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IIpencTaBneH WTEpalMOHHBIN MOIXOJ K pEMICHHIO 33Ja4d BOCCTAHOBJICHHMS HCKa)XKCHHBIX IIBETHBIX H300paxkeHud. OmnucaHa
pa3paboTaHHass MHOTO(YHKIHOHAJIbHAS MOJEIb CHCTEMBl HCKQKEHHSI  BOCCTAHOBIICHUSI, KOTOPAs HCIOJIb3YeTCs] KaKk OCHOBHOH MHCTPYMEHT JUTs
peanu3alyy OMMCAaHHBIX alTOPUTMOB U CPABHEHUS PE3YJIbTATOB UX NPUMEHEHUS.

BBenenne

Boccranosnerne m300pakeHUIT 4acTO OMpEeAeNsieTcsl KaK TPOIEcC OIEHKH HCXOJHOTO H300paKeHHs II0
HCKa)XeHHOMY. Bcskmii pa3, kKorja TOYHOE BOCCTAaHOBIEHHE HEBO3MOXKHO, 3a/1ada BOCCTAHOBIICHUS CTAHOBHUTCS
3a/a4eil anmpoKCUMAanuy. 3agada BOCCTAHOBJICHHS OOBIYHO (GOPMYITHPYETCS CIEeTYIOMUM 00pa3oM: HE0OXOIUMO

HAWTH UCXOJJHOC HEUCKAXKECHHOE H300pakeHHUE z(x, y) Y3 ypaBHEHUS
Az+n=ulx,y)+n(x, y)=i(x,y), (cy)ew (1)
rae A - TUHEHHbIN oneparop, n(x, y) - myMm, i (x, y) - HaOr0TaeMoe UCKaKeHHOE n3o0paxkenue, ue U, u ze Z.

BonpmmmHCTBO MeETOMOB, pa3pabOTaHHBIX Ha paHHUX JTanax MCCIeAoBaHUs MpoOIeMbl 00pabOTKH
M300paKEHU, OCHOBAHBI Ha HWCIOJIH30BAHUM METONOB 00padoTku curHaioB [1]. Tlomxoja, mpUMEHSEMBIH B 3THX
METO/1aX, OOBIYHO HMCIOJI3YET MOEIb CUCTEMbI (YOPMHUPOBAHUS H300PAXKEHHUS C OJJHOPOIHBIM OIEPATOPOM A | Uisi
OITUCaHMs HAOII01aeMOT0 U300PaXKEHHUSI HCTIONIB3YET CIIEAYIOIINE BhIPAKEHNUE:

i(x,y) = [[h(x=&,y=mz(&,md&dn +n(x, y), )
rae h(x—&,y—n) - QyHKIMA paccesHus TOUYKA CHCTEMBI (POPMHPOBaHHs u300pakenus, n(x,y) - mym u z(&,n) -

HUCKOMOE, HCXOJIHOe u3o0paxeHue. Bupn ypaBHeHus (2) mnoapasymeBaeT, 4To €ro SKBUBaJeHTHoe @Dypbe-
IIPECTaBICHUE MOXKET OBITh 3aIIMCaHO B CJIETYIOIIEM BHJE:

U(ferf) = Z s SOH o S+ N f). (3)
W3BecTHO, yTO 0OO1IEE IMHEHHOE pelleHne ypaBHEHH s (2) MOXKET ObITh 3alMCaHO Kak
&) = [[ K& —s.n—vji(s,ndsdt ,

TJI€ PO MHBEPCUH UMEET CIIAYIONIYI0 (OpMY:

H(fof, et

H(f oy + W f)

a Y(f..f,) - Hexoropas 3amaHHas ¢ynkuusa. Torma, z(&,n) Moxer ObITh HaiineHa, IyTéM 0OpaTHOTO

1 i(sf,.+1 1
Ksh=——z [[RCE e £t af, = po= I} df df , 4)

npeobpa3oBanusi Dypbe BbIpaKEHHS:

Z(fo ) =R UL ) )

