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CaHKT-lleTepbyprckni rocyaapCTBEHHbIN YHUBEPCUTET ad3pPOKOCMMUYECKOIro NMPUOGOPOCTPOEHMS

lpeactaBieHo paclumpeHHoe UBeToBOE npeobpasoBaHne (Extended YUV), no3Bosisiloljee CyujeCTBEH-
HO yBenIn4YnTb 3(pPEKTUBHOCTb CXHAaTUA KOMIMbIOTEPHbBIX U CUMHTETUYECKUX M306paxXeHuii 6e3 notepb no
CpaBHEHMUIO CO CcTaHAaapTHbIMU npeobpa3oBaHusamu. lpegnaraembiii anropuTtm obsi1agaet MasabiM ypPOB-
Hem cnoxHocTu. OCHOBHbIE UaeN noaxoda NPogeMoHCTPMpoBaHsbl ¢ ncnoabzosaHnem YUV(YCrCb)-npeo6-

pasoBaHusi u KogekoB JPEG-LS u H.264/AVC.

Beenenue

AJIeMeHThI COBPEMEHHBIX CHUCTEM CiKATHUA U300-
paskennit (H.264/AVC [1], JPEG 2000 [2]) opueH-
TUPOBAHBI, 00JIBIIEH YACTHIO, HAa PaboTy ¢ (hoTOopeasIu-
CTUYHBIMU n300pakeHuamu. [Ipu c;kaTum KOMITBIO-
TepHOI rpaduKy ux 3¢hGPEeKTUBHOCTD CUJIBHO ITa1aeT.
ITIBeToBOE IPEOOPaA3OBAHUE ABJISIETCS BAXKHBIM 9JIEMEH-
ToM GoabinmuHCcTBa KomexkoB (JPEG, H.264/AVC,
JPEG 2000 u T. 1.) u mpefHA3HAUEHO /IS YMEHbIIIe-
HUA 3aBUCUMOCTH MEXK,Y KOMIIOHEHTaMU N300paske-
Huda. CrangapTHble Ipeodpa3oBaHUA, HAIIPUMED IIIH-
poko usBectHoe YUV, KpaiiHe IIJI0X0 CIPABJISIOTCS
¢ mo00HO 3amaueii mpu 00paboTKe KOMITLIOTEPHBIX
n300pasKkeHu ¢ IIBETHBIM TeKCTOM, MKOHKaMM, MHO-
TOYMCJI€HHLIMHY I[BETOBBIMY II€PeX0IaMu U T. 1. AB-
TOpaMu MIpejJiaraeTcsA paclliupeHne CTaHZAPTHOT'O
nBeTroBoro mpeobpasoBanus YUV (E-YUV), mo3BoJis-
[oIllee PeIIUTh YKa3aHHYIO IIP00IeMy 1 SHAUNTEIbHO
YBEJIUYUTDH CTEIIeHDb CoKATHUA N300paKeH i Mog00HO-
ro poja.

IIBeTOoBOE TIpeoOpazoBaHUE
B CHCTEMAaX C:KATHA M300paKkeHun

O6miaa cxemMa CHUCTEMbI COKATHA HEIMOJBUMKHBIX
nso0pakeHnil mpeacTaBieHa Ha puc. 1. Kak Buguo
Ha cxeMe, NCXOJHOe N300pasKeHre B CaMOM HavaJjie
momnajgaeT Ha OJIOK IPSAMOTO U8emo8020 npeodbpa3osa-
Hus. ETo ocHOBHOe IpeHA3HAUEHIEe — YMEHBIITUTh
3aBUCUMOCTD MEXKIYy UCXOIHBIMU KOMIOHEeHTaMu R,
G u B, mpeo6pa3oBbIBasg UX B HOBbIE, MeHee 3aBUCH-
MbIe MeXKTy cO00#1 KOMITOHEHTHI (B JaHHOM IIPUMeEpe —
Y, U u V). [lsna Toro 4To0bl HOSICHUTL Ha3HAUYEHUE
IIBETOBOTO ITpe00pa3oBaHusl, Oy IeM IIPeHoIaraTb, YTo
Ha MHOJKeCTBe CXOAHBIX n3oopakenuit RGB 3agano
KaKoe-TO pacipefieeHie BePOSITHOCTH U COOTBET-
CTBEHHO MOJXKET ObITH BEIUMCJIEHA SHTPOIUA TaKOTO
BEPOATHOCTHOTO aHCaMOJid. AHAJOTUYHOE JONYyIIe-
Hue cheyiaeM U 1 MHoxKecTBa YUV. B ugeanbHOM
cJaydae IIBETOBOe IIpeoOpasoBaHMe 00JIagaeT ABYMs
cBoiicTBaMu. Bo-mepBhBIX, ABJIAETCSI B3aUM0OOOpPAT-
HBIM 1 He BHOCUT KaKUX-/1100 NCKaKeHul, T. €. BBI-

B Puc. 1. Cmpykmypa kodexa Heno08UMHbLX U300PAHCEHULL
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JKEHUE > mpeoopa- ) Kozex _> mpeoopa- n300pa-
(RGB) 30BaHHE 30BAHNE JKeHIe
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nosHAeTcAa paBeHcTBo H(RGB) = H(YUYV). Bo-BTO-
PBIX, IJIS HOBBIX KOMIIOHEHT BBHITIOJIHSETCS PABEHCTBO
plyuv) = p(y)p(v)p(v), T. e. HOTy4eHHBIE KOMIIOHEH-
ThI a0COJIIOTHO HesaBucuMbI. OTCI0Ia BEITEKAaeT CBOI-
ctBo HYUV)=H(Y)+ H(U)+ H(V), KoTopoe 00'bsic-
HSET BO3MOKHOCTb KOAMPOBAHNA KOMIIOHEHT He3a-
BHUCHMO APYT OT ApyTa.

