CHEN JiaoJiao, YAN Ting, et al. Fault diagnosis of GA —FCM multi-stage batch processes based on adap-

tive dynamic time warping algorithm[ J]. Journal of Beijing University of Chemical Technology ( Natural Science) , 2019 ,46

(5) .87 -93.

ETHENHSHENE(DTW)H GA-FCM
% Iy B 18] R i A2 B RE IS

3 &
RHE

Eve DA D I T |

(e Tk R AN TR RE SRR 2=Be, K 300130)

W E. ZRTBURAIEGT R A B A RRAE X A R R 2 B B R) USRS W RS L SR IR C-EE R 2
(FCM) B3R5 B BEATAE AW 4R B2 P L BURR 5 T 8 A RS U (B A 1] A, 4 H 4 A 1 5 FOM S A 25 A 1
I (GA-FCM) JH T 5k FCM 5 TFa A SR 3A AIE (BL 4 im0, DLGA B 4 Ry fneflt . TRV, 4 o [ia) asd g 5 AN 254 )
B IS R B AS I R ( DTW) Bk . BiJS , JH GA—FCM J5 52 I BeRil 3, F 4 ~7 2 101 4% 329620 HF ( MKPCA )
PEHISE GROREAGI , FJe i R T B R LR AR, 05 BAS R RniE T ATy ik T A A stk

4RI UM C-YM IR AR ShASKI A, S8 E o0 BRI 1l EkE AR

hE 3RS TP277

(] B AR R A Tl AR B, i T R
BUN BHER B0, T2 T R B TR R
3 AL A A e AR TR B A T
o B A 7 P BT Y LU BB AE T DL 2 4
RE ETR SN D S

(] i ) A 7 A A 7 e A 2 H B
PEASFA 1) L, Nomikos %51 Ay fif e 12 [ J 12 11 e
R BEYE | BRI P St OB I B B8 — S A 2 4tE ik
HR RS 1R R A IR Kl ) R %07 vk AR T
LUN[EVeS2S 9% 1€/ I DEET N L & €1 LI DR EPS éa
K5 Cho %51 SRS 4 0 A 7™ 3o 782 vl 28 80 A 0
B -5 D sk AR R AR S L A8 IR — BB o BE S, e
P i/ NPT S 7 B T R At U A o A 20
T RAREE H R R A TR A H el
HOALEE B A O B U A BB SR SE B A P A

Wk H 1. 2019-04-29

FRETH . ERAREAEES (61773151) idbE AR FH#
4> (F2018202279)

e %, 1972 A Hi

E-mail : Ixx68@ 163. com

DOI: 10. 13543/j. bhxbzr. 2019. 05. 013

(Y — LETRAE G R R A

[ i AR A7 AR — A A PE—2 B BRI
RIVBEE A= i R AT, 42 ) F be A 32 5 2
ZRABUES BT, £ 4% 3 T840 (MKPCA )
Jr AL (] B R v Y R R R L EAR SE
MKPCA J7 i — it 23 il i B84t Ak B0 5030 oA g Ao
R I 220 AR 7 o A TR B R R AR B X 22 BB
R SR FLAE O SR B TR C- X TR 4 A3
e it 4 Ak 5 B ) e o ) B B3 o, (ELR AR
B C IERIE XTI 46 R 2 P B URR, W46 2R 26
L IO 2 2 fd I B3 o3 AN RS, 22 10752 ) i 7
WA R, SRBAE T BRI T — RO T
B RIS 5 AR B oy rp (B X B
T AR B e AT SR foe i A B R, ME G
A,

BExk b e] B R T R AN A AR SO
1 35 1 Bh 25 5 ) B ( DTW ) 55032 DA M e 503 R 45
KA, SCBL T N AN OB i )R — B H
bro BEXTRIEOE AR 22 B Bkt , ok s AL 300k S
Wl C-HME 2R 26 (FCM) B L M 45 & 197 i (GA -
FCM) i i) B Re A7 Bir Bedal 73, 2 ) JH MKPCA %
AT Beor A S AR I8 USCREAG



