41 4 5 4 0 AT TR =54 ( AARBRE ) Vol.41, No.4
2014 4 Journal of Beijing University of Chemical Technology (Natural Science) 2014

— M ETHEXME o TR SRR 7T A

R ZHE Ak
(A TR FRBA S E AR, JLat 100029)

i F. o BT AT EICH N B 22 R AR AT I 2t B AR 20 B O BRI s T
A RREASE I I, 36 6 B — O PERESR B T° 8 PRI SPE SRARVE A I I | 25 Fy st i — L6 FE AR 0, eIl e i 62 D)
BOR BRI, ASSCRISE T A 03T 05 1:, F EDR T 48B3 F1 SPE $845 A HLELG EE G F8 b5, 456 TE 1
FEPEAT B BRAG I o 38 1d B —FRH SPE — I (8] P 255 15 b - I [ I&T B X L, 2 433 FR R I LE SPE PR I i) 1 |
DA B TR LR G R bR TGS S0 B D7 1 A TSR I ) (IR B A 28

KA AT FI0; ORI ZE AR
FE 4 ES . TP206 +.3

EIC Ik (PCA) ) Zis T Tk REEH)
B REEAGTIN e, O L AR AR R R AE R T AT
AR —E B 4, ol 74 T ik o ) G 00 A IS AN R
1 TG o0 My kil TR R AR R By 22
AR (ELR A2 o R 14 e 28 d, T 0 7 22 O B0
5 AR A A ] I OE AR N A R Y
Bk 2 i A H 2 e 0 3 T Ry B 0 AR K
W2 ESRAE S T4 BT AR b AR Y B0 A
HEAT TARMEACAL B TR B T 4572 e B 4 ] f9 22 5%, (5
X HE AL BEATAE 35 SR ) 1 5 25 B R A (BT
EIfe g, R e LA SR O AR 252,
I, SCHUPRAE B T AR 584015 (RPCA)
X HE AL BRI A9 728 S8 i34 AR N A9 AR (L, B fR
R AR A — , U458 1 ) B AS B A
B, DR vl DA o8 i A 0 i e v wfl L i BOA A3
PEFICAI

ARSCLAARXS 2070 M7 75 1 Bl | 2 — 20 0 3
PEATHGH B 200 M 05 1 vl R TR AR S
BERY T° 4868 F SPE $RbRIEATA HLRAL G, 4L iZr 5 45

Wk B . 2013-10-15

WETWH . ERARB#IES (61174128) ;b 5TH H ARl 24
FL 4 (4132044)

e, B ,1988 A Atk

= IR A

E-mail: caoll@ mail. buct. edu. c¢n

bR R G AT BRI FE4E A TE S A7 2
1 X E TN F ®E

1.1 HEmAE

B X B b m HFEARAD R 0
A, TG, PR MR T A MR B A S
FH/INBE 2 M B8 AR AT 2 ) DAl /N I 7 0 A Y0 4%
RS, SRJE SRR P A TR E AL AR B B X
BEANAR 1k 2 M E S AR BR DA H AR o 22, A i X
(1) Fim,

* Xi _E(Xi)

X'="t " (1)
1.2 3L

AEXT AL AR 2 5 AR B Tl RS Se g MR, 1
B~ 2 AR HE I 1 3R A — N AH I P AUEL, ARk
= (2) iR,

Xt=x-w (2)
Horpr XP R A AL AR W B, W= diag (w,, w, , -+,
w, ) AAXT AR

w, =p.m, (3)
H(3) P, R HERT, m b T, brifEf
K B R 28 A SCH T bR EAL I F i A
(1) B I —F,

1.3 MExFETER

15 B T0 2 B ik 6 AE X A AR 4 B 3R T 3
T AR A AR B 53R n STl iR AMRZ

X'=tp) +t,p, + - +t,p, (4)
Hrpre, 455 1n) &, AR N EoTm &, p, b 1A 0]

http://www.journal.buct.edu.cn



54 4

DR FH 5 A5 2 — i T AR S T0 53 BT e B A T 72 <113 -

I, A543 )R G e ) dE AR OE 3SR, L6 e ) o
M EEN 1, 7E(4) PEL RIS 3 L p, 153

t,=X'p, (5)

SE gk AR R, G far v T DA A A X AR AR
ISR R B 7 22 B A0 R AIF 1o 2 o A5 1, 4 it 3 0 =X
(5) Mg Focim i, 78 F oo R A E S A b, 1T
DA A3 B ik o0 B5OR 1 i T 2k R e A A B
ABCBE AR X A A8 0 B 0 22 MR A AR AR AL 43 0 R A
Ny A H A =, == B35 £ 508
(CPV) C I AN

zk: Ai
C(k) =7 (6)
2 A

Horp kM BEBUW F TN 0 A B AL, CPV
HE— MR 85% , BURT ¢, .8, ,t,,p, Dy, " P
4 1 3 T 25 (] N U FUPIRLLLS Y JIREY T ,Pn*@
B 225 (]

