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3axBaJHHIIA
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Action 1C1003 QUALINET.
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OApPXXaHoj Ha MIHCTUTYTY YHuBep3uTeta y JincaboHy (Iscte-lul, Instituto Universitario De Lisboa) y
jyny 2015 kojy je opraHmsosao e-COST Action 1C1105: 3D-ConTourNet (3D Content Creation,
Coding and Transmission over Future Media Networks) 1 3a y4yecTBOBate Ha KOH(epeHunju
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YHuBep3uTteta y Llseackoj (Dept. of Information and Communication Systems Mid-Sweden

University, Sundsvall, Sweden).
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Caxkerak

30B (34 Bugeo) je gpyra ¢hasa y passojy ®TB (Free-viewpoint TV) cTtaHfgapga Kojy
cnposogn MPEG (Moving Picture Experts Group). ®TB, Kao HajcaBpeMeHujU BU3YeNHU
Mefuj, oMoryhasa KOPUCHWKY [la UHTEPaKTUBHO Mekba no3uumjy nocmarpama 3/, cueHe.
Mpema 3B cTaHgapay Makbi 6poj BWAEO CEKBEHUM WUCTE CLEHE CHUM/bEHUX Ha
pasMunTUM nosvuMjama ce LWa/be Ca NpefajHe cTpaHe a Ha MPMJEMHO] CTpaHU ce
reHepvwe Behn Opoj BMAEO CEKBEHUM 3a MNO3uUMje 3a KOje HemMa CHUM/bEHUX BUAEO
CekBeHUW. Bupaeo cekBeHue ce reHepuwy npumeHom AOUMBP (Depth-lmage-Based-
Rendering) TexHWKe CWHTE3e Ha OCHOBY CHWM/bEHUX BWAEO CEKBEHUM W HbUMa
ofarosapajyhux mana gy6uHe. OWBP anroputMu 3a CUHTE3Y C/MKA YHOCE HOBM TuN
n306/MYea Yy CUHTETM30BaHE C/IMKE Koja Ce NojaB/byjy YrnaBHOM OKO 06/1acTu Koje cy
3aK/oHEeHE 06jeKTUMa Yy NpeaHeM Aeny CLEHe Ha CHUM/bEHO] canum a Tpebano 6u aa 6yay
BUA/bMBE Y CMHTETU30BaHOj CAMLM Ha HOBOj no3uumju. M3obnmyera cnmke 36or AVBP
CUHTE3€e HUCY YHU(POPMHO pacnopeheHa Ha Camum Kao 1M306mnyersa 360r KoMmnpecuje Beh
Cy you/bMBa y 06nacTM uBMUA O6jeKaTa Yy MNpeaweM Aeny CUEeHe M Heku 06jekTn cy
nomepeHn. TunmyHa M306MYera 300r CMHTE3e Cy LpHe npasHuHe, 3amyhewe MBULE,
nomepaj veuua unn gynne veuue. ANBP anroputMu cuHTe3e NpuMerbyjy reoMeTpujcke
TpaHcopmaumnje Npu MPOJEKUNU CMMKe Ha HOBY MO3WUMjy Ma CUHTETM30BaHe C/MKe

cafip>ke reoMeTpujcKe ANCTop3unje y o6nacTu nemua.

KBanuTeT CUHTETU30BaHMX C/MMKa je BeoMa BaaH 3a ycnex 3[ BMAeo annukaumja.
CraHgapfHe Mepe 3a OLeHY KBamMTeTa CMKa He fajy fAobpe pesyntaTte Mnpu OLerUBary
CUHTETU30BaHMX C/IMKA KOje cagpXXe HeyHU(opmMHa un306mMyera y 06n1actv mBUuA.
MpoueHe KBanuTeTa CAMKa/Buaea [0OMjeHE NPUMEHOM METPMKa Koje Ccy MocebHo
AM3ajHMpaHe 3a OLEeHY KBaJIMTeTa CUHTETM30BaHMX CnvMka ce 00/be MNoknanajy ca
CY6jeKTVBHMM OLEHama Hero cTaHgapiHe METpUKe anv W fa/be NocToju noTpeba 3a

MeTprKama ca jow 60/bMM nepopmaHcama.

[da 6u [obunm mMeTpUKy 3a OLEeHY KBaiMTeTa CUHTETM30BaHMX C/iMKa Koja ce [o6po
rnoknana ca Cy6jeKTVBHUM OLeHaMa, y pasy je NpesanoxeHa npuMeHa My/nTupe3onyLuuoHe

[leKOMMNO3nLUpMje CUHTETM30BaHe W pPediepeHTHE CAnMKe KopuwheweM MOPGOIOLWKMX



(mntapa y npBoj a3y m3padyHaBatba MeTpUKe. EKcCnepuMeHTasIHO je noTBpheHO Aa
4YOBEKOB BU3YeNHM cucTeM o6pahyje BuU3yenHe WHMoOpMauMje Ha MyNTUPE30NYLUOHN
HauMH W NpUMeHa MYNTUPE30NYLUMOHe [AEeKOMMOo3uLMje CvKa Mpu  u3padvyHaBakby
KBa/IMTETa C/IMKe AONPUHOCK noBehawy Moy3aaHOCTU MeTpuKe. MPUMEHOM HelMHeapHUX
MOPMOIOWKNX huaTapa y MYyNTUPE30NYLMOHO] AEKOMMO3NUNjU, BaXKHE TeoMeTpujcKe
MHopMaLmje Kao LUTO Cy nBuLEe cy J06po o4yBaHe 6e3 Nomaka v 3amyhera y ciMkama Ha
pasIMuNTUM CcKaslama MYNTUPe30yLMoHe perpeseHTaumje. KM3pavyHaBareM Cpefre
KBafpaTHe TrpeLlke MUKCeN MO TMWKCes, Kao Mepe u306nyewa no nogorcesnma
MYNTUPE30NYLIMOHE penpeseHTaumje Koju cagpxxe MBULLE, MPELM3HO Ce Mepu pas/inka age
MY/NTMPE30NYLUMOHE penpeseHTaumje. Tako ce Hajsehy 3Hauaj y OLUEHW KBaUTeTa
[oferbyje 06nacTu MBMLA KOje CY CKNOHE AMCTOp3njaMa Y CMHTETU30BaHUM CMKama 360r
npoueca AWBP cuHTe3e. KoMOGUHOBaHkEM CpefwnX KBagpaTHUX Trpellaka nogdoncera
MYNTMPE30NYLMOHE Penpe3eHTalmje CUHTETN30BaHE CMKe Aobuja ce pe3ynTtyjyha oueHa

METpPUKe.

AHanunsnpaHe cy [ABe Bep3uje MYNTU-Pe30NyLMOHe METPUKe NPUMEHOM MOPQOIOLLKNX
¢untapa: MP-PSNR (Morphological Pyramid Peak Signal-to-Noise Ratio) koja ce 3acHu1Ba
Ha Mopdonowkoj nupammnganHoj gekomnosnumjn 1 MW-PSNR (Morphological Wavelet
Peak Signal-to-Noise Ratio) y k0joj je npumereHa AeKoMMNo3unLmja Cnke MOpPROIOLLKAM

Tanacnhmma.

MpeanoxeHa MeTpUKa je TeCcTMpaHa Ha Tpu 6ase CAMKa/BUAEO CEKBEHLWM KOje caapXe
CNMKe/BUAEO CeKBeHLe reHepucaHe npvmMeHoMm OWMBP TexHWKa CuHTe3e. 3a TecTupame
meTpuke KopuwheHe cy: 6a3a civka IRCCyN/IVCDIBR koja cafp)Xu CNnKe reHepucaHe
NPUMEHOM ceflam pa3nnunTux anroputama AUBP cuHTese, aeo 6ase ctepeo cnmka MCL-
3D reHepucaHUX NMPUMEHOM YeTUpu pasnmunte TexHuke AVBP cuHTe3e, n 6asa BUAEO
cekBeHUM FVV ca HaBuraumjoM Kpo3 pasnimumTe rnosunumje, Koje cagpxxe n3obnnyera 36or
npoweca cMHTe3e 1 360r komnpecunje mana gybuHe. O6e Bep3nje NpeanoXeHe METPUKE,
MP-PSNR n MW-PSNR, noka3yjy 3HauajHO 60/be nepdopMaHce of CTaHAapAHMX
MeTpMKa 3a OLeHy KBa/iTeTa cmka Kao WwTo cy PSNR, SSIM, MS-SSIM u 3HauajHO 60/be



nepgopmaHce o metpuke 3DswIM, nocebHO Au3ajHMpaHe 3a OLEeHY KBaMTETa C/MKa

CUHTETM30BaHNX AMBP anropyutMmmnma.

lMoka3aHo je fJa ce pe3ynTaTh HajsuLle KopulheHe 06jeKTUBHE Mepe, BPLUHe BPeAHOCTU
curHan/wym, PSNR, go6bpo noknanajy ca cy6jeKTMBHMM oueHama Kaga ce PSNR
n3padyHaBa Ha nogoncesrMa feTasba BULWIMX HMBOA MOPGOIOLIKE MYNTUPE30NYLUOHE
penpeseHTauuje CUHTETU30BaHe cnke. Mpen/ioXeHe cy peaykoBaHe Bep3vje MOpPMo/IOLLIKe
mMynTupesonyumnoHe metpuke, MP-PSNRr n MW-PSNRr, koje Kopucte camo nogoncere
BULLIMX HMBOA [eKoMno3unumje. PeflyKoBaHe Bep3nje MeTprKa nokasyjy 6os/be nepthopmaHce

0[} OCHOBHUX Bep3uja.

MopdosnoLwkn onepatopy KopuwheHn y MynTUpPe3onyunoHoj AeKOMMNo3nUnju Canka cy
JeJHOCTaBHM 3a MMMJEMeHTalunjy jep KopucTe camo orepauuje MAHUMYM, MakCUMym W
cabupare, page ca Lenum 6pojeBMMa U Kao pesynTat Aajy uene 6pojese. M3payvyHaBarbe
cpeftbe KBafpaTHe rpellke Koja Cce KOpUCTU Kao Mepa M306/n4ersa Mo nogoncesvima
MYNTUPE30NYLUMOHe penpeseHTaumje CAMkKe je Takohe Beoma jefHOCTaBHO nMa je

NpeAnoXeHa MeTpUKa pavyHCKM BP/O edikacHa.

Kibyune peun: oueHa ksanmteta IVIBP-cMHTETU30BaHNX CnKa/Buea,
MYNTUPE30NYLIMOHA METPUKA 38 OLeHY KBa/IUTETa C/IMKE, MY/ITUPE30/TyLMOHa
[eKoMno3umupmja cimke NpUMeHOM MOPGOIOLLKUX (hniTapa, MOpPdosIoLLIKa NnupaMumaa,

MOP®O/IOLLKN Tanacuhm



Abstract

3DV (3D video) is the second phase in the development of FTV (Free-viewpoint TV)
standard implemented by MPEG (Moving Picture Experts Group). FTV is the most
immersive visual media that enables the user to view a three-dimensional scene by freely
changing viewpoints. In the 3DV standard, smaller number of captured views is transmitted
and greater number of views is synthesized at the receiver side. Video sequences are
generated using DIBR (Depth-Image-Based-Rendering) techniques which introduce new
types of artefacts mostly located around the disoccluded regions. As the DIBR algorithms
involve geometric transformations, most of them introduce nonuniform geometric
distortions affecting the edge coherency in the synthesized images. Typical artefacts due to
synthesis process are black holes, blurred edges, shifted edges or ghost edges.

The synthesized image quality is of great importance for the success of the 3D video
applications. The common image quality assessment metrics, which are primarily designed
for other types of distortions, don’t handle efficiently the synthesis distortion. The metrics
dedicated to synthesized image quality assessment show better performances in the quality

assessment of synthesized views, but there is still room for improvement.

In order to better deal with specific geometric distortions in the DIBR synthesized images,
full-reference metric based on multi-scale image decompositions using morphological
filters is proposed in this thesis. Psychophysics and physiological experiments have shown
that multiscale transforms seem to appear in the visual cortex of mammals. Introducing
multiresolution decomposition of the reference and the synthesized images in the image
quality assessment, better correlation of the objective metric’ results to subjective results is
achieved. The non-linear morphological filters used in the multi-scale image decomposition
maintain important geometric information such as edges on their true positions, neither
drifted nor blurred, across different resolution levels. Morphological multiresolution
decomposition can be interpreted as structural image decomposition tending to enhance
image features such as edges which are segregated by scale at the various resolution levels.
Edge distortion between appropriate subbands of the multi-scale representations of the



reference image and the DIBR synthesized image is measured using Mean Squared Error
(MSE) precisely pixel-by-pixel. In this way, areas around edges that are prone to synthesis
artifacts are emphasized in the metric score. Subbands’ mean squared errors are combined
into multi-scale mean squared error, which is transformed into multi-scale peak signal-to-

noise ratio measure.

Two versions of morphological multi-scale metric have been analysed: Morphological
Pyramid Peak Signal-to-Noise Ratio (MP-PSNR) based on morphological pyramid
decomposition, and Morphological Wavelet Peak Signal-to-Noise Ratio (MW-PSNR)
based on morphological wavelet decomposition.

The performances of the proposed metrics are tested using three image/video databases
which contain DIBR-synthesis artefacts. The used databases are the IRCCyN/IVCDIBR
database which contains images synthesized using seven DIBR algorithms, the part of the
MCL-3D database which contains stereoscopic images synthesized using four DIBR
algorithms, and the Free-Viewpoint video database, FVSV, which contains video sequences
with scroll through positions and with distortions due to synthesis process and depth maps
compression. Proposed metrics achieve significantly higher correlation with human
judgment compared to the state-of-the-art image quality metrics such as PSNR, SSIM, MS-
SSIM and compared to the tested metric dedicated to synthesis-related artifacts, 3DswIM.

We have demonstrated that PSNR has particularly good agreement with human judgment
when it is calculated between images at higher scales of morphological multi-scale
representations. Consequently, simplified and in essence reduced versions of multi-scale
metrics, MP-PSNRr and MW-PSNRr, are proposed, taking into account only detailed
images at higher decomposition scales. The performances of reduced versions of the

morphological multi-scale measure are improved comparing to their full versions.

Morphological operators used in the image multiresolution decomposition are
computationally efficient since they involve only integer numbers and simple computations
like a min, max and sum. The calculation of MSE by subbands is also computationally
simple and the proposed metric is of low computational complexity.



Keywords: DIBR-synthesized View Quality Assessment, Multi-scale Image Quality
Metric, Morphological multi-scale image decomposition, Morphological Pyramid,
Morphological Wavelets
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1 YBOJ

BusyenHu meauju Kao LITO Cy TefeBusnja, uam u goTtorpaduja cy AUTMTaIN30BaHU
CUCTEMM 3aCHOBaHM Ha MUKCenMMa. JefaH npasal, HWUXOBOr pasBoja je mnoseharba
KBasMTeTa Cnvke nosehawem 6poja nukcena. Mocne TeneBusmje ctaHdapAHe pe3onyuumje,
pas3BujeHa je Tenesu3nja BUCoKe pesonyuunje (XATB) a 3aTum Tenesmsnja ynTpa BMCOKE
pesonyumje (YXATB, 4k/8K), cnuka 1.1. CBM 0BM cucTteMu oOMoryhyjy KOPUCHMKY
nocmarpare CLeHe ca jefHe nosuumje. [Apyrv npa.ay, pasBoja Tenesusmje je noseharbe
Opoja no3mumja nocmaTpawa CcueHe. [locne KOHBeHUMOHanHe 2[1 TeneBusmje Koja
omoryhyje KOPWCHMKY nocmaTpare CLeHe ca jegHe Mosvuuje OOLWIO je 4O pasBoja
TpoAnMMeH3noHe Tenesu3nje (3A4TB) Koja KOPUCTU BUAEO CEKBEHLE Ca BuLle No3unuuja.
Ctepeo 3TB Kopuctu cnuke ca [ge nosuvumje n omoryhyje KopucHuKy ocehaj aybuHe
CUueHe Kao Yy peasHOM cBeTy. CTepeo C/nvKa cajpXu [Be C/AWKe Koje oArosapajy
nosuumjama Koje cy mMano pasmakHyte. CBaka C/MKa ce NocebHO MPojekTyje Ha MpexHady
OKa M Ha OCHOBY HbMX YOBEKOB BU3Ye/THWU CUCTEM Kpeupa C/MKY Yy MO3ry koja omoryhyje
30 poxwusrbaj. Ayto-ctepeo 34TB omoryhyje 3 AoXuBrbaj 6€3 HOLlewa Hao4yapa Ha
HEKO/IMKO No3uumja YHYTap OrpaHuyeHe 30He nocMaTpara. MIMNpecMBHY KOMYHUKaLM]y
omoryhyje Tek TeneBusmja ca cnob6oaHMM M360poM nosuumje nocmatpamwa, PTB (Free-
viewpoint TV). ®TB 6u Tpebano ga omoryhu nocmarpame CLUeHe ca 61no Koje nosuumje

[1].
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(“ ?
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6poj nukcena

Cnuka 1.1. Kateropusaumnja Tenesnsmje



1.1 IIpeameT ucTpaKuBamba

®TB pgoHocK enoxanHe NMPoOMeHe y Uctopuju tenesusmje. ®TB ce cmaTpa KpajhbuM LubeM
34TB. ®TB Kao HajcaBpemMeHuju BU3YeTHU Meaunj omoryhaea KOpUCHUKY nocmatpare 3/
CueHe 6e3 Hao4apa ¥ 6e3 3aMopa 04njy y3 UHTEPaKTUBHY KOHTPOJTy NO3uULMje NocMaTpamba.
3a peanusaumjy ®TB, noTpebHe Cy BUAEO CEKBEHLE Ha BEIMKOM 6pojy nosuumja. 360r
orpaHuyera NpPornycHOr orncera y NPeHoCy MU orpaHnyera y TPOLLUKOBMMA, 3a Makbi 6poj
nosuumja BUAEO CEKBEHLIE Ce CHMMajy, KoAyjy v npeHoce a 3a Behu 6poj nosunumja BUAgoO
CeKBEHLle Ce CUMHTeTM3yjy Ha MpWjeMHOj CTpaHW Yy peasiHOM BpemMeHy. 3a euKacHy
penpeseHTaunjy nogaraka 3a 3/, sugeo yceojeH je opmatr MVD (Multiview Video plus
Depth, MVD) [2]. MVD cagpu BuLle BULEO CEKBEHLM CHUM/bEHMX 33 UCTY CLEHY Ha
pas3IMunTUM nosvumjama n wuma ogrosapajyhux cekseHum mana gy6uHe (depth maps).
Mana ay6uHe je MOHOXpPOMAaTCKa C/AMKa Yy CKa/ CMBOT KOja CagpXu WHdopmaumje o
reometpujn 3, cueHe. VIHTEH3UTET nukcena mare Ay6uHe npeacTaB/ba YAarbeHOCT
OMNTUYKOT LEHTPa Kamepe of nospwuHe objekTa 3[ cueHe. Bupgeo cekBeHue ce Ha
MPUjeMHOj CTpaHN CUHTETU3Y]Y 3a Mo3uLMje 3a KOje HeMa CHUM/bEHUX BUAEO CEKBEHLM HA
OCHOBY CHUM/bEHMX BMUAEO CEKBEHLUM W CHUM/BEHUX WM eCTUMMpaHUX Mana ayouHe

(depth maps) npumerom ANBEP (Depth Image Based Rendering) anroputama cuHTese [3].

WHTepHauuoHanHy crtaHgapamsayunjy ®TB cnposogn MPEG (Moving Picture Experts
Group) og 2001. roamHe Kpo3 3 ase [4]. Y npBoj ha3mn Koja je Tpajana o mapta 2004 oo
maja 2009 ycBojeH je cTaHAap[ 3a eyKacHO KOAoBarbe CKyna BUAeo cekseHuwu [5], MBL],
(Multi-view Video Coding, MVC), Kao npowunpetbe CTaHAapAa 3a KogoBare jeHe BUAEO
cekBeHue H.264/MPEG-4 AVC (Advanced Video Coding). M3mehy BMAeO CeKBEHUM
CHAM/bEHMX Ca PasIMuUTMX MNo3uUMja OKO WCTe CLeHe NOCTOjU  Kopenauuja.
PefyHOAHTHOCT M3MeRy BMAEO CEKBEHLM Ce MOXe OTK/IOHUTY NpPeavKLmnjom nmehy Bugeo
CeKBEeHLM KOMMeH3aLMjoM MoKpeTa Kao KO KOHBeHUMoHasHor Bufea. MBLL npumetsyje
KOMMeH3aunjy nokpeta no BpeMeHy v no norneguma. MBL, cuctem je npmukasaH Ha canum
1.2. CucTtem ca BuMLIe CUMHXPOHM30BaHMX Kamepa pacnopeheHux y 3, npocTtopy cCHuMa
CLUeHy Ha BuLle nosuumja (multi-view) n omoryhyje KoOpMcHULMMA Ha NPUJEMHO] CTpaHu

nocmaTpare CLeHe ca (MKCHOr 6poja nosvumja y LIMPOKOj 30HM nocMaTpara. bpoj



nosuumja CHUMaka CLeHe Ha npefajHoj cTpaHu v 6poj nosuuymja nocmarparba CueHe Ha

npujemHoj ctpaHu je nctu. MBL, je npumerseH 3a bny-pej 34,

BULLIE CrMKa MBL| MBL|
npeHoc — npukas
ucre cueHe Koaep aekoaep

Cnuka 1.2. MBL, cuctem

Opyra dasa je 311 sugeo (34B) v Tpajana je y nepuogy og anpuna 2007. go 2014. roauHe.
Pa3BmjeH je cTaHgapd 3a eguMKacHO KoJoBare CKymna BWAEO CeKBEHUM W HUMa
ogrosapajyhux mana gyébuHe y MVD (Multi-View plus Depth) ¢opmary [2]. Kogosarbe
cagpxaja y MVD topmaty ce 3acHMBa Ha ctaHgapauma 3D-AVC [6] namn 3D-HEVC (High
Efficiency Video Coding) [7]. 3B cuctem je npukasaH Ha camum 1.3.

u]

ecTumauuja
BULLIE CNUKa 30B
— Mana 30B kogep NPeHOC — — CUHTE3a — npuKas
UCTe cleHe ny6iHe dekogep

Cnuka 1.3. 3[1B cuctem

Kog 3B ce ckyn Buaeo cekBeHUM M Mana gyouHe y MVD dopmaTty Komnpumyje npe
npeHoca a Ha MpuWjeMHOj CTpPaHW ce Ha OCHOBY [eKOJ0BaHWX nojaTtaka CUHTETU3Yjy HOBe
BUEO CEeKBeHLIe 3a Nno3uuuje 3a Koje Hema CHUM/beHUX BUAEO CeKBeHUW npumeHom AVIBP
anroputama. OVBP TexHVKe KOPUCTe TeOMEeTpujy CLeHe 3a CUMHTe3y C/MKa Ha HOBUM

(BvpTYyenHum) nosuumjama. MeTtof cuHTe3e 60/bUX MepdopmaHcy omoryhyje cmarere



Opoja kKamepa 3a CHMMakbe, CMakere NPOMYCHOr Oncera 3a NPeHocC, CMakbere TPOLLKOBA.
YKynaH 6poj BUAEO CEKBEHLM Ha NpWjeMHOj CTpaHu je Behn Hero Ha npefajHoj. Lumb je
npunarofaeawe cafpXaja 3a MpuvKas Ha pasMunTUM Jucniejuma v 3a pasimuuTe
nosununje. Aytoctepeo 3, aucnneju omoryhyjy nocmatpare 31 cagpxkaja n3 pasnmumtmnx
yrnoea 6e3 Haouvapa. 3[ BMAEO annuKauuje MMajy npuMeHy y ob6nactu 3abase (3[4
Tenesusnja, 34, 6uockon, ®TB, 3 wurpe) nanm Kao annmkaumje 3a NOcedbHe HaMeHe

(TenekoHdepeHUMja, fa/bMHCKO 06pa3oBakbe, HaBMraumja poboTa, MeAULNHCKE CNKeE).

Tpeha (hasa passoja ®TB je noyena y asrycty 2013. 1 uma 3a ummb “super multiview*
annMkKaumje W annvMkauyuje ca MpOM3BO/bHUM M360pOM no3uumje nocmartparba (free
navigation). ®TB cucTem je npukasaH Ha cavum 1.4. M3na3 ®TB-a je “super multiview* 3a
“super multiview* gucnneje wnu jegaH norneg 3a CnobofHy Hasurauujy. “Super
multiview” pgucnneju npukasyjy CTOTUHE CAMKa pacnopeheHnx ynTpa-rycto v Tako
omoryhyjy npujatad 3[4 AoXuB/baj 6€3 Haouapa Yy LUMPOKOM Yray MocMaTpawa, rnagak
npenas msmMmehy cycegHux nosvumja U AOXKUB/bAj LUETHE OKO ObjekaTa y npeawem aeny
cueHe. 3a npukas Ha “super multiview* gucnnejuma, notpebaH je BenMKM 6poj Kamepa 3a
CHMMate cueHe (TunmyHo 80 kamepa). 3a MPeHOC Be/MKOr 6poja CHUM/LEHUX BUAEO
CeKBeHUM NoTpebHa je BenMKa LIMpWHa nponycHor oncera. CuHTe3a BUAEO CEKBEHUM ce
3aCHMBA Ha WMHTepnonaumju CHUM/bEHUX Cnvka. Kopuwherwem Kamepa Koje CHUMajy U
Ay6VHY cueHe MoXe ce nosehatu oncer n3bopa nosunumja nocmarpara U CMakbnTh YKyrnaH
6poj Kamepa 3a CHMMare. Kofg annvkaumja ca cno60aHOM HaBUraumjoM KOPUCHUK MOXKE

nmatm ocehaj LWETHE UAN NeTeHba KPO3 CLEHY.

penpeseHTauynja oTB oTB
— npeHoc — CuHTe3a —{ npukas
cueHe koaep aekoaep

Cnunka 1.4. ®TB cuctem

Komuter ®UNPA (MehyHapogHa thefepaunja pyadanckmx acoumjaumja) CBeTCKOr Kyna
JanaHa je nnaHupao fga ce npeHoc PUPA ceetckor kyna 2022. roguHe 0CTBapu Mpeko

®TB. JanaH nnaHupa ncnopyky 3/ pennvke gyaodanckor ctaguoHa no Lenom cBeTy npeko



®TB [8]. PTB he Hahu nNpuMeHy y 061acTu LIMPOKOMOjaCHOI NpPeHoca, KOMyHMKaluja,
3abaBe, peknama, W3N0XOM, 06pasoBarba, MEeAULMHE, YMETHOCTU, apXuBUparba,
6e36eHOCTM, Haa3opa. Beh je peann3oBaH y peasHoMm BpemeHy 1 @ TB ce mMoxe rnegaTu

Ha pavyHapy Uan MoOGUIHOM TenegoHy.
N300muewma y IUBP-cHHTETH30BHUM CJIMKaMa

MowTo je 6poj Kamepa Koje CHMMajy cueHy 3a 3[1 BMAEO an/mMKaumje OorpaHu4eH, 3a
no3ununje 3a Koje HefoCTajy CHUM/bEHE CEKBEHLIe pafn Ce CMHTe3a Ha OCHOBY CHUM/bEHNX
CekBeHUM. MeToje cuHTe3e ce MOry MoJe/nTu npema ToMe Aa /in KOpUcTe reoMeTpujcke
NH(opMaLmje O cueHM WUAM He. Heke 0f Hajno3HaTMjUX MeETOA KOje He KOpuCTe
reoMeTpujcke WHQopmauuje M MpUMeryjy UHTepnonauujy n ¢guatpupare 3a CUHTE3Y
cnuka cy ,light field rendering® [9], ,,concentric mosaic* [10] nnau ,,lumigraph® [11]. Opyry
rpyny 4YmMHe MeTofe KOje KOPUCTE reoMeTpUjcKe MHGopMaLmje cagpxxaHe y Manama gyovHe
(depth maps) 3a npojekunjy nukcena n3 pedepeHTe CMKe Ha oArosapajyhy nosvuujy y
CUHTeTM30BaHOj cnmum (Depth Image-Based Rendering, DIBR).

Y 3[, Bugeo cuctemuma npouec AMBP cvHTe3e u rpewlke y manama gyovHe Cy HOBU
N3BOPU [AMCTOP3Mja Y OAHOCY Ha OHe KOju MOCTOje Y KOHBEHUMOHanHuM 2[1 BuAeo
cuctemmma. OHM  Y3pOKYjy u306/M4Yerba MBULA ObjekaTa (MpOCTOpHAa AMcTop3uvja) Yy
CUHTETMU30BaHNM C/iMKama N CBeT/yLarwe Buaea (BpeMeHCcKa AMCTOp3nja). 3a pas/inky of
AMcTop3nja 360r KOMMNpPecKuje Koje cy pawmpeHe no uenoj cnmum, npouec AMBP cuHTe3e
YHOCK M306/MYersa YrnaBHOM AyK mBMUa objekata [14]. YHudopmHe TekcType cy 6e3
AMcTop3mnje a nBuLe objekata M KOMIIEKCHe TEKCTYpe cafpye n3obimyerba. HACy HM cBe
KOHTYpe jeflHaKO M306/MuyeHe. eomeTpujcka M306amMyera y 0651acTv mBuLUa cy Beoma
yousbmBa. Kof o6jekaTa Koju ce Kpehy y npearem Aeny cueHe n3obnmnyersa 360r CUHTE3e Y
obnactn memua m3Mehy objekaTa M nosafguHe MOCTajy jow youbMBMja. Hajyoursusnja

AMCTOP3Nja KO CUHTETN30BaHNX BUAEO cekBeHUM je ceeTnyuame (flickering) [15].

OVIBP (Depth Image-Based Rendering) je TexHuWKa reHepucawa C/IMKE Ha HOBOJ
(BMPTYENHOj) NO3UUMjKU Ha OCHOBY CHUM/bEHE CNMKe W oarosapajyhe mane AyouHe Ha

pegepeHTHOj nosuunju [12]. Mpeu kopak AVIBP cuHTe3e je npojekToBamwe (3D warping)



mare fgyouHe n Konop cnvke (TeKCType) Ha HoBy (BMPTYenHy) nosuuujy. ukcenu
peepeHTHe CnMKe ce MpojekTyjy y 3[4 npoctop Kopuwhewem WHGpopmMaumja U3 marne
Ay6viHe 1 HgopmMaumja 0 kamepama. 3aTMMm ce Nukceny u3 3[4, npoctopa NpojekTyjy Ha 2/,
CMKY Ha BUPTYenHoj no3vumju. OBaj Kopak uma Hajsehn yTuuaj Ha KBaIATET
CUHTETM30BaHe CnvKe. MMpouec CMHTe3e He yTude Ha BPeAHOCT (MHTEH3UTET) MNuKcena y
CUHTETM30BaHOj CAMLM anu Mewa no3vuunjy nukcena. Kaga ce umspadyHasa nosuuuja
nuKcena y CUHTETU30BaHOj CIMLN Pe3ynTaT MOXe 6UTK HelenobpojaH na ce 3a0Kpyxyje

Ha L,en1o6pojaH nnm ce paan MHTepnonaumja. Y oba cnydaja ce npaBu rpeLuka.

Ipewke y manama AybuHe Hactajy 360r orpaHu4eHoCTV ypehaja 3a CHUMawe WAn npu
ecTumaumju mane aybuHe n 360r KBaHTM3auumje mare gyouHe. OBe rpellke Y3poKyjy
reomMeTpujcKe AUCTOP3Uje Y CUHTETMU30BAHOj CIULUN jep AOBOAE A0 rpellaka y manunpany
nukcena n3 pedepeHTHe CMKe Y CUHTETU30BaHy CAMKY Ha morpeluHe nosuvumje. Tako
HacTaje nomepaj objekata y CUHTETU30BaHUM Crvkama. MpomeHa nosuumja nukcena okKo
pervoHa BWCOKOI KOHTpacTa OKO uBMUA OGjakata y npearwem [Jeny CLeHe Y3pOKyjy
CBeT/yLare MPUINKOM rnefarwa Buaea. Hernoknanawe mBMLA CvKe (TEKCType) U Mane
Ay6viHe MOXKe Y3pOKOBaTuK Npec/iMKaBare MuKcena Koju npunagajy o06jektuma y npegrem
[eny CAvke y nosaauMHy unm obpHyTto. OrpaHuyere 6poja HMBOA KBaHTM3aLMje Mmare
AyOViHe y3pOKyje Tpelike Mnpu npojekumju. 360r rpewsaka npy npojekumju mory ce
nojaBUTU MyKOTUHe (cracks) y CUHTETU30BaHOj canuun. [a 6u KBaIMTET CUHTETU30BaHe
CMKe 610 60sbM, Tpellke npojekumje Tpeba MuUHUMM30BATM. TO ce MOXe nocTuhu
reHepucareM marie y6vHe ca BULLIE HMBOA KBaHTU3aLmMje. KBaIMTET CUHTETU30BaHE C/INKe

ce MOXKe NnonpasnTK 1 06pafoM MBMLA 0bGjeKaTa Y Npesrem Aeny CLeHe.

Mpouec AVBP cnHTe3e YHOCK HOBM TUM M306/IMYera Yy CUHTETU30BaHY C/MKY, HajBuLle Y
obnactu “gucoknysnja“. “Aucoknysnje” cy 06nacTu CLEHe Koje ce He Bufe ca no3uuuje ca
Koje ce CHUMa CnvKa ([en0BU No3afvHe 3aK/I0HEHN 06jeKTUMa Y NpefHeM [enly CLeHe)
afn NocTajy BMA/bMBE Ca NO3nLMje 3a KOJy Ce CUHTETU3Yje cimka (BUPTYenHa nosvumja).
Kako Hema nofataka 0 HhUXOBOM CaapXKajy OHe ce MaHM(ECTYjy Kao HeMonykweHe 06/1acTu
(Npa3HUHE) Yy CMHTETM30BaHOj canun. “Ancoknysuja™ ce jaB/ba OYX MBULEA 0b6jekaTta Yy

npeawemM Aeny cueHe. 360r nomepaja Lenor BUAHOT MO/ba Ha BUPTYENHO] NO3ULNjK Y



OIHOCY Ha OpUrUHaSHY NOo3uuunjy, OY>X MBMLA CUHTETM30BaHe C/MKe ce Takohe jaB/ba

“OUCOKNY3nja“.

TR 1 A

of Yo

(@)

Cnuka 1.5. M306nmnyera y NBP crHTeTM30BaHUM Civkama. (a) CUHTETU30BaHe C/IMKe ca
HenonykeHUM obnactuma ,,AMCoKNy3mnja“ (6) CUHTETN30BaHE C/IMKE HAKOH NOMyHaBakba

obnactu ,,4ucoknysnja”,



Kaga ce cnvka CMHTETU3Yje Ha OCHOBY [Be CHVWM/bEHE C/MKe ca [Be Nno3uuuje, N1eBo ”
[leCHO Y OAHOCY Ha BUPTYeNHY nosvuujy, “aucoknysmje™ cy mawe. Cnmke Hactane
npojekumjom ase petepeHTHe cnvke (neBe n aecHe) ce komouHyjy (blend) n Tako ce
3Ha4yajHO CMamyjy ,,AMCOKNY3Mje™ a TUMe N rpellka CUHTeTM30BaHe canke. OBaj Kopak
3HayajHO JOMPUHOCK KB/IMTETY CUHTETU30BaHE C/IMKE. Yrao u3Mely cycegHUX Kamepa je
BaXaH (hakTop kBasimTeta 3/ Buaea. Maga je ferpajaumja ksaimTera no jeHOM CTemneHy
yrna nsmehy BupTyesnHe 1 peepeHTHe No3uumje Mana, He nNpenopy4yjy ce yrnosn Behu
of 15 cTeneHu jep Y3poKyjy Benunke 06nactu “ancoknysnja”.

