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Task Definition

Image t Image t+1

Flow Estimator

optical flow  t   t+1

Given a pair of images, the objective of 
optical flow estimation is to predict per-
pixel 2D displacements across two frames.



Applications

video frame interpolation [3]
[3] Huang, Zhewei, et al. "Real-time intermediate flow estimation for video frame 
interpolation." European Conference on Computer Vision. Cham: Springer Nature Switzerland, 
2022.
[4] Nam, Hyelin, et al. "Optical-flow guided prompt optimization for coherent video generation." 
Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

video generation [4]

motion tracking [1] dynamic 4D reconstruction [2]

[1] Liu, Xinhang, et al. "Trace Anything: Representing Any Video in 4D via Trajectory 
Fields." arXiv preprint arXiv:2510.13802 (2025).
[2] Zhu, Ruijie, et al. "Motiongs: Exploring explicit motion guidance for deformable 3d 
gaussian splatting." Advances in Neural Information Processing Systems 37 (2024): 
101790-101817.



Multi-frame Optical Flow Estimation

ü Motion Consistency: Object motion tends to be consistent across frames.

ü Occlusion: Temporal information facilitates the recovery of occluded objects.

ü Some recent works [5][6][7] also investigate memory mechanism, imitating human-beings.

Ø Motivations: 

Ø Challenges: 

repeated feature extraction and correlation cannot generalize to long-sequence inputs

(1) limited temporal 
receptive field!

(2) high computational 
costs and poor 
scalability!



Our Method

Streamlined paradigm which can scale to 
arbitrary-length videos with global receptive field

(1) Design a memory bank to dynamically store 
history flow estimates.

(2) Use an auto-regressive transformer to forecast 
the next frame flow.

(3) Multi-stride forecasted flows are weighted to 
consider both long-term and short-term motions.



Pipeline

(1) Auto-regressive Flow Initialization

(2) Auto-regressive Multi-Stride 
     Flow Refinement



Quantitative Results

Ranking the 1st on the KITTI benchmark!
Ranking the 1st on the Spring benchmark!
Ranking the 2nd on the Sintel benchmark!



Qualitative Results

Ø Consistent GPU memory usage: 

Ø Better estimation on occlusions: 

Ø Future flow prediction: 



Visualizations
Ø Zero-shot Generalization on Waymo: Ø Attention weights: 

Higher weights on 
motion boundaries



Visualizations

Ø Zero-shot Generalization on nuScenes: 
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