- 88 - R TR A2 (A RBRAR)

2019 4F

1 %% E T A7 3 5 AR A

LRI E 2 ) RS T AR = R4 RE X (1 x
JxK)  TARFERAEHE R, J TS AR i KRR
FEIT 2, TE QAR T B 50K — AR T L — 4k 4K
i, B X A KR I FAS B2
P I J5 MKPCA 1 & 455 5 78 55 4% = 7053t (KP-
CA) AH[A]

KPCA 1A JEVREUE: 1 5 30 o 3 4 1k e S5 4 A
A5 (A BSS BIVRRAE 25 (8], SR J5 5 U RRAIE 25 (8] i
FE R, WWMANEAREX, = {x,,x,, x|, H
H1x, e R" N HHEALL, @it AEL T  FimA
Bt I A 25 1) 52 81 KPCA 25 00],9iE0 ¢ (x,) .
X K = [ K, ],

Ky, =k(xg,x,) =(d(x,) ,d(x,)) (1)

5| AAZ PREICRT LA B[] Aot A A 4 P ke S -
SRRIE A ] A ) R (R, AT R
[l x () E i ¢ A4 (2) A

t(x) = Y o (d(x,),d(x)) = BZ a (x,

B=1
x) (2)
Apk=1,2,,p,p AREFITE, 0 HH—1L)E
HIRZSE R AR AE ] & T° F1 SPE 434 M 355 il R
RIS 30K 15 ] RITA

2 HIEMN DTW &%

BT T A 7 2o i P BSCHE S SR TR, R
] B N DTW 40k SR 4 9 Stk vk st
T B P4 — B, A SR IR B B 8 3 5 1 e
A B Z A1 - S AT AT LAGRAS: @ x b 41 )R
RS, W axb T A DNRTEEE R d(n(A),n
(A)),

dlp(A),m (1)) ={A[pu(Ar),:] -B[n
(M), TTWHA[(A) o] =Bln(A),: 11" (3)
L w(A) (X)) BIRFEA BB AR, W R B B,
W=E,E ZHRAHEF Alu (L), ] Rm A DS
p(A)MATEE B n(A),: 138 B A n(A) M7
), FESFAT DTW S53k [F] 25 1k e R i) 2 W 05
22 ) B e R S 7 e L S ) R b s R )
IhFE,

FHEIE R, DTW 5375 ff B0 N 55 K [n) R
THRCRAR M N b S2 50 008 - Y B A B L, SR NV
L HLA I B e 4530 L AL IR N, 1R 2% 3

M Ly, <Ly (17 q) BRI XFR N DTW 553 R 2
P XFR A DTW L AL, Ly, > L, (1
q) A A BRI A, A B R AR S B N AL
B 3 F N AR B TV 38 8] 5 2%
R, P n=(4)

N
Rref:%z Nl’lzlsz,”"N (4)
1

BEISHYIL G K N RGBS 55 R,
AR DTW B3k s dE X FR =l DTW 537k 8] 25
b, 13 BB ] B — S0 N AR B

AR EN N AHER B St R IF SR 5
PEFTAREAL AL 3 KA AL S A 550 P B HES ) 1] X
(I x J x K) (B, SR P48 B T R I Y e 1)
HOT PRI E R K ASBF ) R85 T, (I x J) 3T
SRR 7 R T, 5 AR ) v 6 R T, i AR
B IFRARBUE R S (S e RN M N B 285 1 i
AHATRIEST ., AR i AR

1 J
S; = ]; z_; (i) —tip)” (5)
3 GA-FCM REEF X2
3.1 FCM Hi%

FCM S350 —F0 FH 0 ~ 1 [ (1438 I B ok i o2 4
ANREA 5 JR T 25 AN L R B SR O iR
SRR AR — A T AL

S ou,=1,Yh=12n (6)

