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Where this function comes from?
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The Point Spread Function
h(x,y) can be estimated usingan inertial measurement unit,or an IMU, embedded withinthe capture device (phone,tablet, or camera).
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The Point Spread Function
h(x,y) can be estimated usingan inertial measurement unit,or an IMU, embedded withinthe capture device (phone,tablet, or camera).

Fourier Transform to the rescue



Recall: The Convolution Theorem
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Motion Deblur: Deconvolution
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Adding Noise to the Problem
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Types of Noise in Image Sensors
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Noise: Unwanted modification of signal during capture, conversion,transmission, processing.
• Photon Shot Noise (Scene Dependent)– Quantum nature of light– Random arrival of photons



Types of Noise in Image Sensors

Ilias TOUGUI 13

Noise: Unwanted modification of signal during capture, conversion,transmission, processing.
• Photon Shot Noise (Scene Dependent)– Quantum nature of light– Random arrival of photons
• Readout Noise (Scene Independent)– Electronic Noise: Pre analog-to-digital conversion– Quantization Noise: Post analog-to-digital conversion



Types of Noise in Image Sensors

Ilias TOUGUI 14

Noise: Unwanted modification of signal during capture, conversion,transmission, processing.
• Photon Shot Noise (Scene Dependent)– Quantum nature of light– Random arrival of photons
• Readout Noise (Scene Independent)– Electronic Noise: Pre analog-to-digital conversion– Quantization Noise: Post analog-to-digital conversion
• Other Sources (Scene Independent)– Dark Current Noise: Thermally generated electrons– Fixed Pattern Noise: Defective pixels



Recall: FT of Noise
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Min Max

FT
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The Fourier Transform of noise produces very strong values in thefrequency domain, even for high frequencies



Motion Deblur: Deconvolution
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IFT
If we ignore the noise 𝜂(𝑥,𝑦):
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Deconvolution: Issues
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We need some kind of Noise Suppression.



Noise Suppression: Wiener Deconvolution
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Applications of Deconvolution
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Astronomy & Telescope Imaging
Atmospheric turbulence and opticalimperfections cause blur in telescope images.Deconvolution is used to sharpen images ofplanets, galaxies, and lunar surfaces — asillustrated by the Copernicus crater examplebelow.
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Vehicle License Plate Motion Deblurring

Motion blur is a convolution applied to thesharp image by the camera during exposure.Deconvolution mathematically inverts thisprocess to recover the original sharp plate.



Applications of Deconvolution
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Medical Imaging
Deconvolution is applied in CT, MRI, andPET scans to improve spatial resolutionand remove system-induced blur. In PETimaging for example, the scanner's PSFsmears out radioactive tracerdistributions, and deconvolution recoverssharper organ boundaries.


