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Robust PPLS regression modeling subject to {-distributed noise

LI Qinghua, CHEN Jiayi, PAN Feng, ZHAO Zhonggai

(Ministry of Education Key Laboratory of Advanced Process Control for Light Industry, Jiangnan University, Wuxi 214122,
China)
Abstract In the probabilistic partial least squares (PPLS) model, both the data source (scores) and noise
satisfy Gaussian distribution, which makes it sensible to the outlier. In the existing robust PPLS model, to
improve the model robustness, a t-distribution with a longer tail rather than a Gaussian distribution with
a shorter tail is employed to describe the distribution of noise and scores. However, in the real industrial
processes, it is the measurement noise rather than the data source which results in the outliers. To
accurately extract the information hidden in the polluted data by noise, a robust PPLS model is proposed
based on the t-distributed noise assumed, where similar to the PPLS model the latent variables are normally
distributed to capture the character of measurements available. Due to latent variables involved in the
model, the maximum likelihood method along with the EM algorithm are employed to estimate the model
parameter. Furthermore, the proposed model is used for the estimation of process variables and quality

variables. Finally, a simulation case is employed to verify the proposed model.
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bR LML R AR, BT RENLE RS A AEAE, FRENLOMT AR RS E AR S a0 e U S BTk AR,
MEREARAEUR R A0 SR oA, AT RAE N, 7 H S MR MM AR, bt
Hra o7k, BES AN M T RURA AR+, % PCA(PPCA) fiER PLS(PPLS) 4r7)& PCA Hl PLS 1
RFRIEA 5O 5 PCA fl PLS AR, ZEMFHEXT, WEHHEN AR AR ET Ak g+, Exhn
BRI LR S RS, IooRmNEEEE ™4 FES, SO REARTE, Sm e, BN
H 2 M ERIER A L e A U AR, 5 R AR AE s S AT i T BRI 7= AR AR

FERRAE P R, 2RI, A R AT R KR T8, Bt BRRTEAE, AR
WA R T WIME: Sl it B, B S S EEEW SIS EM T 2, FEERER SR,
XF BRSO N BUR; T AR BR R, WIFTRESE KRBT E HEE. MEFIESS I, t HmMEAERKNY
HiE, 7t HABEARIE B R Rl K/ NS, B B B, MRS A AN B BB A 7 22008 LT, SEBX g
BEAMHLG. LTI, ¢ SRS I N SIESRARL R, SR T BRI Btk B &bk PPCA BIRIFI &R PPLS
SMAIAE PPCA Ml PPLS BIRAEZT B0 SR ¢ A RO A TR ORI B R, B4 h
SOIREBE AR, (2, BREAUER i iR ESE, MASHEIEIE=4, IEREEA G %E & EF1L.
7, AR Fib R, SR B B AT ToCE R B SRR, AR R, RS
PR L B WS A AT B S5, TTAACRA ¢ SR EoEE, W TEAR R S5, 80
BRI Z%. Sadeghian SHH T —FHIE A B LS/ RO B PPLSUZ, Hodr, 50 R A EZS S Al
. AHR PO R R A A B RRERE TR, RS, BT AR

T PRI AR M, A0 RPPLS B8, 4R —FhET ¢ ZMAME S & PPLS AL %A
RISt M0 TR ERS, W 2005 85 PPLS B8R B ARMEIE S0, O B e AL A s 5 PR
TR, S T ARRR R E. A BN T EAERIEA 4 PPLS AL 28 3 54T RPPLS A
FT ¢ SRS R ERE PPLS BAIFESS 4 W, Be R ERIE.

2 PPLS &8

2.1 PPLS 1&#!

Bt My MRERM M, MaERE N HNBEEEI 58 X = {2z, € RM}L, Y =
{ynlyn € R 1L, BTN ¢ < M., WBRARMBFEA RN EMEBBROIFN 10, by, P €
RM=xa_C e RMv*a, ] PPLS &AL 03

Tn = Pty + o + &n, (1)

Yn = Cty + iy + cn. (2)
H, ARAERE ¢ ~ N(0, 030, ), FHRAEIER e, ~ N(0,0710,), EIC tn ~ N(0,1,), In Frm A %
(AR, DRI T, JEEERORA 1 SRR,

M PPLS BUMB[LAE H, EICH ARSI, WREERE e EFM -, hIcAGIFHREER
RIS 4. PPLS BB RIMBECH © = (P, C, tia, 11y, 03, 07). FET PPLS BRILH, K TR
Fe i, nDRABSARRT RS & EM ST 24057, HARr2 008k [13].