Y nocneawem Kopaky reHepucarba CvKe Ha HOBOJ MO3WLMjK, MONYyHaBajy ce npeocrane
AMCOKNY3nje MPUMEHOM anroputma 3a nonykwasawe (inpainting algorithms) Ha ocHoBy
Mo3HAaTOr cafp)aja U3 OKOMMHE ,,AUCOKNY3nja“. Mako NpoueHTyanHo Manu 6poj nukcena
C/IMKe npunaga obnactn “AMcoknysmja”, Tako ce nonpas/ba CYOJEKTUBHU KBIUTET C/IMKE
Jep HenonykweHe LUpPHe Mpa3HUHe 3Ha4yajHO HapyllaBajy BU3YeSIHW KBIUTET CvKe. Y
3aBMCHOCTM Of, MPUMEHEHOI MeToa eKcTpanonauumje y anroputmy 3a nonywasare 4e/108a
CNIMKE KOjU HefocCTajy, PEervoHN Yy CUHTETU30BaHO] CAMLUM MOTY OUTU MOMaKHYTU WK
npomMeweHe BennumnHe (resized). 36or nonykwasarwa “AMCOKNY3Mja“ MBULE MOry OUTK
3amyheHe (blurry) WwTo je nocebHO BMA/LMBO Ha Npenasuma namehy nosaguHe n objekata y
npegwemMm feny cueHe. Ha cnmum 1.5 cy npukasaHe CMHTETU30BaHe C/IMKE Npe WU HaKoH
nonywasaka NpasHuMHa y obnactu ,,AMcoknysmnja“. AHanmsa kopaka AVBP anroputma je

npeacrae/beHa y [13].

1.2 Ilusb ucTpaxkuBama

Moy3gaHa MeTpuKa 3a OLEeHY KBa/IMTeTa CUHTETU30BaHNX BUAEO CEKBEHLM je Of BENUKOr
3Hayaja 3a pas3soj 3[ TexHonorunje. BusyenHu KBaMTeT CUHTETM30BaHMX CvKa/Buiea je
Haj3Ha4ajHuju KpuTepujym Kopg ouerbusarba uenor 3/ sugeo cuctema. OueHa KBaiMteTa
CUHTETMU30BaHMX C/MKa/BMAea WMa 3HayajHy Yynory Koj ouewuBakba nepfopmMaHcu
pas3nMunTUX genosa 3M, BUAEO CUCTEMA Kao LUTO Cy CHUMake 3/, cagpkaja, reHepucare U

obpaga mana aybuHe, komnpecuja 3] cagpXaja, pacnogena pecypca (anokauuja 6utckor



npoToKa) M3Mehy BWAEO CEKBEHUM U Mana [AyOMHe Npu MNpPeHocy M CUHTe3a BMEO

CEKBEHLW.

3a peanusaunjy cnobogHor nsbopa nosmumnje nocmatpama cueHe kog ®TB, of Hajseher
3Hayaja je BMCOK KBa/IMTET CUHTETM30BaHMX CMMKa/BuAea 3a MosuuuMje Ha Kojuma Hema
CHUM/beHOr  cagpxaja. [loy3gaHa O06jeKTMBHa MeTpMKa 3a OLEHY KBa/uTeTa

CUHTETU30BaHMX CNMKa/Bnea je NoTpebHa 3a 36op Hajoos/ber anropuTMa CUHTESE.

MMoy3naHa MeToda OLeHe KBa/MTeTa CUMHTETU30BaHUX CAMKa/BUAea je 3HavajHa 3a
onTuMusaunjy nepgopmanHcy uenor 3, Buaeo cuctema y UWby nobosbluawa KBaMTeTa
foxuerbaja (Quality of Experience, QOE) kpajrber kopucHuka. L/ onTuMusauunje je
MUHUMU3aLMja OWUCTOP3Nje CUHTETM30BaHWUX ClvKa/Bugea. 3a WHTEpaKTMBHE BUAEO
cepauce, NOTPeBOHO je nojellaBakbe napamerapa KOMMpecuje Ha OCHOBY KBaMTeTa BUAEO
curHana. Mepewe KBawmTeTa 3[, BMAEO CUrHa1a Ha NPUjeMy Ce MOXXE KOPUCTUTKU Kao
noBpaTHa MH(opMaumja 3a (MHO MojellaBare napamerapa cUcTemMa Tako fa ce OCTBape
6o/be nepthopmaHce cuctema. MoryhHoCT NpoMeHe napaMeTapa KOMMNpecuje 1 npeHoca je
BeOMa BaXXHa 3a WCMOPYKYy pobycHOr BUCOKOKBanuTeTHOr 2[/3[, BMAEO cepBuca NPeKo

HEeMnoy3AaHNX KOMYHUKaLMOHUX KaHana.

Cy06jeKTUBHO OLeHUBabe CNPOBOAE /byau AoAerbYjyhu oueHe cagpykajy Koju nocmarpajy.
Cyb6jeKTMBHE MeTOAe OuewMBarba CYy BPEMEHCKM 3aXTEBHE, CKYMe W HernpakTuyHe y
cUcTeMMMa Y Kojuma je nmoTpebHa OueHa KBaiuTeTa y peasiHOM BpemeHy. O6jeKTUBHe
MeTo/e UMajy 3a Lu/b fa ayToOMaTCKMN OLeHe KBaIMTET CNMKe/BUAea Tako fa ce OLeHa LWTo

60/be noknana ca Cy6jeKTMBHOM OLIEHOM.

OVIBP anropntMu cuHTe3e cafpyke reoMeTpujcke TpaHc(opmaumje U y3poKyjy yriaBHOM
reomeTpujcka n3obaumyerba cavke y obnact memua. CtaHgapAHW anropuTMuy 3a OLeHy
KBa/IMTETa CNMKe/BMAEA HUCY MOY3[aHu Y OLewMBaky C/nKa ca u306iudersrMa 360r
OVIBP cuHTese. MeTpurke nocebHO [Au3ajHMpaHe 3a OLeHY KBaMTeTa CUHTETU30BaHMX
cnvka/snaea nmajy 6osbe nepdopmaHce of ctaHAapAHMX METPUKa ann NocToju notpeba 3a

MeTprKama ca jol 60/bMM nepopmMaHcama.



Lin/b nctpaxkmsama Koje je NpeActaB/beHO Y OBOM pajy je pa3Boj METPUKe 3a Moy3aaHy U

epmkacHy oueHy ksanuteta AVBP-cMHTeTM30BaHMX CNnKa/BUea.
1.3 lonpuHOC UCTPAKNBakbA

3a oueHy kBanuteTa AVIBP cMHTETU30BaHMX C/IMKA Y OBOM pady je MpefioXxeHa MeTpuka
3aCHOBaHa Ha MY/NTMPE30NYLMOHO) AEKOMMNO3UUMIN CAMKE NPUMEHOM MOPGOIOLLKNX
(untapa. EKcnepuMeHTaNHO je [OKa3aHO [a YOBEKOB BU3Ye/HW CUCTEM MpoLecupa
NHopMaLmje  Ha  MYNTUPE3ONYUMOHM  HauuH.  [pumeHa  MYNTUPE30NyLUUOoHe
JEeKOMMNo3numje CAMKe y MeTpuumM 3a OuerMBarwa KaamteTa Cavke omoryhyje 60sbe
noknanawe pesynrata MeTpUKe ca  CyOjeKTMBHMM  oueHama.  MoponoLlika
MY/ITUPE30NYLUMOHa [AeKOMMOo3uumnja je CTPYKTypHa [AeKOMMosuuuja CAuKe KOjoM ce
n3aBajajy vMBULE PasMuMTUX BeIMYMHA Ha PasIMuMTUM HMBOMMA Aekomnosuuunje [16].
MocToju nodyaapHOCT M3mehy weme MOPgO/OLLIKE MYNTUPE30NYLMOHE AeKOMMOo3unLmje U
4OBEKOBe BU3yesiHe nepuenuuje [16]. MpumeHOM HeMHeapHUX MOPMOOLLKMX (hunTtapa y
MYNTUPE30NYLNOHO] AEKOMMO3NLUMM BaXKHE TeOMETPUjCKE MH(opMauMje Kao LWTo cy
MBULE OCTajy OYyBaHe Ha HUXOBUM OPUrMHTHUM Mo3uLMjaMa 1 6e3 3amyherba y cimkama
CBUX HMBOa fekomno3uumje [17]. WN3pauyHaBarbeM Cpefibe KBafpaTHe rpelike nsmehy
ofrosapajyhux nogoncera MYNTUPE30NYLUMOHUX penpeseHTauuja pedepeHTHe
CUHTETU30BaHe C/IMKe Y KOjuMa Cy 13ABOjeHe MBULLE NUKCEN MO MUKCEN, NPELM3HO Ce Mepu
pasnnka mnsmehy [ABe penpeseHTauuje Cavke. Tako Ce Y OLEHW CUMHTETM30BaHe CINKe
Hajsehu 3Hauaj foferbyje AUCTOP3UJN MBMLA KOja je KapaKTepMCTMYHA 3a CUHTETM30BaHe
CIMKe a 3HayajHo HapyllaBa BW3YeNlHW KBauTeT ciauke. Cpefre KBafdpaTHe rpeLuke

nogoncera MyNnTMPe3ONYLMOHNX pernpeseHTaumje CAMKe Ce KOMOMHYjy y pesynTyjyhy
OLIEHY.

AHanmsnpaHe cy ABe Bep3nje MeTPUKe 3aCHOBaHE Ha MYNTUPE30/1YLIMOHO] AeKOMMO3MLMju
cnvke npumeHom mopdonowkux guntapa: Morphological Pyramid Peak Signal-to-Noise
Ratio, MP-PSNR [18], [19] 3acHOBaHa Ha nupaMuaaIHoj AeKOMNO3NLNjU CINKE NPUMEHOM
mopdonowknx oneparopa [20] n Morphological Wavelet Peak Signal-to-Noise Ratio,
MW-PSNR [18], [21] 3acHOBaHa Ha [AEKOMMO3WLMJU CMKE MPUMEHOM MOPKOSIOLLKMX
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Tanacuha [22]. WcnuTaH je yTuruaj Aa tvna mMopdonowkmnx Tanacuha y cenapabuiHoj
[EKOMMO3NLMM  Ha MOY3[4aHOCT MeTpuKe. YTuuaj HecenapabunHe [Jekomnosuuuje
NMPUMEHOM MOPQONOLLKMX Tanacuha ca Yy30pkoBakbeM Ha “quincunx® peLleTkn Ha

Moy34aHOCT METPUKE je Takohe NcnuTaH.

O6e Bep3nje metpuke, MP-PSNR 1 MW-PSNR, ce fo6po noknanajy ca Cy6jeKTVBHUM
oLeHama, 3HaTHO 60/be Of CTaHAapAHWMX MEeTpUKa 3a OLeHY KBa/MTeTa ClMKa U 3HaTHO
0o/be Of APYrnx MeTpMKa HaMerseHUX OLerMBary KBa/JIMTETA CUHTETU30BAHWUX CIUKA.
Kako cy Mop(ho/oLLIKM onepaTopy KOju Ce KOpUCTe y MyNTUPEe30/yLMOHOj AeKOMMO3NLMjKN
C/MKe je[JHOCTaBHW 3a M3pavyHaBarbe Kao U Cpefra KBajpaTHa rpeLuka Koja ce KOpucTu
Kao Mepa M306nMyerba nogorcera MynTMpesonyLunoHe pernpeseHTaumje CAnke, pavyHcka

KOMM/IEKCHOCT MOPO/IOLLKNX MYNTUPE30NYLIMOHNX Mepa HIje BENnKa.

AHanusnpaHe cy nepdopmaHce metpuke PSNR no nogoncesvma MynTMpesosyLmMoHe
[lekomnosunumnje npumeHoMm Moponowkmx untapa. MNokasaHo je ga ce metpuka PSNR
[06po noksana ca cy6jeKTMBHUM OLleHama Kafia ce u3padvyHa 3a noforcere CUHTETU30BaHe
CNMKe BULIMX HMBOA MoOpdonoLke paekomnosuumje. [MepdopmaHce meTpuke PSNR
“3pavyHare 3a nojorncere BULLIMX HUBOA LeKOMMO3uLMje Cy 3HATHO 60sbe 0f nepthopmaHcu
meTpuke PSNR m3padyHaTux 3a nogorncere HWXMX HMBoa gekomnosnuuje [18], [21], [23].
360r TOra cy nMpeaioXeHe peLyKOBaHe Bep3vje MY/NTUPE3ONYLMOHE METPUKe ca
mopdonowkum puntpuma, MP-PSNRr [18], [23]  MW-PSNRr [18], [21] kopuwherem
camo nojorcera BULIMX HMBOA Aekomnosuuumje. lMephopmaHce pedyKoBaHUX Beps3uja
MYNTMPE30NYLMOHE METPUKE ca MOPGONOoWKUM uaTpnuma cy 60/be o4 nepgopmaHcu

OCHOBHWX Bep3uja.

MpeanoxxeHe Bep3nje METPUKe CYy KopuwheHe 3a OUeHYy KBaauteta pejmoBa
CUHTETMU30BaHMX BMAEO CEKBEHLM Kao NPBM KOpak y oueHu kBanuTeTa 3/, cagpxkaja u 3a
oueHy keanmteta @TB BUAeO cekBeHUM. MeTpuke Cy TecTupaHe Ha 6asama C/iMka Koje
cagp>e m3061mMyera 360r npoueca CUHTE3e Kao M Ha 6asm PTB BUAEO CEKBEHUM ca
HaBWUraumnjom Kpo3 pasnnmumTe nosmuuje Koje cagpke n3obamyera n 360r Komnpecuje Mana
Ay6uHe 1 360r npoueca cuHTe3e [24]. MpeanoxeHe MeTPUKe MOKa3syjy A06PO NOKnanawe

ca cy6jeKTMBHUM oLeHama. Mory ce KopuctuTtu 3a nopehewe anroputama AVBP-cuHTe3e
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cnuka. [MepdopmaHce NpeanoXeHe MeTPUKE Cy 3HayajHO 60/be 0f nepdopmaHcK
CTaHAapAHMX MeTpuKa 3a OLEeHY KBasmMTeTa CAMKE M 3HayajHO 6osbe of nepopMaHcu
TecTupaHe MeTpukKe MOCebHO Am3ajHMpaHe 3a oueHy kBanuTeta AVBP-CUMHTETM30BaHUX

C/MKa.
1.4 Opranu3auuja qucepraumje

[uncepTaumja cagpxu cegam nornaesa. ocne yBoga, y APYroM Mornae/by je nperneg
MeTpuKa 3a OUeHY KBaMTETa CAMKA WU BWAEO CEKBEHUW CUHTETM30BAHUX MPUMEHOM
anroputama AWBP cuHTe3e. Tpehe nornas/be cagpXxu nperneq MynTupe3onyLuoHmnx
MeTpMKa 3a OUeHy KBaiMTeTa C/MKA W Mpernes OnwTuMx Lema pefyHAaHTHe W
HepeayHAHTHE MYNTUPE30/yLMOHe AeKOMMOo3uUMje CUrHana. Y 4YeTBPTOM MOrnaB/by je
onucaHa npeaoXkeHa MyNTUPe3oNyUMoHa MeTpuka 3a oueHy Keaimteta [AWBP
CUHTETU30BaHMX cnivka. [1pBO Cy onucaHe [AeKOMMO3uumMje CAMKE MOPQO/OLLKOM
nnpaMmmaom 1 MopgonowKnm TanacuhmmMa Koje cy aHaimsmpaHe 3a NpUMeHy y npBeoj asun
n3payyHaBara MpesioXeHe  MyNTUPE30NYyUMOHE MeTpuke. 3atMuM  je  OnmucaHo
n3padyHaBarwe AWUCTOP3Mje NO nojgoncesvMa [eKOMNOHOBaHe CAMKe 3a o06a Tuna
fekomnosuumje. AHasm3npaHa je C/I0XKEHOCT M3padyHaBarka MeTpUKe. Y MeToM MNorfias/by
cy onucaHe Tpu 6ase AVBP CvHTETM30BaHUX CNMKa/BMAEO CeKBEHUM KopullheHe 3a
TecTMpame MpefoXeHe MeTpPUKe W MnpukKasaHe cy nepgopmaHce npensiokeHe MeTpuKe
TecTMpaHe Ha onucaHuMM 6a3ama Cnuka/Bugeo cekBeHuu. LLlecTo nornaerbe cagpXku

3aK/byyaK. Y ceaMoM Nornae/by je nNpernef KopullheHe nutepaType.
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2 TIIPEIJVIEA METPUKA 3A OIEHY KBAJIMTETA /JUBP
CUHTETHU30BAHUX CJIMKA/BUIEA

BehunHa cTaHgapAHVMX MeTpuKa 3a OLEeHY KBasmMTeTa CAMKa Cy HamerbeHe 3a Apyru TWn
n306nyersa Hajuelhe pacnpocTpakbeHuX Mo Lenoj CAMUM U HUCY MOrofHe 3a OLEHY
KBa/IMTETa C/MKa Koje cagpke m3o06nunyerwa 36or AWBEP cuHTe3e yrnaBHOM Yy 06/1acTu
“oucoknysnja”.  FloysgaHocT cTaHgapgHux 2 MeTpuka 3a OueHy KBanuTeTa
CUHTETU30BaHMX C/MKa KOje cagpXe camo u306nmyewa 36or AUBP cuHTese [14] je
TecTMpaHa KopuliheweM 6ase CAMkKa Koje cagpxe u3obnuyewa 360r npoueca ANBP
CUHTe3e [25]. PesyntaT nokasyjy pfda cCTaHgapgHe 2[1 MeTpuKe HWUCY Moy3faHe Yy
oLeHMBatkby KBa/IMTETA CUHTETU30BaHNX cnKka. CTaHgapaHe 2/, MeTpuke cy TeCcTupaHe u
3a OUeHY KBaJiMTeTa CUHTETM30BaHWX BMAEO CEKBEHUM KOje cagpxe M306myera 3601
OWBP cnHTe3e [26]. Hu jeaHa of TecTUpaHUX MeTpuka He gocTumxke HU 50% kopenauuje ca
Cy0jeKTUBHMM OLeHaMa Kafla Ce KOPUCTe 3a OLeHY KBamMTeTa CUHTETM30BaHUX CAMKa W
Bugea. lMocToje ABa rnaBHa pas3fnora 360r KOjUX KOHBEHUMOHanHe 2[, meTode Hucy
[OBO/bHO fA06pe Yy oOuewMBawy KBaMTETa CUHTETM30BaHWUX crvka/Bmgea [15]. TMpso,
KOHBEHUMOHaNIHE  06jeKTMBHE METPMKE MNOTUEHYjy [AOMUMHAHTHE AucTopsvje Yy
CUHTETWU30BaHUM C/iMKama/BMAey Kao LITO Cy AMCTOp3vje MBMLA, MeCTUMUYaH Nomepaj
objekata M cBeT/nyuare Koje Cy BeOMa youbMBe sbyauma. KOHBEHUMOHa/IHE MEeTpUKe
KBa/IMTETA C/IMKe KOje TPeTMpajy CBe PervoHe C/nKe jeAHako noTuewyjy edekaT owTehera
MBMLA N HEAOBO/bHO ra npukKasyjy y oueHun. Kog ouermBarba KBaIMTETa CUHTETU30BAHMX
CnvKa owTehere MBMLA Tpeba [a MMa 3HavajaH yTuuaj Ha OLeHY 06jeKTMBHE METPUKe aa
6u ce OoHa 6o/be nogydapana ca OLEHOM /byan. [pyro, KOHBEHUMOHaNHE 06jeKTUBHE
METPUKe MpeLewyjy M3006Myera Kao LITO Cy Masne reomeTpujcke AWUCTOp3nje, CTanaH
nomak objekaTa, LIYyM HacTao MNPUIMKOM CHUMaka Ca BuMLIe Kamepa Ha pasiMyuTum
nosnunjama n pasnuke y ocsetsbajy (illumination) Koje cy jeasa npumetHe byamma. Ose
ancrtopsnje he ytmuatu Ha cMakere BpegHocT PSNR cMHTETM30BaHe C/MKe ann Hehe
CMamUTN BU3YENHN KBaNUTET cnnKe. Cy6jeKTUBHN (BM3YENHN) KBA/IUTET CUHTETM30BaHUX

C/MKa KOje cafpXKe 06jeKTe KOju Cy MOMEPEHM je BUCOK.
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C o63vpom pa CTaHAapfAHe MeTPUKE HUCY [0BO/BHO Moy3gaHe Yy ouewuBawy [AVBP
CUHTETU30BaHMX CMMKa MOTPe6He Cy HOBE METPUKEe MOCEBHO AM3ajHMpaHe 3a OLEHY
kBanmteta AVBP cuHTeTM30BaHMX CnmMKa. HEKOIMKO MeTpuKa je Am3ajHMpaHo 3a OLeHY

KBa/INTETA CUHTETU30BAHNX C/INKa.

NHAMKaToOp CTPYKTYPHE Aerpajalivje 3aCHOBaH Ha aHaim3u uemua [27] ce nspadyHasa Ha
OCHOBY MOMepaja KOHTYPa Y CUHTETM30BaHOj CINLM. 3a HEKOIMKO CUHTETU30BaHMX C/INKA

je npukazaHo A06pO Noknanawe MHAMKaTopa ca Cy6jeKTUBHMM OLeHama.

VSQA (View Synthesis Quality Assessment) MeTpuka je HaMerbeHa [eTekumju
1306/11MYera y CUHTETM30BaHUM crinkama [28]. MeTpuka nspadyHasa 3 marie Koje onucyjy
KOMIMEKCHOCT TeKCType, PasHOMMKOCT OpujeHTauuje rpagvjeHta v npucycTBO BEUKOT
KOHTpacTa. MeTpuka ce MoXe fehmHMcaTh Tako fa 6ye npowupere 61no Koje MeTprke
3a oueHy kBanuTeTa 2/1 cnuka. Y pagy je npukasaHa VSQA-SSIM Kao eKCTeH3unja MeTpuKe
SSIM. MpeanoxeHa MeTpuKa TecTupaHa Ha 6as3u cnmka [25] nokasyje KOpenmMcaHocT ca
Cy6jeKTMBHMM oueHama of 61.42% wTo je 3a 17.8% 6Gorwe of kopenucaHoctTu SSIM

METpPUKe.

3DSwIM (3D Synthesized view Image Quality Metric) meTpuka je HamereHa JeTeKuuju
n30611Yea y CUHTETM30BaHMM cnvkama [29]. HakoH nogene Ha 6n10koBe, paau ce
pernctpaumja Koja omoryhyje ga ce nopege 6/710KOBM M3 [ABE CNMKE, pedepeHTHE W
CUHTETU30BaHe, KOju ce Hajbosbe noknanajy. Ha ocHOBY NMPeTnocTaBKe Aa Cy M306/nyerha
JOLW yousbMBMja YKOMIMKO CY 06JeKTU Ha CMUM /byan, MeTpUKa CafpXXu Kopak feTekuuje
KOXe Koju fofervyje Behe TeXuHe 6/10KOBMMaA C/IMKE KOjW cafpyke owTehera Ha nvyy,
BpaTy, UTa. HakoH npBor HMBOa fAekomnosvuuje XapoBuMm Tanacuhuma, ferpajauuja
C/IMKe Ce Mepu aHaIM30M CTaTUCTUYKMUX Bapujaumja y nogorncery ca XOpPU3OHTaTHUM
JetasbmMa. Juctopsmnja Nno 6/10KoBUMa Ce M3padvyHaBa Ha OCHOBY XMCTOrpaMa OCBeT/baja.
HenonyweHe 061acTK Koje oAroBapajy “AMCOKy3njama“ cy Ay BEPTUKAHUX MBULA Ha
cimun. Kaga ce nonyHe Te 006nacTv cafpXXe BUCOKO(PEKBEHTHE KOMIMOHEHTe Y

XOPW30HTA/IHOM MpaBUy. Y pafy je MNpuKasaHO fa MEeTpuKa MOCTUXKE KOpPEeMCaHOCT
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76.17% ca cybjeKTVBHMM OLleHaMa Kafa Ce KOPUCTM 3a OLeHY KBa/nTeTa civka u3 6ase
[25].

Mpema CTyauju O OLeHMBaky KBa/MTETa CUHTETU30BaHNUX cvka/Bugea y MVD topmary
KBa/IMTET CMHTETN30BAHOI Cafpykaja ce MOXKe OLernBaTh Ha 3 HaumHa [30]. MpBM HauuWH je
n3payyHaBare MeTpuke wu3Mehy BUOEO CEKBEHLE CUHTETU30BaHE Ha OCHOBY
HEeKOMMpPYMOBaHMX NofaTaka U OpurMHasiHe BUAEO CekBeHLe. Ha Taj HauvH ce ouewyjy
ehekt AVBP cuHTe3e. [pyrn HauuH je nspadyyHasare MeTpuke nmehy BUAEO CEKBEHLIE
CUHTETU30BaHe Ha OCHOBY HEKOMMPUMOBAHE BMAEO CeKBEHLIE M KOMIMPUMOBAHe CEKBEHLIE
mana fyovHe 1 BUEO CEKBEHLE CUHTETM30BaHE Ha OCHOBY HEKOMMPUMOBAHMX Mojaraka.
Ha Taj HauMH ce ouewyje edekaT Komnpecuje Mmane p[ybuHe. Tpehun HaumH je
n3payyHaBawe MeTpuke wu3Mehy BUAEO CEKBEHLE CUHTETM30BaHE Ha OCHOBY
HEKOMMPUMOBaHE BUAEO CEKBEHLE M KOMMPUMOBAHE CeKBEHLe Mana gyouHe 1 0purnHaiHe
BUAEO CekBeHLe. Tako ce ouenyje eekat n AVBP cuHTe3e 1 Komnpecnje mane gybuHe
KOMOMHOBaHO. 3a OUeHY KBaiMTeTa CUHTETM30BaHWMX BUAEO CEKBEHUM je KopuwheHa
PSNR wmeTpuka. [lokasaHO je fAa MNpoOUEC CUMHTE3e YHOCKM BeNMKe [AucTop3nje 'y
CUHTETU30BaHy BWAEO CEKBEHLY KOje Mackupajy amctop3nje 360r Komnpecuje mane
Ay6uHe. 3ak/byvak je Oda kaga Tpeba OuUeHMTU nepdopmaHce KOAeKa, 3a petepeHTHY
CeKBeHLY Tpeba KOPUCTUTM CeKBEHLY CUHTETM30BaHYy Ha OCHOBY HEKOMMPUMOBAHMX

nojaTaka.

Moy3gaHoCT cTaHfapaHux 2[, MeTpuka 3a OUeHY KBasMTeTa CUMHTETM30BaHUX BUAEO
cekBeHUM 3a PTB Koje cagpxe M300/1Muera 360r komnpecuje mane AybuHe [31] je
TecTMpaHa Kopuwherwem 6a3e BUAEO CEKBEHLN KOje He cafpyke BPEMEHCKE ANCTOp3nje jep
CBU (PpejMOBM BWMAEO CeKBeHLle OArosapajy MCTOM BPEMEHCKOM TpeHyTKy [32]. Bupeo
CEeKBEHLE CUMYNMpajy KpeTawe Kamepe Kog cnobopgHe Hasurauvje ®TB. Csaka BUAEO
CeKBeHLLa cagpXxu ppejMmoBe CMHTeTM30BaHe Ha 49 no3uumja nsmehy 2 nosuumje Ha Kojuma
CY CHVMM/bEHe BWAEO CekBeHUe. ®PpejMoBM CYy CUHTETM30BAHM Ha  OCHOBY
HEKOMMPUMOBAHMX TEKCTYpa WU KOMMPMMOBaHUX Mana AyouHe. Pe3ynTtatu nokasyjy pAa

CTaHAapaHe 2[] MeTpuKe HUCY NMoy3aaHe Yy ouehMBary KBannTeta @ TB BUAEO CEKBEHUM.
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Bosby noysgaHoCT 0f CTaHAapAHUX METpUKA Y OuewMBary Keamteta fena FVSV 6ase
[32] Koja cagpxu BMAEO CEKBEHLIE ca M306/IMYeHMMa 360 KOMMpecuje mana ayovHe u
OVIBP cuHTe3e nokasyje MeTpuka npegnoxeHa y [33]. MeTpuka cagpxu npoueaypy
perucTpaumje 3a rnopaBHarwe M3MeRy CMHTETU30BaHE M OpuruvHanHe cnunke. Kopuctehu
npoueaypy feTeKumje KoXe MeTpuKa foferbyje Behe TeXMHCKe (hakTope 6/10KOBMMA KOju
cafip>e nmue un BpaT ocoba jep je AMCTOp3vja YOus/bMBMja Ha /byAMMa HEro Ha Apyrum
JenosuMa cueHe. [la 61 3agpxkany NpoCcTOpHY NoKanm3aunjy n3obamyerba CUHTETU30BaHN
N peepeHTHU dpejm Cy AeKOMMoHoBaHW Tanacuhuma (wavelets) no 6510KoBMMa.
[Jerpapaunja ce nspadyHaBa Ha OCHOBY XMCTOrpama OCBeT/baja XOPU30HTa/IHUX Nojoncera
NPBOr HWMBOA [EKOMMO3uLMje CWUHTETU30BaHE W pedepeHTHe caMke. MeTpuka je
n3padyHaTa Ha geny 6ase KOju CafpXu BUAEO CEKBEHLE CUHTETM30BaHe Ha OCHOBY
HEKOMMNPUMOBaHNX BUAEO CeKBeHUM (TEKCTYpa) M KOMNPUMOBAHE CEKBEHLIM Mana LyouHe.
®pejmoBY BMAEO CEKBEHLLE CY CMHTETM30BaHM NPpUMeHOM MoJa MeLuare (blend) Tako ga ce
cnmke ca o6e nosuumje (neBa M AecHa) KOpUCTE 3a MOMyHaBake Mpas3HUHa y cnmun. 3a
Komnpecujy mana fybuHe kopuwheHa cy 3 anroputma kofgosawa: HEVC, H264 u
JPEG2000.

MeTpuKa 3a OLEHY KBa/iMTeTa CMHTETU30BaHUX BUAEO CEKBEHLM KOje caapxxe 1U3006nmnyera
360r Komnpecuje marne AybuHe u/unu TEKCType je npeactae/beHa y [15]. MeTpuka ce
(hoKycupa Ha BPEMEHCKY [AMCTOP3Njy CBETNyLake 300r KOMMpecuje mane AyouHe wu
npoueca cuHTese. CacToju ce Of ABe Mepe KBauTeTa M3 NPOCTOPHOr W BPEMEHCKOr
[IOMeHa. JeHa Mepu BPEMEHCKY AMCTOP3Njy CBETNYLawe KOja HacTaje 360r Komnpecuje
marie AybuHe 1 npoueca cuHTe3e. [ipyra Mepu NpoCTOPHO-BPEMEHCKe MPoMeHe, 3amyhere
M 650K eekaT y CUHTETM30BaHOj CEKBEHUM 360r KOMMpecuje TeKCType. Pesynrtatu
noKasyjy fa npeanoXeHa MeTpuka nma aobpe nepgopmaHce nNpu ouewmBaky 6ase ANBP
CUHTETU30BaHMX BUAEO cekBeHUM CUAT Koja je npeactaB/beHa Yy UCTOM pagy, 6o/be of

nepthopMaHcy CTaHdapAHMX METPYKa.

MeTprKa 3a OLEHY KBa/uMTeTa C/AuKa Koje caapxe m3obnmyewa OWVIBP cuHTese 360r
rpewaka y manu fgybuHe npegnoxeHa je y [34]. pewke y manu fybuHe Y3poKyjy

XOPU30OHTa/IHE MOMaKe objekaTta Yy CUHTETU30BaHOj cauuyn. CTaHjapaHe MeTpuke
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KBa/IMTETA KOJje M3padyHasajy pesynTar NUKCes Nno MUKCeN Ouewyjy Aa je TakBa Cmka ca
nomepeHMM 0O6jeKTMMa CMareHOr KBa/MTeTa [OK je BWU3YeSIHU KBIATET C/IMKE KOju
oueryjy CybjekTM odvyBaH. [NpednoXeHa MeTpMKa Hajnpe eMMUHWLIE CTaslaH Momak
yHyTap ob6jekaTta CNMKe a 3aTMM U3padyHaBa KBa/IMTET CAMKE MPUMEHOM cTaHgapaHe 20,
meTpuke SSIM. 3a opgpehuBare Momaka KOPWUCTWM Ce anroputam noknanawa 610KoBa
(block-matching) y npaBLy x-oce. HakoH KOMMeH3auumje nomaka objekata, pesyntar 2/
MeTpPUKe KBa/IMTETA C/IMKe ce 60/be NokKnana ca Cyo6jeKTMBHUM oueHama. [pyru feo mepu
HeCTanaH nomMak objekaTa Ay)X MBULA W M3payvyHaBa CTPYKTYPHY OLEHY KopucTehu
Xaycnopd yaarbeHOCT KapaKTepUCTUYHMX Tavaka u3aBojeHuMX KaHujeBMM [eTeKTOpoMm
mBuLa No G/I0KOBMMA CUHTETU30BaHe U petiepeHTHe CMKe. Y TecTuparwy cy KopuliheHe
MPEG MVD Bugeo cekBeHue. Marie fybuHe cy n306/n4eHe Tako Aa cafpxe n3obnmnyera
360r kBaHTU3aumje, Maycosor wyma, oceta. KpempaHa cy 42 cTepeo nmapa Tako fa je
jefjHa cnvKa CTepeo napa OpurMHan a gpyra CUHTeTU30BaHa. pefnoXeHa MeTpuKa ce

60sbe Noknana ca cybjeKTUBHUM OLeHama 0f, CTaH4apAHUX MeTpUKa.

MeTtpuka CSED (Color and Sharpness of Edge Distortion) [35] 3a oueHy kBanuTeta AVIBP
CUHTETMU30BaHMX C/IMKa Ce CacToju W3 [Be KOMIMOHEHTe. JefHa KOMMOHEHTa Mepu
[QNCTOP3Njy OCBET/LEHOCTM Yy o06nactu “amcoknysnja”. [pyra KOMMOHEHTa Mepu
n306nYea MBMLA OKO 06/1acTy “AMcoknysmja”. MeTpuka je HamereHa 3a OLeHY
KBasmTeTa crepeo 3/ sugea y opmaty SVD (Single View Video) koju cagpxu jegHy
BUAEO CEKBEHLY Y CeKBeHLY Mana fyouHe.

3aBMCHOCT KBasiMTeTa 3/[ CTepeo BMAea Of KBaiMTeTa Mana fyovHe Koje cy KopuwheHe y
npouecy AVBP cuHTese je aHanmsupaHa y [36]. Y ekcnepvmeHTUMa Cy KopuviiheHe
CTaHAapAHe MeTpUKe 3a OLeHY KBaJIMTeTa C/IMKa U BUAEO CEKBEHLIE KOje Cy Nnpenopy4veHe
o MPEG. Crepeo BMAeo je hopmmpaH Tako fa je neBa BUAEO CeKBeLa OpuUrMHasHa a
[leCHa BUEO CEKBEHLa CMHTETU30BaHa. 3a CMHTEe3Y fIeCHe C/IMKe CTepeo napa KopuwheHa
je opuruHanHa neea CnMKa M mana AybuHe ca n3obnuMyersnMa 360r Komnpecuje u 360r
rpewlaka y npeHocy. 3a cumynaumjy nsobnmyersa komnpecuje kopuiheH je HEVC kogep.
3a cumynaumjy n3obnunyerba 360r ryouTka nakeTta, KOpuLheH je cuMynaTop npeHoca Kpo3

Mpexy Koju kopuctn H.264/AVC anroputam KogoBawa. Pesyntatn nokasyjy ga Ksaniurert
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3/, Bufea 3HauyajHO 3aBUCK Of KBanMTETa Mare AyOuMHe ain fa camMo KBaUTET Mara

Ay6uHe HMje JoBObaH 3a NpeAnKUMjy KBanuTeTa 3/1 Buiea.

OfHOC KBa/iMTeTa CUHTETM30BaHE CNMKE W KBa/IMTeTa Mare gy6rHe Koja ce KOpUCTM 3a
CUHTe3Y je aHanu3upaH y pagy [37]. MNpeanoxeHa je HoBa METPUKA 3a OLIEHY KBa/nTeTa
mana fy6vHe 3acHOBaHa Ha Mofeny AVUCTOp3nja Koju anpuKcummpa rpeLuke cuHTese 360r
rpeLlaka nukcenay manu gyouHe. Pe3ynTart npegsioXkeHe MeTpUKe je J06po KopenmcaH ca
OLlEHOM KBa/MTeTa CMHTETU30BaHe C/MKe, 60/be HEro pesynTatu CTaH4apAHUX MEeTPUKa.
[Jata je nnyctpaymja npuMeHe NpeiodXeHe MeTpUKe yrpaghoM y Kogep y hasu nsbopa
mMoja KofoBara (intra frame, inter frame). Tako ce noctmxke ywTtega o 30% 6uTcKor
NpoTOoKa y nopehery ca TpaguLMoHasHOM LWeMoM 13bopa Mofa KoAoBara Koja ce 3aCHMBa

Ha CyMM KBajpata rpeLuaka.

