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problems. Some deep learning methods have also been applied
for soft sensor modeling@—[35]. However, to the best of
authors’ knowledge, a few deep learning methods have been
applied to the steelmaking process.
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long-short term memory (LSTM) [14]. Especially the family of
autoencoders, such as deep autoencoders (DAE) [13],
denoising autoencoders (DN-AE) [15] stacked
autoencoders (SAE) [17] [18] and sparse autoencoders (SpAE)
[19], have been widely applied. It should be noted that the
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Given the new sample z; ,,ew, the predicted values can be
derived as follows:

Fanew = (1 new) TMLT(LLT) ™ = (@1 new)” Txt 3, T, x,
(10)

where 5 ., denotes the predicted values of responses 9 ey
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In modern industrial processes, safety and quality require-

ments have been paramount; thus, real-time monitoring and

control have become increasingly significant, and the require-

ments for the precise measurement of key quality-related
variables need to be satisfied&D However, some of these

e SCHER[BI AR KA 4.
[5] hn%=-K Witold Pedrycz #(4#% (IEEE Fellow, Canada Research Chair Professor)
EAREMETI S 5 v, FARENEIRSC 5 Frde th MER R 2 2] BN EfE 2L 5 HE
[FAT I TAESL EZIAR 2] T R G2 RE 7T A .

hot-deck, regression-based, and interpolation-based replacements
were developed by Xu et al. in |7]. In recent years, some model-
based and machine learning methods have gained considerable
attentions for solving missing data issues
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Martens, 2000). Locally weighted principal component regression
(LWPCR) is regarded as a suitable strategy to extract nonlinear fea-
tures. The dependence relation between X and Y can be estimated
by classifying the unknown samples in accordance with a local
model using fewer samples that present more closeness in the
spectral dimension (Yuan et al., 2014). For the LWPCR model, the
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different local domains."® In ref 14, the authors have utilized

Gaussian mixture regression for multiphase quality predictions,

and the feasibility has been validated on several numerical
examples. However, it should be mentioned that most previous

TE: SCHR[A4DVREMERSC T,
[8] & B St A =5 B R G 5 kb R x FAEM R IR (b E 5
HHRFRVUB TR ARSI S 8, FRAGRIEIRSC 8 HFR 1 KE /KRR
A PR TR R AR, BRI T A R GRS SR 2 W A

The second measure, e.g., that given in [19], identifies lots
of Markov parameters [25], which are subsequently used for
the construction of residual generators. The estimation bias
caused by the system state decreases as the number of the
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