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Pedepar. B pabote paccmaTpmBaloTCca MeToAbl OOHOBPEMEHHOTO  YBENUYEHUS U
petanusaumn obpasoB Ha ocHoBe Wavelet npeobpasoBaHun. OCHOBHas 3agada COCTOUT B TOM,
4YTOObLI JoonpenennuTb OUCKPETHLIN 0b6pa3 Ha Gornee Menkow ceTke Mpu YCNOBUW COXPaHEHWUU
BM3yaribHOro Ka4yecTsa.

1. BBegeHue

Cyoa no cneumdukaumm ctangapta JPEG2000 w conytcrByrowmx nybnukaumsix, Wavelet
npeobpasoBaHMe B HACTOsILLLEE BpeMs Hanboree LUMPOKO NMPUMEHSIETCA B CxXaTum M3obpaxeHunin. B 1o xe
BpeMs CyllecTByeT LUenbli psg 3adad KOMMbOTEPHOW rpadukm (MUMKapThbl), B KOTOPbIX XenaTenbHO
nony4nTb M3obpakeHne 3a NpenerioM ero MCXogHoro paspelleHusi. B pabote [3] aBTopamu nocTtaBneHa u
B YAaCTHOM Cryyae pelleHa OdHa U3 Takux 3afad - 3afada 3KCrnaHCuM M300pakeHust C COXpaHEHUeM Wnm
ycuneHnem ero pgetanev. B pgaHHon paboTe NpoBOAMTCS Ka4yeCTBEHHbIA aHanmM3 KacCUYecKux WU
npennoXeHHbIX anbTepHaTMBHbLIX cxeM Wavelet akcnaHcum n3obpaxeHui.

2. MeToAabl 3KCNAHCUU N300paxeHUn
B kauecTtBe uncxogHoro usobpaxeHus wucnonb3oBanca 64x64 dparmeHT un3obpaxeHus Lena,
nokasaHHbIN Ha puc. 2a.

Wavelet annpokcumMauus. AkcnaHcuo N306paxeHNss MOXHO OCYLLECTBUTL MHTEPNPETUPYS €ro Kak
pe3yrnbTUPYIOLLYIO HU3KOYACTOTHYHO Moriocy ABymepHoro naketHoro Wavelet npeobpa3oBaHus HEKOTOPOro
bonee YETKOro M306paxeHunsl. 3a OTCYTCTBMEM AOMONHUTENBHON MHEOPMaLIMK BbICOKOYACTOTHbIE NOMOChI
obOHynsitoTca M npomsBoguTcs  obpatHoe Wavelet npeoGpasoBaHue (puc.2b). B pesynbrate
annpokcMMaLun HEKOTopble AeTanu npu akcnaHcumn n3obpaxeHne HensbexHo TepsitoTcs (puc. 3a).

Wavelet wHTepnonaums. B [2] npeanoxeHa napagurMa 9SKCMAHCMM [aHHbIX Ha OCHOBE
uHtepnonupytowlero Wavelet npeobpasosaHus Donoho. lNMonyyeHHoe n3obpaxeHue, npeacTaBneHoe Ha
puc.3b, siBNsieTca crnaxeHHOW Bepcuen MUcxogHoro usobpaxeHus B gpyrom Macwrtabe. MsobpaxeHue,
nony4yeHHoe no cxeme nHtepnonsauun Deslauriers-Dubuc [1], npeactaBneHo Ha Puc.3c. u BbIrmaguT MeHee
CIMaXKeHHbIM, YeM MOoNydYeHHoe npeablgylyMm MeTodoM. PakTuyeckn OaHHble MHTEPnonupyloLwme Cxembl
aHanornyHel no cTpyktype cxeme Wavelet annpokcumauun. OTnvume coctouT B Bblbope 6a3ucHbIX
dyHkumi. OgHako, CxeMbl WHTEPNOnsAuMM B MPUHUMNE He BKMOYalT B cebs BblaeneHvwe pgetanew
n3obpaxeHuns, YTO NPMBOAMWT MPU IKCMAHCUU K UX MOCTENEHHOMY CrMaXKMBaHMIO.