OueHa KBasMTeTa CUHTETM30BAHWX BMAEO CEKBEHUM MeTpuKama Koje Cy MNpoLuvperbe
cTaHfapAHuUX MeTpuka Kao Wto cy PSNR n SSIM uHhopmaumjama 13 mane gybuHe je
npegnoxeHa y [38]. MeTpuka fogerbyje Behe TeXXMHCKe (PakTope perMoHnMa Cnmnke Koju
Cy MOANOXHM Mn306/MYerbuMa 300r npoueca cuHTese. MeTpuka y3nma y 063up U
BPEMEHCKY AMCTOP3Mjy BMAEO CeKBeHLE. Y TecToBMMA Cy OLeHWBaHe BUAEO CEKBEHLIe
CUHTETM30BaHe Ha OCHOBY KOMOpP CAMKa M Mmana [ybvHe Koje cafgpxXe u306mMyersa.
MepdopmaHce npefnoXxeHe MeTode Cy MepeHe Kopuwhewem kopenaumje ca VQM
METPMKOM KOja je BMCOKO KOopenmcaHa ca CyOjeKTUBHMM oueHama. [pen/iokeHa mMeToja

nokasyje 6o/be neptopmaHce og PSNR n SSIM.

MeTon 3a oueHy kBanmTeta crtepeo 3[4 Buaea (3D Video Quality Measure, 3VQM)
reHepucaHor npumeHom AVBP je npeactae/beH y [39]. MeTof ce 3aCcHMBA Ha KOHLEMTY
naeanHe mane ayouHe Koja omoryhyje DIBR cuHTe3y cnvke 6e3 gnctop3nja. Ha ocHoBy
ecTVMMpaHe ngeanHe Mane gy6riHe n peasHe Mane Ay6rHe N3BOJe Ce Be Mepe BU3YeSTHUX
anctopsnja crepeo Bugea: TO (temporal outliers) n CO (spatial outliers) koje ouewyjy
BPEMEHCKE M MPOCTOPHe Bapujaumje mane AybuHe Koje Y3pOKyjy Hecknag feBe u [ecHe
cnvike, 6p3e NPOMeHe pasnMKa U reoMeTpujcke AncTopamje. 360r rpellaka y peasHoj manu

oy6uHe, nukcenu (610KOBM) KOMNOP CAMKE Ce NPOJeKTYjy Ha NOrpewHe nosuvuuje y

18



CUHTETMU30BaHOj cnmMuun. BrusyenHo ce Te rpeLLke MaHMU(ECTY]jy NPOCTOPHO U BPEMEHCKM. 3a
reometpujcke amctopsmje kopmuctn ce Mepa CO Koja ce M3payvyHaBa Kao CTaHAapaHa
[leBujaumMja pasnnke naeanHe M peanHe mane AyouHe. BpemeHCKa Bapuvjauuja pasnimke
naeanHe n peasHe marne ayovHe no pejMoBMMA je UHAMKATOP BM3YenHe AMcTop3unje. Y
006MacTn TEKCType AMCTOp3Mje Ce youaBajy Kao 3Ha4yajHe MPOMEHE WMHTEH3MTeTa a OKO
paBHUX 06/1acTn Kao ceeTnyuawe. Mepa TO ce n3padyHaBa Kao CTaHAapAHa fesujauuja
MPOMeHe pa3nnka naeanHe 1 peasHe mare gyouHe 3a fjBa cyceaHa (pejva. bpse npomeHe
amcnapuTeTa ce BM3YeNnHO MaHUQECTYjy Kao cBeTnylawe. 3a 0Baj 06/IMK AMUCTOp3unje je
npegnoxeHa mepa T (temporal inconsistencies) koja ce mM3pavyyHaBa Kao CTaHAapAHa
[leBUjaLmMja pa3nKe peanHMX Mana qybuHe aga cycefHa ppejma. KomorHaumjom Tpu mMepe,
CO, TO u T, pobuja ce 3VQM. Pesyntat nokasyjy fa ce npeanoxeHa mepa Ao6po
noknana ca Cy6jeKTMBHUM oOueHama U MMa 6osbe nepgopmaHce of  MeTpuka PSNR wu
SSIM.

MeTpuka 3a oueHy kBanuteTa 3/, sugea y CB/L, thopmaTty ca peayKoBaHOM petepeHLIoM ce
3aCHMBa Ha YMHEHMUM [a MBULE/KOHTYpe marne Ly6uHe MOry npefcTaB/baTvi pasfinyunTe
HMBOE AyOMHE N MOy Ce KOPUCTUTU 3a Mepere CTPYKTYpHe aerpadaunje [40]. MowTo ce
mBMLE y Manu AybuHe noknanajy ca oarosapajyhvm uBuuama objekaTa KOMOpP CAUKe
(TekcType), uBuLe mare AybuHe 1 MBULE TEKCTYpe ce nopede npu oapefuBary UHAEKCa
KBa/IMTETa CTPYKTYpHe Jerpagaumje cnvka BuAEO cekBeHue. [pensiokeHa MeTpuka
yrnopehyje uBuUe OpuUrMHaIHe K Mane Ayb6uHe ca guctopsvjamMa U Mepu CTPYKTYPHY
Jerpagaunjy mane gybmHe. Ha ocHOBY MHopmMaumja 0 nemuama y Manu gyomHe mory ce
naeHTUgNKoBaTN 06jeKTH cnmke y ogrosapajyhoj cnuum (Tekctypm). bBriHapHa mana vemua
Cce NpeHocy ca npejajHe Ha NpujeMHy CTpaHy ca MakbuM onTepeherbeM pecypca Hero ja ce
npeHocn pedepeHTHa Konop cnuka. MpeHoce ce M napameTpu Be3aHO 3a OCBET/bEHE U
KOHTPaCT OpuUrMHasHe U Mane gybuHe ca n3obnunyerwem. SSIM MeTpuka je kopuwwheHa 3a
nopehewe CTPYKTYPHUX pasinka Kopuwherem uHgopmaumja o meuuama. NpeaioxeHa

MeTofa MOCTVXKe fo6pe pe3yntaTe y mnopehiery ca METPUKOM Koja KOPUCTW  Lieny

peepeHLy.
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3 MYJITUPE3O0JYIIMOHA PEINPE3EHTAIINJA CJIMKE

MynTupesonyumoHe MeTode Ce MNpPUMMEHYJY Y CnydajeBUmMa Kafja WHpopmauuje opf
MHTepeca NocToje Ha BuLle CKana. Y TakBUM Cny4vajeBrMa Tpeba aHanm3upatu CimKy no
CBUM CKanama. AHa/IM30M C/IMKE Ha CamoO jeflHOj CKain He 6m gobunn nHhopmauuje o
CMUM KOje MNOCTOje Ha [ApyrMM ckanama. 3Havaj aHaiu3e C/AvKe Kpo3 BuULle CKana
(pe3onyumja) notuye of npupoge cammx cnmka [41]. CueHa cagpXu 06jekTe pasHUX
BeMUMHA a O0O6jeKTU cagpxke pasnnumTe KapaktepucTuke. O6jeKTM MOry OUTU Ha
pasIMuNTUM yAa/beHOCTUMa 0f, nmocMaTpada. MynTupesoniyunoHe MeTOAe Ce Kopucte y
BUgeo npahewy, npobnemmma MOLYAAPHOCTM CAMKA Kao LITO je CTepeo BU3Wja,
CerMeHTauujn, npeTpaxusawy (Hanakewy) CAMKa N0 cagpxajy W Apyrum
npeTpakusBawmma. EkcnepumeHTMMa je  yTBpHeHO pga ce  MyNnTUPe3onyuMoHa

TpaHcjopmaLmja oaBuja y Kopu BennKor Mo3ra cucapa [42].

Kao n 'y gpyrum obnactuma obpaje v aHaimse Cinke, Uy 06/1acTu oueHhuBakba KBanmTeta
C/IMKe NOCTWXEe Ce Mobosbluare MepopMaHCcu MeTPUKe NMPUMEHOM MYITUPE30NYLMOHE
[EeKOMMNO3nuMje CnKe npe M3pavyHaBara M300muerba/KBainTeTa. Y MeTpukama Koje cy
HaMereHe 3a OLUeHY KBa/MTeTa ClMKa Koje cagpke u300nm4yerba 360r Komrpecuje u

npeHoca KopucTe ce NMpaMuaaiHe 4eKOMnosuumje n Aekomnosmunje Tanacuhuma.

3.1 IIPETJEA MYJTUPE3OJYIIMOHUX METPUKA 3A OLIEHY KBAJIUTETA

CJINKA

MynTupesonyumoHa MeTpuka CTPYKTypHe canyHoctu MS-SSIM (Multi-scale Structural
Similarity) [43] cagpxu nupammnganHy gekomnosuuujy Maycosor tuna [44] petepeHTHe
C/IMKe W CNNKe ca M306/myerbeM NPUMEHOM NiMHeapHuX untapa. Vamehy ogrosapajyhux
CNMKa NUpamuaaiHUX penpeseHTalmja pehepeHTHe 1 U306MYeHe CNNKe U3padyHaBajy ce
Mepe CTPYKTYPHE C/AMYHOCTM KOje Ce KOMOWHYjy Yy pe3yntyjyhy mepy MS-SSIM.
MepdopmarHce MS-SSIM cy 6osbe of nepopmaHcy SSIM Kafa ce KOPUCTM 3a OLIEHMBaHE

C/IMKa ca n306mnyerrma 360r Komnpecuje n nNpeHoca.

20



MupamnganHa gekomnosuumnja Maycosor Tvna je kopuwheHa n y metpuuym MS-PSNR [45].
Ymecto [MaycoBmx (puitapa MPUMEHeHU CYy jefHOCTaBHW fIMHEapHU (UATPU Kojuma ce
n3padyHaBa cpefrba BPeAHOCT MUKCena Ha Mpo3opy 2x2 KOju cy KopuwheHn n Kopg,
meTpuke MS-SSIM. HakoH noHaB/batba (UATpupara M y30pKoBaka KPO3 BULLE HMBOA
[EeKOMMNo3numje,  BUCOKO(PEKBEHTHE  KOMMOHEHTe CY  Yr1aBHOM  MOTUCHYTe a
HUCKO(PEKBEHTHE KONWje pediepeHTHE 1 1M3061MYeHe CAMKe NOCTajy CBe CANYHNje. HakoH
feKoMnosnupje peepeHTHe CAMKE U CANKe ca U306/IMYEHEM Ha HU3 C/IMKA CBE HMKMX
pe3onyumja, uspadyHaBajy ce cpeare KBagpatHe rpeluke uamehy oarosapajyhux cnvka
[iBe nupamunie ucte pesonyumje ca UCTOr HMBOA LEKOMMO3WLMje MOYeB Of APYror HMBOA
Aekomnosuypje. KombuHoBarweM MSE ca pasnnuntux HuMBoa nupamuge pobuja ce MS-
MSE koja ce KoHBepTyje Yy MS-PSNR. MeTpuka TecTupaHa Ha 6a3u ctepeo cnnka LIVE3D
Koje cafpye n3obnunyersa 360r KOMMIPeCKje 1 NpeHoca 1 3aMmyherse 0cTBapyje 3HaTHO 60/be
nepopmaHce og PSNR u SSIM a cnmyHe nepdopmaHce kao MS-SSIM opf Koje je

payyHCKW BULLIECTPYKO edmKacHuja.

MynTupe3onyunmoHe  MeTPUKE ca  pacnojenioMm  TeXUHCKMX  (paktopa  npema
nHpopmaumoHom cagpxajy (Information content Weighted Structural Similarity, 1W-
SSIM, u Information content Weighted Peak Signal-to-Noise Ratio, IW-PSNR) [46]
cagpxe JlannacoBy nupamuganHy gekomnosuuujy [44] pedepeHTHe CAMKe U CNMKe ca
n3o6nnyerwsemM. 3vehy opgroeapajyhnx cnvka fgse nupamuge, m3padyHasajy ce Mepe
CTPYKTYpPHe cAnyHocTh 3a MeTpuky IW-SSIM, ogHOCHO cpefne KBadpaTHe rpeLuke 3a
meTpuky IW-PSNR. KombuHaumjom mepa no nogoncesmMma nspadvyHaea Ce Kpajwba Mepa.
MeTpuke cy TecTupaHe Ha 6a3ama C/vKa Koje cafipXXe CTaHAapfHe TUMOBE U306Myerba
360r Komnpecuje, npeHoca, 3amyhewse, Wym uta. OCTBapeHO je Mano No60/blIaHe
nepgopmMaHcy yBOhEeHEeM TEeXUHCKUX (akTopa mnpema WHHOPMALMOHOM cadpkajy
(nosehatbe kopenauuje npumeHom IW-SSIM y ogHocy Ha MS-SSIM je 0.3% - 4.3 %).
Benvko nobosbluarwe nepgopmaHcy je ocTBapeHO MpuMMeHOM Jlanniacoee nupamupasiHe
AeKoMnosnumje pedepeHTHe U CAMKe ca M306/mMyereM npe m3padyHaBawa PSNR no
CNMKama nupammga v nNprMMEHOM TeXMHCKMUX (hakTopa npema UHGOopMaLMoHOM cagpxajy

(IW-PSNR ocTBapyje nosehatbe kopenauumje 5.1% - 26.2% y ogHocy Ha PSNR).
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MynTupesonyLumoHa MeTpuKa 3a OLeHY KBaMTETa C/IMKE KOja KOPUCTW AEKOMMO3NLMjY
peepeHTHe U opurMHaniHe cnmke npumeHom onepatopa Lol (difference of Gaussian,
DoG) npeacTasrbeHa je y [47]. Ha cBakoM HMBOY pe3oniyumje, Kpeupa ce CKyn C/vka rno
BULe ckana npumeHoMm Aol onepatopa. Ckyn cnmka [olr CTpyKType ce u3payyHasa
Ofly3UMareM CnMKa [OOMjeHUX (UATpUparemM MosnasHe CAnke aycOBMM KepHeNom ca
pasnMunTUM (CKanupaHum) cTaHgapaHuMm  aeBujaumjama  (ckanama). [lonasHa crvka
cnefehe okTaBe ce Ao6uja Y30pKOBakeM CAMKE MOCNefte CKasle MPeTXOAHEe OKTaBe.
OueHa KBanuTeTa CnMKe ce Kpeupa nopeherwem ol cTpyKType pedepeHTHe 1 n30061mMyeHe
C/IMKe pa3IMunTUX OKTaBa U CKana. Kof Kpenparba OLeHe y3nmajy ce y 0631p Y TeXXMHCKM
(haKTopy KOju 3aBuCe 0f MHMOPMAaLMOHOTr caapxkaja cimke. 3a cBaku nap Aol cnmka
n3pavyyHaBa Ce marna TEeXMHCKUX KoedmumjeHata. Hmxe ckane [olr penpeseHTaunje cy
OCET/bMBE Ha AUCTOP3Nje CINKe KOje YTUUY Ha BUCOKO(PEKBEHTHE KOMMOHEHTE Kao LITO je
6enm laycos Wwym. Buwwe ckane [olm penpeseHTauuje cy oceT/bMBe Ha AUCTOP3Wje CnKe
KOje YyTU4y Ha HUCOKO(PPEKBEHTHe KOMMOHEHTe. 3ato ce Moxe pehu pa je Mol
(hnekcmbmnHa penpeseHTaumja CTPYKType cnnke. MeTtoga TecTMpaHa Ha 6a3ama CnvKa Koje
cafip>xe n3061myera 360r KoMnpecuje n npeHoca, 3aMmyhewe U LLIYMOBE MOKasyje 60/be

nepthopmMaHce o/, 0CTa/INX TECTUPAHUX METPUKAL.

Jekomnosunuuja cnvke XapoBuMm Tanacvhuma je npumerbeHa y MeTpuuu HamereHoj 3a
OLEHY KBalMTETa C/AMKa KOoje cadpke u3obnunuewa 360r komnpecuje [48].
EKcnepMmMeHTa/IHO je MOKa3aHO fJa fAekomnosuuuja XaposBum (QUATPMMA  YCMEeLHO

CYMYyMpa eKoMNOo3uLIMjy YOBEKOBOT BMU3Ye/THOT CUCTEMA.

XapoBu Tanacvhu ce KOpuCTe Yy [EKOMMO3UUMJU CAUKE YHYTap METPUKE 3a OLeHYy
KBa/IMTETa C/IMKe npeanoxeHe y [49]. Xaposu untpu cy nsabpaHun 360r jefHOCTaBHOCTM
1 300r TOra LUTO Ce HMXOBOM MPMMEHOM OCTBapyjy TauHMjU pesyntate MeTPUKe Hero
npuMeHoM ocTasimx Tanacuha. Mane rpeLuaka ce n3pavyHasajy 3a CBaKu MoJorcer fetamba
Ha CBakOM HUWBOY [EKOMMO3ULMje U HUXOBUM CymuparbeM ce fobuja 36upHa Mana
rpewaka. M3amehy 36MpHUX Mana rpellaka OpuruHasHe CIMKE U CIMKE ca U306/1myerbem
n3payyHasa ce PSNR. PSNR ce nspayuyHaBsa 1 nsmehy cimka anpokcmmaumja opurmHaiHe

M CNAMKe ca W300/MYereM Ha MOCNEAHEM HUBOY [AeKoMnosuumje. JIMHeapHOM
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KoMmbuHaumjom oBa aBa PSNR gobuja ce Kpajtba oueHa. MeTpuka je TecTupaHa Ha 6a3u
CiMKa Koje cagpke m300Myera 360r Komrpecuje u rnpeHoca. MeTpuka m3padyHasa
KBA/IUTET CAMKe TayHuje of KnacuyHe PSNR MeTpuke U MOXe Ce KOpPUCTUTM Y

anivKalmjama y peasHom BpeMeHy.

3.2 ONITE MEME MYJTHPE30JYIIUOHE JTEKOMITIO3UIIUJE CJIMKE

[at je npernes pABa Tuna Lwema 3a MYATUPE30NYLUOHY [eKOMMO3ULMJY CIAUKE:
pefyHAaHTHe nupamuganHe AeKOMMNO3vumje CAnkKe U HepefyHAaHTHe [ekoMmnosuumje
npumeHom Tanacuha (wavelets). MNMupamnge v Tanacuhn cy Hajuewwhe KopuwheHu anar 3a

MYNTMPE30YLIMOHY AEKOMMO3NLIMjY CIMKA.

3.2.1 PeayHaaHTHA MYJITHPE30JIYLIHOHA Pelpe3eHTAlja CIUKe

PefyHOaHTHa MYNTMPE30yLUMOHa penpeseHTaumja cimke cagpxu sehn 6poj nukcena of

came cnvke. LLiema jeiHOT HMBOA pefyHAAHTHe MYNTUPE30NYLIMOHE AEKOMMO3NLMjE, CrnKa

3.1.1.a, [20], cagpXu jefaH onepartop 3a aHaIM3y cUrHaa ‘PJT L V; >V, TaKo [a BaXW

0 ; L.
s; ;=% (s;) W jenaH orepartopa 3a CWHTE3y CUrHana Wy: V;—V;, Tako fia Baxu

1 - - . - -,
W7 (s;41)=5;. V; je NPOCTOP CUrHana Ha HMUBOY j, s; je CUFHA/I Ha HUBOY AeKomnosunuuje j a
s; Jé anpokcMmMauyja curHana. MprmeHoM onepaTopa aHann3e Ha CUrHa s; OTKNatbajy ce

NH(opMaLMje M3 CUrHana Koje HuUCy 06aBe3HO Be3aHe 3a (DpPekBeHUMjy. eomeTpujcke
NH(opMaLmje Mory 6UTU OTK/OHEHe Takofe, Y 3aBUCHOCTM 0f M3abpaHor orieparopa

aHamse. lMpMMeHOM onepaTopa aHa/M3e Ha CUrHaa a 3aTuM OonepaTopa CUHTE3e Ha

pe3ynTyjyhun curHan pobwuja ce curHan anpokcumaumje sj=\{f} ‘PjT(sj) el}j. Onepatop

CUHTE3e ce Oupa Tako Aa je CUrHan anpokcumauumje LWTO CAUYHWUjU CUTHay KOju ce
AeKoMMoHyje. CUrHaN Tpelike d;=s;—5; €Y; CagpXu WH(popMaLmje o curHany s; Koje

HUCY MPWUCYTHE Y CUrHany anpokcumauuje, §;, TAe je Y; NpoCcTop CuUrHana getasba Ha

HUBOY j. OnepaTopy aHanM3e W cUHTe3e Tpeba Aa 3a0BO/bE MUPAMUAATIHN YCIIOB MpemMa

KOMe TMpuMEHOM oneparopa CUHTE3e Ha CWUITHa/1 a 3aTuM oneparopa aHa/n3e Ha

T

pesynTyjyhn curHan NoHoBo ce AobWja NoNMas3Hu CUTHa, ¥, \{f}=id , Tae je id onepatop
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NAEHTUTETA. Pekyp3uBHA LUeMa aHa/M3e CUrHana 3a PeAyHAaHTHY penpeseHTauujy

curHana ca M HMBOa Jekomnosuuuje je:
X —> (do,Sl) —> (do,dl,Sz) ... —)(do, dl, ’dj—l’sj) ... ( do, dl, ’dM_l’SM) (3 1)

MpUMeHOM LLeMe peayHAaHTHe MYNTUPE30YLVOHEe JEKOMIO3NLIMjE, CUTHan x Ce

[EKOMIOHYj€ Ha HW3 CUrHaIa anpoKCUMaumja {51, 82, ..., Sp7 F1 HU3 CUTHaa rpeLlaka

(netarva){dp, dy, ..., dyy_1}CBe HUXUX pesonyuuja.

so =x €V, sj+1:‘PjT(sj)er+l, 0<j<M-1 (3.2)
d~=s~—‘PJ~'(s~ )eY:
7T R = (3.3)
S.
‘I’]T Jjt+l
S - s
J 1 Sj+l i, J
¥; Y
S .
o ’
j -
d;
> <
(a) (6)

Cnuka. 3.1.1 PefilyHjaHTHa MyNTUMPE30NYLMOHA penpeseHTaumja: (a) Lwema AeKomnosumumje
ca jeAHVMM OMnepaTopoM 3a aHanM3y 1 je[HUM OnepaTopoM 3a cUHTe3y; (6) wema

PEKOHCTPYKLM]e ca je/HMM OMNepaTopoM CUHTE3e

CurHan x ce MoXe NeptheKTHO PeKOHCTPYMCaTW Ha OCHOBY HW3a CUrHana fieTama d; , j=0,

1, ..M-1 v curHana anpokcumauuje HajHVKe pe3oniyuumje Sps MPUMEHOM pPekyp3uje
yHasag. Ha cnvum 3.1.1.6 nprkasaHa je wema jeJHOI HMBOA PEKOHCTPYKLMje Ha OCHOBY

CUrHana anpokcumaumje HUXe pesonyuuje ;41 U CUrHana fetarba ;. PEKOHCTpYWCaHU

curHan s; ce gobuja cabuparem curHana fetawa d; n curHana 4obujeHor npuMeHoM
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onepaTtopa CKHTE3e Ha CUrHai anpokcumauuje cnefeher HMWBOA MyNTUPE30/YLIMOHE

penpeseHTaLije HUXKe pe3onyuunje S ;41

J, .
s; =W (s;;1)+d;, M-12j>0, x=s (3.4)

MoryhHOCT nepdeKTHe PEeKOHCTPYKUMje CMKEe Ha OCHOBY HeHe MYNTUPEe30/yLMOoHe
penpeseHTauuje je KopucHa 0cobuHa 3a MPUMEHY Yy OLeHUBakwy KBaIMTETA C/UKE jep
rapaHTyje Aa Hema rybuTka nHhopmaumja n ako ce ABe CAMKe pas3fnKyjy, pasnukyjy ce u

HNX0BE MYNTUPE30NYLMOHEe penpeseHTaumje [50].

HajnosHatuju npumep pegyHZaHTHe MyNTUPe3onyLMoHe Lieme je Jlansiacoea nupamuja
[44]. NannacoBa nupamuia je MOrogHa 3a aHaau3y cauke no ckanama. Cnvike feTasba
Nannacose nupamuie cy Konuje OpuUrnMHaiHe CvMkKe (uUATpupaHe MOjacHO MPOMYCHUM
(MATPOM Ca UCTaKHYTUM MBMLAMa pacnopeheHM Mo BeNMYMHUN TakKo Aa Cy (UHW AeTarbn
M3LBOJEHN Y CNMKama HWXMX HMBOA [eKOoMNosvumje a rpybsby Aetaby Yy BULLIMM.
MapanenHo ca reHepucarem Jlansacose nupamuge, reHepuile ce n faycosa nupamuja
KOja caflpXXn HW13 C/IMKa anpoKcumMaLmja cee HUXMNX pesonyuunja. Cnvke Maycose nupamuje
CY KOMUWje OpuUrMHaJIHe C/IMKe TeHepucaHe (UATPUPakEM OpPUTUHANIHE  C/IMKE
HUCKOMPOMNYCHUM ~ (pUATPOM M JeuMMauMjoM  HakoH  uAaTpupaka Mo  HUBOMMA

fekomnosuupmje.

MupammpanHa penpeseHTauMja MMa [OCTa 3ajefHUYKOr Ca HauyMHOM Ha KOju J/byau
nocmarpajy CBET, Tj. BU3Ye/IHN CUCTEM MpuMara je MynTupesonyunoHor kapakrepa [50].
MupamunganHa penpeseHTauMja OnNucyje CAMKY MO BULIE MNPOCTOPHUX pe3onyuumja y3
O4yBabe /I0Ka/THe MPOCTOPHe CTPYKTYpe Koja Ham omoryhyje aa BUAMMO C/NKY Ha CBaKoj

ckanm [51].
3.2.2 HepeayHaaHTHA MYJTHPE30/JyLIHOHA PelPe3eHTAMja CINKe

HepefyHaaHTHa MynTMPE30yLMOHA Penpe3eHTalnja CAMKe cagpXu jeaHak 6poj nukcena
Kao cama cnvka. LLlema jegHOr HMBOA HepeAyHAAHTHe MYNTUPE30NYLMOHe LeKoMNo3numje

[22] cagpxu gBa onepaTtopa aHanuse, cimka 3.2.1.a.

25



. 1 Sj+1 S j+l
L b
AN E %
gt | —
S 7 dj+1, J djy ~L
Vj d 7j
() (6) (B)

Cnuka 3.2.1. HepegyHaaHTHa MynTMpPe301yLUMOHa penpeseHTalnja: (a) wema
[leKOMMo3umupmje ca ABa onepartopa 3a aHanmay (6) wema peKOHCTPYKLUMje ca jeaHUM
onepaTopom cuHTe3e (B) LLeMa PEKOHCTPYKLMje ca [iBa oneparopa CUHTe3e
MpyMeHOM jeaHOT onepaTopa aHann3e ;//jT : V; = Vi1 (V) je npocTop curHana Ha HUBOY
J) Ha curHan s; fobuja ce anpoKcuMauMja CUTHana HIbKe pesonyumje s, 1= ;//jT (s;).

MprMeHOM [Apyror onepaTtopa aHanu3e 7/} V; = Y;,1(Y,je npocTop feTarba Ha HUBOY /)

Ha CUTHan ,qo6|/|ja Cé CUrHan getasba HNXe pe30nyu,|/|je, dj+1 = 7/}\ (Sj) . PeKyp3|/|BHa iema
aHa/In3€e CUTrHas1a 3a HepeayHOaHTHY penpe3eHTaL|,|/|jy curHana ca M HmBoa lEI|eKOMI'IO3I/ILI|I/Ije
Je:

X —> (dlvsl) 4 (dlvdZvSZ) ... ( dlv dz, ,dj,Sj) - ... —)(dl, dz, ,dM,SM) (3 5)
Hepe,qu,anTHa ,quomno3|/|u,v|ja CUIHana ce MOXXe NnpeacTtaBUTU:

sg =x €V, Sj+1=W;(Sj)€Vj+1’ 0<j<M-1 (3.6)

T
diyg=yj(s;)e¥in (3.7)

CWrHan ce MOXE PEKOHCTPYWUCATX Ha OCHOBY HepefyHAaHTHE MYNTUPEe30nyLyoHe
penpeseHTaUuje NPYMEHOM LLEMe PEKOHCTPYKLMje ca jeaHUM WM ca [Ba orepatopa

CuHTe3e [22].
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- - \L -
LLlema peKOHCTPYKLMje ca jeiHM OnepaTopoM CUHTE3e ¥ je NpuKasaHa Ha CrnLv

3.2.1.6. la 61 6una moryha nepgeKTHa peKOHCTPYKLMja Tpeba [a BaxKu:

W)y () =s, seV; whi Vi xYig >V, 3.8
JWilsh7; ’ jr ¥ v i oy (3.8)

[a 6u ce nsberna peflyHAaHTHOCT, 3a OnepaTop CMHTe3e Tpeba [a Baxu:

V/}\(‘Pj'(s,d)) =s, seVj,deYiy

(3.9)
T pd _
7 (Yi(s,d))=d, seV;,de¥;jy (3.10)
CurHan x ce MOXe PeKOHCTpymcaTy pekyp3njomM yHasaz,
sjz‘Pj'(strl,derl), M-1>;>0, x=s (3.10)

LLlema peKOHCTPYKUMNje ca ABa onepartopa CUHTe3e, camnka 3.2.1.8, je cneyunjasiHm cny4aj

LLIEME Ca jeJHUM onepaTopom cuHTe3e [22]. LLiema cagpxxu onepaTtop CUHTe3e curHana v/}
:Via =V, wji(s;i)=5; nonepatop cuntese getamwa 7 Y= V;, 7i(d 1) =4d;

TaKO [1a BXMW:

' ! !
W (sj4 dj) =5 (s j4) + 77 (d 1) (3.12)

[a 6u 6una moryha nepekTHa PEKOHCTPYKLMja CUrHaNa, 3a OnepaTope aHa/IM3e 1 CUHTE3e

Tpeba aa BaXu:

CurHan x ce MoXe pPeKOHCTpyncaTy PeKyp3MBHUM MOCTYNKOM YHa3af:
— ‘L ‘L 1 > 7> —

Sj_V/j(Sj+l)+7/j(dj+l)’M_ 2j20, x=s9 (3.14)

[a 6u ce nsberna pefyHAaHTHOCT Tpeba Aa Baxku:
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T \
viWi(s)+yj(d)=s, seVjdeY;y (3.15)

Tl \’
7iWils)+yj(d)=d, seV;1,deY;y (3.16)

Jekomnosnumja curHana x € ¥y Ha Hus curHana( dy, do, ..., d s, 8)) je TpaHcdopmaumja
Tanacuhuma (wavelet transformation). TpaHcgopmaumjom Tanacuhnuma CUrHan ce pasnaxe

Ha pasninunTe (PPeKBeHLMjCKe KOMMOHEHTE.

[Jekomnosumumjom cnvke Tanacuhmma fobuja ce penpeseHTaumja Canke Koja cagpXun Uctu
Opoj NuKcena Kao opurnHasHa cavka. To je nocneamua YkeHuLe fa ce CUrHan Ha HUBOY j
PEKOHCTPYMLLIE Ha OCHOBY CUIHasia anpoKcumalmje 1 curHana fetasba Ha HUBOY j+1 HUXKe
pesonyumje. TpaHcdopmaumjom camke NpUMeHoOM Tanacuha gobuja ce MynTUpesonyUmoHa
penpeseHTaumja CAMKe Koja omoryhyje fekopenauujy y MPOCTOPHOM U (PPEKBEHTHOM
AfomMeHy. KopucTu ce y MHOrMM 061acTvma o6page CMKe Kao LITO Cy KOMIpecuja CrvKe 1

OTK/atbatbe LyMma.

JIngTuHr mema

OcHOBHM anaT 3a KOHCTPyKuumjy Tanacuha npBe reHepauuje je ®Pypujeosa
TpaHcopmauuja. [Apyra reHepaumja Ttanacuha omoryhyje edgmkacHy TpaHchopmaumjy
CUrHana Ha OCHOBY NUMTMHI weme [52] y NpoCTOPHOM AOMEHY 3a pasnkKy of
TpaAVLMOHAIHOT HauMHa n3padyHaBara y (PPeKBEHTHOM foMeHy. CBaka TpaHchopMaLuumja
curHana Ttanacnhuma ce MoXke peasnmszoBatu nomohy nndTuHr weme [53]. JegHa opf
BE/IMKMX NPeSHOCTM peannsaumje TpaHchopmMalmje Tanacuhma nomohy MUQTUHT Wweme je
[la ce (MNTpupare peasnsyje Kpo3 BeoMa jeHOCTABHE KOpPakKe M ca MakOM PayyHCKOM
cnoxeHowhy y nopehewy ca cTaHfapAHUM anroputmmuma uatpuparsa [52]. Y AMpTuHr
LemMy OnepaTtopy aHasM3e W CUHTe3e Cy MOAUMDUKOBaHM Tako fa Cy OCOOMHe
mMoaudgunkoBaHe Leme 60/be 04 opurnHanHe. JIMTUHT Wwema omoryhyje mapadyHaBame
TpaHcopmauumje Tanacuhuma 6e3 anokauuje gogaTHe memopuje. JIMPTUHT LWemMa je yBeK
NHBEPTMOMNHA 1 omoryhyje MepgekTHY PeKOHCTPYKUMjy. JIMPTUHr wema omoryhyje

KOHCTPYKLUMjY PasnnunTUX AeKOMMNO3ULMja TMHEAPHUM U HeNIMHeapHUM Tanacuhmma.
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Cnuka 3.2.2 TpaHcopmaumja curHana tanacuhmma nprmeHoOM NUQTUHT LLEME CaapXu
TpY Kopaka: nogena curHana (split), npoueHa (predict, P) n nonpaska curHana (update, U).
(a) mekomnosnumja (6) MHBEpP3Ha TpaHc(opmaLmja, CUHTe3a.

