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Deconstructing Ultra-High-Definition Image Restoration from Progressive Spectral Perspective
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UHD image restoration faces significant challenges due to its high resolution. To cope l

with these challenges, we analyze the restoration process in depth through a progressive
spectral perspective, and deconstruct the UHD restoration problem into three progressive
stages. Building on this insight, we propose a novel framework, ERR, which comprises
three collaborative sub-networks: ZFE, LFR, and HFR.
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(a) We exchange the information at the (0,0) position in the DCT spectrum, which represents the global information. t
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information in the medium-resolution space.
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The framework of ERR integrates three collaborative sub-networks: the zero-frequency enhancer
(ZFE), the low-frequency restorer (LFR), and the high-frequency refiner (HFR).
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c) We employ three frequency-domain
loss to constrain each.

d) The motivation for KAN in HFR. The table below verifies that nonlinear functions primarily contribute to high-frequency enhancement.
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Model MLP-6 MLP-12 MLP-24 KAN | FW-KAN
PSNR 1 26.03  26.58 20.48 27.57
SSIM 1T | 0.9294 0.9297 0.9311 0.8836 | 0.9326

Parameter| | 30.73K 35.63K 4542K 27.57K | 2747K

Method Linear system UHDformer Difference
| Frequency | Low High Low High Low High
‘ Y oY LY A 5 A | v PSNR 7 2870 3468 2792  36.82 -0.78 2.14
’ s ’ s d ’ ’ SSIM T | 09873 0.8539 0.9820 0.9081 | -0.0053 0.0542
30,7748 31.83dB 33304pft 3549468 I 3386WB [N 43.556B__[° 50.53WB
Low-Frequency Information High-Frequency Information
Filling Injection

(b) The low-frequency filling restores the coarse-grained content, while the high-frequency injection refines the fine-grained textures.

Ablation
For ZFE

Our core motivation. Based on the observations in (a) and (b), we deconstruct the
complex UHD restoration problem into three progressive stages: zero-frequency
enhancement, low-frequency restoration, and high-frequency refinement.
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(a) The PSNR trend with zero frequency
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(b) The PSNR trend without zero frequency
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(a) UHD low-light image enhancement
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(c) UHD image deblurring (c) UHD image deraining




