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SAR IMAGE DESPECKLING BASED ON ADAPTIVE WINDOW
AND SHAPE ADAPTIVE-DISCRETE WAVELET TRANSFORM

FENG Hong-Xiao, HOU Biao, WANG Shuang, JIAO Li-Cheng
(Institute of Intelligent Information Processing and Key Laboratory of Intelligent Perception and
Image Understanding of Ministry of Education, Xidian University, Xi’ an 710071, China)

Abstract: By considering the prior knowledge of SAR image in spatial domain and the property of coefficients in wave-
let domain, a novel algorithm of SAR image despeckling was presented. An adaptive window was constructed and a
uniform region for every pixel of SAR image was found by using local polynomial approximation-intersection of confi-
dence intervals ( LPA-ICI). Hard-threshold shrinkage despeckling was implemented with fast shape adaptive discrete
wavelet transform proposed in this paper. At last, many despeckled samples were fused into a final despeckled SAR
image according to the sparsity of regions. Experiments show that the algorithm proposed here has advanced despeck-
ing performance. Especially, reconstructed image has no unpleasant ringing artifacts, and it efficiently reserves point
targets of original SAR image.

Key words: SAR image despeckling; adaptive window; shape adaptive-discrete wavelet transform( SA-DWT) ; local poly-
nomial approximation- intersection of confidence intervals; weighting according to sparsity
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Z(x) = n(2) - y(x) = y(z) +[nlz) - 1] - y(x)
= y(x) +e(x)
A, x(s) BRESE » () M x, () AR Z4ERE,
BH s BB BRPIRIAE s MERA n(2) RA
MAKBE,y (x) RN A LHE MBS R E, £ (2) RR
MELAE SMHEMR (RS AT R &I AT B2
BERSHIRE (MSE) M {z(2) | BT y(x),
I HIX A7 1R 2 8 NS
FE— AR/ IR, (3 AR R 1
BOE VS BRI y («) , XBERBET y(2) K
R T RIF. LR AT, BRI HAT
AL RE A, B AR A
(UEpER) LK
y(x,h) = Y g (x,x(s) ,R)z(x(s)) , (2)

Kb ARREWTRT BRI E O K/ 24 R AEXTE/D
B, LPA 25 T y(x) B— MR AR L, HEE D
FIBHE ST AT E T R A R X4 b R,
XIS K, &M ITROERERER Eik,h
BAEE N IZ R — AL T AR B P FX R A Rk
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e(x,h) = y(x) - y(x,h)

=y(x) - Y & (x%,5(s),h)z(x(s))  (3)

= E(e(x,h)) + e’ (x,h)
K, E(e(x,h) ) RnfliitiizE.
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LPA ¥77iRZ 7T AR R F R .
Le(z,h) =1 y(x) -y(x,h) I Sw(x,h) +Le(x,h) 1, (4)

XE,0(x,h) RIETHREN LR, (2, h) RERE
FEH N(O,std”(x,h)) BIBEHLIR 2. Hdh 1€’ (x,h) |
SXi-02 * Std(x,h) DA R p=1-a o, X B
Xi-anBREEN 1 - a2 MR HEEES AN,
[FI#E T AR DA R AR T

le(x,h) | S w(x,h) +x1_0n *std(x,h) . (5)
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D) = [y(x,h) -T - std(x,h) ,y(x ) +T - std(x,h)] , (6)
XE,TREFKEKITIR:T=1/Vm+1 +x,_,-

XFR(6)FAR h=h,W.y(x) eD(), K h;<
R (BALE O) B, X F h=h, I sj<i BTAE XA
D), Isjsi BP0 E BE y(x).
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Fig.1 The rule of intersection of confidence intervals

VWK [ Ju v Wl ]

K2 —4ESHEANERRER

Fig.2 The periodic extension of one-dimensional signal
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BB BT /MBI R B8 Xt S 4 25 M i B M R 7R
K FEASC R v B R 8 0 db B B /NI B

