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3anponoHoBaHO cnoCi0 Ta BiANMOBiAHI aJropuTMH 3MeHIIEHHS PO3MIpPIiB CTHCHYTHX
300pakeHb Ta NMPHUCKOPeHHs iX JexoayBaHHs B moaudikosanomy ¢popmari JPEG 3aBasiku
BHKOPHUCTAHHIO 3aMicTh KoJipHoi Momeai YCDCr agbTepHaTHBHHX Pi3HMIIEBHX KOJipHHX
Mojesdeil sIK 3 WiMMMH, Tak i 3 HamiBoiiimMu koedinienramm. I3 3acTocyBaHHsIM 3ampo-
NMOHOBAHUX PIi3HULEBUX KOJIPHUX Mojedell 3MeHIIYIOThCA Ppo3Mipu (aiijaiB oxkpemMux
CTHCHYTHX 300paskeHb BHACJHINOK MIi’KKOMIIOHEHTHOI JeKOopeJslii Ta NPHCKOPIOEThCH IX
JeKOYBaHHS 3 BUKOPMCTAHHAM omepauii i3 WiiumMu yucjiamMu Ta onepanii modiToBoro 3cyBy
3aMicTh omepauii 3 JICHUMHU Y¥ MacIITA00BAHMMH HLIMMH 4yucaaMi. OCHOBHI BUCHOBKH 32
pe3yabTaTaMu A0CTiIsKeHHSI:

1. He icHye yHiBepcaibHOI KOJIpHOI MojeJIi, sika Jaja 6 3MOry oNTHMAaJILHO BUKOHATH
Mi’KKOMIIOHEHTHY JeKopeJislili A Beix TuNiB 300pa:kens. HaBiTh 1J1s1 300paseHb 0XHOTO
THILY ONITHMAJILHUMU (B CeHCi JeKopesiii) MOKYTbh BUSIBUTHCS Pi3Hi KOJIipHi Mojelti.

2.Y rpadiunux ¢opmarax A CTHCHEHHSI OKpeMHX 300paKeHb 3aMiCTh KOJIPHHUX
Mozeseil i3 giicHuMu KoedinieHTaMu AOLIIBHO BUKOPUCTOBYBATH pPi3HULEBI KOJIpHI Moaei 3
WiJTMMH Y¥ HANIBUIJIMMM Koe(ilieHTaMu, SIKIII0 BOHM MPOrHO30BaHO 3MEHINYIOTh KoedilnieHT
cTucHeHHs1. Taki kos1ipHi MoJeJ1i B cepeJHbOMY PUCKOPIOIOTH 1eKOIyBaHHS Ha 3 0.

3. last cTHcHeHHs1 300paKeHb 0e3 BTpPAT BapTO 3aCTOCOBYBATH pi3HHIEBi KoJipHi
Mojesdi 3 miuMHM KoedimieHTaMu, a NMpH KoMmpecii 300paxeHb i3 BTpaTamMu — pi3HMUIEBI
KOJIipHi MojeJi 3 HaniBUiIuMu KoedinieHTaMu.

4. Ilpn crucHeHHi 300pa:keHb i3 BTpaTamMu KoJipHi Mogeni i3 HamiBUiIHMH
Koe(iiecATAaMM He 30IIBLLIYIOTH Aiana30H MOXKJIUBHX 3HAYEHb OKPEMHUX KOMIIOHEHTIB Ta
CYTTEBO He BILUIMBAKOTh HAa sIKicTb 300paskeHb. ko morpidHo minimisysatu RMSE, To
Hecydy KOMIIOHEHTY B pi3HHMUeBii KoJipHiid Mogeni BapTo copmyBatH 3 HamiBcymMu
KOMNOHeHTIiB. Koim & Heo0XifHO MAKCHMAJIBHO NPUCKOPHUTH [CKOAYBAHHS, TO HeCydy
KOMIIOHEHTY B Ppi3HuMuUeBiil KkoJjipHiii mMomeni mouwinibHo copmyBaTH 3 oamiei 31 BXigHMX
KOMIIOHEHTIB.

Karouosi cinoBa: crucHennst y ¢opmati JPEG, piznuueBi kouaipui moaesi, mixkkommo-
HEHTHA JeKOopeJIsILis.
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In the article a method and proper algorithms of reducing the size of compressed images
and accelerating decoding in a modified JPEG format by using alternative difference color
models with integer and half integer coefficients instead of the color model YCbCr are
suggested. The use of the proposed difference color models reduces the size of each individual
images due to intercomponent decorrelation and accelerates the decoding by using operations
with integers and bitwise operations instead of operations with float numbers or scalable
integers. Main findings of the study:

1. There is no universal color model that could allow to reach optimal decorrelation
between components for all the types of images. Even for images of the same type, different
color models may be optimal (in the sense of decorrelation).

2. In the graphic formats it is expedient to use discrete color models with integer or half-
integer coefficients for compression of individual images, instead of color models with valid
coefficients, if they predict the decrease of compression coefficient. On average, such color
models accelerate decoding by 3 %.

3. For the image compression without losses, it is worthwhile to use difference color
models with integer coefficients, and for the image compression with losses, it is better to use
discrete color models with half-integer coefficients.

4. While compressing images with loses, color models with half-integer do not increase
the range of possible values of individual components and do not significantly affect the image
quality. If you want to minimize RMSE, then carrying component in a difference color model
should be formed from the half sum of other components. If it is necessary to accelerate
decoding as much as possible, then it is expedient to form the carrying component in a
difference color model from one of the input components.

Key words: compression of the JPEG format, differential color models, inter-component
decorellation.

Beryn

ChOroJiHi anropuT™MH KOMIpECii TaHUX 3aCTOCOBYIOTh Y 0arathox THUmax (ailiiB, ajke CTHCHEHHS
Jla€ 3MOTY 3MEHIIMTH iXHI PO3MIpHM 1, SIK HACHIJOK, MIiABUIIATH €(GEKTUBHICTH BHUKOPHCTAHHS
HAKOIMYYBaUiB Ta MPUCKOPHUTH TiepeiaBaHH Mepexero. Chboro/iHi po3pobiieHo 6arato MeTo/iB Komrpecii
pI3HUX THITIB JaHUX. 3BYKYy, TEKCTy, 300pakeHb, Bijico Ta iH. Cepej LUX METOMIB OCOOJHMBE MicCIle
3aiMarOTh Ti, 1110 OPIEHTOBAHI HA CTUCHEHHS 300payKeHb, TOMY IO, MO-TIEPIIE, II¢ 001aCTh, Ie KOPUCTYBayl
MaroTh CrpaBy 3 OaraTbMa Qaiiigamu, sKi TOTPiOHO e()eKTHBHO CTHCKATH, i, MO-ApYre, TyT HaWdacrilie
MOXKJIMBE CTHCHEHHs IaHMX 13 YacTKOBOIO BTparor inpopmarii [1, 2]. 3a TakuMH METOZaMH MOKHA
BUJIAJIMTH OLIBIIY YacTUHY iH(pOpMAIIT i3 300paXKeHHs, 10 AKOI HE YyTJIMBE OKO JIIOJUHHM, IO MPUBOIUTH
JI0 TiJBUINEHHS e(EeKTUBHOCTI CTUCHEHHs. [lepeBipKol SIKOCTI CTUCHEHHS 300pa)KCHHSI € BizyaJibHe
MOPIBHSHHS OPHUTIHAILHOTO 300pa)kKeHHs 1 300paKeHHs, OTPUMAHOI'0 3 HOro CTUCHYTOTO 00pa3y, B SKOMY
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yacTHHY iH(oOpMalii BTpayeHo. SIKINO JroaMHA, sKa NEpeBipsAe SKICTh CTUCHEHHS, HE MOXKE BIAPIZHUTH
OJTHE 300paKeHHS BiJ] iHIIIOrO, TO TAKE CTUCHEHHS 13 BTpaTaMu J0MmycKaeTbes [1].

Croromni rpadiunuit popmar JPEG [3] daktuuno € cranmaprom s 30epiranas ¢orto-
peanictuyaux 300paxkens [1]. TlomynspHOCTI 1bOr0 (OpPMATy CHPHSIOTH BUCOKI MOKA3HUKH CTHCHEHHS
OpU  CIIOTBOPEHHSIX, SIKIi NPAaKTUYHO HE (IKCYIOThCS OKOM JIIOJUHH, ONTHUMI30BaHI alTOPUTMH
KOJlyBaHHs/JIEKOIyBaHHSI Ta MiATPUMKA MPAKTUYHO BCiMa CydyacHHUMH Opay3epamu i mporpaMamu Jyis
00poOKku 300paxkeHb. DoToanaparty, Bigeo- Ta Web-kamepu ¢GikcyroTh 300paKeHHs TaKOX TMEPEBAKHO y
dopmati JPEG. Came Tomy miaBuieHHs1 epeKTHBHOCTI CTUCHEHHSI 300pakeHb i3 BIOCKOHAJEHHSIM
dopmary JPEG (30xpema, BHOOPY alnbTepHATHBHOI KOMIPHOI MOJIEN) € AKTYATbHUM 3aBIaAHHSIM.

