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Limited SPATIAL and TEMPORAL resoluton

Blur in images 
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Beter HW
Sensors
Lenses
etc.

Mathematcs
Computatonal Imaging
Denoising
Super-resoluton
Deconvoluton



Spatal resoluton

• Finite pixel size

• Out-of-focus blur

• Optcal aberratons
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Temporal resoluton

• Camera moton

• Object moton

• Media moton
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How to avoid blur
• Spatal resoluton

• Temporal resoluton
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Manuat HW

Finite pixel size Get closer to the 
object

Beter sensor
(noise, difracton)
Telephoto lens

Out-of-focus Small aperture
(noise)

Wavefront coding
 

Aberratons Avoid high contrast Higher end lens

Manuat HW

Camera moton Short exposure
(noise)

Tripod

Object moton Short exposure
(noise)

Moton-invariant 
photography

Media moton Short exposure
(noise)

Adaptve optcs

Image 
Processing 
Algorithms
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original image

u

Mathematcal Model
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channel
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convoluton

acquired image
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noise
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Finding the original image

• Complicated inverse linear problem

=> Blind Deconvoluton

Blurs are unknown 
• Diferent shapes

• Aberratons

• Out-of-focus

• Camera moton

• Media moton

• Ofen space variant
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Out-of-focus
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Blurred image Reconstructed image
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Camera moton
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Blurred images Reconstructed image

Atmospheric turbulence
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original image

 u

acquired images

=  zk

channel K

channel 2

channel 1

   [u       *      hk]

Multchannel model with decimaton

+   nk

noise

  D
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Inverse problem of Super-resoluton



Super-resoluton
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Reconstructed  image (2x)
Optical zoom (ground truth)

rough registration
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Model with object moton
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Alpha matng

Inverse problem of 
Blind Deconvoluton
with Occlusion



Object moton
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IR Camera 

• Hand held IR camera 
• 160x120, 10fps

• Real-tme super-resoluton
• 2x (320x240)
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Input video Super-resoluton

IR camera super-resoluton
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Mobile phone super-resoluton
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JPEG SR



Mobile phone deblurring
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Acquired blurred image
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Blur estmaton
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Patch-wise Deconvoluton 
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Sport analysis
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Thank You

For Your Attention
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