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Improved image denoising algorithm based on normal inverse

Gaussian distribution model
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(a. School of Information & Technology, b. School of Mathematics, Northwest University, Xi’an 710127, China)

Abstract: Aiming at this problem that the traditional denoising algorithms still exist some residual noise when removing large
noise from noisy images. This paper proposed an improved image denoising algorithm based on normal inverse Gaussian model.
The algorithm could decompose image into frequency coefficients in the non-subsampled shearlet transform, and used the opti-
mal linear threshold interpolation shrink function to improve normal inverse Gaussian model as the coefficient distribution
model. Then the algorithm could build a statistic model using the high frequency subband decomposition coefficients, and fi-
nally achieved the noise removal using Bayesian maximum a posterior probability. Experimental results show that corrupted im-
ages with additive Gaussian noise over a wide range of noise variance. The proposed method can effectively preserve the image
details and texture information, and a state-of-the-art performance in terms of peak signal-to-noise ratio.
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Image Noise variance

K3 NSST/s NSCT/s shearlet/s
20 28.651 553.765 16.451
Lena 30 27.214 552.877 16. 869
50 25.948 551.249 16.430
20 26.899 554.755 16.593
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A SCIRAE BT PSR RN T O , DR AL P B A AR AR
P, HLL PR oz b 9 LSR8 W08 AN 53 T, G Ak
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Noise variance

10 15 20 25 50 75 100

BLS_GSM  38.21 35.25 33.53 32.29 31.32 28.27 26.56 25.44
SA_DCT 38.51 35.56 33.85 32.62 31.65 28.59 26.75 25.49
K_SVD  38.62 35.51 33.66 32.42 31.32 27.80 25.76 24.47

Lena BM3D  38.72 35.93 34.27 33.05 32.08 29.05 27.26 25.95
shearlet  38.94 35.91 34.23 32.56 31.42 28.78 26.53 25.34
NSSTI19)  39.30 36.36 34.68 33.47 32.52 29.48 27.60 26.18
Ay 39.31 36.42 34.79 33.62 32.71 29.82 28.0726.76

BLS_GSM  36.73 33.48 31.62 30.30 29.27 26.18 24.56 23.52
SA_DCT 37.14 33.64 31.79 30.49 29.48 26.26 24.62 23.52

K_SVD  37.22 33.66 31.71 30.38 29.29 25.91 24.03 22.78

Boat BM3D 37.28 33.92 32.14 30.88 29.91 26.78 25.12 23.97
shearlet  37.16 33.87 32.09 30.68 29.86 26.59 25.08 23.78
NsSTL9]  37.64 34.22 32.40 31.16 30.21 27.35 25.69 24.50
ARIHE P 37.65 34.25 32.47 31.26 30.35 27.62 26.0824.97

BLS_GSM  37.52 33.97 31.91 30.46 29.35 26.06 24.09 22.70

SA_DCT 37.99 34.46 32.45 31.04 29.92 26.55 24.57 23.15

K_SVD  37.84 34.26 32.19 30.79 29.73 26.09 25.3521.74

Peppers ~ BM3D 38.12 34.68 32.70 31.29 30.15 26.68 24.73 23.39
shearlet ~ 37.54 34.35 32.33 31.06 29.98 26.49 24.65 23.27

NSSTI9] 37.96 34.44 32.49 31.13 30.10 26.98 25.16 23.86
ARCHE Y 37.89 34.37 32.46 31.16 30.16 27.19 25.4824.28

BLS_GSM  36.41 32.24 29.97 28.39 27.18 23.37 21.2519.87
SA_DCT  38.41 32.87 29.95 28.02 26.60 22.94 20.96 19.51

K_SVD  34.53 29.53 26.99 25.42 24.30 21.02 18.58 16.96

Fprint BM3D 36.51 32.46 30.28 28.81 27.70 24.53 22.83 21.61
shearlet  36.28 32.31 30.09 28.75 27.56 24.24 22.54 21.34

NSSTL19] 36.46 32.60 30.53 29.12 28.06 24.96 23.27 22.08
ARFP: 36.43 32.69 30.67 29.29 28.25 25.22 23.5722.43

Image Algorithm

BLS_GSM  36.72 33.15 31.35 30.15 29.26 26.70 25.37 24.48
SA_DCT  39.39 34.38 31.86 30.24 29.03 25.86 24.16 23.18

K_SVD  35.44 31.07 28.96 27.49 26.59 23.63 22.26 21.24

Hill BM3D 37.13 33.62 31.86 30.72 29.85 27.19 25.68 24.58
shearlet ~ 37.03 33.41 31.57 30.64 29.59 27.04 25.16 24.26
NSSTL19) 37.37 33.97 32.27 31.14 30.31 27.78 26.28 25.15
AR 37.39 34.06 32.40 31.31 30.51 28.12 26.7025.69

