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Abstract

In this paper, a PLS fault detection method based on working condition classification is proposed.
Different from other PLS, this method focuses on the working condition of the equipment, analyzes
from the system level and component level, deeply excavates the correlation between the operat-
ing data of the equipment, and combines the advantages of PLS algorithm to achieve better
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equipment fault detection. In this paper, the fault detection efficiency can be improved by first
studying the relationship between the relevant variables under each operating condition of the
equipment, and then grouping each variable to carry out data analysis from the system perspec-
tive and local perspective. The simulation results show that the MBPLS fault detection method
based on equipment working conditions contains more load information and improves the diag-
nostic performance.
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1. 518

Z u Gt BRI T i BT E AR SR R o itk B ] SPC (Statistical Process Control) i 5 56 [H f&
MHF[1] (W.A. Shewhart)$2 H 3 F T i B8 H S 1 - 1931 4, W. A. Shewhart H i 7 (Economic control of
quality of manufactured product)—5, RZiA 7 Gil it fEdahEe, 4% 7 SPC #Hg K A . 78
SPC K JEHI, FZR A AT B HI L, #4251 Shewhart £4i &, RAAME(CUSUM). FREUINL
SFEIEI(EWMA)SE, A2 = i A% o i) — L8 8 22 1) e b e ko A G b i AR 4% . B T2 BRI E R
R IR ], — B A SRR AR TR B, A RGUR B REEAT A R R, UK B B I
LR br A RS, BRPEIRK, AR HARER = R 2L B .

BEEE ERR. MERAR, BIESAMTEE RN KR, BERESGIHIEREREARCEA RGN
Ak TR KR TR . ltk, & 248 B4 i 45 (Multivariate Statistical Process Control MSPC)f]
WS W T RS 3 7 SRR R R AN [2]-[4], FRAR 3] T HRE I R R AEA5]-[8]. BAT LAFTT o Hr
(Principal component analysis, PCA) F4ki fi¢ /s — 3¢ 1% (Partial least squares, PLS) N FH# N 12 o

FICAHT(PCA) R —FI R V2 12 a4t 43 M 77 15[9] [10], iR PCA (773, B UB EAE—&
AR AR RO D R AR B, AR SR G B s () R 4B 8, FE MK A e 20 B rp R I - AR A5
BFHIE, XFEREOREE T EAEARE B RRE, SUHBRAS RO, MR 5 PCA ML,
PLS i H 1) S 5 /D, £33 148 4 SR 38 AR [11], PLS 7E 74 S BE AR A% B i %of e 3 5. (00 ) FH B8 LA AR 5

SR, WAL ITHIEMEE L, FUHER S5 WIS WA AL, H2A SR it 27 A4 3L
s T, anAer e R Bk IS AT 2 W AT, BRI RS W K S AT A 3 T W ) R

2. ETRME

FETCAIIR(PCA)REE T Z TGttt M 51k, A M T AR I B AR R, 3 0k ey AR 5 AR B4 1)
BEAT BRAERR S AL R, R A AR ST AR 4R AR s 8], SEBUN R 2 R MO AR R AR A D, I e S A
SRR E TR o TR A S TR SR 2 T R B AR B A R 0 T 18], A B R G B
HRARE TR EI . T PCA [RPRZS W MR A B2 Wy 7 052 R R R AR B ] AR G R 2R, AEARAE 2 1]
ST IR O A SRR, e A6 T A B R A AR X T S e B R L, AT A B S A

HEREILH LOU T IREARME X, ST EE kK AR, FDNRERD n DPAFRPRE T
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PR, R B R AR AR, IR 2> nxk ZER B0 HAERE, AP

X X oo Xy
.
X, Xo o X,
KeHERE X AR k AN T RS A, 135
X=tp +t,p; +---+t.p’ (1.1)
Hort, e R" e ORI, p e R B SO U Al i, f% X A oy Eoc. RADEATEN
AR A
X =TP" (1.2)
HpT=[t, t, - G]FARDHEE, P=[p p, -~ PRI &0 R IR

(), BIOHERT § R j, i jF, W2 6Tt =00 A a2 iR AR IEAS K, RIS o ]
MY 1, R

prp, =0 (i=]) (1.3)
prp =1 (i=j) (1.4)

KRB A p, . ATREE TR
Xp =P P+t P, P+ G PO, (L5)

B (L)AL ARK(5), "TLIE S|
t = Xp, (1.6)

2(L.6) Ut W BE— MG 23 ) B SEBR_EAFE R XA 553X AN 20 i) AR X L AR A7 [ B 77 ) L PR o )
KPS e T AR AE R X #5523 p, ) BB R AR . S KRR, X AE p, 75 1A b R R BT
Fp NS

