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The Filtering Algorithm for SAR Image Speckle Noise
Based on Anisotropic Diffusion

ZHANG Liang pei, WANG Yi, LI Ping-xiang

( State Key Laboratory ¢ Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan, Hube 430079, China)

Abstract:  In order to effectively preserve SAR image edges while filterng, the authors propose an anisotropic diffusion fik

tering algorithm for speckle noise based on speckle reduction anisotropic diffusion ( SRAD) model. On one hand, it can be proved

that the diffusion coefficient in the proposed algorithm theoretically satidies the conditions for the design of diffusion coefficients

presented by Charbonnier, et al; on the other hand, the proposed algorithm can achieve a series of different filtered results, through

the simple adjustment of two parameters. One parameter is a threshold of the accumulative histogram in the edge image, and the otlr

er one is a threshold of the rlative signal to noise ratio. And the algorithm is applicable in different applications, including mapping

and applications in which fine details and high resolution are required. The experimental results show that the proposed algorithm has

capabilities of efficiently filtering speckle noise and preserving edge and textwre features. M oreover, it outpeforms the four traditiorr

al filtering methods in speckle smoothing, edge and texture preservation and visual assessment.

Key words:  anisotropic diffusion; speckle noise reduction; SAR( Synthetic Aperture Radar) image; diffusion coefficient; fit

tering algorithm

, Yu Ac
1
ton ,
(SAR) , ;
SAR SRAD(Speckle Reducing Anisotropic Diffusion) L3
, 2 (1) ,
, , . :(2)
:(1) Lee Frost Kuan  Lopes Charbonnier
|1~4|’ |6|;(3) ,
s ; SRAD .
(2 , SRAD ,
, . ( Relative Sig-
nat Noise Ratio) SRAD s
: 2005 09 20; : 2006 03- 21

(973 )| (No.2006CB701302): ( No. 40471088, No. 40523005)



12 : SAR 2251

) e(q)=V 1+ ((q= q0)/ q0) (6)
nog ,
2 n-§ . (6)
21 PM %= et Im+ cg* Ig= c(q) [1+ g—mf(q)] I+ Ia% (7)
Perona  Malik , , (6) Charbonnier
(PM )/7/_. )
g—fz div/e( vI)* vI] (1) (1 (4 90 (6) ,,11“,,10%
1 ce(*) : = Jmen= 1. : (6) n %
, Perona  Malik , .
(x)e — L (2) (q ) (6) lim cn=
e(x)= T 2 k) (2) i 0 ferere o e
e(x)= exIJ-— (x/k)zJ (3) qlriloc%— ), (,!rcl» cy cg)= 0. s
A ) (6) , n
g . ,
( ). , 1 B » o
<0 n R
22 SRAD (3)e(q) [qo + ] ,
( Lee Frost ) . (c(q)) <0 c(q)
) . Yu ’
Acton , SRAD 312
SRAD , q( i,j,t) ,
1 . , SAR
c = — 4
= T - aoid s gyl Y : :
q N q(Lajﬂ l) s
2. . (1/2)( vI/1)*= (1/16) ( v2I/1)* . a
q(ij;t)= p 2 (5)
[1+ (V4)( v2I/1)] , thr a
qo(t) sqo(t)= Jvafz(t)]/z(t), . (4), thr,
Jvarfz(t) ] z(t) t coq(ijst)>thr g , o cn
(4) coq q0 . =0 a= c(q), s oqlinjst) Sthr
,ce(q) - 1, SRAD , n g 5
;9> q0 ., ,c(q)” 0,SRAD : . ,
) SRAD (1 .
; . ;(2) q( %, SRAD ,
yst) [5], SAR s 3
. , SRAD thr
, ;(3) ( ) 5
SRAD q(x, y;t) R : ,
;(4) (4) , thr .
Charbonni er . ,
313
3
31 ) SRAD ,
311 .
PM . . o1,
Cate!® Z (k+ 1) 2
21" 7)
, R_ SNR(}r+ l)= 10° l(% pixels (8)

Z(I(H 1)_ I(k))2

’ . pixels

) (L LAY k k+ 1



2252

2006

| R_SNR**V_ R_SNR|

SR <e (9)
, . €
(1
[10]
:(2)
:(3) (8) (9) .
El 8 2
€ ,
0. 01, SAR
s € s ,
€ 20. 0L
SRAD 5
, a €
s a ,
, ) ; € ,
s a € ’
a € 5
32
I(x, y,t) I(ih,jh,
nl), (i,]) ,n
I(in‘+ D_ [5")
"TL= en(i,jin)Im(i,j;n)+ cg(i,j;n)lg(i,j, n)

(10)
a0 = dby, = i 4= b,

di%=dW-y :

en(ijin)= (g c(q)) |ijn

_ 2qiijin)= q(ijin)*qolisjin) . 1
= B (aligim— ao injs))? (0BT
cg(i.j:n)= c(q(i.j;:n))

c(q(ij:n)) [5]
(6)
[ 11
4
41
AR, 1(a)

42

(e) SRAD A (5 &AL )

() A I (R vE

. Lee
Gamma

; SRAD

; Frost

ISR &
(b) Lee 383

(n=0.8,6=0.01)

Bl 1 BRREARMRAT BT AL B R

(1)
) ,
Frost ,
(2)
49 x 49
EPL
( €e=001),
(EPL
(3)
2,
€ ( e 0.02),

s

1208. 18- 1543. 35,

(192
ENL
SRAD
[12]
. 1 :(1) Lee
ENL s
(2 €
Lee ).



12 SAR 2253
1 ENL  EPI e (a(thr) ), )
, ENL , EPI
(Mean) | (Std) (ENL) (EPI)
SAR 30. 05 14.19 2. 12 1. 0000
Lee 0.8 | 9.2 3.3 0. 6328 | ’
Fros 31. 81 4.8 6.52 0.3411
Gamma 28| 59 5.0 | 0.3% ,a €
SRAD 30. 52 6. 43 4. 75 0. 4370 ’
R N a
(a= 0.8 €=0.02) 30. 55 4.73 6. 46 0. 3879 s € ,
(a= 0.8 €=0.01) 30. 74 372 8.2 0. 4742 €
(o= 0.9, &= 0. (2) 0.66 | 4 43 6. % 0. 3636
(a= 0.9, €= 0.01) 31.33 3.7 8.31 0. 4541 5
2 SRAD s Charbonnier
(Mean) |( Varance) |( Skewness) |(Kurtosis) |( Entropy)
SAR 133.80 | 2778 39 0.21 -0.36 | 7.38 |
Lee 134. 15| 1668. 02 0.36 -0.28 7.19 ’
Fros 134.70 | 1158. 67 0. 57 -0.13 6. 87 ’
Gamma 134. 84| 1146.54 0. 58 -0.12 6. 86
SRAD 33.%9| 140406 | 0.47 |- 0.23| 706 SRAD . SAR
SAR
(a= 0.8 €=0.02)[133. 05| 1543 35 0. 4 -0.20 713
(a=0.8 €=0.01) [133.00| 1339 64 0. 48 -0.19 702
(a=0.9,e= 002) [134. 25| 1419. 06 0. 54 -0.14 7. 06
(a=0.9,€e= 001) [ 134. 57| 1208 18 0. 57 -0.13 6 90
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