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An Efficient Method to Compute a Covariance Matrix of the
Non-local Means Algorithm for Image Denoising with the Principal
Component Analysis
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Abstract

This paper introduces the non-local means (NLM) algorithm for image denoising, and also introduces an improved algorithm
which is based on the principal component analysis (PCA). To do the PCA, a covariance matrix of a given image should be
evaluated first. If we let the size of neighborhood patches of the NLM §x.S=.52, and let the number of pixels @, a matrix
multiplication of the size S?X @ is required to compute a covariance matrix. According to the characteristic of images, such
computation is inefficient. Therefore, this paper proposes an efficient method to compute the covariance matrix by sampling the
pixels. After sampling, the covariance matrix can be computed with matrices of the size S*Xfloor (Width/1) < (Height/1).
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Fig. 1. Pixel sampling
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Table 1. PSNRs and computation time of the covariance matrix with
increasing [

512x512 Lena, 6=10, S=7, R=13, h=42, d =6

ComputationA time of Computation time of
Distance [ PSNR (dB) the covariance the algorithm (%)
matrix (%)
1 34.62 100.00 100.00
2 34.62 38.14 97.15
4 34.62 8.58 96.84
8 34.60 1.16 96.67
16 34.60 0.44 96.38
32 34.57 0.27 96.70
64 34.70 0.22 96.61
128 34.01 0.19 96.58
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