BLS_GSM  37.43 33.55 31.48 30.12 29.14 26.35 24.87 23.86
SA_DCT  39.51 34.53 31.87 30.09 28.77 25.18 23.40 22.24

K_SVD  35.54 30.96 28.57 26.95 25.85 22.89 21.2219.97

Man BM3D 37.82 33.98 31.93 30.59 29.62 26.81 25.3224.22
shearlet  37.46 33.74 31.83 30.24 29.23 26.71 25.24 24.13
NssSTL9)  37.85 34.19 32.28 31.02 30.09 27.37 25.81 24.68
ARCAY: 37.80 34.22 32.38 31.16 30.27 27.69 26.2225.16




- 3192 -

Wt E R A B R

£34 %

Peppers ,Fprint , Hill FI Man & #£47%} b, X} He & 4 BM3D,
B{:S'GSM—\K'S'V'BTS*'BG%\, BN shearlet 2546 %5 e 1 AH [7]
TR AN AR 4 T B K M 25 JE s g, A Sk [ 19 14 )
4G T BN ) R BB 2 MR A8 SR H 20

Xof FURAE SRR I R, 2R 25 A W 3 T, A
—EM PR X, LR A R UNER 2 iR,

H1 22 2 A1, 4 T Lena FI Boat [EIR, 5256 K4 2 W A SO
T 04 5 M L 17 T X Ll SR AR 7% , L BM3D B35 57- 1 i
0.61 dB, FtCHR[19 ] & HY 0. 21 dB, Xt F Peppers K44, 24 I
FEARUE ZE R , A S U 7 S o 0 4, 204 W 75 s o 22 ¢
/NE, 28 3 BM3D B33 Fy W1 Mt LU s /8 T A SOOI  (H AR
SR AE I L 30. 60 dB, BM3D (8- 247 e {F {75 142 Lo
30.08 dB, Xf Fprint, Hill F1 Man {2, X4 W 75 7 o 22 55 /N
A, SA_DCT 553 L JLA 53 1 K MR AR AT, Y MR 7S A 25 8 K
I, A SO A A P b ey o VAT, G BLS_GSM £ 1
EEEERTF 1. 16 dB, H, SA_DCT B3 F %85 0. 95 dB,
K_SVDZ:MyE5 -3 7F 2. 51 dB, 1, BM3D H3:5 0. 52 dB,
FESCHRO 19175 0. 19 dB. R AS SCRE g AR X 0 At K MR AR 12,
G 3E P T A 2R P e A R, B R ISk
B

E{5 22 RUBE S 3R IR R B RR B , R T AN 25 e 1 ]
B, ZRESMABUVTRIE TR, RIS SREALT BIR M
Rt , VK5 43 ik R R P, VT LA S R 2 M, AR P Rk
Mg s B i, A SO R T NSST 2 RUBE 3 fig LR, RE
i TR MR MR AR5 15 5, ) A e 0 M4 £ 2 {1 e i i
NIG 1E 2 R ATE AL, B HER il 1T R B A1, (7 M 75 52 )
J I B SEAF MK SE RR R, O R MRIOCR . TRt , R
ORI A SCRRAR TR He S

4 HRIE

A ] 5 2% W Rt O A AR ORI A 3R 0, AR SOk B
NSST 150 2 RUEE 3k T2, DASR D2 M (8 250k Y 1R 253
JrERL A R AR, I Bayes $5 AR5 B0 AR B 0 w4
Tl i B RCIEATAG T hs ARSI i ARG SRR R S
B, AR SCHR AR P R) 2580 A A8 AR A (BRI LE T T
YA BT e i MR SE T AR SCRRA A R
Sk
[1] Pushpavalli R, Srinivasan E. Decision based switching median filte-

ring technique for image denoising [ J]. Digital Image Processing,

2010, 2(10) : 9574-9586.

[2] Sun Xiaoxin, Qu Wei. Comparison between mean filter and median
filter algorithm in image denoising field [ J]. Applied Mechanics &
Materials, 2014, 644(650) ; 4112-4116.

[3] Lu Lu, Jin Weigi, Wang Xia. Non-local means image denoising with
a soft threshold [J]. |EEE Signal Processing Letters, 2015, 22
(7): 833-837.

