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Overview

❖ DualRefine

• Train a network that refines both the depth and pose estimates toward an equilibrium
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Introduction : Background and Motivation

❖ Background

• Depth and pose estimation for robotics, autonomous driving, and AR/VR



Introduction : Background and Motivation

❖ Background

• Self-supervised depth and pose estimation

MonoDepth2
Godard, Clément, et al. "Digging into self-supervised monocular depth esti

mation." Proceedings of the IEEE/CVF International Conference on Compu
ter Vision. 2019.
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Introduction : Background and Motivation

❖ DepthFormer

Guizilini, Vitor, et al. "Multi-frame self-supervised depth with transformers." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2022.

𝑪𝒔𝑪𝒕

Poses may not be accurate



Methodology : Overview

❖ DualRefine

• Train a network that refines both the depth and pose estimates toward an equilibrium
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Methodology : DualRefine

❖ Initial estimates

• Estimate initial 𝐷0 and 𝑇0 using baseline models (e.g., MonoDepth2)

– We use DIFFNet
†

for its SoTA accuracy
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Zhou, Hang, David Greenwood, and Sarah Taylor. "Self-supervised monocular depth estimation with internal feature fusion." arXiv preprint arXiv:2110.09482 (2021).
‡Watson, Jamie, et al. "The temporal opportunist: Self-supervised multi-frame monocular depth." Proceedings of the IEEE/CVF Conference on Computer Vision and Patt
ern Recognition. 2021.

The initial estimates serve two purposes:

1. Initial states for the refinement steps

2. Teacher constraint for the refined estimates‡

• Extract hidden feature maps
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Methodology : DualRefine

❖ Refinements

• Perform refinement updates towards equilibrium depth and pose

This is implemented as a DEQ→ efficient training memory
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Methodology : DualRefine

❖ Refinements

• Perform refinement updates towards equilibrium depth and pose

▪ Update at step 𝑘

Input: 𝐷𝑘 and 𝑇𝑘 (ℎ𝑘)

Output: 𝐷𝑘+1 and 𝑇𝑘+1 (ℎ𝑘+1)

1. Sample matching costs 𝐶𝑘 locally

2. Conv-GRU to update the hidden states

3. Compute depth updates ∆𝐷𝑘 and 
per-pixel matching confidence

4. Compute updated pose 𝑇𝑘+1
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Methodology : DualRefine

❖ Refinements

• Perform refinement updates towards equilibrium depth and pose



Monocular depth and relative poses

❖ Monocular estimates
• KITTI dataset

• Losses based on Monodepth2 and Manydepth
with modifications to train both depth and pose refinements

• The refinement procedure massively improves the initial estimates

• Competitive with SoTA DepthFormer that is based on heavy Transformer-based architecture,
while requiring less than 1/8 their memory (2GB vs 16GB per batch)

• The current proposed model can run between 15~25 fps

2021
2022



Monocular depth and relative poses

❖ Accuracy/error vs num iterations
• KITTI depth and improved depth data 

• Abs Rel indicates the absolute relative error to ground truth



Monocular depth and relative poses

❖ Ablation
• Importance of pose updates

• What effects the pixel weighting for the pose updates towards the depth accuracy

• The impact of pose refinement for computing accurate consistency masks



Monocular depth and relative poses

❖ Monocular estimates
• KITTI Visual odometry KITTI sequence 9



Monocular depth and relative poses

❖ Quantitative results
• KITTI Visual odometry Sequence 9 and 10 (common evaluation sequence)

• Competitive odometry accuracy to SoTA

– Currently the proposed method only utilizes frames at 𝑡 − 1 and 𝑡,

• while ORB-SLAM2 (full) performs local bundle adjustments and global loop closure 
optimization.

• Zou et al. perform training with global optimization, 

• and P-RGBD SLAM also integrates global loop closure optimization

2020
2021

2017



❖ What’s next?
• Current limitations:

– Dynamic objects, non-Lambertian surfaces due to higher reliance on geometry

❖ Further details

Conclusion

https://github.com/antabangun/DualRefine https://antabangun.github.io/projects
/DualRefine/index.html

https://github.com/antabangun/DualRefine
https://antabangun.github.io/projects/DualRefine/index.html

