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Abstract

Speckle noise has been a primary concern to many applications of synthetic aperture radar
(SAR) imagery. In recent years, several satellites with radar imaging systems were launched and
the use of SAR data are expected to be increased rapidly. The objectives of this study are to
provide introductory understanding on radar speckle filtering and to compare the effects of
several filtering methods that are relatively unknown to user community. Two study sites were
extracted from the RADARSAT SAR data obtained over the suburban areas near Seoul. The study
sites include relatively homogeneous cover types, such as reservoir, parking lot, rice pad, and
deciduous forest. Five filters (mean filter, median filter, sigma filter, local statistics filter, and
autocorrelation filter) were applied to the SAR imagery and their effects were evaluated from the
aspects of both image smoothing and edge preservation. In overall, the evaluation results indicate
that the local statistics filter and autocorrelation filter, that are based on a speckle model, are more
effective to suppress speckle within homogeneous cover type while maintaining the edge

sharpness between cover types.

keywords : SAR, Speckle, filter.

1996\ 89 269 H< @ 19969 99 289 Fg.

-155-



Joumnal of the Korean Society of Remote Sensing, Vol. 12, No.2, 1996
O OF
a1 =

Speckle 52 #olE] GAAEY] &8 AA B FAvt @ o, @A o] FAE
A7) A o] E3] o] gt A2 B d 5 Held JGAME #FAS AT
AR Eo] MAHRY T o gr} o] 259 &80 g Aol I xHT AUtk B A7
2L dolti g2 speckle JAE AT 71E4 NG olaigh okgd 7E] EHEH oY 7t
2 9] speckle WEIQ &E w73l LA 3tk 19959 RADARSATHA A AdojR Fx A
A9 SAR YRR THAAEIE hFE RS sk F XY I97AIE AAEA
o B3 ZeAAC dE] AHEEHY £ HaEE S FYUZTEY A, Holr speckle R WS
7128 /pdE AIWHEE, BEiHESE, 292 BCHERZEE 5 F e 287t ARREA
o "EelY A smoothing €39t HRBMEFFE T FHE Fof vHAAL AAFHOZ
speckle 29 & 7122 /dd FEHHMEZE S ACAHRTEEE 08 HHd vl g 98
7re] ZAE ZA LI speckles At G HEM(smoothing) A7t ¢34 Y
ettt

1. M E

AL 2 F¢ AT AR ol T W3 F o stue V1 3 AR
S )3 2ol AE 7/IA T YE Synthetic Aperture Radar(SAR) 94AEE 58 4 9&
A4l AHELEN, o OFd T dATAARRY '~‘>l—9~£ 7}‘;?11 8t sirh SAR
FPINEH LS 78Ol e Adold KT ASE 5 & Avke @y ALHoR
Aol Aol e, LR £ RS 3 Gl defAe 715‘—4 ety ARG
542 g9iste AEE 4& & U gy 9AARE T FHE QudelA 2
g vholAZH ol 7t A @AY 2EF HF AR wpy Wstse AdA ATE £
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=914 doly °E‘”?<]'E7} g4 FEHI &8 7HeAel S wet I 242 H
£ 23 vk SARYFANA Y speckle A2 3o EER(pixe) E A AT RE
A whAbE & 0431 #oltstel 43 74873 (coherency)ol mE ZAFAEA H4H
(Goodman, 1986).

SARY AN & speckle Bde HAdete 7WHo2E FYAEIE FAHHIT Aol 1—]6}%
Wz oolu] AP JAAEE Mg HHAE s ¢ dth AAY Ase AT
2R Fo|gag $5Ase HFANA skt it F2HE w8 W (azimuth direction) ol
2 st doltsg A% H olE sk multiook processing 71w ol e, AR
2 g8 AHEEE 4-look G A5 vl W9 deltuE st Haske A9l sgE
9 multlock A BTk ol gie] e s 48t singlelook® 2 AHeldte A&
t}. Speckle A 9] E o W2 ojv] Folr A& 5T Foll YHFE 5T A
g olgste Agoltt &3] SARGHY Aol A speckle®] A A (removal) HobE A
(suppression), #17}(reduction), ¥ smoothing®. 2 FHAHE 7MH-2 speckle AAS) &A% A A
= speckle®] 5444 AR nj¢ 2&str] fFolth

