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Limited SPATIAL and TEMPORAL resolution

Mages
Better HW Mathematics
Sensors Computational Imaging
Lenses Denoising
etc. Super-resolution
Deconvolution
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Spatial resolution

* Finite pixel size

* Qut-of-focus blur

* Optical aberrations

Seminar Liberec 2018 3



Temporal resolution

* Camera motion

* Media motion




How to avoid blur

* Spatial resolution

Finite pixel size

Out-of-focus

Aberrations

Get closer to the
object

Small aperture
(noise)

Avoid high contrast

* Temporal resolution

Camera motion
Object motion

Media motion

Short exposure
(noise)

Short exposure
(noise)

Short exposure
(noise)

Better sensor ‘

(noise, diffraction)
Telephoto lens

Wavefront coding

Higher end lens

Tripod

Motion-invariant
photography

Adaptive optics
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Mathematical Model

original image

[Hu] + n =z
\ J

h * u convolution
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Finding the original image

h*u+n=z
* Complicated inverse linear problem
=> Blind Deconvolution

Blurs are unknown

* Different shapes
* Aberrations
* Out-of-focus
* Camera motion
* Media motion

* Often space variant
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Out-of-focus

Blurred image Reconstructed image
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Camera motion
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Atmospheric turbulence

Blurred images Reconstructed image
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Multichannel model with decimation

channel K
channel 2 —..—’ &
channel 1 B o
i 0
I oy Y88
noise acquired images
] + o, = Z

Inverse problem of Super-resolution
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m Optical zoom (ground truth)

Reconstructed image (2x)
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Model with object motion

Inverse problem of
Blind Deconvolution
with Occlusion

Alpha matting
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Object motion
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IR Camera

* Hand held IR camera
* 160x120, 10fps

* Real-time super-resolution
* 2x (320x240)
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IR camera super-resolution

Input video Super-resolution




Mobile phone super-resolution




Mobile phone deblurring
rendered PSF grid
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sharp photo

captured phnt
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Blur estimation




Patch-wise Deconvolution
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Sport analysis

Temporal SR by interpolation
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