FOM g5 F— Bl /N H L 56 5B 2% 1R AR 1L
ik R X

](U’cla""cc) = 2 i u:’td:'h <7)

g=1 h=1

iy, € (0,1) ¢, F4 g BRA L, w HHH
My, = e, —s, | J5 g MEKDLGE b A
] HORRESRE B 58 (7 ) s e/ 06 5 A
=z

;u;ﬂ/lsh
c, = = (8)
2 ul,
h=1
1
Ugp zp‘ (% )2/(10-1) (9)
o Ny,

FCM B35 B R a2 X0 IR (B FURR, W0 8
USRI B TG 2 (R AOR AL 22 | I A SCfil



%5 AT BT S N ISR (DTW) 1 GA-FCM 22 [y B[] it i s 12 thir - 89 -

U =PRI R S NN
MR
3.2 GA-FCM &%
B AR — AR R A BEPL S B e e
H Ar RECH 5 S5 UM e R ke, M R A5 A
Dol AL IR I AR R) AT REAR A — SR IT
GG I8 — S B R AR (AN e | 58 SRR S
AR BRI | AR IR e R T 58
3.2.1 FrBEEAIEAL
S o e AR S R —4En e/ MAE i, S,
AR P S B —4E W SR A 1) &, Al
BEALE T NTELS i S | XN 22— AL H A
IREPILEFIRE M 2R3 0k
M' =
M]l rand(0,1) x[M_ -M_ 1+M_,
M, rand(0,1) x[M,_ -M_1+M_.

HITSET I, 3 FCM

M}) rand(0’1> X [Mrrlax _Mmin

(10)
K, M N — B, & — A AT 1 B )
H, 47— 1 x2400 By, fLFE DA,
FH 2400 ™Yt iAAa) B, A e o R 2 — A~ 1kl
R I S A, rand (0, 1) W2 0,1 2 18] /Y B

3.2.2 ##
VEPRPRAER RS S0 MR IR BRI RN
P(MS) :Fit(Mf;)/ Y. Fi(MS) (11)

o Fit(MS) =1/fic(MS) | fir(MS) HASAE S
Fit( M) N3 W I8, P(MG) AN MG e 43k
PERE PP E P R HER , 0 R B — AR RE R BT A
AMEEL, TR R N T 4 A ARE R sk
K, IR AR ) B3R B bR pR B e /MA . FETHE
HAMARBE R B R 2 I, X H AT gk 2 S, ) —
AMRBE FE 1 x (2400 x D) B (0,1) [ &, D N
— IR MRS R 1R,
3.2.3 EmAEHHE

X AR AR AT A W kR 5k
B R IR, PR A A AR I RIS Pt N — S
Wttedt hy —HEHE R, GnEl 2 BT

i N BT A

Sfit = — (12)

C C C,

1 2

N2 80% 160% @ 240%
oez| LD CIEDARID - (A

1xD 1xD 1xD 1xD 1xD

C ‘

1x2 400

1x(2 400xD)

K1 b e
Fig.1 Coding process

1x800

X ‘ c, ||:> C, 1x800

1x2 400 C, 1x800

B2 R A A
Fig.2 Matrix conversion
X, D, RIS, o [l — G e A AR A
EINERR DR g e W

D= LY &, -cr) (13)
m=1

Rofd (€, -CT,) == Y d(C, - n,) 0, &
m m=1

TS PRI E . JR 5 m KR A
Lt CE L ey Ly T
B1C, FRE m R AR O, Hod =
1 ’2’ e Co

D, HATE B, S A 1 B
3t

mw=Ji§;<a4mz (14)
P O FRE r RN, C FR e
PR MRS

B 1o 3 7 /I B2 S
T VR I 1 R O B2 LD R FOM 3
BRI IR ASE(7) ~ (9) , JEFT FCM A3t
SEBY B 5

2k FCM B AR an i 3 Fios

4 FRER

AR SCR T ) B 1o A 7 B 28 AL RSB A
oratt A e R, AR R AR R AR L R 2 B BERY
FHIE, AR T2 RARA KA, HaE R kR R —
BT LAY N A A R R A R FE 3 B
Bt PenSim2. 0 J& 7 % 3 AE 7= BB AT, A6 00
HR R R TARMEF & AR SO B i




