
Proposed Method: QWD-GAN

The generator integrates both spatial and frequency cues:

• A wavelet-convolutional group (WCG) decomposes features into multi-scale subbands via Haar wavelets.

• Each subband is convolved with different kernel sizes to balance global and local representation.

• A Frequency–Spatial Feature Fusion (FS-FF) module adaptively merges both domains using a discrepancy-

aware attention mechanism.
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Conclusion

• QWD-GAN bridges spatial and frequency domains for 

unsupervised microscopy denoising.

• It achieves high fidelity, perceptual realism, and superior 

efficiency.

• The model generalizes well across biomedical modalities — 

paving the way for interpretable, AI-driven microscopy.

➢Wavelet-Guided Multi-Scale Denoising Generator (WG-MSDG)

➢Key modules

Quality-Aware Dual-Branch Discriminator 

The discriminator introduces perceptual guidance 

through the Difference-Perception IQA (DP-IQA) 

network: 

◆ A main path judging spatial realism

◆ An auxiliary IQA path predicting perceptual difference 

and structural fidelity.

◆ The fused features enforce quality-aware adversarial 

learning, aligning with human visual perception.

New Metric – High-Frequency Retention 

Ratio (HFRR)

➢Challenges

• Biomedical 

microscopy noise 

problem

• Limitations of 

supervised and 

diffusion models

• Research gap and 

motivation

• How to retain fine 

details?

• How to combine 

spatial & 

frequency features?

• How to ensure 

perceptual 

reliability?

➢Key questions
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Figure 1: Comparison of different noise denoising models on Fluorescence Microscopy Denoising 
(FMD) dataset . Comparison of denoising of QWD-GAN in spatial domain and frequency domain (a), 
Radial frequency and power distribution curve (b).

➢Goal

•Wavelet-guided generator for detail preservation.

•Quality-aware discriminator for perceptual fidelity.

•HFRR metric for frequency retention assessment.

We propose an 

unsupervised, detail-

preserving, and quality-

aware GAN framework for 

microscopy image 

denoising — QWD-GAN.

Figure 2: Structure of 
Wavelet-Guided Multi-Scale 
Denoising Generator

QD-Aware Net

N2N HFRR:0.844 OursNoisy HFRR:1.686 HFRR:0.951

•Removing WCG or FS-FF sharply reduces PSNR/SSIM → proves importance of wavelet–spatial fusion.

•Quality-Aware Discriminator (QAD + LIQA) improves perceptual realism (↓LPIPS, ↓FID).

Takeaway: Each module contributes significantly to structural fidelity and perceptual quality.
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