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Dynamic transfer regression model based on low-rank reconstruction
representation

HUO Hai-dan, YAN Gao-wei', CHENG Lan, REN Mi-feng, XIAO Shu-yi

(College of Electrical and Power Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Aiming at the problem of the actual process industry process with dynamic time-varying and concept drift
characteristics, which leads to a decrease in the prediction accuracy of the soft sensor model, a dynamic regression
migration model based on low-rank reconstruction representation is proposed. In order to better describe the dynamic
process, under the dynamic internal model partial least squares framework, the high-dimensional process data is mapped
to the low-dimensional latent variable space to capture the dynamic correlation between quality data and latent
variables. In order to reduce concept drift, while obtaining dynamic correlation, the conditional distribution alignment
of data is achieved by enhancing the correlation between the estimated values of quality variables in different working
conditions. Compared with the static base model and the dynamic base model, the experimental results on the three
public industrial datasets improved, indicating that the proposed method can effectively improve the prediction accuracy
and generalization ability of the model.

Keywords: soft sensor; dynamic time variation; concept drift; dynamic-inner partial least squares; conditional
distribution alignment; low-rank reconstruction
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=1

Horbrn HINARE AR BCR, v A DREAR I E K
{8, 9 A i DMFEAR AL THA.
3.1 TEPHiE&

TEPRUE {7+ 2 A0 T A "/ @it —Fp T2 3
TR 3 2R G, I e A3 1 dhs ) 0 o it T —
A Tl R ) B S B . 12 o FE LA 12 S HR A
RN AT NI AR L B A 22 N4 3 min SR
BE— VB FE AR B, DA KL 19 /N5 A5 152 i s 1] AT i)
FER (1) R AR R AR SCSE G, iR 22 A R AR R
XMEAS (1 ~22) FI T M EH BT XMV (1~ 1) TER
BN, B AR B XMEAS (38) 15 A H . B Il 25 551
3 S T, MR A A 2 1 AT A 2 B S

LI RWMR LA NRIATUEH, 5EE
FEAE A PLSR A b, TNN-LR-MR #5784 | TSL-PLSR 1%
B4 LRR-STR A5 AL 44 S [7] (1 45k 3 B2 00y 1 T £k,
T, ek /b T D3 58 TS A L A A 2 R, TR
K P35 B . 4k, T LU H, 3 A5 A5 20 1) 150
RO AL T SR 52 AR DIPLS A E,
TCA + DiPLS %! #1 CORAL + DiPLS B 5! Fi % i
TR, B SGT R IR, DTPLS B 5] N\ J5 i 7 151 Al
SERLRFE IO, T KG FE A B4 7t {5 & LRR-DTR AR Y
(0L 2 A e

F=1 AFREIXTEL A EX TEP $3E & 9F0m bk &5

B

PLSR TNN-LR-MR TSL-PLSR LRR-STR DiPLS TCA+DiPLS CORAL+DiPLS DTPLS LRR-DTR

B

PR
RMSE 09116 0.8557 0.8564 0.8566
R? 0.4407 0.5077 0.5069 0.4989
MAE 0.7352 0.6982 0.696 8 0.699 4

0.7943
0.5754

0.8714 0.8028 0.8167  0.7606
0.4884 0.5657 0.5452 0.6112
0.6527 0.6936 0.6571 0.6551 0.622 4

32 BT IRERIESE

T e B A R A A ik B B A i ) B R )
AR XA, T T e B SRR T R L BRI
TR L I B AFAE BRI 5, 75 B L I B A
TSR, A SO FEZ FE R 7 A Hl B A R vl
BB T Bk B AR Do th, R i 5dia 56 2 349 MEA

HETET 1200 AN FEAAE 9 7 58 T3, ol R AR ARAE R4
AT T3 AT B 50 IE.

SRR 2 fron. NR2ATULE H, 588
FAR R PLSR AR L, BT A Kot EEAS AR () T 000 RS 5 0 2
. [FET, 2l 2S5 Y (10 F00) 20k SR ik L i A4 A 1) ot
TRCRYT. 557 FA R DIPLS A b, TCA 4 DiPLS.
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TAGAEA 2517

%2 TR IR DC BB EMTMEL S
B A B
S
PLSR  TNN-LR-MR TSL-PLSR LRR-STR DiPLS TCA +DiPLS CORAL + DiPLS DTPLS LRR-DTR
RMSE  1.2762 1.2014 1.2567 1.1724  0.9042 0.8775 0.9021 0.8651 0.8537
R? 0.0910 0.0332 —0.0579 0.0918 0.4524 0.4845 0.4538 0.5060  0.5108
MAE 0.9649 0.9109 0.9314 09139  0.7236 0.6396 0.6334 0.6282 0.6208

