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i35 183 : Hou X,Lu Y,Li ] W. Optimizing the parameters of non-local means via no-reference image content metric for image denoising[ J]. Jour-
nal of Image and Graphics,2014,19(8) :1142-1148. [ 545, Bt , a2k . FIFIESH G A A AR R IR EEW I S8 T]. T
% K241k ,2014,19(8) :1142-1148. ][ DOI;10. 11834/jig. 20140804 ]
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e BT I L2 B RE R BRI E S0 %, Jbat 100081

@ E: BM AEREEIME NLM (non-local means ) Jy i — A A0 A B0 7 BR K WET7 io SRTIT, 18 52 B 25 1 i
Hh A SR B (L ) SR 2 K3 R [ 1) T LG 3k B A R A A B R IR o O 1 A Ry B B (7 vk 3
INATR, B8 — Pl T 2 PRI 0 A 1 D02 7% IR N AR (0 Q) 51 NLM 13577 35 R AL fR 1 E 1
HMSE Bk B A R R L, A FRERE Q SR e — YR B R 0 2 MU T X L 1 2% MR SR Y
Gt e ZIE LRI E Q IR AE , T RAT R L 1A 1T 15 2 MR 2 5 5 LU, #1% i B T MRI( magnetic reso-
nance imaging ) (&5 1 2318, I Q R BZ R KR P 5 45 A (5 8 CAnSCB A k) , BETMT A T MR [&15 2 14 (14 G i
R AR RS SR SEIAUR R ARSI T R MR R A ELE I L (PSNR) I A S5 1%
L MEEERAE N E EAER AL S AR B AR . i FIESH BN A RIE 0 kifk NLM J5
LB SEL [T NLM J5 A RERS ST X AN TR] 4 1R 1 3 7 3t 78] 5 T8 0l 2 B A O R (I Y 5RO . S 4 2R 3R
MBI MR O SRACALAR SRR (E A M S RO A2

KR : BRI TS H RN AR SR TS 1R 504

Optimizing the parameters of non-local means via no-reference
image content metric for image denoising

Hou Xin, Lu Yao, Li Jianwu
Beijing Key Laboratory of Intelligent Information Technology, School of Computer Science and Technology,
Beijing Institute of Technology, Beijing 100081, China

Abstract: Objective Nonlocal means (NLM) is a successful method to denoise digital images. However, the decay control
parameter is usually fixed and cannot be adaptively changed according to the image content adaptively. Some intensified re-
searches on the influence of the decay control parameter that describes the width of the smoothing kernel and data-depend-
ence have been done to make the NLM more effective. Therefore, this paper proposes to apply the no-reference image con-
tent metric (denoted as ) which does not need the noise to be Gaussian to NLM to optimize the fixed decay control param-
eter without a reference image. Method Some methods have been proposed to use SURE ( Stein’s unbiased risk estimate )
as an estimator of mean squared error ( MSE) of NLM to select the optimal parameters for restoring an image. However,

these methods are fit only for Gaussian noise. Moreover, in real situations, the noise of an image is usually not Gaussian,
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and the variance of the noise is also space varying. Thus, in this situation, selecting the optimal parameters via SURE will
be ineffective. Therefore, this paper first proposes to incorporate the no-reference image content metric () which does not
need the noise to be Gaussian to NLM to optimize the fixed decay control parameter in an iterative way and obtain the opti-
mal denoised results. Second, aiming at the linear relationship between the Rician noise level in magnetic resonance ima-
ging (MRI) images and the optimal decay control parameter, we propose to tune the parameter of unbiased NLM for MRI
denoising according to the structure information (such as texture and edge) of the image. This method measures textures
and edges in an image via the metric ). By considering the structure information of the image, we can tune down the decay
control parameter when the value of ) is high so that the textures and edges can be retained in the denoised results. Result
Experimental results show that our proposed method can improve the value of peak signal-to-noise ratio. At the same time,
the denoised results obtained by the proposed method are superior to the results obtained by the traditional methods in vi-
sion. Incorporating the image content metric to NLM is valid for denoising. Conclusion We propose to optimize the parame-
ter of NLM via the no-reference image content metric (). The proposed method aims to enable the NLM method to choose the
decay control parameter adaptively according to the image content. Experimental results show that the proposed method can
optimize the NLM in terms of vision and PSNR. Thus, incorporating the image content metric to NLM for denoising is valid.

Key words: nonlocal means; no-reference image content metric; parameter optimization; decay control parameter;

image denoising
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Fig. 3 Real data experiments
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Fig. 4 Qualitative results for chest MR image
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Table 1 The quantitative results of different noise levels +II\IJEI\L/IM _
4 e
I 75 2% EE NLM UNLM QNLM i
PSNR 35.640 1 40.9772 41.1295 By ) 1

1% RMSE 4.2125 2.2787 2.2391
MSSIM 0. 966 2 0.980 5 0.9829

PSNR 31.9679 33.5925 33.8671

3% RMSE 6.4290 5.3323 5.166 4 10 W
0

MSSIM  0.8943  0.9223  0.9298 0 55— =5
1.3 14 1.5 1.6 1.7 1.8 1.9 2
PSNR  28.5315  30.4128  30.7820 k
5% RMSE 9.549 2 7.6895 7.369 5 & 5 RMSE [y2s{b i £
MSSIM 0.8121 0.865 1 0.8745 Fig.5 The curve of RMSE
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5 4 it
MSSIM 0.736 3 0.8101 0.8180
PSNR  23.7869 27.0776  27.3197 FE BB AR R R T 1 R B

9% RMSE  16.4891  11.2892  10.9789 TR, 8 T =B AE R E T RS
MSSIM  0.6629  0.7534  0.7540 BB T —MEHLSERGNERE(RE Q)
T B SR AR TR WS k. B Q BBEERA
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