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BBEAEHUE

[IpoBomuMBIe BO BCEX TEXHUYECKH PA3BUTHIX CTpaHAX pa3pabOTKu
QITOPUTMOB M ammaparypbl COKpallleHHs o0beMa M PAIMOHAIBHOTO
NAaKeTUPOBAHMS BUJIEO-, ayJIUO- U CONYTCTBYIOUIEH HHpOpMauu
SBIISIIOTCS OCHOBOM co3faHusi cucteM H((PEKTUBHOTO HCIOIb30BAHUS
KaHaJIOB CBSI3M, COXPAaHEHUsI JEHUCTBYIOUIMX YaCTOTHBIX ILJIAHOB,
BBICBOOOK/ICHUSI 3HAYUTEJIBHOM YacTH YaCTOTHOTO pecypca Jyis nepeaadu
NOTPEOUTENSIM  JTOMOJHUTEIBHBIX BUJOB yCIyr — BuUjeorenedoHa,
MOOUMJIBLHOM U CTAIlMOHAPHOMN TEIEKOH(PEPEHII-CBS3U, MHOTOIPOrPAMMHOTO
WHTEPAKTUBHOTO  TEJIEBUAECHUS, TEJEBUJICHUS  BBICOKOM  YETKOCTH,
MHOTOIPOTPAMMHOT'O  3BYKOBOTO BellaHus, IuGpoBoro KuHo [1-6].
Pa3paboTka aiaropuTMOB M COOTBETCTBYIOILIEH ammapaTrypbl HHU(pPOBOro
CKaTUsl pa3lIMYHbIX BUIOB MHGOpPMAIMU Il UX Mepelayd Mo KaHallaM
CBSI3U KaK aJlbT€PHATUBBI aHAJIOTOBBIM CHCTEMaM MPOBOAUTCS YyxKe OoJiee
20 ner. bbul moMydeH psii BaXKHBIX PE3YJbTATOB B IUIAHE Pa3pabOTKU
anroputmMoB cxatus (Bkirouas crangaptel JPEG, JPEG-2000, JPEG XR,
MPEG-1, MPEG-2, MPEG-4, H.261, H.263, H.264/AVC nana
CTAaTUYECKUX M JUHAMUYECKUX H300paXKeHUN pPA3TUYHOTO pPa3peIICHHUs)
[7-13].

[IpoOnema co3maHus BBICOKOKAUYECTBEHHOM CHCTEMBI LU(PPOBOH
nepeaauyd  BUACOMH(OpMALMKM —HTO  I[JIaBHBIM  oOpa3oM  mpobiemMa
OBICTPOTO 151 3¢ pexTUBHOrO ee ckaTusi — Hanbosee
pecypconotpeoisitonieli  yactd  Bcedl  cuctembl. Ee  addekTUBHOCTH
CYIIECTBEHHO BJMUSE€T Ha KA4e€CTBO BOCIPOU3BOAUMON HHGPOPMAIIUH.
Konupyroiiee ycTpoicTBO pelIaeT CIOXKHbBIE 33/1a4d B PEATbHOM BPEMEHU
U TPOU3BOAUT  OONBIIOE  KOJMYECTBO  oOmepanuid  oOpaboTkw,
OTPENENAIONUX  KauyecTBO IU(POBOro mpeoOpa3oBaHUs  CUTHAJIOB
U300pakeHUsT M 3BYKOBOT'O COIpPOBOXJEHMs. J[lekomep, Kak MpaBUIo,
MEHEE CII0KEH U JOJDKEH MOJIy4aTh U BOCCTAHABINBATH AaHHbIE [ 14—19].

Oco0eHHY0 BaXXHOCTh MTOJI00HBIE HCCIIEI0BAHMS IPUOOPENIH B CBA3U
C TepexoJoM K HU(pPOBOMY TelepaJUOBEIIaHUI0, U B YACTHOCTH K
MHOTOIIPOTPAMMHOMY nudpoBomy TEJIEBU/ICHUIO, BBI3BAHHBIM
npucoenuHenneM Poccum Kk oOmieeBporelickoit  cucteme DVB
(Pacnopsixenne IIpaButensctBa Poccuiickoit @enepaunu ot 25.05.2004
Neo 706-p «O BHenpenun B Poccuiickoit deaepanuu eBpOrnenucKon CUCTEMBI
nudpoBoro TeneBuznoHHOro Bemanuss DVBy). Ilpaktuuecku Bo Bcex
cTpanax EBpomnbl omnpezeneHsl CPOKM MOJHOrO IMepexoaa Ha HU(poBOe
Bemanue (B mpenene go 2012 r.). OO0cHOBaHME U CPOKH BHEAPEHUS
nu@poBeIX cucteM Bemanusi B Poccuu npuBoasites B npoekte Konuenmuu
dbenepanbHOl 1E€NEBOM TporpaMmbl «Pa3BuTue TelepajiuoBENIaHUS B
Poccuiickoit @enepanuu (2007-2015 rr.)» [4-6].



B »T0i1 cBsI3M MOATOTOBKA CIEIMATUCTOB B 00JacTU 0OpabOTKU U
nepeaadyd MyJbTUMEIUHHON HHGOPMAITUH SIBISIETCS BEChMa aKTyaJIbHOU U
NepCcneKTUBHOM 3aaaueit [20-36].

YyebHOoe mToOCOOME COCTOMT M3 JIEBSATH pa3leNiOB U OXBAaThIBACT
IIMPOKWA KPYr BOINPOCOB, CBSI3aHHBIX C KOJWPOBAHHEM, CHKATHUEM,
OILICHKOM KayecTBa IU(POBHIX N300paKEHU, BUIEOMOCIEI0BATEILHOCTEMN,
PEYEBBIX U ayAMOCUTHAJIOB.

B mepBeIX Tpex paszjenax ONHUCaHbl Pa3IMYHbIE METONbl CHKATHUS
nzo0Opaxenuil. [IpuBonurcs kinaccudukaiusi OCHOBHBIX METOJIOB CXKAaTHUS,
OMKCHIBAIOTCS OCHOBHBIE aJTOPUTMBI CXKaTug 0e3 moTepb WH(oOpManuu,
noaApoOHO paccMaTpUBaIOTCA aITOPUTMBI KOJIUPOBAHUS c
npeoOpa3zoBanreM. OnucaHbl CTAaHAAPTHI CKATHUS LIBETHBIX N300pakKeHUHN —
anroputmbl JPEG u JPEG2000.

