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Image quality assessment of SAR image despeckling for
measuring structure-preserving capability

Tang Yiming, Yang Xuezhi
School of Computer and Information, Hefei University of Technology, Hefet 230009, China

Abstract: Currently, related image quality assessment methods can not appropriately measure structure-preserving capabi-
lity of synthetic aperture radar (SAR) image despeckling, to solve this problem a no-reference improved equivalent number
of looks of ratio image (TENLR) assessment method is put forward. To begin with, related image quality assessment meth-
ods are reviewed, where their weaknesses to measure structure-preserving capability are investigated. Furthermore, from e-
quivalent number of looks of ratio (ENLR) image as a point of departure, the computing formula of IENLR is constructed,
meanwhile theory analyses prove that IENLR is a basically monotone, bounded function with regard to structure-preserving
capability, and that IENLR is adjustable in the light of its parameter. Finally, simulated experiments further verify that
IENLR is excellent and superior to other related image quality assessment methods from the viewpoint of measuring struc-
ture-preserving capability.

Key words: synthetic aperture radar (SAR) image; speckle noise; image despeckling; structure-preserving capability
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Fig. 3 Corresponding ratio images from SRAD(NNL =4)
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Fig. 2 Despeckled images derived from SRAD(NNL =4)
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#1 SRAD Hi%BH|M%ER(NNL=4)
Table 1 Results derived from SRAD(NNL =4)

7 2 % S/MSE EC FOM SSIM ENLR  IENLR(k=20) IENLR(k=30)
(a)  0.07x¢> 12.1504 0.8423 0.7310 0.4913  90458.0000  0.999 94 0.999 91
(b) 0.35x0° 13.0451 0.858 6 0.7356 0.5260 139.1243  0.9622 0.944 4

(¢) 0.8xg> 16.5857 0.9138 0.5670 0.644 1 6.5757  0.546 1 0.445 1

(d)  1.2xg> 15.9474 0.8759 0.3269 0.548 4 3.3790  0.3821 0.2919

() 2.0xg> 13.7729 0.7480 0.2257 0.396 3 2.3089  0.2970 0.2198

(f)  6.0xo0° 12.8519 0.6727 0.2833 0.3348 1.9369  0.2617 0.1911

#&2 SRAD &%y ENLR 5 IENLR(NNL =4)
Table 2 ENLR and IENLR values derived from SRAD(NNL =4)

h2

0.06 x o 0.07 x & 0.2x0”> 0.35x0” 0.6x0” 0.8x0" 1.2x¢° 2.0xo" 3.0x0° 6.0xg°

ENLR 167 824.0037 90458.0000 1335.2312 139.1243 16.4824 6.5757 3.3790 2.3089 2.0381 1.9369

(IICET;?) 0.999 97 0.999 94 0.9959 0.9622 0.7510 0.5461 0.3821 0.2970 0.2716 0.2617
IENLR
(k =30) 0. 999 95 0.999 91 0.9939 0.9444 0.6679 0.4451 0.2919 0.2198 0.1991 0.1911

(a) 2=0.14 X o2 (a) h=0.14Xo? (b) n=0.3Xo? (c) h=0.7X0c?

iy

(b) #*=0.3 X 52

() =0 9% 02 (e =1 2 %02 (D =50 02 (d) =09 X &2 (e) =12X o> (f) B*=5.0X o
B4 SRAD B3 5 3= 2 (NNL = 1) K5 SRAD Bk R AN U(EKIE (NNL=1)

Fig 4 Despeckled images derived from SRAD(NNL = 1) Fig. 5 Corresponding ratio images derived from SRAD(NNL =1)

%3 SRAD H:AEEIMER(NNL=1)
Table 3 Results derived from SRAD(NNL =1)

