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AHHOTAIUAL. B pabote mnpemioxkeH W WCCIENOBAaH METOJ WHTEPIIOJSIIUN
MOCJIETIOBATEILHOTO BBIUMCICHUST criekTpa Dyphe, MO3BOIAIONIAN PETYIINPOBATh H
BOCCTaHaBIMBAaTh  OTCYTCTBYIOIIKE (3aTecHEHHBIC)  YacTH  M300pakeHUs.
OCOOEHHOCTBIO paccMaTpUBAEMOI0 MeEToAa SABJSIETCS TO, YTO €ro MOXHO
UCIIOJIb30BaTh MpHU JIF000W (opMe OTCYTCTBYIOIIETO (parMeHTa H300paKeHUS.
BoccranoBnenue uckaxx€HHOro A® peTymmMpOBaHHOIO MPEIJIOKEHHBIM METOI0M
M300pakeHus TaéT MEHEe BhIpAKEHHBIC apTe(haKThl IO CPABHEHHUIO C PE3YJIbTaTaMH
JUHENHON UHTepnoJiALuK. PeTylmrpoBanue U BOCCTaHOBJIEHUE U300paKEHUSI MOKET
7aTh XOPOIIWE PEe3yNbTaThl Jaxe NPH 3HAYUTEIBHOW J0JIe OTCYTCTBYIOIIETO
N300paKeHMUS.

KiroueBble ciioBa:  HMHTEpHOJIALMS, PETYIIUPOBAHME U BOCCTAHOBJICHHE
n3zobpaxenuii, cnektp dypee.

Abstract. The work proposed and investigated the method rérpolation

sequentially calculating the Fourier spectrum wrattbws you to retouch and restore

the missing (shaded) parts of the image.
The distortion of the images of the objects cardbscribed in terms of convolution
equations [1.2] with the appropriate instrumentadction (IF). Image restoration is
complicated by the need to determine the type o&nB its parameters. Different
objects presented in the image may be distortediffgrent IF. Furthermore, objects

may overshade each other. A number of studies deresl the possibility of the
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restoration is partially shaded images [3-5]. Weeduseplacement (retouching)
shading objects for an image obtained by lineaerpdlation [3-5]. On the
reconstructed image the artifacts caused by rhtngare appeared. If the shape of
the shading object is different from rectangleg tiifficulty in applying linear
interpolation increases.

A number of studies [6-13] considered the pos$ybdi retouching the missing parts
of the image using wavelets, different types ofenpblation (bilinear, spline,
trigonometric, polynomial). Using these techniqiémsretouching shading objects to
further restoration of the image distorted by K-possible. However, the arbitrary
shape of the shading object and the appearanadddfamal artifacts caused by such
retouching, limit the applicability of these metisod

The following conclusions can be drawn from thisdgt

1. Interpolation Method of Sequential Computatiénhe Fourier spectrum (IMSCS)
allows you to retouch missing (shaded) part ofithege.

2. Unlike IMSCS, linear interpolation can be usedany form of a missing parts of
the image.

3. Restoring images, which were distorted by IF egtduched with help of IMSCS
makes artifacts less noticed in comparision vithresults of the linear interpolation.
4. Retouching and IMSCS image restoration can goad results even with a large
part of the missing image (see. Figure 6, 9 and 10

Key words: interpolation, retouching and restoration of imadgesirier spectrum.

Bsenenne

HckaxkeHne H300pakeHU OOBEKTOB MOXKET OBbITh ONHWCAaHO Ha OCHOBE
ypaBHeHHsS CBepTkH [1,2] ¢ cooTBeTcTBYyIONICH anmapatHoi ¢yHKiuer (AD).
BoccraHnoBiieHre H300paXeHU OCIIOKHACTCS HEOOXOIMMOCTBIO OINPEIEICHUsT BUIA
A® u ee mapamerpoB. Pa3Hbie 00BEKTHI, MPUCYTCTBYIOIINE HA H300PaKCHUU, MOTYT
OBITh HCKaKkeHbI pasHbiME AD. Kpome 3T0oro, 00BbeKThI MOTYT 3aTE€HATH JAPYT JpyTa.
B psage pabor paccmaTpuBanach BO3MOXKHOCTh BOCCTAHOBJICHHSI YaCTHYHO

