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SAR image despeckling: based on non-local means with
non-subsample Shearlet and directional windows

ZHANG Xiao-Hua', CHEN Jia-Wei', MENG Hong-Yun’, JIAO Li-Cheng', SUN Xiang'
(1. Key Laboratory of Intelligent Perception and Image Understanding of Ministry of Education of China,
Xidian University, Xi’an 710071,China;

2. Department of Applied Mathematics, Xidian University, Xi’an 710071, China)

Abstract: Good performance has been obtained by extending traditional image denoising algorithm from local computation
model to non-local one with non-local means algorithm. For synthesis aperture radar (SAR) image, however, the similarity
measured by observations and isotropic window is not robust and without direction, which is bad for capturing the structure
of image. In this paper, Non-subsample Shearlet feature and directional neighborhood based non-local means algorithm are
proposed. Experimental results demonstrated that the improved non-local means algorithm can not only remove the speckle,
but also preserve the geometrical structure information which is essential for understanding and interpretation of SAR image.
Key words: non-local means; non-subsample Shearlet feature descriptor; directional neighborhood; SAR image despeck-
ling
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Fig.3 SAR Image for despeckling (a) SARField, (b) Bed-
ford, (c¢) Horse Track
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Table 1  Despeckle indicators for SARField image and
HorseTrack image
SARField HorseTrack
X3 1 X3, 2 X3 1

HME bMis ENL 390 g ENL 39 bRfids ENL

JRE 97.64 29.89 2.91 114.25 33.62 3.15 84.31 26.41 10.18

Lee  97.51 11.63 19.18 114.36 10.85 30.31 84.20 10.44 65.04

DWT  95.75 10.27 23.91 112.54 9.21 40.82 83.68 9.89 71.57

SWT  95.94 8.10 38.29 112.93 6.04 95.4 84.4 7.96 112.31

NSCT  95.73 8.20 37.23 112.57 6.2 90.05 83.9 7.92 112.2
NSST  95.68 8.16 37.57 112.61 8.47 82.35 83.99 7.97 110.6
LTR  97.52 9.10 31.4 114.44 8.79 46.31 84.3 8.58 96.54

CD-HMT 97.45 9.43 29.19 114.35 9.15 42.67 82.95 8.60 102.33
SA-DWT 94.21 7.73 40.56 110.73 6.15 88.55 82.93 7.02 139.56
NLM  96.93 5.84 75.38 113.22 4.82 150.57 83.55 6.68 155.54

SNLM  96.63 7.49 45.71 113.24 6.40 85.36 83.53 7.42 126.40
DSNLM  96.64 5.93 72.59 113.13 5.69 107.85 83.11 6.94 143.38

%2 Bedford E{RpEBEIEHR
Table 2 Despeckle indicators for Bedford image

Bedford
B 1 X8 2
B  tedEE ENL O I9fH FRMEE ENL

JEE 152.04 34.90 18.97 136.66 31.94 18.30

Lee 151.97 11.57 172.51 137.00 11.14 151.12
DWT 150.73  8.76  295.99 136.22 9.82 192.47
SWT 151.33  7.58 398.44 136.39 7.43 337.16
NSCT 151.18 7.63  392.48 136.17 7.47 332.19
NSST 151.21 7.76  379.51 136.17 7.71 311.57
LTR 151.69 8.36  329.01 137.04 8.29 273.56
CD-HMT 151.6  8.70 303.64 137.02 8.65 250.92
SA-DWT 150.78 7.33 423.14 135.15 7.15 357.29
NLM 152.04 6.04 633.15 137.28 5.60  600.6
SNLM 151.71  7.77 380.83 136.72 7.33  347.04
DSNLM  151.81 7.13  453.58 136.86 6.32 468.58

&3 SAR FEBELLEEER

Table 3 Despeckle indicators for ratio images

S R SARField Bedford HorseTrack
THRAE MM A B R B R
B b 1.00 0.40 1.00 0.41 1.00 0.50
Lee 0.99 0.29 0.99 0.22 0.97 0.39
DWT 1.03 0.33 1.02 0.27 1.06 0.46
SWT 1.01 0.29 1.01 0.24 1.02 0.39
NSCT 1.01 0.29 1.01 0.23 1.02 0.37
NSST 1.01 0.29 1.01 0.23 1.02 0.37
LTR 0.97 0.26 0.99 0.22 0.95 0.57
CD-HMT  0.98 0.29 0.98 0.26 0.98 0.61
SA-DWT 1.05 0.32 1.04 0.30 1.04 0.41
NLM 1.01 0.30 1.01 0.26 0.99 0.43
SNLM 1.00 0.27 1.00 0.22 0.99 0.38
DSNLM 1.00 0.26 0.99 0.21 0.99 0.38

) (b) ©

(d) (e) (®

(® (b ®

) ®

& 4 SARField B2 f&BEZE 5 (a)Lee, (b) DWT, (¢) SWT,
(d)NSCT, (e) NSST, (f) LTR, (g) CD-HMT, (h) SA-DWT,
(i)NLM 77, (j) SNLM, (k) DSNLM

Fig.4 Despeckle results of SARField image (a) Lee, (b)
DWT, (¢)SWT, (d) NSCT, (e) NSST, (f) LTR, (g) CD-HMT,
(h)SA-DWT, (i) NLM, (§) SNL, (k) DSNLM
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Fig.5 Ratio images of SARField image (a) Lee, (b) DWT,
(¢)SWT, (d) NSCT, () NSST, (f) LTR, (g) CD-HMT, (h)
SA-DWT, (i) NLM %, (j) SNLM, (k) DSNLM
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Fig.6 Detailed comparison of SARField despeckling (a) Lee,
(b)DWT, (c) SWT, (d) NSCT, (e) NSST, (f) LTR, (g) CD-
HMT, (h)SA-DWT, (i) NLM 7%, (j) SNLM, (k) DSNLM
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