B AFddre oln JAAETL doixl Fo FAAH7IHEE T3t speckled EHHOE
Hxslg & Ade o8 7kA 2HY 71ES va 48t stoh Aol oA 'QEJE‘
7ML o8 74 &xe d] AFEEO] o, SAR F4ARY speckle HAE st £
3] aotd WEY VHES 71EY AN GIAE AR AN BoE vy AL 7)
Eolth SARYAIAES &8 SHAA HIEA] Te{EofoF & speckle B w]¢ T2 ¥
Holgt & 4 913, wEhd & =79 5L ojv] /dd dxA HHIIHES AHA
2 ouy EAFCEZN Holt] JAAE S5 A YEHY7IHS AAsaA gk

o

m
)
2 N o fojo & [o o

ok m{o

lo_k_,mim

2. Speckle ZE| &

gojr] AgoNr1 speckle BEIH L WA speckle A 54& 7EHHstL
2RE 2TSAT 7P g o2 AL EE speckle R WS A X EEFE ¥
3.9 speckle®go] F3AE multiplicative modelE F< 4 UtTh

714 Zi=gAe] G jol fAXT EHRpixe)d F Xj=F0] gle EXENAM AR &
F3 Azt a8 Ve Xl F8l %0 speckle oo FFolth A7IA speckle ViE FRE
A AL E AE X9 Solm e F7hE Ao Agle] FARE WAATy Py S
ol EAA 7FA el wet speckle VO HiS 12A 18 5 U3 wabA Z29 Hi2 X9
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B3 2o & F gl ol 22 speckle R F 9] 71 3o A speckle G0 TAE XE F
A7) 93t g 742 "EY o] ALHAEH, o)ES YWHOE (2m+1) X (2n+1) A7)
9] G4 (window)oll A FHA HR FHK FS T4 FAFAEY METHMHE A
Wis wae g e H

WA Lee(1983)2 sigma filter 2Hzte) windowWol X3 #HF(pixe) E0] 7hHl $A&
a9 BU A9, & 22 HREA/E BIEY, Y JEoE uAE sAFEUNY A
P T2 FASAE YA Y FHd AT gaEel FHA de ﬂf‘@r T3 J
WAE BEslE 1EE AFEREd QoM HHEE FHLE 20 HYd & FES B5%
o|BZ 7} windowd] 7hEH AXT S FTAULE +20 HHAd EWH FIEH Ad &%
SIAZ ZHFste Aot 9714 sigma(o) ] g I GAA 2E F U BEY 2 9
B¢ ZEECH FEW)Y JAFES 9o Axse AFF WS oL AU, 49
speckle BHo|A o280 2 AsE 4 it

Lee(1986)9] o2 HE Y WHOZ windowd 9 %Ffrﬁi‘ﬁ%ﬂlﬁ(local statistics) & ©]-&3 W o]
A+=d ol 4zt windowllol AX| 3 3t4aFolA FEH FAAE ol &3l FAY 4
£ H3sA do
A
X =X +k (Z—X) ...................................................................................................................... )
o 714
o
K 3)
x<ﬁ+m

Frost (1982)9] BECAHMZEE Leed fiterEd WHA7IAE (1)9] speckleZdel 7|9HE F3L
Ao}, olof Hifmstel BEEEA BAME A3 X7t FHe] FREF ZEF AAUL ofld T
o7 HEHS 7L Jvhe BB (autocorrelation) 7ige] o £ itk wekA, window <]
SAol AR sthe FH AAYEY IEHAA A st AH =, 229 s o
VA E windowW o] 3}4zke] S8 whe} 392 By ofyz shew SAERE ] A
w2 AFEn & A 2] Ue A Ve AE dUEeE A2 e A HY F
Aol A 717ke) 9,15 F2EY NHEAE B2 %2 HAHE Aot

ol ¥H ol9ok #olt] FAAEY speckle ZAE et AHE o7 7HA] @aEEol
RHJDG o5 FHEE EFNH Ao AFH speckle RS HF et Pt W
(Kuan, 1987), speckle B3 offdA AA Qo] @&d 7|stey dE &3 ¥H
(Crimmins, 1986), J8] 1. Landsat Thematic Mapper AFS.9+e] AAAAE o] L3} HHY
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al, 1985) 5ol Utk sl GdAA 9] specide BE L HIZo e ALHHY I B4z &
dat Afrh e Fol glom, 2R EF /HEe] BEHT vH(Hage, 1994).

