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Video vs. Image
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ImageNetYouTube-8M

• Video: an additional temporal dimension



Optical Flow
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• Apparent motion between two video frames

image 1 & 2 optical flow (image 1 to 2)



Optical Flow
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• Apparent motion between two video frames

image 1 & 2 optical flow (image 1 to 2)
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What is Optical Flow for?

• 3D reconstruction from video

Yang et al. ViSER: Video-Specific Surface Embeddings for Articulated 3D Shape Reconstruction. NeurIPS 2021

use optical flow as a constraint to solve the inverse problem



What is Optical Flow for?
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• Moving object segmentation

Yang et al. Self-supervised Video Object Segmentation by Motion Grouping. ICCV 2021

use optical flow as input



What is Optical Flow for?
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• Video frame interpolation

Reda et al. FILM: Frame Interpolation for Large Motion. arXiv 2022

use optical flow as an intermediate component



Learning Optical Flow
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FlowNet

Dosovitskiy et al. FlowNet: Learning Optical Flow with Convolutional Networks. ICCV 2015



Milestones of Optical Flow
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2015.04

FlowNet

2016.12

FlowNet 2

2017.09

PWC-Net

2020.03

RAFT

time

error



Typical Flow Estimation Approach
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RAFT: Iterative Refinement

10Teed and Deng. RAFT: Recurrent All-pairs Field Transforms for Optical Flow. ECCV 2020, Best Paper

iterative

• Is it possible to achieve both high accuracy & efficiency 

without requiring such a large number of refinements?



Correspondence Search: Intuition
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• Regression or matching?



Global Matching for Optical Flow
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• Inputs:

• Feature extraction:

• Global correlation:

• Softmax normalization:

• Correspondence:

• Optical flow:

probability wrt



Feature Enhancement
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• Previous features are extracted independently from a CNN, 

without considering their mutual dependencies yet

• Goal:

• Transformer, stacked self-, cross-attentions and FFN

• Efficient implementation: shifted local window attention (Swin)

Liu et al. Swin Transformer: Hierarchical Vision Transformer using Shifted Windows. ICCV 2021



Methodology Comparison
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• Local regression vs. Global matching 



Methodology Comparison
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average error flow magnitude



Methodology Comparison
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• Our formulation outperforms previous method by a large margin, 

especially for large motion



Ablation: Transformer Components
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• Cross-attention contributes most



Ablation: Global vs. Local Matching
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• Global matching is significantly better for large motion



When Matching Fails?
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img0 img1

out-of-boundaryocclusion



Flow Propagation
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img0 img1 flow

• Observation: image and flow share structure similarity

• Use self-attention to propagate flow:
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Flow Propagation



Framework
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• The same framework can be used for an optional refinement at 1/4 

resolution for residual flow prediction



Comparison with RAFT
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• With only 1 refinement, GMFlow outperforms 31-refinements RAFT



Comparison with RAFT
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• GMFlow gains more speedup than RAFT (2.29x vs. 1.87x) on A100 

since GMFlow doesn’t require a large number of sequential computation

V100(A100)



Results on Sintel
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Ranking on Sintel
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• A variant GMFlow+ ranks first on both Sintel (clean) and Sintel (final)



More Visual Results
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Conclusion
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• A new global matching formulation for optical flow

• A new GMFlow framework

• Strong performance without requiring a large number of refinements

• Can be served as a simple & strong baseline for further development

Thank you!

github.com/haofeixu/gmflow

code available! 

https://github.com/haofeixu/gmflow
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