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Abstract

Image distortion is an inherent defect of wide-field imaging systems, such as wide-angle and fisheye
lenses, which directly impacts the accuracy of subsequent computer vision tasks. To address the
limitations of existing distortion correction methods, which lack sufficient physical priors and
struggle with non-ideal distortions such as lens assembly errors, this paper proposes a distortion
correction method based on radial prior and residual learning. The approach employs a dual-branch
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decoupling design: the radial physical branch leverages physical constraints, using the Brown-Con-
rady model to correct primary barrel or pincushion distortions, thereby ensuring the overall geo-
metric consistency of the structure; the residual correction branch capitalizes on data-driven ad-
vantages, employing a U-Net architecture to predict high-frequency non-rigid displacement fields,
which accurately compensate for assembly errors and asymmetric distortions. The two branches
are jointly optimized end-to-end through pixel-wise displacement field superposition and differen-
tiable grid sampling. Experimental results show that the proposed method achieves a PSNR of 24.49
dB, an SSIM of 0.9145, and a line deviation of 1.81 px, providing a reliable technical solution for
image distortion correction in visual measurement scenarios.
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Figure 1. Model network structure diagram
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Figure 2. Radial physical branch design
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Figure 3. Residual correction branch design
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Table 1. Comparison experiment of distortion correction methods based on radial prior and residual learning (synthetic dataset)

# 1 ETREERSHREF INRERESEMESZR(ARBIES)

7k PSNR? SSIM1T
U-Net [10] 23.10 0.9100
LaRecNet [11] 24.62 0.8953
GeoProj [12] 25.01 0.9031
FishFormer [13] 18.89 0.8139
Ours 24.49 0.9145

Table 2. Comparison experiment of distortion correction methods based on radial prior and residual learning (real dataset)
2 2. ETRERLR SKREF IINBTIRES A LR (BT HIEE)

Tk Leev]
U-Net [10] 2.00
LaRecNet [11] 1.85
GeoProj [12] 4.42
FishFormer [13] 1.75
Ours 1.81

LTPNEEER ours GeoProj LaRecNet U-Net FishFormer

Figure 4. Distortion correction effect
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Table 3. Ablation experiment of distortion correction method based on radial prior and residual learning
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Fik PSNR? SSIM 1 Ldev
None 19.62 0.7856 12.45
Radial Only 23.85 0.8948 212
Residual Only 23.27 0.8403 3.85
Full 24.49 0.9145 181
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