o) st 7ol Hoje A speckle HAE st EE FEEL A olFHoE W
A o5 A UEtUE speckles ‘-*Wl??}&l e FERA Bo|EF St smoothing E3-E 7}
ArkEh 22Y smoothing EHTHE 2 Ade F o)t HRT WAl A4
A =2 2 b F3 22 RS FxEC] FusAA o wtA A4 &
FHEY FEAHY FEE dold GAAM YehdE specked] 4 Fae Ha3}so
e A FogA wee A AAACIY A4 eAE0] Z3AA 8L F
fFAE F# JEE s=d Atk A9 7 FE S e A4 FuAE ¢ AP AA
g o Fot £ F gl

ox i rlr
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= o
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Ao AFEE Fold GAAEE A 19959 2 Fhitiel ¢lsle] WALE RADARSAT
oA PdojR £ X9 SARIAAE F S 354 h RADARSATS SAR

b A2t Hzo 49 58 RS dAGAYANCEN T Fofol AHgE F
AFE 2 Hold FEAEE FFEt Avh 53] golt AF-gANAEL 75 T
W2 @7 ofZblE YAREE Fe F Q7] WEel AR tgE 8
A H9th RADARSATS AN ABeixE SAR GIAEE E#ME(swath
width) 2 #7519 ztolo] met 7709 BToA B F e, & d7olA A" 94
A5 oF 50km®] FAME 3 ¢k 9mé HFE S A= HRES EE(ﬁne resolution mode) ol 4]
AojA Aotk H 1L E AFoA AL RADARSAT JAAFY 7184 5AL HAF

N 30 of Ho
2 ox 1 o o?{. rke
2
S
SN

ox
=2
o
¥o odh ¥
illo

4

Table 1. Characteristics of RADARSAT SAR data used for this study.

Data acquisition date December 26, 1995

Data acquisition time 18:34 in local time (09:34 GMT)
Orbit Ascending

Orbit altitude 793 ~ 821 km

Wavelength C-band (5.6 cm wavelength, 5.6GHz)
Polarization HH

Incidence angle 42.5°

SAR Mode Fine resolution beams

Number of looks 1

Pixel spacing 6.25 m
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AT A A9 AL speckle BEIFH Y] EAE GAHLE HQsr]o] G| =

Aol e T X AYS AEste 24z 266%256 34 A719) AR a‘%]é}‘)&ﬁ}.
d 12 A A AR ARE A7 R ASd AAGE AYAFA FH AGe BRI
FARlOIT), o] AL AFA K@ ol FE 30d4 st HEF oY FhF
g 9 =3 o] AL e gy HEAPLE FAAHANR F A AFAGLE T
e A AEdEd B Aubd FHol AAHed, dY FA, =2, FrHE, 99

Figure 1. Black and white infrared aerial photography of the Si-Heung study site.

-160-



Effects of Spedkle Filtering on Synthetic Aperture Radar (SAR) Imagery

it

U un3 gdd Aee sEFPoz o)FoA Q)

T XY GAAEE 1A YA dFE dHY /EE o8t HYH7] Mo, ojw] EH
Hog gtol FEAAN AMSEE HdUE (mean filter) 9 Y3 L E (median filter) & A1E
ate] YA ol FEIE st windowW ol 1A% HHZIA(DN vale) B HF & 5
Sl st FAsAZE dASUrIE ofF 1ad dxElEeg, I B¢ JAAF U
B J3E AASs PHOE gl AMEEHY gtk #o)u speckled HREI o7 71X
ZEE 7Y Tl B dpfiMe folM AEE Lee(1983, 1986)2] Al 1nk(sigma) B E 9+ BRTHE
At (local statistics) 8l T12]3 Frost(1982) 9] [1CfHE (autocorrelation) DEI & A 7HX1& & &3
At 2EE g9 AR Hw AEE st ZE FEHL window I7]7} 3x322 F
g3t 4EHUL, EFH Fee 3 132 AASET EE windows] Z719F IHY ukE

TE 9E¥eEA gEy 53e u$ 28 veld 0oy, B AP gEHY &3
o] @& HZE f8td 7Hg 71849 AHeehe dAEa