XIS A AR 46 4 R S AL )

XR%t]plT+t2pg+-~-+tkp: (7)
1.4 LEERFRIZERN

AR 32 TC A M 5 12 30 R T B X Tl el
FUA SR R SRl L R AT 00 A6 X i A A A e
TG , 20 i B A5 A8 it 0 B AR Al T T
Parbnr LAk AR B L R 7 SR, AE AT R
GE G e ARt AT DAY 2R 80 | JRE L B R
P A oo re i AR R T p R BE S, WD
FE 43 3175 6 04 [A) RN % 25 2 [ e 45725 o 1) s
25 B LT HURRE IS H RS L E R 5 A
FFAXT AR T 10 55 BT B AE RPCA HE 242
TR g

55 AERN TPHUSRREL S, () L= (8)
Fim

k

Se(i) =02 X, B (8)
A

550 NS HY) SPE BUREREL S () N

Sepe (1) :b? 2 P,Zi (9)
j=k+1

Horb b g — 8, T LU X TE i FEgE AT 2 45
ECSEHER R A EEGA

2 SPE 5 T4 &M #4817
VP T 5 K 2 L — O E R bR et

DT, THRRRTESS @ A M 2 i A =X
(10) Pz,

T? =XiPA~Az_1PIXiT = [ti,l 7ti,2 [ 7ti,k]/\z_l [tm s
ti,29""ti,/c]r (10)
Horb X R i I 2B RAR R, PR R BRI & A
AT o) F5 R YRR, A, 287 FH T & S RRAE A
(RN AR e, 2RSS i I 200 S5 T ml e YR

T*$ b B FE I R

k(m* —k) B
m(m—k)F“(k’m k) (11)

Horp B R B E T8, m SRR, F (K,
m-k)FREEEEREF m—k W F 56, a F5500

SPE $8%5 S 7656 ¢ AWt ZI A 20 an =X
(12) ffirs,

UCL =

S =X, (I-PP)X =[t .., t. 1t ..,
"',t,:,,JT (12)

SPE fabm 42 i FR hy

0.=6,[A+1+B]i (13)

Ho A =C,(20,h))"/6,;B =0,hy(hy —1)/6",
0= > A0,= X A2,0,= > A i=k+1,k+
2, n,hy =1 -20,0,/36%;C, R BGHIR T R 8f
Ele

AR TR, GEiHE SPE Y Fa il R
X (14) Fmo,

82 =8 Xna (14)
Hhg=0,/0,,h =6,/0, x; FRABER L HF
D5 53 A A

RS B 25t 4 FhATRERGZS R . (a) T°HI
SPE MY(EARBCA L I R 5 (b) T2 i R824 o
PR, SPE A A B i # IR 5 (¢) 7° WA 2o 4 1l
KR, SPE fYE M IR 5 (d) 7°F1 SPE RY(E AT
TR, —BRUL, ¢ A1 d BIRRRE BUEEA R &
RS B, T b A OL T RE S T TS R A, R
RER A T kA L VF 2 5 A B — 1
PERETEBR A1 SPE 6 bR A AG I B e, AR X R 1 A
M EAE R ZH0E BT REAS A I 2R e, (H 2
] et — 25 2 .

K, AR SCRF T° 1 SPE $8 bRl G, 4125 &
Reda b ¢, HFBA = (15) iR,

T°(x)
62 + XZ

k,a

=x'ex (15)

http://www.journal. buct.edu.cn



114 - LA T R4 ( HARRERD)

;H\:EP’qa:PkAz_lP:/Xi,a +(I-P,P)/&,, X N RTi
Gaxir

T*REARIEHT b A0 1) B 3 R A g — A 273
AR bR, 38 Rl T AR R N T G 1) R Ik B
F e AR AR AL, T SPE 8 bR B A 2 2 T RE
AR N TR () I 2 AR B, NSRRI A S 5 £
JUAR T Ay i 25 2 JBE e K I, SPE. (i 3k 45 I 45 e
KX AT LA A & R A4 T i, {H )& SPE 1§
FRAUAE 55 T 5% 25 F 25 [0, i 20 T EI0F S MY
AARIEDL, R B 3 0728 AR AR B Y T
Fidt a2 25 A AR AL A% B0 B SPE F84R LA, N AT
DR o4 T (1A AN 3 R
3 TE it 4 & LA
3.1 TE g