& ICIKIE A R g(i) ,i=1, e oL, W oy AR I8
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~ATHEAT SR, SR R SR R AR R R A A A S B HRE
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FHE(AERESHERMERTMLE) ,
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Fig.3 The sketch of the two-dimensional shape adaptive or-
thogonal wavelet decomposition
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Fig.4 (a) An adaptive window with 8 directions (b) exam-
ples of adaptive windows in real SAR image
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3.2 NEIETETBRUCHR

/N E 2 B AR S A I B A R
FHEE THSEI K. SAR BEKNB AMEER
HER, N REE B A/ B I B A B X (1) B
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InZ =1ny +lnn (9)

23 SAR BMRBE W75 1 55 — Fh R B A . X EUE
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18, Mo m XS 4R (B 0 2 /MBI g O
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b X8R R 2, AT 4R HOR e BT A8 B X
Ry MBESG BIGE R Ry, jy- XA A8 AT |y F 1 B9 2>
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Ry jy(m) = exp(WTs_Al(HT(WTSA(ln(RZ(i_j)(m)) -

mean(InR; )))) +mean(InR, 1)) ,

R m R Ry, RS m MEE T, (o
R BIE RN AR e, HT AR FIRE I TRR b 2

HT(x) = {0 :x::iz th=¢ /2n(N)  (11)
N FRREAKBERNBRE SN, o A, ATH
PEMTTERE T 53

(10)

o = median(WTy,(InZ))/0.6745 |, (12)
Wy, (InZ) TR FIREEIT LG , 358 /N 58,
BERBEMRER HH 5R5).
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fEiHE 7, (7). BT EMSEIHE 7, (i), U5
BB ITHE 7(iL).
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- FEA RRREAE R I AUE. A SURSE SRR 13 ]

# BB BB AR, 12 1 — RO AR & T .
W, —BE BN RE R RERD SR
B BURRSR , BT Lo 8 J5 R 2R B0 A B0RT LA S B
Wit 72 3.2 B, KARS I BEREREE TR
B R, BE B AL 2 S T R BN B BT 1R
TR SN RBAUE. BA BRI

(i) = (Fwg, () (Fw) , (13)

X B ERER AR T LAAREEE X, 0, £
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Fig.6 The comparison of despeckled results for Field (a)en-
hanced Lee filter (b) threshold shrinkage based on DWT (¢)
threshold shrinkage based on SWT (d) threshold shrinkage
based on CT (e)NSCT™ ({)our algorithm
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Fig.7 The comparison of despeckled results for Horse Track
(a) enhanced Lee filter (b) threshold shrinkage based on DWT
( ¢) threshold shrinkage based on SWT ( d) threshold shrinkage
based on CT (&) NSCT™® (f) our algorithm

®1 FREHEFFAMILR

Table 1 The ENL comparison of isotrepic regions

Bs(a) X1 ES(a)Ki2 ES(a)XKH3 ES(b)

FHE 2.8941 3.1279 2.7441 16. 8830
K438 Lee 20.1788 31.8188 46.1399 196. 5606
DWT 23.2810 52.5752 39.2861 325.2497
SWT 29.3935 66. 9067 76.9120  435.4771
CT 35.2973 89.6519 38. 6466 180.9568
NSCT 27.4785 59.9703 35.0529 559.3266
AXEYE  43.6670 99.5750 284.5933  565.2252

®2 HERKTNLER

Table 2 The evaluation comparison of ratio images

Bs5a)thfE ES(a)lb BES(b)LLME E5(b) LA

E i ey EgHmE EEFE
38 Lee  0.9866 0. 1005 0.9755 0.1374
DWT 1.0532 0.1135 1.0760 0.1536
SWT 1.1586 0.1272 1.1783 0.1605
CT 1.0527 0.1111 1.0798 0.1538
NSCT 1.0344 0. 0695 1.0436 0.0842
AXEE  1.0110 0.0940 1.0172 0.1655
FEARME 1. 0000 0. 1366 1. 0000 0.2500
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