AHaJi3 ocTaHHIX J0CaiTKeHb | myOaikamiii
MeTOIiB CTHCHEHHS 300paxkeHs y popmati JPEG

Sk BiZOMO 3 OCHOBHHX IIOJIOKEHb Teopii iHdopmariii, Oyap-siIKe CTUCHEHHS MaHUX MOXKIIUBE,
HacamIiepes, 3aBIsSKHd 3MEHINeHHIO HammumkoBocti [1, 2]. YUum Oinblie BHIIB HaTUIIKOBOCTEH
onpaupoBye rpadivyauii popmar i YMM Kpalle BiH LI HaJJUIIKOBOCTI YCYBa€ — TMM €(EKTHBHILIEC BiH
3MO’K€ CTUCHYTH OpPi€HTOBaHi Ha TaKy 0OpoOKy JaHi.

CrucHenns 300paxeHp y rpadiuHux Qopmartax HaiyacTille CKJIAAAETbCA 3 TPbOX IOCIIIOBHHX
JOCTaTHRO HE3aJIEKHUX €TalliB. TMEePEX0ay 10 aIbTePHATHBHOIO MOJaHHS 300pakeHHs (BiZoOpaXkeHHs),
Il 4Yac sIKOrO 3MEHINYETHCS 6I3yajibHA HAIUTMIIKOBICTh [4]; 3aCTOCYBaHHS KOHTEKCTHO-3aJI€XKHOTO
ANTOPUTMY JJIS1 3MCHIICHHS MIdice/leMeHmMHOI HAJTUIIKOBOCTI Ta MOSIEMEHTHOIO KOIYBaHHS OTPUMAHUX
JaHUX JUIS JIKBiZaIii ko0oeoi HammumkoBocTi [5]. Bimmosimno, komyBanus JPEG-300pakeHb y
HaNy)KUBAHIIIOMY IMOCIIJOBHOMY PEXHMi 3TifHO 3 UMM €TalaMu BiJOYBa€ThCS B TaKid MOCIIZOBHOCTI
[2]: cnouatky BHKOHYyeThCs mepexin 3 kKomipHoi Moaeni RGB B YCbCr ta cy0auckperusaiis (Bindip i3
3aJaHUM KPOKOM) 3Ha4eHb KOMIIOHCHTIB; TIOTIM OTPUMaHi SICKPaBOCTI OKPEMHX KOMIIOHEHTIB
PO36HBarOTHCS HA MiHiManbHi KomoBi 0ok (MCU), sKki ckiaamaroThes 3 OJIOKIB OMUHMIG JaHHUX 1Mo 8 X 8
3HAYEHb 1 10 KOXKHOI OJMHHMII JTaHUX IOCIIIJOBHO 3aCTOCOBYETHCS JBOBHUMIPHE TUCKPETHE KOCHHYCHE
nepetBopenns (JIKIT [1]), micas goro orpumani koedimientr JIKIT kBaHTYIOTbCS (TIIATHCS Ha BH3HAYEHI
3HAUCHHSI KOXKCH) 1 TOCIIOBHO KOIYIOThcs 3a anroputMoM Xadmana [6]. IMepmmii koedimient JKII
(haKTHUHO BHU3HAYAE CepeIHE 3HAYESHHS SCKpaBoCTi omunuili Aanux (y hopmari JPEG Bin HasuBaerhes DC
[2]), a inmri 63 (AC) 3a1a10Th KOJMBaHHS BiJIHOCHO IILOTO CEPEHBOIO 3HAUYCHHSI.

OcHoBHa i/1es1 OyAb-KOTO KOHTEKCTHO-HE3AJIEKHOTO aJTOPUTMY KOJIyBaHHS, 30KpeMa i anropuTMy
Xadwmana, sikuii BUKOpUCTOBYeThCS y popmati JPEG Ha ocTaHHBOMY eTarli, NOJIsIrae y 3aMiHi eJIEMEHTIB 3
O1TBIIIOI0 YacTOTOO (TYT 1 Hagas — abCOFOTHOO) KOJAMHU 3 MEHIIIOK0 KUTBKICTIO GiTiB, HIX IS €JIEMEHTIB

3 MEHIIOK YacTOTOK. 3rimHo 3 Teopemoro llleHoHa mpo KoxyBaHHS JuKepen naHuX [6], enemeHT S;
(B HamIOMY BHIQIKy i €JIEMEHTOM MAa€eThcs Ha yBasi kokeH koediient JKIT okpemMoi KOMHOOHEHTH
YeproBol OJMHUILI JaHUX) 3 HMOBIPHICTIO MOSIBH p(Si) nouineHO Koxysatu - 10Q, p(Si) oitamu. Tomy

cepefHs JOBXHMHA KOAY €JIEMEHTa OJIOKY IMiciIsi 3aCTOCYBaHHS OyAb-KOTO KOHTEKCTHO-HE3aJICKHOTO
AITOPUTMY, 3TiAHO 3 opmyoro [lleHoHa, He MOXe OYTH MEHILOIO 33 eHmpOonilo ddcepena

H :-é p(si) " log, p(s;). (1)

Entponist mxepena 3MEHIIYETbCS 31 301IBLICHHSM HEPIBHOMIPHOCTI pO3MOAiTY HMOBipHOCTEH
(qactor) Mik eremeHTamu [6]. 3a HammMMH mMiApaxyHKaMH, 3aCTOCYBaHHS KOHTEKCTHO-HE3aJIeKHOIO
ATOPUTMY B CEPEIHBbOMY 3MEHIIYE KOS(ili€HT CTUCHEHHS (BiIHOLICHHS pO3MIpIB CTHCHYTOrO [0
HECTUCHYTOTO (aililiB 300pakeHHs, BUpakeHe y BifcoTkax, Haaani KC) 300paxkens Ha 33 %.