YHuBepcalbHbIE METOJBI PEIICHUS JTOW MPOOJIEMBI NAIOT PETYJIAPU3AIUOHHBIN [2-4] M CTaTHCTUYECKHUI
noJxo/pl. B o0oux ciyuasix, peuieHue mpoOieMbl BOCCTAHOBJICHHS COCTOMT B HAXOXKICHHH WM YCIOBHOTO, WA
0€3yCII0BHOTO IKCTPEMyMa, ¥ B HACTHOCTH B MOMCKE MUHUMYMa CJIyIOIIero GpyHKIHoHaIa:

z, = inf M(z)=inf{p, (Az.ii )+ a®@(z)},
zeZ zeZ
riue CD(z) SIBIISICTCS. WM CTaOHMIH3aTOPOM Q(z) (B IETEpMUHUPOBAHHOM IOJXO€), WK [ MOOCOBBIM MOTEHIMATIOM
F(z) ¢ ao=1 (B cratmctuueckoM moaxoje). K coxanennio, mpsiMoe pemieHre 3aJadyd MHHUMHU3AINH B OO0IIEM,
JBYMEPHOM CIIydac MpPEICTaBIsIeT cO00H CIOXHYI0 TpoOieMy. Bo3MOXKHOCTE YHpOLICHHS 3aJa4dl MHHUMH3AIHN
00bIYHO 0Ga3UpyeTcsl Ha MCMOIb30BAHHU OCOOBIX CBOMCTB MHTerpanbHoro omeparopa A . Bo MHOrumx ciyyasx,
CHCTeMa OTOOpaKEHHUsI ONHMCHIBACTCS OJHOPOMHBIM ONEPAaTOpPOM, M CMa3aHHOE HW300paKeHHE OIpelessieTcs
ypaBHeHreM (2). Eciiu uckakeHHOE M300paKeHHe u(x, y) 3a/1aHO Ha BCEM y4JacTKe (x, y)e (— oo,oo), ypaBaenue (1)
SIBIISICTCS YPABHEHUEM THIIA CBEPTKH M MOXET OBITh PEIICHO C HCIOJIB30BAaHWEM MeToJa mnpeodpasoBanus Dypbe.
CrnemyeT moAYepKHYTh, YTO UCKAKCHHOE M300pasKeHHE u(x, y) ompeneneHo Ha OrpaHHYEHHON obmactu W . D10 He

MO3BOJISIET TIPUMEHATH TpeoOpa3oBanne Dypbe HEMOCPENCTBEHHO K ypaBHeHHIO (1). UToOBI mpeomosieTh 3TO
orpaHudeHme, TpeOyeTcsl HOTOIHUTENbHAS MPOLEAypa, U PACIIMPEHHS ONpEaeNiCHHsS HCKaXCHHOTO H300paKeHUs
Ha BECh [MaIa3oH (x, y)e (— oo,oo) [3].

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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HrepannoHHOe BOCCTAHOBJIEHHE I[BETHBIX H300paskeHU i

Pemenne 3amaum BOCCTaHOBIEHHWS B BHJE, OmpenenieMoM BblpakeHusMu (3)-(5) mnpemmnonaraer, B
YaCTHOCTH, HAJIMYUE TOYHBIX JaHHBIX O (PYHKIHSX, OMUCHIBAIOIIMX HCKAKEHHUS, KOTOPBIM MOJBEPIIIOCh N300pakeHne
Ha cTaanu GOpMUPOBaHUs U peructpauun. Takas nHpopManus BO MHOTHX HMPAKTUYECKUX CIIy4asX OTCYTCTBYET, YTO
OrpaHUYMBAET MPUMEHEHHE 3TOTO MPOCTOT0 U 3(HEKTUBHOTO METO/IA.

