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· We define cross-frequency information in optical flow tasks for the first time and 

design the IFS module to analyze these components, offering a complementary 

perspective to traditional spatial surface information.

· To fully exploit low- and high-frequency components, we introduce the LDA and 

SODA modules, targeting large displacements and small object motions, 

respectively, enhancing motion estimation across scales.

· Our approach achieves state-of-the-art results on Sintel and KITTI-2015 

benchmarks, with AEPE of 0.989 and 1.647 on the clean and final passes, and an 

F1-all error of 4.21, ranking 1st among all three-frame methods.

Network Architecture:

(a) Overview of our CFFlow training pipeline. The IFS module decomposes 

image features into high- and low-frequency components. Then, SODA 

models small-object motion from high-frequency features, and LDA 

captures large displacements from low-frequency features. Finally, the FF 

module fuses both to produce refined motion estimation..

Motivations

With the advancement of neural network architectures, numerous effective optical 

flow methods have been developed. However, two primary limitations persist in 

current estimations :

(1) ​​Inefficient use of underlying motion structures ​​: Many methods 

predominantly rely on appearance features and visual similarity for matching, 

frequently overlooking the inherent motion patterns within scenes. This reduces 

their robustness under complex motion conditions.

(2) ​​Underutilization of cross-frequency features ​​: While pre-trained image 

features are heavily emphasized, optical flow estimation often benefits more from 

rich low-level cues. Although frequency-aware features have shown promise in 

dense prediction tasks, their potential for capturing multi-scale structural 

information in motion estimation remains underexplore

(b) SODA module: High-frequency features (blue cubes) are grouped within  

red boxes. LDA module: Low-frequency features with identical border   

colors indicate grouping for large displacement modeling. 

As shown in Figure, we redesign the optical flow feature extraction process by 

introducing the Image Frequency Separation Module (IFS), 

which decomposes extracted features into low- and high-frequency components. 

Built on this framework, our model CFFlow incorporates two specialized 

modules: SODA for small object motion and LDA for large displacement, 

enabling accurate flow estimation across scales. 

A Feature Fusion Module (FF) is then used to integrate both frequency branches. 

The following sections detail the design of IFS, SODA, LDA, and FF.

This paper investigates the integration of cross-frequency features into optical flow 

estimation. 

· Current multi-frame methods often focus on surface-level cues, overlooking 

deeper frequency information. To address this, we propose CFFlow, which 

incorporates cross-frequency features via two modules: LDA for large 

displacements and SODA for small object motion. 

· Experiments show that CFFlow achieves state-of-the-art performance on Sintel 

and KITTI, ranking first among three-frame methods.

· However, fully embedding cross-frequency knowledge remains a challenge for 

future work.
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