B uerBepTOM pazjene paccMaTpUBAOTCS BOMPOCH! OIICHKH KayecTBa
ckaThIX n300paxeHuit. [IpuBoasaTces kiaccudukanms KpUTEpUEB KauyecTna,
OMMCAaHUE Psifia COBPEMEHHBIX OOBEKTUBHBIX METPUK (YHUBEPCATbHBIN
WHJICKC Ka4yeCTBa, KO3 hUIeHT CTPYKTYpPHOTO noaoous,
MOAU(PUIIMPOBAHHOE MMHUKOBOE OTHOIICHUE CHUTHAI/IIYM), PE3yIbTaThl
CpPaBHEHMSI aJrOPUTMOB CXkaTus. Pa3nen HamucaH Ha OCHOBE aHajlu3a
COBPEMEHHBIX MYyOJIMKALUA POCCUUCKUX U 3apyOEkKHBIX YUEHBIX, a TAKKE
OpUTHHAIBHBIX pE3YyJbTATOB, IMOJYYEHHbIX Ha Kadeape ITWHAMHUKU
AJIEKTPOHHBIX CHUCTEM SIPOCIABCKOTO TOCYJAPCTBEHHOTO YHHUBEPCUTETA
umenn IL. T'. Jlemugoa (Apl'Y). Anroputmbel OIIEHKHM KayecTsa,
MPUBEICHHBIE B JAHHOM pa3jielie, PeaJnu30BaHbl B MPOTPAMMHON cpene
PicLab (www.piclab.ru) u axkTUBHO WCHONB3YIOTCS CTYJEHTAMU TIPH
BBHITIOJIHEHUH JTA00OPATOPHBIX paboT, B paMKax KypCOBOTO U JAUILIOMHOTO
MOJEIUPOBAHUS.

[IaTeIii M mIeCTOM pa3zenbl MOCBSIIEHBI OCHOBHBIM CBEACHUSAM O
BUJICOCUTHAJIAX U OCHOBaM BHUCOKOJUpOBaHMs. ONUCHIBAIOTCS BOMPOCHI
MPOCTPAHCTBEHHONM W BPEMEHHOM JUCKPETU3AlMH, IPEACTaBIICHHE
BUJICOTIOCIIEIOBATEIIBHOCTEN B PA3JIUYHBIX I[BETOBBIX MPOCTPAHCTBAX,
oOmiasi cxema BHJICOKOJICKA, aJTOPUTMbI OIIEHKHM ¢ KOMIICHCAIlUU
JBH>KCHUSL.

B cempmom paszmenie  KpaTKO ONUCAaHbl CTaHAAPTBI  CXKATHUS
BusieoianHbix — MPEG-4 u H.264/AVC. OtnensHOe BHUMaHUE YICTISCTCS
BOIIPOCAM pa3pabOTKU, NPUHATHS W UCIOJB30BAHUS MEXKIYHAPOIHBIX
CTaHJapTOB. PacCMOTpEHbI KITFOUEBBIE aJITOPUTMBI KaXK0TO U3 YKa3aHHBIX
CTaHJapTOB M uXx cnenuduyeckue ocodbeHHoctu. IIpoBeneHo kpaTkoe
ONMCAHUE CTAaHAAPTOB CXaTWs mpeapiaymero mnokonenus — MPEG-I1,
MPEG-2, H.261 u H.263.

B BocbMOM pazzenie ynenseTcss BHUMaHUE BONPOCAM KOJIUPOBAHUS U
OLICHKM KaudecTBa (pa300puMBOCTH) peYeBbIX cuUrHajioB. I[IpoBomutcs
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KJaccu(ukalusi OCHOBHBIX METOJOB CXKaTHWsl peyeBoil MH(opMaluu Ha
OCHOBE  HM3BECTHBIX  PEKOMEHIAUUMW  MEXIYHapOIHOIO COr03a
JIIEKTPOCBS3H.

B nocnennem, neBsSTOM paszienie mocoOusi AaeTcsi KpaTKOe OMHMCAHUE
COBPEMEHHBIX CTAHJAPTOB CKATHS ayJuOCUTHAIOB. OTIEIpHOE BHUMAHUE
yAEJNEHO MOoMyJisspHOMY (opMaTy XpaHEHUs U Tepeauyd ayauoJaHHBIX —
anroputMy MP3.

B mpunoxeHusx — OPUBOIATCS ~ CTAHAAPTHl  KOJAUPOBAHUS
MyJIbTUMEINA MO KJIaCCU(DUKAIMU MEXIYHAPOJHOU OpraHu3aluu 10
ceprudukanmuu (ISO), TUMOBBIE TECTOBBIE H300pAKEHUS B TpajallusIx
CEpOro, COBPEMEHHbBIE CTAaHAAPTHI CHKATUSI PEYEBBIX CUTHAJIOB.

B ocHOBy yueOHOro mocoOusi MOJIOKEHBI MaTepualbl JEKIUi, B
TEUEHUE pAlla JIET YUTABIIMXCS CTyAeHTaM (Qui3nueckoro (axkynbTeTa
Apl'Y, oOyuaromumMcs 1o HampapieHUo « TeleKoOMMyHHUKalum», a TaKkxKe
HEKOTOpBIE Pe3yJIbTaThl padOTHl aBTOPOB M MX KOJIJIET B JAHHOM HAy4YHOM
HanpaBieHuu. Hazpeemcs, 4to mnocoOue OyJIeT MOJIe3HO HE TOJBKO
CTyJAEHTaM 151 acrupaHTam TE€JIEKOMMYHUKAIIUOHHOTO u
PaIMOTEXHUYECKOTO Tpoduieil, HO TakkKe HHXEHEpaM U HAayYHBIM
pabOTHHKAM, CIIEIMATUCTaM B 00J1acTU MH(POPMATUKH U MPOTPAMMHUCTAM,
JKEJAIIMIMM  TOBBICUTh CBOM ypPOBEHb B J3TOM HWHTEPECHOW U
MEePCIIEKTUBHON HAyYHOU 00JIaCTH.