K 4 B S/MSE EC FOM SSIM ENLR IENLR(k=20) IENLR(k=30)
(a)  0.14xg> 6.5636 0.584 4 0. 6872 0.243 1 363.269 6 0.9852 0.9779
(b)  0.3x¢>  7.1693 0.6020 0.6859 0.261 8 25.888 4 0.8257 0.759 5
(¢) 0.7xg> 11.3844 0.7342 0.5612 0.4195 1.6454 0.2314 0.1672
(d)  0.9x¢>  12.8387 0.7743 0.3282 0.458 8 1.0352 0.1593 0.1121
(e) L2xg> 12.3349 0.7154 0.210 1 0.3812 0.8397 0.1332 0.0929
(f)  50x0° 117196 0.648 3 0.3234 0.3268 0.760 0 0.1221 0.0849
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#4 SRAD &E;%:153/# ENLR 5 IENLR(NNL =1)
Table 4 ENLR and IENLR values derived from SRAD(NNL =1)

h2
0.03 x o’ 0.05 xo” 0.14x0” 0.3x0” 0.5x0> 0.7x0° 0.9xg> 1.2x¢° 2.5%x0° 5.0xo°
ENLR 111544.8568 15725.3663 363.2696 25.8884 4.5917 1.6454 1.0352 0.8397 0.7638 0.7600
IENLR
(k=20) 0. 999 95 0.999 7 0.9852 0.8257 0.4566 0.2314 0.1593 0.1332 0.1226 0.1221
IENLR
(k =30) 0.999 93 0.999 5 0.9779 0.7595 0.3590 0.1672 0.1121 0.0929 0.0852 0.0849
3.3 REat HE TS % UL TEN bR, XX F SAR I

&1 6 T[] NNL =4 (747 [R5 92k ) F1 NNL =1 (7
BEML) MIEIE, k4 it T S/MSE,EC,FOM,
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s, teAh, o ENLR ZERR G5 B B (E K, BRI
NS T ENLR /Y Jmy 5 48 £k 4 35 &, W&l 6 (f)
B

MU X S E 2 AT LA A0 R 2518
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{0 0.735 6, D JE AT ; Wi k5 0.8 x o X
W HIE A 0. 567 0,5 2.0 x o X107 B9{E 4 0. 225 7,
W8 T 32 U IR A5 B S 6.0 x o X B A K
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1 15T ) ,0.03 x o XF R IENLR (k =20) {5 N
0.999 95, FH %} i i) IENLR (k =30) {f 7 0. 999 93,
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Fig. 6 Trend variation of all methods

© K%K

4 22
=

ARBUITAT



0874

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.18,No.7,July 2013

G AT DL, X T SAR [EUR 25 M i 4544 PR R AE
14 5 £ [B) 80, IENLR 2 A8 g AR 1 R o £ DF
D7, FLLF A A4 AH G R B VAN T o

KF TENLR Hh S50 k15 B, JH 3 AR T ) 2
Rk IENLR B eRE(E 728~ [0, 1] X, Bk
Hodge A AR/ IMAE 19 22 15 0] B e K (X2 Ry T
T X 4y Fe g g R S A R EEPERE ) o e,
Ar kB E 45 TENLR {3 F X 8] [0.8,0. 9 ] #, W
BIRAR Gy SRR FEPERE AU IR . SLEL A, £ i
SCF 1 9,k =20 B IENLR 343 4h T X ][ 0. 261 7,
0.999 94 ] H, i k =30 W IENLR 3% 4% &b F
[0. 191 1,0.999 91 ] 1, 3 35 11 0] 43 Btk S A 4T
K5 MM L2 F k=30 B a] 43 95k 5 Sk AR
TEELRSCHIRT, mT LAy 50 0 (AR ) e 2218 T8 L i
UFIETE X R Y IENLR {H, 4350038 1, L s 3R )5 A
L, =11, #5100 =1, /S, MR S8 k{1, — 1, |
ST BEA B i K (BEACR S, -1 18 1)

X TENLR 2] S AR A 1) 481, 2 oK ok T4
() — A% E T . X BAERRIF, S — v
175 18, — b, A 2 4~ SAR BRI L MGk
A FNEMEE L B, w deam ad H b o 200 0w A
FEMRRE L I S AR IR A CLb an i 2 PR, Bk SR A
S/MSE (SSIM 45 € A7 Jit & P-4 J7 ¥ 1 e L dwe AR
) o BRI T 1) AR A AT I S 2 R B )
REXT L s ELARTHT 7, 0 Gk A FAETE B R
F AR IENLR {8, GnSRtbF33% A (% TENLR
EEK B N Z5 FG P-4 e 10 A B, J Ik A R
B AL, XX SAR EMR MR AE A T4 T
—FEr e A RR M, A S 7E R H 24 T
PR T R A o 25 MR Bk SR ), T LR n |
IENLR J73 , 3CRE B AR 21 5 A 42 T 1) 240 G .

