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Problems & Ideas
• Problems of existing approaches:

– Two-frame Dependency: Traditional methods require consecutive frames. Consecutive 
frames often unavailable in practice.

– Supervised Training Limitation: Existing single-image methods depend heavily on 
labeled data. Obtaining labeled optical flow data is expensive and labor-intensive.

– Deterministic Predictions: Current methods produce fixed outputs, unable to model 
motion uncertainties.

• Ideas: Leverage a training-free diffusion model to generate diverse future
frames from a single image and aggregate flow predictions into a
probabilistic distribution.

Overview of optical flow distribution prediction: Given an original image (𝑥0), the

optical flow distribution predictor (𝐹) estimates a set of plausible optical flows (Γ).



Main Contributions
• Contributions:

– New Perspective: reformulate single-image optical flow as predicting a 
distribution of plausible motions rather than a single result;

– Training-Free Framework: propose ProbDiffFlow, a diffusion-based 
method that requires no task-specific training to generate diverse 
motion estimates;

– Strong Empirical Results: Demonstrate effectiveness across synthetic 
and real-world datasets, achieving high accuracy and motion diversity.

Quantitative Comparison of Optical Flow Methods: Performance comparison on multiple datasets using

EPE, AE, and F1 metrics — ProbDiffFlow achieves top accuracy and diversity across all benchmarks.