CyuacHi aucmiel mnepefaroTh MITBHOHM KOJIBOPIB, 1 KOXKEH IIKCEJ PacTpoBOrO 300pakeHHs
HaifyacTilie BigoOpakaeTbCs KOJIBOPOM, IO 30epiraerecsi y 24 0Oitax, A€ MICTATbCA SCKPAaBOCTI
KOMIIOHEHTIB CHHBOTO, 3€JICHOTO 1 YE€pPBOHOI'O KOJBOPIB, SIKI 3aliMaroTh Mo 8 OiTiB 3rigHO 3 KOJIPHOIO
mozesutro RGB [5]. Takwuii crioci6 30epekeHHs KOJIbOPiB 3yCTpivaeThesl HaivacTimre. I e He TUBHO, ajuKe
TPUKOMIIOHEHTHI 300pakeHHs SKHAMKpalle BiANOBINAIOTH (Di310JIOTIYHMM OCHOBaM KOJIBOPOBOTO 30Dy
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monuuu [8], a 8-6iTHa yacToTa AUCKpeTH3allii HaldacTillle BUKOPHUCTOBYEThCA y Hadmomupenimmx OC
cimeiicrea Windows. Tomy, Hanpukiaj, 300paxeHHs 3 po3mipamu 1024x1024 mikceniB y KOJTipHii Mojeni
RGB 3aiimae Omm3pko TphoX MeraOaiTiB. Ha 1mactsd, KOJAbOPH CYMDKHHX IIKCENiB 300pakeHb
KOpeJbOBaHi MiX €000, i TOMy 30epiraHHsi pi3HHIb SICKPAaBOCTEH KOMIIOHEHTIB 3aMicTh 3HA4YCHb
KOMITOHEHTIB MiJIBUIIY€ HEPIBHOMIPHICTh PO3IMOALITY YacTOT €JIEMEHTIB HaBKOJIO HYJId, a, OTKE, 3MEHIIIY€E
EHTPOIII0 1 THM CaMUM IMiJBUINYE €PEKTHBHICTh KOHTEKCTHO-HE3aJIEeKHOro anroputmy. Kpim mporo,
SICKPABOCTi CYMIDKHUX ITIKCEJIB T&XK KOpeaboBaHi. /IBa CyMiXKHI TIKCETH MOXKYTh OyTH Pi3HUX KOJBOPIB.
Hampukian, oauH mikcea Moxe OyTH OJIM3bKUN 10 3€JCHOT0, a IHIIUN — JI0 YePBOHOT'0, aJie AKIIO MMEePIIui
OyB sICKpaBUM, TO HOTO CyciJ, 3a3BHYaii, Tex Oyze sickpaBuM. CaMe 110 BIACTHBICTh BUKOPHUCTOBYIOTh Y
¢dopmari JPEG mpu Tpanchopmanii mpeacraBiaenus mikceniB 3 RGB y Tpu inmi xommonentn [1]:
SICKpaBOCTi Y Ta IBOX XpomaTHuHuX KommoHeHTiB Cb ta Cr, siki BU3HA4aI0Th KOJIip 3a hopmyaamu (2).
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Oxo IMOAWHU PO3Mi3HAE KOHTYpH 00 €KTiB, a HE OKpeMi IMKCeNr 1 MOPIBHIOE iX 31 BXKE BiJOMUMH
ananoramu [4]. BoHO 4yTiHBe 10 HE3HAYHUX 3MiH SCKPABOCTI, ajic HE KOJIbOpPY. TOMY HEBEJIMKI BTpaTH
iHpopmarii B komnoHenTax Cr ta Cb, siki BHHUKAIOTh Y MpOLIECi CTUCHEHHS, JIFOJICBKE OKO HE MOMIYaE, a
CMOTBOpeHHS iH(popMallii B KoMIoHeHTI Y po3pi3Hsie 3HauHO Kpaiie [2]. KpiM 1boro, 0CKijibKH SICKpaBOCTi
OKpPEeMHX KOMIIOHEHTIB y KojipHid Mozmeni RGB Haiiuacrimme Onu3bki MK CO0O0I, TO PI3HHUIN IHX
KOMITOHEHTIB, SIK MPaBWJIO, OJHM3bKi 10 HYJs, a OCKUIBKM IEPETBOPEHI KOMIIOHEHTH Haifyacrimie 30epi-
ralThes K OalWTOBI O€33HAKOBI YKCIa, TO UL 3MCHIICHHS BTpPAT y MpOIECi KOAyBaHHs/ICKOTyBaHHS
pi3HuUIl B XpoMatiHuHuX KoMnoHeHTax Cb ta Cr 30unbiytothes Ha 128, sk BUIHO 3 (2).

OTxe, Ha TepIIOMY eTarli KoyBaHHs 300paxkeHb y popmati JPEG 3aBxau BUKOHYETHCS MEpexi Bij
komipHoi Mozmeni RGB no YCbCr. Jlnst takoro mepexomy B TMpoleci KOAYBaHHS Ta B OOCpPHEHOMY
HaIpsSMKY MiJ 4Yac JEeKOAyBaHHS BHKOHYIOTHCS Omepallii 3 MINCHUMH YM 3 MacIITaOOBaHUMH IITUMH
grcaamMu (2), 10 CYTTEBO CIOBIIBHIOE IIi MPOIECH. MU K MPOIMOHYEMO 3aCTOCOBYBATH JUISI KOXKHOTO
300paxenns B MmoaudikoBarnomy dhopmari JPEG 3amicte xomiproi Mmomem YCbCr taky 3 ajgpTepHATHBHUX
PI3HHUIICBUX KOJIPHHUX MOJCNICH 13 I[UIMMH YK HAIMIBHUIAMH KoedillieHTaMH, sIKka MAaKCHMAJIbHO 3MEHIIIYE
SHTPOIIIIO 3a JBOMA KOMIOHEeHTaMu [9].

@DopMyBaHHS PiZHULEBUX KOJipHUX MoAeael i3 niyimmu koedinienramu

CyuacHi ¢opMaTé CTHCHEHHS 300pakeHb ONPaulbOBYIOTH MiKceNn y (iKCOBaHIN KOJIpHIA Mopeni
(mampuknan, popmar BMP — y mozeni B, G, R; PNG - B mozaeni R, G, B; ¢opmar apxiBatopa RAR —y
mozeni R-G, G, B-G; ¢opmar JPEG — y momeni YChCr) i He BHKOPHUCTOBYIOTH MOKJIHMBOCTI BHOOPY
e(eKTHBHOI KOJIPHOT MO Ui KOKHOTO 300paKeHHSI, IKa MaKCHMAJIBHO 3MEHIIYE CHTPOIIIIO 3aBIsKH
MI>KKOMITOHEHTHIH JEKOPENAIii a0 MPUCKOPIOE JACKOAyBaHHSA. TOMY, BPaXxOBYIOYH, IO KOJIp KOKHOTO
miKcella MOXKHA TMMOJATH Y BUTJISIII KOOPJMHAT 332 TPhOMA JIIHIHHO-HE3AIC)KHUME BEKTOpaMH OY/b-SIKUX
6a30BHUX KOJBOPIB [4], omuiieMo aliropuT™Mu (GopMyBaHHS PI3HHUIICBUX KOJIIPHUX MOJIENCH SK i3 IJIMMH,
TaK i 3 HAMBHUIMMHU KoedillieHTaMu Uil KOXKHOTO 300pakKeHHsS B IpoIleci X CTHCHEHHS 13 BTpaTaMu B
MoudikoBanomy hopmari JPEG, siki aayTh 3MOTY MOKPAIIUTH 11i TTOKA3HUKH.

3po3yMisio, MO0 KOJipHA MOJEiIhb Mae TrapaHTyBaTH HE JHUIIe TNpsMe, a W 3BOPOTHE
MEePEeTBOPCHHS 3HAYCHb KOMIIOHEHTIB KOXXHOTO mikcena. [lias 3a0e3nedyeHHs OJHO3HAYHOCTI
JICKOJAYBaHHS B 300pakeHHI MOXHAa BUKOHATH MAaKCHMMYM JIBI 3aMiHHM 3HA4€Hb PI3HMX KOMIIOHCHTIB
pi3HHISAMH 3 iHIIUMHU KoMmoHeHTamu [10], OCKiNbKM OfHA 3 TPHOX KOMIIOHEHTIB Ma€ 3ajJUINaTUCS
HECYUYOl0 CHTHaly. BiamoBigHO, B mpoleci KOIyBaHHS [ KOXXHOIO 300pakeHHs IIija dYac
mornepe/IHpboi  00pOOKM BHHHKAE 3amada BUOOPY OJHIE] PI3HUIEBOT KOJIpHOI MOAEHI cepen
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aJbTCPHATUBHUX TaK, 1100 MaKCUMaJbHO MIiABHINMTH €()EKTHBHICTh AJTOPUTMIB CTHCHEHHS, SKI
BUKOPHCTOBYIOThCSI B 00OpaHOMy rpadiuHoMy dopmarti.

Sk Bke 3a3HAyYaNOCHA, OCTAaHHIM KPOKOM CTHCHEHHs 300paxkeHb y (opmari JPEG naiiuacrime €
KoayBaHHSA XadpMaHa, a CepeliHs TOBXKHHA MOTO KOMYy UIS eleMeHTa Ofm3bKa J0 eHTporii [6], Tomy
3arajbHa JTOBKHMHA OJIOKY TaKUX KOJIB JIJIS IIOCJIIIOBHOCTI €JIEMEHTIB HaOJIMIKEHO TOPIBHIOE CyMi JTOBKUH
iX EeHTPOMIHHUX KOMIB, TOOTO Q06dCUHI eHmpOniliHo20 K0Oy nociidoenocmi. HaBenemo ¢opmyny mis
obuncnenHs 1iei goxunu 3 [5]. Hexail koxxeH 3 eneMeHTiB S; 3ycrtpivaerbesi N; pasiB y HOCIIIOBHOCTI
noexuar N =& N; . 3rigHo i3 cTaTHCTHYHMM O3HAYECHHSIM HMOBIPHOCTI, p(si) =N;/N, Tomy 3aranbHa

|
JIOBKHHA SHTPOIIHHOTO KOy TTOCIiTIOBHOCTI, BpaxoByrouH (1), HaOIMKAEThCS 10 3HAUCHHS

Ly =N " H=Nlog(N)-&N;log(N;). ®)

3po3yMijio, IO 3aMIiHIOBAaTH KOMIIOHEHTY KOJpHOI Mozemi il JiHIHHOIO KOMOIHALI€ 3 iHIIOO
KOMITOHEHTOIO JIOIUILHO JIMIIE TOAi, KOJHM JOBXHHA EHTPOMIMHOrO KoJy KOMOiHaIii Oynae MEHIIOK 3a
JIOBXKHHY EHTPOIIMHOro KOoay BXimHOi kommoHeHTH [5]. Ane y cdopmari JPEG meperBopeHi sickpaBocTi
KOMITOHEHTIB HE KOIYIOThCS OE3M0CEpEIHBO, a ONMparboByroThes 3a gornomororo JKIT [1, 11]. Koedirientn
AC 11p0ro nepeTBOPEHHsI TO MEHIII, [0 OJIFKYI OMH 10 OJHOTO CYCIIHI 3HAYEHHS BXiJHHUX sICKpaBocTei [2].
Tomy asst BUOOPY KoJipHOI Moaesi A 300paKEHHS 3 JIEKUJIbKOX albTepPHATUBHUX Oy/1eMO OLiHIOBATH
JOBKHHY eHTPOMiitHOro Koy (3) He MepeTBOPEHUX SICKPABOCTEH, a Pi3HHIb NePeTBOPEHHX SICKPABOCTeii 3
AHAJIOTIYHHMHU NEePeTBOPEHUMHU SICKPABOCTSMHU IONepPeIHbOI0 MiKcea.