J7151 GOJIBIITMHCTBA CYIIIECTBYIOIINX ITBETOBBIX ITpe-
o0paszoBaHU MOXKHO cKas3aTh, uro H(YUV)<H(Y) +
+ H({U)+ H(V), Tak KaK 3aBUCUMOCTDb MEK Y KOMIIO-
HEeHTaMU OCTAETCA, XOTA U MEHbIITe YeM B ICXOJHOM
RGB-npexncrasienun. CieoBaTebHO, JOCTURUIMO
6osee ahheKTUBHOE CIKaTIE N300PAKEHUS B IIEJIOM.
TouHO IPOBEPUTH JaHHOE HEPABEHCTBO He ITPe/ICTaB-
JIseTcs BOBMOYKHBIM, TAK KaK He U3BeCTHBI pacipee-
neunsa Ha RGBuua YUV, u, ciegqoBaTebHO, CYAUTH
0 HAJIWYUU 3aBUCUMOCTEH MeKAy KOMIOHEHTaMU
MOXKHO TOJIbKO Ha KAUeCTBEHHOM YPOBHE.

ITesnro garHOTO paszaesa ObLIO MPEIIOKUTE TAKOE
IIBETOBOE IIpeobpasoBaHIe, KOTOPOE AeJIayio ObI KOMIIO-
HEHTBI « MeHee 3aBUCUMBIMU » , ¥ IIPH 9TOM He IIPUIILIOCH
ObI BHOCUTh 3HAUNTEILHBIX UBMEHEHUH B CYIIIeCTBYIO-
TITHIe CXEeMBI C3KATYA N300pasKeHMI ITPH eT0 ITPUMEeHEeHH.

AddeKT yMeHbIIIeHU I 3aBUCUMOCTEHM MeK Iy KOM-
TOHEHTAMU JOCTUTAETCA 3a CUET BBeIeHUA 00aBOY-
HOM, «UYeTBePTO» KOMIIOHEHTbI, B KOTOPOIi OyIeT Xpa-
HUTBCSA TOIIOJTHUTEIbHAA MHPopMaIus o (poHe n3o6pa-
skeuus. To ecTh MOMBITAEMCSA BBITIOJHUTD CJIEAYIOIIee
paBeHCTBO (CyMMa SHTPOII NI KOMIIOHEHT, OJIyYeH-
HBIX ITOCJIE TPe0OpasoBaHMA, TOJIKHA OBITH TPUOJIN-
3UTEJHLHO PaBHAa B3AMMHOM 9HTPOITNY UCXOIHBIX KOM-
TIOHEeHT):

H(RGB)=H(YUV)=
~H(Y)+HU)+HV )+ HY"UV")<
<H(Y)+HU)+H().

Ha mpakTuke B pealbHBIX CHUCTEMaX CiKATU
(MPEG4, H.264/AVC, JPEG) B KauecTBe OJI0Ka ITPeJ-
BapuTeabHOI 06paboTKu ucmoabdyeresa Y UV (YCbCr)-
mpeobpasoBauue. [loaToMy OHO B3ATO B JaHHOI pa6o-
Te I4J1 O0'bSICHEHUA OCHOBHBIX IIPUHIIUIIOB IpeiJjia-
raemMoro moaxoma.

IIBeTOBBIE TIpEOOpPa30OBaAHUT

I[eemogoe npocmparncmeo peacTaBasaeT coboit
MOJIeJIb IIPeACTaBJIeHUs 1[BeTa, OCHOBAHHYIO Ha KC-
TOJB30BAHUU ITBETOBLIX KOOpAMHAT. I|BeTOBOE IpO-
CTPAHCTBO CTPOUTCS TAaKUM 00pa3oM, UTOOBI 000
BT OBLJI IIPEeICTaBUM TOUKOM , MMEIOITIeli oIrpe/ e e H-
HbI€ KOOPANHATEI, IPUUYEM TaK, YTOOLI OJHOMY HAa0O0-
Py KoopauHAT (1 TOUKE IIPOCTPAHCTBA) COOTBETCTBO-
BaJ oauH 1BeT. KosimuecTBO KOOPAUHAT 3a7jaeT pas-
MEPHOCTH IIPOCTPAHCTBA.

HawubGosnee pacmpocTpaneHHOE TPOCTPAHCTBO —
RGB[3, 4]. 9To TpexmMepHOoe IIBETOBOE ITPOCTPAHCTBO,
rae KasKIbIH IIBET ONMCaH HA0OPOM 13 TPeX KOOPIH-
HAT — KasKAasd U3 HUX OTBeYaeT KOMIIOHEHTe I[BeTa
B pasio:kenuu Ha kpacubiii (R, Red), semeusrii (G,
Green) u cunwnii (B, Blue) iera.

