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Study on ¢ Stable Distributions and Speckle Suppression
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Abstract o stable distributions are the generalization forms of Gaussian distribution and Rayleigh distribution, capacity
of accurately deseribing impulsive data and have widely applications in imaging and noise suppression. However, there
are still lack of comprehensive introduction and comparative analysis in this aspect. Associating with current hot re-
search points in speckle suppression and departing from MAP based filtering approaches, this paper introduces the defi-
nition,characteristic functions and properties of a stable distributions and their special forms including symmetrical a
distribution. generalized Rayleigh distribution, Gauss distribution and some kinds of nuxture distributions.and then ana-
lyzes some useful parameter estimation principles and methods, Subsequently.an experimental comparison was carried
out and it verifies the superiority of MAP based filter. Besides, this paper introduces the newest applications in speckle
suppression of these distributions, At the same time, this paper summaries the statistical characteristics of speckle and
discusses some commonly used noise filtering algorithms, such as norrlocal mean approach.

Keywords Speckle suppression, Alpha stable distribution, Heavy tailed distribution, Multiplicative noise, MAP based

filter

| AT HEA P E

DERECILLHERIIEEELE qap)FRETBEIL LG
fﬂﬁ,ﬁﬁﬁﬁlﬁmﬁkﬁﬁﬁﬁtﬂﬁ SAR %Eﬁn Bl 2% B
Fo#ERR AaEIA5NEEERERERTXDIHmE S TFizR
TeRR RNBEESN Eit E—HRBTHSHH
VS ROk B R B 2 A M E
Tob AT S R T T W R A OB A B AR T
ﬁfil,z]

ERUSBLERMESHANRT REBR ofjye M Quegan
BHEERNEN MBREME  MEHED 4 0 4
RO, AIRL B2 5 5t 2 AR BT 19 5 A R 9
At =S, A et R ASER: HEBRPHEENSHER

TR AR LA SH AU HANEREHEENS
ERE RER 0 ART - EADSHMGTEYE 56
EHEANSEMOBENFLEHE— S8 AT HEAEED
rEREAEAES EEHEGRTRESNES

*| FUMRITHSH

YA B A E RS
=y TER FEEREEEE
A iR iE BHAHRBREAN N
In(A2) o Fischer-Tippett $78
R R 195 4 4

HATHEGRAETE gAp)RIE BF KB &R
B (NMR) F I ZFE | Oliver M Quegan 8 8 SAR

ANBEERAAMEESWE (4117134, THERRGIFERHFTET Y 114100510006), AEERBTE B (092300410140, 122102210227,

102102210447 BB

= ﬁ(]gﬂ— v, B BE cor ‘%.Et_EE:.EHFETEFIﬁmﬁﬂﬂﬁﬂﬂﬂﬁﬁhﬁﬁ'mﬁﬁﬂ Hﬂﬁ‘ﬁﬁ‘_ B & 4 21 Hﬁﬁﬁﬁ_E_mﬁnzﬁﬂwguﬂn

(@ 126, com,

« 196 =



B P OETHAFTSEENRE Me—MARNE
FHEMEGNTARSNEHLE NEGSS BiFR5
ARE DSRNS Ei SRATHELNEELENE
BEEZ— BENERSERSEGEAMNS MLE &
B MARTEMENHES BEERT BEATHER
HIRE BREAEy_ x.y.x FRAANRER BENE
KEG BLLUEFERBRLBERERE FELHEH
B % & 2R EE T RS 1R

AN, BABTRAMEREE S, PEARTET
RESHNATHMNNTE AHNSRETAERNAE,
§ W [, BRELET — A TEMS S0 B
RBATEX

, BEETHERSE

BEl BRTEGNERFERAEZNHN EF—EHEH
RAE TEGAETRIBRITIERAOBTRIERT X
ﬁﬂﬂ]ﬁ*ﬂcpﬁiﬁﬁiﬁhgigmﬂ ﬁiﬁﬁ]ﬁe e s 8 Kuan i T z
Frost #6i8% Gamma Map e 801  3E R 7B ¥ {8 38 77 ixrs)
TEE—NTHA

HmEMBEREETRAXBLAZ FIRARBEODH
MSERPREERPOERE IEXFTEINRNSZEXEHNEHRE W
¥ Mo GRBEUERFSENEOX ) FHABERED
5t mﬁt@iﬁﬂ‘]ﬁﬁ M TR E*ﬂ:ﬁ: i IR 23 By B
ﬁﬂﬂﬁﬁﬂfqi'%ﬂﬁﬁ\ﬁﬁﬁﬁﬁﬁﬁ(gmﬁmmpic Fil-
ter, Ap) 0] ZETZERE SHETRREEEEAND
BERKEAZ EAGHEZAASEHRHTERIZE XBER
MPRIMERE BiER TEGEN SmrERESBEREES
B LYEGETER #@2EARNEN =EHATEHFER
MRECOBERAEZETESNARMERAE BT g lerla
grdngeﬁﬁﬁﬁﬁﬂﬁﬁféfﬁ S5UENZEHEPHFED
E SPERiEeE AEFEANREERUELENE X LR ER
WS SO RN TS ERR—MERBERTE

