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KOMBMHUPOBAHHAA ®UNBLTPALIUA I/I3OI5PA)KEHI']F1, NMONYYEHHbIX C NMOMOLLbIO
PAOAPOB C CUHTESUPOBAHHOU AMEPTYPOM

bextun 10.C., bpsanes A.A.
Ps3anckas rocynapcTBeHHas paguoTexHUUecKas akagemus, Poccus, r.Pa3ans

Jnst u300pakeHui, MOyYeHHBIX C MOMOIIBIO PaJapoB ¢ CUHTe3UpoBaHHOI aneptrypoi (PCA-u3o0paxenus),
xapakTepHa mpooOiiema creki-iiryma (speckle), KOTOpbIA CUMTAETCS MYJIBTHUIUTHKATHBHBIM C JKCIOHCHIIUAIBHON
TUIOTHOCTBIO pacipeielieHns] BEPOSITHOCTH ero uHTeHcuBHoCTH [1]. Onnako aHanu3z PCA-n3o0pakeHuil oKa3bIBaer,
YTO CHEKJI-IIYM SIBJISICTCS 3aBUCSIIMM OT TEKCTYpHI 00 Iy4aeMoi TIOBEPXHOCTH, T.€. MOXKHO BBIJIEJIUTh YYACTKH C pa3-
T4YHOW crereHplo mHTeHcuBHOCTH (developed) cneki-mryma. Kpome Ttoro, Ha pasmmuHbix yudactkax PCA-
M300paKeHUs! IUIOTHOCTh PacIpe/IeNICHNs] BEPOSITHOCTH CIIEKJI-IIyMa OTJIIMYAeTCs OT TeopeTudeckoi [1]; Harpumep, B
JUTEpaType OMMCAHKI CITydal raMMa-pacripenenenns, K-pacnpenenernus [2].

BonBIIMHCTBO M3BECTHBIX METOMOB (pHUIBTpANNy, MPUMEHsIeMBIX st 00pabotkn PCA-m300paxkeHnii (Harpu-
Mep, MeauaHHas GuibTpauus, agantuBHas Guiabtpanus (¢unstpsl Ju, Kyana, Apceno u T.1.), duistp Bunepa-
Xoma, ¢punbTpanus Ha OCHOBE BeiBIET-IIPeoOpa3oBaHuil), MpenoiaratoT 00paboTKy 3alIyMISCHHOTO H300paxe-
HUS LIETMKOM, 0€3 IpeBapUTEIbHOIO aHAIN3a XapaKkTepa H300paKeHus], €r0 TEKCTYPBI, COACPKAIUXCS OOBEKTOB.
Kpome Toro, 3HaunTenpHasl OJI AITOPUTMOB (PHIBTPAIMHM OPUEHTHPOBAHBI Ha Cllydail rayccoBcKoro (0eroro)
IIyMa, TOCKOJIbKY ObUTM MaTeMaTH4ecKH (aHAIMTHYECKH) MOJIYYEHbI [IPU TaKoM AomylueHnd. OueBHIHO, NpUMe-
HEHHE JIFOOBIX MOJA00HBIX aIrOPUTMOB (DPMIIBTPALIMK HEH30EKHO MPUBOIAMUT K HEYAOBICTBOPUTEILHOMY PE3yJIbTATy.
Takum 00pazoM, BO3HHMKaeT HEOOXOIMMOCTh pPa3pabOTKHM KOMOMHHPOBAaHHOTO moxaxoxa K ¢uibrpanun PCA-
N300paKeHNH, KOTOPBIH YUNUTHIBaJ OBl BHJ] TEKCTYPBI M 3aKOH PACIIpe/IeNIeHUs] CIIEKJI-ITyMa.