Cy1ecTByeT Macca IBETOBBIX IPOCTPAHCTB pas-
JIMYHOI Pa3MePHOCTU — OT OAHOMEPHBIX, KOTOPbIE
MOTYT OIIMCATh NCKJIIOUNTEIbHO MOHOXPOMHOE 1300-
pakenue (Hanpumep, PAL D/K , PAL B/G), no mre-
CTHU- U JeCATUMEDPHBIX, TAKUX, HAIPUMED, KaK IIPO-
crtpancTBo CMYKLcLm (Cyan, Magenta, Yellow,
blacK, lightCyan, lightMagenta). Bei6op 11BeToBOTO
IIPOCTPAHCTBA OIIPEIeISAETCs 00JIaCThIO IPUMEHEH U

1) neuats 1 momurpadua (CMYK [5], CMYKLcLm,
RGB, PMS, NCS);

2) obpaboTka u pegakTupoBanue (XYZ, HSV[6],
LAB);

3) xpanenue u nepenaua (YUV, YCbCr, YFbFr,
YPbPr [7], YCoCg-R [8], RCT).

IIpocTpaHcTBa BHICOKOM pa3MEPHOCTHU YaIlle BCEero
WCIIOJIB3YIOT AJIs IeYaTu U rmoaurpaduu, a mpocTpaH-
CTBa MaJIOM pa3MePHOCTH — [IJIA XPaHEeHU U Iepeia-
um n300paKeHMI.

I[eemoevim npeobpa3o6aHuem IPUHATO Ha3bIBATh
ypaBHeHHUA nepexonaa us npocrpanctsa RGB (cuura-
eTcsa 6a30BbIM) B KaKoe-JIn0O0 MHOE IIBETOBOE IPO-
CTPAHCTBO.

CyI1eCcTBYIOT pa3InIHbIe YPAaBHEHU IEPEXO/IOB 13
OIHOTO IPOCTPAHCTBA B PYTOE C OIIPEIeIeHHOI 10~
JIell TOUHOCTH, TaK KaK IPOCTPAHCTBA MOTYT HE UMETh
OMHO3HAUYHBIX OTOOpaskeHUU Apyr B apyra. Tak,
K IpumMepy, npoctpancTBo RGB Mo:xHO 0TOOpPa3UThL
BrpocTpaucTBo Y UV 1 00paTHO ¢C HEKOTOPLIMH IIOTe-
pAMu, moayuuB oKoyio 60 1B orHOomeHUS curHas/
my™m B cpenHeM. Hanmpumep, 3HaUeHUA KOMIIOHEHT
RGB=(0,3,3) mocie mpeodpasoBarusa RGB—> YUV —
— RGB npumyT saauenus RGB =(1,2,4).

B nanHOI1 paboTe Hac OyAyT MHTEPECOBATH TOJIBLKO
Te Ipeodpa3oBaHus, KOTOPLIe B OCHOBHOM HCIIOJIb3Y-
I0TCA B aJIropuTMax cikatuda nsobpaskennii (JPEG,
MPEG, H.264/AVC), aumenrno RGB, YUV(YCbCr)
u YCoCg.

HesaBucumMoCTh KOMIIOHEHT U300paskKeHns

YT006bI IOSACHUTD HEOOXOAMMOCTE HMCIIOJIb30BaAHMIA
npoctpancTs Tuna Y UV B 3ajjauax XpaHeHHUs U Iepe-
Iauu n300paskeHunii, cjaeyeT, B IepPBYIO OUuepenb, IIpo-
KOMMEHTHPOBATDh HeJOCTATKY IIPECTABICHNUA 1300-
pakeHwuii B mpoctpaHcTse RGB.

3HaueHUA COCETHUX MUKCeell B IIBETOBOM IIPO-
crpancTBe RGB 00bIUYHO ITOX0KHY 1 CUJIBHO 3aBUCH-
Mbl. [I[pyrumu ciioBaMu, OTHU U Te JKe JeTaIu n300pa-
JKeHUs MIpeACTaBJIeHbl BO BCeX TPeX KOMIIOHEHTAaX,
T. €. BCe NCXOHOe N300paskeHne MOKHO Ha0JII0JaTh
Ha KasKJI0i KOMITOHEHTE B OTAEJIbLHOCTH, KaK, HATIPU-
Mep, Ha puc. 2 (cM. ¢. 3 06,10:KK1). Ec/Iu BEIYNCIUTD
K02((pUIIMEeHTH TOIIapHON B3aNMHOU KOPPEeIAINN
kommoHeHT R, G u B B ogHOM M300paskeHuu, TO OHU
MPUMYT OUeHb O0JbIue 3HaYeHnA (Tabu. 1):

e
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B Tabruya 1. 3nauenus nonaprHoil KOppeaAyuY mexdy

KOMNOHEeHMaMU
KoMIoHeHTBI 3HaueHre B3aMMHOMI KoppeaAanunun
RG 0,9921
RB 0,9637
GB 0,9859
Cymma RGB 2,9417
YCr 0,0902
YCb 0,0546
CrCb 0,8653
Cymma YCrCb 1,0101

B coBpeMeHHBIX aITOPUTMAX CIKATUSI KOAUPOBA-
HUe KOMIIOHEHT ITPOUCXOAUT He3aBUCUMO (T. €. Ipu
CoKATUHU He YUUTBIBAETCS 3aBUCUMOCTD MEXK Ty CUTHA-
aamu). IIpu aToM Hammure BBAUMHOM 3aBUCUMOCTH
Mexay KomnoHeHTaMu (KaK B cayuae RGB) nmpuso-
IUT K YMEHBIIIEHUIO BOSMOKHOU CTEeIleHU CIKaATUA.
IIpu yoanreHuu B3auMO3aBUCUMOCTY MOKET 3HAUM-
TeJIbHO YBEJIUUNTLCA CTENIEHb cokaTuA. CiegoBaTeh-
HO, UeM O0JIbITIe B3auMHAaA 9HTPOIIUA, OT KOTOPOI 13-
0aBJIAIOTCS C IIOMOIIbIO HOBOTO IPpeoOpasoBaHUA, TeM
3HAYNTEJbHEee BBIUTPHIIII IT0 CTEIIEHU CIKATUA HOBBIX
KOMIIOHEHT 10 CPABHEHUIO CO CTAHIaPTHBIMU KOMIIO-
"Heuramu RGB.