JeflaH HMBO [eKomnosuumje Tanacuhuma NPUMEHOM NIMGTUHT LeMe NMpUKasaH Ha CAnum

3.2.2.a, cacToju ce u3 3 gena: nogena (split), npoueHa (predict, P) n nonpaska (update, U).
YnasHu curHan §; ce Aenn Ha ABa AWCjyHKTHa curHana s1;11 u $2;11 Huke pesonyumje

Ha HMBOY flekomno3suuuje j+1:
(s1j41,5211) =split(s ;) (3.17)

Kako cy curHanm s1j.1 n 241 BACOKO KOPENMCaHW, Ha OCHOBY jeIHOT Of X MOXE Ce

ypagutn npoueHa (npeavkumja) Apyror. CurHan rpeluke (pasnuke) d ;i1 NpefcTasrba

FPELLKY NPOLEHE N U3pavyHaBa CE Kao pa3/inka CUrHasla N HEroBe NPOLEHE:!
dj+l:S2j+l_P(S1j+l) (318)

CurHan pasnnke ce KOpUCTU 3a MOnpaBKy, aXypuparee (update) curHana sl.1 U Tako ce

f06uja anpokcmaLja NonasHor CUrHana HUxe pesonyumje S j+1 :
sj41=51;11+U(dj11) (3.19)

MHBep3Ha TpaHchopmaymja TanacuhMa ce n3pavyHasa NpYMeHOM onepauuja y 06pHYTOM
peaocneay 1 ca NPOMEHOM 3HaKa onepauuija, cnnka 3.2.2.6.
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4 TIIPEJJIOKEHA MYJTHU-PE3OJIYIIUOHA METPUKA 3A OLEHY
KBAJIMTETA JUBP-CUHTETU30BAHUX CJIMKA

W3pauyHaBare MyNTMPe30NyLMoHe METPUKE 3a OLEHY KBa/JIMTeTa C/IMKE Ce MOXE OnucaTu
Kao npouec Kpo3 Tpu hase. Y npBoj asn pedepeHTHa U CMKa ca U306/1MyeHeM ce
[EeKOMMOHYJy Ha HM3 cnvka onagajyhux pesonyuuja npyMeHOM MYNTUPE30/yLMOHe
Jekomnosmumje. Y [Apyroj asn ce wu3padyHaBajy Mepe KBanuTeta/gmctopsnje no

nogoncesvma [eKOMMoHoBaHe cnvke. Y Tpehoj (hasu ce pesynrtatu nogoncera KOMOUHyjy

Yy pesyntyjyhy oLeHy.

mopdon.
edep. NG
M» MYNTU-pes. W\
CnvKa ZeKoMn
. » \ -
Y MSE > Kol\lxgEH oueHa
mopdon. —»">- _
CUHTETUS. " ngjj ea IS’ >
e -
cnuka y pes3. /
JEeKom. J

Cnuka 4.1. Vi3pavyHaBare MyNnTUPE30/yLIMOHE METPUKE KPO3 Tpu (hase

MynTupesonyumMoHa AeKOMMosuumja Canka y npeoj a3y mspadvyHaBara METPUKE MOXKe
MMaTK 3HayajaH yTuuaj Ha nepopmMaHce METPUKE Na je NOTPebHO UcnuUTaTh pasnumTe
BpCTe Aekomno3suumja. BehmHa nocTtojehrx MynTUpesoNyuMoHUX MeTpuKa 3a OLeHYy
KBa/JIMTETa C/IMKA KOPUCTU SIMHEapHe (PUATpe Yy MYNTUPEe30nyLUMOoHOj AeKOMMo3nunju. Y
OBOM pajgy je WCnuTaH YyTuuaj MyNTUPe3oNyLMOHUX [AeKOMMo3uumja ca He/MHeapHUM
MOP(ONOWKAM (PUATPUMA Ha MepdopmaHce MEeTPUKe 3a OLeHY KBasiMTeTa C/vKa Koje
cagpxxe m3o6nmnyerwa 360r npoueca AMBP cuHTese. cnuTaH je yTuuaj peayHA4aHTHe
MOpPO/IOLLIKEe NnpaMuiasHe AeKOMMNO3nLmMje ca MOPGO/OWKAM OrepaToprma eposunja u
junataumja  Ha nepopMaHce MeTpuKe. YTuuaj] Aekomnosuuuje  MOPMOJIOLLKAM
Tanacuhuma je vcnuTtaH Takohe. [lBa Tvna MOPQOMOLIKMX Tanacuha cy MpuMereHa Yy
cenapabuiiHoj LeKOMMOo3uLMjK 1 jedaH TuM MOPQOOWKKMX Tasacuha je NpuMereH Yy
HecenapabuHoj AeKOMMO3NLM)W Ca Y30PKOBabeM Ha “quincunx‘ pewweTku. Y apyroj gasu

n3padyHaBarba pesynTaTa MeTPUKE MPEA/IOKEHO je KopuLLIhere Cpearbe KBaJpaTHe rpeLLKe
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Kao mMepe AMCTop3mje nogoncera MynTuMpe3onyUmMoHe penpeseHTtaumje, cnmka 4.1. Y tpehoj
(ha3n n3payvyHaBarba Ce Cpeare KBaapaTHE rpeLlke nogoncera KOMOUHYjy y pesyntyjyhy

OLiEHY METPUKe.

4.1 MYJTUPE3OJIYIIUOHA JEKOMMO3UIIMJA CJUKE NPUMEHOM MOP®OJIOHIKNX

OIIEPATOPA

MynTupesonyumMoHa penpeseHTaumja je ogpeheHa TpaHchopmMaumjom KOjom ce U3 CrnKe
BULLE pe3onyumje Aobujajy Crvmke HKe pesoniyumje. Y NIMHeapHUM CKana npocTopuma
onepaTtop 3a NpPomeHy ckase (pesonyumje) je KoHBonyumja MaycoBum KepHenom. HakoH
KOHBO/yLMje ["ayCOBUM KEPHENIoOM, C/MKa je YHU(OPMHO 3aMyheHa na 1 NoCe6bHO BaXKHM
PErMOHN C/IMKe Kao LWTO cy meuue [55]. To je mMaHa y aHa/iM3n CAVKe JIMHEeapHUM
(hunTpuma jep neuLe oaro.apajy MuanUKnM rpaHmuama objekara. MHora uctpaxmnsarba cy
nokasasna fga je /byfCKO OKO BPJI0 OCET/bMBO Ha M306/1M4erba MBULA U KOHTYpa Y CIMUM.
WHopmaumje 0 MBMLAMA M KOHTypama Cy 3a 4YOBeKa HajsakHWje uHpopmaumje o
CTPYKTYpPU C/IMKE 3a CXBaTake CLEHEe. Y MHOrMM 0651acTuma aHainse CinKe MoXesbHo je
[ia UBMULLe OCTaHy Ha CBOjOj no3uumju 6e3 nomepara Npy NPomeHn ckane. fa 6u ce 1o
OCTBapWuio, TMpef/iodKeHe CYy  HeNMHeapHe  MYNTUPE30/yUMOoHe  AeKoMMo3uumje

MOPCONOLLKNM OMepaToprMa Koje oMoryhyjy ouyBame nosuuuje neumLa Kpo3 BuLLie cKana.
MopdorsoLuke onepatmje

MaTtemaTnyka Mopgonormja yHOCU KBa/IMTATUBHY HOBUHY Y MPOLECUPHE CnKa. 3a
pasfiMKy of [APpyrux MpucTyna KOju CYy aHa/MTUYKe W CTaTUCTUYKe MNPUNpoje,
MOPMO/IOLLIKA MPUCTYN aHannse Cvke je reometpujcku [56], [57]. MopdoLwkm npucTyn ce
KOPUCTW y pasHUM o6niacTuma obpafe CIMKe Kao LWTO Cy No6osbluake KBaMTeTa CrMKe
NOTUCKMBAKEM LIYyMa W/WMAN UCTULAHKEM MBULE, CErMeHTauuja, [eTekuuja umBuLa,
penpeseHTaunja 061MKa, Komnpecuja, UTa. MatemaTnyka Mopdonornja je mohaH anat 3a
aHanu3y cnuke jep omoryhyje HenvHeapHy aHanu3y C/AMKe Y3 OuyBarwe 06/1MKa W
reometpuje camke. Npema MOpPGONOLIKOM MPUCTYNY aHanm3e Cinke, 06jeKT y Camum ce
TpeTupajy Kao reoMeTpujckn obnuvum. Mopdonolke onepauunje aHanmsupajy Cnmky

nomohy cTpyktypHor enemeHta (CE) op umjux Kapaktepuctuka (06/1MKa, BeNMUMHE,
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opuvjeHTaumje) 3aBucK pesyntart aHanuse. NpeAHOCT NpMMeHe MOPMOOLLKMX orneparTopa je
OTKNamake JeTasba CMKe 6e3 HapyllaBarwa ocTaTka CTPYKType canke. O6MK 1 BeNnynHa
OTKNOHEHUX fJeTaba 3aBUCU Of 06/mka M BennumHe CE. Onepauumje maTemaTuuyke
MOPMO/IOrnje Mory ce NPUMEHNTM Ha BUHaPHe CIMKe, CIIMKE Y CKa/l CUBOT U KOOP CIIKE.
Kao n cnvka, n CE moxe 6UTn 6GuHapaH uam y ckaam cueor. Hajuewwhe ce KoOpucTu
ouHapHn CE. BenuuuHa CE yTuye Ha Bpeme obpafe CAuke, Tj. Ha 6poj onepauuja.
OcHoBHe MOp(ho/IOLLIKe onepauumje cy aunaraymja n eposnja. MoponoLlke onepaymje 3a
OMHapHe CnvKe ce fedmMHULLY Kao reoMeTpurjcKe TpaHcopmalmje ckynosa. MpoLmperem
MOP(OOLLKe Teopuje MPUMEHOM ornepauuja MUHUMYM UM MakCUMym [fedmHucaHe Ccy
MOpPO/IOLLIKe Ornepauuje 3a Cnmke y ckaim cusor (gray scale) [58]. 3a cnvky y ckanu cusor
f n 6uHapHU CTPYKTYpHU enemeHT (SE), OCHOBHe MOpP(O/OLLIKE oOnepauuje ce
n3padyHaBajy MNpPUMEHOM oOrnepauuja MakCUMyM OfHOCHO MWHUMUWMYM Yy 0061acTu

Le(hMHNCAHO] CTPYKTYPHUM €/1eMEHTOM:
D: dilation s (f)(x) = max f(x~y) (4.1)
yeSE
E: erosion gp (f)(x)= min f(x+y)
yesE (4.2)
MprMeHOM onepatopa Aunatauuja Ha CAMKY Yy CKaan CUBOT, CMMKa MocTaje CBeT/nja a
TaMHW [eTa/bM Ce CMawyjy WM OTKNawajy 3aBuUCHO of BennumHe CE. lMpumeHoM
onepartopa epo3uja Ha CNKY Yy CKalv CMBOT, C/IMKA MOCTaje TaMHMja a CBET/IN AeTasbi ce
CMakbyjy WM OTKnawajy. [Aunataumja u eposvja Cy TpaHCMauMOHO MWHBapujaHTHe
onepaymje. MophosoLlKe onepauuje Cy jeAHOCTaBHe 3a UMMEMEHTALUN])Y U edmKacHe Y
n3padyHaBarwy. KombuHOBaweM MOPGOIOLWKMX onepaTopa Aobujajy ce MoptosoLKM

Guntpn. Mopho/ioWKo GuATpMpare CUrHana je HenMHeapHa TpaHcopMaumja curHana

KOjOM Ce IOKa/IHO MOANMMKY]Y FeOMETPUjCKEe KapaKTePUCTMKe CUrHasa.

4.1.1 TIIAPAMUIAJHA JEKOMNO3HUIIMJA CJUKE TPUMEHOM MOP®OJIOIIKHX

OIIEPATOPA

BehnHa nocTtojehux MeTofda 3a OLEHY KBanmMTeTa C/MKE KOje Ce 3acHMBajy Ha

nupammngasHoj LeKOMMOo3uUunju CNNKe, KOPWUCTE fiMHeapHe ¢uaTpe. Y O0BOM pagdy je
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MCMNWUTaAH yTUUaj NupamupaiHe AeKOMMNO3uuuMje CAnkKe ca MOPMOOWKAM (huntpuma Ha
nepgopmaHce meTpmke MP-PSNR 3a oueHy kBanuteta JVBP-CMHTETU30BaHUX CvKa. Y
nuTepatypu [16] noctoju TBpAHa Aa ce MOpdosiowka nupamuaanHa AeKoMnosuumja
noknama ca YOBEKOBOM BU3ye/lHOM nepuenuujom. Mopgonowka nupaMuaanHa
penpeseHTaumja CANKe je reHeprcaHa NPYMEHOM LuemMe AeKOMMosnuuje 3a pefyHAaHTHY

penpeseHTaunjy cnvke, cavka 3.1.1a, y KOjoj Ce Kao OnepaTtopu aHav3e U CUHTese

Kopucte mopdosiowkn onepatopu [20]: kao onepatop aHanuse ‘I’jT Kopuctu ce

i . A
MopdosoLLKK onepaTop eposuja (E) v n3a wera euyMaupja a kao oneparop cuHtese )

mopdonowkn onepatop aunataumja (D) kome npeTxoan MHTepnonaumja. Tako ce gobuja
Lwema mMopdosolwke nupammganHe gekomnosuuyunje MM EA [20] nprkasaHa Ha cavum
4.1.1. Mupamnga MMA EA je kopuwheHa Kog Busyanusauumje 34, cnvka [59].

Cnuka 4.1.1. LLlema MophosioLLKe nupamuganHe gekomnosuuuje: E eposuja, D
annataumja.

CurHan anpokcumalyje HUXe pesonyumje s;.1 [obuja ce NPUMEHOM MOPKOJOLIKOT
onepaTopa eposuja Ha CNMKY anpoKcMMalumje NpeTXoAHOr HWMBOa nupamuae S; a 3aTum

Jeummaumjom ca (PakTopom 2 MO CBaKOj ANUMEH3MJU CNnKe st Kaga ce kopuctu

CTPYKTYPHU eneMeHT aemeH3nja (2r +1) x (2r+1) 3a MOpPKhONOWKO (hMATPpUpare, Crmka

anpoKcumaLyje Huke pesonyuuje s, 106unja ce npema:

SjE(m,n)zmin {Sj(m+k,n+l), | —r<k,l<r }

Sj+1 :é“L(SjE) (43)
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Kaga je CE y 06nuKy KBagpaTa, MOPGIONOWKO (UATPUPare C/NKE CE MOXE YpaauTy
eKacHuje cenapabuiHo Mo BpcTama n konoHama. Crvka fetarba d; ce n3padyHasa

0dy31MareM (MATpUpaHe VHTEPMOMPaHe CAMKe anpokcuMauuje cnepeher HUBoa 5, Of

C/MKe anpokcumaumje Tekyher HuBoa s;. ®UNTpPUpaHa WHTEPMONMpaHa Civka §j ce

fobuja uHTepnonaumjom & T Cnmke cnefeher HUBOa NpaMUae S ;.1 NO CBaKOj AUMEH3N)!

C/IMKe ca (PakTopom 2 a 3aTuM PUNTpMpakeM NPUMEHOM onepaTopa Aunaraumja.
Sju :§T(Sj+1 )
§j (m, n) =max {SjU(m—k,l’l—l), | —r<k,I<r }

d ; (4.4)

Moposowka nupamuga getasba M4 (Morphological Bandpass Pyramid, MBP) cagpxu

CNmke feTarba onagajyhe pesonyumje d;, /=0, ..., M —1 1 cnnky anpokcumaLuje HajHUXe

pe3onyumje Ha Bpxy nupamuge Sy [16]. MM/ ce MoXKe MHTepNpeTMpaT Kao CTPYKTYpHa

[leKoMno3uumja Koja UcTuye MBuLE y CAMumM 1 n3aeaja nux rno BeMUYUHN Tako fa cy uHM
[eTa/bl M3[BOJEHN Y CAMKama HKMX HMBOA AeKomMosunuuje Koje cy Behe pesonyuumje a
rpyo/bn feTasbM Cy Y CAMKaMa BULLMX HMBOA [JEKOMMO3MLMjEe KOjU Cy HUXKE pe3onyumje
[20]. Cnuke petasba MM E[ cagp)ke Mo3vMTUBHe BpefHOCTW. MakcumanHa BpeaHOCT
nukKcena y CAvMuu feTasba BULLEr HUBOA [EKOMMO3uLUMje je Mawa 0f MaKCUMasiHe
BPeAHOCTU MUKCeNa y CInUM feTasba HUXKEr HMBOA Aekomnosuumje. MUH1UManHa BpeaHoCT
nnKcena y Cinum aetasba BULLIET HMBOA AeKoMnosuumje je Beha og MUHUMAaIHE BPEeAHOCTM
nuKcena y CivumM getasba HKEr HUBOA Aekomnosuumje. MMM ucnywasa nupaMmuaanHu
ycnoBs 1 Moryha je nepgeKTHa peKOHCTPYKLUMja opuruHanHe cavke. MMA EA nupamnga y
Kojoj ce kopuctn CE ammeH3mnja 2x2 je mopdonoLwika Xaposa nupamuga [20]. Ha canum
4.1.2 npukasaHa je MMM A4 EJ nupamunja reHeprcaHa Ha OCHOBY (ppejma 13 BUAEO CeKBeHLe
Newspaper kopuwwherwem CE aMmMeH3nja 7X7 3a MOPGO/IOLLIKe onepauuje.
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Cnwuka 4.1.2. MopgonoLika nupamuga M4 EL reHepucaHa Ha OCHOBY CUHTETU30BaHOT
(hpejma Bnaeo cekseHue Newspaper. 3a mopgonowlke onepauuje kopuwheH je CE

ANMeH3nja 7X7.
4.1.2 JEKOMITO3UIAJA CJIUKE MOP®OJIOMIKUM TAJTACUHhAMA

BehnHa nocTtojehux MeTofda 3a OLEHY KBanmMTeTa C/MKE KOje Ce 3acHMBajy Ha
MY/ITUPE30NYLMOHOj AeKOMMO3uLmnju Cnnke TanacuhmMa, KopucTe NMHeapHe Tanacuhe. Y
OBOM pafy je ucnutaH yTuuaj HelmMHeapHUX MOPQONOLWKMX Tanacuha y AeKOMMNo3nLmju

CNMKe Ha nepdopmaHce myntupesonyumoHe metpuke MW-PSNR 3a oOueHy KBanuTeTa
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OVIBP-cuHTETU30BaHMX CcnvKa. McnutaH je  yTuuaj cenapabunHe AeKoMnosuvumje
mopdosiowknum Tanacuhmma minHaar  minLift n HecenapabunHe gekomnosvumje ca

Y30PKOBakEeM Ha “quincunx® peLeTkn NpuMeHoM MopgoioLwKnx Tanacuha minLiftQ.

Y opuruHaiHom 065uKy, Tanacuhu cy anaT 3a /iMHeapHy aHanu3y curHana. [llojasa
NNQTUHT WeMe je NOACTaKna passBoj HenmMHeapHUX Tanacuha. MokasaHo je Aa ce cBaka
TpaHcopmaumnja cnvke TanacMhuma MOXe Wu3pavyyHaT¥ MNPUMEHOM JIM(DTUHE  LLeMe
payvyHCKM jelHOCTaBHW]je Hero NPUMeEHOM CTaHAapAHOr anroputMa unTtpuparsa [53]. [ok
Ce 3a KOHCTPYKUN]Y NnHeapHNX Tanacnha mMoxke Kopuctutu dypujeosa TeXHUKA, MNPTUHT
lwemMa je jeauHW OMWTK MeTO4 3a KOHCTPYKUMjy Mopdonowkmnx Tanacuha [22].
Jekomnosununja cnvmke MopgonowKknm Tanacuhuma je HenmHeapHa TpaHcgopmMalmja cnmke
KOJOM MBULE Yy CAUUM OCTajy OuYyBaHe Yy MOAOMCE3MMa pasnnuumtux pesonyumja [22].
MpMMEHOM NMTMHI LeMeca MOPGOOLWKNM OrnepaTopnuMa MOXe Ce peasv3oBatv U
cernapabunHa n HecenapabunHa fekomnosuumja CAnke MOPMONIOWKUM  Tanacuhuma.
Mopdonowkn Tanacuhn cy KopuwheHn Kof KOAOBakwa BMAea 3a KOfoBawe (pejMmoBa
pesvayana [60] u Kof CckanabunHOr KofoBaka CAMKa ca npuMeHoMm 3a  “digital

watermarking* [61].

CenapalOuiHa JeKOMIO3UIHUja cianke Tagdacnhuma

CenapabunHa [Jekomnosvuuja CAvke Tanacuhvma ce peanusyje MNPUMEHOM  [ABe
jeAHOAMMEH3MOHe [IeKOMMNO3uLUMje Tanacuhuma, Yy XOPWU3OHTA/HOM W Y BEPTUKa/HOM

npasuy. Tako ce fobuwja Tpu nogoncera fetaba d;.q1, diy2, digz W CAMKA
anpokcumaumja s;,;, cnnka 4.1.3, Koju cy no obe gUMeH3uje ABa nyTa Makbe 0 C/IMKe Koja

je aekomnoHoBaHa. Mogoncesn aetasba cafpye BEPTUKA/IHE, XOPU3OHTA/THE U AnjarOHasHe
feTasbe. CiMKa anpokcumaumje ce fasbe AeKOMMOHYje Yy cnefehem HMBOY Aekomnosuumje

(dyadic decomposition).

JegHoaMMeH3MOHa  AeKoMnosuumja  CAMKe  MOPOJSIOWKMM — Tanacuhvma Cce  MOXKe
peasiv30BaTN NPUMEHOM IM(TUHT LLEME ca CIuKe 3.2.2a Y K0joj Cy onepaTtopu npeaukuuje
(prediction, P) n nonpaske (update, U) peann3oBaHn NpMMeHOM MOPO/IOLLKMX OnepaTopa.

HajjegHocTaBHMja Aekomnosvumja Tanacvhuma je TpuBujanHa Aekomnosuvumja (lazy
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transform) Kojom ce jegHOAVMMEH3MOHM curHan genu (split) Ha gBa curHana, Tako fa jefaH

CUTHAN CafPXXu NapHe Y30pKe a APYri CUrHas CafpXKn HenapHe Y30pKe.

1-D Si+l
DWT ————>
s; | 1D y | iy
— DWT J
i+1, 2
X 1D —=5

D\;VT dii1,3 ;

Cnuka 4.1.3. CenapabunHa gekomnosuumja civke Tanacuhuma npumMeHoMm age

jeAHOAVMMEH3MOHE AeKOMMNOo3nLyje Tanacuhma y BepTUKaIHOM 1 XOPU30HTaTHOM MpaBLly.

VimnnemeHTupaHa je cenapabuiHa [fekoMmnosuymja cnvke Kopuwhekem fABa Tuna
mopdonowkmnx Tanacuha, minHaar “ minLift, »n wucnuTaH je HWBUXOB YTULUA] Ha
nepopmaHce metpuke MW-PSNR 3a oueHy keanmTteTa cnmke. Pagn nopehera ca
NMHEPHUM TanacvhrMMma, WMMNAeMeHTUpaHa je W cenapabunHa [eKOMMo3uumja Crnke

Kopuwherwem Xaposor Tanacuha (Haar wavelet) n Tanacuha cdf (2,2).

o [-J] mpancgopmayuja mopgonrowkum Xaposum manacuhem (minHaar)

JeflaH 0f HajjefHOCTaBHUJUX HeNUHeapHMUX MOPQOIOWKNX Tanacuha je MOpgo/oLKK
Xapos MruHuMyM Tanacuh, minHaar [22]. CanyaH je iMHeapHOM XapoBoMm Tasiacuhy anm ce
y Kopaky nonpaske (update, U) y NUMTUHT LWeMy NpuMerbyje HennmHeapHU ornepaTop
MUHUMYM. [poueHa (NpearKumja) CUrHana je n3y3eTHO jeJHOCTaBHa: camu napHU y3opuu
CUrHaMa Koju Cce LEeKOMMOHYyje Ce KOpWUCTe Kao npoueHa HemapHuWx. CUrHan pasnuke ce
n3payyHaBa Ha MCTU HaYMH U KOL NMHeapHOr Xaposor Tanacuha. MpuMeHOM NNGTUHT

ueme, CUrHan fJetaba d;i1 W CUTHT anpoKCUMaLyje HIDKe pesonyuuje s .1 ce

n3payyHasajy Ha cnefehm HaumH [62]:
dj+1[n] =5 [2n +1]—s]- [2n],
s]-_,_l[n] =5 [21]+ min(o, dj.,.]_[ﬂ]) (4.5)
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[Jekomnosuymnjom curHana npuMeHoM Mmopdonowkor Xaposor Tanacuha, uBuue Yy
CUrHaMMa fAeTasba Cy 60/be O4yBaHe HEro y Cryyajy npuMeHe uMHeapHOr Xaposor
Tanacuha [22]. Mopgonowkn XapoB Tasnacuh je TpaHCNATOPHO WHBapujaHTaH Yy
NPOCTOPHOM [OMEHY, WHBapujaHTaH jey OAHOCY Ha MNoMaK HuBoa cumsor (gray-shift
invariant) n uHBapujaHTaH je y OAHOCY Ha CKaivpawe HuMBoa cvsor (gray-multiplication
invariant) [61].

o [J]] Xapoe manacuh (Haar)

HajjegHocTaBHMja NMHeapHa [ekomnosuuuja curHana tanacuhuma je fekomnosmumja
npvMmeHom Xaposor Tasnacuha. MNMpumeHoM IMGTUHT WweMe [53], npoueHa y3opaka curHana
KOjW CagpXXu HenapHe Y30pKe CUrHana Koju ce AeKOMMOHYje Cy caMun napHu y30pLum uctor
curHana. IpoueHa je TayHa 3a CUrHan Koju MMa KOHCTaHTHY BPeAHOCT U Y TOM C/y4ajy je
curHan petasba jegHak Hynu. Kopak nonpaske (update, U) curHana ocurypaea fa je
cpeftba BpeAHOCT CUrHana anpokcumaumje HKe pesonyuumje jedHaka cpefiH0j Bpe4HOCTU

CUrHana Koju ce AeKoMmnoHyje. MpUMeHOM MUGTUHT LeMe, curHan feTamba 441 W CUrHan

anpoKcymaLnje HUXKe pe3onyuuje S;.+1 Ce U3padyHasajy npema:

dj+1[n] =5 [2n +1]—s]- [2n],
sjualil=s2al+ > d jualn] (46)

NnycTpaumja jegHOr Kopaka [eKOMMO3WLMje CUTHana MpUMEHOM JMHeapHOr XapoBor

Tanacuha 1 MoposoLKor Xaposor Tanacuha nprkasaHa je Ha cnvum 4.1.4. MapHu y3opum

CUrHana s; cy npeacTaB/beHy 6en1om 60joM a HemapHU y30pLy LIPHOM. Y30paK CurHana
feTaba dj41 Ce n3padyyHaBa Ha OCHOBY WMCTMX Y30paka (2 cycefHa y3opKka, MapHU

HEeMapHW) CUrHana S;1 Ha UCTU HauMH (Kao HMUXOBa PasfNKa) M Kog AeKomnosuuuje

NpUMeHOM NMHeapHOr Xaposor Tasiacuha U NpruMeHoOM MopdonoLKor Xaposor Tanacuha.

Y30paKk CurHaia anpokcuMaupje HWKe pe3onyupje ce M3padyHaBa Ha OCHOBY WCTUX
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y3opaka curHana S; u feTaba @;i1 anm MNPUMEHOM pasMuMTUX OnepaTopa KOA

[leKoMNo3unupje NMHeapHUM M MOPGOOLKUM XapoBuM Tanacuhmma.

dj+1
S+l
Cnunka 4.1.4. [lekoMnosuLmnja cUrHana §; Ha CUrHan fieTarba d;,q W CUrHan

anpoKcumaLnje Huxe pe3onyuuje S;+1 MOPRONOLLIKUM N JIMHEAPHUM XapoBUM

Tasacuhuma npUMeHOM NNGTUHT LWeme

e D odexomnozuyuja mopgonowkum maracuhem (minLift)

[Jekomnosuunja curHana npumeHom tanacuha minLift ce peannsyje npumMeHOM NUPTUHT
LUeEMe KOja cagpXu MOpPgosoLKe onepaTope 3a u3padyHaBake npoueHe (P) Kkofg
n3pavyHaeara CUrHana getasba 1 3a n3padvyHasawe rnonpaske (U) curHana anpokcmmMamije
[63], [22]. HakoH nofene curHana Ha ABa CUrHana Tako fda jedaH cafpXXu rnapHe y3opke a
ApYyrv HenapHe, M3payyHaBa Ce MpOLEeHa CUrHasia KOoju cafpXu HenapHe Y30pKe Kao
MUHUMaHa BpPefHOCT [Ba CycefHa Y30pKa CUrHasia KOoju cafpXu napHe Y30pKe.
Kopekuyuja (update) je n3abpaHa Tako fa ce 0Ka/IHU MUHUMYM CUTHaA NPEHeCce Y CUrHa
anpokcumaumje Hke pesonyuuje. Kopekumja y3opka curHana anpokcumauuje ce pagu

KopuLwherbeM [Ba Y30pKa CUrHaa AeTasba NPYMeEHOM ornepauuje MUHUMYM.

d ja[n] = s j[2n +1]-min(s ;[2n] s ;[2n + 2]

Sj+1[n] =5 [21] + min(0, dj_,_]_[n -1] dj+1[n]) 4.7

Jekomnosnumnjom curHana npvMmeHom Ttanacuha minLift yyBa ce nokanHa MuHMMaIHa
BPEAHOCT CUrHasa Kpo3 CUrHasie anpokcrMaluje Ha CBUM HUBOMMA AeKOMNo3uuumje a He
reHepuwy ce Hose [22]. [ekomno3suuuja cnvke Tanacuhem minLift je nHBapujaHTHA Yy
OfHOCY Ha nomak HuBoa cumBor (gray-shift invariant) v nHBapujaHTHa Yy OfHOCY Ha

CKaivpane H1Boa cusor (gray-multiplication invariant) [62].
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CurHan fetasba MMa BpeHOCT OKO Hyfie y obnactuma 6nare sapujaumje H1Boa CuBoOr y
CNMLM KOja ce [eKOMMOHyje. Harne npomeHe WHTEH3UTETA C/AMKE Y CKaan CUBOT Cce
npecnvkasajy Yy MNO3WTWBHE BPeAHOCTU CuUrHana fetasba. [logoncesu npsBor HWBOA
Jexkomnosuupje dpejma n3 Bugeo cekseHue Newspaper mopdonwkum Tanacuhem minLift
Cy npuKasaHu Ha cnuum 4.1.5. MNogoncesn cagpxe BepTUKa/iHE AeTa/be, XOPU3OHTa/IHe

[eTa/be 1 fleTasbe OKO Yr/ioBa (AujaroHasntHe).

Cnvka 4.1.5. Mogoncesun Npsor HMBoa feKomnosuuumje dpejma 13 BULLO CEKBEHLe

Newspaper MoponLwK1um Tanacuhem minLift cagpye vBuLe No NpasuMMa: BEPTUKASHE,

XOPW30HTa/IHe, YraoHe.

o Jluneapnu manacuh cdf (2,2)
NHeapHn 6uopTOoroHanHKW Tanacuh Has3BaH npema WUCTpaXuBaysMa Koju Ccy ra
npeacrasunm, Cohen-Daubechies-Feauveau, cdf(2,2), je wMniemMeHTMpaH MpYMEHOM
NMMAPTUHT Wweme [53] 36or nopehersa ca kbemy ogroeapajyhviM MopghonowKumM Tanacuhem

minLift. TlpoueHa y30pka curHasa Koju cafpXW HenapHe Y30pKe Ce uM3padyHasa
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JeJHOCTaBHO Kao cpefrba BPeAHOCT [Ba CyCefHa Y30pKa CUrHasa Koju cafpXu napHe
y30pkKe. lNpoueHa je TayHa 3a IMHeapHe CUrHane Uy TOM Cnydajy je CUrHan geTasba jefHak
Hynu. Curan fpeTasba MoKasyje KOMMKO OPUTMHaIHWM CUMHaN OACTyna Of JIMHeapHor.
CurHan petaba CagpXu BUCOKO(PEKBEHLMJCKE KOMMOHEHTE OPUTMHAIHOT CUTHaNa.
MonpaBka (update) curHana Koju cagpXu napHe Y30pke omoryhyje ouyBawe Cpefre

BpeAHOCTW curHana. [ekomnosuymjom curHana nomohy cdf(2,2) Tanacmha nprvMeHOM
MGTVHT  LemMe y30paK CurHana pdeTaba 941U CUTHana anpokcumaumje S;+1  Ce

n3payvyHaeajy npema:

dj+1[n]=sj-[2n +1]—%(SJ-[2n]+sJ-[2n+2]

sjolnl=s; 2]+ 7 (d pualn-1+ djaln]) “8)

WnycTpaumja m3padyHasara y3opaka CUrHala fetasba W CUrHasa anpokcumMaumje Ko
[leKkomnosuumje curHana Mopgosowkmm Tanacuhem minLift 1 fnvHeapHum Tanacuhem

cdf(2,2) npumeHOM NUPTUHT LWEME je NpuKasaHa Ha cnmum 4.1.6.

dj+1
Sj+l
Cnvika 4.1.6. lekomnosuumja CurHana s; Ha curHan getamba d 11 U CUrHan

anpoKcumauuje HKe pesonyunje Si.1 NpuMeHom MopdonoLwKor Tanacuha minLift nnn
J

NunHeapHor Tanacuha cdf(2,2) kopuwherbem ANPTUHT Lweme

Hajnpe ce curHan koju ce JEeKOMMOHYyje §; MOAENM Ha ABa CUrHana, CUrHai ca NapHUM

y3opumma (6enmM) nm curHan ca HenapHuM ysopuuma (upHu). Kog obe gexkomnosuumje,

MOP(O/IOLLKE W KOZ /IMHEapHe, y30pak CUrHaia getaba @41 Ce W3payyHaBa Ha OCHOBY

ncTa 3 y30pKa CuUrHana Kojui ce [eKOMMNoHyje, S ;, ann NPUMEHOM Pas/IMuUTKX onepauuja.
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Y30paK CUrHana anpokcumaumje S;j+1 Ce n3padyHasa MonpaBKOM Y30pKa CUrHana Koju ce
[leKOMMOHyje s; momohy uCTa fiBa y30pKa CurHana feTama d;+1 kof 0be fekomnosuumie,

MOPMOOLLIKE U IHEAPHE, anv MPUMEHOM Pa3NMUMTUX OnepaLiuja.

Hecenapadniana nexommno3nnmja tajacuhuma Ha “quincunx” pemerku

Cnnke Kao [BOAMMEH3VMOHW HW30BM Ce MOry TpaHcdopmucatm npasom 2/
TpaHchopMaLMjoM KOJOM Ce CnvMKa TpaHcopmule Kao 06n1acT a He Mo BpcTama U
KonoHama [64]. MMpumeHoM cenapabunHe [AekOMMo3uumje cnvke Kopuwherwem 1/,
TpaHcgopmaumja TanacuhiMa no BEPTUKa/IHOM U MO XOPU3OHTa/IHOM MpaBLy, UBULE Koje
Ce He Moksanajy ca oBa [Ba npasLa He MOry ce M3ABOjUTU Y nogoncesuma. MprMeHom
HecenapabunHe AeKoMMo3nuuje, 0Baj HefocCTaTak Ce MOXe OTK/IOHWUTWU. HecenapabuiHo
Y30pKOBake 0TBapa MOryhHocT gobujama LiemMa AeKOMMo3uumje CnvMKe Koje ce 60sbe
nokanajy ca YoBeKOBMM BU3YeNTHUM CUCTEMOM [65]. “Quincunx® pewleTka (peLLeTka Kao
LLAXOBCKO [MOJbe) je HajjeAHOCTaBHMja HecenapabuiHa MyNTUAMMEH3UOHA CTPYKTypa
y30pKOoBara. 360r cumeTpuje “quincunx® pelueTke, HecernapabuiHa TpaHchopmauuja je

HEoCeT/bMBa Ha MpaBal, MBULA W OpujeHTauujy cnuke. [puMeHOM HecenapabunHe

TpaHcjopmaLuje cnmnka ce AEKOMMOHYje ca MyNTUPE30NYLNOHUM (PaKTOPOM V2 1o ckanm.
[da 6u ce ocCcTBapMo WCTU HMBO [JeuuMauuje C/IvKe MPUMEHOM cenapabuniHe U
HecenapabunHe  AekoMMosuumje ca  “quincunx”  y30pKOBaweM, CAUKY Tpeba
JekomnoHoeat ca Aynio Behum  6GpojeM  HMBOA  AEKOMMNO3WUMje  MPUMEHOM

HecenapabuHe Aekomnosunuuie.

Y 0BOM pafly je ucnuTaH yTuuaj HecenapabunHe AeKOMMO3uUuMje CMKe MOPMONOLLIKAM
Tanacuhuma Ha “quincunx peLeTkn Ha noysgaHoct mepe MW-PSNR 3a oLeHy KBauTeTa
OVIBP-cnHTeTM30BaHMX cnvKa. 360r nopehera, UMNIEMEHTMPaHa je M HecenapabuiHa
[eKoMNo3numja CAnMKe NMHeapHMM Tanacvhmma Ha “quincunx® pewleTkn Kopullhersem

NMQTUHT LWeme.

HecenapabunHa 2[], TpaHcthopmalmja Tanacuhmma Ha “quincunx peLLueTKuy je peannsoBaHa

Han3MeHNYHOM NPUMEHOM HenapHOr U NapHor Kopaka, cnnka 4.1.7. Y cBakoM Kopaky ce
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reHepuille CAMKa feTaba WM CAMKa anpokcumauuje. Crvka anpokcumalmje ce MoxKe

OEKOMMNOHOBATU Aa/be.