[4] Wang Ling, Lu Jianming,Li Yeqiu, et al. Noise removal for medical
X-ray images in wavelet domain [ J]. IEEE Trans on Electronics
Information and Systems, 2006, 126(2) ; 237-244.

[5] Mallat S. A wavelet tour of signal processing: the sparse way[ M].
3rd ed. [S.1.]:Academic Press, 2008.

[6] Chang S G, Yu Bin, Vetterli M. Adaptive wavelet thresholding for

image denoising and compression [J]. |IEEE Trans on Image Pro-
cessing, 2000, 9(9) . 1532-1546.

[7] Crouse M S, Nowak R D, Baraniuk R G. Wavelet-based statistical
signal processing using hidden Markov models [ J]. IEEE Trans on
Signal Processing, 1998 , 46(4) : 886-902.

[8] Portilla J, Strela V, Wainwright M J, et al. Image denoising using
scale mixtures of Gaussians in the wavelet domain [J]. |IEEE Trans
on Image Processing, 2003 , 12(11) . 1338-1351.

[9] Endur L' S, Selesnick I W. Bivariate shrinkage functions for wavelet-
based denoising exploiting interscale dependency [J]. IEEE Trans
on Signal Processing, 2002, 50(11) . 2744-2756.

[10] Elad M, Aharon M. Image denoising via sparse and redundant repre-
sentations over learned dictionaries [ J]. IEEE Trans on Image
Processing, 2006, 15(12) : 3736-3745.

[11] Foi A, Katkovnik V, Egiazarian K. Pointwise shape-adaptive DCT for
high-quality denoising and deblocking of grayscale and color images
[J]. IEEE Trans on Image Processing, 2007, 16 (5): 1395-
1411.

Barndorff- nielesn O E. Normal inverse Gaussian distribution and sto-

[12

[

chastic volatility modeling [ J]. Scandinavian Journal of Statis-
tics, 1997, 24(1): 1-13.
[13] Zhang Xin, Jing Xili. A method for image denoising based on normal
inverse Gaussian model using Bayesian estimation [ J]. Acta Optica
Sinica, 2010, 30(1) : 70-74.
Tk, A, KT EXSEFH A 0 3E T R4 Contourlet T # A
ke [J]. &F 54K, 2011, 39(7) : 1563-1568.
Fathi A, Naghsh- Nilchi

[14

"

[15

[

A R. Efficient image denoising method
based on a new adaptive wavelet packet thresholding function [ J].
IEEE Trans on Image Processing, 2012, 21(9) : 3981-3990.

[16] Xie Hua, Pierce L. E, Ulaby F T. SAR speckle reduction using wave-

—

let denoising and Markov random field modeling [J]. IEEE Trans
on Geoscience and Remote Sensing, 2002, 40 (10): 2196-
2212.

[17) BF&, ®R, 28, ¥ BHRIEREIMTHATEZLL LR
[M]. ®%. Fiw-FAHE K HgiE, 2008.

[18] Wang Xiangyang, Liu Yangcheng, Zhang Na, et al. An edge-preser-
ving adaptive image denoising [ J]. Multimedia Tools & Applica-
tions, 2015, 74(24) ; 11703-11720.

[19] 7R5%&. A FHEF KA shearlet T 33k 69 B ek A R L H E2AF R
[D]. & . Ak X5, 2014,

[20] Jia Jian, Zhang Yongxin, Chen Li, et al. Normal inverse Gaussian
model-based image denoising in the NSCT domain [J]. Mathemati-
cal Problems in Engineering, 2015, 2015(6) : 1-13.

[21] Dabov K, Foi A, Katkovnik V, et al. Image denoising by sparse 3D
transform-domain collaborative filtering [ J]. IEEE Trans on Image
Processing, 2007, 16(8) : 2080-2095.

[22

[

Maggioni M, Boracchi G, Foi A, et al. Video denoising, deblocking

and enhancement through separable 4-D nonlocal spatiotemporal trans-

forms [ J]. IEEE Trans on Image Processing, 2012, 21(9):

3952-3966.

[23] Danielyan A, Katkovnik V, Egiazarian K. BM3D Frames and varia-
tional image deblurring [ J]. IEEE Trans on Image Processing,

2012, 21(4) : 1715-1728.

Portilla J, Strela V, Wainwright M J, et al. Image denoising using

[24

—

scale mixtures of Gaussians in the wavelet domain [ J]. IEEE Trans

on Image Processing, 2003, 12(11) . 1338-1351.


Administrator
替换

Administrator
替换
BLS_GSM、 K_SVD、 SA_DCT