- 90 - R TR A2 (A RBRAR)

2019 4F

iRl

| i smrnn sk |
]

A
|

[ w ]

|t e |

v
LS
v

| ZHFCME B |
l ]
| 5 R | ‘

B3 Bk FOM Sk iR A
Fig.3  Flow chart of GA-FCM algorithm
i AR ERAT
4.1 REHHH
SEAT RO AT 2 N BE g 15 2 1 B B 2 R A

Dl

"=b,

D, BUE MU, RAEBOR AT D, BUEBK, B
A, B FE RS Aok, ) FAE /M
FRPBR AT

X (15) HHE A AR FEM 1.6,
FCM 83k FAE R 2.3, A WA SCAr B 7L RIS TN
e
4.2 WFEKRNER

ASCEPE T B8R KSR 17 AR
TTRGY L4670 PR DR R i iR ik

(15)

VIR JKYIR S R R YRR E R
RUWREE BB AR vk B | pH A= W) I g
WL A A BRI BRI R VK I i UK
T AL T 20 A ACEERFELAA 390 h 1 410 h 4§
KFEHEFE R 0.5 h BYIEH S5 HLR, H i etk
RSP 24 B 1] K B Sl 400. 2 h, WE#% & 2] A 400 h
X — B R N, o SRR 20 AU Y
A ) < B8 22 5t 3 DTW 80325 I 27 5 55 3] 400 h,
SEEL TR AR

Sl T MKPCA 553 | FCM - MKPCA 553 il
AT GA-FCM - MKPCA 85 %5 a] 8 5 2 ik 47
BRI

4 NARSCTAR BT RG], K 4 7]
L AR SO (R B AR R4 3 AN BB 1 ~ 188
JERE—B B ;189 ~ 357 S5 BB 358 ~ 800 S
=BBE, B BRI A3 R T R PR R R R
M B BRIy SERUG K 3 AN BEAr i ST MKPCA
BRI EAT R AN

3

Bkl 4y
[\

L Il n L n L Il
0700 200 300 400 500 600 700 800

Fl4 GA-FCM ZE:Hr BRIy
Fig.4 Stage division result of GA—FCM algorithm
MKPCA %3  FCM - MKPCA %5 5 il A 3¢ fir 4
GA—-FCM — MKPCA B85 X 1E 5 1 v (4 Kz I 245 51 4an
’l 5 Fr,
& 5 A, MKPCA & ¥ 172 =R F W

rFr——
I

———

15
150}

e 100}
501

PR O

0 100 200 300 400 500 600 700 800
(a) MKPCAJ7 3

(b) FCM-MKPCAJ7 3

K5 IERHU R

Fig.5 Results of normal batch simulation

(c) GA-FCM-MKPCA 73k



5

SR, 5T B RSN D HUAS (DTW) B GA—FCM 42 B¢l 8ot Bl i .91

12.35% ,FCM-MKPCA &3 T° R4 K K 1.95% ,
A SCHTHE 7 200 T° R R 2 T 0. 9% ; MKPCA
Bk SPE R %K 17.15% , FCM - MKPCA 3
SPE IRRFH 0. 88% , AR U R F 7k SPE 1R IR %F N
0.13% o AT WA A SC A4 vk 40 o0 B B Je P-4 57
B 25 AR R

AR SO SR AR T T T 5 R AT A I S 1
XFRARG ABBEE S, 78 200 h i il + 3% B B
{55 %05 T2 255 300 h, 2 W45 R id 6 fr
7N s BCRE 2 FE 200 h B X FE AR + 0. 2% R
{55 %05 T2 255 300 h, 2 W4 B aniE 7 Br
N o