YrazaHHadA BHINIEe N30BITOUHOCTh MHGMOPMAIIUU
B KoMnoHeHTax RGB oTpuiiateibHo cKa3bIBaeTCa HA
9 PeKTUBHOCTH C;KAaTUA n300parkenunii. Beaencreue
Yero Ha HaYaJIbHOM 9Talle aJITOPUTMOB CXKATUS IIepe-
BOAAT n3o0pakeHue us npocrpanctea RGB B xpyroe
TIPOCTPAHCTBO, I'/le KOMIIOHEHTHI 60Jiee He3aBUCUMBI
MeK Iy co0Oo1i.

s 7o mesu B KOoAeKaxX MCIOJb3YIOTCS JIU-
HelHbIe IIBETOBbIE€ IIPOCTPAHCTBA, TaKue Kak YUV
(YCbCr), YCoCg u T. 1., OCHOBHBIM CBOIICTBOM KO-
TOPBIX SABJIAETCA cjlabad 3aBUCUMOCTh MEKIY KOM-
TMOHEeHTaMU M MaJieHbKWe 3HaUeHUSI KOPPeaANuu
Mexkay KomnouenTamu. Kak BugHo Ha puc. 3 (cM. ¢. 3
00JI0}KKHU ), KOMIIOHEHTHI, II0JyUYeHHbIe II0CJIe IIPeo0-
pasosauus YCbCr, ABasA0TCS MeHee MH()OPMATUBHBI-
mu (TJIagKuMu ), ueM ucxoausie R, G u B, a B Tadi. 1
MOJKHO YBUIETD, UTO 1 3SHAUEHUI B3aNMHOM ITomap-
HOM KOPPEJAINY JJIA 3TUX KOMIIOHEHT 3HAYUTEJIbHO
MeHbIIIe.

YUYV (YCbCr)-npeoo6pazoBanue

YUV-upeobpasoBanue [9] ucmoab3yercs yxe 10-
CTATOYHO JIOJITO B PA3JIMUHBIX CUCTEMAX , CBABAHHBIX
CO CTATUUYECKUMHU U fTUHAMUYECKUMU N300 paKeH -
mu. C 1950 r. — B cTaHIapTax aHaJOTOBOTO TEJIEBH-
menus NTSC u PAL/SECAM. KomnonenTa Y uze-
aJIbHO TTOAXOMMJIA AJIA mepeladun CUTHAJIA AJIA Tee-
BU30POB, CIIOCOOHBIX 0TOOPAXKATh JIUIITH UePHO-0eJioe
usobpakenue. B 11BeTHOM TeIeBU30pe SOIOJIHUTEb-
Hble curHasbl U 1 V M03BOJIAIN BOCCTAHABIUBATE BCIO
KapTuUHKY B 118eTe. C mpuxomoM nudpoBoit o6padoT-
KU TaHHBIX TpeobpasoBaHue YUV HAIILIO TPpUMeEHe-
HUe B aJITOpPUTMax c:Kartua msobpaxenuit JPEG,

MPEG4, H.264/AVC u B 6ypHO pa3BUBaIOIeMc ce-
rogus muporodopmaraHoM TeseBugeHun (HDTV). Ho
Isi TuPOBBIX CUCTEM 00Jiee KOPPEKTHO MCIOJIb-
30BaThb quckpeTHbIH aHagor YUV, YCbCr co 3Haue-
HUSAMYU KOMIOHEHT, BLIPABHEHHBIMU B AMATIA30HE
[0, 255]. B mauuoit crarbe TepMuHbl YUV u YCbCr
CcMHOHUMMUYHEI. CeromHs Takske ITTPOKO MPUMEHIIOT-
ca anajgoruuusie YUYV 1mBeToBBLIe IpeoOpa3oBaHud,
rakue Kak YFbFr u YCoCg. 9Tu npeobpasoBaHus
VMEIOT TY K€ CMBICJIOBYIO HATPY3KY, HO B OTJIMYUE OT
YUYV He umeioT oImub0K OKPYTJICHUA, TaK KaK pado-
TaIOT C IeJIOUNCICHHBIMU Koa(duiimeHTamu (I1o1poo-
Hee PaCCMOTPUM Jajiee).

B upocrpanctee YUV (YCbCr)-KOMITOHEHTHI LUMe-
IOT caenyoinue o0o3HaueHuA: Y — APKOCTHAA KOM-
HOHEeHTa (XapaKTepUCTUKA OCBEIeHHOCTH TOuKn); U,
V (Cr, Cb) — 11BeTOpa3HOCTHBIE KOMIOHEHTHI (chro-
minance).