TE i 727 G045 5 A~ 32 B4R A s T, B SOV B
BRSSO B AR MG IR SR PR A | 3
4 AL, R 2 Bl G 12 DRV R 41
AN A (AL 22 AN ISR AR B A 19 S
MEAE) . TE SRR E K 1 s, AR RE 3
e A C.D.E 4 i S AT OB AR 5077 5 G A
H, [ B A @ =8 ¥, v fEat W= (16) ~
(19),

A(g) +C(g) +D(g)—G(liq) (16)
A(g) +C(g) +E(g)—H(liq) (17)
A(g) +E(g)——F(liq) (18)

3D(g)—2F(liq)

B1 TEdfEmfERE
Fig. 1 Flow chart of the TE process
TE R — KRN E AL T RS,
BALHE 21 PSS BEE B A R, o3 AR B BR | Bl
PLAEAL DA R i FNE e 6 B A R 2 A

2014 4
1 iR,
F1 R
Table 1  Process faults

e i ik 2
IDV(1) A/C HERLEE S B s AR R R
IDV(2) B A3, A/C HERF LR TS
IDV(3) D itk B R R
IDV(4) SR A EK A TR ik
IDV(5) RBEERAHIK A DR B Bk
IDV(6) A FERHRR (1) ik
IDV(7) CHAEE I vl M AR [1¥5R
IDV(8) A B .C #EBA S FHAILAS 1t

ASCHESEAT 7 LTS, BE T 16 A G i s
BT O T AR ORI 2,
F2 IATHORERGIN Y i B R

Table 2 Process variables for fault detection

b2 Atk AT HE

1 Yk A MR km®/h 0. 25052
2 YrEL D Wi ke/h 3664. 0
3 YELE A ke/h 4909. 3
4 YEL AR C MY, km®/h 9.3477
5 FEA G, km®/h 26.902
6 F # A I, km? /h 42.339
7 SR, °C 120. 4

8 S ARk’ /h 0.33712
9 Sy EERIEE  C 80. 109
10 Gy e AR E ] kPa 2633.7
11 Sy BRI i, m /h 25.16

12 BRI T, kPa 3102.2
13 BRI TRLEE , °C 65.731

14 IR B L IRZEVRIA  keg/h 230. 31

15 SRV FIK RS, °C 94. 599
16 Sr B R EIK I RS, °C 77.297

3.2 (FE&R

It TE o 72 R A2 B , K 2R Al e %) i
B 2V D7 s B A SR A B A R A R S
A, ol R A T O LA ST, 1 ELISE ]S4 20 h,
h SREEBE A 100 4, A BRI R] 58 100, N
A A AR TR IDV (1) (A/C #ER L%, B
BATANAE) IDV(2) (B 47, A/C ERHRARAR ) Al
IDV(8) (A .B.C #ERNESM) o

kT AV MR P o 1 R ), S R SO R
ORI ESE 3 AN LA SRR SR RE S bR ) (R 1

http://www.journal.buct.edu.cn



54 4

DRFH 5 A5 2 — i T AR S T0 50 A7 e B AG I T 72

- 115 -

F2 il BR BV M A S5,
IS IDV (1), ff F SPE 48 5 Ml %5 & +8 b5
PR P 5 AR A 5 ERCR UL 2,

6
- a=0.05 B4 il FR
51 — 8B
4
E 3
Uy
3
1 |
0 500 1000 1500 2000 2500
FARER
(a) SPE F5%5
45

- a=0.05 45 IR
— L

3.0

15t

0 500 1000 1500 2000 2500
7i<’r#ﬁ %]
AR

2 WBE IDV(1) 1) SPE fabr M Er & e bnldl
Fig.2 Fault IDV(1) using the SPE index and the

combined index

IR IDV(2) A8 PRI b5 (0 05 3L
RILE 3,

IR IDV(8) , ff FH PRI PEAH6 B8 (1 05 E AL
KUK 4,

A B R EITT LA 2, AR 1DV (1) B,
CEATRBR AR SR B b T S R i
SAET SPE F8HRIE A IDV(2) B, 5 45 s ot il
S PG I S SR AR AN S AR FR AR | (E 285 F5 B AR I i
B () T o AR B/ D — S A IDV(8) B, 7E R
KI5 SPE F8 bR A RER I 5 s | 1 25 A P hn A B
TR OB ARSI B s, R b, AR R ST M i T
WA s | 28 A FR bR e RE EAL T SPE 845, N T
AT RO A BLEE S BT T A N R
e (AR AR AL, WA 3,

F AR S 8 9 B[R] 7E 10 b, e B 7R
1000 #8225 . 3R 3 AT LA, AT Tl
FH 51— SPE $8FRIEA T8RRI , (5 FH 25 & Fe bn 2E 4
S E] R RO D

