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Pattern recognition of topological phases in thermal metamaterials
based on MobileNetV2
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Abstract; Thermal metamaterials, a class of functional materials with extraordinary thermal transport properties achieved through
artificial microstructure design, exhibit unique advantages in regulating the directional transport of heat flux in the design of
topological thermal devices. Specifically, different topological phases of these materials correspond to distinctly different thermal
transport behaviors, which directly determine the functional characteristics and application efficacy of topological thermal devices.
However, traditional methods for recognizing topological phases in thermal metamaterials have significant limitations: they rely on
strict periodicity assumptions, resulting in high computational complexity and long time consumption, while also struggling to
address the feature ambiguity caused by lattice defects and disordered perturbations. To address these issues, this study proposes a
lightweight MobileNetV2-based deep learning framework. By training on a multi—scale dataset of the constructed two—dimensional
SSH thermal transport system, this framework achieves efficient classification of topological phases (bulk states, edge states, corner
states) in complex materials. Meanwhile, considering the characteristics of small-sized topological images in this task, this paper
specifically optimizes the convolution parameters of the model’s input layer, introduces a weighted cross—entropy loss function to
alleviate the class imbalance problem, and dynamically adjusts the learning rate based on the validation set accuracy. Experimental
results show that in translationally symmetric systems, the model achieves classification accuracies of 100%, 95.2%, and 99. 2%
for topological images with 4x4, 6x6, and 8x8 unit cell dimensions, respectively; in asymmetric systems, the 8x8 unit cells still
achieve correct classification of all samples ( with an accuracy of 100% ), fully verifying the model’s strong robustness against
disordered perturbations. This study provides a new method for the intelligent analysis and design of topological thermal devices,
significantly improving the recognition accuracy and efficiency of topological phases in complex material systems.
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Fig. 3 Loss and accuracy curves of MobileNetV2 model versus epochs
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Fig. 4 Confusion matrix of MobileNetV2 model classification in translationally symmetric systems
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