BRTERRETEZIN EFETAHAERS RS
HANFHENFEREREBT AENIERE i EER
B FRABIMRAERERSTE HEREEEARER
THRHEXELRF ARWERRURTIE AHRFEF
B 21 1%

ﬁ'ﬁ' ULEREAZEFALEMERS BEHSRE
J:H{]ﬂ%m%ﬁﬂa HTFHMMEBRENTRERERBRX
MESEY BEFET—RINEFRITHEMRES
B0 Gioma R HEBEHNEBRERLLTE EEES
BRI Ok (8RR B B (S R BT 02 s
FREBEASEHBEN, EERNNEREREENNE T
BIhiBHE ZWEE, ) ARE . BHERERCET

MBHEEN SRR W gy, BEETTRE A,

2 H-J.L{l_w;.%ﬁﬁﬂﬁ_u _t':F ﬁ*fbfﬁﬁﬁ{lﬁﬁ

HiELHNE Leeﬁﬁﬂmﬁtﬂﬁﬂﬁﬁﬁﬂﬂﬂ% s
{tﬁxﬂﬂﬁﬁﬁﬁfﬁwﬁﬁﬁﬁﬂﬂﬂ‘ﬁﬂ BifE —EE
RHTEMWIEEN | BEEE gun BREEETHES
EEH% RATHNAZHELAR TEAHETERFBR
BINGES HEERE . HERISHATFRANE
i ARE EHAIRENESSEAEFNEREN EFR

FHNEHEATARNEREE - EEELER TIFSSEE
MAEBEIRE 1993 F Lopes FARULEGA R X &2
RABHAHHATEE TREET Gamma Map BB
HHTERAEY —EFFHH Gumma BEATEF
TEE—EFE NMTEERSIENER SFNEREARERIT
FANGEIT o EBWRBEREAENBRNSHBRF
Kuruogly PMBEFFEREAXBRA R Gamma 77 #H
THERBEER Ruyleigh 77, BIERMURITES
MAARAREBMENATASG FAXEHERFUAMAN
HEH AL ERCEEGENRXR IS Eonous
HadSNEBAFEEIESRNENXRAL FEAS
EEZRNFE —AEARERLIERARFTERANIE
KED EWMTARNDMER Z—AEARBEGNEERS
MEZRAENEOR D ZRTARREMAER BEl 3F
RHBAEZERETEHENEGERENREERE CEM AR R
MAtEHRZ— B BRRT —Rous TEREMNER HF
BT IRBRR—1T8R SERTREE ZBEARETZ=ME
MR EEESZENES ROHEROREERN g

i [1]68
1 |1 8
T Il
7186 |¢®8
¢ S I | 7 o 1 | 2
(a) ZHBILB (3 3) (b REEIEH
(W ZHEREEEEEXE 1, W EREHEFET
FIEMER OHXEESRREENHEEXE
B, FEBEEERK
BFE MNBEAGERTIRETEHSH BEE guades
%Amﬁﬁﬁﬂﬁﬁﬁmaﬁﬁ%ﬂﬁ-ﬁﬂ@@ﬂﬁﬁﬁ
‘E,EﬁFEDZIﬂﬂﬁﬁfﬂﬂﬂ%ﬁ]q BEABUERZET
EZEH{]}EEJE{ETﬁ'ﬁ%"t’fﬂﬂﬂﬁ‘n‘ﬂ%ﬁiﬁ{]ﬁﬁﬁ{ﬂﬁﬁin ¥
Tﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁ*ﬁﬁﬁﬂﬁﬂH¢&Eﬂmﬁﬂ
Hﬂéiﬁf-ttﬁ*fﬁﬁ_n H‘]E.ﬁ'ﬂﬁﬁﬁuuzjﬁﬂiﬁﬁﬁ]iﬂ']:
EF]*RE?H:

NLGu)(x;)= 2 wlxirx;dulx;) (1)

= end
e ERT @SR 3 4R 1B /B 4B BT O 40 48 L
M EBEMNE
EFHRATOAEAHEKR HERM B ooy
EARHTHREAMERDHES o RETHEOK
E HEBRENANEINEBNR B g B B
B0, HPDHR BETHES XHERBAEEY,
w(z)=v(x)+ v () (), TP () ARWER () N
0. N EHEBRRE ZER AR ST T RERRENE SR
ERGLBNEEEREREE B ERBHEERS
EREBEE BN 4 vrp BiRon SEER0 BORRS
FRNERe SRR BEEA REFENERRE S

3
6
| 7
8

1
[#]
&

3| ==

1
2
2
8
7

e - B - 4 nn. o

sl | ceoa | =

v x; » xf

%ﬂ-
3 ﬂﬁﬂﬁﬁﬂﬂﬁﬂwﬁﬁﬁﬁﬁﬁﬂﬁﬁiﬁf
3.1 g RERN

JRERTRENST Ragleigh H T T 57—
o 197 -«



Bl SELMNSHUNSHsHELE RE-ERFAE
B EE RES MR BESH (s,o=, kB
HHERESRMEENBERERX & qup Bk BFAR
HPERR LB URFIEURENS TR RBESHR
BN TRIFIERE #ng