AnbTepHatmBHble MeToabl. B [3] aBTOopamMu npeanoxeHbl [ABa anbTepHaTUBHbIX MeToAa
Jetanumsaumm n yBenuveHus msobpaxeHuin. Cytb 06OMX METO40B COCTOUT B BblAEMNEHUU XapaKTepHbIX
JeTanen BbICOKOYACTOTHbIX MOMOC NONy4YeHHbIX B pesynbtate Wavelet npeobpasoBaHusa nsobpaxeHus u
ncnonb3oBaHWM NocrnefHuX B pamkax ynomsiHyton Wavelet annpokcmmavmm.

a b
Fig.2
a - OpurnHan 256x256 nsobpaxeHus ¢ BolaeneHHon obnactbio 64x64
b — Ouarpamma Wavelet pasnoxenusi; nonocbl H,V,D HensBecTHbI
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Fig.3
a- Wavelet annpokcumanms
b- nHTepnonsums Donoho
c- wuHTepnonsauua Deslauriers-Dubuc
d — meToq MexMacLiTabHOro nepeHoca getanen
e — MeTog Mmoandukauum cxemol NpeobpasoBaHust

CornacHo nepBoMy MeTOAY HM3KOYACTOTHOMW norocorn ans obpatHoro Wavelet npeobpasoBaHusi
CNYXWUT UCXOOQHOE Wn300paxeHWe, a BbICOKOYACTOTHbIE MNOMOChl  (POPMUPYIOTCS B pesynbraTe
MeXmaclwTabHOro nepeHoca BbIOEMNEHHbIX XapakTepHbix ocobeHHocTen [3].  PesynbTupytoulee
n3obpaxeHne npeacTaBrneHo Ha puc.3d.

CornacHo BTOpoMmy MeTogy Moauduumpyetcss cxema ogHomepHoro Wavelet npeobpasoBaHus
TakMM 00pas3oM, YTO COXpPaHSIlOTCA CBOWCTBA OWOPTOroHanbHOCTM, HO, Kak pes3ynbTaT YCUNeHus
BbICOKOYACTOTHbIX AeTarneun, TepseTcs CBOWCTBO MOSIHOMO BOCCTaHoBMeHUs. [Mpumep Takon guarpammebl
npuBenéH Ha puc.1.

* *
3neck (H,G)- napa onepaTtopoB aHanuaa, (H ,G ) [yanbHas napa onepaTopoB CUHTe3a,
TaKMX, YTO BLIMOMHSAOTCS YCMNOBUSA:

HH =GG =1,
HG =GH’ =0,
H'H+GG=I.
H . —— H*
y

Puc. 1
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B nopsiike MbICIIEHHOrO SKCMepuMeHTa MpearnonoXuM, YTo Habrogaemblii curHan S asnsercs
CrMaXkeHHOW Bepcuel HEKOTOPOro curHana Y onpefenéHHoro Ha 6onee Merkoii ceTke, To ectb S= Hy.

Torpa BbicokodacToTHast monoca curHana umeet eug d =GS=GHy wn, cormacHo pauarpamme,

nceBnoCUrHan Ha Bbixoge paseH y=H’ (I +G*G)S. Takum 06pa3om onepaTop 3KCnaHcMu UMeeT Bup
P=H"(1+G'G).

B pesynbrate cenapabenbHOW 3KCnaHCMM W geTanv3aumm TeCcTOBOro u3obpaxeHuns Mo
MOAMMULNPOBAHHOW AuarpaMme, aHanorMyHou MpuMBEOEHHOM, ObIo nonydeHo m3obpaxeHune puc.3e. B
oTnnume OT [5] dpakTanbHOCTb TECTOBOIMO W300paXXeHUs He npegrnonaraeTcsi, a WUcnonb3yeTcs
dpakTansHocTb camoro Wavelet npeobpasoBaHus. Kpome TOro, B cuny onepaTtopHOro nogxoga, BuAa
6a3ncHbIX PyHKLWI B SBHOM BUAE HE OroBapyBaeTCs U MOXET 3aBUCETb OT Kiacca M3o0bpakeHun.

lMockonbKy npeanoXeHHble MeToAbl BHOCAT apTedhakTtbl B pesynbTupylolwlee usobpaxeHue,
uenecoobpasHo MCNOMb30BaTh HEMMHENHbIE NpoLeaypbl X nogasnexHus [4].