6
— a=0.05 I
50 IR
—
4 L
SEET
1921
2
1
0 500 1000 1500 2000 2500
RAERTZ
(a) SPE #5¥5
4.0 ‘
- a=0.05 B PR
— |35
300
L)é
aT
9z
F20
%
1.0
0 500 1000 1500 2000 2500

LI
) Zia TR

B3 #kE IDV(2) 1Y SPE $8 5 K& fatn K

Fig.3 Fault IDV(2) using the SPE index and the

combined index

- a=0.05 KR
50 —iHHEE

SPE

0 500 1000 1500 2000 2500
TR
() SPE J5H5

45
- a=0.05 7RI
— iEE

CES

Lrirt

0 560 1000 15I00 2600 2500
SRAERL A
(b) LFE 6T
Pl 4 ek IDV(8) ) SPE $ER M L5 A ]
Fig.4 Fault IDV(8) using the SPE index and

the combined index



- 116 - EEE TR 2R (A SABEEIR) 2014 4

FR3 M EICTIT I SPE SEFRRIZE G R bR BFFE[D]. FAt: AR AIR R, 2010 23-31.
PR i 15 Xu J. Researches on performance monitoring and fault di-
Table 3 Table of RPCA alarms using the SPE index agnosis for process industry based on statistical theory
and the combined index [D]. Nanjing: Nanjing University of Aeronautics and
. R ] TR Astronautics, 2010; 23-31. (in Chinese)
P eiieh makh Sedk AR (3] Wi AXEDCATRIS RSB D). R F
IDV(2 1064 1063 2 0
(2) Hu J. Research on relative PCA theory with its application
IDV(8) 1595 1135 1 0
[D]. Kaifeng, Henan; Henan University, 2008: 42 —46.
JEg (in Chinese)
4 i (4] CERSL, W, SORM, S M T
\ N N v g N LA I A ) v £ . RGE2AR, 2007, 19
4 TE 7 15 55 SRR 56457 7 2 (ARSI IIIAL. ARG

(13) . 2889-2894.

5 DN R IS K TP 4R AR AT SPE 4R AR EE T LA
Fa B RY BT A i3l AT AT DL Wang T Z, Tang T H, Wen C L, et al. Relative princi-

B RER A TERE TG b Xt o AR HEAT S B AG I, I AR
T Hi— SPE 4R R MIZE S FRAR R AR o i 5 5

pal component analysis algorithm and its application in-

fault detection[ J]. Journal of System Simulation, 2007,

SEIATH fd AT 320 0 B O IR M 2R A e b R AT 19(13) ; 2889-2894. (in Chinese)

il B A N s Tt 2 R[] b3 J2 DR ER L [5] QinS]J. Statistical process monitoring: basics and beyond

%B%iﬁn?%‘éﬁﬂ’\] SPE ?‘éﬁ, Jﬂﬁ, *de‘iﬁjf%ﬁi [J]. Journal of Chemometrics, 2003, 17 480-502.

FRZE G AR Tk A I ELAT — 2 P (6] WG, 2ok, 2/, —Fh AR UK 3h i 0000 42 o 25

PERERIETTIL ()], RS0l K574, 2011, 45(8):

523k 1113-1118.

(1] EME, RHGF, T8 PCA iR W F 7 M A Zhang G M, Li N, Li S Y. A data-driven approach for
WA R T ], LT 240, 2002, 53(3) : 297-301. model predictive control performance monitoring [ J ].

Journal of Shanghai Jiaotong University, 2011, 45(8):
1113-1118. (iin Chinese)
[7] DownsJJ, Vogel E F. A plant-wide industrial process-

Wang H Q, Song Z H, Wang H. Fault detection behavior
analysis of PCA-based process monitoring approach[ J].

Journal of Chemical Industry and Engineering ( China) ,
2002, 53(3): 297-301. (in Chinese) control problem[ J]. Computers Chem Engng, 1993, 17

(2] VR SETGH A Tl B RE Vs Sk L (3): 245-255.

A fault detection approach using relative principal component analysis

OUYANG GaoQiang CAO LiuLin

(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The eigenvalues of the covariance mairix are almost the same in principal component analysis (PCA) ,
and the single index T° or squared prediction error (SPE) has often been utilized when using relative principal com-
ponent analysis (RPCA) in fault detection. However, some important information in the fault-detection process is
omitted when using this single index, and incorrect detection results can be obtained. To solve this problem, a
comprehensive index has been introduced, by combining the index 7° and SPE in an effective way. Then, the com-
bined index can be used in fault detection by relative principal component analysis in a typical Tennessee Eastman
(TE) process. By comparing the simulation results in terms of the single index SPE and the combined index, it can
be seen that the warning time was earlier and number of false alarms was less when using the combined index in the
process of fault detection. The outcomes of this study demonstrate the effectiveness and feasibility of the method
proposed.

Key words: relative principal component; fault detection; combined index
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