4 &

SERI PR PE RE MY B e 2 SAR [EIMG 25 M ) %2
PR, BAR G MG T i P 5 T B R AT
PREL, HEIA OGN LRI £ o~
I, AR SCPE ENLR B 5ERE T, 32 0 T 58 8 4 008
1% IENLR . A FRIETIE B A5 52 56 1) XU £ B 1Y) 43
Br, #RUER TENLR J5 36 AT O B o, BLAOL T30
A B AH ¢ B R BT = oE AN J7 B (AL 4E S/MSE EC,
FOM . SSIM 1 ENLR) . EL{&ii 5, IENLR (45 %5 5
BRI R LA 7 18 -

1) IENLR Fifi 5 &5 A8 354 2 A5 5 A% 38 Jon i 522 0 0
PRI A, B0 H 2, S5 5 A g, ) TENLR
Ko 1 H IENLR 15 pR 55 i 2 A~ A8 fb i 72 2 P A
[, AT HE 35 AR U A Ak i B 42, 3K ik e T
ENLR 1955 55

2)IENLR 244 5t R 5, HEUEE 72 [0,1]
DRI Hr I HL, 24 25 0 f 135 8 4 1) B e, TENLR
T 1

3)IENLR (250 k ] F >k ¥ IENLR #7481k
PRp FHUE KN, I TENLR HAT S 50n] P84

4)IENLR A8 P HIR 003000 3k SR S e AR — B0
R MR SE SRR, 45 44 DR FRA5 8 47, W) TENLR 1
EAAR . X2 IENLR P8 2R,

HE—2 b, A SE 56 25 5Ok IENLR 2 56 F 45
PRI B A4 FE AR PR A PR, {EL 40 SR DT 7™ A% )
B SORAYHT, X AE A5 N ERIE L F B R v, R
Z L REGEA RS BBUR A IE? X5 B AT
MELUHS A2 % A, anfar R 4l TENLR k455 SAR
PG LML (3T, He i, gl A TENLR 3 %%
TR A BRI SRAD 555, ik SRR 2 R ok 1) T
YR

2 % 3Lk ( References)

[ 1] Yang X Z, Clausi D A. Evaluating SAR sea ice image classifica-
tion using edge-preserving region-based MRFs [ J]. TEEE Journal
of Selected Topics in Applied Earth Observations and Remote
Sensing, 2012, 5(5) : 1383-1393.

[2] Lul, Yang X Z, Lang W H, et al. SAR image segmentation
with region-based GMM [J]. Journal of Image and Graphics,
2011, 16(11): 2088-2094. [ f53k, ks, HRSCOHE, 2. X
B GMM R SAR G #I[T]. v E G K4k,
2011, 16(11) ; 2088-2094. ]

[ 3] Argenti F, Bianchi T, Alparone L. Multiresolution MAP
despeckling of SAR images based on locally adaptive generalized
Gaussian pdf modeling [ J].
cessing, 2006, 15(11) : 3385-3399.

IEEE Transactions on Image Pro-

[4] Lopes A, Touzi R, Nezry E. Adaptive speckle filters and scene
heterogeneity [ 1]. TEEE Transactions on Geoscience and Remote
Sensing, 1990, 28(6) : 992-1000.

[5] YuY, Acton S T. Speckle reducing anisotropic diffusion []J].
IEEE Transactions on Image Processing, 2002, 11(11) . 1260-
1270.

[ 6] Aja-Fernandez S, Alberola-Lopez C. On the estimation of the
coefficient of variation for anisotropic diffusion speckle filtering

[J]. IEEE Transactions on Image Processing, 2006, 15(9):

© [ K G BT AR AU A



$18%5 /5 7H /2013F7 B

BE#iE, HEE / GEENEFIELET SAR BIGEIRERSEIFN

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

2694-2701.

Gleich D, Datcu M. Gauss-Markov model for wavelet-based SAR
image despeckling [ J]. IEEE Signal Processing Letters, 2006,
13(6) : 365-368.

Dai M, Peng C, Chan A K, et al. Bayesian wavelet shrinkage
with edge detection for SAR image despeckling [J]. IEEE
Transactions on Geoscience and Remote Sensing, 2004, 42(8) .
1642-1648.