AHEE oAl 7HA FEY Ade] oid viae WA AR 93 JARES 5319
TEEE speckle] WIS AHEY ME OE HEY Alo]9] FA A T2 § g
gus et 5ol T2 Fol @A ¢ A9 2L #E AHE AFHez
A3l HHEE DNEH L JIZAZE Mtransect) S T0] 1 Mol A ste AHEEY gL o
HEETHE (profile) & 13 vIwstdch e Y azte AT B4 B = =
HEALA 9] WSt ofF WA diAE= Yd EH EAS 7 5239 A gaie
gAghel tﬂOla YE = A4 (speckle index) & +&3te] W3k th o] speckle indexs= 3t
o] oM FE28 JapES] EEUXS HEHY HE LaE, F9T A2 Yo
speckleo] EHH 02 AAHALH ©] speckle index?] FS AHHOE 22 3 724 2 A
ojt},

N
)

doly Aol BeY Ege EHL ol T kA ZW0E o] 47E % Aok BA
Ao GAOIN BTHAA BER 0}F WAL o5 EAY speckle AhTo] WY A

oL A% ZAHAETIE Uehll= JAFe] BWE R (smoothing effect) S B W T 4= qloh 22y
e ol glojA iLJEFﬁ’WPOl dEEGH AAMIY £, 3bd T A F2 Zo REY
o] MM FAY HYEE AAaAIe ZHE VNS 4 Aok A e a3 JE
= ME O %&Eﬁ/(cover type) 79 ZAAE AA3] FASHA FLdT HEH U
speckleS A8l @ade] #ALE Fols WO HAF o o} 3},

O9 29 3 7 A7 A9 "EY Ayt <E e 44 g 7R ZHZ AZE
o] s HAFI vk WA Y 29 AlF Ao gAelM FHatdel fR3 A5 A
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Figure 2. Original and speckle filttered SAR images (Si Heung): (a) Unfiltered raw image,
(b) Mean filter, (c) Median filter, (d) Sigma filter, (e) Local statistics filter, and
(fiFrost’s autocorrelation filter.
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Figure 3. Original and speckle filtered SAR images (Kwa Chon): (a) Unfiltered raw image,
(b) Mean filter, (c) Median filter, (d) Sigma filter, (e) Local statistics filter, and
(f)Frost's autocorrelation filter.
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2 F 9 i Uit J9e e 2 AHAE Fol A ST deul AHE Helwmst AE
I NFHo) o|F= z}to] WE ALH dALRE 9lle] YRR dElUR st wAlEE BAE
A (comner reflection) ) EAE 2 R Aok 4 943 vwdte) 2EHY My & o

A ol B speckle A4l BAF AAT smoothing &7t & BT AT, 1 Fo)
NE HEUE (b), BFHHEZE (), 223 ACARBE @O g5t Ha8 Gage] telA
5 QAH T speckded A et Kok THHQ AoE Mtk

HEesl S A old shagte] MRS ANgen % Jloln, B He
B3} speckleo] A8 AAHYTHR Tele SAge) Wolt HY Ak vE
4 ol 1Y 4 WRA Az Wolzk WA dAHE S FUd NEANE 17 )
o Ade WRe 1 HagEe EANE ALY Fjolth YRHOE U} 2T
2ol BT WEe wE Adoln QojAL delH wAAEE Ak Wolst gloss
AAAA D, 18 1NE N2 T nEge Folrl whagke Woldl 2 Aol flE Ao
2 Uehgth olg @ A Qold AFE SARGAS AT BEYAA SRFo 2 et
speckleR @] ZZo] RYET. =, speckle BYL EHH 4 (olA speckle & Vi AEEZ
oA ALY $5AE Xoh PR SYHow wAEny ¥ 4 Atk 242k A FeA 2
8 ol ANE speckleX| e BEZA7} dE 22 AR v@se] A oHE Do
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Figure 4. Speckle indices for an indicator of smoothing effects and were obtained from
the eight homogeneous fields.
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T2 ¢ F UL o AFE AF AN BFHUY smoothing T A9 HEZ ALGITHE
#HE, FAFTAXNGH, A71FFZE o] speckle@FE AZst=dl REHOE VN
2#Y smoothing E#7F 7HE Holdt G4 F bl HIEE S A4 AAM] FREA
b @3 F& 9 =271 FujsiAs 74 (bluing)©] Aste] Fe] AAH A=}
Bo] dojRs #2E F vk G4 (e)F (D9 A, smoothing &= FdFE Y AY 54
3t ob& e ZAACIY RE 2Z A7 H4EHEG v X F5e] Yy vk A5
QAN AeA FHH FH golut gAY AAE & ARG, FFUHAME FAF
£ol Bol ZHAEES 22E F JAY, FLFTAANEHY AVGEEHY Fy H2A 1A
2 VY 5 Uok oHF 2 HAY RN E FopE ¢
e, 53 49 Fadd AXNT HdFg FAEH dAHE EEE 29 TR
£ol oz FHIUSS tREd M & F JAT FFEHA st HHH (b)
Qe Fdstdel 4 FEo] QoA 3 9 28 UEd A £ F Ut
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7HAE OE AQS 7tEAEE g 110 I Aol Ad FHEUDN values) 4] BdH x (profie)
€ AFAAHIH 5). ol FEu=d M BHAY FiH %S FRY AAE = &
1 BRHAY smoothingZ 8t AAE FAste &Y d¥E &
F Aok HFEE AY FHoly FAFH o] ILE Foly whabt didEs Al
smoothing I obF B Wi, O FAe] FA AYAXE I FEo WA @ A
Aoz Wskes A B F A0 Sigma TES 5 A SN UA EAD speckleE ]
A9 AARD W olF W2 e 7H speckleg ol HAHA B Holles #FE 5 3o
b smoothing E3}7} th& &l vlste doljg s & = 3tk 18
QAT F2 F9 22U 958G Aol FAE B FHIA F
T HEEd ¥93 & 5 ok A9uoA Bole €3 FH Y
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Figure 5. DN value profiles of transect line (a) Original raw,