T TCHRHE ) B RRFAE (B R SR AR AR 2 R

B, SRIEH @A 1Py ZA R S

s=—1 x7x .7
n-1
Hr, X ombr#Eth. oo e asiidE . 5(1.3), (LA AT1E
P=V (1.8)
A:JLﬂTﬁaziLﬂq (1.9)
n-1 n-1

R, A4 R | Ao iR 77 7%
e, SREUP 7 Z5ERE S BIRFAEFIRFAE [F) &
S=VAV' (1.10)
Hrb, AR ZERRE S K MiE, S8 RERRNAE AR E(L 24,224, 20). V Z2IEXE
(VIV =1, XE SRR, RRFEE A BT R B AR AE ] &
BJa, RIFSHRET
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T SR R S e B A A ) AR B, PR BE ML S X PCA IR, R HURFIEE A4, RO

d M KRR 85%(5 B MRFAE A R AR B . B AERE P e R (%51, M) X B4k 2s 1a] i $55
AL ER D HRE T e

T=XP (1.11)

3. RN FE

P fe /)N — Ffei%: (PLS: Partial Least Squares) i Fr 5 A ZAARHEAR, & —F M £ cs it ot
A, UL RAE R SHUG T 10 F 5 % (Herman Wold, 1992). PLS Hig f 5 N84 4Lsk: PLS [a1)95 PLS
B, 1966 45, Herman Wold ik $EH PLS, M 5 #FR 2 N AELR AR I 5 /> — Feidi(Nonlinear It-
erative Partial Least Squares: NIPALS). 1983 4=, Herman [ JL-F Svante Wold #1 Harald Martens >45%if ]
AR NIPALS 1 1 %, 3XAE PLS 0] A e 280 € T oK. 4N PLS (0] 5 (0 8 FH 3 AR T4k . PLS
PRATERAR 7152 PLS AT RS &, & T /\HEAREIHH Herman Wold 1 Joreskog %5 AFF & H K,
FEXS PLS [BH BV &, PLS BRAR BRI TH B4 AL B DL R BT A U A T
REBAE R o D IR BN SRR 2, R B RS A 8O B AR B A R L 2R 1 ) s,
T HE AR B i A SRS A AR M R 7V i, 5 PCA FHLEL, Reffitiise
EIRNIIEE[12]. PLS RIE BRI F

WH q /I\’EJE%{yl,-‘-,yq}iFﬂ p E/}E%{xl,---,xp} o AT EMALENSRIT R, AT
T nAFEAR S, HIBME T B AR RS AR R R % X ={x1,---,xp}?F[1Y :{yl,---,yq} o MR/ 343 I AE
X5 Y FHBH S A uy (AR, 6o X, x, FRIETEALE, uy,, -y, R AL AR BOX A
o, T PLS R E, AR

FIPHAEEK

(1) to Al ug RS T RE S e A AT &% B s R A AR A5 R

(2) 1 5 ur AHSRRE BE BRI B dR K

KA LR KB, A ug MR AT ReBF PR B R X A1 Y, RN BAR RSt RIS & 8 ug
XA B R R

FEEE— AR o A ug RIS, i e/ 3R 73 ) St X to B [ E PR Y 6 ug B[00 o dn SR (el ) 77
BOARBHERREE, MEEL Il BN, BRI X R E ARG B Y Bt RS R
B BT 5 R 4R . Wb, H R B — MR R IR k. B A X SR T m A
O3t b /D IR BN T Sy, X -t BTENE, SRS FERIE Ry, KT R X, X, FIEE
e, k=120

PLS 5 PCA 1RAHML, HZEMNETHIARL R Y RN WA THIAEE X, 7L —8, £
e bR DUERE Y 51222 5560 X BRI THE, XY FERE rh 52 UM N T AL & t, u FIBCE & w,
Co L5 X AY HEFERT S N R

X=TP"+E (2.1)
Y =UQ" +F (2.2)
Horp T AU 2 42E K ME 2 s G I (nx k )RR, PN xk)F1 Q(M xk )& H+H N ) 51 # 55 FE, E Al

AR IV 5 ZE R -
4. TREY RSN ZRZE

MBPLS ¥ BT Il 548 43 Sy J 1/ B B o I R B AT 445 . MBPLS #¢4-l1 Wangen F1 Kowalsky
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T 1988 FRH, FIRE T JLAAE R (Westerhuis, Coegegracht, 1997; Westerhuis and Smilde, 2001). Wangen
1 Kowalsky, 1988 44l Westerhuis £1 Coegegracht, 1997 4% H fI P f MBPLS J7 %) 32 352 X 5l 7E T,
T AR R P73 B 4 /N Tt A R s AR B () Bk 22, T JS AR R o B e N . Rl 5L PLS U7
VEAR L, 8 R 2 B AR DO 1 MBPLS 5 vk B SRR iR T .

