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'PsizaHcKas rocyaapcTBEHHas paAvoTeXHUIeckast akaaeMus
MoCKOBCKUIA 3HEPreTU4ecknii UHCTUTYT (TY)

B HacTosllee Bpems cyllecTByeT Uenbii pag obnacten Hayku M TEXHWKW, rOe BO3HUKaeT
HeobxoauMoCTb paboTbl C U306paKeHUs MU, UCKaXKEHHbIMU OEWCTBMEM LUyMa C pasfnnyHoOn PU3NYecKom
npuMpoZdor ero nosiefeHuss. Tem He MeHee, abcTparvpysicb OT (OU3MKM SIBMIEHUA, MOXHO BbIAENUTb
aOoOUTMBHBIN U MyNbTUMNIMKATUBHBIA XapakTep wyma. lNpegnaraembiii NporpamMmmHbIA KOMMSIEKC B MEPBYHO
ovepedb paspabaTbiBancsd C OpueHTaumen Ha MU300paKeHWsi, NCKaXEHHbIE MYMNbTUMAMKATUBHBLIM LUYMOM.
OTMeTM HeKoTopble MPUITOXKEHWS, FAe BCTpeYaeTcs MynbTUMMMKaTUMBHAA npupoda wyma, v rge, no
MHEHMIO pa3paboTYMKOB, MPOrpaMMHbIA KOMMIIEKC MOT Bbl YCNELHO NPUMEHSATHCS.

lMpexage Bcero, B nocnegHee BpeMsi BO3POCHO KOMMYECTBO M300paXKeHWI, NOMy4YEeHHbIX C NMOMOLLbHO
pagjapoB C CUHTE3MpOBaHHOM anepTypoil. W3-3a cnydarHbix a30BbIX OTKMOHEHUN OTPaXEHHOro
KOrepeHTHOro curHamna oT obriydaemor NMOBEPXHOCTU BO3HMKAET TaK HasblBaeMbI crnekn-wym (speckle),
KOTOpbLIN BM3yarbHO MMEET 3EPHUCTYHO CTPYKTYpY. Noka3aHo, YTo MMOTHOCTL pacnpeneneHns BeposiTHOCTH
Takoro Lyma umeeT 3KCNoHeHUuanbHbIn xapakrep [1].

Opyron knacc n300paxxeHWA, WUCKaKEHHbIX MYNbTUMIUKATUBHBIM LUYMOM, MOXHO OOHapyXuTb B
CUCTEMAX TEXHUYECKOrO 3peHus, Hanpumep, NasepHbiX CUCTEMAax MPOBEPKM KayvecTBa NPOAYKLUUN.
dusnyeckas npupoaa NOSIBEHNS MyNbTUNMMKATUBHOTO LIYMa aHanornyHa npegplayLiemy cryyato.

N300paxkeHns, nonydaemble C MOMOLLbI0 MHOrO3fIEMEHTHbIX (OTONPUEMHBbIX ycTponcTB (PITY),
OObIYHO WUCKaXEeHbl T.H. F€OMETPUYECKUM LUYMOM, BbI3BaHHbIM HEOOHOPOOHOCTBHO 3JMIEKTPUYECKUX CXEM
nepBu4HOM 0OpaboOTKM curHamnoB (TexHomornmyecknme npuumHbel). B yacTHoctn [2], nosiBneHue
reoMeTpMYEeCcKoro Lyma YyBCTBUTENBHOCTM OOYCMOBNEHO OTKIIOHEHMEM OT HOMMHana koapuuMeHTOB
nepegayn kaHanos MaTpuyHoro ®IY, 4To MOXHO TpakToBaTb Kak MyNbTUMMKATUBHBIN WyM. [1pyMeHeHne
cnocoboB  crTatucTuyeckon 0bBpaboTKM  SABMSIETCS  anbTepHaTMBOW  TPaAMUMOHHOMY Moaxogy C
NCrnonb30BaHMEM KannbpoBOYHOIO curHana.

Kpome TOro, cywlectByeT psif OpYrux MNPUIOXKEHWNW, rOe [EeWCcTBYET MyNbTUMIMKATUBHBIN LUYM,
Hanpumep doTorpadms, poboTOTEXHNYECKME KOMMNIEKCHI U T.M.

