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LightedDepth: 
Video Depth Estimation in Light of Limited Inference View Angles

• Observation:
Limited Camera View

• Solution:

1. Optimize in 2D 
Correspondence rather than 
3D

2. Rely on Depth Prior 
Learning

3. Connect Two with 
Efficient Camera Scale 
Estimation

• Challenge:
Camera Pose is Needed



Problem Introduction
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Two-View Video Depth Estimation or SfM
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Camera Pose

Source

Support

Depth
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Comparison to Classic SfM

• Two-View SfM Conducts in 
Limited Views

• Compared to Simplified 
SfM, Resemble more to 
Video-Depth Estimation
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Applications Two-View SfM
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AR Rendering NerF Rendering

• View Angles are limited
• Challenge for COLMAP

Image Courtesy: 
• https://www.youtube.com/watch?v=RRBpz2zaA-w
• https://www.matthewtancik.com/nerf

https://www.youtube.com/watch?v=RRBpz2zaA-w


Two-View SfM 
as 

Video Depth Estimation
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Comparison to Classic SfM

• Two-View SfM Conducts in 
Limited Views

• Compared to Simplified 
SfM, Resemble more to 
Video-Depth Estimation

Observation: Solution:

• Rely on 2D Constraint

• Rely on 3D prior

Two-View 
SfM

Monocular Depth

Correspondence
Normalized Pose

Video Depth

Pose Scale

• Prior Works • Ours



Normalized Pose 
from 

Correspondence
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Our Pose Estimation

• Normalized Pose Estimation with RANSAC on 
2D Correspondence 

• Epipolar Geometry: Normalized Pose
Unknown Scale

• Image Courtesy: https://docs.opencv.org/3.4/da/de9/tutorial_py_epipolar_geometry.html
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Prior Pose Estimation

• Jointly Estimate Pose & Depth with Deep-
Bundle Adjustment in 3D Space

• Image Courtesy: https://www.google.com/imgres?imgurl=https%3A%2F%2Fi.ytimg.com
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Our Pose Estimation

• Type 1: Correspondence from 2D Matching
• Type 2: Correspondence from 3D Bundle-Adjustment

Type1

Type2

Type2:
• Multiview
• Apply Bundle Adjustment

Type1:
• Two View Image 

Matching
• Correspondence from Type1 outperforms Type2
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Two-View SfM

Two-View SfM

Monocular Depth

Correspondence

Normalized Pose

Camera Scale
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Two-View SfM, Pose Scale Estimation

• Pose Scale Adjust Correspondence in Epipolar Line
• Adjust Scale to Align towards Correspondence (Optical Flow)
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Two-View SfM, Pose Scale Estimation

• Pose Scale Adjust Correspondence in Epipolar Line
• Adjust Scale to Align towards Correspondence (Optical Flow)



CVL Computer Vision Lab

Two-View SfM, Pose Scale Estimation
• Pose Scale is a 1 DoF unknown scale
• Use Bucket Sorting to Select the Optimal Scale

Sorting Bucket of size m
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Two-View SfM

Two-View SfM

Monocular Depth

Correspondence

Normalized Pose

Camera Scale

Stereo Matching
Or

Video Depth
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Video Depth as Residual Monocular Depth Estimation

Frame 1

Frame 2

Monocular Depth

Residual Depth

Video Depth
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Corner Cases

• Translation Dominant Case • Rotation Dominant Case

Issue:
• Normalized Pose estimation degenerates on Rotation Dominant Cases.
• However, the latter is common in Indoor Setting

Solution:
• Actively Search KeyFrame with Sufficient Camera Scale
• Include Monocular Depthmap Projection as Additional Constraint
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Entire Framework

• Spawn Normalized Pose Candidates with Five-Point Algorithm
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Entire Framework

• Spawn Normalized Pose Candidates with Five-Point Algorithm

• Compute Camera Scale, followed by Epipolar Constraint and Projection Constraint
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Entire Framework

• Acquire Best Pose

• Spawn Normalized Pose Candidates with Five-Point Algorithm

• Compute Epipolar Constraint, Camera Scale, and Projection Constraint



Result
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LightedDepth Performance

• Our method Significantly outperform 
even Prior work using Five Frames

• KITTI Dataset
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LightedDepth Performance

• Our method Significantly outperform 
even Prior work using Five Frames

• KITTI Dataset
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LightedDepth Performance

• On Outdoor KITTI
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LightedDepth Performance

• On Outdoor KITTI
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LightedDepth Performance

• On Indoor NYUv2
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Visual Result



Thanks For Watching!