TecTupoBaHue pacCcMOTPEHHbIX MEeTOAOB Ha dparmeHTe wusobpaxeHus Lena nokasano, 4To

Hanbonee kayecTBeHHbIM, B CMbicne 6anaHca aetanenm un aptedakToB, Oka3anocb u3obpaxeHue Ha
puc.3d, COOTBETCTBYHOLLEE MeTolY MexmMacLuTabHoro nepeHoca agetanemn.

3. 3akntoueHune

MpoBenéHHbIN B OaHHOM paboTe aHanM3 MeTodoB AdeTanv3auun obpas3oB Ha ocHoBe Wavelet
npeobpasoBaHMs NO3BOSSIET rOBOPUTb O TOM, UYTO MPEANOXeHHble B paboTe mMeToabl 4al0T BO3MOXHOCTb
Ha Ka4eCTBEHHO HOBOM YpPOBHE pellaTb 3ajayu IKCMaHCUM U getanu3auun nsobpakeHun. [anbHenwune
nccnenoBaHusa MoryT ObiTb HanpaefeHbl Ha BblpaboTKye OOLMX NpaBuIl CMHTE3a C YY4ETOM MNoaaBrieHus
apTecakToB B pe3ynbTUPYHOLNX N300paKeHnsIX.
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Judging by JPEG2000 standard specification and work papers, Wavelet transform is a must in the
image compression domain. At the same time there exists a range of problems in computer graphics
(mipmaps, etc.), which challenge practitioners to obtain an image beyond its initial resolution. In [3], the
authors stated such a task — multiscale image refinement featuring stable details. Here we analyse both
well-known and new multiscale image refinement schemes.

An image may be refined if we interpret one as the lowpass band of the 2-d packet Wavelet
transform made on a sharper superimage. As we know nothing about superimage details, highpass bands
are given zero weight in the Inverse Wavelet transform follow-up. As a result of Wavelet approximation,
some details are inevitably lost (Fig 3a).

In [2] a data refinement paradigm based on the Average Interpolating Wavelet Transform was
elaborated. After the AIWT synthesis step we arrived at the image which appears to be a smoothed version
for initial image viewed from other scale (Fig 3b). Another image refined by Deslauriers-Dubuc’s
interpolative scheme [1] is rendered less smoothed out (Fig. 3c), than the AIWT-image. Nevertheless, both
the interpolative refinement schemes fundamentally miss detail selection step, hence details become
smoothed in refinement.

We propose two alternative methods for image refinement. The main idea behind them is to derive
an image features out of highpass bands resulted from Wavelet transform, to make use of them later in the
framework of the above-mentioned Wavelet approximation. According to the first method, we take initial
image for the lowpass band in the Inverse Wavelet Transform, while highpass bands are shaped by
interscale detail transition. The resulting image is shown in Fig.3d. According to the second method, the 1-
D Wavelet transform scheme is modified (Fig. 1). We have biorthogonality preserved, while the perfect
reconstruction condition fails to hold because we should obtain more detailed output. The scheme thus
modified is applied in a separable manner to the image being refined. As opposed to [5], test image
fractality is not presupposed, rather we rely on the fractality inherent to the Wavelet transform itself.

As we observe the methods proposed induce artifacts into the resulting image, it seems rather
sensible to apply nonlinear processing to suppress artifacts [4].

We tested the refinement schemes on 64x64 region of interest of the Lena grayscale image. Image
in Fig. 3d seems to be superior to other ones, in the sense of proper balance between details and artifacts.
The image corresponds to the interscale detail transition method.

Our analysis shows that Wavelet-based image refinement techniques, like proposed herein, have a
potential in giving a new insight to the problem, despite the artifacts and lack of generalised synthesis
guidelines.
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