Eﬂif!{?{:ﬁ:'}’raj:

{t}{p*{:r'i“[1+;ﬁazgn(ﬂtan(?)]+;5ﬂ.-r if a1

(21
EJE[)*]I_'}"li|E|:1+jﬁ5igﬂ(ﬂ%lﬂg|il]"‘jﬁ'ilr’: if =1
H’*,E%ﬁ{iﬁ(lﬂcatmn),a ﬁﬁ;ﬁﬁ(hdex]mﬁﬁﬁ;m
BEE , ﬁﬁﬂﬁiﬁﬁ(ﬂigpemmnjﬁiﬁﬁ,ﬁ ETRRHEE
(Skewness), ZHEEHETHEENERFANTFE—RA
JREEAHRHNEEENY B2 —RIBR THEXEHNTRK
B Ro,BMREFARASHNERAT o HNENL

Fo TESBHENNSH

o 8 4 B ik
> FOoRE AR BHAE
EFOE xR FAES®
(1.23 i B TR o BESH
(0,1) EHRLEE R JRES®
0 0 HEEFHSH
0.5 —1 Pearson 7

g THER Rayleigh f}ﬁﬂ]ﬁﬁﬁﬁﬁﬁgﬂujz
exp(—y|t]®). EFRREMNBERAT EUBEEMN HFRE
HERBINBEREHEET —EMNER XL cEEMNEE
BB RIE A

fI(:r)=% "tﬂsim}EJ{p(—Tm"]dm (3]

HRMAEHIER o, M K uraogle T A AR KK
ELEHRIR Rayleigh 75 REERHETH

flzl==x "pexp(—jr'p")‘fﬂpxjdp (4)

H‘*,D%aﬂz,y}ﬂ,h AR —RFN pegsel BHED pra)
ﬁGammaﬁﬁﬂ

SEHRABTE R gyyieigh 995 (1) REBRIER
REBHENTRENE UHSBREREMIETENENTS
EERLER XWoHAUERE gor ANERNSHRES
(ERSHBITHTHEITAZETE, BLAURREFHE
Gamma #75 W BURIE AL 5 36 4 & I 47 12 857 18 21
RICMEREK

EEAR —BRNSHIESTREAMNER Bl &
FEEEEHRNBRE W __o AR HWARGERTR X
R AGETRBREANEARE MRS }r=£1?5!“’i?f

¥
B 45 A B B

fly)=y ": pexpl— s ) Jy (sy)ds (5)
3.0 BHREKRBAEE

SHARECBEER NMEREZ FEM T MXES
BZ— BT RESHEEFTHRILA XEREEMAR
GHEFEEEFEMNEE Br —EFFRHTXE &
ENHSHETHNAENRA EFF58MEMEE WHE
iE ARG VT2 B MM ETHERTS

+ 198 -

3.2.1 4 # 4% B 48 3 ( Fractional Lower Order Moments,

FLOM)
EESRER pov 2, BREAGEANSHMEITA

sErcen (AiHITREMTE RAERHT EERHF— 0
BB BRT—EBEABZN —BE, BEAHOENE
BRETRFEE REARSEMET —LEHALHH
BHAR REE, NERT Y, M, HESLE
PR Bres) . £ SaS A F +Ma ,Chrysostomos FARHT 4%
ERTH , ARHEMME | EMNTE (&, HEER
Azl

rﬁ?mru—ﬁj
5 - yo s —n<p<a  (6)
r(1—2p¢

2 2
S HBETREEEEL LT

5 5,8 BEFRE Kuyruogly % E 15 KGR 893 # E
RANBREHNT WENMBEABR o cH% MBI
RBEATEHEENREERMAMLGERBIERE Rayleigh o
iy WRECHENASERLNn BE x Eﬁp Br %8 3%
A,

E(|X|*)=2¢*

n§+nn—im
i

r::—%)a

EFRMBIRT R MR BRFR MK g B
(TR, S LU T R E HHE A b R B3 X
&8, MAE BFEASTETHAET Biks 8T
BIRBELOAEN HFFRAONH BRAXMERA
L i F Gradshteyn #0 Ryzhik HEEhEXRAoFTENL
ﬁﬁﬁf“:ﬂi’-]n FLOM f*ﬁﬁﬁijﬁ%ﬂﬂﬁ%ﬁﬁi+
8 EHERBT |, MBS
3.2.2 shdcHEfE

EREREREAE ERAN pom @TERRY
2T HMEBEETENES MATIRRT , EHEE
MHEE TN EEEREREER TR ARHEE
RENEAGETSHNE ATERINEE XEFER
B8R BNEE y SHUTIRE £ xr) =g S

TE Y=In|X]| ,!'!‘Ilﬁ-[ﬁ E (!0l Xl }ﬁ%ﬁﬂ:ﬁﬂ iE(}-’i)i}iI
P! REXB P RAERARTHon,

'y‘:' ,—E{F{_L (7)