Bripaxxaem  1miyOokyro ~ OyaroJjapHOCTh  HallleMy  HaydYHOMY
pykoBoaurento npodeccopy 0. A. bproxaHoBy 3a TOMOIIs NPHU CO3AaHUU
kypca «OOpaboTka u Tmiepenaya MYJIbTUMEIUUHOW HHGOpMALMN) U
JAHHOTO 1ocoOusi. Mbl OnarojgapHbl TakkKe udieHy-kKoppecnonaeHty PAH
1O. b. 3y06apeBy, mnoktopam TexHudeckux Hayk B.Il. [IBopkoBuuy,
A. A. Jlaans, B.B. ButsazeBy, M. A. lllepbakoBy, A.W. lanymkuny,
A. K. bepnrokory, A.B. JIpopkoBuuy, B. W. J[xurany, M. K. YobGany,
kanauaataM texuundeckux Hayk K. H. beictpymkuny, U. B. Ananskosy,
E.1O. CaytoBy, KOTOpbIE OKa3aJii 3HAYUTEILHOE BJIMUSHUE Ha
dbopMupoOBaHUE B3TJISZIOB aBTOPOB B YKAa3aHHOM HAYYHOM HalpaBJICHUM.
OTtaenbHbIE  CclOBa OJIArOAPHOCTH  COTPYAHHMKAM, aclUpaHTaM U
CTyleHTaM  Kadenpsl JIWHAMHKMA  JJEKTPOHHBIX  cucteM  SAplY
1O. Jlykamesuuy, M. T'onyGeBy, B. bekpeHneny, B. Bonoxosy,
JI. HImarnury, ®. YepHOropony, I'. KoueHnsTony, H. ITaBnoBowu,
T. THXOHOBO 3a AaKTMBHOE Yy4YacTUE€ B CO3JAaHUH OpPHUTMHAJI-MaKeTa
nocoous.

Xoyercss OTMETUTh TakKXKe IOMOIIb COTPYJIHHKOB PEIAKIMOHHO-
m3parenbckoro oraena SApl'Y Bo rnase ¢ JI. H. CenmnBaHOBO#M, KOTOpBIE
CBOMMH 3aMEYaHUSMH CIIOCOOCTBOBAJIM TMOBBIIMIEHUIO CTUIMCTUYECKOTO
YPOBHS U3JI0KEHUSI MaTepHaa.



1. AJITOPUTMBI CXKATHUS U3OBPAKEHUM

ANTOPUTMBI CKAaTHS 3aHUMAIOT 3HAYUTEIPHOE MECTO B TEOpHUH
mudpoBoit  oOpaboTkm wm300pakeHui. CBSI3aHO OATO C TEM, YTO
n300pakeHus, TIpeJcTaBieHHble B IUdpoBoil dopme, TpeOyroT s
XpaHEeHUs! JOBOJILHO OOJIBIIOTO 00beMa MaMsTH, a MpHU Iepeaade Ux Mo
KaHajaM CBSI3U TPEOYeTCsl 3HAUUTENbHOE BpeMs. Tak, Ny U300paKeHUs C
paszpemienueM 1280x%1024 touek (TumnoBoe paszpeuieHue 19-a10iiMoBoOro
MOHHUTOpA), ¢ 24 Outamu Ha orcuer, noTpedyercs 1280x1024x24=3,75
MoGaiit mamsitu. UtoObl mepefaTh €ro mo KaHally CO CKOpOCThio 512
Ko6wut/c, moTpedyercst OKOJI0 MUHYTHI.

B To xe Bpems u3zo0pakeHHs coaepkar HWHGOpPMAIUI0, KOTOpas
ABJISIETCS. M30BITOYHOM, T.€. YaCTH NaMATH MU TMOJOCHl YacTOT KaHajia
TpaTsATCs Ha Hee. AJTOPUTMBI CKATUS YMEHBIIAIOT 00BEM HM30BITOYHOU
uHpopmaruu. Ux MOXHO pa3/ieuTh Ha JIBa BUJIA:

— METOJIbI CkaTHs 6e3 moteps (puc. 1.1a);
— METOJIbI CKaTus ¢ moTepsmu (puc. 1.10).

AnTOpUTMBI CXaTus 0Oe3 TOTepb OCHOBaHbI Ha UCKIIOUYCHHUH
U30BITOYHOM  cTaTUCTHYEeCKOM wuHpopmanuu. K HUM  OTHOCSTCS:
koaupoBanve uH cepuit (RLE), mMeron rpynmnoBoro KOAWMPOBAaHMS
(LZW), xaddhmanoBckoe KOAUpOBaHUE, apu(PMETUYECKOE KOJIUPOBAHUE U
ap. Cxkatue 0€3 mOTEph O3HA4YaeT, 4YTO IIporecc oOparum, T. €.
uHpoOpMaIMi0  MOXXHO  BOCCTAHOBUTh  MpPU  JACKOJUPOBAHUU B
NEPBOHAYAIILHOM BUJIE.

Merto/ibl cxKaThsl ¢ MOTEPSIMU OCHOBAHBI HA TOM, YTO B U300paXEHUU
comepkutcs uHGOpMaANMs, CcIa00 BOCIPUHUMAEMas YeJIOBEUCCKUM
rna3oM. Takod BUJ HM30BITOUHOCTH HA3BIBACTCS IMCHUXO(MU3UOIOTHUECKOMN
U30bITOYHOCTHI0.  CHIDKEHHE TICUXO(PU3UOIOTUYECKOW H30BITOYHOCTH
COCTOUT B MCKIIFOUEHHH HECYIIECTBEHHBIX YacTel M300pakeHMs], KOTOPhIE
YeJIOBEYECKUI TIJ1a3 HE BOCHPUHUMAET B CHIIY NCUXO(PU3UOJIOTUUECKUX
ocoOeHHocTel. KputepusMu UCKIIOUEHUST TaKOW MH(OpMAIUU SIBIISIOTCS
napaMeTpbl PElenTOPOB 3PUTENIBHOTO aHAIM3aTopa MOJydaTessh BUIEO-
cooOmennii. Ilpu 3ToM uacTe uHbOpMaUM OE3BO3BPATHO TEPSETCS.
BoccTaHoBUTH €€ IpU IEKOAUPOBAHUHN HEBO3MOXKHO.

Hanpumep, ria3 denoBeka HE pa3inyacT UBET MEIKUX AETalieu
n3o0paxenus. CienoBaTebHO, MOXXHO XPAHUTh TOJIBKO SIPKOCTh JETajeH,
a IBETHOCTh OTOPOCUTH M TakuM O0O0pa3oM YMEHBIIUTh OOBEM
uHpopmaruu. OTOT METOJ JIaBHO TMPUMEHSAETCS B TEJICBUJICHUMU.
Pa3OueHne HenpepbIBHOTO MOTOKA U300pAKEHUSI HA KaJIphl TAKXKE MPUMED
HCKJIIOYEHUS TICUXO0(PU3NO0IOTUUYECKON N30BITOYHOCTH.