Sj+2

g Sj+1| mapan ——>
J | nemapan KOpak \
KOpak S dj )

dj+1
Cnuka 4.1.7. HecenapabunHa fekoMnosuymja civke tanacuhnma kopuwherbem
“guincunx® peLleTKe NPYMEHOM HEeMapHOr 1 NapHOr Kopaka

N napaH v HenmapaH KOpaK Cy UMMAEMeHTUPaHN KopulLheweM NUGTUHE LLeMe ca CIuKe
3.2.2a.

slg dl
oK XoX XoX o iy dp l @ d
00000 52
ceoceoce ¢
00000 sl 3
(a) (6) (1)

Cnuka 4.1.8. HenapHu Kopak HecenapabuiHe AeKOMMOo3uLmje CIMKe NPUMeHOM NGTUHT
LLeMe a) C/IMKa Koja ce feKOMMOHYje cagpkuy y3opke Ha Cartesian pelleTku Hajnpe ce genu
Ha ABa cuMrHana, o6a ca NUKcenMma Ha “quincunx® peLleTky 6) NpoLeHa LpHOT NMUKcena ce
n3payyHaBa Ha OCHOBY 4 6ena NuKCcena Koju ra OKpyXyjy L) 6env nukcen ce axypupa Ha

Ha OCHOBY 4 MUKCeNa AeTasba KOju ra OKpYXYjy

Y HenapHOM Kopaky Aekomnosuuuje, nuKcenn cnvke S; ce Hajnpe aene (split) Ha 2
curHana, (s1;41,52;,1)=split(s;) o6a Ha “quincunx“ pelleTku, Tako Aa curHan slj.g

caapXu 6ene nNuKcene a curHan 2,41 LpHe Nukcene, cimka 4.1.8.a. 3a cBakm LpHU NUKcen

n3pavyHaBa Ce Herosa npoLieHa Ha OCHOBY 4 Haj6nvka 6ena nukcena Koja ra OKpyXxyjy,

cnvka 4.1.86. Mukcen curHana rpetlke d 41 ce 13padvyHaBa Kao pasnvka LpHOT NUKcena v
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terope npoueHe, d =s2— P(sl, sly, slp, s13). 3aTum ce CBaku Genu MUKCeN CUrHana

sl;11 axypupa (monpaB/ba) Ha OCHOBY 4 MuKcena CurHana rpeluke (geTasba) Koju ra

okpyxyjy, s=s1+U(d, d1, d2, d3) crvka 4.1.8.. CurHan anpokcumaupje S;j41 Ce

fasbe eKOMMOHWMje y NapHOM KopaKy AeKOoMMo3uLmje.

d d3
O O O slp s11
e @ o © s1
O O O sl3 s1
© o o d1 2
@ (6) (W

Cnuka 4.1.9. MapHu Kopak HecenapabuiiHe feKoMnosuuymje Ha “quincunx‘

PELLUETKUMPUMEHOM INPTUHT LLEME @) CUTHA/ anpoKCUMalmje ca NUKcenmma Ha quincinx

PELLETKU Ce fIeNN Ha fiBa CUrHana, o6a Ha Cartesian pelieTky 6) NpoLeHa CMBOT NUKCea Ha

OCHOBY 4 6ena nuKcena Koju ra OKpy>XXyjyno gujaroHaiHMM npasuyma L) 6enmn nukcen ce

Kypupa Ha Ha OCHOBY 4 NuKcesa AeTasba KOjW ra OKpYXXyjy no AujaroHasiHUM npasuymMa

YnapHOM Kopaky HecenapabuniHe AeKOMMO3LMje CAMKe, CUrHai anpoKcumaumje ;i1

reHepucaH y HernapHOM KOpaky [eKOMMo3uuuje KOju cafpXKu Y30pke Ha “quincunx‘

peLLeTKM Aienn ce Ha ABa curHana, curHan slj,o npeactaBrbeH 6enMm nukcenuma n s2;..2

npeLcTaB/beH CMBMM MUKcenumMa Ha cimum 4.1.9.a, oba Ha Cartesian pewleTku. NpoueHa

MMKcena curHana s2;,2 13padvyHasa Ce Ha OCHOBY 4 Gena nuKcena curHana s1;.2 koja ra

OKPYXYjy MO AujaroHanHUM npaBumma, cnuka 4.1.96. MNukcen curHana rpewuke djy2Ce

n3payyHaBa Kao pasfnivka CUBOT MNKCEeNa M Herose npoLeHe. 3aTm ce CBaku 6env nukcen

curHana sl;.2 axypupa (nonpae/ba) Ha OCHOBY 4 MUKCena CUrHana fieTaba Koju ra

OKPY)XYjy N0 AujaroHanHMM npaBuuMMma, cnuka 4.1.9.4, M Tako ce Aobuja curHan

anpokcuMauuje s ;.o .
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e Hecenapabunina Henuneapna oeKomMnozuyuja ciuxe ca “‘quincunx‘ y30pKoearbem

mopgonowkum manacuhem minLiftQ

HecenapabunHa pgekomnosuuuja mopdonowkmm Tanacuhem minLiftQ Ha “quincunx“
PELUETKM  NPUMEHOM  NUPTUHI  LeMe aHa/iorHa  cenapabuiHoj  AeKOMNo3nuunju
Mopdosowknum Tanacuhem minLift je npeacTasmbeHa y [22], [66]. MNpBo ce curHan cnmke
noAeny Ha fABa CUrHana Tako Aa jefaH cafpXu LpHe nuKcene a apyru 6ene, cBaku Ha
“quincunx® peweTtkn, cnmka 4.1.8a. Y HenapHOM KOpakKy [AeKOMMosuuuje, npoueHa
nuKcena CUrHana Koju CajpXXu LpHe MUKCee Ha CAuUM ce u3pavyyHaBa Kao MUHUMaIHA
BPEAHOCT 4 nuKcena Koju ra OKpYXKyjy CurHana Koju cagpxu 6ene nukcene, cnimka 4.1.8.6.
CurHan pasnmke ce u3pavyyHaBa Kao pas/iMka CUTHata KOjU CajpXu LpHe MuKcene u
terose npeaukuvje (4.9). Nukcen curHana anpokcumaumje ce axypupa [o4aBakbem
MUHUMasIHE BPeAHOCTM 4 NKcena curHana Aetasmba Koju ra okpyxyjy (4.10), cnvka 4.1.8..
YnapHOM Kopaky HecenapabusiHe [eKOMMo3uLmje, HaKOH MoJese CUrHana anpokcmmaumje
Ha ABa curHana, oba Ha Cartesian peLleTku, n3padyHasa ce MpoLeHa CUrHana Koju cagpxm
cuBe nukcene. lpoueHa CUBOr MUKCena Ce M3padyHaBa Kao MWHWMaIHA BpeaHOCT 4
MUKcena Koja ra OKpyXxyjy no gujaroHanHuM npasumma, cnvka 4.1.96. IMpellka npoueHe ce
n3pavyHasa npema (4.9). Y HernapHOM Kopaky, 6enu nuKcen curHasa anpokcumauuje ce
axypupa (nonpas/ba) Ha OCHOBY 4 MUKcena AeTasba KOjU ra OKpyXXyjy no aujaroHaiHum

npasuuma, cnvka 4.1.9u, kopuvwherwem onepaumje MUHUMYM [62].

d=s2-min(sl , s1y, slp, s13) (4.9)

s=s1+min(d, dq, dp, d3,0) (4.10)

Mopgoncesn NPBOr HMBOA HecenapabuHe AeKOMMNo3nLmje pejMa U3 CUHTETU30BaHe BUAEO
cekBeHUe Newspaper Ha “quincunx” pelleTKM MpuMeHoOM MOpPgO/oWKor Tanacuha

minLiftQ npukasaHn cy Ha cnmum 4.1.10. Cnuka getasba HemapHOr Kopaka AeKoMnosumumije

je potupaHa 45 npe npukaza. O6macT BEIMKE MPOMEHe HMBOA CUBOTF (MBULE) CYy

manupaHe y 6eno. O6n1acti ca MasioM NMPOMEHOM HVBOA CMBOT CY MarnvpaHe y TamMmHO.
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Cnuka 4.1.10. Mopgoncesn npea ABa HMBOA HecenapabuiHe fekomnosuuunje pejma u3
CUHTeTM30BaHe BMAEO CekBeHUe Newspaper ca y30pKoBateM npema “quincunx‘ peLueTKu,

HermapHor 1 napHor, npumeHom Mopgosowkor Tanacrha minLiftQ. Cnuka pfeTtasba

HemnapHOr Kopaka AeKoMmno3suuuje je potupaHa 3a 45 .

e Hecenapabuina nuneapna Oexkomnozuyuja ciuke ca ‘“‘quincunx‘ y3opKoearbem

manacuhem cdfQ(2,2)

360r nopeherwa Ca  HENMHEAPHOM  HecenapabuiHOM  AEKOMMO3ULUMJOM  C/INKE
MOPMO/IOWKNM Tanacuhem, MMMNEMEHTUPaHA je HecenapabuiiHa MMHeapHa AeKoMnosuumja
ca “quincunx® ysopkoBaweM Tanacuhem cdf(2,2)Q [67] koju je aHanoraH Tanacuhy
cdf(2,2) 3a cenapabunHy fgekomno3uumjy. FpUMEHOM NUQTUHI LeMe, HakoH nogene
nnuKcena cnvke Ha 2 fgena npema cavuym 4.1.8a, y HenapHOM KopakKy AeKomnosuuuije,
n3pavyHaBa Ce CUrHasl rpeLLlke Kao pasfinka CUrHana Koju cafpXXu LpHe NnuKcesne 1 herose
npoweHe npema (4.11). MNpoueHa LpHOT MUKCeNa ce n3pavyyHaBa Kao cpefra BpefHOCT 4
Hajonmxa 6ena nukcena, cnuka 4.1.8.6. YeTnpu nuKcena CMrHana rpewke ce Kopuctu 3a

Kypupare nukcena cMrHana anpokcumauumje, cnuka 4.1.8.1, npema (4.12).

d=s2 —%(s1+ sl + slp + s13) (4.11)

s:sl+%(d+d1+d2 +d3) (4.12)
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Y napHOM Kopaky [eKoMMno3uLmje, CUrHan anpokcumMalmje reHepucaH y HermapHoOM Kopaky
ce genv Ha 2 fdena npema camumn 4.1.9.a. lNpoueHa nukcena 3a m3padvyyHaBake CUrHana
rPELLKe Ce u3pavyyHaBa Kao Cpeara BpeAHOCT 4 OKOMHa nuKcena, cnvka 4.1.9.6. CurHan
rpeLlke ce mM3padyHasa npema (4.11). Mukcen curHana anpokcMmaumje ce axypupa Ha

OCHOBY 4 OKOJIHA MUKCeNa CurHana getasmwa, cnvka 4.1.9.u, npema (4.12).

4.2 N3PAYYHABAKE JUCTOP3UJE

Cpepatba kBafpatHa rpewka (Mean Squared Error), MSE, v BpLwHa Bpe4HOCT CUTHa/I-LLIYM
(Peak Signal-to-Noise Ratio), PSNR, cy HajsuLle KopuwheHe Mepe AUCTOp3nje/KBanTeTA.
To Ccy HajjeqHOCTaBHMM HauMHU 3a M3padyHaBakbe C/MYHOCTM KU3Mehy [aBe CIMKe,
pedepeHTHe 1 n306MyeHe. MSE uma (hM3MYKO 3Hayere — Ae(nHMLLIE eHeprujy curHana
rpewke. OcobuHa ovyBaha eHepruje rapaHTyje aa je eHepruja n3o6anmyeHor curHana ucta
y TpaHC(hopMauMoOHOM [OMEHY Kao M y A0MeHYy curHana. MSE je ognnyHa mMeTpuka y
KOHTEKCTY OnTummM3auumje. 3a mnopeherwe pasnMumMTUX anropuMtama HajBuLle ce Kopucte
MSE 1 PSNR [68].

Y oBom pagy je kopuwheHa MSE kao Mepa pguctopsmnje wusmehly nopgoncera
MYNTUPE30NYLMOHe penpeseHTauunje ped)epeHTHe U CUHTETM30BaHe C/IMKE Y APYroj hasm
n3padyHaBara MyNTUPE30/TyLMOHe MeTpUKe. HakoH MynTUpPe3oNyLmoHe AeKoMnosuumje
C/IMKe NPUMEHOM MOP(ONOLIKMX (PunTapa, Nogoncesn cagpxe meuue 6e3 3amyherba u
nomepaja. M3pavyHaBaeM MCE no nogorncesuma nuKces no nukcen npeumsHo ce mepu
pasnMka y obnact neuua. Kako cy y nogoncesuma MynTupe3onyLMoHe penpeseHTaumje
CMKe u3[BOjeHe MBULE, M3padyHaBaweM MSE no nogorcesnuma MCTUYe Ce BaXKHOCT
06/1aCTV MBULA Y OLEHN MYNTUPE30NYLMOHE METPUKe. Kako CMHTETU30BaHe C/INKe CafipiKe
ancTop3nje y obnact mMBuuUa, OLEHe Tako A0OMjeHe MeTpuKe ce Ao6po nogyaapajy ca

CY6jeKTVBHMM OLIeHama.
4.2.1 U3pauynaBame MP-PSNR

W3pauyHaBarwe oueHe meTpvke MP-PSNR Koja KOpuCTU nupamufasiHy LeKOMMO3uLujy

CNMKa npukasaHo je Ha cnvum 4.2.1. ismelly cnvka e nupamuganHe pernpeseHTauumje,

47



pedbepeHTHe CnKe N CUHTETU30BaHe C/INKe [y , HA CBAKOM HWBOY [EKOMMO3nLMje J,
AMMEeH3Vja K ;N ; , U3padyHaBa ce Cpefba KBaJpaTHa rpeLuka MsE;

1 KiN

Tk 2 2 br gk = jUken)? (4.13)

MSEJ-=

Cpeona kBafpatHa rpewka nupamuge MP-MSE ce mnspayvyHaBa Kao MPOU3BOL CpeaHunx

1
KBapaTHMX rpeLlaka CBUX CAMKA Nupamuge ca TeXXMHCKUM thaktopom A = IR
je M 6poj HMBoa fekomnosuuuje.
M Iy
mP _ MSE =] [mSE ;|7 (4.12)
j=0

3a CIMKY MakcMManHor agnHaMmumykor paHra R, MP-MSE ce TpaHcgopmuiie y MP-PSNR:

2

R
MP _PSNR =10 -log1g (—————
_ 910 (MP T MSE ) (4.15)

,,,,,,,, "q,@g,,,,,,,,,,,,,,,,;J,EMT,]-‘ ,,,,,,,,,,‘ [
MSE, | MSEy 1| [MSEy, | —>{ MP-MSE
A A A !
dp dpyrq A
0
MP-PSNR
CUHTET. MPD b MPD
crnuka Spy SDys

Cnvnka 4.2.1. VizpadyHaBatbe MP-PSNR Ha 0CHOBY MSE ; CBMX CNVKa NMpammnpe:

MPD- jefaH HMBO MOP(OJIOLLIKE NUpaMUaaIHe 4eKOMNo3nLmje

OcuM OCHOBHe Bep3vje METPUKE KOja KOPUCTW CBE C/IMKe MupaMuie 3a u3padvyHaBarbe
ANCTOp3nje, aHaM3MpaHa je 1 pedykoBaHa Bep3vja meTpuke MP-PSNRr Koja KopucTtu

camo C/MKe feTasba BULINX HBOA NpaMUasiHe penpeseHTaumje, cnvka 4.2.2.
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SR
PEdEp:. T pp |3 -
Cnuka
drg

| MSE_3 MSE,; _, MSE ;4| | »| MP-MSEr
T A A A
dp, dpy_3 4Dy D1 A
CUHTET. MPD L - MPD MPD MPD MP-PSNRr
crnuka Spy SDyg_2 SDpr-1 SDys

Cnuka 4.2.2. V3padyHaBatbe peaykoBaHe Bepsnje MP-PSNRr Ha 0CHOBY MSE; cnmka

feTasba BULLKX HMBOA nNupamue: MPD-jegaH HUBO MOPMO/IOLLIKE NpamMmnianiHe

flekomnosunuypje

Cpenna KBagpaTHa rpellka pegykosaHe nupamuge MP-MSEr ce u3pavyHaBa Kao cyma

cpeambnx KBagpaTtHUX Tpelaka CankKa fAeTa/ba BULLNX HUBOaA MUpaMne Ca TEXXUHCKUM

1
thaktopom A T The je M, je 6poj cnuka nupamuae KopuwiheH 3a nspadyHaBare
r

peayKoBaHe Bep3nje MeTpUKe, cinka 4.2.2.

MP _ MSEr =Y j;-MSE ;
j (4.16)
2

MP _ PSNRr =10 -log1g (R—)

4.2.2 U3pauynaBame MW-PSNR

M3pauyHaBawe oueHe MeTpuke MW-PSNR Koja KOpUCTW [AEKOMMO3UUM)Yy CvKa
Tanacvhnma npukasaHo je Ha cauum 4.2.3. HakoH gekomnosuuumje Tanacuhuma, msmehy
ofrosapajyhux nogoncera pedepeHTHe W CUHTETU30BaHe C/AUKE CBUX HMBOA

[EKOMMO3NLyje 13padvyHaBajy Ce Cpefrbe KBajpaTHe rpeluke MSE;, 3a mojoncer i Ha

HWBOY AeKOMMo3uuunje ;.
1 K] N] )
MSE j ;= 2 2 (g (kin)—xp; ;(k.n)
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SRy
fl&a ,,,,, drig| dryg| | d Rvm3  |9Ryp | 9Ryn |
|MSE 13| [MSEy)] [MSEy] [MSE 3| [MSE o] [MSE 1] [MSE 4] —> MW-MSE
dp Ao dpy dos |dows oy | Y
CUMTeT. ™50 MWD 5 | 5D MWD — MW-PSNR

Cnuka 4.2.3. M3padyHaBae MW-PSNR Ha ocHoBy MSE); cBix nogoncera i CBUX HUBOA

JAekomnosuupmje j [obunjeHnx cenapabusiHom gekomnosnumjom 2-D MWD cUHTETU30BaHe

CNnKe Tanacnhmma

[Jexkomnosunumjom cnvke Tanacuhmma gobuja ce sehm 6poj nogoncera. YoBEKOB BU3Ye/HU
CUCTEM je KOMMJIEKCaH M HMje NO3HATO Ha KOjU HauuMH je Hajbo/be KOMOMHOBATM Mogorcere
KO, n3payyHaBarta METpuKe. 3aTo je m3abpaH jeaHOCTaBaH METO[ YMjOM MPUMEHOM CY
ocTBapeHe fo6pe nepopmaHce MeTpuke. Cpeftba KBagpaTHa rpeLlka MynTu-pe3onyuuoHe
penpeseHTauuje cnke fobujeHe gekomnosnumjom Tanacuhuma, MW-MSE, ce nspavyHasa

Kao 36Mp cpearbUX KBaApaTHWMX Trpellaka CBMX MOAONCEra ca jefHaKUM TEXUHCKUM

hakTopuma S j; = M je 6poj HMBOa Aekomno3mumje a D 6poj nogoncera geTasba

M-D+1’
jedHOr HMBOa Aekomnosuumje (Kof cenapabunHe gekomnosunumje D=3, Kof HecenapabuiHe
D=2).

M D
MW —MSE = MSEy; pa1-Bu,psa+ 2.0 MSE; ;- B

Jj=l=1 (4.19)
3a CIMKY MakcMManHor gnHaMmumykor paHra R, MW-MSE ce TpaHcgopmuie y MW-PSNR:

2

R
MW — PSNR =10-lo —_—
10 () (4.20)

PenykoBaHa Bep3nja MeTpuke, MW-PSNRr, Koja npumMenyje [AeKOMMO3uuujy Cnvka

Tanacuhuma KOpPUCTU camMO MOoJOMNcere BULIMX HMBOa [Aekomnosvumje. Cabuparbem
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cCpedmwuX KBafpaTHMX rpellaka Mogoncera M Hopmanusaumjom paobuja ce cpeara

KBajlpaTHa FpeLlKa 3a BULLIE MNOAOMNCera:

MW —MSE, =% > MSE ;-
0

J (4.21)

rae TeXUHCKU daktop Bji =——

1, sasncu og 6poja nogoncera M, Koju ce KOpuCTe 3a
p

13payyHaBare peayKoBaHe Bep3nje MeTpuKe.

2

R
MW — PSNR ,. =10-1lo _
r d10 (MW " MSE, ) (4.22)

4.3 PAUYHCKA KOMILIEKCHOCT NPEJJIOKEHE METPUKE

MoposoLw KK onepaTtopu Koju ce KOPUCTe 3a MyNTUPE30NYLNOHY AeKOMMNO3NLUN]Y CMKa
paje ca LuenMMm 6pojeBrMa 1 Kao pe3ynTaTr reHepuLly uene 6pojese NpuMeHOM onepauuja
MUHUMYM, MakCUMyM U cabupare. JeJHOCTaBHM Cy 3a M3padyHaBawe. V3pavyHaBarbe
MSE je Takohe jegHOCTaBHO (NOTPeGHO je mM3BpwUTU 1 ofy3umare, 1 MHOXewe U 1
cabvparbe Mo nuKceny). MspavyHaBarbe MOPGONOLWKNX MYNTUPE30NYyLMOHMX Mepa, MP-
PSNR n MW-PSNR, je jegHOCTaBHO.

4.3.1 Caoxenoct uspauynasama MP-PSNR

Mopdosnowko guntpupare CMKe TOKOM M3padvyHaBaka nupaMmugasiHe AeKOMMosuumje
C/IMKe je WMMNIEMEHTMPAHO pavyyHCKU jefHOCTaBHMje Yy [Ba Kopaka, cenapabusiiHo Mo
KONoHama 1 no BpcTama MpYMeHOM CTPYKTYPHOTr efleMeHTa Be/IMYnHe Px1 MuKcena no
KO/loHama 1 1xP nukcena no Bpcrtama, P=2, 3, 5, 7, 9, 11, 13. 3a (mnTpupame Cnuke

AnMeH3nja NK nvkcena Mopgo/oWKMM onepaTopomM epo3unja TOKOM mM3pavyHaBaka Nnpeor
. . 3 .
HMBOA NMpaMuaanHe AeKOMMNO3unLmje NOTPe6HO je E(P—1)N1< nopehera (comparisons, C).

Nctn 6poj onepaumja nopeherwa je noTpebaH 3a WHTEPNONAUMOHO (UATPUpaHEe

MOPO/IOWKAM  OrnepaTopoM  AunaTaumja npe opysvMmawa  (subtraction, S) Kof

n3payyHaBarba CrMKe pasnuke di, cnuka 4.1.1. bpoj onepaumja 3a U3padyHaBare CMKe
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JeTaba Ha NpBOM HUBOY fAekomno3uuuje je (3-(P-1)-C+ S)-NK. YKynaH 6poj
onepavmja 3a n3pavyHaeare Mopgosoke nupammnae ED ca L HuBOa je:

1 1 1
(3(P—1)C+S)NK(1+2—2+2—4++22(T1)):

(3-(P—1)-C+-S)-iNK, L— o

3 (4.23)
Bpoj onepaunja 3a m3pavyHaBawe Moponowke nupammnge ED 3aBucu of BennymHe
CTPYKTYpHOr efneMeHTa SE kao WTO je npukazaHo y Tabenu 4.3.1. Ca nosehatbem

AVIMEH3Mja CTPYKTYPHOT e/IeMEHTa, KOMM/IEKCHOCT U3padyHaBakba pacTe.

TABENA 4.3.1. BPOJ OMEPALIMIA 3A N3PAYYHABAHE MOP®OJOLLKE MUPAMUAE
EPO3VIA/ONNATALMIA CA L HUBOA MPUMEHOM CTPYKTYPHOI EJIEMEHTA BE/IMUYMHE 1XP
MKCENA MO BPCTAMA M PX1 MNKCENA MO KOJIOHAMA. KOPULLIREHE CY OMEPALIE
OLY3VMAHE (S) 1 MOPERERE (C).

P (SE) | L | 6poj onepayuja 3a geKomn.

2 6 (3-C+ S)-—1365NK
1024

3 S (6-C+ S)-%NK
256

S S (12-C + S)-ﬂNK
256

! S (18-C + S)-ﬂNK
256

9 4 (24-C+ S)-§NK
64

11 4 (30-C+ S)-§NK
64

13 4 (36-C+ S)-§NK
64

Bpoj onepauuja 3a n3padyHaBawe MSE 3a ocHOBHY Bep3ujy MP-PSNR u 3a pegykoBaHy
Bep3njy MP-PSNRr je npukazaH y Tabenu 4.3.2. PauyyHCKa CNOXEHOCT M3payyHaBaha

peaykoBaHe Bep3nje MP-PSNRr je mawa Hero payyHCKa C/I0XEHOCT M3padyHaBatba
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ocHoBHe Bep3nje MP-PSNR jep ce MSE wu3payyHaBajy camo 3a C/MKe [eTa/ba HUKe
pe3onyumje 4OK ce Kog 0CHOBHe Bep3nje MSE n3payvyHaBa 3a CBe C/IMKe Nupamuze.

TABENA 4.3.2. BPOJ OMEPALIMIA 3A N3PAUYHABAHKE MSE CIMKA MUPAMUAE 3A OCHOBHY
BEP3WJY MP-PSNR V1 3A PEAYKOBAHY BEP3MIY MP-PSNRR. MOP®O/IOLLKA MAPAMULATHA
[JEKOMMO3ULIMIA CA L HUBOA MPUMEHOM SE AUMEH3WIA PXP. MSE CE V3PAUYHABA
KOPULUREHEM OMEPALMIAOLY3UMAHE (S), MHOXEHE (M) 1 CABUPAKE (A).

P(SE) |L | 6poj onepaumja 3a MSE
MP-PSNR

(S+M+ A)@NK
2 6 1024
3 > (S+M+A)%NK
5 5 256
7 5
9 4 (S+M+ A)§NK
11 4 64
13 4

MP-PSNRr
21

(S+M+ A)——NK
2 4-6 1024
3 35 (S+M+A)ANK
5 3-5 256
7 3-5
9 2-4 (S+M+A)£NK
11 2-4 64
13 2-4

4.3.2 Caoxenoct uspauynasama MW-PSNR

Bpoj onepauuja 3a n3pavyHaeare AeKOMMNO3nLMje MOPPONOLWKMM TanacuhmmMa 3a CNnky
AnmveHsmnja NK je npukasaH y Tabenu 4.3.3. CenapabuiHa gekomnosmumja MoptooLLKUM
Tanacuhuma je payyHCKM jedHOCTaBHMja Of HecenapabunHe. JefHOCTaBHMja je M 0f
MOP(O/IOLLIKe nupammnganHe [eKOMMNosvumje 3a WUCTY OYKUHY (untapa. Ha npumep,
[lekomMnosunumja cnnke moponowkmum Tanacuhmma minHaar je padyyHCKM jelHOCTaBHWja

Of, AEKOMMo3unLmMje cnvke MOPAo/oLKOM XapoBoMm nupammaom. Takohe, Aekomnosuja
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CnvKe MopdosiowknmM Tanacuhmma minLift je pauyHCKW jegHOCTaBHMja Of AEKOMMO3nLMje
C/IMKe MOPMO/IOLLKOM MUPAMMULOM Y KOjOj je KopuLheH CTPYKTYPHU eNeMeHT Ay>XuHe 3 3a
cernapabunHy nupamuganHy gekomnosvuujy. [exkomnosuja CAvKe  MOPQOIOLIKAM
Xaposum Tasacuhmma je payyHCKM HajjefHOCTaBHMjA a HEHOM MPUMEHOM Y METpULM
MW-PSNR ce noctuxy Haj6orbe nepgopmaHce MeTpuke. bpoj onepaumja 3a
n3padyHasawe MSE cBux nogoncera fo6ujeHNX JeKOMMO3ULMJOM CnKe Tanacuhuma je

NPUGAMXKHO (S +M + A)NK . YKynaH 6poj nmkcena y cBum nogoncesnmva je NK.

TABENA 4.3.3. BPOJ OMEPALIA 3A U3PAUYHABAHE JEKOMMNO3VLWIE CIMKE TAJIACURUMA

(S 0aY3UMAKE, C NMOPERBEHE, A CABVPAE, M MHOXEHSE)

fekomnosuumja | Tanacuhu | 6poj onepaunja

minHaar (S+C+A)%NK
Haar (S+M+A)-%NK
minLift 4

cenapabunHa (C+S+A4)-3NK
cdf(2.2)

(3A+2M+S)-%NK

minLiftQ | (7C+S+4)-2NK

HecenapabunHa | cdf(2,2)Q | (74+2M +S5)-2NK
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S PE3YJITATH

MpeanoxXeHa MeTPMKa je TeCTUpaHa Ha Tpu 6a3e: Ha 6a3n CNMKa Koje cagpxxe n3006mnyera
36or npoueca ANBP cuHTese, IRCCyN/IVCDIBR, Ha 6a31 CTEpPeo CMKa CUHTETU30BaHUX
pasIMuNTUM TexHuKama cuHTese, MCL-3D, 1 Ha 6a3n BMAEO CEKBEHLM Ca HaBuraumjom
Kpo3 pasnmunte nosuunje, FVSV, Koje cagpxe n3o6unuerba 360r npoteca cMHTese 1 360r

KoMMpecuje mana ayouHe Koje ce KOPUCTE Yy MPOLIECY CUHTE3E.

5.1 MEPE 3A TNOPEBEWHE MNEP®OPMAHCH OBJEKTUBHUX METPUKA 3A OIEHY

KBAJIMTETA CJIMKA

Y 0BOj CeKUMju Cy onucaHe Mepe 3a OLerMBare nepdopmaHcy 06jeKTUBHUX METPUKA 3a
OLUeHy KBaiMTeTa CnMKa/Buaea Koje Cy KopuwheHe y 0BOM pagy. W3payyHaBawe
nepgopmMaHcy 06jeKTUBHUX METPUKa Koje KOopuUcTe petepeHTHE CNNKe/BUAEO CeKBeHLE 3a
n3payyHaBare OLIEHE Ce 3acHMBa Ha mnopeherwy oueHa O06jeKTUBHUX MeTpMKa ca
cybjektuBHMM oueHama DMOS (Differential Mean Opinion Score). LUto je 60rbe
noknanawe oueHa 00jeKTMBHE METpUKe ca CyOjeKTMBHMM OLeHaMa, TO je 06jeKTUBHa

MeTpurKa noysgaHuja (60/bmx nephopmaHcm).

Ha ocHoBy cy6jekTuBHe cpeawe oueHe (Mean Opinion Score) 3a peepeHTHY
cnuky/cekBeHUy MOS(r), ©n cpeawe CyOjeKTMBHE OLIEHE 3a C/MKY/CEKBEHLY ca
n306nmyereM MOS(d), nspauyHasa ce DMOS(d) 3a CnnKy/CEKBEHLY Ca M306/IMUYEHEM
[70]:

DMOS(d) = MOS(d) - MOS(r) + 5 (5.1)

Beha BpegHocT DMOS o03HauaBa 60/bM KBa/IMTET CNMKE/CEKBEHUE. [owa rpaHuua 3a
DMOS je 1 a ropta Moxe 61T 1 Beha of 5 ako je pepepeHTHOj CAnUM A0AE/bEHA HUXKA
cy6jekTrBHa oueHa MOS Hero cimum ca n3o6/ImyeHeMm.

Cy6jeKTMBHe OLeHe Cy 06MYHO KOMNPMMOBaHe Ha KpajeBrMa ckase [OK 06jeKT1BHE OLeHe
Hucy. 360r Tora ce nNpUMekbyje HeIMHeapHO Manvparbe npe nspadyHasara neppopmaHcu

06jekTMBHe MeTpuke [70]. MMpuMeHOM HenMHeapHe JSIOTUCTUCTUYKE (YHKUMje OLEeHe
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00jeKTMBHe MeTpuKe Q ce npecnukasajy Yy Npeavkuujy oueHa CyOjeKTUBHE MeTpUKe
DMOSp :

_ 13 2
DMOS ,(Q) =aQ” +bQ0" +cO+d (5.2)
roe ¢y a, b, ¢, d KoeuUNjeHTU (YHKUMje HeNMHeapHOr Manupawa. HennHeapHUM
MarnupareM oLeHa 06jeKT1BHE METPUKe npeMa CybjeKTUBHUM OLeHaMa, Makcumumsyje ce

Kopenauuja namehy cyB6jeKTMBHMX 1 06jEKTUBHUX OLEHA.

W3pauyHaBae DMOS Ha ocHoBy MOS ougeHa f06MjeHNX CYOjeKTUBHUM OLieHMBaHEM U
HeNMHeapHO Manupare 06jeKTUBHMX NpemMa CYOjeKTUBHMM OueHama je ypaheHo npema
lMnaHy TecTupara 3a OLeHMBakbe MOLeNa KBamTeTa Buea 3a TB BUCOKe pe3osyLuje Koju
je npegnoxwuna rpyna VQEG HDTV [70].

3a nopehewe nepdopmMaHcK Mepa 3a OLEHY KBanmTeTa cnvka KopuwheHe cy cnegehe
MeTPUKe: KOpeH cpeftbe KBagpaTHe rpewke (Root Mean Squared Error, RMSE) usmehy
CY6jJEKTUBHUX W HEMleHeapHO ManupaHnx 06jeKTUBHUX pesynTtaTa, MN1MpcoHOB KoepuuunjeHT
kopenaumje (Pearson’s Correlation Coefficient, PCC) HenuMHeapHO ManuvpaHux
06jeKTMBHUX MpeMa CybjeKTMBHMM oueHama U CnupMaHOB KoeguumMjeHT Kopenauuje

paHra (Spearman’s correlation coefficient, SCC).

TayHOCT 06jeKTBHE METPUKE Ce OLieHbYje 13payyHaBatbeM KOPeHa M3 CPefitbe KBafpaTHe

rpewke (Root Mean Squared Error, RMSE) u3mehy cy6jekTuBHMX oueHa DMOS u

. DMOSp .
HENMHeapHO ManupaHuMx 06jeKTUBHMX OLieHa Ha ocHoBy N cnuMka 3a Koje cy

n3payyHarte oLieHe 06jeKTMBHE METPUKE 13 6ase CmKa:

N
RMSE = \/L > (DMOS ,, ~ DMOS;)?
N-d: !
=1 (5.3)
rae je d 6poj cteneHa cnobofe HenvHeapHe MyHKUMje Manupama, Tj. 6poj KoeduumjeHaTa
HennHeapHe (yHKUuMje (d=4 Kafja ce KOpUCTM MOHOTOHa MOJIMHOMCKA (hyHKumja Tpeher

pefa 3a He/iMHeapHO Manupare 06jeKTUBHUX MpemMa Cy6jeKTUBHUM OLeHama).
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MupcoHoB KoemumjeHT kopenaumje (PCC) ce n3padyyHaBa HaKOH He/IMHeapHOr Manvpara
n3mehy cy6jeKTMBHUX N 00jeKTMBHUX ougeHa. 3a 6a3y Koja cagpku N cimka MupcoHoB

KoetmMuMjeHT Kopenauuje ce wu3padyHaBa Wu3mehy cy6jeKTUBHUX oueHa DMOS u

. DMOS
HENMHEeapHO ManMpaHnX 06jeKTUBHUX OLeHa P cBuX cnvka 6ase:

N . -
Z(DMOSI' —DMOS)*(DMOSPI. —DMOSp)
PCC =——1=L
N —— 5 N —_ 9
\/Z(DMOSi—DMOS) *\/Z(DMOSpi—DMOSp)
i=1 i=1 (54)

BpegHocTy MNMnpcoHOBOT KoeduLmMjeHTa Kopenauuje cy y nHtepsany [-1, 1].
CnvpmaHoB koegmumjeHT Kopenaumje (SCC) ce m3padyHaBa Ha OCHOBY pas/iKe paHra

Cy6jeKTVBHE M 06jeKTUBHE OLIEHE CBaKe CNNKe, By
2
SCC =1- 62—2‘11
N(N* -1) (5.5)

RMSE un PCC ouewyjy TauyHocT npegukumje, a SCC MOHOTOHOCT npefukumnje. bosbe
06jekTnBHe Mepe nmajy Buwim PCC n SCC a Hmxun RMSE.

5.2 TECT IPUMEP 1: BA3A CUHTETHU30BAHUX CJIUKA IRCCYN/IVCDIBR

Mocne onuca 6ase IRCCyN/IVCDIBR Koja cagpXu CUHTETU30BaHe (pejvoBe BUAEO

CEKBEHLM, NP1Ka3saHe Cy NepiiopmMaHce NpeasioXkeHe METPUKE Y OLieHBatby 0Be Gase.