2.2 BEESX PPLS AR

AR, ABTHE R X —4EIE M BAR B M T UL, R EARBIS (EM T Z 0 A 1 fl o®. R
PEESMTH TR E, BARAENH (1 — 30, 1+ 30] ZHMIHER 0.26%. {HE, SEhpr=af e, Rl s sl it
RHIHMERIR T 0.26%. KT 7EMEZR LOAMER T R & T IESM, WIEHE (1 — 30, 1+ 30] MREY
K, BB AT EN T ZB0E. KIRTE PPLS B E, W T EoCiH RAMMEIES M, 4 T RE A AE
MR LW L IEAS M, BB RS AL, BAFERINEA R MATERERK. FI, PPLS ARAX R
RECBUR, EEERCE.
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3 RPPLS &8

3.1 RPPLS &8

RPPLS #AIL5H 5 PPLS M, =k (1) MK (2) Frs. MAIA oMM A Ak A2 ¢ oA, B
En ~1(0,021,0), en ~ 1(0,0.1,0), t, ~ (0,1, v), Hrr, HHE, SEMRGEHFES AN o, p M1 S § ¢ 53456
t(u, X, v) RN

v ~1/2
p(z;p, B,0) = P((Mz +v)/2)|X]

['(v/2)(vr)M=/2
He, T() 8 Gamma BRE, HMREEREE CHK: T(a) = [;° 2" te 7dz. % v > 2 B, o M 2254
BT o/ (v —2). B, ¢ M RIFEARBEE S AR E, RABEEr 2R T, B E R E o B
K/, BOAEHERFERE, ITIE /A R 25 B B, A H T IR S, BRI &t

3.2 [ARESHT

PPLS # op T ORI R A R LA A0, 1 A2AR A AR i AT IR 415 8. PPLS fEid 2
Wit | RS RTINS R T BTN . RS, PPLS BBl A — M IESEIEN, FOREEIE
7 .

SRR LAl #R A, S FRAA T b T2 BRI ERR IR 2 R WA et & A A b s BRI A B R AR . R
Tt R A Ta e, Bip S EE i At . N B AR, LR TR R A, AP L2
T BERMER, SBOLH EAMTER A= R A E K, Ws B S, BBl &
BHERED. 68 PPLS |, FItEHAMNEERE, ReEd BT EARETEEHEE ¢ 2R EE
EIorEd. AR, ST ETCHIM AT EM, R G IR LM

FTF- LU LA, ASSCHEH —FET ¢ MR & PPLS Jrik, Hh 3T BdRE) 5 PPLS Fik—
B, BRI IEZS A, TS LA e, B MR ¢ 24

1+ (2= )T (@ — g fu] 02, (3)

4 tRPPLS &%

4.1 tRPPLS &8

BIRIZ5H 5 RPPLS Ml PPLS #AIMHN, FUEFEITHIBEASE T3 AN t, ~ N(0,1), &, ~ t(0,021,v),
en ~ 1(0,001,0). HTFFIAT ¢ 00, REEEKFEIREE, FHREEEMEITHMESMh. RE o ~
t(p, S,0) BREE M, RN R v, WRMDAE p(un) = Galwn;v/2,0/2), W © T w, BI5MH:
AT xlu, RINEZIAA. B, ATLGESE T AR & w,, ¥, e s Fooi o msit
RAESA AT, ik T, BT

p(énlun) = N(0,021/v), (4)
plenlun) = N(0,001/v), (5)
p(tn) = N(0,I). (6)
MW 2, Yy KT tn, w, B AMEREG AT T
P(®n|tn, un) = N(Pty + piz, 051 /0), (7)
P(Ynltn, wn) = N(Cty, + 1y, 051 /0), (8)
p(znltn, un) = N(Wt, + p, @/v). 9)

2
N ( . ) W ( r ),u: ( . ) 5 ( Ao ) 2.0 = (P.C, iy 02,02) 75
ISR M TFREZER p(tn, unlzn; ©) SAZHER TR BN T AR

P(tn, un|2n; ©) = p(un|zn; O)p(ty|z,; O). (10)
FE— B AN AR T UBE w, KT 2, BFRME 1O

D’I‘ D'z n TA n -
P(Un|2n; 0) x p(zn|un; O)p(u,; ©) = G, (un; i 5 v+ 2, (zn — 1) 2(z Sl v)-
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BT EERH t, &F 20, u, WISHRAM:
p(zaltn; O)p(tn)

P(tn|zn; ©) = (2 =NBW'® ! (z, — u),B). (12)
¢, P
(t,) = BWTod (2, — pu). (13)
HP, A=WWT +0)"', B=T+WTo'w)-!