Jl1st 1BOX 3 TPhOX KOMIOHEHTIB KoiipHoi moneni YCDOCr y ¢opmati JPEG moxe BUKOHYBaTHCS
cyonuckperusanis, sika 3meHmye KC. Kpim nporo, xoedillieHTH KBaHTYBaHHsS 3a KOJIPHUMH KOMIIO-
HEHTAMH, SIK MPaBWIO, OULTBII 3a aHANOTiyHI Koe(illieHTH I KOMIIOHEHTH SCKpaBocTi. BinmmorimHo,
BTPAaTH 32 KOJIPHUMH KOMIIOHEHTAMH MOXYTb OYTH CYTTEBILIMMH, HIX 32 KOMIIOHEHTOIO SICKPaBOCTI, 1 B
X KOMIIOHEHTaX MaloTh 30epiratucst pisHuI. Tomy anroputM BHOOpPY Pi3HHIEBOI KOJIPHOI MoOJeni
MOBUHEH Cc(hOpMyBaTh came JBI pi3HMII, 30iibiieHi Ha 128, ski MalOTh BHKOPHUCTOBYBAaTHCS 3aMiCTh
3HaueHb komnoHeHTiB Cb i Cr. Tpetio, Hecydy KOMIIOHEHTY, 3aCTOCOBYBATHMYTh 3aMiCTh KOMIOHECHTH Y.
Orxe, B MoaudikoBanomy ¢dopmati JPEG anbrepHatuBHEMHU 10 KomipHOi moneni YCOCr (2) moxyts
OyTH TaKi pi3HULIEBI KOJIPHI MO 3 IIIUMHU KOeilliEHTaMHU:

1. R, G-R+128, B-R+128; 2. R, G-R+128, B-G+128; 3. R, G-B+128, B-R+128;

4, R-G+128, G, B-G+128; 5. R-G+128, G, B-R+128; 6. R-B+128, G, B-G+128;

7. R-B+128, G-R+128, B; 8. R-G+128, G-B+128, B; 9. R-B+128, G-B+128, B.

Ilepexonu mo Takux MoOAEACH 3 IIIMMU KOE(Il[iEHTAMH BHKOHYIOTHCS IIBHJIKO, OCKIIBKH HE
NMoTPeOyIOTh BUKOHAHHS 3a0KPYIJICHb Ta OINEpalii 3 MIHCHUMH 4M MacIITa0OBAaHMMHU I[UIMMH YHUCIIAMHU.
Tak camo ¥ JeKoxyBaHHs 300pakeHb 3 IUX Mojesel Oyme BukonyBatucs mBuiime Bigx YChCr.

st hopMyBaHHsI allbTEPHATUBHOT PI3HUIICBOT KOJIIPHOI MO/ BUKOPHCTAEMO iaei, onucadi B [5],
TOOTO OIIIHUMO JOUUTBHICT 3aMiHM 3HA4YeHb KOMIOHEHTIB Rjj pizaumsaMu Rij-Gij abo Rj-Bjj, 3nauens Gij
pizaumsiMu Gij-Rij a6o Gij-Bij Ta 3Hauens Bjj pisnunsimu Bij-Rjj a60 Bjj-Gij. Cepen MoKIMBHX 1I€CTH TAKUX
3aMiH HeoOXiqHO BMOpaTH Ti ABi, AKi MAKCMMA/ILHO 3MEHIIATh TOBKHHY eHTpomiiiHoro xoay (3)
Pi3HHUB SICKPaBOCTeli 3 aHAJTOTIYHUMH SICKPABOCTSIMH MONEPEIHBOI0 MiKcena.

3amuinemMo JAOCHiKyBaHi TOBKUHHA SHTPOIIIHHUX KOMIB y BUTIISII MATpHIIi aHami3y A:

At 2 LOR)  LO(R-6)) L(o(R-B):
A=fap &y ap.=c¢L(D(G-R)) L(D(G)) L(D(G-B)):, 4)
gazo ay a»5 §L(D(B-R)) L(D(B-G)) L(D(B)) :
ne L — eHpomiiiHa goBkuHA KoIy, obumciena 3a (3), a D — pi3HuIi sSCKpaBOCTEH KOKHOTO MiKcena 3

AQHAJIOTIYHUMH SICKPABOCTSAMH IOIEPEIHBOTO MiKceaa. BpaxoByrouu (3), HEBaXKKO MEPECBIAYMTHUCH, IO
Apn = &y, TOOTO mus (GopMyBaHHsA 1i€l MaTpUlli HEOOXiIHO OOYMCIUTU 3HAYEHHS JIMIIE ILIECTH

eneMeHTIB. Hexali y Mexxax KOXHOTO mikcena komrmoHeHTa R mae inpekc 0, G — 1, B — 2. Baunmo, mo
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pi3HHUIIEBA KOJNipHA MOJIC/Ib BU3HAYAETHCS JIBOMA HENIarOHAJIBHUMHU €JIEMEHTAMH Pi3HMX PAKIB MaTpPHUIl
A, sKi cepe]l eJIeMEHTIB, MCHIIUX 3a JiarOHaJbHI CJIEMEHTH CBOIX PsJAKIB, CyMapHO HaHOUIbIIE BiJ HHX
BIIXWISIFOTBCS  (320€3MeUy0Th MaKCHMallbHI 3MEHIICHHS JOBKHH CHTPOMIMHUX KOMIB). Y BHIAIKY
HAsIBHOCTI TaKUX EJIEMEHTIB 1HJIEKC psjKa KOKHOTO 3 HUX BH3HA4Ya€ 3MCHINYBaHY KOMIIOHEHTY, a iH/eKC
CTOBILS — KOMIIOHEHTY, IO BiJ Hel BigHiMaeTbes. Hanpuknazn, BuOip eneMeHTa ai2 BKasye, IO B
aNbTEPHATHBHIN KOJIPHIN MOeN UTS KOXKHOTO ITiKcena 300payKeHHsT He00XiIHO 3HaYeHHsI KOMITIOHEHTH G
3MEHIIIUTH Ha 3HAYCHHS] KOMIIOHEHTH B.

[TokpokoBo anroput™m (HopMyBaHHS Pi3HUIEBOI KOJIPHOI MOAEN 3 LiTMMHU KoedilieHTaMu mepen
CTHCHEHHSM 300paxkeHHs y popmati JPEG npencraBumo Tak:

1. BuszHauuTy AJ1 KOKHOT KOMITOHEHTH KOXKHOT'O ITiKCeNa 300pakKCHHS BiIXUJICHHS BiJl ICKpaBOCTEH
1i€1 caMOl KOMIIOHEHTH TIONIEPEIHBOTO ITIKCea 3J1iBa;

2. O0YnCIUTH JOBXWHU CHTPOMIMHUX KOMIB BiJXWJICHh KOMIIOHEHTIB 1 pI3HHUIL BiIXUIIEHB
KOMIIOHEHTIB Ta 30epert ix y Marpuui aHamizy A (4);

3. 3anectu 3nauenns 0 y sminni ind1l, ind12, ind21 Ta ind22, mo BH3HAYAIOTh MOKJIMBI Pi3HHII
abTepHATUBHOI KoutipHOi Mozeni (ind11 Bka3ye Ha 3MeHIyBaHy KOMIIOHEHTY Iepiioi pi3Hwuili, a ind12 —
Ha KOMITOHEHTY, III0 BiJ Hel BimHiMaeThCst. AHamoriuno, 3MinHi ind21 ta ind22 omucyroTh APYTY Pi3HMIIO
KOJIIpHOT MOJIelTi);

4. BuzHaunuTy B MaTpulli A 1Ba €IEMEHTH, SKi He HaJeKaTh T'OJIOBHIM JiaroHami, HE CHUMETPUYHI
BIJTHOCHO HEi, MEHIIII 3a JiaroOHaIbHI €JISMEHTH CBOIX PSIKIB 1 CyMapHO HAHOUIBIIE BiJl HUX BIIXUISIOTHCS.
SIKIIO Taki eleMEHTH MPHUCYTHI, TO 3aHecTH B 3MmiHHI iNd11l ta ind12 BiamoBigHO HOMEp psaKa Ta HOMEP
CTOBIIIIS TIEPLIOTO 3 [[MX EIEMEHTIB, a B 3MiHHi iNd21 Ta iNd22 — HoMep psijika Ta HOMEP CTOBIILIS APYTOro
TaKOTO €JIEMEHTA,

5. SIkmio 3mavenHs 3minaux iNd11l ta ind22 omnakoBi, TO mepecTaBUTH 3HAUYeHHs 3MiHHUX iNd11l 3
ind21 ta ind12 3 ind22 micigamMu, TOOTO 3MIHUTH Y€PTOBICTh BiHIMAHHS KOMITOHEHTIB KOJIiPHOI MOJIETI.

