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ABSTRACT

Any classification process using SAR images presupposes the reduction of multiplica-
tive speckle noise, since the variations caused by speckle make it extremely difficult
to distinguish between neighboring classes within the feature space. Therfore, several
adaptive filter algorithms have been developed in order to distinguish between them.
These algorithms aim at the preservation of edges and single scattering peaks, and
smoothe homogeneous areas as much as possible. This task is rendered more difficult

by the multiplicative nature of the speckle noise; the signal variation depends on the
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signal itself. In this paper, LEE(Lee 1980) and R-LEE(Lee 1981) filters using local
statistics, local mean and variance, are applied to RADARSAT SAR images. Also, a
new method of speckle filtering, EPOS(Edge Preserving Optimized Speckle)(Hagg &
Sties 1994) filter based on the statistical properties of speckle noise is described and
applied. And then, the results of filtering SAR images with LEE, R-LEE and EPOS

filters are compared with mean and median filters.
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SAR %4 4-& speckle 522 A8 G4 sl Ao B2 AFS 23 vt Speckleo| & $j o2
H $29 Ax737 B8 A A dEE ] St BA MAr st 4x (R, Ad)e
2 A7 e BT 9] S 9n] 8}, speckle 52 o] HF 87 gro 2 HE Hojul: vzl o5
AN Aoz 3P4 ¥ (granular pattern) & ElGTH

SARY] speckle 52 AFH o2 7HA 3= ¥ (negative exponential distribution) 54 2. & ¢l
&) multiplicative 222 54 & zt=t}(Ulaby et al. 1986). wekr speckleo] @olt) A& <] A7)
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Speckle =& A A7 AF PH S AA F/HA R g § vk A A A = multi-looks X 2] 3}
c Aoz o) /e £ A4S o sts el ey HEe o WL 3 BalsS g
omzls A4S 7R vk F A, 33 dAAEd £3) AL e UAY 44 A rE
< o] &3 e WHF mean ZE H T} median JE Y 53} Zo] 27 X she WY 2 speckle &S
< Y9 = UAAT, FAl BAE S R} A AR E F2FEo] it oo upg} SAR G4
speckle F&& F°]7] YA = speckle?] B w2 w|Ag He & HLstn Yt

B =82 speckle 52 AARI] A, 282 A §A%, & A G BAE o) 4%
LEE(Lee 1980)9} Refined LEE(Lee 1981) W E] 9} speckle 24 ¢] B4 2 E43 & o] &3 EPOS(Edge
Preserving Optimal Speckle)(Hagg & Sties 1994) B E] & A Al 819 12, 372 RADARSAT SAR %4
o Ztzte] el & H 4t 2 AE =&seo

2. SAR g4 dE3

SAR 94 f9] speckle &S A7 st 23182 N x NIA L AR &AL, f(4,5) = fie
dojo] (i, )N wrlgt & o, & FAE FHOZ n+1)(2n+1)9 vlAAE A A
B my; = i AR B4 vy = vp(5,5) FAH FARE D4 4 (1)F A (9= FIE A
t}.
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2.1 LEE ¥ ¢
Muplicative 23l &l A FH G4 g, Lahel G4 f; Atolole
9i; = fij wij (3)

3 22 BAZE AE 3 (Ulaby et ol 1982). ©] W, multiplicative F5 w2 Eluy] = 60l 1,
El(uwij — i) (un — Tn)] = 0,266, 2 A7} ot
Multiplicative 35-°] 2A8t= 7+ T2 4 EA%S A (3) o2 5H

5y
[y = = (4)
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o} 23, f9 2R fiuE A (6)3 £TH(Lee 1980).
Fi =T +wy (9 — Ty Tig) (6)
oA 7IA, wyeE A ol5e = 2] (7)1} 2t

2.2 R-LEE ¥H
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1] vhz2 A8 I ] J3 bl $UF /& BE RYF o2 FRD, 4
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3. RADARSAT SAR g&lojle] g d1 gl E9