Buades A, Coll B, Morel ] M. A non-local algorithm for image
denoising [ C]// Proceedings of IEEE Computer Society Con-
ference on Computer Vision and Pattern Recognition. San Diego
IEEE Computer Society Press, 2005 : 60-65.

Yang X Z, Clausi D A. Structure-preserving speckle reduction of
SAR images using nonlocal means filters [ C]// Proceedings of
the 16th IEEE International Conference on Image Processing.
Cairo, Egypt: IEEE Computer Society, 2009 ; 2985-2988.
Gleich D, Datcu M. Wavelet-based despeckling of SAR images
using Gauss-Markov random fields [ J]. IEEE Transactions on
Geoscience and Remote Sensing, 2007, 45(12) ; 4127-4143.
Gleich D, Kseneman M, Datcu M. Despeckling of TerraSAR-X
data using second-generation wavelets [ J]. IEEE Geoscience and
Remote Sensing Letters, 2010, 7(1) : 68-72.

Li H, Hong W, Wu Y, et al. Texture-preserving despeckling of
SAR images using evidence framework [ J]. TEEE Geoscience
and Remote Sensing Letters, 2007, 4(4) . 537-541.
Subrahmanyam G R K S, Rajagopalan A N, Aravind R. A recur-
sive filter for despeckling SAR images [ J]. IEEE Transactions
on Image Processing, 2008, 17(10) : 1969-1974.

Dowson N, Salvado O. Hashed nonlocal means for rapid image
filtering [ J ] .
Machine Intelligence, 2011, 33(3) : 485-499.

Katkovnik V, Foi A, Egiazarian K, et al. From local kernel to

IEEE Transactions on Pattern Analysis and

nonlocal multiple-model image denoising [ J]. International Jour-

nal of Computer Vision, 2010, 86(1) : 1-32.

[17]

[18]

[19]

[20]

[22]

(23]

[27]

Sattar F, Floreby L, Salomonsson G, et al. Image enhancement
based on a nonlinear multiscale method [ J]. IEEE Transactions
on Image Processing, 1997, 6(6) : 888-895.

Amirmazlaghani M, Amindavar H. A novel sparse method for
despeckling SAR images [ J]. IEEE Transactions on Geoscience
and Remote Sensing, 2012, 50(12): 19.

Gomez L, Munteanu C, Jacobo-Berlles J, et al. Evolutionary
expert-supervised despeckled SRAD filter design for enhancing
SAR images [ J]. IEEE Geoscience and Remote Sensing Letters,
2011, 8(4) . 814-818.

Ranjani J J, Thiruvengadam S J. Dual-tree complex wavelet
transform based SAR despeckling using interscale dependence
[J]. IEEE Transactions on Geoscience and Remote Sensing,
2010, 48(6) ; 2723-2731.

Wang Z, Bovik A C, Sheikh H R, et al. Image quality assess-
ment; from error visibility to structural similarity [ J]. IEEE
Transactions on Image Processing, 2004, 13(4) : 600-612.
Brunet D, Vrscay E R, Wang Z. On the mathematical properties
of the structural similarity index [ J]. IEEE Transactions on
Image Processing, 2012, 21(4) . 1488-1499.

Touzi R. A review of speckle filtering in the context of estimation
theory [ J]. IEEE Transactions on Geoscience and Remote Sen-
sing, 2002, 40(11) ; 2392-2404.

Molina D E, Gleich D, Datcu M. Gibbs random field models for
model-based despeckling of SAR images [J]. IEEE Geoscience
and Remote Sensing Letters, 2010, 7(1) : 73-77.

Oliver C, Quegan S. Understanding Synthetic Aperture Radar
Images [ M]. Raleigh, NC: SciTech Publishing, 2004.

Celik T. A Bayesian approach to unsupervised multiscale change
detection in synthetic aperture radar images [ J]. Signal Pro-
cessing, 2010, 90(5) . 1471-1485.

Walessa M, Datcu M. Model-based despeckling and information
extraction from SAR images [ J]. IEEE Transactions on Geo-

science and Remote Sensing, 2000, 38(5) : 2258-2269.

© [ K G BT AR AU A

0875



	目录.pdf
	fm.pdf
	目录.pdf

	20130719.pdf



