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What are Hyperparameters? 

ÅThose parameters that we are not directly 
interesting but need to be computed 

ÅNumber of driving features 

ÅCost function weights 

ÅWarp model 

ÅM-estimator threshold 

ÅΧ 



The Need for Specific Approaches 

The original cost function cannot be directly used 



Approaches to Hyperparameter Selection 

ÅInformation theoretic ό.L/Σ !L/Σ a5[Σ Χύ 

 

ÅCross-validation-like (OCV, GVC, ὺ-fold CV, 
tw9{{Σ Χύ 

 

ÅOthers (L-curveΣ [¢bΣ Χύ 
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Number ὰ of warp driving features  
Smoothing weight 

With such ΨŎƭŜŀƴΩ Řŀǘŀ ǘƘŜ ΨclassicalΩ generic methods can be used 



Cross-Validation-Like Selection 

ÅFor every possible values of the hyperparameters 

ïFor every point match Ὦ ρȟȣȟά 
ÅHold out point match Ὦ 

ÅCompute the warp 

ÅTest the warp with point match Ὦ 

ïAdd the test result for all point matches 

ÅKeep the hyperparameters with best total test result 

ÅThis is generally very expensive 
ÅClosed-form solutions exist for Linear Least Squares 

[WahbaΣ Ωуфϐ ŀƴŘ Nonlinear Least Squares [Farenzana 
et alΣ 9//±Ωлуϐ 



Number of Driving Features 

Example: estimation of an RA-Warp from 70 point matches 

Number of driving features selected by minimizing the PRESS (Prediction Sum of Squares) 

ώ.ŀǊǘƻƭƛΣ LW/±Ωлфϐ 

Number of driving features 9 16 25 

Color discrepancy 67.02 59.90 63.84 



Smoothing Parameter 

Video: warp and OCV for  a 
varying smoothing parameter 

Example: estimation of a DA-Warp from 53 point matches 

Regularization weight selected by minimizing 
the OCV (Ordinary Cross-Validation) score 

Overfitting OCV-optimal Underfitting 
ώ.ŀǊǘƻƭƛΣ WaL±Ωлуϐ 



Data courtesy of de Bruijne et al.



Under-smoothed LOOCV-optimal Over-smoothed

Warp Computed from the Point Landmarks



And with Automatic Point Matches? 
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Robust Cost Function 
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Error 
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Number ὰ of warp driving features  

M-estimator theshold 

Smoothing weight 



Source image 

Target image 
Number of  

control points 

Too many 

Too few 



Source image 

Target image 
M-estimator 

threshold 

Too high 

Too low 



Source image 

Target image 
Smoothing 
parameter 

Too high 

Too low 



An Ad Hoc Approach 

ÅSelection algorithms split the point matches 
into a training and a test set 

 

ÅBut they do not use all the data: we also have 
pixel colors 

 

ÅProposed approach: use point matches as 
ΨǘǊŀƛƴƛƴƎΩ ǎŜǘ ŀƴŘ ǇƛȄŜƭ colors ŀǎ ΨǘŜǎǘΩ ǎŜǘ 

[Brunet et alΣ ±a±Ωмлϐ 






