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Video: paper 

Video: fabric 



The Image/Video Registration Problem 

 

 

Template: an image that serves as a reference 

Warp: a function that transfers pixels between images 

W : R2¸Rp ! R2

Warp visualization grid Note: a parametric framework is used but what 
follows holds in the variational framework 



Rigidity: an Important Prior 
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Image registration 3D reconstruction 

SfM 

2D homography 

Video: error image 



Deformable Ғ Dƭƻōŀƭ Ҍ [ƻŎŀƭ 
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The Deformable Surface CaseThe Deformable Surface Case

Prior knowledge: (piecewise) smoothness



Why is Registration Difficult? 
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Why is Registration Difficult?Why is Registration Difficult?

ÂÂ Appearance varies due toAppearance varies due to

ÂÂ Camera pose and internal setupCamera pose and internal setup

ÂÂ Scene lightingScene lighting

ÂÂ Surface deformationSurface deformation

ÂÂ Motion and optics blurMotion and optics blur

ÂÂ OcclusionsOcclusions

ÂÂéé

ÂÂ Little prior knowledge on the transformations: piecewise Little prior knowledge on the transformations: piecewise 
smoothnesssmoothness



External and Self-Occlusions 

Some pixels disappear  
Smoothness preserved 

Some pixels disappear  
Smoothness partly preserved 

Some pixels disappear  
Smoothness preserved 



62

External Occlusions

?
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SelfSelf--OcclusionsOcclusions

?



An Optimization Problem 

W (·; u)

min
u 2 Rp

E(u;.)

Cost function: measures the quality of the fit 

Hyperparameters: weight different terms 
Image data is not enough! 

The Region Of Interest (ROI) is a set of pixels in the template 

We do sequential registration and consider two images only 



Statistical and Physical Priors 

Statistical. The Active Appearance Model (AAM) is an example of a pre-trained model 

Example of training 
images with variability 
in expression, pose 
and identity 

Physical. This simple template is an example of an un-trained model: only simple 
empirical/physical constraints are involved 

[Cootes Ŝǘ ŀƭΣ t!aLΩлм Τ  
tŜȅǊŀǎ Ŝǘ ŀƭΣ .a±/Ωлуϐ 

+ surface smoothness (+ inextensibility)  
(+ zero gaussian curvatureύ Ҍ Χ 
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ModelingModeling ImagesImages

c is the number of channels, 1 for grey-level and 3 for color RGB images

I ((u v)) = (r g b) with (u v) 2 N2 and (r g b) 2 N3

I t is natural to see it as a funct ion from N2 to Nc

1 2 3 4 5

1

2

3

Most commonly, an image is a

rectangular array of pixels

I : N2 7! Nc
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Interpolating ImagesInterpolating Images

1 2 3 4 5

1

2

3

2.3

1.6

Using interpolat ion, an image can be evaluated at non integer coordinates

I ((x y)) = (r g b) with (x y) 2 R2 and (r g b) 2 N3

Bilinear interpolat ion is typical in computer vision

I : R2 7! Nc

Interpolat ion schemes range from nearest neighbour to spline-based



Lecture Roadmap 

ÅOverview and general points 

ÅParameterized warps 

ÅGeneral points on estimation 

ÅFeature-based estimation 

ÅPixel-based estimation 

ÅConclusions 

 



What is a Warp? 

ÅA point function between two images 

 

 

 

 

 

ÅWe use parameterized warps and thus 

 

 

Ἱ Ἱᴂ 



Driving Features 

Source driving features Ἵ  known Target driving features Ἵᴂ unknown 

Ἱ Ἱᴂ 



LBE Warps (Linear Basis Expansion) 

ÅAn LBE warp is nonlinear in the source point coordinates Ἱ and 
linear in its parameter set 
 

ÅMost parameterized warps are LBE 
 

ÅSmoothness can be easily measured 
 

ÅProperty: an LBE warp can be Feature-Driven 
 
 

ÅThe complexity is related to ὰ 
 