5.2.1 Onuc 6aze IRCCyN/IVCDIBR

basa cnuka IRCCyN/IVCDIBR [25], [14] cagpXu CWKe CUHTETM30BaHe MPUMEHOM
pasnuuntux anroputama AWVIBP CcuHTe3e Ha OCHOBY HEKOMMNPUMOBAHUX C/MKa W
ofroBapajyhnx HeKOMNpUMOBaHMX Mana ayouHe. Cnuke 6a3e cagpXxe n306mMyera 360r
npoueca ANBP cuHTese. IRCCyN/IVCDIBR 6a3a cagpku (pejmose n3 3 MVD Bugeo

CekBeHLe, cnmka 5.2.1, onucaHe y Tabenmn 5.2.1.

57



Cnuka 5.2.1. ®dpejmosu MVD Bugeo cekseHuy 6ase IRCCyN/IVCDIBR: Book Arrival
Lovebirdl n Newspaper.

TABENA5.2.1. BA3A IRCCYN/IVCDIBR CAIPXU ®PEIMOBE TP MV D CEKBEHLIE

CekBeHLa pesonyuuja | 6poj YOa/beHOCT
Kamepa Kamepa
Book Arrival 16 6.5 um
Lovebirdl 1024x768 12 3.5um
Newspaper 9 5um

TABENA 5.2.2. BA3A cMKA IRCCYN/IVCDIBR: 3 MV D CALPYXAJA, MO3VLMIE
OPUMMHAHE U CUHTETV30BAHE C/INKE

cafpxaj nosuumja nosuumja
OpUrvHanHe CUHTETU30BaHe 6poj
C/nKe CnKe (hpejma
10 8 60
10 9 60
BookArrival 8 9 o4
8 10 54
8 6 112
8 7 112
Lovebird 6 / 104
6 8 104
6 4 104
6 5 104
Newspaper 4 S 136
4 6 136
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Mpu kpeupawy 6ase IRCCyN/IVCDIBR, cBaka CnvKa je CUHTeTM30BaHa Ha OCHOBY
n3abpaHor pejmMa M3 CHUM/bEHE BMAEO CEKBEHLIE Ca jefIHE NO3uLMje N keMy oaroBapajyhe
mare fy6uHe. 13 ceake MV D cekBeHLe n3abpaHe Cy Nno 2 opuruHaIHe BUAEO CEKBEHLE Ha
2 nosvymje npema Tabenmn 5.2.2. Ha ocHoBy m3abpaHor ¢pejma jeHe BMAEO CEKBEHLE U
beMy ofrosapajyhe mare fgybuHe CUHTETM30BaHE Cy 2 CAMKe Ha 2 nosuumje Koje
ofroeapajy npBOj cycefHOoj no3vumju u cnegehoj cycegHoj nosvUMM Yy OfHOCY Ha
no3numjy BUAEO CEKBEHLLE U3 KOje je n3abpaHu (pejm npema Tabenu 5.2.2.

3a cuMHTe3y cnuka KopuwheHo je 7 anroputama cuHTese, Al-A7. Anroputam Al n A2
npumerbyje meto [12] kojum ce mana gybuHe untpupa 2L, HUCKONponycHUM raycoBum
(hMNTPOM UnMMme ce rybm oLTpUHa uBMLa. Ha Taj HauymH ce usberasa nojasa “AMCoKNysmja”
YHYTap CUMHTETM30BaHE C/NKE a/in Ce jaB/bajy reOMeTpujcKe AMCTOP3nje Koje cy nocebHo
yousbMBe Ha npenasy usmehy nosaguHe v npegrer gena camke. Minak, 06nact gy neuue
C/MKe OCTaje HenonykweHa. MpumeHom anroputma Al Ta 06nacT ce ofceua na ce camka
WHTEepnoaupa [0 OpurnHasiHe BennyuHe. MpuveHom anroputma A2 nBu4YHa 061acT CInke
ce nonykwasa NPUMEHOM aIropuTMa 3a nonykasawe npasHux obnactu [71]. Metog Al je
norogaH camo 3a CTepeo BMAEO Kaja Ce jefHa CNMKa CTepeo Mapa NnpeHocu a apyra ce
CUHTeTU3Yyje Ha MNPUjeMHOj CTpaHW. 3a Bulle BMAEO CekBeHUM M3 MVD CcekBeHLUE,
anroputam Al HMje NpumeruB jep 61 Tpebano ypaguTn ofceuare Yy CBUM CIMKaMa CBUX
MVD BMAeo CEeKBEHUM Ha CBUM Mo3uumjamMa ga 6m ce o4vyBao CTepeo yTucak LITo 6u
[10BE/I0 A0 rybuTka nHhopmauuja n nosehane 6u ce AUCTOp3mMje y CnkKama.

OVIBP anroputMun ce pas3nukyjy MO HauuMHy MOnNykaBata 00M1acTU “ANCOKNY3nja” 'y
CUHTETU30BaHMM cvkama. Anroputam A3 KOpUCTW anroputamM 3a nonykasare [71] koju
yHOCK 3amyhewe Yy 06nact aucoknysmje. Metog [71] He ycneBa [a PEKOHCTPyWLLIE
KOMM/ieKCHe TekcType. Anroputam A3 [72] je ycBOjeH Kao peepeHTHM coTeep 3a MPEG
eKcnepumeHTe craHgapgusauuje. Anroputam A4 [73] nonywaBa MpasHUHe Yy
CUHTETU30BaHOj CIMLM NINHK]Y MO NNHW]Y KOopucTehu cycefiHe MH(opmaumje u3 nosaguHe.
MeTof He ycrneBa [a PEKOHCTPYyWLUIE BEPTUKa/IHE N KOCe CTPYKTYpe W KOMMJIEKCHE
TekcType. MNorofaH je 3a peKOHCTPYKUNjY jeAHOCTaBHE rnaTke rnosaamHe 6e3 TekcType. Y

anroputmy A5 nonykwasawe MNpasHUX 06/1acT¥ Yy CUHTETM30BaHOj CAUUM Ce paau

59



NPYMEHOM MeTOAe CMHTEe3e TEKCType TakKo LUTO Ce Konupa noctojehr cagpxkaj cnvke y
[lenoBe Koju Hegoctajy [74]. TNpumeHom anroputmMa A5 npaBe uMBUUE CYy [06pO
PEKOHCTpyUcaHe y CUHTETU30BaHOj civum. MNMpumeHom anroputama Al-AS5 cBaku (pejm
BUAEO CEKBEHLIE Ce CMHTETU3Yje He3aBUCHO Of oCTanmnx. AnroputaMm A6 KOPUCTU cafpxKaj
NPeTXofHor ¢pejma 3a NoMyHaBake NpasHUX 06nacTu Tekyher gpejma [75]. Anroputam
A7 He nonykaBa npasHe 06nacTV Koje OAroBapajy “OvMcoknysujama“ Beh OHe ocCTajy Yy

CUHTETN30BaHOj CAULIN.

Bbasa cagpxu 84 cuHTeTu3oBaHe civke (3 MVD x 4 nosuumje x 7 anroputama) n 12
opurnHanHux cnvka (3 MVD x 4 nosuyuje).

Cnvke CUHTETM30BaHe MpuvMeHoM anroputma Al cy fobune Hajsehe oueHe NPUIMKOM
CY6jeKTUBHOI TecTupara a HajHUXKe OLeHe NPMMEHOM CBMX 06jeKTMBHUX MeTpuKa. To je
360r Tora wTOo anroputam Al He npuMerbyje MOCTynak 3a nonykwasawe (inpainting)
“Omcoknysunja“. “Oucoknysmnja“ LyX WBULE CAWKe je OfcevyeHa a 3aTuM je CanMKa
peckanupaHa. “[ncoknysmje yHyTap CAMKE Cy  M36erHyte  HUCKOMPOMYCHUM
(unTpupareMm mana gyovHe. Maja TakO CUHTETM30BaHa CAMKa He CafpXu NpumeTHa
n306/11MYera, He MOXe Ce KOpUCTUTK 3a 3[, aninkauumje jep reometpuja CLEHe BULLIE He
ofrosapa peepeHTHOj cnmum. TowTo cy Yy pajy aHasmsvmpaHe MeTofe CUHTe3e 3a

reHepucame 3/ cagpxxaja 0Baj METO/ je M30CTaB/beH KOJ TeCTMpatba.

Cnuke CMHTETM30BaHe NPUMMEHOM anroputama cuHTese A2-A7 Cy MNpuKasaHe Ha Cnvum
5.2.2.

3a Ccy6jeKTMBHO ouewMBame cvka 6ase mn3abpaHa je metogonornja ACR-HR (Absolute
Categorical Rating with Hidden Reference Removal) npema Kojoj ce cy6jekTma nprkasyje
jedHa Mo jegHa cnMKa NO Cny4vajHOM pPedocnefy M OHW je ouewyjy oueHama 1-5.
PehepeHTHe CNMKe Cy YK/byYeHe Y OLeMBabe Kao M ocTane civke 6ase na oTyf HasuB
,CKpuBeHa pedepeHLa”. TOKOM CYOjeKTMBHOI OLEHUBamba CANKE CY MpuKasuMBaHe Ha
ekpaHy TVLogic LVM401W. Y TecTupamwy je y4eCTBOBA/I0 YETPAECETTPU UCNUTAHUKA,

yrnaBHOM CTyfeHata. [puMereHa je MeTofosiorunja 3a CybjeKTMBHY OLEHY KBasmTeTa
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TeNeBM3NJCKIX CMKa [77]. 3a CBaKy CNMKY je n3padyHaTa cpeftba OLieHa CBMUX nocMaTpaya

1 gobujeHa je MOC (Mean Opinion Score) oLeHa.

\_ i 7

l | ., - g, '

Cnuka 5.2.2.CnKe CUHTETI30BaHe Ha OCHOBY (hpejma Bieo cekseHLie Newspaper

npvmMeHom anroputama A2-A7 ¢ nesa Ha [IeCHO, 0Z103r0 Ha fose

61



5.2.2 IleppopMaHce mpeasio:KeHe MeTPUKe IMPH OUeHUBaKBY 0ase

IRCCyN/IVCDIBR

Y 0BOj CEKUMjU je NpUKa3aHa aHa/m3a 1 pe3ynTaTuy npeasioXKeHe METPUKE Npu OueHnBaky
cnuka 6aze IRCCyN/IVCDIBR. Hajnpe je aHanuM3npaHa Bep3nja MeETPUKe 3aCHOBaHa Ha
MOP(OIOLLKO] NUpaMUAaIHOj AEeKOMMO3UUMIU a 3aTUM Bep3vja MeTpuKe Koja CagpXxu
LeKoMnosvumjy cnmka mMopgonowkum Tanacuhuma. AHanusvpaHe Cy OCHOBHe Bep3nje
npeanoXKeHe MynTMpe3onyunoHe MeTpuke. AHanm3npaHa je metpuka PSNR noce6Ho no
nogoncesuma Aekomnosuuuje. 3atum Cy nNpuKasaHW pesynTaTy pefyKOBaHUX Bep3nja

MYNTUPE30/YLIMOHE METPUKE.
Anaym3za neppopmancu merpuke MP-PSNR

Y 0BOj CeKuMmju cy aHanmsvpaHe nepopmaHce MeTpuke Mopdonowka nupammuianHa
BpLUHa BpegHocT curHan/wym, MP-PSNR (Morphological Pyramid Peak Signal-to-Noise
Ratio). TlpeBa (asa y wu3pavyHaBawy MeTpuke MP-PSNR je mynTupesonyumoHa
JeKoMmnosnumja  pedepeHTHe U CUHTETU30BaHe C/IMKe MOPMOIOWKOM  MyUpamngom
eposnja/gunataumja, MM4 EA. WcnutaH je yTuuaj 6poja HMBOA MuvpamMuiasiHe
fekomnosmumje Ha nepopmaHce MeTpuke MP-PSNR. AHanumaupaH je ytuuaj 06nmnka u
BE/INYMHE CTPYKTYPHOT efleMeHTA KOju Ce KOPUCTU Y MOPO/IOLLIKMM OnepaLujama eposmja
N gunataumja MopqonoLiKe nupaMmuaanHe AekoMnosuumje cnmka. 3a nopehewe cy
n3payyHate 1 nepopmMaHce MyNTUPE30/yLMOHE METPUKE 3acHOBaHe Ha JlansiacoBoj

nupamnaasHoj 4eKoMno3uunju NPUMEHOM NnHeapHuX gpunrtapa, LP-PSNR.

AHanumsnpaHe cy nepgopmaHce meTpuke PSNR 1o H1MBOMMA [eKOMMNO3uLmMje n3padyHare
n3melly oprosapajyhmx cnvka nupamuganHe penpeseHTauuje pegepeHTHE C/MKe U
nupamnganHe peripeseHtauunje CMHTeTM30BaHe ciuvke. MokasaHo je fa cy nepgopmMaHce
meTpuke PSNR un3payyHaTe Ha BULUMM HMBOMMA NUpaMuiasiHe penpeseHTauuje 3HaTHO
6osbe 0g nepthopmaHc MeTprke PSNR m3payyHaTe Ha HWKUM HUBOMMA nupamuge. 36or
TOra je npeasioxeHa pegykosaHa metpmka MP-PSNRr Koja KOpMCTU camo CvKe nupammaa
ca BULUMX HMBOA [eKoMno3suuuje. AHannsnpaHe cy nepopmMaHce pefyKoBaHe METPUKE

MP-PSNRr 3aBMCHO 0f AWMEH3Mja CTPYKTYPHOr efleMeHTa KOju Cce Kopuctm 'y
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MOPMOIOLLKMM OMnepaLMjama Npyu Kpevpakby MOopgo/oLKe NupaMuaaiHe penpeseHTaluje

C/INKeE.

On 06nMka M BeNMYMHE CTPYKTYPHOr €fleMeHTa KOju Ce KOpUCTM 3a MOPKO/OLLKO
(huNTprpare 3aBUCK KOje reOMETPM]CKE KapaKTepUCcTMKe he GUTK ovyBaHe y PUATPMPaHO)]
cnmum a nocebHo npasal, nosehara WM Cy)XaBamwa Objekata cinke. Kaga ce Kopuctu
kBagpaTHM CE o006jekTn cnvke ce nosehaBajy WM CyXaBajy MOAjeAHaKO MO CBUM
npasuuma. KesagpatHu CE je norofaH 3a feTekuujy npasux fvHUja a KpyxHu CE 3a
JeTEKUN]Y LMPKYNapHUX.

AHanmM3npaH je ytuuaj CTPYKTYPHUX efleMeHaTa pasimumTnx 06mka (KeagpaTHu, KPYXXHU,
poOMO, KpcTacTn), cnmka 5.2.3, KOju ce Kopucte y MOPGO/OLWKOj onepauunju eposnja npu
Kpenparwy MOPGO/OLKe nupaMuiasnHe penpeseHTaumje Camnmke Ha nepdopmaHce MeTpUKe
MP-PSNR. NprMeHoM KBaapaTHOr 1 Kpy>XHor CE ocTBapeHe cy 60/be nepdopmaHce MP-
PSNR meTpuke Hero npumeHom CE y o6nmky pomba wnu kpcta. KeagpatHu CE je
norogaH 3a UMNAeMeHTauUnjy jep omoryhyje nupamuganHy AeKOMNo3uumjy cenapabunHo
Mo BpCTaMa 1 KoJloHama ca AeLiMmaljoM noc/e CBakor Kopaka na je pavyyHcKa CNoXXeHOCT
3HaTHO Maka. 360r Tora je n3abpaH CE kBagpaTHOr o6amka 3a MOpo/oLKe onepaumje

TOKOM M3payyHaBatba MOPO/IOLLIKE NMMpaMuaaiHe AeKoMMNo3uLyije.

0000 Qo (S] (¢]
[CRCRCNoNC 0000 0o (¢]
0000 o0 000 0000 0000
eo0o000 o0 000 @0 (6]
0000 o090 (6] (¢]

Cnuka 5.2.3. CTPYKTYPHMW eNleMeHTV Pa3nymMTmX 00IMKa: KBaAPaTHN, KPY)XXKHW, pOMO,

KpcTacTu (C neBa Ha [ecHo)

Wcnutan je ytuuaj BenmumHe CE 1 6poja HMBOA MupamugasnHe [eKOMNosvuuje Ha
nepgopmaHce mMetprke MP-PSNR. TpuMerbeHU Cy KBafpaTHW CTPYKTYPHU efieMeHTU
anmeHsnja 2x2, 3x3, 5x5, ..., 13x13. AHanusmpaHe cy nephopmaHce MP-PSNR 3a 6poj
HMBOA NupamnganHe gekomnosuumje og 1 fo 7. N3abpaHa je kKombuHaumja sennunHe CE n
Opoja HMBOa Aekomnosuumje Koja omoryhyje Haj6osbe nepopmaHce MP-PSNR wTo je

npuKasaHo y ropkwem aeny Tabene 5.2.3.
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TABENA 5.2.3. NNEP®OPMAHCE OCHOBHE BEP3MJE MP-PSNR 1 PEAYKOBAHE BEP3WIE MP-

PSNRR
SE HnBoa RMSE PCC SCC
MP-PSNR

2x2 0.4101 0.8019 0.7083
3x3 0.3996 0.8131 0.7101
5x5 0.3561 0.8549 0.7759

6
5
5
X7 5 0.3264 0.8796  0.8050
5
4
4

9x9 0.3263 0.8798 0.8015
11x11 0.3165 0.8874 0.8175
13x13 0.3221 0.8830 0.8021
MP-PSNRR
2X2 4-6 0.3660 0.8459 0.7775
3x3 3-5 0.3252 0.8806 0.8185
5x5 3-5 0.2936 0.9039 0.8634
X7 3-5 0.2931 0.9042 0.8573
9x9 2-4  0.2997 0.8996 0.8614

11x11 2-4 0.2922 0.9048 0.8684
13x13 2-4 0.2920 0.9050 0.8684

Kaga je npumerweH CE auMmeHsuja 2x2, Hajoorbe nepdopmaHce meTpuke MP-PSNR cy
NMOCTUrHyTe ca 6 HMBOa NMuUpamuganHe gekomnosuuuje. MNpumeHom CE auMmeHsnja 3x3,
5x5, 7xX7 n 9x9 Hajb6orbe nepdopmaHce MeTpuke MP-PSNR cy ocTBapeHe ca 5 HuMBOa
nupamnganHe gekomnosuumje. 3a CE Behmx aMmeH3nja Hajoorse nephopmaHce METPUKe
MP-PSNR cy ocTBapeHe ca 4 HUBoa nupamuaanHe gekomnosuyuje. LUTo je Behm CE BuLle
[eTa/ba Ce YKNnawa U3 CArke MOpQosoWKum uaTpuparem. MNosehawem anmveHsnja CE,
nepgopmaHce metpuke MP-PSNR cy 6o/be anvM je M [OyKe BpeMe Wu3padyHaBarba
flekomnosuumje n pesyntara MmetTpuke. NMUPCOHOB KoeuLMjeHT Kopenaumje MeTpuke MP-
PSNR npema DMOS-y 3a CE pa3niMuntux AUMMeH3Mja npukasaH je Ha cavum 5.2.4.
MpumerHom CE anmeHsuja Behnx o 5x5, NOCTMXY ce fo6pe nepdopmaHce meTpuke MP-

64



PSNR. Haj6orse nepdopmaHce meTpuke MP-PSNR cy octBapeHe npumeHom CE
AnmeHsnja 11x11: MupcoHoB koedmumjeHT kopenaumje 0.887 n CnupMaHoB KOeuULMjeHT

Kopenaumje 0.817.

T T T T
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Cnwuka 5.2.4. TnpcoHoBm KoegmumjeHTn Kopenaumje (PCC) meTpuke Koja KOpUCTU
nupamunganHy 4eKoMmnosununjy camnka ca mopgonowkum gpuntpuma, MP-PSNR, 1 ca
NnHeapHuUM muntpuma, LP-PSNR, npema DMOS 3a pa3ninunte Be/iMUnHe CTPYKTYPHOT
e/fleMeHTa 3a MOpP(OIOLLKe (hUATPe N pa3nnYnTe BESIMYMHE NPO30pa 3a MHeapHe puaTpe,
2X2 po 13x13.
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Cnvka 5.2.5.6a3a IRCCyN/IVCDIBR: DMOSp (MP-PSNR) npema DMOS
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3aBMCHOCT He/MHeapHO npecnukaHnx sBpegHoctn MP-PSNR npema DMOS npukasaHa je
rpagmykmn Ha cnimum 5.2.5. Ceaka Tauka Ha rpaMkoHy oArosapa jeaHoj camum u3 6ase.

360r nopehemwa je MMMNEMEHTUpaHa W MY/NTMPE30NYLMOHA METPMKa 3acHOBaHa Ha
NannacoBoj nuMpamuaasHOj [AEKOMMOo3uUUMju ca NuHeapHUm  ¢untpuma, LP-PSNR.
KopuwheHu cy jeqHOCTaBHM U epUKacHM BUHOMHU PUNTPUKAO anpoKcumauuja aycoBmnx
(untapa [78]. BWMHOMHM KoeuUMjeHTU dmnTapa cy w3 [lackanoBor TpoOyrna,
HOPMaJIN30BaHN HUXOBUM CcymMama. [BOAVMEH3NOHW (uUNTap je MMMIEMEHTUPAH Kao
Kackafa jefHOAVMMEH3MOHUX (unTapa cenapabunHo nNo BpcTama U M0  KOJIOHaMma.
AHanmanpaH je ytuuaj LyXuHe untpa 1 6poja HMBOA LeKOMMNo3uumje Ha nepdopmaHce
meTpuke LP-PSNR. 3a nuHeapHe ¢untpe ayxuHe 2, 3, 5, ..., 13 Haj6os/be nepthopmMaHce
meTpuke LP-PSNR cy ocTBapeHe nupaMufasiHOM [eKOMMo3uuujoM ca 6 HuBoa.
MepdopmaHce meTprke LP-PSNR He 3aBuce of Oy>KMHe (uTapa LWTO je NMPUKasaHo Ha
cnvum 5.2.4. TInpcoHOB KoehumunjeHT Kopenauuje 3a MeTpuky LP-PSNR npema DMOS je y
nHTepsany 0.771 3a nuHeapHU guntap aykuHe 2 o 0.799 3a nMHeapHU UANTap AY>XXUHe
13. MMpema cnuun, nepdopmaHce meTpuke MP-PSNR Koja KOpUCTM MOPMOJIOLLKY
nupammnganHy OeKOMNo3uuujy cy 3HaTHO 6orbe of nepopmaHcn meTpuke LP-PSNR
3aCHOBaHe Ha /MHeapHOj nMpamuaanHoj fAekomnosmumju. Pasnmka je Beha 3a Behe
AnmeHsnje dunrtapa. Ha npumep, npumeHom CE gumeHsmja 11x11 3a MOpPOJIOLLKe
onepauumje Ko MOPGOJIOWKe nupaMmuganHe fekomnosuuymje, MUPCOHOB KoeghuunMjeHT
Kopenaunje MP-PSNR npema DMOS je 0.887, a npuMeHOM fiMHeapHOr unTpa Ay>XuHe 11
y JIMHeapHOj nupamMufasiHoj Aekomnosuuuju MupcoHoB KoeguumjeHT Kopenauumje LP-
PSNR npema DMOS je 0.798.

Anaym3za nepgopmancu PSNR meTpuke no ciimkama nupamuje

Y HekuMm cnyvajeBuma (pa3BydeH KOHTPACT, NMOMepeHa Cpedra BPeAHOCT WMHTEH3UTETa,
popgat 6enn laycoB wym, umnyncHu wym, JPEG komnpecuja, 3amyhewse CrMKe,
NPOCTOPHO CKanmpake, NPOCTOPHU nomepaj, potaumja) MSE ce He noknana Hajbosbe ca
Cy6jeKTVBHOM OLIEHOM KBanMTeTa civke [69] Kaga ce m3padyHaBa 3a CMKY Y OCHOBHOM

oncery y nyHoj pesonyumju. Kaga ce PSNR n3padyHaBa 3a CNMKY HUXKe pe3onyLmje Koja je
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fo6ujeHa (unTpuparbeM OpUrMHaIHe CIMKe HUCKOMPOMYCHUM (UATPOM ca Aeummauimjom
HaKoH (unTpuparba, 06jeKTMBHA Mepa KBasMTeTa ce 060/be Moknana ca Cy6jeKTMBHOM
oLeHoM Hero Kafa ce PSNR um3payyHaBa 3a C/IMKY Y OCHOBHOM OMCery nyHe pesonyuuje
[79]. HuBO mekomnosuumje Ha KOMe ce O0CTBapyje Hajbosbe Nnoknanawe oueHe mepe PSNR
ca Cy6jeKTMBHMM oOLeHama 3aBWCW Of YAa/beHOCTM Mnocmartparba CAnKe W pes3onyuuje

C/INKE.

Y 0BOj ceKkuuju cy aHanmsmpaHe nepgopmaHce PSNR MeTpuke 3a canke nupamuie no
HMBOMMa AeKomno3uupje. PedepeHTHA 1 CMHTETM30BaHA CMKa Cy AEKOMMNOHOBAHE Ha HU3
cnvkKa onagajyhe pesonyuumje npyMeHOM MOPGO/IOLLKE NupaMmnie epo3uvja/gunataunja. Ha
CBaKOM HMBOY gekomnosununje, PSNR je m3padyHaT u3mehy civka e nupamuie Uctor
HMBOa Aekomnosuunje. Kao mepa noknanara pesyntata PSNR meTpuke ca Cy6jeKTUBHUM
oLeHama, u3padyHaT je [MpcoHOB KoeuumjeHT kopenauuje, PCC, 06jeKTMBHE Mepe
PSNR nipema cy6jektnBHoj oueHn DMOS. Ha rpaguuyuma Ha cavum 5.2.6 nprkasaHe cy
BpegHocTn PCC no HmBouma nupammnge. CTPYKTYPHU €NEMEHTU PasnnunTUX AUMEH3N]a,
2x2, 3x3, po 13x13, cy KopuwheHn 3a MOPGONOLWKO uatTpuparwe Kog nupamuianHe
[eKoMno3nupmje crmke. Ha oCHOBY rpadiika MoXe ce 3aKk/byuuTy fa je noksanare OLeHe
PSNR MeTpuke ca Cy6jeKTVBHOM OLIEHOM BeOMa PasMuMTO Ha pasMuUTUM CcKaslama
nupamnie: 3HavajHo je 60/be Ha BULLUM CKanama, 3a ClIMKe HuxXe pesonyuuje. 3a MMA EA
y Kojoj je kopuwheH CE pgumeHsuja 2x2 u 3x3, Hajoorme noknanake PSNR ca
Cy6jeKTUBHMM OLeHaMa je Ha cka/m 5 3a camky fgeTaba d4. Kapa je kopuwhed CE
AnmeH3nja 5x5 Hajoosbe noknanawe PSNR ca cy6jeKTMBHMM OLieHama je Ha CKaniun 4 [0K je
npumeHoM Behnx CTPYKTYPHUX efleMeHaTa Hajoosbe noknanawe PSNR ca Cy6jeKTUBHUM

oueHama Ha ckanm 3.
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Cnuka 5.2.6. MNupcoHoB KoeguunjeHT Kopenauuje PSNR npema DMOS 3a cnvike
nupammnie no H1UBouma gekomnosunuuje. CTPYKTYPHU efieMeHTU pasinunTux aMMeHsuja cy

KopuwheHn 3a MOPQOIOLLKO (huntprpamse.

3a pasnuunte AMMeEH3Nje CTPYKTYPHUX eneMeHata, y Tabenn 5.2.4 cy npukasaHe
nepopmaHce PSNR mMeTpuke 3a OHY CAvMKy nupammuge 3a kojy cy PSNR nepgopmaHce
Haj6o/be. Hajoorbe nepgopmaHce PSNR wmetpuke, PCC=89.39% u SCC=86.71%, cy
NMOCTUIrHYTe 3a C/IMKE AeTa/ba Ha HMBOY AeKoMMo3numje 5 Kafa je KopuwheH CTPYKTYpPHU
efleMeHT AumeH3nja 3x3 3a MOP(OJIOLLKO (uATpUpare Yy NMpaMuaanHoj AeKOMMNO3ULUK.
Y Tabenn cy npusaHe W nepgopmaHce MeTpuke PSNR un3padyHate u3mMehy
CUHTETMU30BaHNX CNMKa U pedepeHTHUX cnunka. MepopmaHce PSNR meTpuke cy 3HavajHO
bo/be 3a CNMKe JeTasba BULLMX HMBOA MUPamuie Hero 3a C/ANKY Yy OCHOBHOM Orcery y

MyHOj pe3onyuunju.
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TABENA 5.2.4. NEP®OPMAHCE PSNR METPUKE C/IMKE NNPAMWAE KPEMPAHE NMPUMEHOM
CTPYKTYPHUX ENNIEMEHATA PA3TNYNTUX ANMEH3VIA

SE cimka  RMSE PCC  SCC
2x2 d4 0.3270 0.8792 0.8147
3x3 d4 0.3076 0.8939 0.8671
5x5 d3 0.3130 0.8899 0.8656
X7 d2 0.3180 0.8862 0.8485
9x9 d2 0.3239 0.8816 0.8697
11x11 d2 0.3307 0.8763 0.8513
13x13 d3 0.3597 0.8517 0.7859

PSNR(opuruHan/cuHtet.) 0.4525 0.7519 0.6766

T T T
0.95¢ I PSNR best subband ||
[ IMP-PSNR
0.9l ]
0.85| M ]
3 _
© osl W ]
0.75|
07k
0.65 L
2x2 3x3 5x5 77 x9  1x11 1313
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Cnwuka 5.2.7. MuupcoHoB KoeguunjeHT Kopenauuje PSNR cnvke fetasba MOPgoIoLLKe
nupamnge npema DMOS n MNupcoHoB KoeuLmjeHT kopenaumje MP-PSNR npema DMOS,

3a CTPYKTYPHE eNeMEHTE Pas3IMunTUX AVMEH3Nja
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MupcoHoB KoetmumjeHT kopenaumje PSNR npema DMOS 3a civky MopgooLuke
nupaMuge 3a Kojy cy Hajoosbe nepdopmaHce PSNR MeTpuke 3a pasimumTe BeMYMHE
CTPYKTYPHUX efleMeHaTa Cy npukasaHe Ha cnvum 5.2.7. Ha ucToj cnnum cy npukasaHm u
MupcoHoBK KoedmumjeHTU Kopenauuje metpuke MP-PSNR npema DMOS. Ca rpaguka
Buaumo ga je PSNR cnvke nupammge ca BAWMX HMBOA AeKOMMO3uumnje 60/be KopenvcaH
ca Cy6jeKTMBHMM oOueHamMa Hero metpuka MP-PSNR kafa ce KOpPUCTU CTPYKTYPHWU
efleMeHT [AMMEH3Mja MawKnX 04 9x9 3a Mopdo/owKe onepauvje y nMpamuaanHoj

LeKoMMo3numju.

MokazaHo je fa ce 3a AWMBP-cuHTeTn3oBaHe cnvke, PSNR Beoma [o6po noknana ca
Cy6jeKTUBHMM OLeHama Kafa ce padyHa 3a C/iMke AeTaba MOP(O/IOLLIKe NpaMuie BULIKX

HMBOA [eKomno3nuuje.
Ileppopmance penykoBane Bepsuje MP-PSNRr

Ha ocHoBY 3ak/byuka fa cy nepgopmaHce meTpuke PSNR 60/be 3a CAMKE BULLNX HUBOA
MOpdooLLIKe Nupamnie, NPeasioxkeHa je pefykosaHa Bep3unja MP-PSNRr Koja ce 3acHMBa
Ha MSE cnunka getasba caMo ca BULLIMX HMBOA Nupamuge. Ha npumep, kaga ce kopuctu CE
OUMeH3Nja 2X2 3a MOPMOJSIOLKO (uATpuparbe Yy nNupamMuiasHoj LeKOMMOo3uLmju,
peaykoBaHa Bep3vja MP-PSNRr kKopuctn cnuke petasba ca HMBoa nupamuge 4-6.
MpumeHom CE ammeHsmja 3x3, 5x5 u 7x7, MP-PSNRr ce nspayyHaBa Ha ocHoBy MSE
Cvka fgeta/ba ca HuBoa nupamuge 3-5. lMpumeHOM BehnX CTPYKTYPHUX enemeHaTa
anmensunja 9x9, 11x11 n 13x13, MP-PSNRr ce nspayvyHaea Ha ocHoBy MSE cnuka getasba

ca H1Boa nupamue 2-4.

MephopmaHce pegykoBaHe Bep3vje MP-PSNRr cy npukasaHe y foweM aeny Tabene 5.2.3.
Moy3aaHa oueHa CMHTETU30BaHUX CMKa ce aobuja npumeHom MP-PSNRr Koja ce 3acHMBa
Ha MOpPONOLLKOj nupamuganHoj gekomnosuunjy ca CE=5x5 (MMpCOHOB KoepuumjeHT
Kopenaumje 90.39%, CnupmaHoB KoeuunjeHT Kopenauunje 86.3%). PeaykosaHa Bep3uja
MP-PSNRr nma 6osbe nepopmaHce Hero ocHoBHa Bep3vja MP-PSNR, cnnka 5.2.8.

70



T T T
I VP-PSNR reduced
[ IMP-PSNR

0.9+ B

0.95+

0.85 B

PCC

0.8+ I B

0.75

0.7+

0.65

2x2 3x3 5x5 <7 9x9 11x11 13x157
SE

Cnuka 5.2.8. TnpcoHOB Koe(huUnjeHT Kopenauuje peaykosaHe Bep3nje MP-PSNRr v
ocHoBHe Bep3unje MP-PSNR npema DMOS 3a CTPyKTYpHe efieMeHTe pasinunTmux
AnMeH3nja 2x2 — 13x13

Anamsa nepgopmancu MW-PSNR

Y 0BOj ceKumju cy aHanmauvpaHe nepgopmaHce meTpuke MW-PSNR (Morphological
Wavelet Peak Signal-to-Noise Ratio) 3acHOBaHe Ha AeKOMMO3UUMIU pedepeHTHe W
CUHTETWU30BaHe C/IMKe MOP(ONOLWKMM Tanacuhuma. McnuTaH je yTuuaj cenapabusnHe
Jekomnosuumje MopdgonowkuM  Tanacuhuma minHaar u minLift n HecenapabunHe
fekomnosuupnje mopdonowkum Tanacuhmma minLiftQ ca y30pKoBaweM Ha peLleTKu
LaxoBCcKo nosve (quincunx) Ha nepdgopmaHce meTpuke MW-PSNR. 360r nopehewa je
aHanM3MpaH YyTuuaj nuHeapHUxX Tanacuha, Xaposor u cdf(2,2) y cenapabunHoj
pekomnosvumju n cdfQ(2,2) y HecenapabuiHOj AEKOMMO3UUMU Ca Y30PKOBakeM Ha
“quincunx” pewleTkn. AHanuM3uvpaH je yTuuaj pasniumumTor 6poja HMBOA AEKOMMOo3numje

mMopdonolwknm Tanacuhuma Ha nepgopmaHce metpuke MW-PSNR.

AHanusupaHe cy nepgopmaHce PSNR MeTpuke M3padyHaTe 3a pas/iMuuTe mogorcere
CMKe [06MjeHe AeKOMMO3ULMjOM CAvke MOPOMOWKMM TanacuhuMa. Ha ocHoBy

pesyntara nepgopmaHcy meTpuke PSNR no nogoncesnma npegioXeHa je pefykoBaHa
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Bep3anja MW-PSNRr Koja KopucTy camo nogoricere 3a Koje ce PSNR 60/be noknana ca

CY6jeKTVBHMM OLIeHama.

WcnuTaH je ytuuaj 6poja HMBOa gekomnosuumje o4 1 fo 8 Ha nepopmaHce meTprke MW-
PSNR. Haj6or/be nepopmaHce Cy OCTBapeHe 3a 7 HMBOa MPUMEHOM cenapabusHe
Jekomnosvumje umMme ce pgobuja 22 nogoncera cauke. puMeHOM HecenapabuiHe
fekomnosmumje Hajoosrbe nepgopmaHce metpuke MW-PSNR ce ocTBapyjy Takohe 3a 7
HMBOA AeKoMMNo3numje umme ce gobuja 15 nogoncera cnuke. MepdopmaHce meTpuke MW-

PSNR npviMeHOM pa3inunTux Tanacuha cy npukasaxe y tabenu 5.2.5.

