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& automatic multitemporal change detection
® multi-look processing

9100k

" incoherent

12 adaptive spatial filters

1P

S0 Oilelbl (5,9L8 wigo — Sling fu sole o9 i

1PV gyliuwoj @ p,lg2 6 lodh @ mubiud Jlw

doddo —

S egian GleS sazm e b ) ol
ey g by sl (SLeMbl mlis (g ytage
RS_‘{ SAR Lg)‘o)._:).g‘g_»aﬁ r»" ow) o 2

cals Sl 1 odls 45 Canl | gdad e
AS o S s |y iS5l LS e
090° &5 geaiSa g e gt (pl 5o
Ll (Kialy pus o ol cnl 5 atils 18 oo
U9 Lopinces () (rigren 398 o0 00d )95 4
ol g Jsb L g Sole gloel Jlo)l 5 odos
Lyl i g cd jo o ppeal a0 wain o
B (ol o Fhg dax 5l acluwl slso g I
To—= Job b glosl Sl oslinul (izran .yl oo Lol
g oo ci bt (B)lge 0 Ll 39 o aily
Nl Casods o,lse 5l awhe Sledlbl b D 58 g

DT st Jpar JB )55 slopiams b oS
3 6ok s ol ol SAR gl o Sy ,o
0 e g ol & az g b el b S ST
S ol (L2656 (e S 0950 S ST
i 09— dplgs  Soloal s Lo S STy
5 ainsly solod ugdes zez> SAR (goaisS yujls
il Glyeds |y (S JuSiy S50 35290 slajl
4 Syge 50 WS e S s o 2l 5B
2 deSy sl Tosiil o Sy 53 gl S
P edlie )3 9o 0amd -y KT) 4 pga
03myd 0,5 S5, any Sy il O Silye [l
Sl o ot Dl s cpl 4 (V) JSD) ol wnles
Gody SAR pgal ;o jglre sl eSS
S Jiian 45 095 e S " Sl "ol g

! Synthetic Aperture Radar (SAR)
Z coherent

3 scatterer

4 constructive

% destructive

® noise-like

7 speckle


http://dx.doi.org/10.29252/jgit.6.4.149
https://jgit.kntu.ac.ir/article-1-649-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/jgit.6.4.149 ]

o5 O_jg; JD LG a0 o> J|)|J J...IBLAAJJ_\ dS,',.qu UumIS

P92l Susun (54800 Ld Jlaac (Hbsld 48 (ol

o oy

\./

L 4 ~
1

oy JuuSyy

SAR ygai yo Sl gossay 1V JS

by Sl (ralS 018 Glssoe I j5bay
13905 4N 5 sal> o 3 1) Srge oS

S 90 et Jros Jloel

o8 S bl Sge cols S s Y

Sge usSae o Jloel ¥
Szrge cml ) 6, ws (S Ganaies G 0
5 Srse calys g S alTas ) 53 bl
s welgs bl s sl el 095 talS
Py S 4S Szge cml o g TS aliwlas o
S L Szge it el ool [V] s 2
OB SO bl y g dig i o dnlie ailiulos>
Slins 1 s GalS il aialys alS ek
(IS abwlos sla by, & Comd i ol
P Rss (8 Ss sob an oS was e ) Bl )
51 ool Lo g,y oyl o LA ols ol ol
295 9l 5355 Joe sl coilie " S
Sopotl 5l oo 48,5 03,8 pgai 5l ol Sz
So Szge cal b deges il lo)9 50 VL

% manipulate

® thresholding

7 Bayesian theory
8 distribution

1 O

slaiosgamwe 4o slaly, 5l S0
50T e sbats, 5l eslinul  SlSe sl il
" Srge hoss ol ol 53 ol sl i
295 oS L by lagiagyy o (oxamg sobas
5SS Cl a8 5 18 ookl s e gl
S2ge Jrad elel p ouxte g (Rl slahy,
39 ol eiloass 4l Tosiy taer g S sl
els SIS SAR sl jo Sl a8 canl >
Sl s el o3 a5 o [8] el Tonsigane o
29 o odigdaex pos So A edighopo
oXg-0 S Sl o sl Gha, 99 oIS ok
2953l Jsl Ry )l S99 odigdaer ngi S
5 JiKm S ggeme O g0ty 0ol oomlive JUSow
ko Slnped By 53 Sl g 4 ataly JUSw
X Bre frg S 4 oy b, S
Jlael L VT gt o ooliial o LSS fos
Sl 4570905 ()8 (g (o0 SN gl & oS 5
Dgboe Jadd odigDrex ngi Sy 4 odigdho pd

