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Fig.1 Noiseless analog image and its gray value distribution

BRI 6 = 0.04 BTN HOR BE K 73 A G0 18] 2 s .
8000

7000

6 000

5000

4000

BEM

3000

2000

1000

0 I ; ol

N 0 50 100 150 200 250
(a)ﬁ}uuﬁf“ B4 IR

()R EAES TR
Pl 2 M R B IR B AE o3 A

Fig.2 Noisy image and its gray value distribution
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Fig.3 Comparison of denoising effects of the analog noise images (Variance 6 =0.04)
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Table 1 Comparison of noise level estimations by using different methods

RS 6 =0.02 6 =0.04 ¢ =0.06 o =0.08

F BG4 BTk 0.027 7 0.037 9 0.045 9 0.050 6
FEA T 281k 0.028 6 0.037 0 0.044 8 0.049 9
A7k 0.028 2 0.038 5 0.045 0 0.051 3

K2 AFEEEEBGEES PSNR 3Ttk

Table 2 Comparison of PSNR after denoising of different noise images

VRS 6 =0.02 6 =0.04 ¢ =0.06 6 =0.08

F BB R 34.723 3 32.654 7 30.014 1 29.274 5
FEATT 51Tk 34.617 3 32.702 9 29.632 4 28.968 7
ATk 35.134 2 33.263 3 31.768 7 31.016 4
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Fig.4 Side-scan sonar image of a submarine sinking ship



14 TGRS A B T 55 S B ) MR R A T 5 ik A 0 4517 A AR 2 R e R 23

K5 SR T UM 46 R i e DX BMB3D SRRk AE 3 FhIE S 7 22 80T i MR ER . Jd k%) HemT DAk
BT 58 XLk BARY) AR SO T 2800 0 A 97 86 S B A7 SR Pkl S AR g B HLE S AR

FEBR MR T REA 7 22 Ge it 1 7 WX T2 M 2 G i DR RE 0 RS B 2R SRR

- 3 .."‘1
. ' /’
o .- '_‘ L -
e P ﬂ’z Sl
() B thE B O)EBER A% (BT EL i (DRI F %
B 5 s X R 2 Ak SR

Fig.5 Comparison of denoising effects of images in the highlight area
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Fig.6 Comparison of denoising effects of images in the low—light background area
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Application of Noise Level Estimation Algorithm Based on Weak
Textured Patches in Side-Scan Sonar Image Denoising

ZHANG Jia-fa', ZHOU Xing-hua', ZHAO Hong-chen'?, TANGQiu-hua'
(1. The First Institute of Oceanography s SOA , Qingdao 266061, China;
2. School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China)

Abstract: Affected by reverberation effect, strong speckle noise, blurry edges and weak textures can be
caused in side-scan sonar images, and if seriously the real seabed geomorphology will be covered up. Noise
variance is a necessary parameter of the transform domain denoising algorithm for side-scan sonar images.
By using multiplicative noise in side-scan sonar image as background and taking the inhibitory action of the
gray value range on the multiplicative noise into account, an algorithm of noise level estimation based on
weak textured patches is proposed. This algorithm is that the side-scan sonar images are first to undergo
the power and logarithmic transformations based on the scattering model of noise, and then the multiplica-
tive speckle noise that obeys the Rayleigh distribution is transformed into white Gaussian noise. Based on
the gradient covariance matrix and the dynamic selection of weak textured patches of the transformed ima-
ges, the noise variance can be determined in an iterative way. The experimental results show that by using
this algorithm the influence of the gray value overflow on the noise level estimation can be removed and the
noise estimation results are stable and accurate both in the highlight and the background areas.

Key words: noise estimation; side-scan sonar image; gray value overflow; weak textured patches; denoising
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