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Abstract: In modern industrial process modeling, the multivariable, nonlinearity and dynamics of the production pro-
cess increase the model complexity and reduce the model accuracy. In response to this problem, a dynamic soft-sensing
algorithm based on the long short-term memory (LSTM) neural network and its input variable selection is proposed by
embedding the nonnegative garrote (NNG) into the LSTM neural network. First, a well-trained LSTM neural network is
generated with parameter optimization, in which the dynamics and time-delay of industrial processes are handled by its
excellent memory capacity of historical information. Then, the NNG algorithm is used to compress the input weights of
the LSTM network to eliminate the redundant variables and improve the model accuracy. Grid search and blocked cross-
validation are used to find the optimal hyperparameter of the algorithm. Finally, the algorithm is applied to the soft-sensing
modeling of SO2 concentration in the flue gas that is discharged from the desulfurization process of a thermal power plant,
and the performance of the algorithm is compared with other state-of-the-art algorithms. Experimental results demonstrate
that the proposed algorithm can effectively delete the redundant variables, reduce the model complexity and improve the
prediction performance of the model.
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Fig. 2 The internal physical architecture of LSTM unit
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3) #7517 ZMSE: BT 5 2= O B3,
PRI T I SR 5 FROMIAE 1) M B A2 RS, MSEfE /)N, 38
B R, B R PERRAT, Hat 51 T

1
MSE = -3 (5 — )" 31)

4) “FIIHNT 5 LR ZEMAPE: B ALY 5 5
P IME 2 1A 22 B A 0B 135, T AV A2 Fotii]
g5 IR A AERR 1. MAPEE K, BIAS T R 220K, &
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Table 1 Candidate input variables for desulfuriza-
tion process

F5 A AR AL
1 REHLINZE kW
2 FPIFEIHS SO W E mg/m>
3 WO O SOKE  mg/m3
4 — RIS B K pHIE

5 IR RIS E I m3/h
6 ZHRIBE A E KR pHIA

7 U e P s m3/h
8 FINLHUIEA I S IR A

9 HFUNH3IBER R A

10 W AT N TR L °C

11 R CMH
12 SR t

13 W ACEE H TR IR °C

14 WR A HE TR 2 °C

15 W TS H RS 3 °C

16 SR N RS R Nm?/h
17 SRR RS UE S Pa

18 EARSNOY IR E mg/m>
19 IR R AH SR O R S mg/m?
20 LA AR R ) %

21 RIS TR L °C

22 ZHRBEE R O Pa

23 — RIS TS O3 % mg/m?
24 W SR AL T A m

25 ZHRIIE A3 m

26 KIAAXETTRE kW
27 FERBHE AR A

28 BERBIERASNDES Pa

29 A A KL kW
30 R KL AT B e E m

k2 AR KLEMASHAL R
Table 2 Model basic structure and parameter setting
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Table 3 Basic structure and parameter setting of each
comparison model

ZHAATR MLP RNN LSTM MI-LSTM
NG 30 30 30 30
PR £ B 24 1 1 1 1
REETSE 10 10 128 128
i A 1 1 1 1
Sk 0.001  0.001  0.005 0.005
RRIEAE 1000 1000 500 500

R4 TR HFGAEL
Table 4 Simulation results of different algorithms

Model MS AR? MSE MAPE
MLP 30 04847 28.1003 0.5818
RNN 30 0.5261 14.5409 0.4205

LSTM 30 0.6184 7.9323  0.2200

MI-LSTM 16.8 0.7837  5.8200  0.2062
NNG-LSTM 9.6 0.8590 3.3360 0.1455
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TEXT B 5 B s 785 1 -5 K I 4 5t 1 1 o R R A
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Table 5 Candidate input variables with 8 > 0.5

i 4R X2 01
2 WE RSSO IR mg/m®  0.9507
3 RIS TEASOLE  mg/m® 1.0000
4 — RS A B R pHAE 0.7711
5 FRFRAR A it m3/h  0.6968
6 CHRBE A B K pHIE 0.5435
12 SR t 1.0000
16 PR RN TV S B Nm?h  0.9980
17 R NN (T WE VA Pa 1.0000

AR 52, 353 IR JE I TS O R FE 5 — T i %
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AL IR RS, B8, XD RS RRACRE
PR G, X I B HEBOW S SO LA ELHEZ M.
AR 12 AR SRR, AR LR 2 RS
SOL KL AZE16, 1773 I I BN 3 = B
5577, BN R R I, PR BN RS
FE TR, BRSO, k% . A2 B4, 5, 6FTAT 3
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Fig. 7 The prediction curve of SOg concentration with

0 60 120

different algorithms
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Fig. 8 The error distribution of SO2 concentration prediction with different algorithms

1.0000 1.0000 0.9980 1.0000

1.0
0.9
0.8
0.7
0.6 0.5438
0.5

0.4

AR T 0

03 0.2651 02411

0.2

0.1 0.0338

00 00O 00 00 go 00 0O0O0OOO0OO

0.0
1 23 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

T IfEAa N AL
K9 Briki N RN 0BES T

Fig. 9 Numerical statistics of € for different input variables
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