IIpsamoe npeo6pasoBanme u3 RGB B YCbCr:

Y =0,299R + 0,587G + 0,114B;

Cb =-0,168736R — 0,331264G + 0,5B + 128;
Cr=0,5R - 0,418688G — 0,081312B + 128.
Oo6parHoe npeodpasosanue u3 YCbCr 8 RGB:

R =Y + 1,402(Cr — 128);
G=Y -0,7141(Cr — 128) — 0,34414(Cb — 128);
B=Y +1,772(Cb — 128).

OcHoBHFIE TPOGJIEMBI CYIIECTBYIOIIUX
JIWHEHHBIX I[BETOBHIX IMTPeodpa3oBaHUil

IIpeo6pasoBaune YCrCb B cpeHeM JaeT X0OpoIiie
pes3yJbTaThI IIPU PABJIOKEHUN (OTOPEATUCTUYHBIX
n300pakeHN Ha KOMIIOHEHTHI, T. €. IIoJydaeMble Ha
BBIXOZle KOMIOHEHTHI Ha KOJeKaX MMEeIOT BhICOKUI
Koo durmenT c;xaTusa. Ho Ha CHHTETHUYECKUX 1 KOM-
TIBIOTEPHBIX N300PaAKeHUIX, COIEPIKAIIUX ITBETHO
TEeKCT, Pa3HOI[BETHbIE UKOHKMN U T. II., KOASPPUITUEHT
CyKaTHUs NafaeT CUIbHee, YeM MOKHO OBbLJIO 0OXKUIATh,
TaK KaK B OCHOBHOM B TaKMX M300paKeHUSIX NMeeT-
csA MeHbIlee KOJIMYECTBO JeTaJeit, ueM B (poTom300-
pakeHUuAX. B 1efiCTBUTEIBHOCTH €CJIT PACCMOTPETD
KommoHeHTHI Y CrCb oT TaKOTro CHHTETUYeCKOT'0 1300-
paskeHu’s, TO MOKHO HATJISAIHO HAOJII0AaTh OOJIBIITYIO
U30BITOYHOCTE UH(POPMAIIUN.

BosbmeMm, HamrpuMmep (puc. 4, a) 60JIbIITI0e KoJmye-
CTBO IIBETHOTO TE€KCTa. Bech 9TOT TEKCT MOYKHO CBO-
00IHO IPOUUTATE Ha BceX TpexX KommoHeHTax Y CrCb
(puc. 4, 6—2), uTo, KaK TOBOPUJIOCH paHee, ABJIIET-
cs IPUBHAKOM CUJIbHOM M30BITOYHOCTH.

B paboTe npemaraercsa HeKoTopasa MOTUMDUKAIIAS
aJITOPUTMa IpeaBapUTeIbHOM 00pab0TK M, pacIiupe-
Hre YUV (YCrCb)-mpeoopasoBanusd (Extended YUV,
E-YUYV), KoTopoe mOMO:KeT 136aBUTHCA OT TOJZO0HOH
M36BITOYHOCTY ¥ TAKUM 00Pa30M ITOBBLICUTE 3(hdex-
THUBHOCTH PaboThI KOJEKOB.
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000015| At 1:00 a.m., we trekked to an office that had a PowerPC p.

2)

B Puc. 4. I[gemnoii mexcm: a — ucxo0Hoe usobpaxcenue; b — komnonenma Y; 8, 2 — xomnonenmsot Cr u Cb coomeem-

CMBEeHHO

Pacmupenue YUV: E-YUV

Ecu BHUMATEIBHO IIOCMOTPETH Ha Tpeodpa3oBaHme
YCbCr, To MOYXHO 3aMETUTb CJICAYIOIINI (PAKT: CyIIe-
CTBYIOT JBE€ TOUKU — HA60P /i uepHoro rieta (RGB =
= 0, 0, 0) u mabop axasa 6esoro nsera (RGB = 255,
255, 255), AJiA KOTOPBIX MOYKHO OJHO3HAYHO OIIpe-
neauts mo ogaomy Habopy YCbCr (uepusbiit YCbCr =
=0, 0, 0 u Geswrit YCbCr = 255, 128, 128). Taxkue
sHaueHUA Y (0 u 255) BOSHUKAIOT TOJIBKO IJIA TAKUX
Ha60opoB RGB. OTcioma MOKHO BRIBECTH ITPABUJIO 1:

eeciiu RGB=0,0, 0, T0o YCbCr=0,0, 0;

eecaun Y =0,To RGB=0,0,0,

T. €. IpX OOPATHOM Iepeonpeie/IeHNY 3HAUCH I KOM-
mouenT CbCr coBceM He yUaCTBYIOT, M €CJIX MBI IaXKe
MOAMEH!M 3HAUYCHU S BHYTPHU 9TUX KOMIIOHEHT, Yep-
HBIH IIBET BCe PaBHO OyIEeT OAHO3HAYHO BOCCTAHOB-
Jgen. CiieoBaTeIbHO, €CJIU KaKoe-JI100 n300pasKeHne
BcrperuTed Ha uepHoM doue (YCbCr = 0, 0, 0), To
B0O3MOKHO B KoMmoHeHTaxX CbCr 3aMeHUTh Bee MOy -
YyeHHBIE HYJIW Ha TaKle 3HAYeHU T, KOTOPBIe CAeJIAaIoT
BUJ 3TUX KOMIIOHEHT 0oJIee TJIafKuM, MeHee 3aBUCH-

MBIM U 00JI€€e YIOOHBIM [IJIs CoKATUSA. «POHOBBIM » SIB-
JeTCs IBeT ¢ HanOOJIbINeil YaCTOTOM MOBTOPEHM .