2 oI 1= RADARSAT 52l ®) 3 2(fine beam mode)& o] &3te] dolzl AR E o] &5t A
A5t et =3 SAR 94 HE| Y AY \—‘E (a)® 713 ¥ T (Normalized Mean, NM), (b)Ath2 £& H
ZH(RSTD), (c)BARY BAH FEE 7|F2 8 3t v mslgdch NME i d4ke] s e g
T 9o gate] B2, NMo] 19 7174245 439 AAHQ HHe sfFo] H3& ofn| et
RSTDE G749 ¥4 & 3o g 439 AF A& 9vste oz od 4355 FFe
ANA BE7L $53-E Aqn| ot AARY RE F e FFHQA v @zt Brbssteg ko) o &
atdch

# 12 RADARSAT SAR 94 4% &, 54, A 902 ipo] vtxze 78 7x 72 3o
LEE, R-LEE, Mean# Median BB & 2}z 4 vt 23 A3} 9§ 2] NM3}F RSTDel a1, EPOS ZE &
28l wHEEte] A2 ZA ot

E 1649} o] 2, 4], ©A] 9 25 speckle 32 RSTD7} 0.36 ~ 04622 F4F o] o]
A B Fn et TAT FFoR o] Fol G4l A9 Mean = Median JE #8277}
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¥ 1. 9o & NM¥ RSTD.

3 g 7] =4
vl w7 & NM RSTD NM RSTD NM RSTD

Original Image 1.000 0.407 1.000 0379 1.000 0.364
LEE 0.966 0.2563 0.987 0.191 0979 0.237

R-LEE 0.949 0146 0961 0.125 0.957 0.113
EPOS 1.085 0.082 1076 0.052 1.084 0.097
Mean 0.983 0.036 0.993 0.027 0983 0.034
Median 1.017 0.059 1.025 0.051 1.021 0.051

744 W& RSTD @& Bl Fa Yt} ol ol & e 7t npazd o Hi Ee 53
24 £%3 5 (impulse noise), & FHE| dG Rt AUl F o2 LF gAY o] 58 FEZ A A=
A 23 DE (low-pass filter)2] EA L BoFx gl gy ojn] 2 4&f A B9} o] Mean =
Median BE12] 44 A= AARE LY sl gt dol kAol o3t #2751 g vl s
EAHo] ek wekA d o] A Al(edges)ot JFTRE T Mo 4FA o FH HEAAS
vl St o2’ 1).
1% 1be RADARSAT SAR GAH (29 12)& vlAZ 27|12 7x 72 8l LEE HE g 3+ A }o)
£ 19 le R-LEE, 29 1d& EPOS, 2@ le¥ Mean, 28 1f= Median Y& 2 & A3}o|t}.
2 A3}lel) 93l EPOS ¥ 9 R-LEE ¥E| A& ZArlr}t AAwHe] 71 & =elv 9SS Be F
I 903, ¥1A Mean®} Median ZE] A& A7 ZAA W] o] T3 AL & 4 Uch BT E 1904 =2
o FESo] Adutdl oz &3] ¢elz) LEE £& R-LEE HE| o) ¥} EPOS ZE] A& A7 E 9A
9] RSTD7} 0.052 ~ 0.0972 ] *& & Rol1w 9t} tfer NMe 7% EPOS A& A3 LEE & &
R-LEE©] &} 2zt & #3188 1ol o] Bl RSTDE #4&o] X woind A& & 5= i)
ol9} 2 A7 E ulR O 2 SAR G/t & A7 thF & AES =&
A#), NM3} RSTDE vl g 23} 783 4 F 9 speckle 75& A Ast7] A& #H 0 2 & Mean
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(a) (b) (c)

(d) (e) (f)

2% 1. RADARSAT SAR 44 €13 3. (a) original 4/} (b) LEE ¥E & (c) R-LEE HE g
(d) EPOS ZE{ & (e) Mean ZE| ¥ (f) Median ZE| 3

o]43e] Aol A, SAR /3¢ speckle 5% A AN & el 54, % 24 Gl
2719 AA B £A A, TRl RFAG FAAA ) AA B welsto] o] AT FarelE
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