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Background
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ü RANSAC-like

• Existing Geometric model fitting 

ü Global optimization with robust loss 

Parmeters are essentially estimated with DLT solution with 8- or 4-Point Alg.



Background
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•  Geometric Constraints:-- Algebraic form

Data Embedding:

Parameter Vector:
Ask for predefining 
the model type !



Motivation & New Insight
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Fundamental Model: F/E Homography Model: H 

• Model type varies a lot, and is tricky to predefine  

• A wrong  Model would produce failed estimation 

Simultaneously solve:
 i) Outlier Rejection, ii) Model Reasoning, iii) Parameter Estimation 



Problem Formulation
• Sparse Subspace Recovery （SSR）Theory
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Common Data Embed. Model Embed.

Recovering  multiple sparse hyperplanes under an over embedded data space

• e.g. Line fitting:

Under SSR :

Over Embedding

Sparse Subspace



Problem Formulation
• SSR for Two-View Geometry
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Common Data Embed.

Model Embed.

Pros: Avoid  exact data embed.,  directly obtain model type from solution X



Problem Formulation
• Known Model Fitting for Clean Data 

• Unknown Model Fitting with Noises G & Outliers E

Gaussian Noise ↓ Model Sparsity ↓ Outlier Entry ↓ Basis Number ↑

Orthogonal Constraint

7   



Solution
• Convex Approximation : L0 --> L1

• Problem Conversion
   

Progressively estimate a new sparse basis orthomotric to all given 
bases B up to                                 not holds 
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Solution: Alternative Optimization

• Given ��−1 Update �� :  standard Threshold Shrinkage Operation

• Given �� Update ��: 

• Constraint Projection: 

Sphere Proj. Orthogonal Proj. 9   



Implementation
• How to reason out the model type?
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Back to our formulation: 

X 
Solution Embed. Form Model Type

Sparsity

Basis Num

Given the solved X, reason out the model type--based on the Sparsity and Basis Number

Common Data Embed. Model Embed.



Implementation
• How to reason out the model type?
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2D points

DSP for Line fitting from noisy 2D points  
Two-view geometry 

Fund.   Homo.   Statistic Results on All Real Data

Common Embed.

Line Fitting

Best Choice to 
d is t inguish H 
and F model



Experiments
• Model Reasoning on Synthesized Datasets

EAS (TPAMI’22) + Selection criteria: AIC BIC GRIC

Select GRIC for Further Comparison
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Experiments
• Unknown Model Fitting on Real Image Datasets

Best Accuracy, Lowest Failure Rate, Competitive Running Time

* indicates using GRIC to select the best model
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Experiments
• Known Model Fitting (Predefine the Model Type)

Lowest Geometric Error & Competitive Running Time
Homography: EVD，Hpatch Fundamental: T&T，CPC

Our DSP
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Applications

• Loop Closure Detection:

• Multi-model fitting:
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