IIpaBuio 2:

eccimu RGB=0,0,0,T0Y =0, aBCbuCr Mmoxuo0
3amnucaTh JIroOble 3HAUCHH .

Ha puc. 5 npuBeneH npuMep paboThI mpaBuia 2,
rae «(oHOBBIM » UePHBIH IIBET B KoMnoHeHTe Cb 3ame-

B Puc. 5. IIpumep 3amenvt 3Hauenuil 6 komnonenme Cb

Ne S, 2008\
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HseTCsd 3HAUeHUAMU, KOTOPhIe OLLIY 3aITMCAHBI B He-
doHOBOI yacTu n300pakeHu (oMeHa).

IIpaBuaa 1 u 2 6yayT paboTaTh TOJIBKO AJIA TeX
n300paKeHn, rae IPUCYTCTBYET YePHBIH 11BeT. [{s
IIBETHBIX (DOHOB MMPABUJIO 2 HATIPAMYIO HE TPUMEHH-
MO II0 IBYM OCHOBHBLIM IIpUUYUHAM. BO-TIEPBBIX, HET
OIHO3HAYHOCTH IIPU OOPATHOM OIIpeeIeHUM, U II0
3HaUeHUIO Y HeJIb3A CKa3aTh, KaKKe TOYHO ObLIIY 1C-
xonubsie RGB. Hanpumep, 3uauenne Y = 119 moxxer
ObITh moJsyuerno u3 120 Teic. pa3JIUUYHBIX HAOOPOB
RGB (puc. 6, cM. c. 3 06/I0KKH!).

ATo 03HAYAET, UTO €CJU B HaIlleM M300paKeHun
BeTpeTaTcs nBa Habopa RGB, y KoTophIx 3HaUeHUT Y
COBIIALYT, ¥ €CJIU OAUH U3 9TUX I[BETOB ABJIAJICS (O-
HOBBIM, TO cOOTBeTCTBeHHO CbCr-KOMIOHEHTEI 3TO-
ro Beta 6yayT nepeornpenesensl. [Ipu o6paTHOM mpe-
o0pa3oBaHUU BTOPOIi ITBET C COBIABIIIUM Y OyIeT 3a-
MeHeH Ha (pOHOBBIH IBET, UTO IPUBEAET K ABHBIM HC-
KaxkeHUAM. K cuacThio, BEPOSITHOCTH BOSHUKHOBEHU S
TAKOT'0 COOLITHA ITPU pasMepe JoMeHa 8 X 8 muKceei
KpaliHe MaJja, HO IJIsI abGCOJIIOTHOI Hale:KHOCTH JI0-
MEHBI ¢ TAKMMHU CUTYAIlUAMU MOMKHO IIPOMYCKATh,
T. €. He IPOBOIUTH IIepeomnpenenenne. Takum obpa-
30M, ITPABUJIO 2 HPUMET CJAEIYIONNH BU:

® ecJIM B JOMeHe 3HaueHne Y, Ipucyiee (POHOBO-
my 1BeTy RGB, He coBagaer HU ¢ ofHUM Y 13 BCeX
MPUCYTCTBYIOIIUX I[BETOB B 3TOM JOMEHe, TO TOraa
CbCr-KOMIIOHEHTHI B TOUKAX, I'Zle KOMIIoOHeHTa Y paB-
HaY’, MOYXHO IIePEONIPENEINTD.

Bo-BTOpHIX, B ciryuae 1BeTHOro (hoHA AEKOAEPY
Heo0XoamMa MHPOPMAIINA O TOM, KAKOH IBET CUUTATH
doHOM IJ1s1 0OpaTHOTO IIepeonpeaeaenusa. OueBugHO,
9Tu gaHHbIe (3 U PHI Ha JOMEH) HY KHO IlepelaBaTh
B BHU/IE CJIYKe0HO MHMOPMAIIIN.

ITpumep nepeonpenenenusa kommnoueHT CbCr ¢ uc-
ToJIb30BaHMeM IpaBuja 2 IJisd IIBEeTHBIX n3006paske-
HUH TPOUJLIIOCTPUPOBAH Ha PUC. 7.

IToce Takoii Mogu(UKAIINY IPABUJIO 2 CTAHOBUT-
cs IPUMEHUMO JIJIS BCeX BO3MOKHBIX U300paskeHnii,

Homen

YCbCr EYUV
o’
Kozmep

EYQV YS)bCr
Hexonep

domuossrii et (Y, Cr, Cb)

B Puc. 7. IIpumep paboms. npasuna 2 0as y6eMmMHbLX
domenos

HO OCTaIOTCS CJIeAYIOIIIe BOITPOCHI: KaKOM I[BET CUH-
TaTh (hOHOBBIM 1 KAKMMU 3HAUCHUAMU II€PEIUChIBATh
kommouneHTsl Cb u Cr.