3aTeHEHHBIX  W300paxkeHwi [3-5]. Jlms 3Toro  wcmonp3oBajiach  3aMeHa
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(peTymmpoBaHUe) 3aTCHAIOMIUX OOBEKTOB HA W300paXCHHE, IOJyYEHHOE C
MOMOIIBIO JIMHEWHOW wHTeprnosiuu [3-5]. Ha BoccTaHOBICHHOM H300paKeHUH
NOSIBJSUTMCH apTedakThbl, BbI3BaHHbIE peTylirpoBanueM. Ecnu gopma 3aTeHstoiiero
00BEKTa OTIMYAETCS OT MPSIMOYTOJIBHOM, TO TPYAHOCTH B MPUMEHEHUH JIMHEHHOU
MHTEPIIOJISIIUK Bo3pacTatoT. B psge pador [6-13] paccmarpuBanach BO3MOXKHOCTD
PETYLIMPOBAaHUSI OTCYTCTBYIOIIMX YacTed H300pakeHHs] C TMOMOIIbIO BEWBIIETOB,
pa3IUYHBIX BUJIOB AHTEPIIOJIALNAN (OmmmHEHOMH, CIUIaTHOBOM,
TPUTOHOMETPHUYECKOW, MOJUHOMHUAIBbHOM). lcrmonbp30BaHue 3THUX CIOCOOOB IS
PETYIIMPOBAHUS 3aTEHSIOIUX OOBEKTOB C LIETbI0 JAJbHEUIIEr0 BOCCTAHOBJICHUS
uckaxxeHHoro A® u3zo0paxeHust BO3MOxkHO. OHAKO MpeanoiaraeMasi Iporu3BOIbHAS
dbopma 3aTeHstomero OOBEKTa W TMOSBICHHE JOMOJHUTENbHBIX apTedakToB,
BBI3BAHHBIX TAKWM pPETYIIMPOBAHUEM, OTPAHUYMBAIOT BO3MOKHOCTH IPUMEHEHUS
ATUX METOJ0B. B »3Toil pabore paccMaTpuBaeTcs CIOCOO PETYUIMPOBAHUS C

nomolipto crektpa Oypbe n300paxeHusl.

Onucanue MeTO/Ia PETYIIMPOBAHMS U MOJy4YeHHbIE Pe3yJbTaThI

Ha puc.1A npuBeneno pacdokycupoBaHHOE H300pakeHHe («u300paskeHue»
A® npencrasisier cobor kpyr paauyca SO=10muKc.) ¢ OTCYTCTBYIOIEH YacThiO B
BUJIE NIPSMOYTOJIbHUKA pazmepaMu 8x240nukceneil.

JlJis yCHemHoro BOCCTAaHOBJIEHUSI pac(OKyCHPOBAHHOIO H300pakeHHS HaM
HEOOXOAMMO Tak pPETYIIMPOBaTh OTCYTCTBYIONIYK) YacTh, YTOOBI  CIEKTP
MOJIyYUeHHOTO HM300paXeHHUs HE OTJIMYAICi OT MOJHOro u3o0paxeHus. To ecTb
3aIM0JIHEHNE OTCYTCTBYIOIIEH YaCTH U300pakKeHUs HYKHO JIeJaTh Ha OCHOBE CIEKTpPa
NPUCYTCTBYIOIIEH YacTu n3o00paxkenus. CaenaeM 3TO CIEeIyIOIIMM 00pa3oM.

Boruncnum cnektp ®dypbe u ucnoibdyem Toiabko O cocTaBnsomyro uis
3allOJIHEHUS OTCYTCTBYIOIIEH 4YacTH H300pakeHus. Pe3ymbrar mpencTaBieH Ha
puc.1b.

Jlanee BbIUMCINM CIEKTp U300paskeHus puc.1lb 1 3am0JHIUM OTCYTCTBYIOIIYIO

4acTh M300pakeHus puc.lA nzoOpaxenuem, BerauciaeHHbM 3 O u 1 cocrapisitomeit
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cektpa puc.lb. IlpomomxuM 3TO JenaTh BIUIOTh [0 MAaKCHUMalbHBIX YacToOT,

MIPUCYTCTBYIOIIMX Ha puc.1A.

Puc.1l. Uckaxéunoe pachokycupoBanHoe (SO0=10)u300pakeHue ¢

OTCYTCTBYIOIIEH YacThIO B BHJIC TPSAMOYTOJIbHUKA pazMepamu 8x240mukceneii - A.
N300paxkeHue ¢ MpsAMOYTOJIBHIUKOM, 3aII0JTHCHHBIM YCPEIHEHHOM TT0 H300PaKEHUTO

sprocThio (O cocraBnsromas ciekrpa Pypne) -b.

Ha puc.2A - T' npencraBiensl n300pa>keHus, MOTyYSHHbIE TAKIM 00pa3oM Ha
ocunoBe nepBbiXx 3 (0-2),5(0-4),9 (0—-&17 (0 — 16}acToT COOTBETCTBEHHO.