AuropurrMel cxarms 6€3 noTeps

Konuporanue | |[Meroa rpynmnoBoro
JUTHH CEpHH KOJIMPOBAHHA Anroput™m Apudmernyeckoe
----------------- Xagpdmana KOJUPOBAHHE

a)

AJNTOPUTMBI CXATHH ¢ IOTEPAMH

JlackperHoE Bejirner- IlepcuekTnBHBIC
KOCHMHYCHOE npeoGpasoBamne TEXHOIOTHHA
npeoGpa3opanne CXaTAd
Cranpapr JPEG Crangapr JPEG2000 PpaxTanbHOE
............... KO/IMPOBAHHE
Anropurm SPIHT HeilipocereBnie
METOMBI CIKATHS

0)

Puc. 1.1. Metozs! cxxatusi BU3yajabHON HH(DOPMAIIUN:
a) 6e3 moTepp; 0) c moTepsIMU

B ciepyrommx paszzgenax 3To riaBbl OCHOBHBIE aITOPUTMBI CHKATHS,
NPUMEHSIEMBIE B nudpoBoit  00paboTke U300pakeHHi, OyIyT
paccMoTpeHbl 0osiee oAPOOHO.

1.1. Aaropurmsl cxkaTus 0e3 MoTepb
1.1.1. Anezopumm kooupoeanusn oaun cepuii (RLE)

I'pynmnoBoe xoaupoBanue — ot aHrauickoro Run Length Encoding
(RLE) — oamH w©3 caMbIX CTapblX M CaMbIX MPOCTBIX AJITOPUTMOB
apxuBauuu rpaduku. M300pakeHne B HEM BBITATHBACTCS B pAl IO
ctpokam pactpa. Cxkarne B RLE mnpoucxomur 3a cder TOro, 4ro B
UCXOJHOM HM300pa)KEHUU BCTPEYAIOTCA LENOYKH OJMHAKOBBIX 3HAUECHH
OTCYETOB. TakHue LENOYKH OTCYETOB 3aMEHSIOTCS Ha JBa YWCIA: IIEPBOE
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YHCJIO — KOJIMYECTBO AJIEMEHTOB B I[ETIOYKE (CUETUYHK), BTOPOE — 3HAUCHHUE
anemeHnTa. Hanmpumep, ecnu B M300pakeHUH, KOTOPOE HCIIOIB3YET 8§ OUT
Ha OTCYET, BCTpeuaercs memnouka 255, 255, 255, 255, To oHa 3aMeHsieTCs
Ha 4, 255. Takas 3ameHa TMO3BOJIAET YMEHBIIUTh CTATUCTHYECKYIO
HU30BITOYHOCTH N300paKECHHUS.

Cnenyer ormerutrb, uro aiaroput™ RLE paccuutan Ha
UCKYCCTBEHHBIC HECJIOKHBIC H300pa)KeHHs, T.K. B H300paxeHUsX, TJeC
MPOTSHKEHHBIE I1IETOYKH BCTPEYAIOTCS JOCTAaTOYHO PEAKO W/HWIW OHU
KOPOTKHE, JaHHBIM aJrOpuTM MOXKET, HAIpPOTHUB, YBEJIUYUTH OOBEM
uH(popMaIy BCISACTBHE TOTO, YTO IEMTOYKH M3 OJIHOTO AJIeMEHTa OyayT
3aMEHSATHCS Ha BA — CUCTUYMK M 3HAUYCHHE.

1.1.2. Anecopumm LZW

HaszBanue ajropuTM nojy4usa 1O MEpBBIM OykBaM (aMIIMil ero
pazpadotuukoB — Lempel, Ziv u Welch. N3o00paxxeHue B HeM, Kak U B
anroput™Me RLE, BbITATUBaeTCa B psiji 1O CTPOKaM pacTpa, HO CXKaTue, B
otimmune oT RLE, ocymecTBisieTcss yKe He 3a CUET LENOYEK OJUHAKOBBIX
OaMlT, a 32 CYET OJUHAKOBEIX IIEITOYEK OaMT.

Hampumep, ecnu B M300pakeHHHM B Pa3HBIX MECTax BCTpeUYaeTCs
1enoyka 3yemMeHToB 255, 120, 0, 95, To ee MOKHO COXpaHUTh B HEKOTOPOH
Ta0JMIE-KHUTE, U BO BCEM H300paXECHUU 3aMEHUTH 3Ty LIETIOYKY Ha €€
WHIEKC B TAOJIHUIIE.

CyliecTByeT MHOMKECTBO PpPa3sHOBHIHOCTEM anroputmMoB LZW.
PaccmaTpuBaemblii HHXKE BApUAHT ajdropyuTMa OyIeT UCIOIb30BaTh IEPEBO
JUIs. TPENCTaBICHUSI U XPAHEHUS IENOYeK. IDTO JOCTaTOYHO CHUIIBLHOE
OrpaHUYCHHUE HA BUJ LIETIOYEK, U JAJIEKO HE BCE OJIMHAKOBBIE MOAUECIIOYKH
B HU300paKeHHH OyAyT HCHOJNb30BaHbl Mpu cCxaTuu. OJHako B
peasiaraeMoM ajJrOpUTME BBITOJHO CKUMATh JaXKe IIEMOYKH, COCTOSIINE
u3 2 Oair.

[Iponecc cxaTusi BBIMISIUT H0CTaTouHO npocto. [locienoBarenbHo
CUMTBHIBAEM OTCUETHI BXOJIHOTO M300paxkeHus. Ha ocHOBe mpenpiaymmx u
TEKYIIETO0 OTCYETOB (opMHpyeM CTPOKY M TIPOBEPSiEM, €CTh JIH B
CO37aHHOM TabnuIle CTPOK Takasi cTpoka. Eciu cTpoka ecTh, TO CYUTHIBAEM
CIEAYIOUIMA CHMBOJ, a €CJIH CTPOKM HET, TO 3aHOCHUM B CXKaToe
U300pakeHre Ko JUIsl MPEabIAyIel HailIeHHOM CTPOKH, 3aHOCUM CTPOKY
B TaOJIMITy U HAYMHAEM MOUCK CHOBA.

