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Overview: Various applications of our work



Introduction

● Limitations of the naive usage of diffusion models
○ Only generates fixed-size outputs

○ Limited generation from partially observed or pre-generated inputs

● Versatile content generation
○ Conditioning the generation process on partially observed inputs

○ Enables diffusion models to go beyond simple synthesis and instead infer missing or extended content

○ Key mechanism – inpainting & outpainting

● Still, developing a unified approach that generalizes across diverse content 

generation tasks remains an unsolved challenge.



Related Work

● Training-based approaches
○ Achieve superior task-specific performance

○ However,  incur additional high computational training cost

○ Often struggle to generalize across domains

● Training-free approaches
○ Diffusion synchronization: a representative training-free strategy

○ e.g. SyncSDE (Lee et al., 2025): enforces consistency in observed regions while leaving unobserved 

regions unconstrained, assuming that realistic completions emerge from contextual alignment

○ However, often fails to produce plausible results (see the ‘w/o ALM’ column in the figure below)



Notation

● X  : observed content (unobserved parts have zero value)

● Y : unobserved variable

● M : binary mask indicating unknown regions as 1

● At diffusion timestep t,
○     : noisy observed content

○     : unobserved variable

○  



Preliminary: SyncSDE

● Conditional probability of unobserved variable given observed content:

● Revised update equation of DDIM reverse process:

● Key limitations
○ Does not guarantee that the unobserved region will be harmonized with the observed content

○ Just assumes that synchronization will naturally produce a plausible outcome

○ Unobserved regions often contain inconsistent or unrealistic content

● Our solution: Accelerated Likelihood Maximization (ALM)



Proposed method: Accelerated Likelihood Maximization

● Optimization objective to minimize (with respect to         ):

● Closed-form calculation
○ Please check Section A of the Appendix for detailed derivation.

● Revised DDIM reverse process:



Results: Image inpainting

● Comparison with baselines 



Results: Image inpainting

● Results on AFHQ dataset



Results: Image inpainting

● Results on CelebA-HQ dataset



Results: Wide image generation

● Comparison with baselines



Results: Wide image generation

● Qualitative results using various prompts



Results: Human motion completion

● First half prediction: predict the initial part of a sequence given only the latter half

* Please check the supplementary website for videos.



Results: Human motion completion

● Middle half completion: fill in the central portion given the first and last quarters

* Please check the supplementary website for videos.



Results: Long video generation

● Qualitative results: 16 → 104-frame long video sequence

* Please check the supplementary website for videos.



Results: Effects of ALM and its terms

● Effects of ALM
○ ALM consistently improves unpromising baseline results and eliminates artifacts



Results: Effects of ALM and its terms

● Effects of conditional & joint likelihood terms in optimization objective
○ Both terms play a crucial role for high-quality output



Results: Robustness across diverse backbones

● Experiment using the unconditional diffusion model and SDXL 
○ ALM shows superior performance on both backbones



Conclusion

● We introduce a novel sampling mechanism that explicitly models unobserved regions during 

diffusion sampling, overcoming the key limitation of prior synchronization methods.

● We establish a general training-free framework that extends across diverse modalities, 

including images, videos, and 3D human motion.

● We demonstrate the effectiveness of our approach through experiments on diverse tasks, 

achieving state-of-the-art performance compared to both training-based and training-free 

baselines.