E(z?)=2"" 5

E(Y*::=d—*[f:=:p ) ye | (8)
dj:r" 1 s Y e |p=0

Eﬁrﬁﬁlﬁzﬁﬁiﬁﬁ?,ﬁiﬁﬁﬁﬁﬂ“]ﬁ%ﬁ
Fllrzon |

E(Y)=C;(L—1)+Llﬂg"r (9)
¥ ¥
Ve (Y)=“2(1+1) (10)

HEHif o ARFHEYH BIEARGITR N0 EBH
B BARGBSH , , HET WHEE Riyleigh PR EEH
ERY REAGHE IHDENKER NEEM
ruogly FAGHBITTHS [ TRUMBTRN 00
3.2.3 MAMBAEH

MABARGE T ERBAHREFSIT ZMNER R
BElahy HEIHE TUAFERGIBNE B



£, REATHAESHRIR REEDEMAS TS

28 FOLEMRTET BESENSHEIAE
BOMEEERTEREBANS Bt HE BERRET
—EH Broren M vang REETHH , REHHHR
R . BiT MARELEE ynos TEERM S
82| Bodenschatz M Nikias B H T &EF Figher B9 F W
BERNSHETS S SRESEENITEREw HTE
BEA AT EESHBHER tERN BEREEEE
HBMBARE NTFEAEERRESSEROETE A
M Barner BA T Rayleigh #HRME X — 55 #BH I
SRR Rayleigh TR AT RE HEMNSHE Rayleigh
SHHERSE BTHRAUAMGIT KRB B2 XW7H
FRETRAMBESEMNEEEATY ERIEEMNERE QR
N EMELREEREROEGRDE—ENBRY

FEE R T ROFRM p itAE EEB B
ERHFNBREEBTER ) EEEENRERED g
nik TABRERRT (RTA,

[ ==

f‘:I;H:ﬁ:T:ﬁ)ZEL " Eﬂ(:;ﬂ':ﬁ:?rﬁje_utdf (11)
FL

BRXOQDHBEBE N TR ., = —1—(N/2)Oh(k=1,
v, NOLEREENEE B

7 M
fﬁiik—l—%)h}zﬁs{ — DD X D (= 1) ol 2
a=1

‘:ﬂ_l_%))E—zhin—l}(i—l}a’h‘ (12)

A =N Mittnk *ABIT ERXITEETHENE
EfiTE MMXEEREBEREBEERGT ZHE
ETERELLCXE o PRITER | BORFA
EURBITHERMEA T, puMouchel BRMEHRT
RESHHRAMAGITAER HAITASHTESE BSHEF
FAlEme HAPFHHBESHEESIKE EMRET \q S8
HHEEE EHENMT SESHAME j=(,,5,y,6),
EEH:::-D,—m{;’{mﬂt#&iiﬂlﬁﬁfﬁﬁﬁﬂﬁﬁﬁin B

R, 0 FIRET b (a—g, 3—p y—7,6—0) ATl
MF N0, 171, AF 1 H Fisher BRERE 2000 F, An-
drews F AER Boostrap FBEIERTE—ERENMEFRNK
T ZBOEERER BESHH g BiT2 2 HEEGe
3.2.4 MCMC #h 3 4E

—BERT BTEEGE RBESHSHMITHRNE
B3\ Markov chain Monte Carlo (MCMC) T84 30 T H7 38
ﬁﬂﬁa%ﬂfﬁﬁmﬁﬁ*ﬁz—iamﬂﬁ MOMC B L € =
AEFEEVEBRAEESHNEE FIAXEREITER
KEE#BE STRITHE cmc FEERH Metropolis -Has-
tingsﬂﬂiﬁ{}ihhs i WIEEEF XTEEFINAD
£ Givens il Hoeting B1 & 1E b 5 ¥ 40 /Y 8 ik e,

E REARSUGTAE F—ERBNTF g pe
EEMNAEMRTETAMNREHRMN e IS RBITA
iZw B RESHASHBITTEREENIE g
Gonzalez FATE g, s BEBRERT g MERE EAFE
ESHNBESIHRIEALEBREFRNE BISBRBEKS
BMEEAE 2R GMEMARRREN (X407, X0,

BTSN AEAFNEGESZEaN a8 RS ELT S
BOSEHITHFG T @dxEEE NN EER ERXE
HZRBEIEMRKRENRE 2007 F . Lombardi & H T HEHL i
Eveve BiEEMGIT  RESTHNSRNEENE®R op)
IEUMMSE EfEe ERUEN oM FEFRKANE
Fral
3.2.5 gk

BRTHUENBMFEZN SHETLIBIFE 7
B HAMNFEEHR S REFE BEVHERE X Lo
K&
3.2.6 ABAEI A E 5Tk

XLHSHETAESBRKBRAERANAFTES — &
FEEBICMELIEH @A H T B4 F M AT IEIE L5 Rowmaa
Bt REXEFENRSNEREELBENSAENNRT
AR

MTEUELR FTUMEEAAET ppp ERAHR KM
HRETREARANMKE HFAHTEEERER BTRE
AFFERSN —EWHREIREH pLom FEMNBRSETHE
i‘fﬂ‘]%ﬁ‘ﬁiﬁﬂ:?{ﬁﬂ{]iﬁﬂ*ﬂﬁmiﬁﬁﬁﬁn X & 7B 1A T
EBREHSHUNBTA SEGEFNEZ B2 TRR
SHNSHIKBIEE—TEAERNEZEE  voMme
MAHEHEEMATERRRERZ T SHUMITHBAS
i AEREMNUNENREE AM BTHFERERES
7 REASHNHBE BMXMAENITEIREYSE