PaccmoTpuM nospodHee anroputM KoMmmpeccuu Ha npumepe. [lyctsb
ucxoaHoe wuzoOpaxenue {45, 55, 55, 151, 55, 55, 55} copepxur 8
out/orcuer. Co3gaguM TaONUIy CHUMBOJIOB, KOTOPYH 3aIlOJHUM
BCEBO3MOXKHBIMU CTPOKAMHM, COCTOSIIMMHU W3 OJHOro 3yemeHTa. Kpome
TOTO, HAM MOTPeOyeTCs KOJA OYUCTKUA W KOJ KOHIa mHbopmarmu: 256 u



257 cootrBerctBeHHO. IlepBoHauanpHO TalOnauma OyJIeT BBITJIAIETD
CJIEIYIOIIM 00pa3oM.
Taomuma 1.1
[lepBoHauanpHas TabauIa

Nunexc 3HaueHue
0 0
1 1
2 2
255 255
256 256
257 257

B paccMarpuBaeMoM BapuaHTE aJIrOPUTMa MCIOJIB3YETCsl 9-OUTHBIM
KOJ U COOTBETCTBEHHO O]l KOJBI JJII CTPOK HAM OCTAIOTCS 3HAYEHUSI OT
258 gnmo S11. JlobaBisiemble CTpPOKHM 3alKCHIBAIOTCS B  TaOIUILy
MOCJIEA0OBATEIbHO, TIPU 3TOM HHJIEKC CTPOKH B TaOJHIIE CTAHOBUTCS €€
KOJIOM.

CornacHo ajaropuTMy IMOMECTHM B BBIXOJHOW (aiiyl CHaydaia KoOJ
OUYUCTKU — 256, TOTOM J00aBUM K HM3HAYaJbHO MYCTOM CTpPOKE «45» u
NpOBEPUM, €CThb JHU CTpoka «45» B Tabmuie. Ilockoabky MbI TIpU
WHUIMATU3AIUU 3aHECIM B TaOJUIly BCE CTPOKU U3 OJHOTO CHMBOJIA, TO
cTpoka «45» ectb B Tabnuie. Jlamee Mbl YnTaeM CIEIYIOMMUN OTCUET «S5»
U3 BXOJHOTO M300pa)KeHHWs U TMPOBEpsAeM, €CTh N cTpoka «45, 55» B
tabnuiie. Takol cTpoku B Tabnuie moka HeT. MBI 3aHOCHM B TaOJIHUIly
CTPOKYy «45, 55» (C mepBbIM CBOOOJHBIM KOJOM 258) M 3alKChIBa€M B
MOTOK KOJ 45. MOXHO KOPOTKO MPEICTABUTh APXUBAIIUIO TAK:

«45» — ecThb B TabNUIIE;

«45, 55» — ner. Jlobasnsiem B Tabnuiry 258 «45, 55».

B BeIxOHOM (aiia — 45;

«55, 55» — mer. B tabmumy: 259 «55, 55». B ¢aiin — 55;

«55, 151» — "et. B tabmuiy: 260 «55, 151». B daitn — 55;

«151, 55» — met. B tabnumy: 261 «151, 55». B ¢aitn — 151;

«55, 55» — ecTh B TAOJIHIIE;

«55, 55, 55» — Hert. B tabnuity: 262 «55, 55, 55». B daiin — 259.

ITocnenoBaTenbHOCTH KOJAOB ISl TAHHOTO IIpUMeEpa, TONa aloIIuX B
BBIXOJIHOM MOTOK: {256, 45, 55, 55, 151, 259}.
Tabnura, moydeHHast B pe3yJibTaTe, OyIeT BBITJISAAETh TaK.



Kouneunas tabnura

Tabmura 1.2

Hnnexc 3Ha4yeHue

0 0

1 1

2 2
255 255
256 256
257 257
258 45,55
259 55,55
260 55,151
261 151,55
262 55,55,55

Ocobennoctb LZW 3axitouaercs B TOM, YTO JJISl AEKOMIIPECCUU HAM
HE HAJ0 COXPaHATh TAOJUIly CTPOK B (ailn sl pacnmakOBKH. AJITOPUTM
NOCTPOEH TakuM O0Opa3oM, YTO MOKHO BOCCTAHOBUTH TaOJIMIy CTpOK,
IIOJIB3YSCh TOJIBKO IIOTOKOM KOJOB.

JIns xaxmoro Koda Hajo J00ABIATh B TAOIHILy CTPOKY, COCTOSIIYIO
U3 YK€ MPUCYTCTBYIOLIENW TaM CTPOKH U CUMBOJIA, C KOTOPOTO HAYMHAETCS
cleayronas CTpoka B MOTOKE. AJTOPUTM JIEKOMIIPECCHHM OCYIIECTBIISET
ATy OIEPALHIO.

Takum oOpa3oM, Ha BBIXOAE Kojepa moiiydaercs 6x9=54 Owura.
BxonHoe nzo0paxkenue cojaepxkano 7xX8=56 6ut uadopMalyu.

B ormnune or RLE curyauus, xkorna anroput™ LZW yBennuusaet
n300pakeHue, BCTpevaeTcsi kpaitHe peako. LZW yHuBepcaneH, UMEHHO
€ro BapUaHThl UCIOJB3YIOTCS B TPAJAUIIMOHHBIX (PAMIOBBIX apXuBaToOpax,
Harpumep B WinRAR.

1.1.3. Anecopumm Xagppmana

OmHuM W3 KIACCHMYECKHX  QITOPUTMOB  HEPAaBHOMEPHOTO
KOJIMPOBaHMS, U3BECTHBHIX ¢ 1960-x rogoB, sBisercs aaroput™m Xaddmana.
Pabora anroputMa ocHoBaHa Ha TOM (haKTe, YTO CHMBOJIBI B COOOIICHUH
MOSBJISIFOTCS C Pa3IMyHOM BEpOSTHOCTHIO. Kak cieacTtBue, MpUMEHEHHUE
KOJIOB DPa3JIMYHOW JUIMHBI [IJII CHMBOJIOB II03BOJISIET CHU3UTH OO
KOJIOBBII TIOTOK, T. €. CKaTh JIaHHBIE.
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I[JBI AJIrOPUTMOB, HCIIOJIB3YIOINUX KOJbI paBHH‘{HOﬁ JJINHBI, MOXKHO
BBCCTH CPCAHIONO IMHY lcp KOJa, OoIpCACLICEMYIO KaK MAaTCMAaTHUYCCKOC

OKHUIAHNUC JJIMHBI OJICMCHTAPHOI'O KOJA:

r
lep =2.pili» I =1(B;) — nuHa Koa st i-ro CUMBOJIA.
i=1

Komsr ¢ /., =i, Ha3BIBAIOTCS KOJAMH C MHHHMAIBHOM KOJOBOM

U30BITOYHOCTHIO, WK KoJlaMu Xaddmana.
I[Tpu 5TOM Cpenuss AauHa CIIOB [ ¢p HAXOUTCS B IMaNa3oHe

H(A) <1, <H(A)+1

cp =
lop 21

out/miukcen, rae H(A) — sHTponus.

