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Abstract

This article proposes and implements a digital twin pipeline vibration prediction system that integrates physical

mechanisms and data-driven approaches to address the problem of limited sensors being unable to achieve real-time

monitoring of full field vibration in complex pipeline systems due to space constraints and structural complexity. A

hybrid modeling framework for engineering applications was constructed with the core objective of reconstructing the

full field vibration response. The efficient dimensionality reduction of the full field vibration response was achieved by

introducing intrinsic orthogonal decomposition. Nonlinear mapping relationships between finite measurement point

data and the global vibration modal coefficients were established using Kriging model and radial basis function
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surrogate model, respectively. On this basis, the reconstruction system integrates WebGL 3D
visualization technology to achieve real-time dynamic display of the global vibration field of the
pipeline. The experimental results show that the system can accurately predict the overall vibration
distribution of the pipeline under the condition of transmission delay less than 10 ms, verifying the

advantages of the proposed method in prediction accuracy, real-time performance, and engineering

applicability.

Key words

digital twin, vibration reconstruction, pipeline system, sensor placement optimization, surrogate model,

proper orthogonal decomposition
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