4.2 1REDRAE
IAMRTT R R BB RO A 07, (HIEAE tRPPLS BAF {u,, t,} HIOURREE R,
HARA, I%%ﬁf’ﬁ?@ﬁ%ﬁ%ﬁ% %I)\ EM FdeRESAL TM}%@@&HT

L(®)=1In H P(Zn, tn, Un; © Z In{p(zn,tn, un;0)} = Z In{p(zn|tn, wn; O)p(tn|un; ©)p(un; ©)}. (14)

n=1

EM FRERSREE BRI SHZ, E y%ﬂ M 25, BRI
TE E 3, YT p(tn, unlzn; ©) BIHIEER L(O) BIEL (L(©)), WF:

N
D, (un) 1
<L(@)> T Z {711{10’3 + 20_2 (:I:'”: - MJJ)T(wn - Mm) - 0_2 <un ’n> PT( )u.l‘) + (15)
n=1 z z
1 D, (un)
952 <untnt};>PTP} + —Jlnai + % 2 (Yn — Ny)T(yn — fiy) —

1 1
03 (Unt,)TCT (y, — ly) + 5 2tr{(’unt tT>CTC}+ 1n +

Jom-we()-5)

v+ Dy + D,

E

) G T A i 1o
v T Y n — M T n v

(tn) = BWT(I)_l(Zn — ), (18)
<untn> - <un><tn>7 (19)

<untnt;1;> - <’U;7,>B + <un><tn><tn>T- (20)
TE M 5, SREFE (L(0)) MBS, NS EISBERMGIHE 6. X (L(0)) XTESHMRA S, FH1E
ZEET 0, IEHEWT:

0 — ﬂ»,- _ Z,,]:]:l<un>(zn - W<tn>)
’_QJ S ) .
~ N N -1
W = (g) = (Z(zn - /1)<untn>T) (Z<untntr£>> ) (22)
n=1 n=1

N

2 un H:‘cn fh | - 2<untn>TPT(wn - :a-l‘) + tr{<untnt;1;>13TP}}, (23)
oy

N% 'u,,, Myn — y” <untn> (o (Yn — y)+tr{<unt tT>CTC}} (24)

1+1n(%)— ( ) Z ((Inwy,) — (u,)) = 0. (25)

Hr, B U(2) = dInl(2)/de, X (25) B v WTRA, AR ABUER I R %0521 v
FEIHE. RIERE 281 M 28, BRI, tRPPLS BIAIES S8 EM 595 T LRSI — e &L, 5%
T EM FARUCSUrE, STk [16] 2647 TIEM, ASCRF3GE. Eo0 M RaE ik PPLS i, e £t
Boame, NAATIESRNE 1.
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#* 1 tRPPLS &85y EM K
LW e = = 0 @y iy = =N yn, 0o =0y =1,k=0,P=X(:,1:q9),C=Y(,1:q). HE O
2. E & i1 O THRBRREIHIE: Q(O,01) = Eptn,unlzn:0)108(0(2nltn, un)).
3. M #: R Q(O,0r) WRfH, 3% Ory1 N Ory1 = argmaxQ(O,Oy).
4. FWTRTWEL, MRS, WA k =k + 1, BEEEZIZE 2 25 Wk, W Or 1 BIAERRSEL

4.3 EF tRPPLS #EEIfEY

tRPPLS BRI T AT AL B B il SRR < MRYAR e R, MRIEEESLAY tRPPLS #4, )
KT RA A AR AT

fﬁn - Ptn + /:57:; (26)

9o = Ct + . 27)
Hoep, SERFIRT, 10 t, AT EHEIE SR BENLEL. ()2, 2R Z] n T, S B A S e iy il
HAECH, WIFTXE ¢, @ ATHEATSE0 B8, 2SR (12) R, B ¢, ~ N(BWT o™ (2, — p), B).
RIESZEICHK (17], R ¢, B0 ARIEIE & AU ¢, MIBRAS B AASTHED:

Tp = PBWTq)_l(zn - ,U) + fl, (28)
Un =CBW?Td (2, — p) + 1. (29)
5 {REEH
G —NZREAIR, T T RER, 3 NMRETR, 20F 4 MREERRAHASTR, RAWT:
x, 1.9458  —0.2848 0.7887  0.1087 el
T 0.1169 —0.6409 —0.3228 —2.1190 . es
x3 0.1788  —0.1272 —0.5463 —0.1249 t; es
xz, [ = 07870 —0.9782 —1.3781 —0.3241 ‘, + 1| es |- (30)
x5 0.7470 —1.5114 —2.0372 —0.2204 . es
xg —1.6617 —0.9843 1.9540 —0.3603 * es
x7 —1.3525 —1.2072 0.3674 —0.4347 er
Y1 —~1.0690 1.7710 0.9190 —1.3784 2 fi
y2 | = —1.0907 0.3172 0.3385 —0.7937 ‘, +1 fo |- (31)
Y3 0.0284 0.7830 0.3432  0.3267 fs

ty

Hrb: BEAR 66 = 1,2,3,4) IRIARHEIEZS M1, MR R ei(i = 1,---,7) M1 fi(i = 1,2,3) BIRABE
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