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Partial least squares regression soft sensor method based on transfer
subspace learning
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(1. College of Electrical and Power Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi
Gemengzhongmei Clean Energy Research and Development Co., Ltd, Taiyuan 030031, China)

Abstract: Aiming at the problem that changes in working conditions in the process industry can easily lead to mismatches
between the current sample and the historical sample distribution, and the inaccuracy of traditional soft-sensing model,
considering the impact of industrial data’s time series, dynamics and process drift on modeling, this paper proposes a
partial least squares regression soft sensor method based on transfer subspace learning. First, the regression framework
adopts the nonlinear iterative partial least squares method and applies a domain adaptation regular term based on subspace
reconstruction to the objective function of solving the mapping vector. During the shooting process, it is guaranteed that
each sample in the current working condition can be linearly reconstructed by the historical working condition sample.
On this basis, a low-rank and sparse representation is applied to the reconstruction matrix, while maintaining the data
structure, the reconstruction matrix has a block structure to deal with process drift characteristics. The proposed method
is tested on a numerical case and three different multi-condition data sets and compared with the existing domain adaptive
regression methods. Experiments have demonstrated that this method can effectively improve the prediction accuracy of
the model under cross-conditions, and reduce the impact of the difference in data distribution between conditions on the
model performance.
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PLSR TSL-PLSR
L
Sy PE Sy PR
RMSE RMSE
MMD Wasserstein Euclidean MMD Wasserstein Euclidean

1 0.2735 0.9474 12.6517 1.0159 0.2208 0.673 6.904 6 3.9855
2 0.062 0.263 8 10.775 6 1.4244 0.076 3 0.260 6 5.6711 4.603 1
3 0.1323 0.3403 8.8413 1.3183 0.0014 0.0333 0.662 3.0607
4 0.065 8 0.219 5.8981 1.3189 0.1166 0.3596 6.595 0.9219
5 0.1676 0.4503 9.8758 1.3054 0.1999 0.5742 11.046 8 0.7232
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) BEAT BTN, 733 EAMS . MP5 A1 MP6 4 3
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TE % 4 421281, 1 40 74 4 7 2 1 #£ (Tennessee
Eastman, TE) A DR $i5 A 77 2 5K 1 48 H 42 4R o5, B4
Z THVAE R, TE SR AR R 3 =W G/H T
A, I 6 Fh TAE TG, WEEL T2 ~ 4347 5250,
B THUE & SEIGFEA 1001 /S, FRIE H TE I 72 o 1
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XG5 s T RS 525
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AR 4545 21 I S50 HHE, o F T IR0 B ML A A, ARk ek
Et (material-ball volume ratio, MBVR). #1 KA & (pulp
density, PD) Fll 78 31 % (charge volume rate, CVR) %]
TN, S 46 3 i 253 A B S A (medium - filling
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% [A] i, 3% B DIPALSY, TNN-LR-DARP] J7 5 3k
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CornHHAR &L ILAH 4 NFREE, 43 BRI 7K S VE R
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&2 ComBUIBEARILAZIEIEHLIGLE

TE % 5 A [R) T30 3 A% S 56 i TR0 32 22 an 3%
2 flrs. MSEBG 25 S AT LU H, A BE PLSR, X B 7532
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(R0, 14— 22 R WAL GG e B30 B 7 VEE R K
DEAE S5 I, R 2% FE R 70 A 22 S 1 2 s i xof 32 3
A R, IR SR G HOE T S B 5B
T2 AL 5 R, kT R FOE R . A I, X B
755 DIPALS. TNN-LR-DAR A1 3 77 9% TSL-PLSR
VBT T AN B A4 O D) 35 R - 249 3R i /0y — 3f [ A A Y
Hh B YRS AR B (1) AR, SRR 40 A7 A T PR [ B LR AIE
TRRAREX ESEENFERME. N HTIRRES, b
R 3 5 VEAE 1 HHE A H ) TR0 4 BB 34 £ T PLSR,
HIFTAGEFE . TNN-LR-DAR 7 DIPALS (1) 3tk
e PR R R A I BB 5 R DR AR I U 0, MR
2 AT LA, FC T 4 fe 4 DIPALS A5 Frd F+. A SCHE
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(b) Fr%oil