! Multi Resolution Analysis (MRA)
2 Wavelet transform

% additive noise

* multiplicative
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12 Jow-pass

%8 high-pass

1% sub sampling

15 scale filter

18 wavelet filter

7 Quadrature Mirror Filter (QMF) banks
'8 row-column implementation

19 subband
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! non-Gaussian

2 symmetric

% sharply peaked around zero

* heavy tails

® Maximum a Posteriori (MAP) estimator
® Alpha-stable distribution

" normal inverse Gaussian distribution

8 Cauchy distribution

® Minimum Mean Absolute Error (MMAE)
10 \sector-based Hidden Markov

™ | aplace distribution
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® intensity

" amplitude

8 square-root of intensity
® Exponential

1 Gamma distribution
1 Rayleigh distribution

HHj g HL; LH; "ol3ym &b 55 aw g LLj oo is
i A H g Lol o a S iy b HH;
Sl AV g )3 S ol kS goaas i
LLj ey 00b oy aSilan asgs L (V) JS0)
Fto 09b oo JiSew Gl (5 3 Sl ol
e dalyx 0l 15 ol o JUSKw oo
HH; s HL; LH; oLy gloosl ) oS J 4o
JuS Slia b YL 558 Sledlbl Jol o 5
TS RCBI PN PAPI SN JEE
Slr 8999 Olsear Ll o, Wb a8 ol 53
Do at8S L 5o J AT gad> e 5 an e
Sl ol loasil 5 s is o (V) S0

a3 oo i 1) Soge fros

LL (ay) | HL(d})

Joos
:-i-?s-ﬂ rys

LH (d2) | HH (d3)

106

2Ol g gl Sl 2 i o9 Y S5

SS90 Jooud
55,91 2 9 SAR ygloai o Sl 22595 - Y

MAP

ISl (5 5lT Jow V-
Sye0 118 510] 50 b ondsl JSel s bl sla S5as
Gl gosie Lo Jas (e:SG .2d,5 15 aslllas
ol ol o el s Slgaany Sl
sl 0digudi po o (Sl (gl Jow (o ieolazl
SOGY) (JSaml @ 0091 g5 (X, ) 45 5,90 5
= Na(0Y) M (%, Y) 9 Sl 5l 55le pg—as

! approximation
2 detail
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! Prior probability distribution function
2 Likelihood probability distribution function
® smoothing
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Abstract

Speckle is a granular noise-like phenomenon which appears in Synthetic Aperture Radar (SAR) images due to coherent
properties of SAR systems. The presence of speckle complicates both human and automatic analysis of SAR images. As a
result, speckle reduction is an important preprocessing step for many SAR remote sensing applications. Speckle reduction
can be made through multi-looking during the image formation or using spatial filters as a preprocessing step. However,
these methods have some limitations such as a decrease in spatial resolution or smoothening of details and edges. To
overcome these problems, Multi-Resolution Analysis (MRA), such as wavelet transform, should be used. In this paper, a
despeckling method based on the Bayesian theory and Maximum a Posteriori (MAP) estimator in the wavelet domain was
proposed. The noise-free wavelet coefficients of the logarithmically transformed image and the noise in the wavelet
domain were modeled based on the Laplace and Gaussian distributions respectively. VisuShrink, SureShrink, and
BayesShrink methods were also implemented and applied to both simulated and real SAR data for comparison purpose and
to assess the proposed method. PSNR and beta edge preserving index were used to evaluate the performance of simulated
SAR data, while ENL was employed to evaluate the real SAR data. Experimental results of despeckling showed the
superior performance of the proposed method in suppressing the speckle efficiently and preserving better the spatial details
in the SAR image
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