41. BE

MBPLS A EE LT

(1) Randomly initialize u

(2 Wy = beui

) ty; = XWy;

(4) t,; <t / ”tb,i "

®) T,= |:t1,i Gy tB,i]

6) wg; =Ty

(7) t; =T,

®) 4 =Yyt

9) u =Yy

(10) u; < u;/|lu]|

(11) EEPIK 2~10, EZEISK

(12) Deflate X,, Y, matrix:

X, =X, _ts,itg,ixb

Yo =Y _ts,itsT,in

TEARNT B, D S8l R 3R g g g, AUEAGEALE, JRRKILEGEESR, H T BN E B R
Wi % A
4.2, FIEF

X TSI FE LB B B 0 P SE R RE A, MBPLS TSR 40 R -

1) ttr;,?w = WbT,i Xb,i

@ t=[t" g ]

@) tg" =twg,

(4) Kpia = Xpj _ts,itsT,iXb,i

HEDW 1~3, HEWSK

B) ¥ =2t

FETIMBY B, AR AE it RO AN GBS T8 B 00 5 FE A N2 . MBPLS 1573 ) B tg Al ug 55 [
T3 PLS 1340 & t Al u o FIREXESJE 1, MBPLS J792: AIZR A AL ] DL B F2 Ao B PLS 002 1 2 fi
FRCE A5 H R (Qin et al., 2001) . ELAR S bRitE PLS J5ikf b, MBPLS S84 S 4 (1 Fill g 71, {HAE
HAWZNERENE Rl g, e 7Rl feptt.
5. MARS

T A FH BV VR LR LA PCAL PLS A1 MBPLS 43 S S0k S BB A, B
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Figure 1. Submersible pump efficiency reduction PCA fault detection

1. BRI EIR PCA BFEHN

I 1L RTAE H, F T RR A B SR PCA HURE R (S As T  RAN ER AR, AR R R TS BT
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(2) PLS A

VR IR o O S s X ORI RS il Y, AR S e R Bl (BRI . R
) E XN A ERAE, BEREEESIE . BUERSGE . RYMR. BME /7. IBRCEBA. R
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Figure 2. Submersible pump efficiency reduction PLS fault detection

B 2. BRERMEREIR PLS #BEAM

WL 2 TLAE K AR S PLS HURH PR SR A I, wT DR IR VR R AR AR, (B
H T TR R S 2 TRV 2R PR 5 R IR R R, 2 ORI 30 Fr) e A A Bl 40 8 /5 (B 800 i)
RIS, HI T PLS (¥ b Ao M B8040 2 IR TR 2 O AU, 5 8 2R AR A AR T i bk ) 3

(3) MBPLS #f A

R B & (K TAF O UE R R BEE AT 70, BRI
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Figure 3. Submersible pump efficiency reduction MBPLS fault detection
B 3. BRI EMER MBPLS &1

L 3 AL, AESE 800 AMFEAAL RIS IN B W bE, 51 1A 2 A EE i i 2 s,
TRAIRAEN GO0 R A AT 20 47 -
6. B4

TR PRI AR A PR AE, BRI 2 I E R AR, DR S BB 5 S oo e H Eon R e
IS, HiE, EEADSTIORERES, mTECRRERE, FRRY 58%&E X REEKSR,
PP L TTAE S ORI B 45 R B AR LS, PCA FEAL TR & AR G s 5 B o G I B ),
B A RCR AN A

P/ — 3 R B (1 AR I B A R G R U BU LR &, BT A e b S
R 5 2, T EDGS R A Bt B A AR GF (AR RE 0, [N SR AR 8 2 A1 A AR 5% £E PLS 0T,
PRI o) s o AT AR R X 5 R y AR BRERE S HNRERENT T 21 5AH
1, MG T RS HAABRMERERNGEL . 5ERS B, b e EniR R E oyl ge, i
RERE IS0, R SRR INTT i b PCA BA EAF I HOCR »

3 R AR A B/ IR B4 (1 TR s Bttt AT 70 2, A W FE e AR A R 00 Bt 2 1R
KRR R EARATHIL 0, SRS RAH . SRR 2 AT 7398, Wi s i
JEA I R R ICAR G B TR, MY RA PLS LS, B M AEIE P RNE . 5
EIRPIRI AL, R RN 3R, ARSI s T B AT A A ROR .
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