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Abstract: During aircraft operations, especially under cold winter conditions and high humidity environments, the haz-
ards posed by surface icing on the aircraft skin are particularly prominent during critical flight phases such as takeoff and land -
ing. In this context, a detection method integrating Convolutional Neural Networks (CNN) with near-infrared spectral analy-
sis is proposed to enable automatic identification of aircraft skin icing types. The theoretical framework and experimental pro-
tocol for this approach are established, and a novel network architecture—termed IATNet—is introduced, which combines
serial convolutional modules with multi-scale parallel convolutional paths. The IATNet model is composed of one one-

dimensional convolutional layer (Conv0), a multi-scale spectral feature encoding module (MSFE Module), a feature fusion
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module (FeatureFusion), a flattening layer (Flatten), and three fully connected layers (D1, D2, D3). Experimental valida-

tion demonstrates that the IATNet model achieves an identification accuracy of 98.15% on the test set, which represents a

significant improvement over other conventional machine learning algorithms. The experimental results indicate that this de-

tection approach can accurately identify the types of icing on aircraft skin, effectively addressing the limitations of traditional

detection methods, such as low efficiency, poor real-time performance, and susceptibility to environmental interference.

Keywords: optical measurement; convolutional neural network; near-infrared spectroscopy; icing type classification
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