OT »3TUX HEJOCTATKOB CBOOOJHBI HTEPAIMOHHBIC AITOPUTMBI, KOTOpBIE [UISl PELICHUs] 3aJa4yu
BOCCTAHOBJICHHSI OOBIYHO HCIOJB3YIOT HEKOTOphIC OOIIMe ONTHKO-(pH3MYecKHe CBOWCTBa u300paxeHuil [5].
W3BecTHO 4TO, 3(PEKTUBHOCTH TOTO I WHOT'O UTEPANMOHHOIO aJITOPUTMa BOCCTAHOBJICHHUS CYIICCTBEHHO 3aBUCHT
OT COBOKYITHOCTH OTPaHUYCHHMA, KOTOPHIM JIOJDKHO VAOBICTBOPSITH BOCCTAHOBICHHOE HW300pakeHHE. ITH
OTPaHUYCHUS OTPEICIISIOTCS apHOPHOW MH(pOpMAIMEH O CBOMCTBAX CaMOT0 M300paKeHHUS M CBOWCTBAX CHUCTEM €ro
(hopMUpOBaHUSA U pErHCTpanyu. MTeparoHHbIe METOAB! OBUIA MEPBOHAYAIBEHO Pa3pabOTaHBI IS BOCCTAHOBJICHUS
MHOTOTPaJallMOHHBIX YEePHO-OCIBIX M300paKCHUH W B KaueCTBE OTPAHMYCHHUI HCIIONB30BATH HEOTPHUIATEIEHOCTH

3HaYEHUH BOCCTAHOBJIEHHOTO H300paKeHUs U (x, y) >20; (x,y)eW rae W -obnacts 3ananus n300paxeHus.

JInsi acTpPOHOMHYECKHX H300pa)eHHMii WMpOKO mcmombsyercss orpammueme: i (x, y)=0; (x,y)e W,, re.
OTDaHMYEHHE Ha HyJCBOE 3HAYECHHE BOCCTAHOBIECHHOTO H300P&KEHHs BHE OONACTH JIOKAIM3ALMH HCCIELYeMOTO
HeGecHoro oobexkta W .

[IpuMeHeHne UTEPAMOHHBIX METOAOB IS BOCCTAHOBJICHHUS IBETHBIX M300pakKeHUH MO3BOJIAET ONPEACTHTh
HOBBIM BHWJ oOrpaHudeHui. JleficTBUTEeNbHO, B 3amadax LU(POBOIO BOCCTAHOBJICHHS IIBETHBIE H300paXKESHUS

MPEJICTABICHEI OOBIYHO B BUAC TPEX KOMIIOHCHT ui(x, y); 1=12,3, coorBercTByrommx KpacHoii, 3eeHON u

CHHEW cocTaBisIIOmMUM  oOpabaTeiBaeMoro u3oOpaxkenus. Ilpm pa3paboTke HTEPaAIMOHHBIX  AJITOPUTMOB
BOCCTAHOBJICHUS B JJAHHOW pa0oOTe HApSIy C NMEPECYUCICHHBIMHU BBINIC TPAAUIUOHHBIMU OTPAHUYCHUSMH HA KAXKIYIO
13 KOMIIOHEHT BOCCTAHABIUBACMOTO H300paKCHHUs OBLTH OMPE/ICIICHBI OTPAaHIMYCHHS Ha BEIMYMHY IIBETOBOIO OanaHca
BOCCTAHOBJICHHOTO HW300paKeHHsS B 3aJaHHBIX O00JACTAX BOCCTAHOBJICHHOIO H300pa)XCHUS. ODTH OTPaHHYCHUS
OTIPEIEIISFOTCS ¢ MTOMOIIBIO0 BECOBBIX MHOTOTPATAIIMOHHBIX H300pakEHHUIH-MaCOK.

Hudpoas moaeab cucteMbl POPMUPOBAHMS, HCKAKEHNS] M BOCCTAHOBJIEHUA M300pasKkeHUi

DddexTuBHOEC HAXOXKACHHUE OOIIETO pemieHNs 3a1add BOCCTAHOBIICHUS N300paKeHUH, TPEICTABIAET COOOM
BEChMa CIIOXKHYIO 3aJady, B YAaCTHOCTH, M3-32 OOJBIION Pa3MEPHOCTH HM300paKEHWH M KaK CIEICTBHE, OONBIIOTro
KOJIMYECTBA BRIYHUCICHUH. DTOT HEJOCTATOK 3HAYUTEIHHO OTPAaHUIHBACT ITUPOKOE MUCTIOIB30BAHKE 3TOTO MOIXO0/1A.

