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1. Introduction
Wiring networks play a critical role in the operation of many industrial and aeronautical systems, where the occurrence of
faults can significantly degrade overall functionality. Among the various diagnostic methods, those based on reflectometry
responses have proven to be among the most efficient and widely used [1]. In particular, Time-Domain Reflectometry
(TDR) is extensively employed due to its simplicity and accuracy. TDR responses are commonly modeled using numerical
approaches such as the Finite-Difference Time-Domain (FDTD) method [2]. However, these techniques suffer from
several drawbacks, including mesh dependency and high computational cost. To overcome these limitations, this paper
proposes a new modeling approach for TDR responses based on Physics-Informed Neural Networks (PINNs).

2. Methodology and Numerical Results
In this study, a PINN-based approach is developed to simulate the TDR responses in wiring networks. The governing
electromagnetic equations, expressed as Partial Differential Equations, along with the associated initial and boundary
conditions, are directly embedded into the network loss function, which is minimized during training [3]. This enables
mesh-free modeling while enforcing the physical consistency of the solution.

To validate the proposed approach, TDR responses of a Y-shaped network are computed using both PINNs and FDTD
and compared, as illustrated in Fig. 1. The results show very good agreement between the two methods, while the FDTD
solution exhibits numerical oscillations due to discretization. In contrast, the PINN response remains smooth and stable,
confirming the robustness and suitability of the approach for fault detection and localization in wiring networks.
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Fig. 1 – (a) Y-shaped network and (b) TDR responses
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