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From Simulation to SHM: Reducing Numerical Errors for Reliable
Neural-Network-Based Damage Detection
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Artificial neural networks (ANNs) are increasingly used in structural health monitoring (SHM) for damage
detection and localization [1]. In our previous work, ANNs were successfully applied to identify damage in
isotropic plates using data generated with the time-domain spectral finite element method (TD-SFEM). This
approach forms the basis for the development of a digital twin framework, in which numerical simulations are
used to generate training data for data-driven diagnostic models.

Accurate localization of smaller defects, as well as improvement of spatial resolution, requires the use of shorter
wavelengths, which in turn necessitates higher excitation frequencies. However, increasing the frequency range
introduces significant challenges in numerical modelling. In particular, discretization errors become more pro-
nounced and may manifest as numerical anisotropy, including direction-dependent wave speeds and frequency
band gaps. These effects distort the simulated wavefield and degrade the quality of the data used for training
neural networks.

A straightforward way to extend the usable frequency range is to refine the mesh, increasing the number of finite
elements. While this approach improves accuracy, it leads to a substantial increase in computational cost. This
becomes a critical limitation in the context of ANN training, where large datasets are required and simulation
time directly impacts the feasibility of the approach.

To address this issue, a class of spline-based finite elements is employed, which significantly reduces numerical
anisotropy and eliminates numerical band gaps without a substantial increase in computational cost. As a result,
the usable frequency range of the numerical model is extended, enabling one to generate higher-quality training
data within practical computational limits.

The improved numerical data are subsequently used to train artificial neural networks for damage localization.
The results demonstrate that the proposed approach allows for accurate identification of damage at higher
frequencies, while maintaining computational efficiency. These findings highlight the importance of controlling
numerical properties in simulation-based machine learning pipelines and demonstrate the potential of spline-
based finite elements in supporting data-driven SHM applications.
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