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D 2 5l F om0 B 532 52 350 513 s 38 B A
Z, W Vegn, = E?/D, Vi 18 8O S 0BT 2R
AT, 2) B R 46 SAR MG 5 O B #0545
TE R EU A G I 3ME 5 5 %2 (1B Ve 5 W): 4
il Sz BT HERE v h D s UG B S A P O OR R AR
FE (BRARME Y 1) S50 AR T B B AR B (O6F L AR
JEA% A SAR BUG LB AEME N (4-n) /L), 3) WL AR
FEAB 2 (1K 9 Vekr): H T s 403 7 v %0 B R 14
SGURFERE ), H B TEBUE G RMEELES Q,
P() A Q) 7 MFE MR EG S FisEG S, 5
N EAG R AL E 1 PG R R R AE, T
Vekt = Y jeq P)/>1cq QU), I N1, 4)
LB H AR (AN T): F T S 0B 7k 5
i (CPU: 2.4 GHz, HA7: ), FLAEEE/N GBI
SRR, AR, RS EEEES
B BEWR: 1) DABRSIEAR3 WK, 82 XI5 IE B
FH 5x5 [FE; 2) DPAD 5 IEAD $5RH 55
(3 i, Al 0.1, AT B 70 ¥k 3) NSCT
BE T 1L K 3R iR, &2 T ECN 3, 3, 4; 4)
KL 55 B R w, B a1, k4R
BT, IR PATE B, HILE A1 5 A FIRE
HNAx5, IR By, B, C1 5 Cy INRE N 2x5; 5)
Canny AZAaI T RIE N 0.1; 6) Viny T
X3k oh R 2R AE I 2 (1) 3 BRIFIR X, 1 Rg 5 Ry
T B X IR B U Vi THE 75 B2 210 2
5575 A S8 H SCHR [31] H AROAG I Sy B

K1 AIBETTEN T H SAR EHRHHIBESHod te

N Vi Ve W Vi T
1X 2 [X 33X
{5 E SAR FEf% 1.9 2.0 2.1 — — — -
PARME - - - 1.000 0.137 1.000 -
DABRS 2345.4 1409.4 1033.1 0.996 0.134 0.727 0.3
NSCT 205.1 128.9 107.7 1.076 0.154 0.662 112.3
DPAD 398.3 137.6 204.2 0.997 0.131 0.771 3.2
IEAD 185.7 130.0 174.6 0.994 0.134 0.605 24.1
AL T5 3327.4 2726.9 1460.4 0.999 0.137 0.794 10.5
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F2 HAMPETEN S SAR EHRMHIBES o0 te

VENL

N .
N BUEINBE F7 2 s X X Ve W VEKI T
H 59 SAR K4 5.5 4.7 5.4 — — — —
PARME - - - 1.000 0.055 1.000 -
DABRS 227.1 284.1 404.9 0.996 0.053 0.835 0.5

NSCT 148.0 123.7 180.0 1.026 0.054 0.780 149.5
DPAD 240.4 153.1 305.7 0.994 0.045 0.842 4.4

IEAD 164.4 158.1 297.3 0.991 0.055 0.652 35.3

R T7iE 299.9 349.9 595.7 0.998 0.055 0.876 15.7

MK 153K 2 iR S0t seie 45 K] LU
e HIHABINBE VA b, AR SO EX T4 B SAR
B4 5 B3 SAR B&, Toie /& 75 R AEAH T B 41 1
RE 10 Vany 5 W TBh5 b, ISR AERIED ST R
R Ve 5 Vekr 185 EXE HEIF R, e,
5 SRAD 5 IEAD JiikAH L, AR ST AR FE T
H R A S R FFPERE, T HLAEAH B #0014 g
ERARRER. AW, NERESERNET S &
FA AT &, AR ST 38 S R F bR B T NSCT
5IEAD, {H#181 & & DABRS 5 DPAD /5%, Al
I, ARSOOT VAR S A B M e B U LR T R
R AR,

MBS 5 6 B 7 0 405 B G0 b T PR B

DABRS # 5 B4 [ 57 X AH B0 ] LA, (H
25 X385 [ o DX e AN, IO R AN H 2R
NSCT #3 G A7 75 B 8 1) B AR 25 80 DPAD #li 5
UG I 25 X S 5% B3 o K A T B s ) 38 ) ol [X
) He 20k N B 5 B s TEAD 49015 P45 3 Ak 235 ) - 5
B, A5 X 5 1 2 X AN BE 44, (RAE T B B A4
ORI T A3 A ST VE I BE EE 0 2 X 350HH T B
O LG RATI I, [R5 X BE P, Bk S I R A4 ) B
arl]. E S 51 6 Bros i 30 BE SIS A
&8 Xt LT DUR B 78 A S iR 4M BT BAZ (134
Skl B o 202 X s 5 ()5 DX ARG HH P R AR 2%
/b, GRS, Es SR, 5
SAR BEME ) H S0 G e il

