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A Stochastic Incremental Network for Industrial Soft Sensing with
Unknown Multidimensional Input Time-Delays
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(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou, Jiangsu 221116, China)

Abstract: Unknown time-delays pose a common challenge in industrial soft sensor modeling. Neglecting the identifi-
cation of unknown time-delay variables, particularly for multidimensional unknown time-delay variables, can undermine
model reliability and accuracy, leading to modeling failure. Accordingly, this paper proposes a stochastic incremental mod-
eling method for industrial soft sensing with multidimensional unknown input time-delays, which is developed based on sto-
chastic configuration network (SCN) to jointly solve the iterative optimization problem of multidimensional unknown input
time-delays and network model parameters. Initially, the stochastic configuration network is utilized as a basic model to
map the nonlinear relationships between input and output data, thereby revealing the sensitivity of conventional least-
squares estimation to time-delay variables. Subsequently, the expectation-maximization (EM) algorithm is employed to es-
tablish a probabilistic framework, which formulates the probabilistic identification problem of the multidimensional un-
known time-delay parameters. Furthermore, a solution space for the unknown time-delay variables is constructed, and the
probability distribution of the unknown time-delay variables within solution space is quantified by calculating the posterior
probability density function. Finally, an iterative optimization strategy is adopted to derive a joint estimation formula for the
parameters of both the unknown time-delay and the network model, thereby avoiding the error accumulation caused by sepa-
rate estimations and obtaining the desired soft sensor model. For model validation, the effectiveness and reliability of the
proposed soft sensor model are validated through a numerical simulation and an industrial application involving a typical
grinding process.
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