0O0630p MyOIUKAIUI TTOCTIEHNX JIET MMOKa3bIBaeT, YTO MeToa Dyphe 10 CHUX TOp SBISETCS Hauboee MUPOKO
HCIONIb3YEMBIM B 3a1adaX BOCCTAHOBJICHUS M300pakeHUH. XOpOIIIo U3BECTHO, YTO MeTo] Dyphe UMeeT, 1Mo KpanHeit
Mepe, JBa HemocraTka: (a) METO MPUMEHHM TOJBKO ISl PEIICHWS ypPaBHECHUH THIA CBEPTKH U (0) OH MOXKET
HCTONB30BaThCsl TOJIKO B JIMHCHHBIX alTOPUTMax BOCCTAHOBIICHWS. VCmonb30BaHWE OBICTPOro MpeoOpa3oBaHUS
Oypbe Ui pelieHus 3Tod mpobiembl nenaet Dyphe-moaXoa cambIM OBICTPBIM M JICHICBHIM WHCTPYMEHTOM JUIS
peuieHus 3agayn BoccTaHOBIEHUs. C 3TOM TOYKH 3pCHUS, JUHEWHBIC AITOPUTMBI OYCHH BaXKHBI, MOCKOJBKY OHH
HUMEIOT OOIIyI0 CXEMy OCHOBHBIX OIEpalMi, aHAIOTHYHYIO JUII BCEX MX. JTO Moxobue TaéT HaM BO3MOYKHOCTh
CO3l1aTh MHOTO()YHKIIMOHATBHYIO HU(MPOBYIO MOJCIb IPOLECCOB HCKAXKCHUSA/BOCCTAHOBICHUS H300paKCHUNA U
HCTIOJB30BaTh €€ KaK OCHOBHOMW MPOTPaMMHBIH HHCTPYMEHT [UIS pa3paOO0TKH, BEIIOJIHEHUS M CPAaBHEHHUS PE3YIIbTATOB
MIPUMEHEHNS 3TUX aJITOPUTMOB.

OcHoBHBIE (YHKITMOHATBHBIE OJIOKM Pa3pabOTaHHOW MOJENH BBITIOMHSIOT CICAYIONIHE TPOIEIYyphl TIO0
00paboTKe JaHHBIX:

DopMHpPOBaHUE NCXOIHOTO H300PAKECHHUS.
JledoxycrnpoBKa HCXOTHOTO H300payKEHHSI.

Hanosxenue nryma Ha e(pOKyCHpOBaHHOE H300pakeHHE.
Pacuer BoccTanaBimBaromero GUIbTpa.
Boccranosnenue.

Brruncienue ommook.

Busyanu3arus n300paxeHUN U JaHHBIX.

Pa3paboTanHas mudpoBast MOJETs CONEPKUT, HAPSIY ¢ HanOoIee IIMPOKO MCIOIB3yEMBIMH HCKAKAIOIIMMU
(GYHKIUSAMH, Pa3IMYHBIMHA BHAAMHU ITyMa W BOCCTAHABIMBAIOIIUMH (DHIBTPaMH, HAOOP HTEPATHUBHBIX aITOPUTMOB
JUIST BOCCTaHOBIIEHUS u300pakennid. OHa paboTaeT IMMOA yHpaBlIeHHEM OIEPaMOHHBIX cucteM Windows
95/98/NT4/2000 wiu Bbllie. B3anmMopeiicTBHE TMOJIB30BATENsl C CHUCTEMOW pEaNM30BaHO depe3 TrpaduuecKuid
uHTepdeiic moap30BaTesl.

OOpaboTKka IaHHBIX OpraHW30BaHa IO THITy KOHBeWepHOH o0padoTku. IloTox naHHBIX OOpadaThIBaeTCs
MOCIEeIOBAaTENEHO "OJMOK 3a OJIOKOM" CO BCTPOCHHBIMH M TPOTPAMMHO-U3MCHSIEMBIMU 3HAUCHHUSMHU I1apaMETPOB.
Kaxnpiii (yHKIIMOHAIBHBIN OJIOK MOXET OBITh MEPEKOH(DUTYpUPOBAH HA 3TAIIC BHIMOJIHCHHS.

