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 Problem Statement: 
• Given an image, predict the depth information of each 3D point in the corresponding scene relative 

to the camera plane.
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Self-Supervised Monocular Depth Estimation
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 Problem Statement : 
• Learn depth from disparity between neighbor frames without depth GTs (expensive and sparse)
• Reprojection loss ௥௘௣: photometric error ௧ and ௧௪
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Depth Jump Problem

 Existing Modeling: 
• Point-to-Depth Modeling (a point-wise prediction problem)
• => Depth values for points located in the same region may jump dramatically
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Depth Jump Problem

 Existing Modeling: 
• Point-to-Depth Modeling (a plane parameter prediction problem)
• => Depth values for points located in the same region may jump dramatically

Ignoring the geometric structure of the scene?

Motivation

Geometric parameter modeling

(Planar Normal, Planar Offset)
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Depth Jump Problem

 Our Modeling: 
• Plane-to-Depth Modeling (a point-wise prediction problem)
• => Depth values for points located in the same region are accurate and smooth
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The Proposed Method: GeoDepth

 Plane-to-Depth Modeling: 

• 3D scene plane parameterization:

• Correlation between depth and the plane: • Plane-to-Depth modeling:

— Point-normal form

— Projective geometry

: 3D point 
: Camera intrinsic
: 2D point
: Depth

: normal  :offset 
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The Proposed Method: GeoDepth
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The Proposed Method: GeoDepth

 Pipeline: 

Ours

Problem
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The Proposed Method: GeoDepth

 Pipeline: 
• Depth Discontinuity Awareness Module: Identifying the primary planar regions.
• Structured Plane Generation Module: 1. Utilizes spatio-temporal geometric cues to constraint the 

planar normal and planar offset of target image. 2. Jointly optimizes the planar normal and planar 
offset.
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The Proposed Method: GeoDepth
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The Proposed Method: GeoDepth

 Pipeline: 
• Depth Discontinuity Awareness Module: Identifying the primary planar regions.
• Structured Plane Generation Module: 1. Utilizes spatio-temporal geometric cues to constraint the 

planar normal and planar offset of target image. 2. Jointly optimizes the planar normal and planar 
offset.



15

The Proposed Method: GeoDepth

 Pipeline: 

Input sample Planar normal Planar offset
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Experimental Results

 Quantitative Results on  Outdoor Datasets (KITTI & Make3D): 

• KITTI: 
 In-domain testing 
 Verifying robustness

• Make3D: 
 Cross-domain testing
 Verifying generalization
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Experimental Results

 Qualitative Results on  Outdoor Datasets (KITTI): 

• Existing Methods: Inconsistencies in planar regions and noticeable errors along object edges
• Ours: Preserving both planar structures and sharp boundaries.
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Experimental Results

 Quantitative Results on  Indoor Datasets (NYUv2 & ScanNet): 

• NYUv2: 
 In-domain testing 
 Verifying robustness

• ScanNet: 
 Cross-domain testing
 Verifying generalization
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Experimental Results

 Qualitative Results on  Indoor Datasets (NYUv2): 

• Existing Methods: Inconsistencies in planar regions and noticeable errors along object edges
• Ours: Preserving both planar structures and sharp boundaries.
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Experimental Results

 Ablation Study on  Outdoor Datasets (KITTI): 

P2D: Plane-to-Depth Modeling
SGP: Structured Plane Generation Module
DDA: Depth Discontinuity Awareness Module

 Like-for-like comparisons

 The effectiveness of each design choice

• Integrating our idea with recent SOTA  frameworks

• Our method consistently outperforms these frameworks 
across various backbones
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Summary

GeoDepth: From Point-to-Depth to Plane-to-Depth Modeling for 
Self-Supervised Monocular Depth Estimation

 Solution

 Results
• State-of-the art results outdoor dataset KITTI and Make3D;

• State-of-the art results indoor dataset NYUv2 and ScanNet;

 Problem
• Self-supervised monocular depth estimation has long been treated as a point-wise prediction problem 

(Point-to-Depth).

• Artifacts are often observed in the estimated depth map, e.g. depth values for points located in the same 
region may jump dramatically

• We propose GeoDepth, a novel self-supervised monocular depth estimation framework, which develops a 
plane-to-depth modeling strategy to address the depth discontinuity issues inherent in point-to-depth
methods.
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Thank You!


