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Abstract: To address the surface normal ambiguity in Shape from infrared polarization and the lack of

physical constraints in purely data-driven methods, a reconstruction approach integrating infrared polariza-
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tion physical priors with deep learning is proposed to improve the accuracy and stability of surface normal
estimation and achieve high-precision 3D reconstruction. First, polarization information, including infra-
red intensity, degree of linear polarization (DolLP), and angle of polarization (AoP), is extracted from
raw polarization images. Based on this, the zenith angle of the surface normal is recovered according to the
relationship between the zenith angle and DolLP derived from a mixed polarization radiation model. Mean-
while, two candidate azimuth angles are computed using the correspondence between AoP and surface ge-
ometry, thereby constructing candidate surface normals. In parallel, a ThermalUNet is designed to gener-
ate reference surface normals from polarization information. The reference normals are further employed
to constrain and refine the candidate normals derived from the physical model, resulting in a consistent and
stable normal field. Experimental results on the public ThermoPol16 long-wave infrared polarization datas-
et demonstrate that the proposed method achieves a mean angular error of 8. 36", with 81.97% of pixels
having angular errors less than 11. 25°, outperforming existing methods. Furthermore, validation on a self-
collected mid-wave infrared polarization dataset shows that the Dataset-level mean angular error is 7. 3" for
spherical targets with different temperatures and materials, indicating that the proposed method can stably
and accurately recover surface geometry. In summary, the proposed method effectively resolves the nor-
mal ambiguity in polarization-based 3D reconstruction and exhibits strong accuracy and robustness under
varying materials, temperatures, and infrared spectral bands.

Key words: infrared polarization imaging; shape from polarization; computational imaging; surface nor-
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Fig.1 Schematic diagram of infrared shape from polarization
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Tab.1 Dataset-level averaged evaluation metrics on ThermoPol16 dataset
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ThermalPolS{P 8.36 6.53 10.90 81.97

<30° Params/M VRAM/MB Inference time/s
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94.78 96.74 6.6 148 0.23
94.10 96.62 24.8 243 0.2
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Fig. 12 Reconstruction results of normal vectors of glass dragon model
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Fig. 13 Three-dimensional reconstruction results of pro-

posed method on ThermoPoll6 dataset
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Tab.2 Average angular errors on ThermoPol16 dataset
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Fig. 15 Three-dimensional reconstruction results of proposed method on “monk” model
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Tab.3 Dataset-level averaged evaluation metrics on self-captured dataset
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Tab.4 Average angular errors of samples on self-cap-

tured dataset using different methods
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Fig. 16  SIP results of a 150 °C obsidian sphere based on mid-wave infrared polarization
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Fig. 17 SIP results of a 150 °C metal sphere based on mid-wave infrared polarization
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Fig. 18  SIP results of a 150 °C dodecagon based on mid-wave infrared polarization
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Tab.5 Dataset-level averaged evaluation of ThermalUNet and ThermalPolS{P on ThermoPol16 dataset
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Tab.6 Dataset-level averaged evaluation of ThermalUNet and ThermalPolS{P on Self-Captured dataset
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Tab.7 Impact of ResNetl8 encoder on reconstruction dataset-level performance on ThermoPol16 dataset
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