B HacTosiee Bpemsi pa3paboTaHO MHOMO METOOOB M anropuTMOB ANl MOLABMEHUS Lyma B
nsobpaxeHusax. Uenein psg metogoB 6bin paspaboTaH € MUCMNOMNb30BaHWEM BeWBRET-Npeobpa3oBaHUi.
OpHako B OONMbLUMHCTBE CBOEM [aHHble METOAbl OPUEHTUMPOBAHLI Ha KOHKPETHbIE MPUMOXKEHUS U He
paboTalT Ans ApYrMx NpuIioXeHun. Takmm obpas3om, akTyanbHOCTb pa3paboTky AaHHOro NporpammHoOro
koMmnnekca obycnoBneHa npexge Bcero HeobOXOAMMOCTbIO AaTb KOHEYHOMY MONb30BaTENio  HEKWN
YHUBEpPCasnbHbIA UHCTPYMEHT, C MOMOLLBIO KOTOPOro OH Mor Obl BbibpaTb Hanbonee NOAXOASALMA anroputTM
06paboTKM CBOErO N306paXKeHus.

OcHoBy anroputmuyeckon 06paboTKM COCTaBMSAT MeToAbl, pa3paboTaHHble B [3,4,5]. [naBHas
naest 3aknio4aeTcsl B MCMONb30BaHNM 0COBEHHOCTY NPOSIBNEHNS OEWCTBUSA MYNbTUNIIMKATUBHOIO LWyma Ans
psiga npunoXeHun. 3allymreHHOe w300pakeHue, Hanpumep CO CMEKM-LWYMOM, COLEPXKWUT TOYKW, Kak
3allyMIieHHble, TaKk M TOYKM OTHOCUTENbHO "4WUCTble", HeuckaxeHHble. [lpu cTaHaapTHOM BenBneT-
obpaboTke [6], T.e. nocrne mMOPOroBOr0 OTCEYEHUS BenBMneT-ko3I(PPULNEHTOB U BOCCTAHOBMEHUSA
n3obpaxeHusi Mo HOBbIM KO3 PULMEHTaM, "JMCTbIE" TOUKM BYAYT MCKaXeHbl, MOCKOMbKY Npu unbTpauum
obpabaTbiBaloTCs BCE TOYKM M300paxkeHusi. Mpn aTOM MOXET OKasaTbCsl, YTO UCKakeHus Oyayt Gonblue,
YeM OCTaTOMHbIA LWYM AN 3alWyMIIeHHbIX AaHHbIX, T.K. BENIMYMHA MOpora paccyMTbIBAeTCs MO BCeEMy
n3obpaxeHuto. Torga eCTb CMbICTT OMpedenvTb MHOXECTBa 3allyMIEeHHbIX W HEUCKaKEHHbIX TOYeK B
n3obpaxeHmum un 3artem nogobpaTb BENWYMHY Mopora Takum  obpa3oMm, 4ToObl cyMMapHas
cpeaHekBagpaTtuyeckas owmnbka (CKO) Obina MmuHumanbHon. CoxpaHeHue "4ncTbiX" TOYEK HEUCKAXKEHHBIMMN
(MM MCKaXXEHHBIMU B MEHbLLEN CTENeHW) MO3BONAET YMEHbLUWNTb CriaXynBaHWe KOHTYPOB OOBLEKTOB M TeM
CaMbIM MOBbLICUTL YETKOCTb (PE3KOCTb) 0OBEKTOB M300paXKeHUst nocrie o6paboTKu.

MporpaMMHbIA KOMMMEKC, HanMCcaHHbIA Ha si3blke MporpammupoBaHus C++, cerogHst npepgnaraeT
nonb30oBaTesnto cneayLmne MeToabl 0opaboTku.

3arpyska M coxpaHeHue u3o0paxkeHWn BO3MOXHa B MOOM M3 U3BECTHbIX (QOPMaToB, XOTS
BHYTPEHHsIA o0bpaboTka wuaet B dopmarte BitMap. [Ons onpegeneHuMss MHOXECTB 3allyMIEHHBLIX W
HeuCKaXKeHHbIX AaHHbIX (pacyeTa ko3 MUMEHTOB Bapuauuii) eCTb BO3MOXHOCTb BbiOOpa pa3mMepoB OKOH.
Monb3oBaTenb MOXeT 3adaBaTb COOCTBEHHblE UMW BbIOMpaTb CTaHOApTHble BEMBMETHI (Hanpumep, sym4,
coif3, db4 u T.M.), a TaKKe 4YMCrO YPOBHEN OEKOMMO3MLMK BerBNeT-npeobpasoBaHnst U TUM MOPOroBOW
obpaboTkmn (soft thresholding wnu hard thresholding). Ans ycTpaHeHusi kpaeBbix adeKTOB NpesyCcMOTPEH
BbIOOP TUNa NPOAOIPKEHNS U300paXeHnst (Hanpumep, cMMMeTpus, Aob6aBneHne Hynen n T.m.).
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O6paboTka n3006pakeHM BO3MOXHA HeCKONbkMMmu MeTogamu. [lonb3oBaTenb MOXeET BbiOpaTb
MeauaHHyto dunbTpauuo, Gunbtp BuHepa, dunbtpel JIn (Lee), ®pocta (Frost) [7], cTaHgoapTHyto
NnoporoByto BenBNeT-00paboTky [6]. I3 BCTPOEHHbIX COOCTBEHHbIX METOAOB NpeasiaraeTcsl Tpu anroputma,
OCHOBaHHbIX Ha maee, U3MNOXeHHOW Bbiwe. [lepBbii NMOAXOA4 OCHOBAH Ha MOMCKE OAHOro, rrnobanbHoro
nopora Ans BeWBNET-KOIPUUMEHTOB, MUHUMMBMpPYLOLLEro cyMMmapHyto CKO pgna  3awymneHHbIX W
HENCKaXXEHHbIX Todek u3obpaxeHns [3].  [aHHbIA MeToa sBnsieTcss OnMM3KUM K CTaHOAPTHOMY W
OTHOCUTENbHO ObICTpbIM. BTOpol noaxoa npegnaraetr MOUCK ONTUMAanbHbIX MOPOroBbIX 3HAYEHUA B
npeaenax Kaxaoro 4yacTOTHOro nogauanasoHa npu BeunsrneT-npeobpasoBaHun [4]. TpeTuih meTo OCHOBaH
Ha aHanu3e CTPYKTypbl AepeBa BEMBRET-4EKOMNOo3nuMn 1 Bbibopa onTUMarnbHOW CTPYKTYPbl, NPy 3TOM M3
paccMOTPEHUs yaansitoTcs Te BETBM, A€ SHeprus wyma makcumarnbsHa [5].