Cpennsisi nauHa clIoB He Oosiee yeM Ha 1 Owut/mukcen OoJbliie
SHTPOMUU, HO HE MeHee | OuT/muKcen (Koria SHTPOIUsI paBHA HYJIIO).

Kogel ¢ MuHMManpbHOW W30BITOYHOCTHIO JAIOT B  CPEIHEM
MUHAMAJIBHOE  YBEJIIMYEHWE JJIMH CJIOB TIPH  COOTBETCTBYIOIIEM
KoaupoBaHuu. PaccmaTpuBaeMblii METO TTO3BOJISIET MOJTYYUTh MOT00HBIC
KOJIBI.

Anroputm Xaddmana ocHOBaH Ha 3aJaHUU BEPOSITHOCTH KaXIOTO
CUMBOJIa, MPUCYTCTBYIOUIETO B COOOIIEHHH. 3HAas STU BEPOSTHOCTH,
MOXXHO TOCTPOUTh TaONMIly KOJOB, OO0JaJaloNlyl0 ClEIyIOIUMU
CBOMCTBAMU:

— pa3IUYHBIE KOJBI UMEIOT PAa3IMYHOE KOJIUYECTBO OUT;

— KOJIbI CUMBOJIOB, 00JIaIaf0IIIUX MEHBIIIEH BEPOSTHOCTHIO, UMEIOT

0o0JIbIIIE OUT, YeM KOJIbl CHMBOJIOB C OOJIBbIIIEH BEPOSTHOCTHIO;

— KOJIbI MOTYT OBITh JEKOIUPOBAHBI €IMHCTBEHHBIM 00Pa3oM.

[Iponecc koaupoBanusa Xadhpmana wiuocTpupyercs Ha puc. 1.2.

AJTOPUTM KOIUPOBAHUS BKITIOYAET B CEOS CIEAYIOMINE MIATH.

Ilacz 1. PaccraBisieM Bce OYKBbI BXOAHOTO andaBUTa B TOPSIKE
yObIBaHMsI BepOATHOCTH. CyMTaeM BC€ COOTBETCTBYIOIIME CIIOBAa B; U3

andasuta 2 = {0, 1} mycThiMu.

Illaz 2. O0benuHsEM [Ba CUMBOJNA a; U d j © HaNMCHBLINMU

BEPOSITHOCTSIME p; U p; B TICEBIOCHMBOII a' {a;a;} ¢ BepOATHOCTBIO

pi + p ;. HonuceiBaem 0 B Hayajo cioBa B; u 1 B Havaso cinosa B;.
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[TocTpoenue TabmuIIBI
CHMBOIIOB M YaCTOT

'

IlocTpoenue
IICEB/I0CUMBOJIOB

Her

IICEBJOCUMBOJIOB

[TocTpoeHue Komo0BOM
Ta0JINILIBI

!

Konupopanue
CHUMBOJIOB

Puc. 1.2. Cxema xonupoBanusi Xadpmana
Ilaz 3. YpansgeM U3 CIUCKA yINOPSJOYEHHBIX CHMBOJOB a; U a;,

3aHOCUM TyJa MCEBJOCUMBOII d / {a;a;}. llpoBopum mmar 2, 1006aBsis Ipu

HeoOxoquMocT «1» mimum «0» It BceX CIIOB Bl., COOTBETCTBYIOIIHNX

IICEBIOCMMBOJIaM, JO T€X IOp, IIOKa B CIHCKE HEe ocTaHeTrcs |
MICEBJIOCUMBOII.

Mpumep. IlycTs 115 KOAUPOBAHUS U300PAKEHHS UCIOIb3YyeTCA 8
YPOBHEM  KBAHTOBaHUS, pPacOpelesieHHe  KOTOPBIX  ONpenessercs
TUCTOTPaMMOM CO CIIEYIOLUIUMHU JAHHBIMU:

P(ag) = P(as) = P(ag) = P(a7) = 0,06

P(a;)=0,23
P(ay) =03

P(a3)=0,15
P(ay) = 0,08
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Puc. 1.3. Ilpunnun noctpoenus anroputma xag(hpMaHOBCKOTO KOJAUPOBAHUS

JlepeBo CTpOUTCS ClipaBa HAJEBO CleayomuM odpazom (puc. 1.3a):
— B CeKIMM | YPOBHHM MHKCEJIIOB COPTUPYIOTCS IO BEPOSTHOCTH OT
HanOOJNbIICH K HAMMCHBIICH CBEPXY BHHU3; Ipu paBeHcTBe P(a;) = P(a;)

BBIIIC CTABUTCA YPOBEHD a; < aj )

— B CEKIIMU 2 JB€ caMble HIDKHHE BETBU OOBEIUHSIOTCS B y3€l, MX
BEPOSTHOCTH CKJIAABIBAIOTCS, M Yy3€J 00pa3yeT HOBYIO BETBb;, 0OIIece
KOJINYECTBO BETBEW YMEHBIIIAETCA HA OJAHY, U OHA BHOBb COPTHUPYIOTCS IO
BEPOSITHOCTH OT HAaHOOJIbIIIeH K HAUMEHBIIICH;
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— B CeKIMAX 3 M 4 W T.A. NPOU3BOJATCA OIEpalyy, aHAJIOTMYHbIC
IIPOBOAUMBIM B CEKLIMM 2, 10 TE€X MOpP, MOKAa HE OCTAHETCS OJIHA BETBB C
BEPOSATHOCTHIO, PABHOM 1.

Bce 53T0 1epeBO MOXHO TNEPECTPOUTh, YyOpaB IepecedeHUs
(puc. 1.30).

KomnpoBanue oCymiecTBiseTcss IBW)KEHUEM CIIEBA HANpPaBO 11O
JEPEBY K KaXKIOMY KOAMPYEMOMY YPOBHIO ¢;. IIpu 3TOM Ha KaxxaoM ys3ie

KOJly MPUCBAUBAETCSI, HAPUMEP, TBOUUHBIA «0» , €Clid OCYIIECTBISAETCS
mar BBepx, U «1» , ecu oCyIlecTBIsCTCS 1ar BHU3.

Takum oOpa3zoM, Uisi JaHHOTO Ciy4yas HauOojiee BEpOSITHBIC
3HaYeHus1 a; U a, KoaupyroTcs JByxOutoBeiM koxoM (00 um 10

COOTBETCTBEHHO), BEJIMYMUHBI a3 U a4 — TpexOuToBbIM KogoM (110 n 010
COOTBETCTBEHHO), a HamOoiee peaKue 3HA4YCHUA da,ds,dg,d7 —

yeTbipexOuToBsiM KoJ0M (0110, 0111,1110 m 1111 cooTBEeTCTBEHHO).