3p0o3yMiJio, 110 BUKOPHCTOBYBAaTH C(HOPMOBAHY Pi3HMIIEBY KOJIPHY MOJECIb JOLIJIBHO JIKIIIE TOI,
KOJIM MPOTHO30BaHa JIOBXKUHA SHTpomiitHOro Koy (3) pi3HHIb sICKpaBOCTel y 1iit Mozeni Oyle MEHIIOH
Bi/l IPOTHO30BAHOI TOBXKWHU EHTPOMIHOTO KOy Pi3HHUIIb sICKpaBOCTEil y KomipHii monaeni YChCr.

Ane, SIK TIOKa3aJId pe3yJbTaTH EKCIIEPUMEHTIB, OOUYHMCICHHS Pi3HUIb KOMIIOHEHTIB Y PI3HUIEBHX
KOJIIPHUX MOJEINISAX IMPU3BENIO 10 301IbIICHHS Jiana3oHy (po3CiroBaHHS) iX MOXIUBHX 3HA4YEHbB: SIKIIO
3HAYCHHS OKPEMHUX KOMIIOHEHTIB y KojipHiii monmeni RGB nexuts y nmiamasoni [0; 255], To pisHuii
KoMmroHeHTiB (Hampuknan, R-G) moxyTh HaOyBaTH 3HaueHb 3 miamasoHy [-255; 255]. ®opmar JPEG
30epirae 3Ha4YeHHs1 KOMIIOHEHTIB 3aCTOCOBAHOI KOJIIpHOI MOJieNi y ToMy caMoMy aiana3oni. Came Tomy
Opy TPaKTUYHOMY 3aCTOCYBaHHI HABEJICHOTO alTOPUTMY, BpPaxoBYIOUM 8-MH OIiTHY YacTOTy JHCKpe-
TH3AIli1, PI3HMIII KOMIIOHEHTIB JA0Benocs 30impiryBatn Ha 128 i oOMexxyBaTH OTprMMaHi 3Ha4YeHHs (MEHII
3HAUEHHS BiJ HyJs 3aMiHIOBATH HyJeM, a Ouibli 3HadeHHs Bix 255 3aminroBatu Ha 255). Ile, cBoe€ro
4eproro, MpHU3BeNo A0 KapauHaibHOro 30ibmeHHss RMSE (Root-mean-square deviation — cepeanbokBa-
JpaThvHa TOXHUOKa) BIIXWICHb SICKPABOCTEH MIKCEB MOYATKOBOIO BiJl BIATBOPEHOTO 300paKCHHS Ta
3MEHIICHHsSI HEPIBHOMIPHOCTI PO3MOJUTY MPH PO3PaxyHKY Marpuili A i ToMy 10 30i7bIICHHS JOBXWUHH
EHTPOMIIHOTO KOy Ta BiJIMOBH BiJ] 3aCTOCYBaHHS Pi3HHUIIEBOI KOJIPHOI MOJIENI 3 MITUMH KOe(illi€HTaAMHU.

CaMe 1sl YHUKHEHHs 30UTbIICHHs jiana3oHy (pO3CiFOBaHHS) MOMIIMBHUX 3HAUCHb KOMIIOHEHTIB
pi3HHIIEBOI KONIpHOI MojeNi HaMu OyB pO3pOOJICHHI aJTOPUTM BHOOPY PI3HHUIIEBOI KONIPHOI Mopeni 3
HAIIBIIITMMA KOe(illieHTaMH, SIKUM ONTMUCAHO Y HACTYIHIM YaCTHHI CTATTI.

AJropuT™M BUOOPY pizHUIIEBOI KOJTipHOI MoJei 3 HAMIBUIMME KoedinieHTaMu

BpaxoByroun 3a3HaueHe BHIIE Ta MOCIIIOBHICTh ONpalfoBanHs nanux y gopmarti JPEG, npuxoanmo
JI0 BUCHOBKY, III0 aJbTepHATUBHUMH 110 KomipHOi mozeni YCDCr MoxyTh OyTH Taki pi3HHIIEBI KOJipHi
MOJIeN 3 HaITiBIUTUMH Koedilli€eHTaMu:

1. R, (G-R)/2+128, (B-R)/2+128:; 2. R, (G-R)/2+128, (B-G)/2+128;
3. R, (G-B)/2+128, (B-R)/2+128; 4. (R-G)/2+128, G, (B-G)/2+128;
5. (R-G)/2+128, G, (B-R)/2+128; 6. (R-B)/2+128, G,(B-G)/2+128;
7. (R-B)/2+128, (G-R)/2+128, B; 8. (R-G)/2+128, (G-B)/2+128, B;

9. (R-B)/2+128, (G-B)/2+128, B.
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[lepeTBOpeHi SICKpaBOCTI KOMIIOHEHTIB MIKCEJiB TAaKUX MOJENEeH 3 HamiBUUIMMH KoedilieHTaMu
pO3paxoBYIOThCs MiBUAIIE Bif KomipHoi Mozeni YCDCr, ockinbké mpu iX po3paxyHKy He MOTPiOHO
BUKOHYBATH 3a0KPYTJICHHS Ta omeparii 3 JIHCHUMH YHCIIaMy, a JOCTaTHBO 3aCTOCYBATH JIMIIE TTOOITOBHHA
3CyB BOpaBo Ha oauH 0iT. ToMy X 1 JeKOAyBaHHS 300pakeHb 3 LHUX MOAEIEH TeX Oyne BUKOHYBATHUCS
mBHIE Bix gexomysanus 3 YChCr.

s ¢hopMyBaHHS albTEPHATHBHOI PI3HUIEBOI KOMIPHOI MOIENI 3 HAMIBILIMMHU KoedilieHTaMH,
AHAJIOTIYHO IO TIONIEPEeTHBOTO AalTOPUTMY, OIIHUMO JONUIBHICTh 3aMiHUM 3HAa4eHb KOMIIOHEHTIB Rjj
HamiBpisHUISIMU  Rjj-Gij ab6o Rjj-Bij, 3Hauenp Gj namiBpizaumsamu Gj-Rjj abo Gj-Bjj Ta 3HavyeHp Bjj
HamiBpi3HUIIMU Bjj-Rjj a60 Bjj-Gjj. Cepea Mo:kIMBHMX IIeCTH TaKUX 3aMiH HeoOXiqHO BHMOpaTH Ti ABI,
SIKi MAKCHMAJILHO 3MeHIIATh TOBKUHY eHTpomiiiHoro koay (3) pi3HHIb MepeTBOPEHHX ICKPABOCTEM
3 AaHAJIOTIYHUMM MePeTBOPEHNUMH SICKPABOCTSMH NMONEPEeTHbOTr0 MiKcesIa, K B arOpUTMI MOTEPEAHbOT
YaCTHHU CTATTi.

3acTocyBaHHS HAMIBPI3HHUIb 3aMICTh PI3HUIL KOMIIOHEHTIB HE NPU3BOAUTH 10 30UIBIICHHS
Jliarma3oHy MOXKIIMBUX 3HAYeHbh KOMITOHEHTIB Pi3HHIIEBOI KOJIPHOI MOJENI i, SK HACTIJIOK, IO 301IbIIEHHS
JIOBXKWHU EHTPOMIHOrO KOAy. 3BHUYAlHO, HAIMIBPI3HUIII HETaTHMBHO BIUMBaloTh Ha RMSE, ockinbku
3a0KPYTJIIOIOTh HEMapHi BIIXWJICHHS JO HaHOMMKYMX TApHUX, ale, sK [OKa3ald pe3yJbTaTH
eKCIepUMEHTIB, Taki BTpaTu npuitHatHi s popmary JPEG.