[IpakTH4yeckoe HCIOIB30BaHUE pa3pabOTaHHON MOJETH MPOJESMOHCTPUPOBAHO HA PHUCYHKE 1, e mokasaHa
KOIIMS 9KpaHa I0JIb30BaTes IpH padboTe ¢ Moaenbio. OHU conepikaT cieayonue rpapudeckrue Gopmsl:
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e ['maBHas ynpamiomas GopMa MOJENH, PAclojoXeHa Ha TpaBoW CTOpoHe 3kpaHa. Ha Helt HaxoguTcs cemb
MaHeJe, PacHoJIOKEHHBIX BepTHKaIbHO Ha ¢opme: "McxomHoe nzobpaxkenue", "Hckaxkaromas QyHKIms",
"ym", "Ounstp", "Ureparun”, "Ilapamerpsr” u "Brixognoe nzobpaxenue".

e Jlpyrue rpaduueckue (HopMbI HCHOIB3YIOTCS I HEOOs3aTeIbHON BH3yalH3alMy 00padaThBaEMBIX TAaHHBIX Ha
Pa3HBIX CTaIUAX Ipoliecca 00pabOTKH H300paKEHU.

PaccmoTrpuMm rraBHyIo ympapisiomyro ¢opmy. llepBas u mocieqHsSs MaHENN HCIONB3YIOTCSA Ui BbIOOpa
HCXOJHOTO M BBIXOJHOTO M300pakeHwid. [I9Th Ipyrux chenaHbl B BUAC MaHENCH ¢ OJIOKHOTAMH-TICPCKITIOYATCIISIMU.
Kaxnmas u3 HUX uMeeT HA0Op 3aKIaJOK, MPH MEPEKIIOYCHUN Ha KOTOPBIC IOJIB30BaTENh MOIYyYaeT BO3MOXKHOCTH
M3MEHCHHS HEOOXOMUMBIX MapaMeTpoB. TakuM 0Opa3oM, MOCICIOBATEIIFHOCTh BRIOPAHHBIX MMOJB30BATEIEM 3aKIIAI0K
oTpeessieT KOHKPETHYIO pean3aliiio MOJIeIN HCKa)KeHNs/BOCCTAaHOBIICHUS M300pakeHus. B yacTHOCTH, peann3amms
MOJICIIM TIPE/ICTABIICHHAS HA PUCYHKE, OIMpEe/IeNicHa CICAYIOIMMH MapaMeTpaMu:

e Vckaxaromass QyHKIHMS ONpeaeneHa Kak IHpsSMOYTOJNBHBI CMa3; T.e. COOTBETCTBYeT mpsiMoyroipHod OPT
pasmepom 5x7 MUKCENOB.

e  AmuTHBHBEINA IIyM ¢ aucnepcueit pasHoi 0.001.

e BoccranasnuBaromum ¢unbtpoMm Beiopan Tuxonosckuit puibtpc o0 =1.0e =3 u f=1.0e—6.

e  lrepaTUBHBII aJrOPUTM HE IPUMEHSCTCS.

e (CmazaHHOe, 3aIIyMJIEHHOE H300paXkeHHe W (PUIBTP BOCCTAHOBICHHUSI OyIyT BH3yaJM3UPOBAHBI B IMPOIECCE
00pabOTKH JaHHBIX.
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PaspaboTaHn OpUTHMHANBHBIN aNTOPUTM HTCPAIIOHHOTO BOCCTAHOBJICHHS [IBETHBIX H300paKCHHH,
MTO3BOJIIIOIIMI  MCTIONIB30BATh aNpHOpHYIO HH(oOpMamuio o 1BeToBOM Oanmance wu3zoOpakenms. Paspaborana
MHOTrO(YHKIHOHAIbHAS [U(POBasi MOJEIb CUCTEMbl UCKAXKEHHUsI U BOCCTAHOBICHUS M300paxkeHuil. Mopenb Moxer
HCIIONb30BaThCsl Kak 3()(EKTUBHBI WHCTPYMEHT JUIS 3KCIIEPUMEHTAIBHOTO BBIMOIHEHHS U CPABHEHUS Pa3IMYHbBIX
ITOPUTMOB BOCCTAHOBJICHUSI M300pakeHHs: OCHOBaHHBIX Ha Dypbe-noaxoae. Bece HEOOXOAMMBIE SKCIEPUMEHTHI B
MPEeACTaBICHHOI paboTe ObUTH BBIMOJIHEHBI HA ATOH MOJIEIH.