Jnst perieHust mocTaBiIeHHON 3a1a4M OBUIO TIPOBEAEHO HMHUTAIIMOHHOE MOJIenpoBanre Ha DBM c neinbio BbI-
saBIeHUS 3P PEKTUBHOCTH 00pabOTKH N300paKeHUH, NCKAKEHHBIX CHEKI-IITYMOM, BBIIICYKa3aHHBIMH aJrOPUTMAaMHU.
Ha nepBom 3tane nccnenoBaHuii ObUT MOTYyYEH aJrOPUTM AJIsI OOHAPYKEHHUS! YIACTKOB N300paKEHHS C ONpEeIIeH-
HBIM THIIOM TEKCTYpPBI IpH AEHCTBUH IIyMa, KOTOPBIH HCHONB3YyeT KOA(QUIMEHTHl Bapuanuy, BHUUCISAEMbIE B
npezenax JOKaIbHBIX OKOH. 3aTeM Ul KaKA0ro HaWIEHHOTO TaKMM O0O0pa3oM CErMEHTa BBIABUTANACH U IPOBEPS-
Jlach TUIIOTE3a 110 KPUTEPHIO X~ O BUIE 3aKOHA PACTIPENENeHHs CIEKI-IyMa. B 3KCIepHMeHTe HCIOIb30BAINCH
HOPMaJIbHOE, SKCIIOHEHIIMAJIbHOE paclipeielieHe, raMMa-pacrpezenenue u K-pacnpeaenenue. [locne onpenenenus
BU/Ia 3aKOHA PACIPENENICHNs] OLCHUBAIIUCh €r0 MapaMeTphl, a TAKKE HAXOJUINCh OLEHKM MaTEeMaTHIECKOTO OXH-
JaHusg U AUCICPCUU 1IyMa B KaKIOM CEIrMCHTE. I[J'IH Ppa3JIMIHbIX KOM6HH8H,I/II>1 BbBIIICYKA3aHHBIX MMapaMeETpoB, T.C.
napaMeTpoB BHJa TEKCTYPhI M IIIyMa ONPEIeSUIMCh AlITOPUTMBI (pritbTpaiuum, obecrneyrBaronye HanoobIyo 3¢-
(l)eKTl/lBHOCTb B CMBICJIE IIHMKOBOI'O OTHOLICHMUSA CI/IFHaﬂ/U_lyM U MHUHHMYMa BECJIMYHUHBI Cpe}lHeKBaﬂpaTl/I'{eCKOﬁ
omuOKM olleHuBaHus. TakuMm 00pa3oM, B pe3ysbTaTe MPOBEICHHBIX SKCIEPHUMEHTOB OblIa cocTaBiieHa 0as3a naH-
HBIX, TaOJMIBI KOTOPOW COAEpIKaT YKMCIOBBIE MApaMETPhl AITOPUTMOB (UIBTPAIMH, COOTBETCTBYIOMINX pa3iiny-
HBIM KOMOHMHAIMSAM IapaMeTpoB TeKCTyp W nrymMa. COOCTBEHHO alroputM (DMIIBTpAlMU 3aKJIIOYacTCsl B aHAIN3E
TekcTypsl PCA-n300pakeHHss M OICHUBAHUM apaMETPOB HAMIEHHOTO 3aKOHA pacHpeAeieHHs CIHEKI-LIyMa, I10
KOTOPBIM W3 TaOJIHIl BEIOUpAETCS COOTBETCTBYIOIINI METO 00pabOTKH.

Hanvpni mozxon ObIT ampoOMpoBaH Kak Ha pse CMONENHPOBAHHBIX, TaKk W opuruHaNbHBIX PCA-
n3obpaxxennit. CpaBHEHHE NTPOBOAMIOCH C TEMHU XK€ alrOPUTMaMH (pUIBTPALY, HO IPUMEHSIEMBIMU KO BCEMY H30-
OpakeHnio. Pe3ynbTaThl 3KCIIEPUMEHTOB MTOKA3aJIM MOYTH MIEATbHOE BOCCTAHOBICHUE N300paKEHHs KaK BU3yalb-
HO, TaK ¥ YHUCJICHHO IO BBIIEYKa3aHHBIM KPUTEPHSIM.
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TEXTURE-AND-SPECKLE-PDF-BASED FILTERING OF SAR IMAGES
Bekhtin Yu., Bryantsev A.
Ryazan State Radioengineering Academy, Ryazan, Russia

The speckle problem is considering in synthetic aperture radar (SAR) imagery for long time, so speckle reduc-
tion techniques can be applied here for noise smoothing. Goodman [1] showed that such noise in general may be
considered as multiplicative noise (speckle phenomena) with negative exponential probability density function (pdf)
of the image intensity. Nevertheless, our detailed analysis has discovered that speckle is a content-dependent or tex-
ture-dependent random process. Hence, we can segment any SAR image with different developed speckle-noise.
Moreover, each segment may have the speckle noise pdf that can differ from theoretical pdf, for example, there are
known the cases of Gamma- and K-distributions [2].
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O6paboTka 1 nepegaya M3o6pakeHUmn

The most well-known filtering methods and algorithms for speckle de-noising is assumed to process the whole
SAR image, without preliminary texture and noise analysis. Moreover, these algorithms are effective in the case of
Gaussian pdf of noise only because they have been analytically (mathematically) gained under this assumption.
Thus, it is necessary to work-out a method which combines different known methods and takes into consideration
the kind of texture and the pdf of speckle-noise in each segment.

To solve this task we used computer imitation modeling to discover the effectiveness for few algorithms ap-
plied to SAR image processing. We used the next algorithms: mean and median estimators, Wiener filter, adaptive
local window smoothing on the base of Lee filter, Kuan filter, MAP-filter, wavelet-based thresholding with Daube-
chi filters. Firstly, we have created the segmentation algorithm detecting segments of image with different types of
texture (homogeneous, heterogeneous, point sources, noised points, relative clear points) working in the speckle
noise presence. The algorithm is based on comparing the variation coefficients calculated in different-sized win-
dows. Secondly, for each segment the hypothesis about the kind of pdf is checked by y*-statistics of histograms. We
used normal (Gaussian), exponential, Gamma- and K- distributions. Then, the estimators of mean and variance are
computed on the base of pdf parameters. Using the different combinations of calculated parameters we could deter-
mine algorithms and its parameters that are effective under any combination. We used criteria of minimal square
error (MSE) and peak signal-to-noise ratio (PSNR). In the results, it was created the database the tables of which
content the numerical parameters of filtering algorithms for different combinations of texture and speckle pdf. The
filtering algorithm consists of three steps: 1) texture analysis of SAR image and segmentation; 2) to determine the
kind of noise pdf and compute its parameters for each segment; 3) to search the most effective filtering algorithm in
the database and apply to the segment.

The gained algorithm was tested on a few images including both the modeled and real SAR images. For com-
paring we used the same filtering algorithms applying to the whole image. The results of experiments are shown that
our method provides the better enhancement of SAR images both visually and numerically by using MSE and PSNR
criteria.
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