Komnnekc ocyllecTBnsieT BBOA4 AaHHbIX M BbIBOA Pe3ynbTaToB C MOMOLLbI CNELMann3npoBaHHOro
uHTepdenca. Ha akpaH BbIBOOATCA UcxogHoe u obpaboTaHHoe uzobpaxeHus, rge oTobpaxalTcs Takke
YMCIieHHble nMokasaTenu (MCxodHble napameTpbl 06paboTkM, OTHOWweHue curHan/wym (ab), s3HavyeHusa CKO,
BpeMsi 06paboTkM 1 T.1.).

Kpome TOro, Aans npoBedeHWss WcCregoBaHWA  KOMMMEKC MNpefocTaBnsieT  BO3MOXHOCTb
MogenvpoBaTh LyM, MPU 3TOM BbIOMpaeTcs BUA NIIOTHOCTU pacnpegeneHns (paBHOMEPHbIN, rayCCOBCKUN 1
9KCMOHEeHUManbHbIN) 1 TUMN WyMa (agauTUBHBIN UM MYTbTUNIIMKATUBHBIN).

Ecnu 3apgaven obpaboTkmu siBNsSieTCA CXKaTue AaHHbIX M300pakeHui, TO KOMMMEKC npeaocTtaBnsaeT
none3oatento SPIHT-meTon komnpeccun. B aTtom cnydae pesynbTaTbl CXaTuA AaHHbIX (M300paxeHue,
KO3(hpUMLMEHTBI CXKaTKs) Takke OTOBpaxaloTcs Ha 3KpaHe KoMMbloTepa.
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The developed software is mainly oriented for de-noising of images corrupted by
multiplicative noise. Modern vision systems use microwave illumination techniques (laser) getting images for
different aims. Unfortunately, rough surfaces of details and surfaces cause random phase changes in the
reflected radiation and the effect is a very noisy mottled appearance. 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. The same problem appears in SAR imagery, so
speckle reduction techniques can be applied here for noise smoothing. Also, it's worth to mention that
infrared systems, where photoelement and respective channel coefficients of photoreceiver are floating
about unity, have multiplicative noise.

There are lots of methods and algorithms based on wavelet transformation of image data
using soft or hard thresholding for de-noising. Our software algorithms are based on the idea that each
image both contains data which is corrupted by noise and data which is relatively “clear”. It's quite possible
to find out points where the original signal dominates noise hence these points should be kept at these
values. Any wavelet thresholding will add new distortion to these points, because wavelet coefficients are
calculated by convolution and adjacent points are involved. Therefore, we can get the situation when the
weight of error caused by the “clear” points distortion will dominate over the weight of residual error caused
by smoothing at those of points where noise is dominating. We decide the problem as searching for the
optimal threshold values for whole image [2], within each subband [3], or searching for the optimal wavelet-
tree decomposition [4] by minimizing a weighted mean square error which is the sum of two: mean square
error of the “clear” points distortions and mean square error of de-noised data.

The software interface allows an end-user to download and save images in any of
recognized formats. The input and output images and numerical results of processing (MSE, SNR, etc.) are
showed on the screen. The end-user can choose any algorithm from described above [2,3,4] or apply any
well-known method from median, Wiener, Lee, Frost filtering, etc. If needed, the SPIHT-based data
compression technique can be applied to. In the case, the results of data compression are monitored, too.
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