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Problem Statement

while trying to recover high-frequency image details, generative methods hallucinate →  causes artifacts

optimizing for PSNR, DISTS and other quantitative scores alone does not prevent such hallucination 

Fundamental question: Can a model learn to distinguish genuine image details from artifacts?

Jia-Bin Huang, Abhishek Singh, and Narendra Ahuja. Single image super-resolution from transformed self-exemplars. In IEEE Conf. on Comp. Vision and Patt. Recog. (CVPR), pages 5197–5206, 2015.
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Motivation & Contributions

We propose a novel GAN-SR framework that uses wavelet-domain losses to suppress hallucinations 
and artifacts for a better perception-distortion (PD) trade-off.

Our main contributions:

1. Wavelet-domain fidelity loss 
sensitive to scale and orientation of 
local structures 

2. Wavelet-domain discriminator for 
adversarial training to control HF 
artifacts 

3. Wavelet-loss guided training with 
DISTS perceptual loss (instead of 
LPIPS) significantly improves fidelity with wavelet losswithout wavelet loss

https://github.com/mandalinadagi/WGSR/

https://github.com/mandalinadagi/WGSR/


Rationale for using Wavelet-Domain Losses

Stationary Wavelet Transform (SWT):
translation-invariant image decomposition → low-frequency (LL) and 
several high-frequency (LH, HL, HH) subbands

Bjorn Jawerth and Wim Sweldens. An overview of wavelet based multiresolution analyses. SIAM Review, 36(3):377–412, 1994
N. C. Rakotonirina and A. Rasoanaivo. Esrgan+: Further improving enhanced super-resolution generative adversarial network. In IEEE Int. Conf. on Acoust., Speech and Signal Processing (ICASSP), pages 3637–3641, 2020

LL subband has significant effect on fidelity of SR results

HF contents aligned with LL subband need to be reconstructed 
to achieve photorealistic images
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WGSR: Wavelet-Loss Guided SR Framework

RGB Domain 
Generator

SWT Domain Discriminator:

Discriminator tasked to learn how 
“real” (i.e. aligned with LL) are the 
generated HF details 

HF SWT subbands are sparse → 
simplifies the discriminator’s task 



Quantitative Comparison
WGSR improves perceptual quality and reconstruction accuracy, yields best perceptual scores for NIQE, NRQM, and PI



Visual Comparison

Visual 
Comparison

WGSR reconstructs genuine 
image details with high 
reconstruction accuracy 
including the regions with 
regular patterns and areas 
containing fine details



Wavelet Decomposition Level number of SWT levels used depends on scale and orientation of structures in 
LR images

SOTA GAN SR methods FxSR and SROOE unable to recover correct structure

WGSR 1-level recovers correct orientation of lines but some visible aliasing 
remains

WGSR 2-level recovers genuine details and structures when level-2 (mid) HF 
subbands are penalized more in fidelity losses

Seung Ho Park, Young Su Moon, and Nam Ik Cho. Flexible style image super-resolution using conditional objective. IEEE Access, 10:9774–9792, 2022.
Seung Ho Park, Young Su Moon, and Nam Ik Cho. Perception-oriented single image super-resolution using optimal objective estimation. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition 
(CVPR), pages 1725–1735, 2023.

Choice of Wavelet Family

PD trade-off performance varies according to choice of wavelet family 

best objective quality → Symlet “sym19” filter 

the best perceptual quality → Daubechies “db7” filter

best trade-off point on the PSNR-NRQM plane → Symlet “sym7” filter

Parameters of Wavelet Loss



Ablation Study

Proposed combination of losses (#5) achieves +2 dB PSNR gain and better PI score compared to baseline (#0)

DISTS instead of LPIPS improves 0.3 dB objective performance and 1.6% perceptual performance

SWT fidelity loss improves objective performance by 1 dB

Increasing weight of adversarial loss increases perceptual quality

Selection of weights leads to different PD trade-off points

D. Martin, C. Fowlkes, D. Tal, and J. Malik. A database of human segmented natural images and its application to evaluating segmentation algorithms and measuring ecological statistics. In IEEE Int. Conf. on Computer Vision. 
(ICCV), pages 416–423 vol.2, 2001



Conclusions

Propose a novel training methodology for GAN-based SR models→ weighted combinations of wavelet losses

Characterization of HF details vs. artifacts better learned by Y-channel wavelet loss functions compared 
to RGB or Fourier losses

SWT-domain discriminator allows better control of optimization landscape to suppress artifacts

WGSR outperforms existing GAN-SR methods quantitatively and qualitatively, provides better PD trade-off 
performance

Extensible: Any off-the-shelf GAN-SR model can be plugged into the proposed framework to benefit from 
wavelet-loss guidance
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