60 100

SPE

40+ F/\/ 5 m307 S
& 50r A 20+
20+ v 1731
10 U I
eeee—— )] =t el i [ AN ——y . ey

40

= 50f

60+
& 40F
201

60+ A
w 40F f
200 40

0 100 200 300 400 500 600 700 800 0
KR
(a) MKPCA 7

100 80

(b) FOM-MKPCAJy

Bl6 ke 1 AG &l
Fig.6 Diagnosis diagram of fault 1

0 100 200 300 400 500 600 700 800
RFE A
(¢) GA-FCM-MKPCA )53

80

601
£ 40¢
20

60r 60r
£ 50t & a0} £ 40}
7 73] )
20 20r
0 P [f] S P b= e

A L

W\/L

,—ﬁ-,_/‘_‘/-\'

0 100 200 300 400 500 600 700 800 0
RS
(a) MKPCAJ7 3

100 200 300 400 500 600 700 800 0
KA
(b) FCM-MKPCA 53

KA
(¢) GA-FCM-MKPCAJ5 i

B7 ks 2 A
Fig.7 Diagnosis diagram of fault 2

MIE 6 A FCM - MKPCA B 17 IRk R N
2.25% ,MKPCA J7 i FUA SCRT 2 07 i i 2 0 0,
MKPCA B35 172 R %4 10.38% , FCM — MKPCA
Bk T RIREN 3.63% AR SO T A TP R RR
0. 88% ;3 Fh )51 SPE IR N 0, i % T
SPE =2 ,MKPCA .15k 16. 75% ,FCM - MKPCA
BYEN 1% AR SO AERER T 0.1% , AT
AR SCRT 3 7 i R R R R AT, W 12 Wk 2
7=

M7 m] 50, 6 F T AR R, MKPCA &k
5.00% ,FCM-MKPCA 534 10. 13% , A LT 5%
R 5.25% , X T T iR R, MKPCA B 3L R
10.25% ,FCM~MKPCA B354 3.5% , AR LT &
N 0. 75% ;3 Fhr k45 H 1Y SPE e iR I A —3K
X% T SPE 1240%  MKPCA 24 16. 63% ,FCM -
MKPCA B30 1. 01% ,ASCHT&RE N 0, 25 1]

T, AR SCRT 3 7 v W B 12 W o e o

M 5 ~7 AT 5,50 ~ 100 K AL 5 & A B R3]
HHR 22 | 308 R R 7 0 B A A iE A & 0, A IR
WS SRR B pH TR 2 A AR i AE R B
KA PSR B AR AL, WA T RS, BAREK
P2t T MKPCA H—Abab# (B4R &4 A it
FEROPE SRk, B L i B iR i 2, K B R
R AR A SOy oy B BOIR , 03X — o R 3l 43
PN —B B, 9 B #E 7 MKPCA AR RS | 4% 1t 3k
FHEHT B R S 77 SPE A2 R, A0 1L T84
HERARAF ) T2 SPE W2 75 R, F 268 — B Be 3k
(1) 3% 25 BR 2R A7 12 B B %) 50 B Az T, R R AIG T iR
%,

W VA A B B 45 R nT 0, Je e X B R
AR A 2 X5 AR AL e, AR S 4 7 s () Bl IR 12 W kG
JEHFRE ARG A 53 By B i) I vk LA K FCM 43 B Be iy



- 92 - R TR A2 (A RBRAR)

2019 4F

ﬁ?ﬁ%o
5 %

(1) Bt 1] Bk it A2 50dl A S5 4 m) i, 4 1 17—
FAER DTW Bk, HIERN DTW Bk & 17Xt
FRX DTW Bk 5 AEx AR DTW Bk B L B
M EAME RS SR B AR A K, S
T 2R B FLE B IR K B R