Y HacTynHid YaCTHHI CTAaTTI MU TaKOX JOCIIAMINA MOMJIMBOCTI 3aMiHM BEIyd4oi KOMIIOHEHTH
HaMiBCYMOIO KOMIIOHEHTIB. 3pO3yMiJio, IO Cepel [BOX HAMIBCYM [UIsl BH3HAUYEHUX HAaIiBPi3HHULb
HEoOXiZHO oOupaTH Ty, fKa Yy pa3i CBOr0 3aCTOCYBAaHHS IPOTHO30BaHO 3a0e3leyye MEHIIY AOBXKHUHY
EHTPOIIHHOTO KONy BiJIXWJIEHb MEPETBOPEHHUX SICKPABOCTEH MIKCETIB 3 aHAJOTIYHUMH TEPETBOPEHHUMU

SICKPAaBOCTSIMH TIOTIEPEAHIX MiKCEIiB.

Pe3yabTaTn exciepuMeHTiB

[IpoananizyemMo pe3ynbTaTH POOOTH PO3IISIHYTHX alrOpUTMiB Ha BOCbMHU (aitnax 24-0iTHHX
300pakeHs ctangapTHoro Habopy ACT. XapakrepucTuku 1ux (aiiais HaBegeno y tabm. 1 ( % yHikaapHHX
KOJIbOPIiB — II¢ BiJHOIICHHS KITBKOCTI pi3HHX (YHIKQIBHHX) KOJBOPIB MIKCEiB JO 3arajibHOi KiTbKOCTI
mikceniB 300paxkenns) 3 [5]. 3aBamraxkmtu TIFF-Bepcii mmx 300pakeHb MOXKHA, HAIPHUKIAL, 3
http://www.compression.ru/arctest/act/act-tif.htm.

Tabnuys 1
XapakTepucTHKA 300paxeHb Haoopy ACT
. . - =
NV'_ Haspa daiina Po3swmip, P(’)3M1p'1/1, /OyHlKaJH:..HI/IX Buxopucranss OcobmmBocTi

daiina K6 TiKCeNiB KOJIbOPiB crexrpa, %

1 |Cleggbmp | 2101 | 814 x 880 17,83 0,76 CuiTesopasie, 3 LIyMasH,
JCK1UJIbKa BECJIMKHUX 00’ €eKTIB

2 Frymire.bmp | 3622 | 1118 x 1105 0,29 0,02 CH,HT%OBaHe’ O BETTHICHH
00’€eKT
D . .

3 Lena.bmp 769 | 512 x 512 56,56 0,88 OTOPSAICTIITHE, JeklibKa
BEJIMKUX 00 EKTIB

4 Monarch.bmp| 1153 | 768 x 512 19,99 0,47 (PoTOpCANICTI'INE, OMH BeNHKHi
i 6araTo Manux 00’ €KTIB

5 Peppers.bmp 769 512 x 512 42,47 0,66 (DOTOpeamC,T qu.{e' AeKlIbRa
BEJIMKHUX 00’ €KTIB

. ) i

6 Sail.bmp 1153 | 768 x 512 19,26 0,45 OTOpCATICTHHHE, BaraTo
cepenHix 00’ eKTiB

7 |Serrano.bmp | 1464 | 629 x 794 0,26 0,01 CuRTesORaie, OH BeMKIH
(bparMeHTOBaHUI 00’ €KT

8 Tulips.omp | 1153 | 768 x 512 30,07 0,70 DoTOpeAICTIIe, ACKIIbKA
BEJIMKHUX 00’ €KTIB
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Lleit HaGip micTuTh sik cunTe3oBaHi (Ne 1, 2, 7), Tak i poropeanictuysi (pemira) 300paxents. Bubip
came I1bOr0 TECTOBOTO Ha0Opy 3yMOBJICHUH Pi3HOIJIAHOBICTIO HOT0 300payKeHb Ta HASIBHICTIO Y BIIKPUTUX
JoKepesiax pe3yJIbTaTiB TeCTYBaHb HA HbOMY aJTOPUTMIB 1HIIUX JAOCIiTHUKIB.

Hns peamizanii kommpecii 300paxens 3 ¢opmary BMP y cranmaprtauit dopmar JPEG Ta
nexomrpecii orpumanux JPEG-gaiinis y popmatr BMP Hamu Oyiio BUKOpHCTaHO BUXiIHI TEKCTH MPOTpam
3 CD mo [2], B skuX H0AaTKOBO OyJIO peali3oBaHO BH3HAYEHHs TPHBAJIOCTI KOTyBaHHsI/IEKOMIyBaHHS Ta
BigxmwieHHs RMSE nouaTkoBux Bin nekogoBanux BMP-garimis.

Momudikamii y ¢popmar JPEG HaMu BHOCHIIMCS B YaCTHHI NEpEXOy 10 aIbTEPHATUBHUX KONIPHHX
MoJienieil 13 MTMMH Ta HAMIBIUTUMH KoeillieHTaMH Ta 3BOPOTHOTO IMOBEPHEHHs Bl HUX JO KOJIPHOI
mogeni RGB. V mux moaudikamnisx 0yno peanizoBaHO alropuTMu GOpMYBaHHS Il KOKHOTO 300payKeHHS
TaKUX KOJIIPHUX MOJICIICH:

1. PizauIieBa KomipHa MOJENb i3 miauMu koeditientamu (Kozipna moodens 1).

2. PizunieBa KoJIipHa MOJIEINb 13 HECYUO KOMIIOHEHTOIO Ta HamiBHiaMMu koedimienramu (Koripna
mooenn 2).

3. PiznuumeBa koyipHa MOIeNb 3
koedimiearamu (Konipna modens 3).

OTxe, MpoaHaNi3yeMO pe3yNbTaTH CTHCHEHHsS 300paxkenb Habopy ACT 3 BHUKOpDHCTaHHAM Yy

HECYYOI HAMiBCYMOIK) KOMIIOHCHTIB Ta HaIMiBIIUJIAMHU

MoaupikoBanomy ¢opmari JPEG 1ux pisHHIIEBUX KOJTIPHUX MOJENICH Ta BUSHAYUMOCS 3 MEPCHCKTUBAMU
ix 3acTocyBaHHs. Po3paxoBaHi pi3HHUIIEBI KOJIPHI MOJENi HaBeAeHO y Taom. 2, RMSE BimxuiieHb BXiTHHX
300paxkeHb y ¢opmari BMP Big 3akonoBanux y cranmaptHuid ym MomudikoBanuii gopmar JPEG i
pO3KOZOBaHUX Hazax 300paxens y BMP-hopmar nogano y Taba. 3, KC naBegeno y Tabm. 4, yac
KOAyBaHHS — y TabI. 5, a yac nexoxyBaHHS — y Ta0mI. 6.

Tabauys 2

BapianTu pizHuLeBHX KOJIpHUX MoJeJeii 1J1sl CTHCHeHHs 300paskeHb Hadopy ACT
y moaugixosanomy popmati JPEG

Ne ¢aitna KoumipHa mozens 1 Komnipna monens 2 Komnipna monens 3
1 B, G, B 3 moBepuenusm mo YCbCr R, (G-R)/2, (B-R)/2 (B+R)/2, (G-R)/2, (B-R)/2
2 B, R-B+128, G-B+128 B, (R-B)/2, (G-B)/2 (R+B)/2, (G-B)/2, (R-B)/2
3 R, B-G, G-R 3 moBepuenusm o YChCr R, (B-G)/2, (G-R)/2 (G+R)/2, (B-G)/2, (G-R)/2
4 R, G-B, B-R R, (G-B)/2, (B-R)/2 (B+R)/2, (G-B)/2, (B-R)/2
3 moBepHeHHsAM 10 YCbCr 3 noBepHeHHsaM 10 YChCr |3 moBepuenusm g0 YChCr
5 R, B-G, G-R R, (B-G)/2, (G-R)/2 (G+R)/2, (B-G)/2, (G-R)/2
3 nmoBepHeHHsM 10 Y ChCr 3 noBepHeHHsM 710 YCOCr | 3 moBepuennsm g0 Y ChCr
6 G, R-G, B-G 3 nosepuennsm o YChCr G, (R-G)/2, (B-G)/2 (B+G)/2, (R-G)/2, (B-G)/2
7 B, R-G+128, G-B+128 B, (R-G)/2, (G-B)/2 (G+B)/2, (R-G)/2, (G-B)/2
8 R, B-G, G-R 3 noepuennsm 1o YChCr R, (B-G)/2, (G-R)/2 (G+R)/2, (B-G)/2, (G-R)/2

