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Design of metaverse platform framework for smart sewage plants based on digital twin technology
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(1. School of Municipal and Environmental Engineering, Shenyang Jianzhu University, Shenyang 110168, China;
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China)

Abstract: To synchronously integrate digital twin and virtual reality (VR) technologies into the operation and construction of
sewage treatment plants (STPs) and realize the highly intelligent development of STPs, a metaverse system for smart STPs
supported by digital twin technology was constructed, and the optimal scheme for integrating virtual-physical interaction
technology with smart STPs was explored. Specific implementation approaches are proposed as follows: a multi-modal
architecture was adopted to develop digital twin models, a virtual interaction system, and the weighted regularized extreme
learning machine (WRELM ) deep learning mechanism. On the one hand, this integration serves for fully automated operation
monitoring of STPs and the analysis and simulation of wastewater treatment data; on the other hand, it supports immersive
virtual-physical interaction and intelligent operation of STPs. By comparing the applicability of various deep learning models
in the platform, the WRELM was selected to establish an incremental learning mechanism for the metaverse platform, thereby
achieving an optimal configuration of processes and unit parameters in wastewater treatment. This platform enables real-time
monitoring, simulation, and immersive virtual-physical interaction of STPs. It not only effectively ensures the efficient and
energy-saving operation of the wastewater treatment process, but also realizes intelligent data analysis, process digital

twinning, autonomous virtual roaming, and automated fault handling in wastewater treatment
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Figure 1 Architecture diagram of the metaspace platform of the smart sewage treatment plan
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Figure 2 Simulation laboratory interface diagram
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Figure 3 Comparison chart of precise aeration before and after
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Figure 4  Contrast chart before and after accurate dosing
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Figure 5 Third-person autonomous roaming
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Table 2 Performance comparison of different models”

benchmark tests
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XGBoost 7.3 27 0.68 78.3
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