9T BONIPOCHI MOYKHO PEIIUTD CIAeAYIOIIUM 00pa-
30M: ()OHO08bLM SBISIETCA IIBET, KOTOPLIN HauboJjiee
yacTo moBTopuiics B fomeHe. 3Hauernus Cb u Cr Oy-
IyT OpaTbCcs U3 IIBeTa, BTOPOTo o yacrtore. Jloka-
3aTeJbCTBO ONTUMAJbLHOCTH TAKOTO0 Iepeonpeaeie-
s komnoHeHT Cb u Cr B JaHHOI cTaThe He MPH-
BoguTcs. OmfHAKO OUeBUIHO, UTO OHO YMEHBIIIaeT 00-
1I1ee KOJIMYeCTBO PA3IMYHBIX 3HAYCHUH B KOMIIOHEH-
Tax Cb u Cr, 4TO JOJI?KHO IPUBOAUTH K YMEHBITIEHUIO
SHTPOIINH, a CJIeI0OBATEIbHO, U K YBEJIMUEHUIO CTelIe-
HU C}KaATHUA.

OTKPBITHIM BOITPOCOM BO BCEM aJITOPUTME SABJISIET-
Cs1 CIIOCOOHOCTD 3apaHee OTJIUUYUTD JOMEHbI, Ha KOTO-
PBIX IpUMeHEeH’e BBIIITeONNCAHHBIX IeHCTBU TPUBe-
IeT K BBIUTPLINIY IO CTEIIeHU CyKATUA UJIU TOJbKO
K YBEJIMUEHUIO JOTOJTHUTEeIbHON MHPOPMAIIUY, TaK
KaK, HalIpIMep, UePHO-0eJIbI TEKCT XOPOIIIO CXKITMA-
ercs u 0e3 JOIMOJHUTENLHOTO IIpeodpasoBanusa. Ha
TeKYIIU{ MOMEHT aBTOPaMU IIPUMEHAETCI dMIUPHU-
YyecKU moJyueHHas ¢hopMyJsa, OCHOBaHHAS HA YaCTO-
Tax IBETOB B JOMeHe:

| /s_tog 4_move_text avi2007:1:51 s-sai

a)

The Graphing Calculat]
Copyright ® 2004 Ron

Pacific Tech's Graphi

07| I used to be a contrgy

7| I used to be a contrg

00000

The Graphing Calculatol

Copyright ® 2004 Ron Avx

Pacific Tech s Graphing

I used to be a contract

000001
oooooz

000003
000004
000005
000006

[000007

B Puc. 8. Bud komnonenm Y, Cb u Cr nocae npumenernus cmarndapmmuozo (a) u pacwuperrnozo (6) npeobpasosanus
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B Tabnuya 2. Pesyrvmamut cpashenus YUV u E-YUV-npeobpasosanuii npu ucnonvsoséanuu kodewos H.264/AVC u JPEG-LS

H.264/AVC JPEG-LS
XapaKTepucTUKa
Uzobpaxenue | YUV: pasmep |E-YUV: pasmep Briurpsrm YUV: pasmep E-YUV: Briurperm H306parKeHst
mocJie cxKaTusd, | mocie cxkarud, | E-YUV nporus | mociue cxxkarusd, | pasmep nociae|E-YUV nporus
oamT OaiT YUV, % oamT coxaTusd, 6amlT YUV, %
Photo 3030602 3030602 0,00 2909749 2909749 0,00
Lena 395712 395712 0,00 375456 375456 0,00 Poro-
n300paKeHusa
Peppers 434445 434445 0,00 411528 411528 0,00
desc_movea 622167 617344 0,78 501858 493248 1,72
a_test005 1050993 1041751 0,89 796403 787184 1,16
a_test004 1155755 1143220 1,10 923348 904127 2,08 CruMKT
a_test007 1122772 1110026 1,15 1183964 1103286 6,81 ¢ paGodero cTona
a_test003 1288251 1269895 1,45 1176360 1149495 2,28 npu pabore
visio_plus0 310398 301517 2,86 248261 244845 1,38 C Pa3JIMYHBIMUA
opera_plus0 366183 353466 3,47 288959 287754 0,42 THIaMI
IporpamMm
a_test001 365889 353031 3,64 295837 287983 2,65 porp
6_text 574360 538562 6,23 180070 146962 18,39
0_text 201917 188771 6,51 197270 183318 7,60
VisualStudio 899765 619081 31,22 405785 285006 29,76 CruMKM pu
0
5_text 986067 528283 46,43 545527 302538 44,54 banore
B TEKCTOBBIX

Calendar 1087062 518678 52,31 608070 318678 47,62 pelaKTOpax

n icl
Ecau| max,(C)>| Y, C, -4 ,
i=1 n

mozda nepeonpedenamo, uHaYe Hem,

rpe C; — KOJIM4YeCTBO ITIOBTOPeHMI Habopa i; n — Ko-
JIMYECTBO PA3JIUUYHBIX ITBETOB.

Mosxkuo HabmoLaTs KoMmoHeHTHI Y, Cb u Cr
mocJie CTaHAAPTHOIr'O IIPeodpasoBaHUA U IIOCJE pa-
60OThI PACHIMPEHHOTO IIBETOBOT'O IIPE00pa30BaHUS
(puc. 8).