ERFELEAE B —EERGMAHITEY  Baites
M McLaughlin S E T RRAN—ESHBEITHE KUXLR
ERDERERE (R 5K ), NESHREIKRRER
RSB » Tsihrintzis M Nikias BB T —2ETF , BESD 6 8
REREREANERy XREH BRESHNEREMGITES
Kuruogly HEHEHEST—ESUAETTE
3.3 REEIAVHTIR

MR EREEEREARMEERE WHERIZERNE
HEELAMEERNBTAFTE BERSWESFE WHE
TEEHEH NERSHAESHHUES EEEZTHHER
TERFEENSHEATUBISHBEANENS
tH 481 . M EER Y=uX il 2 B T e 15 B InY =lnu+1nX.,
BxZTE HMaHA fx(I)rﬂ“iﬁiﬂﬁEEﬁﬁ{]EF{ﬂ'ﬂ
2=lnz BAFHR ¢ (e D)e,

HTERERENSHEUAMIE . FARAT gge
worth BERAMANEME W Edgeworth RAZ—WE
TEHGHNERRHERTAN FHARTRERESMELT
Eawmmsl mHE 725 XKL e#HRET—1ToH
R 43 7 OO AR

EERMAERERER cheppy FAEMTESTHRE
BEM Rayleigh T HRERHET | TEEFHFTRM
Nakagami 5 fors]  HEAT)SR AR 80 25 16 1 SR 4R BL 3% 4L 0
HEE MW Rayleigh PHREMTHERFIE T Nakagami
S HMESELBERMN \u ko ENHEE SATEHE
SEERAERER
3.4 ROEE

Eyap BRAEP BEGEB T H K HE I EEN

. 199



H% BABNAENTH—BER

fx(x)= [g(:i'ﬂ}deiv] (13)

i
u!

A o ARMATHR B o SERH S
5% p (AR WA EEMERTR g, REH,

fr(o =S glzlu) Py (n) (14)

RO EFE NI FAHERRNERN BERATES L
SHNSHNNE TUSHFUMNEBEESHER

EERLEP SHRERSEE g —EEASE
Bong BRAAy BAERBEUEENEH 6% &
M8 Salas-Gonzalez FAT RT gsm, RHEHTREX
HRARAERN RBRESHESRES WEKBPERFESRESH
REMEUESD EFEHISHBRT Rayleigh BEFTH
HWATFEMUBREMNEBEESHsn B weipu 7 HER
—ME S ahREFM 0 XEGHBETEBRH
AP RFRENNA ERAREGEREN—TRIZSHE
HitE il SaxahREROIR MR RBE
g EESHAREY oy MWMBENTEEM
3.5 gREESHERSIERBDHEE

# GammaMap B AP BEXBERMNSHELEFE M
RBEIESETAIRALINEFEUREENREEB & NixFE
BESHEERE Camma 7 —HEEARERIRE
BEXNHR BESBREER Rayleigh 700 & BE
ShRERTE BB —ERIMMAIE Aqhim FAE
AN BT R Rayleigh FHEILT gar BRA AP
K ER BEXFREBSHANLE (\FAWNHETRIEEER
BRAeAMEEREE SEAMERERNUEENSTHME, )
FIRANMHEGEAXBELEZEGHNBEARRICMUEE RRXE
LEBRHERIER Rayleigh 777 REBE Gamma TR EE
Nakagami ﬁﬁ; 3) ¥ A ﬁ:ﬂi\ % =% (gecond-kind) RTREM
Mellin BRI HBRE Ryyleigh FHHSH M, FEFR
MXNERERVAFZATRENEBEEAR ESHWERT,
REXBRALEMBM Gumms 7%, Kuruoply, IMEEFF
BEXRBRER Rayleigh FHEUETHER REFFITES
U FEHARARARESMENRELEESR FBREFARATHE
M RBESHSBIEATERSEMR AT ENREE
Blsol

SAR BEREBETRATUERERE R, yleipgh 7 00 &
AUEE RS Rayleigh Ak BRI —EFETEIE
B g sREAGHEINESE , TUSRAZSHESH &
.y MEMNBRESS ,  MERABERC Bl 7— vy x=
vx BEEBERTH

