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noise estimation
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Abstract This paper proposes a novel denoising method based on non-local(NL) means. The NL-means algorithm
is effective for removing an additive Gaussian noise, but the denoising parameter should be controlled depending on
the noise level for proper noise elimination. Therefore, the proposed method optimizes the denoising parameter
according to the noise levels. The proposed method consists of two processes: off-line and on-line. In the off-line
process, the relations between the noise level and the denoising parameter of the NL-means filter are analyzed. For
a given noise level, the various denoising parameters are applied to the NL-means algorithm, and then the qualities
of resulting images are quantified using a structural similarity index(SSIM). The parameter with the highest SSIM
is chosen as the optimal denoising parameter for the given noise level. In the on-line process, we estimate the noise
level for a given noisy image and select the optimal denoising parameter according to the estimated noise level.
Finally, NL-means filtering is performed using the selected denoising parameter. As shown in the experimental results,
the proposed method accurately estimated the noise level and effectively eliminated noise for various noise levels.
The accuracy of noise estimation is 90.0% and the highest Peak Signal-to-noise ratio(PSNR), SSIM value.

Keywords : Additive white Gaussian noise(AWGN), noise level, non-local means(NL-means) filter, noise estimation,
denoising parameter(h parameter)
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Fig. 1.
results  according to  smoothing  strength
parameter(/) (a)noise image(d,=7%, SSIM=0.539,
PSNR=29.60dB) (b)restored image(a,=7%, h=20,
SSIM=0.878, PSNR=34.95dB) (b)restored image
(6:=7%, h=100, SSIM=0.823, PSNR=34.15dB)
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T2 o2 A4gste] F&
¢l oA Folxl wo]= 01U111ETE1 LO]
A7k A}&Elt}
NL-means &85
difference(SSD)¢ *&é
TAE 93l FUHAR s
ot ¥ s Adrh

2.21.2 2X ho2tolg =3

F2li= o] oA SSIME o] &3 HA 9| hghd A
dhs S 27T Alojrk SSIME ojv]A] HA FF
S Hrksle WyeR <Izke] AlZkelA| xﬂﬁﬂ(human

visual system, HVS)E Z ¥ o2 Wk3 8]
ulghA], SSIMS o] &3te] XA hzks %OPmt 1A S

FYP3EE Frh SSIM 2(6)7 2o] AHolHrh

o)
A



o= 22 2o Fuket ulA Y G4 twoly by A7
_ Qu u +c @0 ., +c,y) 30
SS9 =72 2t e o+ 0%+ ¢ ) :
c1=(k, +255)2, cy=C(ky +255)° _” . .
(6) 2"
7)ol A, xi= QR ol H|o] 11 yi= Bel¥l o]n] %], 4,9} ) ’

= x,y°ol" A H gray-level £°]th Ozx, Ozy !

0, x yol TN (covariance) & HERIM c¢f,
F2L oA 3kel7] Y3 weak denominatoro|th. ky, k»
72} 0.01, 0.030.% omA & F7kshr] sl 2
o]tk NL-means ¥ae]5ol vhefet pabetvl e 7t 24
o] SSIM®] o|w]|A] 7} Wy o A FH o] o]
7t} o] wf, Atel= el A
= Foxl molz= ojm|A|ell A 71
SSIM< HAdu|o] hgks HA serE 2 et
714 NL-means &312]52 9x9H A8 ZH=
$(searching window)& Zt+= o2 A3k}
3.9014 K= nke} o] 92 wo)=
A

2ol
2 AHe] hghs Fopul &

7
e} Kex ]

-

Q2 Moo

P
T

rr

=
< 7o

AT

% 0.85
* s
0.75
0.7 T T T T T 1
0 10 20 30 40 50 60
h value
(a)
1
0.95
0.9
% 0.85
b 0.8
0.75
0.7 T T T T T 1
0 10 20 30 40 50 60
h value
(b)

Fig. 3. Example of the average SSIM of the noisy images
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Table 1. The accuracy of noise estimation

Test image sets Kodak BBC Japan Average
[#of images] 24 (20) [%]
Accuracy of 94% 86% 90.0%

noise estimation
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Fig. 6. Comparison of the noisy image and denoised image
obtained by the proposed method (a)noise image(o
~4%, SSIM=0.766, PSNR=31.95dB) (b)restored
image(g,=4%, optimal A=15, SSIM=0.93, PSNR=
37.65dB)
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