
   INTRODUCTION

   

Limitation:
NLM and its improvements consider weight wij as a 

constant， which means they only calculate ω ij once and 
keep it unchanged during later iterative denoising 
processes. This is improper because the denoised image 
and patch similarity will change after each iteration.

Our contributions:
 We propose  three unbiased distances, namely pixel-

pixel unbiased distance, patch-patch unbiased distance 
and combined unbiased distance, which are robust to 
measure the similarity between image pixels or 
between image patches.

 We propose Unbiased Distance based NLFM 
(UDNLFM), which considers weight ωij as a variable 
and updates its value in each denoising iteration via 
computing the combined unbiased distances between 
patches.
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   PROPOSED METHOD

   

Optimization Models

 EXPERIMENTS

   

Unbiased Distances
 squared pixel-pixel unbiased distance

 squared patch-patch unbiased distance

 squared combined unbiased distance

UDNLFM

Average values of (a) PSNR and (b) SSIM on all the test images.

(a) (b)

Denoised results of the lena image with noise σ = 20: (a) NLM; (b) NLEM; (c) 
INLEM; (d) PNLM; (e) LJS-NLM; (f) NLFM; (g) UDNLFM; (h) Clean image.

Denoised results of the cameraman image with noise σ = 60: (a) NLM; (b) NLEM; 
(c) INLEM; (d) PNLM; (e) LJS-NLM; (f) NLFM; (g) UDNLFM; (h) Clean image.
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Non-local Means (NLM):
Given a noisy image as Y = X + N, where X is a clean 

image  and N is a noise model,  NLM calculates the weight 
ωij for each pixel in a search window Si, and then obtains 
the target patch       as

Image denoising: It aims at removing the noise effectively 
and also performing well in detail preservation.

where

PSNR and SSIM results of UDNLFM and other methods at noise levels σ=10,20,...,100

Using this combined unbiased distance, we 
introduce the optimization model of UDNLFM as

In order to solve this optimization problem, we 
initialize                 and then update ωij and       
alternatively using the following two equations.