CORAL + DiPLS. DTPLS 5 7 SCAE R (1) Tl ks 52 32
A BT, Hrp A S A ) LRR-DTR A5 2 T K
FE B e
33 WMEEWRERIESE

ik [ A ke B e A 23 T L B v =R T i
B EWR, LA R PR SR N, A 5 R S
fiit £ & (hydrogen sulfide, HyS) % 4 Jy B 5 fif Il — 44
BT (sulfur dioxide, SOs). 120 H £ 2 4 56 F1 I 5 A5
RIVERE bR HE SR S, AUk B S MR R =N
BN, Ha'S FI1 SO MU 2 M i Hh, K VI ZR R 1) 5000 1

FEAAE 9 i s T, MR EE 14 5000 AN FEAE R 24 i
AT R R 5 E.

Xf BT B AR Ho S B N 25 R 26 3 B, W LU
mm*ﬁMWWMﬁV 3k v T A S 2R T
R 2. 5 i A A PLSR AH HL, TNN-LR-MR HHL T
BT B 5, A 8 25 50 EL AR 7R 1) T30 K AT i
G (H R BGE R EA K, 5B A DIPLS AH L,
TCA + DiPLS # % A1 CORAL + DiPLS #5 %4 11l 14 A&
N F%, DTPLS A% 8 A1 A ST 37 ) LRR-DTR A5 2 T30
K P HAA BOR LT, {5 2 DTPLS A5 R K i e e

3 ATRIXEL AR SRUBHES Ho S BTN EL 3

T A AR
URIEGEED
PLSR TNN-LR-MR TSL-PLSR LRR-STR DiPLS TCA+DiPLS CORAL+DiPLS DTPLS LRR-DTR
RMSE  0.9228 0.9333 0.9082 09129  0.8472 0.9006 0.8806 0.5873  0.6463
R? 0.008 4 —0.0136 0.0384 0.0270  0.1649 0.0570 0.0983 0.5971 0.5171
MAE 0.524 1 0.5398 0.4763 0.4951  0.5453 0.5016 0.5170 0.3668  0.3825

Xt AR SO, I T2 R sk 4 o, S5ig s

7 DiPLS #H Lt: TCA + DiPLS # % 1 CORAL-DiPLS

FE A5 7 PLSR AH L, i 25 455 8 % EE 7 v TNN-LR-MR AT ) TN 25 R B4k 15 I ; DTPLS 5 R il A
Fi A  TSL-PLSR A AU F LRR-STR A A 5] A 3838 M 1F %3 57 ) LRR-DTR AR Y Tk B 34 B i, (2 A2
DAk T00J A Y R TR FE 2 AT G, 5ah A DTPLS A4l A2 B B Ui
=4 AERIFTETENT SRUBIRE SO, BTN EL 8
BA R BAS R
s bR
PLSR TNN-LR-MR TSL-PLSR LRR-STR DiPLS TCA +DiPLS CORAL +DiPLS DTPLS LRR-DTR
RMSE 0.8366 0.8322 0.8296 0.8308 0.7493 0.8119 0.796 4 0.4174 04708
R? 0.0065 0.0178 0.0239 0.0127 0.2039 0.066 1 0.1014 0.7514 0.6850
MAE 0.6156 0.6122 0.6089 0.6166 0.5322 0.5818 0.5822 0.3135 0.3543

3.4 SKIGHR
3.4.1 SEIOEERHT

ANTRDGE EE 7R AE 3N 4 B E 35 T M iR 22
B2 . A 2 AT DA H, 3 2458 A 1 1000 4R 22 3%
/N T ERAS LAY 3E— D UL B TR O B R R
FE I AR BN A I ) BV, A, S A R
PLSR #H k, TNN-LR-MR. TSL-PLSR 1 LRR-STR %

A 6T L 77 VR TE PLSR 36 Atk B 51 N 7 3803& B 1E U
I, BV A TR T, 5 8l A5 S5 A DIiPLS AH L,
TCA + DiPLS fil CORAL + DiPLS £ B4 Fda 52+ Hi
AT A I 15 100, 3 A2 R 9% 28 07 1k 1) B 23 A xf
T FE 5 [ U AR Ik R A o B B AT 1, 7E B X
Frid G = bR S B IR T R T R A E i s &
A b 5 o R AR R TR PR 06 R DA e B AS S5 K. T
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