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Fig. 1. Schematic illustration of the positions of the source and mask.
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Fig. 2. Schematic illustration of the workflow of solving the thermal field inversion problem using a neural network.
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Fig. 3. Validation of thermal field reconstruction accuracy. The first to third rows show the true evolving thermal fields, the

thermal fields reconstructed from the predicted parameters, and the absolute residuals between them, respectively.
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Fig. 4. Test results for the isotropic case: (a) Logarithmic scatter plot of the predicted values versus the true values; (b) histogram
of the relative error; (c) the training process shows that convergence can be achieved using supervised learning alone. Test results
for the anisotropic case: (d) The joint scatter plot of k; and k, demonstrates good parameter decoupling capability; (e) the relat-
ive error distribution is more stable than that in panel (b); (f) the training curve shows that after introducing the physics-consist-
ency loss at Epoch 30 (green region), the validation error is further reduced and the convergence process becomes more stable, indic-

ating that dynamical constraints improve parameter identifiability.
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Fig. B1. Logarithmic scatter plot of the predicted values
versus the true values for the anisotropic case under noisy

samples.
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SPECIAL TOPIC —Heat conduction and its related interdisciplinary areas

Convolutional neural network-accelerated thermal
field inversion”
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2) (Department of Physics, School of Science, Southern University of Science and Technology, Shenzhen 518055, China)
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Abstract

Accurate acquisition of the thermal diffusivity tensor for anisotropic materials is critical for the thermal
management of advanced electronic devices and the non-destructive testing of composite materials. However,
traditional transient measurement methods struggle to effectively decouple directional components, while
numerical iteration-based inversion methods face challenges such as high computational costs and susceptibility
to local minima. To address these issues, this paper proposes a convolutional neural network (CNN) inversion
framework integrated with physical consistency constraints, aiming to achieve a rapid and precise mapping from
transient thermal field image sequences to anisotropic thermal diffusivity tensors. Based on the amortized
inference paradigm, a deep network architecture comprising a multi-scale feature extraction backbone and a
physical projection layer is constructed. To resolve the strong coupling of anisotropic parameters under central
point source excitation, a multi-source ring excitation strategy is designed to enhance the identifiability of heat
flow directions. Additionally, a mask-aware global pooling mechanism is introduced to eliminate boundary effect
interference. In terms of training strategy, a two-stage scheme combining parameter-supervised pre-training
with physics-consistency fine-tuning is adopted, where the dynamic constraints of the heat conduction partial
differential equation (PDE) are incorporated into the loss function as a regularization term. Numerical
experiments demonstrate that the proposed method can independently and accurately decouple the principal
diffusion coefficients, with an average relative error controlled within 3%. Furthermore, the physical consistency
constraint significantly improves inversion robustness in the small diffusion coefficient regime. Compared with
traditional iterative algorithms and standard physics-informed neural networks (PINNs), this framework
accelerates the inversion speed to the millisecond level, realizing “once-trained, real-time inference”, thereby
providing an efficient computational paradigm for real-time photothermal imaging detection of anisotropic

materials.
Keywords: anisotropic diffusion, deep learning, physical consistency, amortized inference
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