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Multi-frame depth estimation

Higher general accuracy by leveraging multi-view consistency
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Monocular depth estimation

Infer depth directly from a single image, not affected by dynamic issues.

CNN



Previous works

Segment dynamic areas, and supplement the multi-frame cues with 
monocular cues.

Limitations:

• Uncontrolled segmentation quality;

• Additional segmentation computation;

• Dynamic performance limited by monocular depth.

[1] MonoRec: Semi-supervised dense reconstruction in dynamic environments from a single moving camera. CVPR 2021. 
[2] The temporal opportunist: Self-supervised multi-frame monocular depth. CVPR 2021.
[3] Disentangling Object Motion and Occlusion for Unsupervised Multi-frame Monocular Depth. ECCV 2022.



Our work

We propose a novel cross-cue fusion framework for dynamic depth 
estimation:

• Mask-free

• Obvious improvement on both cues (especially for mono. depth)



Insights

Depth Map Point Cloud

• Static

• Static

• Multi-frame depth

• Monocular depth

Two depth cues can potentially benefit each other due to their 
respective benefits on static and dynamic areas.

• Dynamic

• Dynamic



Volume fusion with cross-cue attention
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The cross-cue module

Enhance one depth feature with the learned intra-relations from another. 



The cross-cue module

Taking multi-frame feature enhancement as an example:
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The cross-cue module

The effectiveness of intra-relations from each depth cue:

Input with
dynamic point

Attn. map from monocular
intra-relation

Attn. map from multi-frame
intra-relation

High response around dynamic area High response in static area
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Experiments

State-of-the-art overall & dynamic performance on KITTI

Self-supervised Weakly-supervised Supervised



Experiments

Visualization of predicted depth map, error map and point cloud 
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Experiments

Good generalization results on DDAD



Experiments

Dynamic depth error reduction over the monocular depth branch.



Thank you!
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