Tabnuys 3

RMSE ¢aiinis 306pa:kens Hadopy ACT micis kommpecii Ta nexommnpecii y crangapTHui
Ta moaudikoBanuii popmar JPEG 3 BukopucTaHHsIM pi3HUX KOJIpHUX MoeIeild

Ne ¢paiina YCbCr Komipaa momens 1 Komipaa monerns 2 Komipaa monens 3
1 3,84 3,84 4,36 4,06
2 3,20 59,83 3,51 3,43
3 3,35 3,35 4,19 3,56
4 1,96 1,96 1,96 1,96
5 2,19 2,19 2,19 2,19
6 2,48 2,48 2,60 2,55
7 3,26 46,56 4,35 3,59
8 2,17 2,17 2,68 2,31
Cepenne RMSE 2,81 15,30 3,23 2,96
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baunMo, 1m0 HaBiTE y Tpoleci poO3paxyHKY pI3HHIEBUX KONIPHUX MOJENed i3 IUINMH
koediientamu (Kozripna moodens 1) ans (GOTOpeamiCTUUHHX 1 OKPEMHX CHHTE30BaHHX 300pakeHb
JIOBEJIOCS BIIMOBHTHCS BiJ iX 3aCTOCYBaHHS, OCKiJIBKH IPOTHO30BaHa JOBKHHA eHTporiiHoro komy (3)
HaBiTh y HaWKpamii 3 Takux Mojeleil BHABMIACA OUIBIION, HiK y KomipHii momemi YCDbCr. Take
30UIBIICHHS TOBKHHU CHTPOIIHHOIO KOy, SIK BXKE 3a3HA4ajocs, Bi0ya0cs dyepe3 301IbIICHHS /liara3oHy

(po3ciroBaHHS) MOXKIJIMBUX 3HAYEHD PI3HHUIIL KOMIIOHEHTIB.
Tabauys 4

Koediuient crucHenns ¢aiiniB 306paxens Hadopy ACT y crangapTHOMYy
Ta MmoaudikoBanomy gopmati JPEG i3 BukopucTaHHaM pizHuX KoJgipHux Moaeneii, %o

Ne (paiina YCbCr Komipaa monens 1 Komipaa monens 2 Komipaa monens 3
1 34,27 34,27 35,13 34,94
2 28,35 30,15 27,39 27,66
3 17,56 17,56 16,78 16,91
4 14,14 14,14 14,14 14,14
5 15,47 15,47 15,47 15,47
6 20,29 20,29 20,03 20,03
7 25,07 29,30 23,22 24,59
8 17,69 17,69 16,91 17,26
Cepenniii KC 21,61 22,36 21,13 21,38
Tabauys 5

Yac xkonyBaHHs (aiiiiB 300paxkens Haoopy ACT y cTtanaapTHuii
Ta moaudikoBanuii popmat JPEG 3 BUKopHCTaHHIM Pi3HUX KOJIPHUX MojeJiel, C

Ne ¢aitna YChbCr Komnipna monens 1 Komnipna monens 2 Komipra monens 3
1 1,14 1,33 1,41 1,42
2 2,03 2,22 2,17 2,22
3 0,36 0,42 0,42 0,44
4 0,52 0,59 0,59 0,61
5 0,34 0,42 0,41 0,42
6 0,56 0,66 0,63 0,67
7 0,75 0,92 0,84 0,89
8 0,55 0,69 0,63 0,64
Cepenniii yac 0,78 0,91 0,89 0,91
Tabnuys 6

Yac nexonyBaHHs (aiijaiB 300paxkenns Hatopy ACT i3 crangapTHOro
Ta MmoaudikoBanoro popmary JPEG 3 BUKOpHUCTAHHSAM Pi3HUX KOJIpHUX MoJaeeii, C

Ne ¢aitna YChbCr Komnipna mogens 1 Komnipna monens 2 Komipra monens 3
1 0,99 1,00 0,97 0,98
2 1,59 1,66 1,53 1,56
3 0,28 0,28 0,27 0,27
4 0,39 0,39 0,39 0,39
5 0,27 0,27 0,28 0,27
6 0,44 0,44 0,47 0,42
7 0,61 0,64 0,56 0,59
8 0,44 0,41 0,44 0,44
Cepenniii yac 0,63 0,64 0,61 0,62

Jns cuHTEe30BaHMX 300pakeHph Ne 2, 7 MpOTrHO30BaHa JIOBKWHA €HTPOIIHHOIO KOAY B ajbTepHA-
THBHIN KOJIpHIA MOJei 3 IUITMMH KoedillieHTaMHi BHSBUIIACS MEHIIOK0, HIK y KomipHiit mogeni YCDbCr,
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ajle BHACIIIIOK BiJICIKaHH MM Yac KOJyBaHHS 3HAa4eHb pi3HHIb aiana3ony [-127; 383] mo momyctimoro
miammazony [0; 255] 3HawyeHHsS sSCKpPaBOCTEH KOMIIOHEHTIB 3a3HAIM CYTTEBHUX 3MiH, K, HANpPUKIa[, Ha
puc. 1, 6 (cnoTBOpEeHHsI Ha paMmili i Ha IIO1Ii), 10 TPU3BEJIO A0 cyTTeBOro 3poctands RMSE (muB. nani Tabi. 3)
i HeraTuBHO To3HaumsIocst Ha KC (nuB. Tabs. 4).

Uac komyBanHs aiisi 300paxenb Ne 2, 7 mpu BUKOPUCTaHHI allbTEPHATUBHHUX KOJIPHUX MOJEINEH 3
M koedimientamu y cepeqHbpomy 3pic Ha 17 %, mo moB's3aHO 3 PO3PaxyHKOM IapaMeTpiB IUX

MoJIeNieit, a IeKofyBaHHs — y cepeqaboMy Ha 9,5 % BHacHinoK 30iIbIICHAS PO3MIPIB CTHCHYTHX (aiiiB.

Hageneni pesyiabTaTé cBigyaTh, O pi3HUIEBI KoJgipHi Mogedai 3 uiimMu koedinieHTamMu
HEIOUILHO 3aCTOCOBYBATH /IJIsi CTHCHEHHsI 300pakeHb i3 BTpatamm y ¢opmarti JPEG, ockinbku
BiicikaHHAl 3HaYeHb $SICKPABOCTeH INepeTBOPEHHUX KOMIIOHEHTIB MNPU3BOAUTL A0 CYTTEBOIO
noripuieHHs sikocTi 300paxeHb i He 3MeHTye KC Ta yac koxyBaHHsI/1eKOTyBaHHS.

Puc. 1. 3minu ackpasocmeil nixkcenie 306padicenns Serrano.bmp (a) enacniook sacmocysanms pisHuyesux KOIPHUX
mooenetl 3 yinumu xoegiyienmamu (0) ma nanieyirumu Koegiyicnmamu ma Hecy4oo KOMnoHeHmoio (8)

BukonaeMo Temep aHaNOriYHMI aHaNi3 pe3yJbTaTiB 3aCTOCYBaHHS 3allPONIOHOBAHMX Y HONEpEeAHiN
YacTUHI CTATTi aIrOPUTMiB (OPMYBAaHHS Ta MEPEXOAY OO PI3HULEBHUX KOJNIPHUX MOJENEH 13 HalliBUUIUMHU
koedinienTamu B MoaugikoBanomy gopmarti JPEG.

Sk cBiguath naHi Tabi. 2, y mpoueci po3paxyHKy Pi3HHLEBUX KOJIpPHUX MOJENeH 13 HamiBLiTHMHU
KoeQillieHTaMl SIK A7l CHHTE30BaHHX, Tak i i Oinbiocti (60 %) doropeamicTHaHUX 300pakeHb
NPOrHO30BaHa JIOBXHMHA iX eHTpormiitHoro koay (3) B anbTepHATHBHIM KOJIpHiA Momeni BUSBHIACS
MEHIIoW, HiK y KomipHiii momeni YCbCr. Taki momeni He 30UTbIIyIOTh iama3oH (pO3CiOBaHHS)
MOYKJIMBUX 3HAY€Hb KOMITOHEHTIB i TOMY B NPHHIHMII MOKYTh 3MEHIINTH eHtporrito (1), mo cTBOproe
HEePCIEKTHBY [UIs 1X 3acTocyBanHs (puc. 1B).