JoToTHUTEeTbHBIMY JaHHBEIMU B 3TOM IIPeodpaso-
BaHUU OyayT sHauenuda RGB mia ¢pomHoBoro 1sera.
Tak Kak Bce oOpaTHOe IIepeolIpeiesieHie OCHOBEI-
BaeTcdA Ha KOMIIOHeHTe Y, TO 3HaueHue (DOHOBOTO Y
MOXKHO CBOOOJHO BBHIUMCJUTH U3 3Hauenuiit RGB,
mepeaHHBIX HA CTOPOHY meKoaepa. Pasmep sTux maH-
HBIX TpU paboTe ¢ JoOMeHaMu padMepoM 8 X 8 cocTaBUT
1/64 ot ucxXogHBIX MTaHHBIX. IT0 cBOE CyTH 3TU HO-
TOJTHUTEJIbHbIE JaHHbIE IIPeACTABIAIOT CO00i YMEHb-
mieHHoe B 64 pasa ncxoaHoe u3odpaskeHne, B KOTO-
POM ocTaJjiach JUIIb NH(GOPMAIIU O IPUCYTCTBOBAB-
mux poHax. Tak KaK 9Tu TaHHBIE UMEIOT HEKOTOpPhIe
3aKOHOMEPHOCTH, TO UX MOKHO IIOABEPTHYTH HOIIOJI-
HUTEJIHLHOMY C3KATUIO, NCIIOIb3Ys KoJep AJNH cepuii
[10] c mo6aBIeHMEM MOHOTOHHOTO Koza [Nasmarepa—
BaH Byxpwuca [11] (HeKoTOpas yupoIleHHasa peasu-

sanusa JPEG-LS). [IpumeHeHMe 9TOT0 Kojepa AJId A0-
MMOJHUTEJbHBIX JaHHBIX JAET CHKATHe B CPeJHEeM B 3—
4 pasa.

PesyabraTsl npumenenus E-YUV
IJIS CoKATHA M300paKeHU N

JJ151 OIleHK U TIPEeAJTIOKE€HHOT0 aJITOPUTMA UCIIOJIb-
3YIOTCS PE3YJIHTATHI, TOJTYUEHHbIE ITOCJIE KOJUPOBAHUA
00bryHOTO TpeobpasoBanua Y CbCr u paciiupeHEHOTO
npeobpasoBanusa E-YUV kogepom H.264/AVC B pe-
sxkuMe 6e3 moreps 1 Kogepom JPEG-LS [12] (Tabu. 2).

Wzobpaxenusa 1.bmp, Lena.bmp 1 Peppers.bmp —
9T0 (hOTOPEATNCTUUHEIE N300paKEeHNA, U OHU NUMEIOT
CTeIIeHb CKATUA TOYHO TAKYIO JKe, KaK U IIPU CTaHAapT-
HOM ITIpe00pa30BaHNM, TaK KaK JETEKTOD He OIIPeIeINI
B HUX HAJIMYMSA TOMEHOB, HA KOTOPBIX MOYKHO OBLIIO OBl
MMOJIYyYUTH BBIMTPHIII. [JOMOTHUTEIbHBIN ITIOTOK IPU
STOM COCTOUT U3 HYyJIel (HOJIb — IPUIHAK TOTO, YTO
E-YUV He 1puMeHAIOCH) 1 MOYKET OBITH 3 (heKTUBHO
3aKOJUPOBAH METOJaMM1, OIMCAHHLIMU BHIIIIE.

W3so6paskenus c desc_movea.bmp moo_text.bmp
IPeACTABIAIOT CO00I CHUMKY C 9KPaHa IIPU OOBIUHOI
paboTe Ha KOMIIBIOTEPE, KOTZla B PABHOM CTEIIeH! IIPH-
CYTCTBYIOT U TEKCT, 1 poTOorpadpun.

IIpumepsr or VisualStudioIDE.bmp go Calen-
dar.bmp — 9TO TaK:Ke CHUMKU C 9KpPaHa, HO OCHOB-
HBIM COZEPKUMBIM 3TUX M300PaKEeHUN SABIAETCA
I[BETHOM TEKCT B PA3JIMYHBIX TEKCTOBBIX PEJaKTOPAX.

WroroBerii rpauk cpaBHEHHUS PACIINPEHHOTO
¥ CTAaHJAPTHOTO IpeoOpas3oBaHUA ITIOKa3aH Ha puc. 9.

Ne S, 2008\
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45

—— Standard YUV (H.264/AVC)
—=— Extended YUV (H.264/AVC)

40—, Standard YUV (JPEG-1S)
—— Extended YUV (JPEG-LS)
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B Puc. 9. Cg00ubLil 2pagpuk ucnonrviosanus cmandapmuozo YCbCr u E-YUV

3akiarouyeHue

IIpemnaraemoe B cTaThe pacIIupPeHHOE IIBETOBOE
npeobpazoBanue E-YUYV nmosBosiser 6osee appeKTrs-
HO CKMMATh CUHTETHUUYECKNE N300paskeHus 1 n3obpa-
JKeHUs, CoJepIKalliie KOMIILIOTePHYIO rpaduKy. JKC-
TMepUMEHTHI ¢ UCIO0JIb30BaHuEeM KoaekoB JPEG-LS

nH.264/AVC nokasaiu, 4TO BLIUTPHIII ITPU CIKATUHN
6e3 morepb mocturaet 52 % . AhHeKTUBHOCTD CiKa-
THA POTOPEATUCTUUHBIX N300 paKeHUI He MeHIeTCA.
IIpennaraemblii MOAXO0MI 06JIafaeT HUSKOM CTEIIEHBIO
CJIOKHOCTH.

Pabora BuInoJIHeHA IIPU IMOAAepskKe rpauTa Intel
CTG Research Council.
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