TABENA 5.2.5 NEP®OPMAHCE METPUKE MW-PSNR 1 PEAYKOBAHE BEP3MIE MW-PSNRR
RMSE PCC  SCC

Tanacvhm MW-PSNR
minHaar 0.3565 0.8545 0.7750
Haar 0.4435 0.7632 0.6491
minLift 0.4017 0.8108 0.6816
cdf(2,2) 0.5009 0.6836 0.5450

minLiftQ 0.3922 0.8206 0.7382
cdf(22)Q  0.4756 0.7210 0.5779

MW-PSNRr
minHaar 0.3188 0.8855 0.8298
Haar 0.3935 0.8194 0.7695
minLift 0.3878 0.8251 0.6990
cdf(2,2) 0.4735 0.7239 0.5958

minLiftQ 0.3599 0.8514 0.7641
cdf(22)Q 04508 0.7541 0.6126

MepgopmarHce meTpuke MW-PSNR  npumeHom  MopdonowkuMx — Tanacvha  3a
[EeKOMMOo3nLMjy cnnka cy 60/be Hero nepdopmaHce MeTpUKe 3aCHOBaHE Ha eKOMMo3nLmjun
nnHeapHum Tanacvhuma. Hajéorbe nepdopmaHce metpuke MW-PSNR cy ocTBapeHe
npumeHoM Mopgonowkux Tanacuha minHaar. TNepopmaHce meTpuke MW-PSNR

OCTBapeHe MPUMEHOM HecenapabuiHe [ekomnosuumje ca MOpQOosoWKUM Tanacuhmma
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minLiftQ cy 6o/be opf nepdopmaHcn MeTpuke MW-PSNR ocTBapeHe MNprvMeHOM

cenapabuiHe AeKOMMNO3uLmje ca aHanorHUm Mopoow KM Tanacuhmma minLift.

Ha cnvum 5.2.9 cy npukasaHe BpegHOCTH MMPCOHOBOM KoeguLMjeHTa Kopenauuje MeTpuke
MW-PSNR npema DMOS 3a paznnunte T1nose Tanacuha.

minHaar Haar minLift cdf(2,2) minLiftQ cdf(2,2)Q

0.85+

0.75+

PCC

0.65+

0.6

0.55+

0.5

Cnwuka 5.2.9. MupcoHoB KoegununjeHT Kopenauuje metpuke MW-PSNR npema DMOS 3a

pasnmunTe TUNOBE MOPOOLLKNX N NMHeapHUX Tanacuha

Ileppopmance PSNR mno mnogomcesmmMa JA00HMjeHUM [eKOMIIO3UIUjOM  CJHMKe

Mop¢dosomkum Tanacuhuma

Y 0BOj CeKuuju cy aHanuMsupaHe nepopmaHce PSNR MeTpuke no nogorncesnma
[06MjeHM AEKOMMNO3NLMJOM CAMKe MOPMOOWKMM Tanacuhmma. 3a cBakuM MOAOMCer
CUHTETU30BaHe c/fvMKe wu3pavyHat je PSNR kopuwherem oprosapajyher nopgoncera
pedepeHTHe cnnke. Kao mepa noknanawa pesyntata PSNR MeTpuke ca Cy6jeKTUBHUM
oLeHama, u3padyHaT je [MpcoHOB KoeuumjeHT kopenauuje, PCC, 06jeKTMBHE Mepe
PSNR npema cy6jektuBHOj oueHn DMOS.
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Cnwuka 5.2.10.MupcoHoBu koeduumjeHTH kopenaumje (PCC) metprke PSNR npema DMOS
no nogorcesnma AoomjeHUm LeKOMNO3ULMjOM CUHTETU30BaHMX CIMKa MOP(OIOLLKNM

Tanacuhuma minHaar, minLift n minLiftQ

Ha rpaguuuma Ha chmum 5.2.10 nprkasaHe cy BpegHoct PCC no nogoncesvma 3a Tpu
TMna moponowkux Tanacuha, minHaar, minLift 1 minLiftQ. Ha ocHoBy rpadmka moxe
ce 3aKk/byunTmn aa ce PSNR 3HaTHO 60/b€e NoKnana ca cy6jeKTMBHMM OLieHaMa 3a NoAOoMncere
BULIMX HMBOA [ekoMnosuvumje fobujeHe [eKOMMNO3MLMJOM CUHTETU30BaHE CINKe
mMopdonowknum Tanacuhmuma. 3a ceBa Tpu TuUMa MOPQOMOLWKUX Tanacuha, MUpcoHOBU
KoetmumnjeHTn meTpuke PSNR npema DMOS cy 3HaTHO BMLLIKX 3a NOAONCere BULLIMX HUBOA
fekomnosvumje, 4 [0 7, HEro HWKMUX HMBoa Aekomnosuuumje, 1 o 3. lMepdopmaHce
meTpuke PSNR 3a nogoncer 3a koju cy PSNR nepdopmaHce Hajbosbe, 3a CBe TMMOBE
Tanacuha, cy npukasaHe y tabenu 5.2.6. NpumeHoM cenapabuniHe feKOMNO3uumje Cvke

mopdonowknm Tanacuhem minLift, Hajoorbe nepdopmarce meTpuke PSNR ce gobujajy 3a
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cnuky getasba d61, PCC=0.887, SCC=0.828. NephopmaHce meTpnke PSNR m3payyHaTe 3a
nogomncere BWUWWX HMBOA [AEKOMMO3ULMje HWKe pe3onyumje cy 3HaTHO 00s/be Of
nepopmaHc meTpuke PSNR um3payyHaTe 3a C/AMKY Yy OCHOBHOM OMCery y MyHoj

pesonyumju.

TABENA 5.2.6.NEP®OPMAHCE PSNR 3A NOAOMNCEN AETA/LA AOBWIEH AEKOMMO3NLINIOM

C/IKE TANACURMA

fekomnosmupmja Tanacuh nogoncer RMSE PCC SCC
minHaar 53 0.3576  0.8535 0.7831

cenapaodnHa Haar 61 0.3691 0.8431 0.7939
minLift 61 0.3167 0.8872 0.8281
cdf(2,2) 61 0.3558 0.8551 0.7671

HecenapabunHa minLiftQ 52 0.3478 0.8621 0.7777
cdf(2,2)Q 52 0.4279 0.7818 0.6493

6e3 gekomn. peepeHTHa OCHoBHM 0.4525 0.7519 0.6766
[cuHTeTUS. oncer

0.9+

[ ]1PSNR best subband

_ I W-PSNR
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Cnuka 5.2.11.MupcoHoB KoedurumnjeHT Kopenauunje PSNR3a Hajbosbm nogoncer npema
DMOS n MW-PSNR npema DMOS 3a pa3nuuute Tunose Tanacuha
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Ha rpaguky Ha cnvum 5.2.11 cy npukasaHu MupcoHosu koedmunjeHTH Kopenaynje (PCC)
meTpuke PSNR npema DMOS 3a nogoncer 3a koju PSNR uma Haj6osbe nepopmaHce. Ha
nctom rpaguky cy n spegHoctr PCC metpuke MW-PSNR npema DMOS. 3a cBe Tmunose
Tanacuha, PSNR n3payyHaT 3a oHaj nogoncer 3a Koju PSNR nma Hajoosbe nepthopmMaHce,
ce 60/be NMoknana ¢ Cyb6jeKTMBHUM oLeHama 0f oueHa MeTpnke MW-PSNR.

Anaim3za penykoBaHne Bep3uje MW-PSNRr

Mpn BM3yenHOM oOLewMBawy KBa/IUTETA C/IMKE, /byAM HajBehu 3Hayaj Aajy uvsumuama.
YoBEKOB BW3YeNHW CUCTEM WHTErpulle MBULE CAMKE 0f rpyb/bux pesonyuuja npema
(¢uHmjum (of4 rnobanHor npema nokanHom) [80]. Y kopu BenuKor mosra ce 06aB/ba
MHTerpaymja Kpo3 NpocTopHe (hpPeKBeHUMje Tako fa ce nobosblua penpeseHTaumja nemua.
Kako ce vBWLEe BW3Ye/IHO WHTErpuwly of rpybs/snx ckana npema (UHUUM CKanama,

BU3YE/HW KBA/ITET C/IMKE CE MOXe 0UYBaTU KOpULINEHEM CIMKa rpy6rbux pe3onyuumija.

Ha ocHoBy nepdopmaHcn meTpuke PSNR Mo nogoncesnma, Koje cy 3HaTHO 60/be 3a
nogorcere BMWNX HMBOA AeKOMNo3mumnje og 4 [0 7, NpenoXeHa je pedykoBaHa Bepsuja
MW-PSNRr koja kopucTu camo Te nogoncere. lMpumeHoMm cenapabuniHe AeKoMnosuunje
peaykoBaHa Bep3nja MW-PSNRr ce nspavyHasa KopuwherweM camo nogoncera d41-d72.
MpumeHOM HecenapabuiHe AEKOMMNO3ULMje ca Y30PKOBakeM Ha ‘“quincunx“ peLueTKu
peaykoBaHa Bep3nja MW-PSNRr ce nspavyHasa KopuwherweM camo nogoncera d42-d71.
MepdopmaHce pegykoBaHe Bep3nje MW-PSNRr cy npukasaHe y fowem aeny Tabene 5.2.5.

MupcoHoBK KoeuumjeHTn kopenauyunje (PCC) peaykosaHe Bep3nje meTpuke MW-PSNRr
npema DMOS 3a pa3nuunTe TUMNose Tasiacuha cy npukasaHe Ha rpaguky Ha camum 5.2.12.
Haj6orbe nepopmaHce MeTpuke MW-PSNRr cy pobujeHe npuvMeHoM cenapabusiHe
fekomnosunypje ca mopgosowknum Tanacnuhem minHaar, PCC=88.5%, SCC= 82.98%. 3a
cBe Tunose Tanacuha, nepdopmaHce peaykoBaHe Bep3vje MW-PSNRr cy 6omwe of
nepopmaHcy ocHoBHe Bep3nje MW-PSNR.
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Cnuka 5.2.12.IMpcoHOB KoeunumjeHT Kopenaunje peaykosaHe MW-PSNRr 1 ocHoBHe
Bep3nje MW-PSNR npema DMOS 3a pasznnmumnte TMNose MOPMOIOLLKMX U NNHEAPHUX

Tanacuha

IIperaen pesyarara

MepdopmaHce CTaHZAPAHUX MeTpMKa 3a OuUeHy KBaaMTeTa C/MKa Kao LTO Cy
PSNR,Universal Quality Index, UQI [81], Structural Similarity index SSIM [82], Multi-
Scale Structural Similarity, MS-SSIM [43], Information Weighted PSNR, IW-PSNR [46],
Information Weighted Structural Similarity IW-SSIM [46] n MeTpuKe HamereHe OLeHU
KBa/MTETa CUHTETU30BaHUX cimka nomohy AVBP anroputama cuHtese, 3DswIM [29], cy

npukasaHu y tabenm 5.2.7.

Y Tabenu cy npukaszaHe nepgopmaHce MNPeLsIoKeHUX MeTpuKa 3aCHOBaHUX Ha
MOP(ONOLWKO] nupamnganHoj Aekomnosuvuymju: PSNR cnuke pfeta/ba NeTor HuBoa
fekomnosvumje kopuwhewem CE gumeHsunja 3x3; pepykoBaHa Bep3vja MP-PSNRr
Kopuwherwem SE gumeHsunja 5x5; ocHoBHa Bep3unja MP-PSNR kopuwherwsem SE avmeH3sunja
XT.

Of npennoXKeHNX MeTprka 3aCHOBaHMX Ha AeKOMMo3uumju MopgonoLwknum Tanacuhuma y
Tabenn cy npukasaHe nepgopmaHce cnegehnx metpuka: PSNRnogoncera getaba Koju

caflpXXn BepTUKa/iHe MBMLE LIECTOr HMBOA AeKOMMOo3uumje npumeHom Tanacuha minLift;
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peaykosaHa Bep3nja MW-PSNRr u ocHoBHa Bep3vMja MW-PSNR 3acHoBaHe Ha

LeKOMMo3uumju cnvka MoposioLLKMM Tanacuhmma minHaar.

TABENA 5.2.7. NEP®OPMAHCE CTAHOAPAHUX METPUKA KBAJIUTETA C/IVKA U

MPEANIOXEHUX METPUKA
IRCCyN/IVC DIBR
RMSE PCC SCC
CTaHAap4He mepe

PSNR 0.4525 0.7519 0.6766
IW-PSNR [100] 0.5267 0.6411 0.5320
UQl [98] 0.5199 0.6529 0.5708
SSIM [99] 0.5513 0.5956 0.4424
MS-SSIM [100] 0.5127 0.6649 0.5188
IW-SSIM [100] 0.5350 0.6265 0.4856

Mepa CUHTET. CnKa
3DswIM [101] 0.4868 0.7049  0.6396

npeanoXxeHe Mepe
PSNR (d4), SE=3x3 0.3076 0.8939 0.8671
MP-PSNRr SE=5x5 0.2936 0.9039 0.8634
MP-PSNR SE=7x7 0.3264 0.8796  0.8050
PSNR (d61), minLift 0.3167 0.8872 0.8281
MW-PSNRr, minHaar 0.3188 0.8855 0.8298
MW-PSNR, minHaar 0.3565 0.8545 0.7750

MepdopMaHce Npes/ioXXeHNX MeTpUKa Cy 3HaTHO 60/be 0f MeptopMaHcu CTaHAapAHUX
MeTpMKa 3a OLeHY KBa/mTeTa CAMKa U MHOTO 060/be Of METPUKE HaMereHe OLEeHU
KBa/iMTeTa CUHTETU30BaHUX canka 3DswIM.IMMPCOHOBU KOe(uLMjeHTU Kopenauuje 0BMX

meTpuKa npema DMOS cy npukasaHu Ha cavum 5.2.13.
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Cnuka 5.2.13.IMpCcoOHOB KoehuLMjeHT Kopenaunje ctaHgapaHux metpurka (SSIM, MS-
SSIM, PSNR), MeTpuKe HamereHe CiMKama ca n306undersemM 360r JUNBP cuHTese
(3DswIM) v pefykoBaHuX Bep3uja npeg/ioxxeHe metpuke MP-PSNRr 1 MW-PSNRr

5.3. TECT IPUMEP 2: BA3BA CUHTETHU30BAHUX CTEPEO CJIUKA MCL-3D

Y cnegehoj cekumju je onmcaHa 6a3a CTepeo CAMKa CUHTETU30BaHMX npumeHom OVIBP
anroputama, MCL-3D, a y cekunjyu 5.3.2 cy npukasaHe neppopmaHce MpeLioxeHe

MeTPUKe Npu oLeHnBary 0Be Hase.

5.3.1 Onmuc 6aze MCL-3D

Y TectoBuMa je kopuiheH aeo 6aze MCL-3D [83], [84], koju cagp>xu 36 napoBa CTEPEO
cnmKa ca n3obnmuewmma 36or npoueca JMNBP cuHTe3e. CTEpeo CAMKe Cy CUHTETU30BaHE
Ha ocHOBY (hpejmoBa 13 9 MVD BMAeO CeKBeHLM npuKasaHUx Ha cavum 5.3.1. Tpu BMAeo
cekBeHue, Kendo, Balloons n Lovebirdl, cagpxxe pejmoe pesonyumnje 1024x728 ok je
pe3onyumja ppejMosa 6 B1UAEO cekBeHUM Poznan street, Poznan Hall2, Shark, Microworld,
Gt_fly, Undo_dancer 1920x1088 nukcena.

3a kpeupawe 6aze MCL-3D u3 cBakor Huza opurmHaniHux MVD BWAeO CeKBeHUM
KopuluheHe cy 3 cycefiHe CEKBEHLIE M 13 CBaKe Of HUX CYy n3abpaHn (PpejMmoBu TeKCType

(T1, T2, T3) n ¢pejvosn mana gyouHe (A1, A2, O3). Ha ocHoBy ¢pejma T2 n wemy
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ogrosapajyhe mane gy6uHe [2, cnuka 5.3.2, npumeHom [AWEBP anroputma cuHTE3e

CUHTeTM30BaHe cy 2 cnvke, nesa CJ1 u gecHa CJl, Koje umHe CTepeo nap.

Cn. 5.3.1. OpurvHanHe cnuke 6ase: MCL-3D: Kendo, Balloons Lovebirdl, Poznan street,

Poznan Hall2, Shark, Microworld, Gt_fly, Undo_dancer, ¢ nesa Ha AecHo, 003ro Ha fo/ie

Ccn 071

pn [AvEP] P

o

- 1
T1 1 T2 a2 T3 a3

Cnuka 5.3.2. leHepucatbe cTepeo cnmka 6ase MCL-3D. Ctepeo nap cnvka (C/1, CL) je
CUHTETWN30BaH Ha OCHOBY C/iMKe T2 1 10j ogrosapajyhe mane gyouHe 2. PedepeHTHM
cTtepeo nap cnuka (P/1, P) je CMHTETU30BaH Ha OCHOBY NapoBa OPUrMHaIHO CHUM/bEHNX
cuka (T1, T2) n (T2, T3) u buma ogroeapajyhmnx naposa mana gyéure (41, 42) v (4.2,
a3).
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CN (A2) CN(A8)
Cnwuka 5.3.3. Shark: opurnHanHa cnmnka T1, pepepeHTHa fieBa civka PJ1, nese civke
CTepeo napoBa CUHTETU30BaHe npuMmeHom JWEBP anroputama A7, Al, A2, A8

3a reHepucare 6aze MCL-3D kopuwheHo je 4 AVBP anroputma cuHTese: Al, A2, A7 1
A8. Anroputam Aln A2 npumenyje metof [12]. MpumeHom anroputMa A2 MBUYHA
06nacT cnvke ce nonywasa NPUMEHOM anropuTMa 3a rnonykwasare npasHuHa [71]. A7 je
asiroputam CuHTe3e Ge3 Momnyrasarba NpasHuX 06/1acTy Koje HacTajy HakoH Mpojekuuje y
npouecy AVBP cuHTese. A8 je MynTUPE30NYLMOHN airopyUTam 3a NOMyHaBakbe MpasHux
obnactn [76]. Anroputam A8 cagpXu nupaMuianHy AeKOMNOo3uuujy CUHTETU30BaHe

C/MKe ca NpasHuM obnacTma. MpasHe 06/1aCTW Ce eCTUMMPAjy Ha OCHOBY C/IMKA HIKMX
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pes3onyumja U Tako ce Jobuja cnmka ca MONyHEHUM Mpa3HUHaMa 6e3 reoMEeTPUjCKUX

1306/1MYeH-a.

Ha ocHoBy napoBa TekcTypa, Mana AybuHe Ha fse nosuyuje, (T1, A1) w (T2, A2)
CUHTETU30BaHa je fieBa pedepeHTHa cnuka, PJ1, cnvka 5.3.2, n Ha ocHosy (T2, A2) n (T3,
[3) cuvHTeTM30BaHa je JecHa peepeHTHa cnuka, P/, pedepeHTHOr CcTepeo napa,
npumMeHoM pedepeTHOr cogteepa 3a cuHTe3y cnvka BCPC [85].OpurnHanHa cnmka, T1,
pedbepeHTHa 1eBa CMKa cTepeo napa, PJ1, reHepucaHa nprMeHOM petepHTHOT copTBepa
BCPC, neBe cnvke cTepeo MapoBa CUHTETM30BaHMX npumeHom 4 AWBP anroputma
cuHTese CJ1(Al), CN(A2), CNI(A7), CN(A8) cy npukasaHe Ha canum 5.3.3 3a Shark n Ha
cnvum 5.3.4 3a Balloons. MNopehetbem cuHTeTnsoBaHor pejma CJ1 1 opurmHanHor gpejma
T1, cn. 5.3.2, MOXe ce 3aK/byunTy fa He 0frosapajy UCTUM nosuumjama, LUTO Ce BUAN Ha
CNMKama Yy neBoj konoHu cnmke 5.3.5. Ha cnvkama y neBoj Ko/foHM cnimke 5.3.5 Koje
NnpeacTas/bajy pasivKy OpUruHaiHe CIMKE U CUHTETU30BaHMX NieBUX camka, T1 - C/1(AX),
youyaBamo 6ena 1 LpHa nofebrbarba Ay BepTUKaHMX MBULA KOja 03Hauasajy Momepaj
objekaTa, Tj. pa3nuKy y nosuumjama. CnmyHo Baxkn n 3a aecHe cnuke CLO (Ax), T3, PL,.
Kako Ha nosuumjama 3a Koje cy cuHTeTusoBaHe civke CJ1 n CL, He nocToje opuUrnHaiHe
CNVKe, Kao pedepeHTHe CAMKe 3a M3padvyHaBatbe METPUKE Ce KOPUCTE CUHTETM30BaHe
cnvke PJT n PL, cnvnka 5.3.2, reHeprcaHe NpUMeHOM pedepeHTHOr cofTBepa 3a CUHTE3Y
cnnka BCPC [85] Ha nosvumjama Koje ogrosapajy nosuumjama cnmka CJ1 m CP.
PedpepeHTHM cTepeo nap (C/1, CLL) je reHepmncaH Ha OCHOBY opurmMHanHux naposa (T1, A1)
n (T2, A2) 3a C/Tun (T2, A2) v (T3, A3) 3a CA. Pasnuka pedepeHTHe feBe cnuke, PJ1,
NneBe ciMke cuHTeTnsoBaHe OMBP anroputmom, CJ/1(AX), npukasaHa je y LecHOj KOJIOHU
cnvke 5.3.5. Ha 0CHOBY c/iMKa y IeCHOj KOMIOHU C/IMKe BUAMMO [a HeMa nomaka nosuumja
cnuke CJI(AX) v PJ1. Pa3nuka oBe [Be C/MMKe MOCTOjU 360r Tora wWTO je cnvka P/l
CMHTETM30BaHa Ha OCHOBY [Be C/MKe Ha nos3uuujaMa n1eB0 M [eCHO y OAHOCY Ha
CUHTETM30BaHy C/INKY Ma caapXu Mawe 13061myerba 360r rnpoLeca CUHTE3e HEro Cnka
CJ1(AX) Koja je reHepmcaHa Ha OCHOBY CaMO jefHe OpWUTrMHa/IHE C/NMKE Kao u 360r

pasnuuntnx anroputama JUBP cuHTese. CNMYHO BaXXn 1 3a fecHe cnuke CAO v PA.
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, # " S, 2
CN (A2) C/1(A8)

Cnuka 5.3.4. Balloons: opuruHanHa cnuka T1, pedepeHTHa neBa cnunka PJ1, nese cimke

CTepeo naposa CMHTeTM30BaHe npumeHoM [AVIBP anroputama A7, Al, A2, A8
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MeTpuke cy payvyHaTte m3mehy cuHTeTmMzoBaHor ctepeo napa (CJ1, CO) n pegepeHTHOr
crepeo napa (P/1, PA). PesyntaT cTepeo napa je Jo6WjeH ycpearaBakbeM pesynrtata

METPUKE 3a NIEBY W IECHY C/KY.

T1- CN(A2) P/1—CN (A2)
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2
T1 - C/N(A8)

P/1—C/l (A8)

Cnuka 5.3.5. Cnvke cuHTetnsoBaHe AVBP anroputmuma CJ1(AL), CJ1(A2), CN(AT),
CJ1(A8) cy Ha pa3nMunTM nosumjama y 04HOCY Ha OpuUrMHanHe civke T1, neBa KO0Ha,;
pedepeHTHe cnvke PJ1 reHepucare nomohy peepeHTHOr copteepa BCPC cy Ha UCTOj
nosnumjn Kao cnvke cuHtetnsosaHe AVBP anroputmmuma Al, A2, A7, A8 (fecHa KOoHa);

Basa cagpxm v cybjeKTBHe oLeHe cTepeo cnvka. Cy6jeKTMBHO OLewMBarbe 6ase cTepeo
cnnka MCL-3D je ypaheHo npema UTY npenopyuu o0 Cy6jeKTVBHOM OLieHhUBaby CTepeo
TB cnvka [86]. 3a mpukas cTepeo cnuka kopuwheH je ekpaH 46.9” LG47LW5600.
MocmaTpayy Cy npukasvMBaHe Mo [ABe CTepeo C/MKe WCTOBPEeMeHO (pair-wise comparison
method) 1 oH je n3abpao 60/by M fo4enMO joj oueHy. OueHe M3 BULLE NpuUKasa naposa
CTepeo CnuKa cy cabpaHe ¥ HOpPManM30BaHe M Tako je fo6MjeHa KOHayHa OueHa 3a Tor
nocmartpaya. OueHe Of BuLIe MocmaTpaya Cy ycpedreHe U fobujeHa je cpedra oueHa
(mean opinion score) 3a CTepeo nap cinka. 3a CBaKy CTepeo CnKy je pobujeHo 30 oueHa
04 Kojux je 10% Hajsefhmx n 10% Hajmarbux ogbaveHo Tako aa je MOC oueHa n3padyHara

Ha OCHOBY 24 MojeAuHauYHe OLeHe.

5.3.2 IleppopMaHce mpeasio:keHe METPUKE NPH OLEHUBAKY CIMKa 0a3e

MCL-3D

Mpepn/ioXkeHa My/nTUPE30/YLMOHA METPMKA Ca MOPKOJIOLLKUM (YUATPMUMA je TeCThpaHa Ha
6asn MCL-3D koja cafipXXn CTepeo C/MKe CUHTETU30BaHe npumMeHoM AUVBP anropuTtama
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CMHTe3e. Pe3ynTaTy METpMKa Cy padyHaTi NoceGHO 3a NeBY W 3a [ecHy CuKy. Pesyntat

CTEPEO Mnapa je uspadvyHat ycpear-aBarem pe3yntata METPUKE 3a SIEBY U 3a [IECHY C/IUKY.
Ilepdopmance merpuke MP-PSNR

WcnutaH je yTuuaj BennunHe CTPYKTYPHOT efieMeHTa 1 6poja HMBOa feKoMnosuuuje Ha
nepopmaHce npeasioxxeHe metpuke. MNMepdopmaHce meTpuke MP-PSNR cy npukasaHe y
Tabenn 5.3.1.

TABENA 5.3.1. MEPGOPMAHCE OCHOBHE BEP3MIE MP-PSNR 1 PE[lYKOBAHE BEP3VIE MP-
PSNRR PV OLIEWVBARY BA3E MCL-3D

MCL-3D
SE HnBoa RMSE PCC SCC
MP-PSNR
2X2 8 1.2506 0.8902 0.8131
3x3 7 1.2270 0.8946 0.8503
5x5 5 1.2305 0.8939 0.8360
7 5 1.2274 0.8945 0.8430
9x9 4 1.2304 0.8940 0.8395
11x11 4 1.2298 0.8941 0.8373
13x13 4 1.2121 0.8973 0.8389
MP-PSNRr

2X2 3-9 1.2378 0.8926 0.8142
3x3 3-8 1.2014 0.8992 0.8481
5x5 3-6 1.2267 0.8946 0.8445
7 2-6 1.2097 0.8977 0.8502
9x9 2-5 1.2242 0.8951 0.8398

11x11 2-5 1.2261 0.8947 0.8389
13x13 2-5 1.2047 0.8986 0.8467

3a 6asy MCL-3D, nepgopmaHce MeTpuke MP-PSNR He 3aBuce o0f AMMEH3Mja
CTPYKTYPHOI e/fieMeHTa MOP(OIOWKNX (huntapa nupamugaiHe gekomnosumumje. Kako
MpoLec CUHTe3e C/AMKe yTuye Ha noseharbe BMCOKOMPEKBETHUX KOMMOHEHaTa C/UKe,

peepeHTHa CNMKa Koja je CUHTeTM30BaHa NMPUMEHOM pediepeHTHOr cogTBepa 3a CUHTE3Y
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Takofhe cagpXu BUCOKOMPEKBEHTHE KOMIMOHEHTE W pa3/nkKa CMKa CUHTETU30BaHUX
NMPUMEHOM jefHOT Of, 4 anropuTMa CUHTe3e U pepepeHTHe CIMKE je Mara Hero pasnvka
CUHTETU30BaHe N opuUrvHasHe (CHUM/beHe) cnuvke. paduk pacnogene MP-PSNR npema
MOS 3a cTepeo cnmke 6ase MCL-3D je npukasaH Ha cavum 5.3.6. CBaka Tauka oArosapa
jelHOM napy CTepeo CMKa.
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Cnuka 5.3.6. Pacnogena MP-PSNR npema MOS 3a cTepeo cnnke 6ase MCL-3D.

Ilepdopmance meTpuke PSNR no camkama mopgoJionmke nupammjae

AHanmsnpaHe cy nepgopmaHce PSNR MeTpuke 3a C/ivke nupamuge Mo HueBouma
fekomnosvumje. Ha rpaduumma Ha cnmum 5.3.7 ¢y npukasaHe BpefHocTu lMupcoHoBor
KoetmumjeHta Kopenaumje meTpuke PSNR npema MOS no cnvkama nvpamujge 3a
CTPYKTYpPHE e/fleMeHTe MOP(OJIOLLKMX (PUnTapa pasiMunTux AumeHsunja, 2x2 no 13x13,
KopuwheHnX y NupaMruaaiHoj gekomnosunumjn cnvke. 3a MCL-3D 6a3y, mMase cy pas/nvke
MupcoHoBKX KoedmumjeHata kopenaumje meTpuke PSNR npema MOS no cnvkama

nupammnae. Hajvarwy PCC je 3a cmKy AeTasba Ha NpBOj CKanu, d, a Hajsehn 3a Cnuky

anpoKcMmaLmje Ha BpXy nupaMuge.
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Cnwuka 5.3.7. TnpcoHOoB KoegmunjeHT Kopenauuje mepe PSNR no cnvkama nupamuie
npema MOS. CTPYKTYPHU e/IeMEeHTU pPasiMumTnX AMMeH3unja cy KopuwiheHm 3a

MOP®O/IOLLIKO (OUNTPUpPaHse.

MepgopmarHce PSNR MeTpuke 3a CAvKy nupammuge 3a Kojy cy nepopmaHce PSNR
METPUKe Hajoosbe, 3a pasInMuMTe BEMUMHE CTPYKTYPHUX eNeMeHarta, Cy npuKasaHe Yy
Tabenn 5.3.2.

3a 6asy MCL-3D, peaykoBaHa Bep3vja MP-PSNRr je u3payyHaTta Ha OCHOBY CAMKa
nupammnge 6e3 CAMka fdeTasba ca MNpBa fABa HMBOA AEKOMMNO3uUMje Kada je kopuheH
CTPYKTYPHM efleMeHaT AWMEH3Mja MarbnX 0f 7X7. 3a CTPYKTYpHe efieMeHTe AMMeH3uja
Behux of 7x7, pesykoBaHa Bep3nja MP-PSNRr je nspauyHaTa Ha OCHOBY C/iMKa nupaMuje
6e3 CNMKe AeTasba ca MPBOr HMBOA Aekomnosuuuje. MNepopmaHce pelykKoBaHe Bep3nje

MP-PSNRr cy npukasaHe Yy pgowem feny Tabene 5.3.1. HesHaTHO no6osblUake
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nepgopmMaHcy je MOCTUrHYTO NMpUMeHOM pepykoBaHe Bep3vje MP-PSNRr y ofHocy Ha
OCHOBHY Bep3njy MP-PSNR 3a 6a3y MCL-3D.

TABENA 5.3.2. NEP®OPMAHCE PSNR METPUKE C/TIMKE NNPAMWAE KPEVMPAHE NMPUMEHOM

CTPYKTYPHUX ENIEMEHATA PA3NTMYNTUX ANMEH3NIA 3A OLIEWVIBAKE BASE MCL-3D

MCL-3D

SE image RMSE PCC SCC

2x2 ds 1.3095 0.8789 0.7988
3x3 s6 1.2327 0.8935 0.8427
5x5 s5 1.1959 0.9001 0.8583
7 s4 1.1696 0.9047 0.8733
9x9 s4 1.1777 0.9033 0.8724
11x11 s4 1.2012 0.8992 0.8691
13x13 s4 1.2431 0.8916 0.8556
------- fo 2.4566 0.4465 0.4537

Iepdopmance merpuke MW-PSNR

MpennoxeHa metprka MW-PSNR 3acHOBaHa Ha [LeKOMMO3UUMjU CIMKe MOP(OIOLLIKAM
Tanacuhuma je TecTupaHa Ha 6asm ctepeo cnmka MCL-3D CUHTETM30BaHUX MPUMEHOM
OWEBP anroputama. NepdopmaHce meTpuke MW-PSNR 3a pasnnuute Tunose tanacuha cy
npukasaHe y Tabenn 5.3.2. Hajoéorbe nepopmaHce meTpuke MW-PSNR, PCC=0.88,
SCC=0.80, cy ocTBapeHe NpMMeEHOM HecernapabuiHe AeKOMMNO3ULMje ca Y30PKOBatbeM Ha
“gquincunx® peweTky nNpuUMeHOM MOpgonowKMX Tanacuha minLiftQ. Pacnogena
BpegHocTM MW-PSNR npumeHom Mopgonolwkmx Tanacmha minLiftQ 3a cnnke 6aze MCL-

3D je npukasaHa Ha cnmum 5.3.8.
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TABENA 5.3.3. NEP®OPMAHCE METPMKE MW-PSNR 11 PEAYKOBAHE BEP3UIE MW-PSNRR

MW PSNR

Cnuka 5.3.8. Pacnogena MW-PSNR npema MOS 3a cTepeo cnunke 6ase MCL-3D.
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MCL-3D
RMSE PCC  SCC

MW-PSNR
minHaar 1.3063 0.8796 0.7970
Haar 2.2524 0.5718 0.6065
minLift  1.3823 0.8640 0.7909
cdf(2,2)  2.2916 0.5507 0.5849
minLiftQ 1.3035 0.8801 0.8064
cdf(2,2)Q 2.3691 0.5053 0.5101

MW-PSNRr
minHaar 1.2962 0.8815 0.8070
Haar 1.8452 0.7405 0.7412
minLift  1.3786 0.8648 0.8130
cdf(2,2) 1.7043 0.7840 0.7749
minLiftQ 1.2700 0.8866 0.8142
cdf(2,2)Q 1.8794 0.7290 0.7485
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Ileppopmance merpuke PSNR no nogoncesuma 1o0njeHHM JeKOMIO3HIUjOM CJIHKe

Mop¢osomkum Tanacuhuma

AHanusnpaHe cy nepgopmaHce PSNR MeTpuke no nogoncesuma Ao6ujeHUM
[EKOMMOo3nLMjoM Cnvke MopdosnowkuM Tanacuhuma. Kao mepa moknanara pesynrara
PSNR MeTpuke ca Cy6jeKTMBHMM oOLeHama, u3padyHaT je [MPCOHOB KoeuuujeHT
Kopenauuje, PCC, mepe PSNR npema DMOS. Ha rpaguumma Ha camum 5.3.9 npukasaHe
cy BpegHoctn PCC no nogoncesuma 3a TpU Tuna MOPGoNowKmnx Tanacuha, minHaar,
minLift n minLiftQ. Mane cy pa3nuke BpegHocTn PCC no nogoncesvnma cinke fo6njeHNM

[leKOMNO3MunjoM cnnke Tanacuhmma.