HeTpynHO MOHATH, YTO 3TU KOJBI JIETKO PA3TUYHMBI.

Eciu BTOpoil OUT Koja SBISETCS JOBOMYHBIM HYJEM, TO KOJ
IBYXOUTOBBIN. B MPOTHBHOM Cilyyae KOJIMYECTBO OUT B KOJ€ OoJiee ABYX.

Eciu Tperunii OuT Koma sABISETCS JBOWYHBIM HYJEM, TO KOJ
TpexOUTOBbIM. B MpOTHBHOM ciydae KOJIMYECTBO OUT B KOJAE PAaBHO
YETBHIPEM.

Jlexonep BoccTaHaBIMBAaeT MH(POPMALUIO, HCHOJB3YsI TO KE CaMOe
JIEPEBO, ABUTASICH BBEPX IPU MOJydYeHUH «0» U BHU3 MPU MOJTYUYECHHUH «1».
Cpenmsis JunHa crnoBa B JaHHOM ciy4ae [.,=2,71 Out/oTCcuer mpu

suTporun H=2,68 Out/oTcyet. IIpu ucnonb3oBaHUM KOAa PaBHOMEPHOMU
JUTUHBI TOTPeOOBaNOCh OBl 3 OMT/OTCYET.

PaccmotpenHbii BBIIIIE IIpuMep II0Ka3bIBaeT BBICOKYIO
s¢dexTuBHOCTh  XaPMaHOBCKOM MpoUEAypbl MpPHU  OTHOCUTEIBHO
PAaBHOMEPHOM pacHpeieICHUN YPOBHEN MUKCEIIOB.

OnHako Korja JHTPONHUS COOOIIEHUS CTAHOBUTCS CYIIIECTBEHHO
MEHbIIIe eAUHUITBI, 2P(HEKTUBHOCTH Xa(hMaHOBCKOTO KOJAUPOBAHUS PEZKO

CHIDKACTCSL, IIOCKOIBKY /., 21, Out/muKcen.

[Io »TOM mnpuUuYMHE MpPU HCMIOIB30BAHUHU, HAMpUMEpP, 8-OUTOBOIA
ucxoaHou uHbpopmanuu 006 n3oopaxeHnn xahPmMaHOBCKOE KOIUPOBAHHE
HE TMO3BOJISIET Ckarh WH(opmaruio Oonee 8 pas. MaeanpHoe cxkatue
anroputMoM XaddMaHa JOCTHTAaeTCsS B TOM Cllydae, Korja BEPOSTHOCTH
CHUMBOJIOB TOYHO PaBHBI OTPHUIATEIHHBIM CTETICHSIM YHCIa 2.

HUcnonwp3yroTcss  HEaJanTUBHBIA W AJANTUBHBIA  BapUAHTHI
xadpmaHOBCKOTO KOaUMpOoBaHUsA. B mepBoMm ciydae mepen mnepemadeit
COOOIIeHUsI TMepeaeTcss Ta0aula IJIOTHOCTEM BEpOSITHOCTEHM, €clii OHa
3apaHee HEW3BECTHa Ha MpUEMHOI cTtopoHe. [Ipu aganTUBHOM BapuaHTe
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KOJIMPOBAHUSI TAOIMIA TJIOTHOCTEH BEPOSTHOCTEM BBIUMCIISIETCS KakK Ha
MEPENAOIe, TaK M HAa IPUEMHOM CTOPOHE IO MEpe NOCTYIUICHUS
naHHbIX. [Ipy 3TOM 10 Hayana KOAMPOBAHUS MPEANOIAracTCs, HaIpuMep,
PAaBHOBEPOSITHOE  pACHPEACIICHUE  YPOBHEW  BJIEMEHTOB.  Takxke
CYILIECTBYIOT KOJEPHI ¢ GUKCUPOBAHHBIMU TaOJIUIIAMU BeposiTHOCTEN. OHU
noAOUPAIOTCST  AKCIIEPUMEHTAIBHBIM IyTEM JJIi KOHKPETHOTO BHjA
uH(pOpMaLuH.

Anroputm Xad@maHa CIy>KUT OCHOBOM MHOTHX HPOTpPaMM CHKaTHUS
TEKCTOBOM U Tpaduueckoil nH(OpMaINKU, HEKOTOPBIE U3 HUX UCIIOIB3YIOT
HEMOCPEACTBEHHO anropuTM Xaddmana, a Apyrue OepyT ero B KayecTBe
OJTHOM U3 CTYIIEHEN MHOTOYPOBHEBOTO ITPOLIECCA CKATUSL.

1.1.4. Apugpmemuueckoe Kkoouposanue

Meron Xaddmana siBnsercss npocTbiM U 3G (HEKTUBHBIM, OJHAKO OH
NOPOXKAACT HAWJIy4YllMe KOJbl MEPEMEHHOW JUJIMHBI, TOJBKO KOI'Ja
BEPOSITHOCTH CUMBOJIOB SIBJIIFOTCSI CTEIIECHSIMH YMCIIA JIBa, T. €. paBHa 1/2,
1/4 u 1. 0. B 3TOM cityyae CuMBOJY OyJI€T MPUCBOEH KOJ C LEIbIM YHCIOM
outr. Ha mpakTuke BEpOATHOCTh CHMBOJA IPOU3BOJIbHA, MOITOMY EMY
CJIETyeT MPUCBOUTH KOJI C HEIEJIBIM YUCIIOM OUT.

ApudpmeTnueckoe KOJWPOBAHUE pEIIAET 3Ty MpoOJeMy IIyTeEM
IIPUCBOEHUS KOJA IOCIEHOBATEIBHOCTH CUMBOJIOB BMECTO KOJIHWPOBAHHUS
OTJIETIbHBIX CUMBOJIOB.

AnropuT™M  apu(PMETHYECKOTO KOJIHWPOBAHUS COCTOUT H3 JBYX
IPOXOJOB TO 3aJaHHbIM JaHHbIM. [lepBbIi MPOXOJI HCHOIB3YETCS
QITOPUTMOM  JIJIl TIOCTPOCHMSI TaONMIBI CHUMBOJIOB M YacTOT MX
BO3HMKHOBeHMs. Ha BTOpoM mnpoxoze Kaxaou IOCIEN0BATEIbHOCTH
CHUMBOJIOB IIPUCBAUBAETCs KOJ IIOCTOSTHHOM JJIMHBI.

