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Common Image Acquisition System 

 



Computational Problems in Imaging 



Image Denoising 

 Gaussian noise with σ=15, 25, 35 

Desired denoised image 



Image Interpolation 

 

Desired interpolated image 



Evaluation Metrics (1/3) 

 PSNR  

 30dB 



Evaluation Metrics (2/3) 

 SSIM 



Evaluation Metrics (3/3) 

 Why SSIM matters? 



Example of Simulation Results 

 Image denoising results 



Image Interpolation 

 Regularly and irregularly sampled data 



The Difference between  

Image Interpolation and Super Resolution (1/2) 

 
 Interpolation only involves upsampling the low-resolution 

image, which is often assumed to be aliased due to direct 

down-sampling. 

 Super resolution aims to address undesirable effects, 

including the resolution degradation, blur and noise effects. 

Super resolution usually involves three major processes which 

are upsampling (interpolation), deblurring, and denoising. 

 



The Difference between  

Image Interpolation and Super Resolution (2/2) 

 The formulation of an LR image (Image Interpolation): 

 

   

  The formulation of an LR image (Super Resolution): 

 

 

where D is the down-sampling matrix, and    is the point spread 

function (PSF) which is generally a smoothing kernel. 

 

 



Image Filtering 

 Example:1-D signal 

 Mask, kernel, window… 

Mask 



Image Filtering 

 Example:1-D signal 



Image Filtering 

 Example:1-D signal 

 



Image Filtering 

 Example:1-D signal 



Image Filtering 

 Example: 2-D image 

 3x3 mask 



Gaussian Filter 

 Example: 1-D case 

 



Gaussian Filter 

 Example: 2-D case 

 



Gaussian Filter 

 Discrete approximation 

 Example 



Image Denoising 

 Example: 3x3 mask 



Image Interpolation  

 Example: 2x2 mask 



Image Interpolation  

 Example: 2X 



Classic and Data-adapted Kernels 

 



The Common Framework 

 The data measurement model 

 

 

 

 

 For 2-D image 

 

 

 



The Common Framework 

 The (point) estimate: 

z(xj) 

yi 



Classical Gaussian Linear Filter 

 



Classical Gaussian Linear Filter 

 

汪汪 



Bilateral Filter 



Bilateral Filter 

 

汪汪 



Non-local Means 



Non-local Means 

 

汪汪 



Locally Adaptive Regression  

Kernels (LARK) 

 



Locally Adaptive Regression  

(Steering) Kernels 

 



Some Special Cases 



Kernels: Bilateral filter 

 



Kernels: Non-local means 

 



Kernels: LARK 

 



Comparisons 

 



Generalizations (1/2) 

 



Generalizations (2/2) 

 



Simulations 

 

Original image 

 

Bilateral filtering LARK 

Noisy image 

 



Simulations 

 

Original image 

 

Bilateral filtering LARK 

Compressed image 
by JPEG with 
quality of 10 

 



Simulations 

 

Noisy image 

 

Bilateral filtering LARK 



Simulations 

 

Bilateral filtering LARK 



Simulations 

 Irregularly sampled data interpolation (85% of the 

pixels are omitted) 
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