(2) EFX%F FCM 53378 B B ) 43 b A7 48 1) 6 47
R 2K L UG [, B R R S FCM Bk
FHES GRS R ISt B, B R Y SR R R
RIRME , B NS FRm) i ke SR & R R Or
3 E T BERE E AR S AR E e A R A BT
SRR A SR B BE T . AR R AT U AL P
fifttke FCM S0 91 46 b U HL 5 TR A R
TSI I A

() PFESLIR 25 R R, GA - FCM 3% L H
— FCM B 5 v 1) SR A Ak, B B 43 o0 o
B, BB WS B B S R

B2k

[1] YAN Z B, HUANG B L, YAO Y. Multivariate statistical
process monitoring of batch-to-batch startups[ J]. AIChE
Journal , 2015, 61(11) . 3719-3727.

(2] 5k, 200, FETHEiHRCaR o3 A7 ] B R e s ) 5

ORI [T]. AR 4R, 2013, 34(9): 2103 -
2110.
ZHANG C, LI Y. Study on the fault-detection method in
batch process based on statistical pattern analysis [ ] ].
Chinese Journal of Scientific Instrument, 2013, 34(9) .
2103-2110. (in Chinese)

(3] Tk, BFF, EEM, 55 T8 3hmE g 0
MPCA )8 B Wi 7 vk [ 1], dbstfl TR “# 274k
(ARBERR) , 2015, 42(4) : 112-119.
YUT, LI HP, WANG J L, et al. A method of batch
process monitoring based on sliding-time-window weighted
MPCA [ ]].
Technology ( Natural Science) , 2015, 42(4) ; 112-119.
(in Chinese)

[4] NOMIKOS P, MACGREGOR J F. Multivariate SPC

Journal of Beijing University of Chemical

charts for monitoring batch processes[ J]. Technometrics,
1995, 37(1) : 41-59.

[5] CHO HW, KIM K J. A method for predicting future ob-
servations in the monitoring of a batch process[ J]. Jour-

nal of Quality Technology, 2003, 35(1) : 59-69.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Tk, ®EW, i, & BRI Z W ENaH
[Fa) e i M 00 B S s RSB i [0 ). 4R BE 5 T
2011, 28(2) . 149-156.

WANG S, CHANG Y Q, YANG J, et al. Multiway prin-
ciple component analysis monitoring and fault variable de-
tection based on substage separation for batch processes
[J]. Control Theory & Applications, 2011, 28(2); 149 -
156. (in Chinese)

T, XM, FAMK, & —FEHBRBES M
HRE A SRR I LRI L[], dEatie TR A2
W FIRFHERR) , 2016, 43(4) : 102-108.

YUT, LIU X M, WANG J L, et al. A modeling ap-
proach for multi-stage fermentation processes based on
jointly weighted support vector machine [ J]. Journal of
Beijing University of Chemical Technology ( Natural Sci-
ence) , 2016, 43(4) . 102-108. (in Chinese)

Fsegr, WA, SRk, 45 PDPSO b Z K BE AR -
PCA [aJ i R i W 7 35 [0 ). A To# i, 2018, 69
(9): 3914-3923.

GAO X J, HUANG M D, QI Y S, et al. Batch process
monitoring using multiphase AR — PCA optimized with
PDPSO[ J]. CIESC Journal, 2018, 69(9) ; 3914-3923.
(in Chinese)

BT, BUESY, FOGIE. 3 BEZ R 327000 Hr Y
KBRS AN [ ], TFRALELE, 2016, 43(6A)
25-27, 33.

LV N, YAN L Q, BAI G Y. Fault detection for beer fer-
mentation process based on segmentation multiway kernel
principal component analysis [ J ].
2016, 43(6A) : 25-27, 33. (in Chinese)

BN, REARIN, MRORE. T FCM M E % R KIESr
At B gt s B W[ ], RS R a4, 2013,
30(12) : 1427-1430.

