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Image inpainting meets image restoration
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Propose a generalization of inpainting to non-binary cases
Derive a non-binary conditional diffusion solution for #1 <
Cast the image restoration problem into fuzzy inpainting

Exploit diffusion space statistics to auto-detect anomalies
Combine #4 with our conditional diffusion to restore images
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Mathematical formulation
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Conditional diffusion and distribution equalization

Diffuse a hallucinated image step by step
Project the context image into the diffusion
Spatially fuse the two intermediate images «
Project backwards to expand spatial information
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Algorithm pseudocode overview

Algorithm 1 Our fuzzy-conditioned image diffusion

I: xTNN(O,]].)
2: fort=1T,...,1do
3: forj=1,...,Jdo

4: e~N(0,1)ift > lelsee =0 <
5 Ty 1 =1+ eI —ay_q
6: ea ~ N(0,1)ift > lelse ea =0 <
7: T = ﬁ(ﬂ?t — %)Ee(ﬁ?tat) + B+ €
8: T =m- -2 1+ (1 —m) x4 1 — 17 <
9: T = V01T + T /V1—2-m+2-m2
10: if 7 < Jandt¢ > 1 then

Tt NN(mxt—laﬂt]]—) <
11: end if
12: end for
13: end for

14: return z

Sample & diffuse hallucination

Project the context image

Fuse & correct the variance

Backwards projection steps
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Fuzzy inpainting enables out-of-mask flexibility
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Fuzzy-conditioned controllable generation
(m) oy, +(1—m) z_1 — /A 12
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Diffusion projection attention map
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Projection space means, and degradation attention
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Sample results of diffusion—guided auto-correction

(a) Input = (b) DDPM [2] (c) Ours (d) Our m(x)* 10 1:&



Conclusion limitations and future work

Propose a generalization of inpainting to non-binary cases
Derive a non-binary conditional diffusion solution for #1
Cast the image restoration problem into fuzzy inpainting
Exploit diffusion space statistics to auto-detect anomalies
Combine #4 with our conditional diffusion to restore images

The prior is based on a diffusion model trained on facial images
Unexpected real outlier content risks being classified as anomaly

Performing the prior and signal fusion in the frequency domain
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