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Space-Invariant Model

*f h n g 

Image is degraded by  blur  and random (noise) processes.

Blur is assumed as a linear shift invariant process with additive noise.
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Ω:  image domain K: edge set     f:  recovered image      g: observed image      h:  blur kernel 
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blurred suggested restoration  computed edges (v)

Deconvolution with Mumford-Shah Regularization



Assuming a piecewise point spread function

Segmentation of sub-regions

Space-variant deblurring

Space-Variant Image Restoration 
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Motion Blur
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Space-variant blur Failure of  region-wise deblurring

Non-Blind Piecewise Deblurring
L. Bar, N. Sochen, N.  Kiryati ,  SSVM 2007



Space-variant blur Failure of  region-wise deblurring

Let: wi = sub-region set
hi = kernels set
hb = background kernel
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Non-Blind Piecewise Deblurring
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The contour is implicitly represented by the zero level-set of  a function 
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Using level-set and G-convergence formulation
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wi:  sub domain f:  recovered image      g: observed image      hi:  blur kernels 



Non-Blind Piecewise Deblurring - Results



Semi-Blind Space Variant Restoration
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Semi-Blind Space Variant Restoration
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Blur detection function
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Semi-Blind Space Variant Restoration

observed recovered blur detection function 



Semi-Blind Space Variant Restoration

observed recovered blur detection function 



Motion Estimation and Restoration of Blurred Video

t=t0 t=t1

Given 2 or more video frames: estimate the

 velocity of the moving object

 sharp version of the object

 object characteristic function (segmentation)

Deconvolution Motion Estimation

L. Bar, B. Berkels, G. Sapiro , M. Rumpf, ICCV 2007



Blur Formation
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Initialization

Assume that there is no blur
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Main Loop
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Motion Estimation and Restoration of Blurred 
Video - Results

Initialization

right model
v=[5.98,7.009]

Main loop

ground truth: v=[6,7]
wrong model
v=[5.78,6.8]

Synthetic but challenging example



Motion Estimation and Restoration of Blurred 
Video - Results

vtruth =  [6,7]

vinit = [5.78,6.8]

vfinal = [5.98,7.009]



Ground truth: v=[10,0]

wrong model: 
v=[9.46 ,-0.0213]

right model: 
v=[9.48,-0.007]

Motion Estimation and Restoration of Blurred 
Video - Results
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vtruth =  [10,0]
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Motion Estimation and Restoration of Blurred 
Video - Results

Original movie



vtruth =  ?

vinit = [18.67, 0.0588]

vfinal = [18.66,0.0473]

Motion Estimation and Restoration of Blurred 
Video - Results



Motion Estimation and Restoration of Blurred 
Video - Results



Conclusions

Space variant restoration is an ongoing and challenging 
research field  

A piecewise point spread function was used for out of 
focus and motion blur

Promising results for synthetic/real images if using the 
physical model of the blur formation.
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