Cpasuenue puclb u puc2A - I' nokas3piBaeT, 4YTO MOCTENEHHO PETYUINPYEMbIN
NpSIMOYTOJIBHUK ~ 3amlONHSETCSl M300pakeHueM, Bce 0ojiee COOTBETCTBYIOIIMM
OKpY’KaroleMy n300paKeHHUIO.

Ha puc.3 npeacrasnensl n3o0paxkenus, noiaydeHHsle u3 puc.1lA ¢ momoisio
JUHCHHON MHTEPIOJISIUU UCIIOJIb30BaHHOM B padoTax [3 - 5] u ¢ momolso MeToaa

UHTEPHOJISAIMH TOCIeI0BATEeIbHOTO BeIuKcacHus criektpa Oypse (MUIIBC).
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Puc.2. PerymupoBanHabie n3o0paxkeHus ¢ moMmoIisio 3, 5, 9, 1 tocrasnstomeit

criektpa —A, b, B u I' cOoTBETCTBEHHO.
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Puc.3. M300paxenusi, moydeHHbIe u3 puc.1lA ¢ HOMOIIBIO METO/Ia HHTEPIIOJISAIIMN
noceoBaTeabHOro Bhruucienus cnekrpa ®ypee (MUIIBC) — A 1 ¢ moMoIib0

JMHEWHOU HHTEpNOIAnuu — b.

N300pakeHnsi, BOCCTAaHOBJICHHBIE H3 pPHUC.3 C TIOMOIIBI0 MeTona BuHepa,

MpecTaBlIeHbl Ha puc.4.

Puc.4. BoccraHoBieHHbIE ¢ TOMOIIBI0 MeToaa Bunepa u3 puc.3A (MUIIBC), u3

puc.3b (MuHelHas HHTEPIIONISLNA) — COOTBETCTBEHHO A U b.
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CpaBuenue puc.4A wu puc.4b mno3BoiseT cAenaTh BBIBOA O JIy4IllIei
unrepnossiiun MUIIBC  (puc.4A) mo cpaBHEHHIO C JIMHEWHOW HHTEPHOJSIIUCH
(puc.4b). PaccmarpuBaembiii meron MUIIBC serko mMo3BoJII€T PETYHIMPOBATH
mo0yro GopMy OTCYTCTBYIOIIEH YacTH U300pakeHus. B kadecTBe mpuMepa Ha puc.S
NPUBEJAEHBl  M300pa)K€HUsT C OTCYTCTBYIOIIEHM 4YacTbl0 B BHUAE JIMHUH,

PETYIIMPOBAHHOE U BOCCTAHOBJICHHOE N300paKCHHUS.

Puc.5. PachokycupoBannoe (SO0=10)n300parkeHre ¢ OTCYTCTBYIOIICH YacThiO B BUJIC
auHUK mapuHON 10 HKC. — A, peTyIMpOBaHHOE U BOCCTAHOBJICHHBIE H300paskKeHUS

— b u B cooTBeTCTBEHHO.

[IpakTka NOKa3bIBaeT, YTO perymHpoBanue ¢ nomouipto MUIIBC moxer
OBITH YCIIEIIHO M B ClIy4ae HEMCKaKeHHbIX (4€TkuX) m3oOpaxkeHuii. Ha puc.6A
NpEICTaBICHO M300paK€HHWE C OTCYTCTBYIOIIEM dYacTbl0 B BHJE MaKeTa
MPSAMOYTOJIBHUKOB ~ BbICOTOH 8 mmkc. Puc.6b wWUIIOCTpUpPYeT  pe3yIbTaThl
petymmpoBanus puc.6A ¢ momonisio MUIIBC.

Puc.6b moka3pIBaeT JOCTATOYHO BBICOKOE KAueCTBO PETYIIHPOBAHMS

OTCYTCTBYIOIIEH YacTH puc.6A.
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Puc.6. U300paxkeHne ¢ OTCYTCTBYIOIIEH YacThIO B BUJIC ITAKETa
IPSIMOYTOJIBHUKOB ITUPUHON 8 mukc. — A, n300pakeHue, peTylrnpoBaHHOE C

nomoisro MUIIBC —b.

UuTtepecno  paccMmoTpeTh  AedopManUio  aMIUIMTYJHOTO  CIEKTpa,

MPOUCXO/ISIILYIO B MPOIECCE PETYIIUPOBAHUS — PUC. 7.

A b B

Puc.7. JlorapudmupoBaHHbIC aMIUTUTYIHBIE CIIEKTPHI: A — UCXOJHOTO U300pakeHus,
b —wu3o0paxkenus ¢ orcyrcTByroieii yacthio (puc.6A), B —peryimpoBaHHOTO

u3o0paxenus (puc.6b).