Pabora mommepkana Poccuwiickum ¢GoHZOM (QyHIAMEHTAIBHBIX HWCCIEIOBAHWHA B paMKax IPOEKTa
99-01-39039.
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This article deals with image restoration of color images. General techniques for solving of the restoration problem are considered. The
developed multifunctional model of image formation and restoration systems is presented. This digital model is used as a main tool for the
experimental implementation and comparison of the described restoration methods and algorithms.

Introduction

Image restoration is often defined as a process of recovering an original image from its degraded version.
Whenever exact restoration is not feasible, the restoration problem becomes an approximation problem. The image
restoration problem is formulated, usually, in the following way: to find (to estimate) an original non-degraded image

z(x, y) from the equation
Az+n=u(x,y)+n(x,y)=i(x,y), (x,y)e W, (1)

where A is a linear imaging operator, n(x, y) is the noise, i (x, y) is the output degraded image, u <€ U, and
ze 7.

Iterative restoring of color images

The solution of the equation (1) requires exact data about blurring function. However, in most cases, this
information is absent, and that restricts the usage of this simple and effective method. The iterative algorithms are free
from these defects, because of using some general optical and physical properties of images. It is known that, the
efficiency of iterative restoration algorithm essentially depends on a set of restrictions, restored image should satisfy.
These restrictions are determined by a priori information about properties of the image and image formation system
[5].

The usage of iterative methods for restoration of color images allows to define a new kind of restrictions. In
image processing, the color images are usually represented by three components ui(x, y); =123, ie. red,

green and blue correspondingly. Along with a mentioned above traditional restrictions, in the given work, new
restrictions of color balance values in given areas of restored image were defined as well. These restrictions are
determined by weighting multichannel masking images.

Digital model of image formation and restoration system

The survey of recent literature shows that the Fourier technique still is the most dominant in the image
restoration problem. It is well known that the Fourier technique has at least two drawbacks: (a) this method is only
applicable for solving of equations of the convolution type and (b) in a direct way, it can only be used for
implementation of linear restoration algorithms. The usage of the fast Fourier transform technique for solving of this
problem makes the Fourier approach as the fastest and cheapest tool for the real implementation of the restoration
task.

From this point of view, linear algorithms are quite important. These algorithms have a general scheme of
basic operations, which is similar for all them. Such similarity gives us an opportunity to create a digital model of the
image blurring/restoration processes and use it as a main software toolkit for the development, implementation, and
comparison of these algorithms.

The main functional blocks of the designed model makes basic procedures of data processing. They seems to
be as follows:

1. Image formation.

2. Blurring of the original source image.
3. Noise corruption of the blurred image.
4. Calculation of the restoration filters.
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5. Restoration.
6. Error calculation.
7. Visualization of the images and data

The data processing is organized in a pipe-style mode. Each functional block can be easy re-configured at
runtime. So, the data stream is processed in the block-to-block manner with the predefined types and parameter
values.

The current version of the model contains, along with the most widely used blurring functions, noise models,
and restoration filter, a set of iterative algorithms for restoration of color images.

The developed digital model is implemented on a PC-based platform and runs under Windows 9x/2000/NT
4.0 or higher operating systems.

Summary

The original algorithm for color images restoration has developed. It uses a priory information about image
color balance. The digital model of image formation, corruption and restoration system has developed as well. This
model can be used as an effective tool for the experimental implementation and comparison of different Fourier based
algorithms for solving of the color image restoration problem. All required experiments in the presented work were
implemented on this model.
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