0.85} 1 o8- ,
0.8 1 osf
0.75} 1 orst
0.7 1 o7t ,
S 065 18 ot ,
0.6 1 osf ,
0.55} 1 oss- ,
0.5 1 ost
0.45- 0.45-
04 i i 04 i
1 21 31 41 51 61 71 74 " 21 31 4“1 51 61 n 74
L ‘-‘mgnLiﬂ‘Q’

0.85- g

0.8 B

0.751 B

0.7

PCC

0.65-

0.6~

0.55-

0.5

0.45- g

0.4

11 21 31 41 51 61 7 73
Cnuka 5.3.9. MNMupcoHoBu KoeguunjeHTn kopenaumje (PCC) metpmke PSNR npema DMOS
no nogoncesumMa A0OVjeHUM [EKOMMO3ULMJOM CUHTETU30BAHUX C/MKA MOP(OIOLLKUM

Tanacuhnma minHaar, minLift n minLiftQ
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TABENA 5.3.4. NEP®OPMAHCE METPMKE PSNR 3A NOAOMCEN AETA/LA AOBMIEH
JEKOMIMO3NUNIOM CJTUKE PASINYUTAM TUMNOBUMA TANACURA MNPU OLIEbVBAKY BEA3E

MCL-3D
MCL-3D
fekomnosmymja | Tanacuh nogoncer RMSE PCC SCC
minHaar s7 1.2858 0.8835 0.8465
Haar di3 1.7036 0.7842 0.7392
cenapabunHa minLift s7 1.2866 0.8834 0.8408
cdf(2,2) dil 1.8400 0.7422 0.7440
minLiftQ s7 1.3051 0.8798 0.8354
HecenapabunHa | cdf(2,2)Q |d1 1.7024 0.7845 0.7674
-------------------- OCHOBHM  2.4566 0.4465 0.4537

Mepdopmarce meTpmke PSNR 3a nogoncer 3a Koju cy PSNR nepopmaHce Haj6osbe, 3a
cBe TUnNose Tanacuha, cy npunkasaHe y Tabenun 5.3.3. MNMprMeHOM MOPGONOLWKKX Tanacuha y
[NEeKOMMO3MUMjU CMHTETMU30BaHUX C/MKa Hajoorbe nepdopmaHce meTpuke PSNR cy 3a
CNKe anpokcumaumja nocneftwer HuBoa fAekomnosvuumje. [pumeHOM cenapabuiHe
Jekomnosuupje cnvke mopdosiowkum  Tanacuhem minHaar, ocTtBapeHe cy [o6pe
nepopmaHce metpuke PSNR 3a cnvmky anpokcumaumje s7, PCC=0.883, SCC=0.846.
MepdopmarHce meTpuke PSNR  u3payyHaTe 3a nogoncere CAvMke  aobujeHe
[EKOMMO3ULMJOM CIMKe MOPGONOLIKMM Tasiacuhuma cy 3HaTHO 60/be 0f nepdopmaHcu

meTprke PSNR un3payyHate 3a CIMKY Yy OCHOBHOM OMCery y nyHoj pe3onyunju.

MepdopmaHce pegykoBaHe Bep3nje MW-PSNRr cy npukasaHe y aowem geny tabene 5.3.2.
He3HaTHO nobosbLuare nepopMaHcH je NOCTUTHYTO NPUMEHOM peflyKoBaHe Bep3vje MW-

PSNRr y ogHocy Ha ocHoBHY Bep3njy MW-PSNR 3a 6a3y MCL-3D.

IIperaen pe3yiarara npeajiokeHNX MeTPUKA

MepdopmaHce NpeanoXeHMX MeTpuKa Yy ouewnBarwy 6aze MCL-3D cy 3HaTHO 60/be 0f
nepgopmMaHcy CTaHAapAHWX METPUKa 3a OLEHY KBa/iuTeTa CAMKa M MHOro 6o/be of
METPUKE HaMeHeHe OLEHWN KBanmMTeTa CUMHTETM30BaHMX cnuka 3DswiM, Tabena 5.3.4,
cnmnka 5.3.10.
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TABENA 5.3.5. NEP®OPMAHCE CTAHOAPAHUX METPUKA KBAJIUTETA C/IVIKA U
MPEANOXXEHNX METPUKA MPU OLIEWVBARKY BA3E MCL-3D

MCL-3D
MeTpuKe RMSE PCC SCC
CTaHJapAHe MeTpUKe
PSNR 2.4566 0.4465 0.4537
IW-PSNR [100] 2.4541 0.4483 0.2892
UQlI [98] 2.3292 0.5294 0.3177
SSIM [99] 2.3797 0.4987 0.1739
MS-SSIM [100] 2.0834 0.6513 0.2091
IW-SSIM [100] 2.1908 0.6027 0.1578
3a DIBR cuHTeTUs. cnnke
3DswIM [101] 2.3879 0.4935 0.3435
npeasioXeHe mepe
PSNR(s6), SE=3x3 1.2327 0.8935 0.8427
MP-PSNRr SE=5x5 1.2267 0.8946 0.8445
MP-PSNR SE=7x7 1.2274 0.8945 0.8430
PSNR(s7), minLift 1.2866 0.8834 0.8408
MW-PSNRr, minHaar 1.2962 0.8815 0.8070
MW-PSNR, minHaar 1.3063 0.8796 0.7970

0.9+

\ - MCL3D databass | \
0.8}
0.7}
0.6
0.5
0.4}
0.3}
0.2}
0.1}
0

SSIM MS-SSIM PSNR 3DswiM  MW-PSNR MP-PSNR

PCC

Cnuka 5.3.10. NupcoHoBY KoeduLmjeHTV Kopenawmje ctaHaapaHnx metpuka (SSIM, MS-SSIM,
PSNR), MeTprKe HamerbeHe cimkama ca n3obnunyerem 36or JUNBP cuHTese (3DswiM) n
npegnoxeHnx metpnka MP-PSNR n MW-PSNR 3a 6a3y ctepeo cnnka MCL-3D



5.4. TECT IPUMEP 3: BA3A CUHTETU30BAHUX BUJIEO CEKBEHIIU FVSV

MpBO je onuncaHa 6a3a BUAEO CceKBeHUM FVSV a 3aTuM Cy NpuKasaHn pesyntatu
NpeLoxXeHe METPUKe NPU OLerMBaky BUAEO CeKBeHLM H6a3e FVSV.

5.4.1 Onuc 6a3e FVSV

basa Bunaeo cekseHuu (Free-Viewpoint video database) FVSV, [31], [32], cagpxu BuAaeo
CEeKBEHLe Ca HaBMrauujoM Kpo3 pas3muute MNo3vuMje CUHTETM30BaHe Ha OCHOBY
HEKOMMPYMOBAHUX (PpejMoBa M3 CHUM/bEHMX BUAEO CEKBEHUM WU ofrosapajyhux
JEKOMMNPUMOBaHUX Mana [fybvHe. Bupaeo cekBeHue 6a3e cagpxe u306/muerba 360r1
npoueca ANBEP cuHTe3e 1 3601 KoMMpecuje mana ayouHe. Buaeo CekBEHLIE CY KpenpaHe
Tako fJa cafpXxe HaBuraumjy Kpos pasnmumte nosuumje. CBaka BMAEO CekBeHLa 6ase je
KpempaHa Ha OCHOBY [Ba (bpejMa M3 [Be BWAEO CEKBEHLE CHVUM/bEHE Ha PasNyuUTUM
nosmumjama u wKMa ofrosapajyhux [ekoMnpumMoBaHMX Mana gybuHe. TpumeHOM
pehepeHTHOr codpTBepa 3a cuHTe3y cnmka (View Synthesis Reference Software 1D Fast,
VSRS-1DFast [88]) y moay mewaHo (blended) cuHTeTnsoBaHo je 49 dhpejmoBa Ha 49
nosuumja n3Mehy ase nosuuuje 3a Koje Cy CHUM/bEHe BMAEO CekBeHUe. Moj ca mellakem
(blended) KoMbUHYje ABe CNMKe ca [ABe NO3uuuMje, NEBY U AECHY, U AOAE/bYje UM TEXMNHCKE
(haKTope NPONoOpLMOHA/IHO YAakeHOCTM Of Mo3uuumje 3a KOjy Ce CMHTeTM3yje cnmka. Ha
OCHOBY [Ba (ppejMa M3 CHUM/bEHUX BUAEO CeKBEHUM M 49 CUMHTETU30BaHMX (pejMoBa
KpenpaHa je BMAeO CekBeHUa Koja cagpxu 100 pejmMoBa Tako Aa je 49 CUHTETU30BaHMNX
(bpejmMoBa nopehaHo MpBO y jefHOM CMepy NpPOMeHe No3uuUMja a 3aTUM Y CYMNPOTHOM
CMepy, Kao LUTO je npmKasaHo Ha cimum 5.4.1. Ha Taj HaumnH ce cMMynupa HaBuraumja Kpos
nosuumje of jegHe 4O Apyre nosuuuje 3a Koje Cy CHUM/beHe CEKBEHLE Y jeJHOM CMepy na
y CynpoTHOM cMepy. Bugeo cekBeHua He cafpyXe MPOMEHY MO BPEMEHY Ma HWU BPEMEHCKY

ANCTOP3U]Y jep CBU (hpejMOBU NMPUKasyjy UCTU BPEMEHCKN TPEHYTAK.

Cnuka 5.4.1. Bugeo cekseHua FVSV 6a3e cMHTeTM30BaHa y Mogy Melwake (blend) cagpyxu
100 thpejmoBa: rl, r2 cHAM/bEeHU (hpejmoBn, s1-s49 ABP-cMHTETM30BaHM (hpejMoBYU
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Kako cy BUe0 CEeKBeHLIE CMHTETM30BaHe Yy Moy ca MewlarweM (blended) 6o/ber kBanuTeTa
0[1 BUEO CEKBEHLN CUHTETU30BaHMX Y Moy 6e3 Mellana (non-blended), y TectoBuma cy
KopuwheHe camo 103 BMOEO CeKBeHLEe CUHTETM30BaHe Yy MOy ca Meluarem. 3a
reHepucarwe BMAeo cekBeHun FVSV 6aze KopuwheHn cy gpejmosn m3 5 MVD Bugeo
CEeKBEHLW, O[] KOjUX CY TPU CHUM/bEHE Kamepama a AiBe pauyHapcKu reHepucaHe. [Jok mane
Ay6viHe peasHUX (CHUM/bEHMX) BUAEO CEKBEHUM CafpXKe rpeluke 3605 HecaBpLUEHOCTU
ypehaja 3a CHUMawe WM anroputMa 3a ectuMauunjy, Mmane ayomHe CUHTETUYKM
reHepucaHMx CeKBeHUM cy 06e3 TuX rpewaka. Y Tabenu 5.4.1 cy npukasaHe MVD
CekBeHLe, 6poj Kamepa 1 HbUX0Ba YAa/beHOCT Mpu cHUMawy MVD cafpxaja, pesonyuuja
CHUM/bEHUX C/IMKA, MO3MLMje BUAEO CeKBEHLM U3 KOJUX CY Y3eTu (hpejMOBM 3a CUHTe3y ”

6poj hpejma y CEKBEHLIM KOjU je KOpULIheH 3a CUHTE3Y.

TABENA 5.4.1. MVD CEKBEHLE FVSV EA3E

CeKBeHLa pesonyuuja 6poj yAa/beHOCT nosuumje 6poj
Kamepa Kamepa CHUM/bEHNX (hpejma
(hpejmoBa rl, r2
Book Arrival 16 6.5 um 6, 10 33
Kendo 1024x768 7 5um 1,5 1
Balloons 7 5um 1,5 1
Undo Dancer 1920x1080 | pavyHapcKu 1,9 250
GT Fly reHepucaHe 91 157

Bupgeo cekBeHue FVSV 6a3e cy reHepucaHe Ha OCHOBY OpPUIMHa/IHUX HEKOMMPUMOBAHMX
CMKa W wuMa ogrosapajyhux gekomnpuMoBaHMX Mana fy6uHe. Mane gybuHe cy
KOfOBaHe MPYMEHOM 7 KOAeKa, CBaku ca Mo 3 KBaHTM3auMOHa HuBoa. KopuwwheHu cy

cnegehn Kogeuw:

e C1: 3D-HEVC Test Model, 3D-HTM 0.4 [89], ca npeankunjoMm n3mehy nornega
(inter-view prediction) 1 ontumusauujom cuHtese (View Synthesis Optimization);

e C2: Multiview Video Coding (MVC), JM 18.4 [90];

e C3: HEVC Test Model, HM 6.1 [91];

e C4: JPEG2000, Kakadu nmnnemeHTauuja [92];
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e C5: kogek onucaH y [93], mane aybuHe ce KoAyjy Tako [a Cy MBMLE KO0BaHe 6e3
n3obnmuena (lossless-edge depth map coding);
e CO6: Kogek onucaH y [94];
e C7:Z-LAR-RP [95].
CBM anroputMn KogoBawa Cy npumMerbeHn y uHTpa mogy (intra coding). W3abpaHa cy 3

napamMmeTpa KBaHTu13aLmnje Ha OCHOBY BU3Ye/IHOI KBa/IMTETA CUHTETM30BaHUX cinka [87].

Ba3za cagpyXu 1 CEKBEHLE FreHepucaHe Ha OCHOBY OPUMMHA/THNX HEKOMIMPUMOBAHWNX C/INKA U
HMMa oAroeapajyhux HEKOMNPMMOBaHMUX Marna AybuHe Koje ce KOpUCTe Kao peepeHTHe

CEKBEHLIe KOJ M3padyHaBatba METPUKA 3a OLiEHY KBa/IMTETA.

3a cBe BMAEO CeKBeHLe noctoje cybjekTuBHe oueHe (Mean opinion score) MOC. 3a
[06unjare Cy6jeKTUBHUX OLIeHa BUAEO cekBeHUM FVSV 6a3e npumerbeHa je MeToaonoruja
ACR-HR [96]. CBaka BMeO CeKBeHLA je npuKasaHa jeAHOM CBakOM Mocmarpady Ha
ekpaHy Panasonic BT-3DL2550 pe3onyuuje 1920x1080p npema [97]. Y ouewuBawy je
y4ecTBOBa/I0 27 mnocmatpada Koju cy fofesvBann oueHe of 1 (now) go 5 (ognnyan)
nocmarpaHMM CekBeHLama. 3a CBakor nocmarpaya TecT je Tpajao 30 muHyTa. OueHe 3a 4
nocmaTpaya cy ofbayeHe Kao GeckopucHe (outliers). PedepeHTHe CekBeHLE Cy Takofhe
oLerMBaHe (CakprBeHa pedepeHLa).

Y TectoBuma je kopuwheH pgeo FVSV 6ase Koju cagpkm 103 BMAeO CeKBeHLE
CUHTETU30BaHe Kopuwhewem Mopa Mewawe (blended) Ha ocHoBy 5 MVD Bugeo
CeKBeHUM, 7 KoJeka 3a KOfJoBate Mara fybuHe ca no 3 HuBoa kBaHTu3aumje (5 MVD

CeKBeHUM * 7 Kofeka * 3 KBaHTM3aLM0oHa HB0A — 2 HEWUCNpPaBHE CKBEHLLE).

5.4.2. lleppopMmaHce npeaio:keHe MeTPUKe NPH olekbUBaky 0aze FVSV

MpegnoXxeHa MynTUPE30/YyLMOHA METPMKA ca MOP(OOLLKM (UATPKUMA je TeCTMpaHa Ha
6asn FVSV Koja cafpXu BUOEO CEKBEHLE ca M306/mMyerrMa 360r npoieca CUHTe3e u
KoMnpecuje Mana JybrHe KpeupaHe Tako fAa CafpXe HaBurauujy Kpo3 pasuuuTe
nosvumje. Kako OpurMHanHO CHUM/beHe cekBeHUe 3a 50 Mnosuuuja He MOCTOje, Kao
pethepeHTHE BUAEO CeKBeHUe KopuwheHe Cy BUAEO CeKBeHLe 6a3e CUHTETM30BaHe Ha

OCHOBY HEKOMMPUMOBAHUX (OPUTMHATHUX, CHUM/BEHUX) (DPejMOBa Y HEKOMMPUMOBAHUX
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mana Jy6uHe. Ha Taj HauMH ce Mepu yTuuaj Komnpecuje mana AyouHe Ha n306nmnyerba y

MPOLIECY CUHTESE.

Y 1abenn 5.4.2 cy npukasaHe nepgopmaHce npesioxeHnx metpuka, MP-PSNR 1 MW-
PSNR, n ctaHgapaHux MeTpuKka 3a oueHy kBanuteta civka (PSNR, SSIM, MS-SSIM)
[o6ujeHe npu ouermBary fena 6ase FVSV Koju cagpXun BUAEO CEKBEHLE CUHTETU30BaHE
npumeHom moga Mewane (blended mode). MeTtprka MP-PSNR je peann3oBaHa nprmMeHOM
MOpP(OOLLKe NupamnianHe gekomnosumumje ca 6 H1uBoa. CTPYKTYPHU eNleMeHT AUMeH3Nja
3x3 je KopuwheH 3a MOPO/IOLLKO (PUATPUpaKe NupamugasHe fekomnosuuunje. Metpuka
MW-PSNR je peanM3oBaHa MpuMeEHOM MOPQooWKMX Xaposux Tanacuha y
JAeKoMNo3numju ca 7 HMBoa. Mopo/ioLKe MyNnTUPE30TyLMOHe MeTPUKe Mokasyjy 60sbe
nepgopmaHce 0f CTaHAapAHMX MeTpuka. Mepe KBasiTeTa C/IMKe 3aCHOBaHe Ha JI0KasHOj
CTaTUCTULM Kao WTo je SSIM, HUCY NOrofHe 3a Mepere reOMeTPUJCKUX N306mnYera 360r
rpewaka mana gyovHe [15]. Kaga noBehaBaMo MHTEH3UTET 1306/1MUEHA Y CUHTETU30BAHO]
CIMUM KOMMpPUMOBakeM Mare aybuHe BehMMm Kopakom KBaHTU3auuje, BpegHocT SSIM ce
Masio Mewa. TO je 360r Tora LUTO CY [AMCTOP3Mje CUMHTE3e YrnaBHOM TeOMeTPUjcKe
AnCcTop3nje nomepaja Koje Hehe 3Ha4yajHO NMPOMEHUTWU MPOCEYHY BPEAHOCT OCBET/baja U

BapujaHCy y NOKa/IHOj 06/1acTu.

TABENA 5.4.2. NEP®OPMAHCE CTAHOAPAHUX METPUKA KBAJIUTETA C/IVKA U
MPEONOXKEHNX METPUKA Y OLIEWVBAKY AENA BA3E FVSV CUHTETU3OBAHE NPUMEHOM

MOJA MELLIAHE (BLENDED MODE)

MeTpuKa RMSE | PCC | SCC
MW-PSNR 0.5259 | 0.8043 | 0.7343
MP-PSNR 0.5330 | 0.7983 | 0.7324
PSNR 0.5906 | 0.7448 | 0.6826
SSIM [99] 0.6661 | 0.6585 | 0.6090
MS-SSIM [100] | 0.7152 | 0.5891 | 0.5912
3DswIM [101] 0.7545 | 0.5227 | 0.5117

[a 61 ofpeannn Noy3naHOCT METPUKE 3a OLEHMBAbE C/IMKA CUHTETU30BAHUX Ha OCHOBY

Mara ay6uHe KOA0BaHMX ca 7 pa3numMTX Kofepa, eo 6ase Koju ce KOPUCTU Y TECTOBUMA
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je nomerveH Ha 7 penoBa. CBakM [0 CaapXy BWAEO CEKBEHLE CUHTETK30BaHe

KopuwherweM Mana gyouHe KogoBaHuX jeHUM of kogepa C1-C7. MNepdopmaHce MeTprKe

MW-PSNR y ouewuBanwy 7 fgenosa 6ase FVSV cy npukasaHu y ropwem geny tabene

5.4.3. MepdopmaHce meTprke PSNR KopuwheHe 3a ouerUBake UCTUX Aenosa 6ase cy

npukasaHe y fowem feny Tabene 5.4.3. 3a cBe kogepe ocum C4, MW-PSNR nokasyje

6orbe nepdopmaHce Hero PSNR. Pesyntatn metpnke MW-PSNR ce Haj6o/be noknanajy ca

Cy6jeKTVBHMM OLeHamMa NpU OLieHVMBatby BUAEO CEKBEHLIM CUHTETM30BAHMX Ha OCHOBY

mana fybvHe KogoBaHMX Kogepom C2. Pacnogena oueHa MeTpuke MW-PSNR npema

DMOS npumeHom Kogepa C1-C7 3a kofoBarke Mana JyouHe je npukasaHa Ha civum 5.4.2.

Csaka Tayka Ha rpadky oArosapa je4Hoj B1Uaeo CekBeHL Hase.

TABENA 5.4.3. NEP®OPMAHCE METPUKA MW-PSNR 11 PSNR M3PAUYHATUX 3A 7 AENOBA

FVSV BA3E KOJ/ CAAPXE BUAEO CEKBEHLE CHTETU3OBAHE MPYIMEHOM MOJA MELLAHE

HA OCHOBY MAIMA OYBVHE KOAOBAHUX CA 7 KOAEPA C1- C7

Kogep | RMSE PCC SCC
MW-PSNR
C1 0.4787 | 0.6628 0.6679
C2 0.3461 | 0.9402 0.8032
C3 0.5430 |0.8619 0.5705
C4 0.6112 | 0.7687 0.7437
C5 0.6140 | 0.8643 0.7757
C6 0.3067 | 0.8751 0.5541
C7 0.6122 | 0.8142 0.7542
PSNR

C1 0.5804 | 0.4191 0.4165
C2 0.4919 | 0.8750 0.7299
C3 0.5845 | 0.8379 0.6013
C4 0.6091 | 0.7706 0.7459
C5 0.6845 | 0.8280 0.6988
C6 0.3197 | 0.8634 0.5326
C7 0.7032 | 0.7452 0.6184
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Cnuka 5.4.2. Pacnogena pesyntara metpuke MW-PSNR nipu ouewmBary fgena 6ase FVSV

KOJU cafpXXu BUAEO CEKBeHLe CMHTETM30BaHe y Moy Meware (blend) Ha ocHoBY mana
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Cnuka 5.4.3. KBa/IMTeT BUAEO CeKBeHLe Kendo CMHTETM30BaHe Ha OCHOBY Mara Ay6uHe

KogoBaHMX Kofdepom C2 ca 3 KBaHTU3aUMOHa HMBoa: P25, P35, P47
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YTunuaj HMBOa KBaHTM3aUMje Ha KB/IMTET CUHTETM30BAHMUX CMKA je NnpuKasaH Ha Crmum
5.4.3. Kao WTO je U 04YeKMBaHO, Ha OCHOBY rpafMka Ce MOXXe BWUIAETU Aa je KBa/UTET
CEKBEHLIM CUHTETM30BaHMX Ha OCHOBY Marna [ybuHe KOAOBaHMX MarbMM KOpaKoM
KBaHTM3aUuMje 60/bN 0ff KBAMTETA CEKBEHLIM CMHTETM30BaHMX Ha OCHOBY Marna AyouHe
KofoBaHMX BehuMM KopakoM KBaHTu3auuje. [llopen TOra, KBa/IMTET CUHTETU30BAHUX
(bpejMoBa onaga ca mMoBehaweM YAa/beHOCTM Of pediepeHTHUX (pejmoBa. Dpejm
CUHTETM30BaH 3a MNO3ULUMJy Ha CpeauMHM M3Mely nosuumja CHUM/BLEHUX (pejMoBa je

HajHUXer KBa/IMTeTa.

[da 6u ucnutanM 3aBUCHOCT nepdopmMaHCK MeTpUKe Mo caapxkajy, geo FVSV 6ase
CMHTETM30BaH y MOy Melliake je NofesbeH Ha 5 4enoBa Tako fa Cy y CBakoM feNly BUAEO
cekBeHue muctor MVD cagpxaja. MepopmaHce meTpuke MW-PSNR 3a 5 genosa 6ase
pas3IMunToOr cafgpxaja cy npukasaHe y Tabenn 5.4.4. Metpuka MW-PSNR nokasyje
Haj6o/be NOoKnanawe ca oleHaMa /byam 3a MVD cagpkaj Kendo a Hajnoluvje 3a cagpxaj
Gt Fly. Pacnogena spegHoctn meTpuke MW-PSNR npema DMOS 3a pa3nnuute cagpxaje
je npukasaHa Ha camum 5.4.4. Ceaka Tayka Ha rpagmky oArosapa je4Hoj BUAEO CEKBEHLM

6ase.

TABENA 5.4.4. NEP®OPMAHCE METPUKE MW-PSNR 3A 5 AENOBA BEA3E FVSV no MVD

CALOPXAJY

MW-PSNR | RMSE | PCC SCC
Balloons 0.2220 | 0.9063 | 0.7994

Dancer 0.4566 | 0.8699 | 0.8526
Kendo 0.2330 |0.9498 | 0.8184
BookArrival | 0.3059 | 0.8994 | 0.7693
Gt_Fly 0.2092 |0.7465 |0.6767
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Cnuka 5.4.4. Pacnogena spegHoct MW-PSNR no MVD capxajy fena 6ase FVSV Koju

CafipXXv BUJEO CEKBEHLIE CUHTETM30BaHe Y MOy Mellakbe

TABENA 5.4.5. BPEME V3PAYYHABAHA METPVIKE 3A ®PEJM B/AEO CEKBEHLEE KENDO

MeTpuKa Bpeme [s]
MW-PSNR [103] 0.15
MP-PSNR [102] 0.47
PSNR 0.01
SSIM [99] 0.23
MS-SSIM [100] 0.41
3DswiIM [101] 14.74

Cpente BpeMe n3padyHaBaka MeTpuka no gpejmy Bnaeo cekseHue Kendo je npukasaHo y

Tabenn 5.4.5. Bpeme wu3pavyHaBamwa je M3MepeHo Ha nantony HP ProBook 450 ca

npouecopom Intel Core i3, Dual Core n 4GB RAM. KopuwiheHa cogtepcka nnargopma je

Matlab R2010b. Nocne PSNR, pauyHCcKM HajethmkacHuja je meTpmka MW-PSNR.
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6 3SAK/bYYAK

Y [OKTOPCKOj AucepTaumju je npemnoXkeHa MyNnTUpesoNnyumoHa MeTpuka 3acHOBaHa Ha
MOPMO/IOLKNM (UNTPUMA 3a OLieHY KBAJIMTETA C/IMKA U BULEO CEKBEHLM CUHTETU30BAHMX
npumeHom AVIBP (Depth Image Based Rendering) anroputama cuHtese. AVIBP TexHuke
CUHTE3e C/MKa Y3POKYjy reoMeTpujCKe [AMCTop3nje yrnaBHOM Yy o06nactu umBuua Yy
CUHTETM30BaHUM cnvkama. CTaHfapAHe MeTpUKe 3a OLEeHY KBasmTeTa C/nkKa He rnokasyjy
[o6pe nepopmMaHce y OuewMBakby CUHTETU30BaHMX C/MKA. Y0BEKOB BU3YE/THU CUCTEM
obpahyje BuW3yenHe WH(opMauynje Ha  MyYNTUPE3ONYLMOHW HAYMH U NPUMEHa
MYNTUPE30NYLMOHE AEKOMMO3ULMje CvMka Mpu  M3pavyHaBaky KBasmTeTa CIAKKe
JonprHocK 6o/bMM  NepgopMaHcaMa MeTpuKe. YOBEKOB BU3Ye/HU CUCTEM je BeoMa
OCET/bMB Ha [AMCTOP3Mjy MBMLA KOja 3Ha4ajHO HapyllaBa BW3Ye/IHW KBA/IUTET CIIMKE.
[MprMeHOM HenMHeapHMUX MOPGOIOLWKUX (huaTapa y MyaTMpe3onyLuoHoj 4eKOMMIo3nLumju
CNMKE BaXKHE reOMeTPUJCKE MH(opMaLMje Kao LWTO CYy MBULUE OCTajy Oo4yBaHe, 6e3
owTeherba 1 6e3 NOMaka, y CimKama Kpo3 pasinumTe pe3osyumoHe ckane. 3padyHaBakbem
CpeftnX KBafgpaTHMX rpewlaka M3amehy oprosapajyhux nogoncera mynTupesonyLmoHe
penpeseHTaumje Koju cafpXKe MBULE NUKCEN MO MUKCES, NPEeLmUsHO Ce Mepu pasnvka Ase
MY/NITMPE30NYLUMOHE penpeseHTaumje. Tako ce Hajsehy 3Hayaj y OLUEHW KBaUTeTa

[oferbyje 06nacTu UBMLA KOje Cy CKIOHe auctop3njama 36or npoueca AVBP cuHTese.

AHanmnsnpaHe cy [e Bep3nje MynTUPE30yLMOHE METPUKE ca MOP(O/OLKAM (UNTPUMA:
MP-PSNR (Morphological Pyramid Peak Signal-to-Noise Ratio) koja ce 3acHuMBa Ha
MopconoLLKoj nupamuaanHoj gekomnosunumjin n MW-PSNR (Morphological Wavelet Peak
Signal-to-Noise Ratio) Koja KOp1CTM AeKOMMOo3nUMjy Cavka MOp(OooWKNUM Tanacuhuma.
WcnutaH je ytuuaj cenapabuiHe [ekomnosuuuje 3a ga Tuna MOpgonowwkmx Tanacuha
NPUMEHOM  NIN(PTUHT  LIEeMe Ha MOY3[4aHOCT MeTpuke. YTuuaj HecenapabuiHe
[leKomMnosuumje nNpMMeHoOM MOPGO/OWKMX Tanacuha ca Y30pKOBaweM Ha “quincunx‘

PEeLUETKM NPUMEHOM SIMTUHT LLEME Ha NOY34aHOCT METPUKE je CnuTaH Takohe.

PasBujeHe MeTpUKe Cy TecTMpaHe Ha Tpu 6ase crvka/Buaea: Ha 6asy  Civka

CUHTETU30BaHMX pasmumtnum TexHukama OUMBP cuHTese, IRCCyN/IVCDIBR, Ha 6a3n
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CTEPEO C/MKA CMHTETMU30BAHUX Pa3IMUMTUM TexHUKama cuHtese, MCL-3D, n Ha 6a3u
BUAEO CEKBeHUM ca HaBuraumjom Kpo3 pasnuumte nosuuuje, FVSV, koje cagpxe
n3061muera 360r npoueca cuHTE3e 1 360r KoMmnpecuje mana AybuHe Koje ce Kopucrte y
npouecy cuHtese. Obe MmeTpuke, MP-PSNR n MW-PSNR, noka3syjy 3Ha4yajHO 60/be
nepopmaHce of CTaHAapAHMX METpMKa 3a OLEeHY KBaimTeTa CMKa Kao wTto cy PSNR,
SSIM, MS-SSIM u 3HayajHO 60/be nepopmaHce Of, METPUKEe HaMetbeHe OLeHMBarby

KBaNUTETA CUHTETMU30BaHUX cNnka 3DswiM.

MokasaHo je Aa mepa PSNR noka3yje 4o6po noknanawe ca Cy6jeKTMBHMM OLeHaMa Kaja
Ce M3payyHaBa Ha Mofonce3vMa feTasba BUWINX HUBOA MOPGO/OLLKE MYITUPE30YLNOHE

penpeseHTaLuje CUHTETU30BAHE C/IMKe.

MpeanioxxeHe cy peaykoBaHe Bep3nje MOPGOOWKNX MYNTMPE30YLMOHUX MeTpuKa, MP-
PSNRr 1 MW-PSNRr, Koje KopucTe camo MoAorcere BULIMX HMBOA [AEKOMMO3uLMje.

PeflykoBaHe Bep3nje MeTpuKa nokasyjy 60/.e nepopmaHce 04 0CHOBHUX Bep3nja.

Mopdosnowkn onepatopy KopuwheHn y MynTUPe30nyuUnoHoj AeKOMMNO3NUnjM Canka cy
jedHOCTaBHM 3a MMIMIeMeHTauuMjy jep KOpucTe caMo orepaupnje MUHUMYM U MakCUMYyM,
page ca uenuMm 6pojeBuMa M Kao pe3ynTar fajy Lene 6pojeBe. M3pauyHaBare Cpeare
KBafpaTHe TpellKe KOja Ce KOpUCTM Kao Mepa WK306/M4vera MO Moforncesnma
MY/ITMPE30NYLMOHE penpes3eHTauuje CAnke je Takohe Beoma je[HOCTaBHO LUTO 3a

nocneauLy UMa fja je npeanoXeHa MeTpuKa padyHCKM Bp/o edkacHa.

Y HacTaBKy MUCTpaXKuBara npegioxeHa MeTpuka he 6Utn TecTupaHa Ha HOBOj 6a3n BUAEO
CeKBEHLM CUHTETM30BaHUX MPUMeHOM TexHuke JUVBP cuHTe3e Koje cafpXe U BPeMeHCKY
anctop3njy. 3a 60/be npunarofewe BUAEO CEKBEHLaMa Ca BPEMEHCKOM AMCTOP3UjOM,
npeganoXxeHa Metpuka he 6UTU MOAM(DMKOBaHa MNPOLUMPEHEM [AEKOMMO3ULMje BUAEO

cUrHana Ha tpehy aMmeHsunjy (Bpeme).
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NIVIEP

MVC
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MP-PSNR
MP-MSEr
MP-PSNRr

MW-MSE

MW-PSNR

MW-MSEr

MW-PSNRr

CE

Free-viewpoint TV, TeneBu3suja ca n360poM no3mumje nocmarpata
3/[ TeneBnsmnja Koja omoryhyje KOpMcHMKY ocehaj gyouHe cLeHe
30 Buaeo

(Multiview Video plus Depth), ckyn Buaeo cekBeHUu U Hbuma
ofrosapajyhux mana gy6viHe

(Multi-View Video), ckyn B0 CEKBEHLM

(Single-View Video), jeaHa BUAEO CEKBEHLA

Moving Picture Experts Group

(Depth-Image-Based-Rendering), TexHMKa reHepucana CiMkKe Ha HOBOj
No3nLMju Ha OCHOBY C/IMKE 1 Mane AybuHe Ha CyceHOj No3nLmnju
(Multi-view Video Coding), cTaHAap4 3a KofoBatbe CKyna BMAe0 CEKBEHLU
(Mean Squared Error), cpeara KBagpaTHa rpeLuka

(Peak Signal-to-Noise Ratio), BpLUHa BpeAHOCT CUrHaN/LLyM

Cpepma KBafpaTtHa rpeLuka nupaMuaanHe penpeseHTaumje civke
Morphological Pyramid Peak Signal-to-Noise Ratio

Cpepma KBafpaTHa rpeLuka pefykoBaHe nupamue

peaykoBaHa Bep3nja Morphological Pyramid Peak Signal-to-Noise Ratio

Cpeftba KBapaTHa rpeLlKa penpeseHTaumje cnmke gobunjeHe
[lekomnosunypnjom Tanacuhmnma

Morphological Wavelet Peak Signal-to-Noise Ratio

Cpepitba KBafpaTHa rpeLLka pefykoBaHe penpeseHTalmje Cnke reHepucaHe

flekomnosunynjom Tanacuhmnma

peaykosaHa Bep3nja Morphological Wavelet Peak Signal-to-Noise Ratio

CTPYKTYPHU eleMeHT MOPO/IOLLIKe ornepauuje
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MMA4EAQ
minHaar

minLift

minLiftQ

Haar

cdf(2,2)

cdf(2,2)Q

SSIM
MS-SSIM

3DswIM

Moposowwka MNupamuganHa Jekomnosuymja Eposuja Aunataunja
MopdonoLwKn Xapos MUHUMYM Tanacuh

MopdonoLwKM Tanacuh KojumM ce YyBa 0KaiHa MUHUMaNHa BpeLHOCT
CUrHaa Kpo3 CUrHase anpokcumatmje Ha CBUM HMBOMMA AeKOMNo3uLmje

MoposiowKu Tanacuh 3a HecenapabunHy eKoMNo3nymnjy Ha “quincunx
PELLETKN MPUMEHOM INPTUHT LLEMe

NHeapHW Xapos Tanacuh

NMHEeapHN 6MOPTOroHaNHK Tanacuh Ha3BaH Npema UCTpaxXmnBadMa Koju cy
ra npeacrasunu, Cohen-Daubechies-Feauveau

NHeapHK Tanacuh 3a HecenapabuHy 4eKoMMno3uymjy ca “quincunx‘
Y30PKOBaHEM

Structural Similarity index
Multi-Scale Structural Similarity

3D Synthesized view Image Quality Metric

IRCCyN/IVCDIBR 6a3a cnmka CMHTETU30BaHMX npuMmeHom AVBP anropuTtama

MCL-3D

FVSV

DMOS
MOS
RMSE
PCC
SCC

6asa CTepeo CmMKa CUHTETU30BaHNX NpuMeHom JVIBP anroputama

6a3a B1Aeo CeKBeHUM CUHTETU30BaHMX [AVIBP TeEXHUKOM ca HaBuraumjom
KpO3 pasnnyute nosunumje

Differential Mean Opinion Score

Mean Opinion Score

(Root Mean Squared Error) KopeH cpefite KBafpaTHe rpeLuke
(Pearson’s Correlation Coefficient) MvupcoHOB KoeuLNjeHT Kopenawmje

(Spearman’s correlation coefficient) CnnpmaHoB KoeuLMjeHT Kopenauuje
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