(b) Mean filter, (c) Median filter, (d) Sigma filter, (e)
Local statistics filter, (f)Frost’s Autocorrelation filter.
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g 4 Atk oed S8 Fopol weh o 42 seckle BEY 7ol AgHolo} AT,
speckled AUNT AAFHN A2 T ALY AAS FA% A AUEE 94 &
C BRHY FUAAE 10 F2EEG FIULLLGE secke DY) WL F 43
g8 ge] Bt AYstele AzEn

5.4 B

gojt] AR BE&E AT T U speckle S FAF) A3 A7 R AHER
FHE 7Y Ec] LREHIL o, o]E2 FAA ALHIUYT F AAE A HA¥EY F
G e vste] SARGAY] EAE THste ItE olEHo R E—-4Hd 7HEelH B
4 9tk Speckle YHH Y FFAA FHL FAA ofF WAY AFA EolE speckled F
et AAsle Y 7Y oA 12 a3 2A 3= smoothing 349 IA MZ T E
&Y rto]e] AAE FalaA FAMFE EHE A TEAIAHF gk B AFoA HL
g O 7t "EHY 7EE JAM DA speckleThE AAATIE FAFe] BHERK
(smoothing) E TS FHIHA 7€ FFPHY TYRHLHUCEE a3HY F Utk
a3y 349 37 TE 23t HYS AAT B AR g2 g8y Aloje] A #

< Z9 5B Fol A ot HFEEVF windowH & EE SAZEY AdEH
g3te ALtsEe AFGEQ wEH "]1‘3}%51, FAaTAXNZDE, A74AEHY Fee
window{oll EA& + Se AME OE FBYT oS A Q13 | ztzte] ghiol s
e S AE FAT 22, smoothing &3¢} 3 AL FA et GFe] AEEE &#A
e 838 HAF Utk AR ot A5 AAME T3] FASHA speckles H
gt A 8= smoothing EHE FA XA ST, B (ocal statistics) ZE 2 BCAHHE
B4 (autocorrelation) B E 7} 7} 9438 ey AME BoAFL)

g om FEHFHAA oM FEF LuEFH A ZEFHooF & & TdE 34EF ¥
B2 o2 359 AYEE windowe 3718 5 F dth B ATeME o 139 ZE )
3x377]9] windowH= ARESHATE whekA wHE 3149k window A71E EElE Fol wet 2H

2 Al AND SAE B0l Aede Aztad T8 BHY Z49 489 A5 24
o Dd S8 B0 Bl AAsHolol Ak B ATl 4AY vt "y A% 94
2 gdow B=SUT PE 5HAQ IR I PHY EAE FRHO WL
9. geg 2o MEt EAYEY RS A9 ARHER 2% 4T, ARA F
584, AANHA T ARA BAS Bod Edelq olFd] A & oW v A% =

& ohrsbA dehg ¢ dlth BE 246 A%% sue) BHY wEe EAY 4 QEl
SARYAOIA 9] speckle WE W g dlolr) abe] S0 weh A olof shel, HEHA
go QA BE Aol e A AR BE Y EFel ) AFF AP Qs AAH ]
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