B5 (MG

FAMPETT 1020 2 BT L SAR PR BT F5 K i ko Il 5]

(a) i E SAR E{%; (b)DABRS K

1%; (c) NSCT B E{; (d)DPAD B E1E; (e)IEAD MBLEE; (f) AT EAMNKEIE; (2) 175 SAR B AL,
(h)DABRS 2 &, (()NSCT 44K () DPAD BZ4& M E; (K)IEAD A& A, (1) A5k 446 K
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Kle &IMBEVER5 &ﬁ% SAR K& m#m5E l%&ﬁa_%%fmju
(c) NSCT M3 E{; (d)DPAD MBS, (e)IEAD MFEEUE; (f) ASCHiEIMNBE KL, (g)DABRS 21446 &
(h)NSCT 1 Z I E; (1)DPAD G, (5)TEAD Gl K (k) ASCT7ish s lE

(a) K52 SAR E%; (b)DABRS 15 K1%;

BT ARERES (a
(c)100 Ki%EAR; (d)200 0\1554&

N, VR AT HOE AR B AR S TT A
B 25 3R 7 A B s e ) P AR ST i (JR BB R 5 x5
a2 KN 1) 700055 B 5 (a) 1 B SAR BT
20 —200 KA S IR ARY B, KRR D BE B 5
B 7Hw. BT o RSCOTEAEARIEARIRECT IR
1IN BE UG 35 R th T L M BERCR,, el 2
AR IREAE 50—100 2 B (WEl 7 (b) 5 (),
FHFBEAN 1] 530 G R4 ORI AT e A, (3 154K
U (WP 7 (a)), BRI B HID G AR R
Uf, H UG5k B 5O BE S e 7S T 24 AR RS
i Z B (a7 (d)), ESRAETBEA G EA S, (H L
22 Hos Bl — @ R A IR 4.

) SAR FGER AN [R5 A R B A B SR A5 ) 410 0 P15

) 20 Ri%EAR; (b)50 RI%EAR;

5 %

LAZE (1) SRAD 5 DPAD AR [ 15 41 % 1]
SRS BN T VAR R A S U, EAIHIAE T3
o ) A AR 1 2%, SR A7 TE 10 5 X S8 T BE 4
MR, [R5 XA AE RN IR, 1545 5 B
FrEh A R, Sy, AR T — AT MCM
577 R 2R & 0 S v O S B T, 1207
SR T b E G R R B, IR A% R B A
MCM kN B 4% 55 % 17 Sk SO e vh, T —
Tof R AT A ] 32 % DX 3AR T B[R] (X 5 2 B
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F & [ A BOR 5 R IR, SR T — At
(¥ Frost Y& 5 2 T =F /- TAT W AR 87 A b3,
I B0 Frost I3 R K5 J/ &7 1A LE AR &
T GHT I B 2, AN — 25 5 1 Bk N B
G, T EE A RGE T B B 130 G
AT L I IS PSR, BOR VT VARER
RS A G 4% ) PR BB VA AR A I = A
B, FERTLAERAS 22 Ml At 455 75 1% S 4 FA AR T B o)
S5 R ERE.
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Abstract

An anisotropic diffusion filtering method is proposed to reduce multiplicative speckle noise in synthetic aperture
radar images. A new anisotropic diffusion equation , which can effectively smooth speckles near the edges and reduce
blocking artifacts in homogeneous regions, is established by embedding the mean curvature motion controlled by an
adaptive coupling function into a traditional speckle reducing anisotropic diffusion equation. Moreover, a new direction-
constrained diffusion function formed by combining the local directional ratios with the improved Frost filtering is
introduced into the new anisotropic diffusion equation, so that it can further reduce blocking artifacts and obviously
improve the edge distortion problem in the despeckled synthetic aperture radar images. Experimental results show that
the proposed method can obviously reduce blocking artifacts, sufficiently smooth speckle noise in homogeneous regions
and near the edges while preserving edges, and effectively improve the edge distortion problem. Visual quality and

performance indexes of the despeckled images show that the proposed method outperforms several despeckling methods.

Keywords: speckle reduction, anisotropic diffusion, direction constraint, mean curvature motion
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