Pi3nuiieBi KoJipHI MOAENI 3 HAMIBIIMMU KoedilliEHTaMU B CepeHboMY 3a0e3neuyroTh kpamii KC
Ha 0,23-0,48 %, xoua ¥ mnoripmyots RMSE na 0,15-0,42 oaunmimi sckpaBocti. BoHu xowa U y
CepeIHbOMY CHOBUIBHIOWTH KoayBanHs Ha 0,11-0,13 ¢, 3are npuckoprotots nexkomyBanus Ha 0,01-0,02 c.
(3 %). Pi3uuIi KOMIIOHEHTIB y Pi3HHUIEBUX KOMIPHUX MOAESAX i3 IIIMMH 1 HAMBIIAME KoedillieHTaMu
30epiraloThCs, TOMY BHM3HAYaTH TakKi pI3HUII MOXKHA IIBUAIIC, SK JJIA aIrOPUTMy 3 ILIUIUMH
koedimiearamu. PisHuIIEB] KOIIPHI MOJEII 3 HECYYOI0 HAMiBCYMOIO KOMIOHEHTIB (Konipna moodens 3) y
cepeHbOMY 3a0e3MevyroTh Kpally SKICTh BiaTBOpeHoro 3o00paxeHHs (Menmi RMSE) Bin pisnuieBux
KOJIIPHUX MOJEJeH 3 Hecy4oro KoMmmoHeHTow (Konipha modens 2), 3ate mpusBoAsATh a0 Oimpmux KC i
CTOBUIBHIOIOTH JIEKOTyBaHHS.

Orxe, anst 3a0e3neueHHs Kpamiol SKOCTI BIATBOPEHOTO 300paKeHHS JIOIJIBHO 3aCTOCOBYBATH
PI3HHIIEBI KOJIIpHI MOJENI i3 HaMiBUIIMMH KOCS(II[IEHTaMH Ta HECYYOI0 HAMBCYMOK, a JJIS KpaIloro
CTHUCHEHHS 1 IIBHIIIOIO JEKOAYBAaHHS — PI3HUICBI KOJIPHI MOZAEHI 3 HamiBIUIMMU Koe(illieHTaMH Ta
HECYYOH0 KOMIIOHEHTOIO.
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BucHoOBKY i mepcneKTUBH MOJAJBIIUX T0CTI/IKEHD

VY mporueci TOCTIIKEHHST MOKITMBOCTEH 3MEHIICHHS PO3MIPIiB CTHCHYTHUX 300pa’keHb Ta MPHUCKO-
PeHHs AeKoAyBaHHs B MonudikoBanomy ¢dopmati JPEG 3aBasiku BUKOPUCTAHHIO 3aMiCTh KOJIIpHOT MoAeni
YCDbCr anbrepHaTHBHUX PI3HUIEBUX KOJIPHUX MOJEICH K 3 IIJTMMH, TaK 1 3 HAIMIBILIMMHU Koe(pillieHTaMK
BCTaHOBIICHO, IIIO:

1. TunoBe ctucHeHHs 300paxeHb y rpadidaux (opmarax HaiuacTille CKIagaeTbcs 3 TPbOX
MOCHIIOBHUX JIOCTaTHHO HE3aJEKHHX ETaliB. MEepexony I0 albTePHATHBHOTO IOJAHHS 300paXKeHHS
(BimoOpaskeHHsT), 3aCTOCYBaHHS KOHTEKCTHO-3QJIOKHOTO airOpPUTMY MJIs 3MEHIICHHS MDKEIEeMEHTHOI
HAJJTUIIKOBOCTI Ta MOEJIEMEHTHOTO KOYBaHHS OTPUMAHUX JaHUX IS JIKBiJAIil KOJTOBOI HAJIUIIIKOBOCTI.
OpHuM 13 croco6iB miABUIIEHHS €()EeKTUBHOCTI CTUCHEHHS TPUKOMIIOHEHTHHX 300pakeHb 13 BTpaTaMu €
BUOIp ONHIET 3 ANBTEPHATUBHUX KOJNIPHUX MOJENEH Ui KOXHOTO 300paKeHHS, sIKa TepepO3MOAiUTh
eHepriro 300paxkeHHs (BUKOHAE MIXXKOMIIOHEHTHY JEKOPEISIii0) ad0 MiABHUIINAT PiBEHb HAJTHIIIKOBOCTI
JUTST KOHTEKCTHO-3JIE)KHOTO UM KOHTEKCTHO-HE3aJIeKHOTO ATOPHUTMIB, IO 3aCTOCOBYIOTHCS B 0OpaHOMY
rpagiunomy opmarti.

2. He icHye yHiBepcanbHOi KONIpHOI MoJeNi, sKa JO03BOJMIAa O ONTUMAIbHO BHKOHATH
MIXXKOMIIOHEHTHY JCKOPEIAIil0 JJs BCiX THIB 300paxkeHb. HaBiTh s 300paykeHb OIHOTO THITY
ONTHMAIIBHUMHE (B CEHCI IEKOPEJIALIT) MOXKYTh BUSBUTHUCS Pi3HI KOJTIPHI MOJIETI.

3. V rpadiunux ¢opmarax A7 CTUCHEHHS OKPEMHX 300pakeHb 3aMiCTh KOJIPHHUX MoOJeNei 3
IiACHUMHM Koe(illieHTaMM JOLJIbHO BHKOPHUCTOBYBAaTH PI3HMIIEBI KOJIpHI MOJAET 3 LIJIMMH YH
HamiBIUIMMHA Koe(ilieHTaMH, SKIIO BOHM mporHo3oBaHo 3MeHIIyroTh KC. Taki xomipHi Mojenmi B
CepeIHbOMY MPUCKOPIOIOTH JeKoyBaHHs Ha 3 %.

4. Jlns cTUCHEHHS 300pakeHb 0€3 BTpaT BapTO 3aCTOCOBYBATH Pi3HHUIIEBI KOJIPHI MOJEINI 3 HiNUMHU
koedimiearamu [5], a pu KoMmpecii 300pakeHb 3 BTpaTaMy — Pi3HHUIIEBI KOJIpHI MOJAETI 3 HAIiBIUIAMH
Koeilli€eHTaMH.

5. ¥ nmpomeci BuOOpY pi3HMIEBOI KOMIpHOT MOJEN 3 JACKUIBKOX aJbTePHATUBHUX JOLIIBHO
MiHIMI3yBaTH JOBXHHY EHTPONIHHOTO KOAY MPHUPOCTIB OKPEMHUX KOMIIOHEHTIB, OCKUIBKH MPHUPOCTU
SCKpaBOCTEH OKPEMHUX KOMITOHEHTIB HaiyacTillle BUKOPUCTOBYIOTHCSI KOHTEKCTHO-3aJICKHIM allTOPUTMOM
CTHCHEHHs TrpadiuHoro ¢opmary, a 00 eHTpomil HaOMMKAETbCA EQPEKTHBHICTH HOTO0 KOHTEKCTHO-
HE3JIe)KHOTO AITOPUTMY.

6. Ilpu crucHeHHI 300pakeHb i3 BTpaTaMd KOJIpHI MOZENi 3 HamiBUUIMMK KoediuieHTamMu He
301IBLIYIOTH Jiama3oH MOXKIUBHX 3HaYCHb OKPEMHX KOMITOHEHTIB Ta CYTTEBO HE BIUIMBAIOTH Ha SIKICThH
300pakeHb. Skmo notpidHo MiHiMizyBat RMSE, To Hecydy KOMIIOHEHTY B pi3HHULIEBIH KOMiIpHiM Moaeni
BapTo CcGOpMyBaTH 3 HAMIBCYMH KOMIOHEHTIB. Koiau X HE0OXiIHO MaKCHMaJbHO IPUCKOPUTH
JEKOQYBaHHS, TO HECy4yy KOMIIOHEHTY B PI3HHMLEBIH KOJNIpHIA MOJENi NOUITBHO CPOPMYBATH 3 OIHIET 3
BX1JHUX KOMIIOHEHTIB.

Hapmani, 3 meroro mopmanpmoro 3menmenHs KC Ta mpuUCKOpeHHS OEKOAYBAaHHS B IOIMYJSAPHHX
rpadiuaux Qopmarax, mija 4ac BHOOPY PI3HHUIICBOI KOJIPHOI MOJENI 3 JISKIIbKOX ajdbTePHATHBHUX MU
NPOMOHYEMO BpPAaxOBYBaTH OCOONMBOCTI peami3auiidl SK KOHTEKCTHO-3aJIEKHHX, TaK 1 KOHTEKCTHO-
HE3aJIe)KHUX AITOPUTMIB, peani3oBaHuX y IUX GopMaTax.
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