LIANG X F, XIONG W L, XU B G. Multi-phase statisti-

Computer Science,

cal modeling and monitoring based improved FCM for
penicillin fermentation process[ J]. Computers and Ap-
plied Chemistry, 2013, 30(12): 1427-1430. (in Chi-
nese )

SRR, BREEVE, PMERIE. FETREONE T R ISR Y ]
WO ARSI [ ], ARAER 22 (A ARBHERR) ,
2018, 44(6) : 940-947.

ZHANG C, ZHAO H T, SUN S Y. Fault detection for
batch processes based on fuzzy order clustering algorithm
[J]. Journal of Donghua University ( Natural Science) ,
2018, 44(6) : 940-947. (in Chinese)

NG Y S, SRINIVASAN R. An adjoined multi-model ap-

proach for monitoring batch and transient operations| J].



%5 AT BT S N ISR (DTW) 1 GA-FCM 22 [y B[] it i s 12 thir - 93 .

Computers and Chemical Engineering, 2009, 33 (4) . scription[ J ]. Chinese Journal of Scientific Instrument,
887-902. 2017, 38(11) : 2752-2761. (in Chinese)

[13] &, Ak, BRHIS, 45 JLT PARAFAC2 920} (15] XUHERE, Fig, 250 2T 2l Eo00 M i &
Belm) R AR Bl 43 [J ], des b TRZ M (AR FAT I BAEL LM []]. BT RFH#IR (TH#R),
BEER) , 2019, 46(2) : 77-82. 2007, 41(2) . 202-207.

CAO X, WANG J L, QIU K P, et al. PARAFAC2-based LIU S C, WANG H Q, LI P. On line monitoring of peni-
phase partition of multiphase batch processes[ J]. Journal cillin production process based on multiway kernel princi-
of Beijing University of Chemical Technology ( Natural pal component analysis[ J]. Journal of Zhejiang Universi-
Science) , 2019, 46(2) . 77-82. (in Chinese) ty (Engineering Science) , 2007, 41(2) : 202-207. (in

[14] FEgEM, DukseE, BBRMS, 5. 3T SVDD iy £ af Bt Chinese )

i) 8K o R A I [ J ). AN RS F M, 2017, 38 [16] KARI T, GAO W S. Power transformer fault diagnosis
(11) . 2752-2761. using FCM and improved PCA[J]. Journal of Engineer-
WANG J L, MALY, QIU K P, et al. Multi-phase batch ing, 2017, 2017(14) : 2605-2608.

processes fault detection based on support vector data de-

Fault diagnosis of GA-FCM multi-stage batch processes
based on adaptive dynamic time warping algorithm

LIANG XiuXia CHEN JiaoJiao YAN Ting ZHOU Ying ZHANG Yan

(School of Artificial Intelligence, Hebei University of Technology, Tianjin 300130, China)

Abstract ; Multi-stage is an important characteristic of many batch processes. The division of batch processes could
improve the accuracy of fault diagnosis. The fuzzy C-means clustering (FCM) algorithm is sensitive to initial cluster
center and easy to fall into local excellent value, which may not search the global cluster center. The combination
of genetic algorithm and FCM algorithm ( GA-FCM) is proposed in this paper to overcome the problem that the
fuzzy C-means clustering algorithm is easy to fall into local optimal value, which could achieve global optimization.
In addition, an adaptive dynamic time warping ( DTW) algorithm is presented for the batch process data with differ-
ent time length. After that, the GA-FCM method is employed to accomplish the process of stage division and the
multi-way kernel principal component analysis ( MKPCA) model is established to accomplish the fault detection.
Finally, the proposed method is utilized to the fermentation process of penicillin and the obtained results clearly
demonstrate the power and advantages of the proposed method.

Key words: fuzzy C-means clustering (FCM) algorithm; genetic algorithm( GA) ; dynamic time warping ( DTW) ;

multi-way kernel principal component analysis (MKPCA) ; fault detection; batch process
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