rmse

(d) #r%starch
R AR Y E

AR

BR S LA 45 3 /N AN [A) Ll 2 8] 3 # 1 s 56
45 B0 3 fr s, BAPLSR J7 325, B AS 51 N d8 3 v 5
W [ 52 56 45 A Sy 3 7, CORAL TE % £ 9% 45 o 7
M B 5 PLSR #2301 ; 1] GFK A1 JDOT J5 v R A
) T R TR B T AR T AR R AT AR A ST AR
L. DIPALS. TNN-LR-DAR 1 TSL-PLSR ) il P &
B PLSR A Frde t. B 3 J@oR T AR 7 Ve 3R S AL
Bl N TONAE 5 FCSAE T L, AT BUE L AR ST
LA oF Bl T v TN ot 4 B el s 2k, Sk b
DRI R A SC 7 v 0 0 58 8 afe 1k I 7 R ke AR &
22 [ {R) A — 4R B Sif [r) 2, AH LG ¢ DIPALS #1 TNN-LR-
DAR & i $i7 k% BH [ 3fe—7-72 3K BB S 1) 2 1) P XA
5, B 1 B R SR A A T T e )RR R, A
e 1B T P e

=2 TEBUREARR LR ZEREBLIEHFNIRZE FRE29)

NS

J3 s T (SR mR
PLSR CORAL GFK JDOT DIPALS TNN-LR-DAR TSL-PLSR
T2 TH3 0.5335 0.5550 0.5827 0.6758 0.5264 0.4763 0.4401
TH4 0.7863 0.7998 0.8059 0.8152 0.7572 0.6590 0.5366
T3 TH2 0.5396 0.5465 0.546 4 0.769 6 0.5247 0.5102 0.456 6
T4 0.5577 0.9283 0.5414 0.9626 0.5092 0.496 6 0.4302
T4 TH2 0.6089 0.7373 0.7689 0.7052 0.5502 0.546 4 0.5197
TH3 0.4573 0.8767 0.5550 0.7709 0.4356 0.4145 0.398 4
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&3 BKENBURENRE LR BT L FUNIRZE FRE MBVR)
B &
J3 s T R LA
PLSR CORAL GFK IDOT DIPALS TNN-LR-DAR TSL-PLSR
T2 0.3679 0.3678 0.3634 0.3582 0.3249 0.3386 0.2898
TH1
TH3 0.8178 0.8158 0.7105 0.5327 0.7531 0.7917 0.5079
Tl 0.370 1 0.3700 0.4010 0.4367 0.3728 0.3617 0.3534
T2
T3 04161 0.4143 0.4083 0.2689 0.3863 0.396 5 0.1956
RV 0.6393 0.6392 0.6613 0.6272 0.6033 0.602 8 0.6023
THL3
T2 0.3561 0.3556 0.3765 0.3914 0.3280 0.3278 0.3218
N —— FULfE T o
o~ 3 — Mg 3 — TifE 3 — TfE ~ 3 — Mg
= 2 T - ZZW
= 4 ? S e
rmse:0.416 1 rmse:0.4143 rmse:0.408 3 rmse:0.268 9
00 280 560 840 280 560 840 280 560 840 00 280 560 840
R R B R
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as} - as} o --" as} aeh
S et = b =
rmse:0.3863 rmse:0.396 5 ot rmse:0.1956
0 280 560 840 00 280 560 840 0 280 560 840
R R R
(e) DIPALS (f) TNN-LR-DAR (g) TSL-PLSR
3 BREBHEEETNES EXEXT sk
4 éclzlf "Vg Journal of Process Control, 2015, 26: 56-72.
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