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Challenge

Monocular depth estimation struggles with occlusions, 

textureless surfaces, and novel environments, leading 

to unreliable predictions in ambiguous regions.

Solution

We propose Uncertainty Diffusion, a model-agnostic 

framework that integrates pixel-wise uncertainty into 

diffusion-based refinement, adaptively focusing on 

low-confidence regions for targeted depth 

enhancement.

Key Contributions

• Uncertainty-guided diffusion that dynamically 

focuses refinement on uncertain regions

• Model-agnostic framework compatible with any 

depth estimation baseline

• Parameter-efficient adaptation: only fine-tune 

lightweight refinement network (~14M params)

• Up to 61% reduction in log10 error for domain 

adaptation

Method

Key Insight: Uncertainty U modulates sampling variance—narrow range for confident regions, broad range for 

uncertain areas.

Conclusion

Uncertainty Diffusion is a versatile, model-

agnostic framework that:

• Leverages pixel-wise uncertainty to guide 

diffusion-based depth refinement

• Achieves consistent improvements across 

diverse baseline models

• Enables highly efficient domain adaptation 

(only ~14M params fine-tuned)

Qualitative Results

Experiments

Results on NYU Depth V2 Parameter-Efficient Domain Adaptation

Consistent improvements across all baseline models No base model retraining required

❈Green arrows highlight improvements
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