Foafi ff Foirla| ) Fle) T Cvoido (15)

fzw(E|ﬂ)ﬁ.[b}[j§%mﬂ7ﬁ‘ﬁﬂﬂﬁ%a SHEETH
i AERKyIBEFHASHESER vy, FH, . &
WRFHRER o EHRSRFEFRPEENA Kozick
FAFIRT oy MR EREAMNIESHREER B
BTREMNMR: BRFAN gap BEEIT birectionlet
Tk REEERBPBELTENEARERE ERHET
Moo SAETAXoHRENSHE TUSE g ocon F

o 201{) -

ARHE qugr BRESTHFAEE FHMANPGER 5/
RY B cse] = 2009 ¥ Salas-Gonzalez T ABMT X#  RES
ANEARE MARNPFEYFEER REFRT
oMM . ATHRSMMIBESREEFIERNTYE (EBRXMERET
ERGRENE FEERAT gipps FRETRESH
RBXERE TUEZH,
(HEHRSFEETERFERFRATI KRBT,
(Ej‘mﬁ%ﬁm'_‘ﬁﬁﬁﬁﬁ'ﬁﬁﬁﬂﬂm*i&{ﬂﬂﬁfﬁﬁ.‘i
HFHEXER,
(gjfﬁ:ﬁﬁﬁﬁﬂiﬁfﬂﬁﬁmﬁﬂ?EE$EI?*Q‘?FH§I1E
EUEZWMERENTEERE

4 I LEHS S

ATHWMET Garma TEW  BESTH pap B E
FiEMiEe XEQHT - EFZMEREIE BEXAT
PR ena 256 x 256 KEBR A Matlab(7, 0 ) BE
AMELARE REESMNEESOE )M A
™ MMRANA — e AP ABR ,ABER B
ENp  MENRE B — () ATANER [ BE
Frost i Kuyan 468 VAP B EFEIMER RoGHT
XLMEBEREEEZNSHLERE AR yap BRERERSHIE
EfERLE psnr)HITEREE (oNR) AR E B REAOM A IR
= STRESBRNENSHENT

Lea Eﬁiﬁ=ﬁﬂiflt5x5*%ﬁ#ﬂﬁ 04

Kuan ieb, FXMBRIFEEZRE

MAPL@%&;ED:’:*J* SXS.%H:&& 3.

BRERBHEAFERESH—1 AR BREF—E
MERE METEREE TERRERHRERS RS
ERXMATIE

(2) Lenaf#

d) MAP##

(c) Kuaniis:
B,  WRENEREEBHNESR



#; RERERVEBRSNOSHILE

Lee e Frost W Kuan i MAP i
MSE 622, 6 380. 3 287.9 20561
SNR 6. 4 8.6 9.8 11.2
PSNR 20. 2 22,3 23.5 25

BRE FXEARNMBTEBTRAMNREERTE X
REHWEMNTBTET yap FiZNBRERKREEZ XH
PEBMNEER RBESH EERERERFSHERM
—BEN EAENER BREBRATFSIFSHRS MR R
Bl XHERT RESHN—EER SHKBTIELL
E-SafBgERyE XEIMSEETEHMNERSEEN
MAPE%H{J'EE’EQ

EEA XF RBREAFHNRARAFTR D0 HEEZ
T ESEEER BR ZEMIT SHMET BEEEE Hitk
RETEHEALRHMAR HEXBHRELS RTHREMN
HoBER Wgagr BfR BFEG ERER SUE A Hoeo
FVARATANMZN MonteCarlo 77 150 BT = EE LAY X
AR

JRESTEAMEZ BT gar MBFFREAR
RRZH EFARMEIR we, AEE ZFEHE WE
MZE MEFASH BRASE #XIENEFTE—
THTHMAERE

5 & X B

(1] Marshall | S, Hitschield W, Interpretation of the fluctuating
echo from random distributed scatters, part I[ ] |, Canadian Jour

nal of Physics,1953,31(8) ;962-994
(2] Oliver C,Quegan S, SHIEEEERGE EEM] :|I;;E: BFET

JF AR 2009

(3] Buades A,Coll B,Morel A M, Image denoising methods, A new
nonlocal principle[ ] ], SIAM Review,2010,52(13;113-147

r4] BER PER FRH so\pr BERHEIAREFMNINERR | &
BZF® 2002,6(6) :470-474)

[5] Touzi R, A review of speckle filtering in the context of estima-
tion theory| ] |. IEEE Transactions on Geoscience and Remote
Sensing,2002,40C11) :2392-2405

(6] Leel S:Wen ] H.et al, Improved sigma filter for speckle filte-
ring of SAR imagery| ] |. IEEE Transactions on Geoscience and
Remote Sensing, 2009,47(13:202-213

[ 7] Lee] S Digital image enhancement and noise filtering by use of
local statistics[ ] |, IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1980, PAMI-2(2) . 165-169

(8] KuanD T, Sawchuk A A, Strand T C., Adaptive noise smoothing
filter for images with signal-dependent noise ] |, IEEE Transac—
tions on Pattern Analysis and Machine Intelligence, 1985,7(2)
165178

(9] Lopes A, Tonzi R, Nezry E, Adaptive speckle filter and sense
heterogeneity ] ], IEEE Transactions on Geoscience and Remote
Sensing,1990,28(6) :992-1000

[10] Yu Y, Acton 8 T, Speckle reducing anisotropic diffusion [ J].
IEEE Transactions on Image Processing, 2002, 110113, 12602-

1270
r11] FAC ERE HEXR F ATEFHAREEEMNERRE

FEARE ] BAFR 2012,3803) 412-419

[12] Lopes A:Nezry E.TouziRset al. Structure detection and statisti-

cal adaptive speckle filtering in SAR images [ ]|, International
Journal of Remote Sensing,1993,14(59), 17351758