CpaBHenue puc./A-B no3BossieT caenaTh BIBOJ O XOPOIIEM BOCCTAHOBICHUHT
aMIUTUTYJTHOTO CHEKTpa B Ipoiiecce peTyumunpoBaHusi. OO 3TOM ke CBUAECTEIbCTBYET

puc.8, Ha KOTOPOM MPEACTABIEHBI Pa3pe3bl aMIUTUTYAHBIX CIIEKTPOB puc. /A-B.
8
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Puc.8. Pa3pesbl aMIIMTYIHBIX CIIEKTPOB M300paKeHHI: UICXOAHOTO — KpacHas
JIMHUSA, C OTCYTCTBYIOIIEN YaCThIO — CHUHSIS JIMHUS U PETYLIUPOBAHHOIO — 3€JIEHAS
JIMHUSL.

Ha pwuc.9 mpencraBneno m3o0pakeHre, UMEIOIIEe OTCYTCTBYIOIIME YaCcTH B
BUJIC JIMHUA W MHOTOYHCJICHHBIC OJIOKH pa3iuyHOW (OPMBI, U PETYIIMPOBAHHOE

n300paxeHue.

Puc.9. U306paxenue, umeromiee OTCYTCTBYIOIINE YAaCTH B BUJIE JIMHUU U

MHOTOYHUCJICHHBIC OJIOKH Pa3IndHON (POPMBI — A, PETYIITUPOBAHHOE N300paKCHHIE —

b.
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Puc.9 wmmoctpupyeT [IOCTaTOYHO BBICOKOE KAdeCTBO PETYIIMPOBAHUS
MUIIBC. B TOoM ciydae, KOrja OTCYTCTBYET OoJblIasi 4acThb H300pa)KeHUs,
ycrnemHoe perymupoBanue ¢ nomoibo MUIIBC Toke BO3MOKHO IPU BBITTOTHEHUN
YCIIOBUSL B CPEIHEM PABHOMEPHOTO pacrpezesieHus: 0JOKOB OTCYTCTBYIOILIEH YacTH
M300paKeHHUs.

Ha puc.10 npeacraBiieHbl H300paKeHHSI ¢ Pa3IMYHOMN J0JIEH OTCYTCTBYIOMIEH

4acTHU N300paXeHHs U U300pakeHus, peTymupoBanHbie ¢ momorisio MUIIBC.

B (55%) r
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A (71%) E

Puc.10. M300pakenus ¢ pa3nuyHoi fAojeii Del orcyTcTByrolei yacTi n300pakeHus
(A — Del=40%B — Del=55%w /1 — Del=71%)u cooTBeTCTBYIOIINE UM

perymupoBanubie uzoopaxenus (b, I' u E).

Ha pwuc.10 BumHO, 9TO C yBEIMYEHHEM JOJIA OTCYTCTBYIOIIETO M300paKeHUS
KaueCTBO OTPETYIIUPOBAHHBIX M300pPaKEHUN MalaeT, XOTsS U OCTaéTcs JOCTATOYHO
BBICOKHIM.

Meron perymmpoBanus MUIIBC onucanHbiii B 3TOH paboTe MOXKET OBITH
WCTIONIb30BAaH JUIsl YJAQJCHUsS WMITYJIbCHOTO IIIyMa Ha H300paKEHUSIX IOCie

OTIpeIEIICHUs PACIIOIOKCHHS TOBPEXKIEHHBIX muKcenei [13].

BbiBOADLI.

1. Meton UWHTEpPHOJSLMHA NOCIEIO0BATEIBHOIO BbIUMCIEHUS crnektpa Dypbe
(MUIIBC) mno3BoJseT peTyInpoBaTh OTCYTCTBYHOIIME (3aTeHEHHBIC) YacTh
M300paKeHHUs.

2. B otnnume ot nuneiHoi unTepnomsinun MUIIBC MoXHO HCoNb30BaTh Mpu
0001 (popMe OTCYTCTBYIOIIECH YacTH U300paKeHUS.

3. BoccranoBnenue — uckaxénnoro  A®  perymmpoBanHoro ~ MUIIBC
M300pakeHusl JaET MEHee BbIpaKEHHbIE apTepakTbl IO CPaBHEHUIO C

pe3yabpTaTamMu JJUHEWHON UHTEPIIOJISILIHAM.
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4. PerymupoBanne u BocctaHoBienne MMUIIBC wuzobpaxenue MoxeT AaTh
XOpOIIHE pe3yJbTaThl AK€ MPU 3HAYUTEIBHON J0Ji€ OTCYTCTBYIOLLErO

n300paxenus (cMm. puc.6, 9u 10).
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