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Abstract Industrial process collaborative modeling with the same production process is an effec-
tive method to solve the difficult industrial parameters online soft measurement. Due to the
differences in production materials, equipment and other factors, the distributed data often
prensent nonindependent identically distribution (Non-IID). Simultaneously, influenced by chan-
ges in the production environment, the distribution characteristics of data change over time. Con-
sequently, industrial modeling scenarios demand heightened requirements for personalized config-
uration of models and autonomous adjustment capabilities. To address these concerns, this paper
proposes a federated incremental transfer learning (FITL) strategy that achieves parallel optimi-
zation of both structure and parameters. Under the framework of incremental federated learning,
a federated consensus organization based on model output information is established, and horizon-
tal federated is used for intra-group enhancement. Furthermore, the information of different

consensus organizations is incrementally migrated for federal consensus groups by minimizing
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consensus differences between groups. Finally, a federation learning model under incremental

transfer is constructed by combining intra-group horizontal reinforcement and cross-organization

transfer learning. Experimental results on industrial data sets and benchmark data sets show

that, compared with the existing methods, the proposed model can better realize collaborative

modeling under different working conditions of Non-IID. In the regression task of process indus-

try and the classification task using public datasets, FITL exhibits a notable enhancement of 9%

and 16% in model predictive precision over baseline methods in multiple working conditions.
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Background

Federated learning is a distributed machine learning
method that ensures data privacy protection. Recently, by
enabling participants distributed across multiple regions to
collaborate on modeling while maintaining data security,
federated learning has achieved significant success in various
fields such as healthcare, transportation, and recommenda-
tion systems. Therefore. federated learning emerges as a
feasible solution for addressing the challenges of distributed
collaborative modeling in industrial enterprises with data
privacy. However, the application of federated learning in
industrial settings faces two challenges. Firstly, the
enterprise process data distributed across multiple locations
exhibit variations in data distribution and effectiveness due to
climate, demand, and equipment changes in real industrial
scenarios. Secondly, the variations of the production
environment can lead to the fact that the distribution charac-
teristics of data change over time. As a result, models in
industrial application scenarios face heightened requirements
in terms of both personalized configuration and autonomous
adaptability.

Although the personalized modeling approaches in the
federated learning offer more flexible strategies for adapting
to clients with different distributions, they lack the capability
for autonomous learning of structure and parameters based
on data characteristics. Incremental constructive stochastic
configured network provides a beneficial avenue for
addressing challenges in synchronously optimizing model
structure and parameter configurations through adaptive

analysis of data characteristics. Nonetheless, the differences

of data distribution often impede the achievement of ideal
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results in federated incremental collaborative modeling.

To address the aforementioned challenges, this paper
investigates model-adaptive incremental construction under
differences in data distribution and proposes a federated
personalized model incremental construction method based on
a non-gradient strategy. The proposed method establishes
multiple federated consensus organizations by analyzing
model structure information, thereby devising differentiated
incremental collaboration strategies for clients with distinct
distributions. This approach facilitates the simultaneous
optimization of model structure and parameters by incorpora-
ting knowledge from divergent distributions. Furthermore,
this paper addresses the key challenge of effectively integra-
ting knowledge in incremental learning under distribution
disparities by fitting predictive distribution consistency
among clients. Experimental validation on industrial and
public datasets demonstrates the efficacy of the method in
mitigating the impact of working condition variations on
collaborative modeling, thereby resolving challenges encoun-
tered by previous federated incremental collaborative
modeling approaches in achieving ideal outcomes under
diverse working conditions.
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