[137] Baraldi A,Parmiggiani F, A refined gamma MAP SAR speckle
filter with improved geometrical adaptivity[ ] |, IEEE Transac-
tions on Geoscience and Remote Sensing, 1995, 33 (5, 1245
1257

[14] Kuruoglu E E, Zerubia . Modeling SAR images with a genera-
lization of the Rayleigh distribution[ ] ], IEEE Transactions on
Image Processing,2004,1304) ,527-534

[15] MEE HEE ER Rayleigh ﬂ$= Ei‘:ﬂﬁﬁﬁﬁm[]l =i
MEFR, 2008, 34(9):1067-1075

[16] Coupe P, Yger P,Prima S,et al, An optimized blockwise non lo-
cal means denoising filter for 3D magnetic resonance images| | |,
IEEE Transactions on Medical Imaging ,2008,27(4) ;425441

[17] Coupe P, Hellier P, Kervrann C, et al. NonLocal Means-based
Speckle Filtering for Ultrasound Images[] |. IEEE Transactions
on Image Processing,2009,18(10) ; 2221-2229

(18] Brox T, Kleinschmidt (0, Cremers D). Efficient nonlocal means
for denoising of textural patterns[ ] |, IEEE Transactions on Ima
ge Processing,2008,17(7) ;1083-1092

[19] Zhang Xu-ming, Zhan Yi, Ding Ming-vue, et al. Decision-based
nomlocal means filter for removing impulse noise from digital
images ] |, Signal Processing,2013,93:517-524

o) BEE NS BRK TR EE M0 %R A TH
BREMBAE ) PEEKREREFR 2000,14012) 24432450

[217] Nikias C L,Shao M. Signal Processing with Alpha-Stable Distri-
butions and Applications| M|, New York: Wiley, 1995

[22] Samoradnitsky G, Tagqu M S, Stable Non-Gaussian Random
Processes| M, New York: Chapman and Hall,CRC,1994

(23] Gradshteyn S1, Ryzhik I M, Table of Integrals, Series, and Pro-
ducts| M|, New York: Academic, 1965

[24] Brorsen B W, Yang S R, Maximum likelihood estimates of sym-
metric stable distribution parameters| ] |, Statistics —~Simulation
and Computation, 1990,1904) ;1459-1464

[25] Zolotarev V M, Integral transfomations of distributions and esti-
mates of parameters of multidimensional spherically symmetric
stable laws [ M| // Gani J, Rohatgi V K, eds, Contribution to
Probability : A Collection of Papers Dedicated to Eugene Lukacs,
New York Academic,1981.283-305

[26] Georgiou P G, Tsakalides P, Kyriakakis C. Alpha-stable mode-
ling of noise and robust time-delay estimation in the presence of
impulsive noise[ | |. IEEE Transactions on Multimedia, 1999, 1
(33:201-302

[27] Abramowitz M, Stegun 1 A, Handbook of Mathematical Func-
tions| M, Dover,New York, 1972

(28] Ma X,Nikias C L. Parameter estimation and blind channel iden-
tification in impulsive signal environments| ] |. IEEE Transac—

tions on Signal Processing, 1995, 43012 ; 2884-2807
o) BH EHH BNRAEED RBEERMELAGE | F

EERRBEEFR 2012,17(12),1461-1471

(307 Bodenschatz ] S, Nikias C L. Maximunrlikelihood symmetric o
stable parameter estimation| ] |. IEEE Transactions on Signal
Processing , 1999, 47(5): 1382-1285

[31] DuMouchel W H. Stable Distributions in Statistical Inference
[D]. Yale University, Department of Statisties, 1971

[32] DuMouchel W H, On the asymptotic normality of the maximunr—
« 20T .



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

likelihood estimate when sampling from a stable distribution
[J]. The Annals of Statistics,1973,1(5):948-957

Andrews B, Calder M, Davis R A, Maximum likelihood estima-
tion for g—stable autoregressive processes| ] |. The Annals of Sta-
tistics, 2009,37(4); 1946-1982

Mittnik S,Rachev S T, Doganoglu T, et al. Maximum likelihood
estimation of stable Paretian models[ ] |, Mathematical and Com-
puter Modelling, 1999,29(10-12) ; 275-293

Awsal T C,Barner K E. Rayleigh-Maximum-Likelihood filtering
for speckle reduction of ultrasound images[ ] ]. IEEE Transac—
tions Medical Imaging,2007,26(5);712-727

Godsill 5, MCMC and EM-based methods for inference in heavy-
tailed processes with alpha-stable innovations| C // Proceeding
of the IEEE Signal Processing Workshop on Higher-Order Stat-
icstics, 1999228232

Szajnowski W ], Wynne | B, Simulation of dependent samples of
symmetric alpha-stable clutter[ ]|, IEEE Signal Processing Let-
ters,2001,8(5),151-152

Givens G H, Hoeting J A. Computational StatisticsL M]. Beijing:
Posts & Telecom Press, 2008

Buckle D J, Bayesian inference for stable distributions| ]|, Jour-
nal of American Statistical Association, 1995,900430) 605613

