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Inverse problems

Forward model: generate 𝑦 from 𝑥

Most imaging systems can be formulated as a forward model

• Acquiring the image 𝑥 is an inverse problem

• Solving an inverse problem is an ill-posed one-to-many mapping problem 

Inverse problem: recover 𝑥 from 𝑦



Inverse problems

Image Compressive Sensing



Model-based method for inverse problem
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Probabilistic formulation of an inverse problem

Maximum a posteriori probability (MAP) estimator

Proximal operator is an optimization-based image denoiser

ℎ 𝑥 = −log(𝒫𝑥(𝑥))
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Plug-and-play priors (PnP) use pretrained MMSE denoiser as image prior (or proximal operator) 



Diffusion model for inverse problem

Forward trajectory of DDIM

Backward trajectory of DDIM

Measurement-guidance DDIM

Daras G, Chung H, Lai C H, et al. A survey on diffusion models 

for inverse problems. 2024[J]. Arxiv



Diffusion model for inverse problem

Song, Yang, et al. "Score-based generative modeling through stochastic differential equations." ICLR 2021

Generative diffusion prior

≈



Diffusion model for inverse problem

Daras, Giannis, et al. "A survey on diffusion models 

for inverse problems." arXiv 2024.

PnP

Diffusion

Connection of diffusion and PnP



Connection between diffusion model and PnP



Plug-and-play diffusion model for inverse problem

𝑥𝑡 ← prox𝜎(𝑧
𝑡)

𝑧𝑡 ← 𝑥𝑡- 𝛾 𝑊 ∇𝑥𝑡 𝑦 − 𝐴𝑥𝑡 2
2

Solution 1: Half-Quadratic Splitting (HQS)

Solution 2: Generalized Alternating Projection (GAP)

Our solution: Fused update of GAP and HQS

Fused data-guidance for diffusion model



Results



Results



Thank you!
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