Salas-Gonzalez D Kuruoglu E E,Ruiz D P, Modelling with mix-
ture of symmetric stable distributions using Gibbs sampling[ ] ],

Signal Processing,2010,90(3),774-783

Lombardi M ]. Bayesian inference for ¢ —stable distributions: A
random walk MCMC approach[]]. Computational Statistics &
Data Analysis-CS&DA,2007,51(5) ;26882700

Fama EF, Roll R, Parameter estimates for symmetric stable dis-
tributions[ ] ]. Journal of the American Statistical Association,
1971,66(334):331-338

Press S ], Estimation of univariate and multivariate stable distri-
butions| | |. Journal of the American Statistical Association,
1972,67(340) ;842-846

Kuruoglu E E, Density parameter estimation of skewed g—stable
distributions[ ] . IEEE Transactions on Signal Processing, 2001,
49(10);2192-2201

Moser G, Zerubia J,Serpico S B, Dictionary-based stochastic ex-
pectation maximization for SAR amplitude probability density
function estimation| ] |, IEEE Transactions on Geoscience and
Remote Sensing, 2006 ,44(13:188-200

Bates S, McLaughlin S, The estimation of stable distribution pa-
rameters from teletraffic datal ]|, IEEE Transactions on Signal
Processing, 2000,48(3) : 865-871

Tsihrintzis G A, Nikias C L. Performance of optimum and sub-

optimum receivers in the presence of impulsive noise modeled as

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

an alpha—stable process[ ] |, IEEE Transactions on Communica—
tions, 19595,43(2):904-914

Efm BEREMBEENAN), LR BFHBER 1976

Xie Hua, Pierce L. E, Ulaby F T, Statistical Properties of Loga-
rithmically Transformed Speckle] ] |, IEEE Transactions on Ge-
oscience and Remote Sensing,2002,4003) . 721-727

Andrews D F, Mallows C L. Scale Mixtures of normal distribu-
tions, Journal of the Royal Statistical Society [ ] ]. Series B
( Methodological) , 1974,36(1); 99-102

West M, On scale mixtures of normal distributions[ ] |, Biometri-
ka,1987,74(3).:646-648

Yu Chengpu,Zhangm Ci-shen, Xie Li-hua, A multiplicative Na-
kagami speckle reduction algorithm for ultrasound images[ ] |.
Multidimensional Systems and Signal Processing,2012,2304)
499-513

Kuruoglu E E, Molina C, Fitzgerald W |, Approximation of a-
stable probability densities using finite Gaussian mixtures C]/
The 9th European Signal Processing Conference: Theories and
Applications, Rhodes, Greece, 1998 ;985092

Jakeman E, Pusey P N, Significance of K distributions in scat-
tering experiments[ ]]. Physical Review Letters, 1978, 40; 546
550

Salas-Gonzalez D, Kuruoglu E E, Ruiz D P, Finite mixture of o
stable distributions [J ], Digital Signal Processing,2009,19(2) ;
250264

Sangston K |, Gerlach K R, Coherent detection of radar targets
in a non-Gaussian background| ] |, IEEE Transactions on Aero—
space and Electronic Systems, 1994, 30023 ;330-340

Achim A M, KuruogluE E, Zerubia ], SAR image filtering based
on the heavy-tailed Rayleigh model[ ] |. IEEE Transactions on
Image Processing,2006,1509) ;26862693

Kozick R J,Sadler B M, Maximum-likelihood array processing in
non-Gaussian noise with Gaussian mixtures[ ] |, IEEE Transac—

tions on Signal Processing, 2002, 48(12) ; 3520-3535
ME BRE IR % EFEA biecionle BEHRARES

B gag BRREME )] HENZE® 2008,3107).1234 -

1241

¥k THE SEX NA Alpha BESHRHEERENN
A B FS5REBFE 2008,3009),2042-2046

Kuruoglu E E, Zerubia ], Skewed alphastable distributions for
modeling textures [ ] ], Pattern Recognition Letters, 2003, 24
(1);330-348

Tsionas E G, Monte carlo inference in econometric models with
symmetric stable disturbances [ ] ], Journal of Econometrics,

1998, 88(2) ;365401

(L4 % 180 1)

[5]

[6]

[7]

Cunha A L, Zhou ], Do M N, The nonsubsampled Contourlet
transform; theory, design and applications| ] |. IEEE Transac—
tions on Image Processing,2006,15(10) ;3089-3101

Li Hong-jun,Zhao Zhi-min, Yu Xiag-lei, Grey theory applied in
non-subsampled Contourlet transform|[ J ], IET Image Proces

sing, 2012,6(3).264-272
B WS RENBREFARZIMN quR Eﬁ&ﬁ“l FE

207 .

(8]

[9]

[10]

BREEF®E, 2012,174):596-602

F4 WER FTEE ¥ BRFANEHEEE ] £BT
» WH 2013,24(9):1825-1831

Wang Z.Bovik A C. A universal image quality index[ ]]. IEEE
signal Processing Letters,2002,9(3) :81-84

Maseem I, Togneri R, Bennamoun M. Linear regression for face
recognition ] |, IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence,2010,32(11):2106-2112