[Ipouecc apudmeTnueckoro KOAMPOBAHUS WIUIIOCTPUPYETCS Ha
puc. 1.4.

[Iponiecc KoauMpoBaHUs BKIIOYAET B CeOsl CIEAYIOIIME IIarv is
KKJI0U KOAUPYEMOU MOCIIEI0BATENBHOCTH CUMBOJIOB:

1. Mauiuanusupyercs HadanbHbli uaTepBa [0, 1)

2. HauanpHblii MHTEpBAJ pa30MBAETCS HA YacTH, MPOIMOPIHOHAIILHbBIC
BEPOSTHOCTSIM KaKJI0TO CUMBOJIA.

3. BeiOupaercs moAbIHTEpBal B COOTBETCTBUU C MEPBBIM CUUTAHHBIM
CUMBOJIOM MOCIIE€0BATEIBHOCTH.

4. BeiOpaHHBIN MOABIHTEPBAJI CTAHOBUTCS TEKYIIIUM HHTEPBAJIOM.

S5.1Iynktel 2-4 MOBTOPSAIOTCS Uil  KaXJOTO  MOCIEAYIOIIErO
CUMTAaHHOTO CHUMBOJIAa U3 MOCIeqoBaTeIbHOCTH. B ciiydyae ecnu Bce
CHMBOJIBI TIOCJIEIOBATEILHOCTH MPOYUTAHBI, BBIXOJAOM aJIrOpUTMa

15



Oyner mro0asi TOYKA, OJHO3HAYHO OMPEACIISIONIasl MOCIECIHUN U3
TEKYIUX UHTEPBAJIOB.

[TocTpoeHune TadMUIIBI 3alaHue HaYaIbHOrO
CHMBOJIOB U YacCTOT unrepsana [0.0, 0.1)
|
v
Paznenenue tekymiero
1 yiI
WHTEpBaja
1]
N Bri6op crnemyromiero
WHTEpBaja

Kounerr Her
HOCJIEI0BATEILHOCTHA

JOCTUTHYT?

Br16op kozna

Puc. 1.4. Cxema apudMeTHIE€CKOTr0 KOTUPOBAHUS

[Tocne xaxagoro o0pabOOTaHHOTO CHMBOJIA TEKYIIUH WHTEPBAI
CTAHOBUTCS BCE MEHBIIE, MOATOMY TpeOyeTcss Bce OoJibllie OUT, YTOOBI
NPEACTaBUTh €ro. BeixomoM anroputma apupMeTHYeCKOro KOJIUPOBAHHUS
SBIISICTCS €IWHCTBEHHOE YHCIIO, KOTOpOe HE SBIAETCS OOBbEeIWHEHHEM
WHIUBHUYATbHBIX KOJIOB TIOCJEAOBATEIHPHOCTH BXOIHBIX CHMBOJIOB.
CpellHIo10 JUIMHY KOJla MOXKHO HaWTH, pa3/ieNIuB pa3Mep Bbixoja (B OUTax)
Ha pa3Mep Bxoja (B CUMBOJIAX).

Crnenyrouuii mpuMep IpU3BaH MOSICHUTH MPOIIECC apuPMETHIECKOTO
KoaupoBaHusl. Mbl  NPOAEMOHCTPUPYEM  IIard  alropuT™Ma s
MOCJIEI0BATENbHOCTH, TIPEICTABIISIIONIEH CTPOKY U300paKeHUs

[150, 25, 60, 60, 25,150, 25, 60, 25, 25].

B Ttabn. 1.3 ykazana wuH@opmalus, TMOJATOTOBJICHHAsS Ha
IpeBApUTENBHOM dTamne. IJis KaxkJI0oro CMMBOJIa CHavajia BBIYMCIICHA €ro
yacToTa, 3aTeM HaiifleHa BEpOATHOCTh €ro mossaeHus. O6macTs |[0,1)
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JEJIUTCS MEXKIAY CUMBOJAMM; KaXIblii CUMBOJI ITOJYy4YaeT KyCOUEK WU
moa00J1acTh, paBHYI €ro BepOSTHOCTH. CHUMBOJBI M YaCTOTHI TaOIUIIBI
3aIIMCHIBAIOTCS B HAyallo BBIXOJAHOTO (haitma 10 OWTOB KOJa CXKATHS

(Tabm. 1.3).

Tabnuua 1.3
YacToThl U BCPOATHOCTHU CHUMBOJIOB IMOCJICA0OBATCILHOCTU
CumBoa Yacrora BepositHOCTB ObaacTb
25 5 0.5 [0.5; 1)
60 3 0.3 [0.2; 0.5)
150 2 0.2 [0;0.2)

[Ipomiecc KomWpoOBaHWsS HAYMHACTCS C WHUIMATU3ANNN JBYX
nepemenHbix Low u High, koTopple o0TBe4alOT COOTBETCTBEHHO 3a
HUKHIOIO U BEPXHIOIO TpaHUIlbl MHTepBaia. {1 HavalbHOrO MHTEpBaa
3HAUEHMs MEePEMEHHbIX OyAyT paBHbI cooTBeTcTBeHHO 0 u 1. Ilo mepe
MOCTYIUICHUS MW OO0pabOTKM CHMBOJIOB, TiepeMeHHble Low wu High
HAYMHAIOT COJMMXKAThCSA, YMEHbIIas WHTepBal. [Iporiecc wu3MeHeHHUs
TpaHWI] HHTEPBAJIOB ITPUBEJICH B TaOJIHIIE.

Koneunslii kog — 3T0 J1000€ YHUCIIO, OJHO3HAYHO ONpPEJCsIoIIee
nociaenHui u3 uHTepBaioB [0.13114125,0.131175), nanpumep, 0.13115.

DTO YHCIIO TEPEBOAUTCS B IEIOYUCICHHBIA BHUA MYTeM OTOpachIBaHUS
HYJISL ¥ TOUKH cleBa. TakuM o0pa3oM, KOJOM Hallel Mociaea0BaTeIbHOCTH
oyner uncio 13115, mockoNIbKy OHO COJAEPKUT HANMEHBIIIEE KOJIUYECTBO
1udp U 0OTHO3HAYHO OTPEIETIAeT MOCIeIHUN UHTEPBAJ.

Hexonep pabotaer B oOpatHoM mopsiake. CHavala OH Yy3HAeT
CUMBOJIbI MOCIEAOBATEILHOCTH M 4YacTOThl, UM COOTBETCTBYIOILINE
(Tabin. 1.3). 3aTeM OH CUMTHIBAET YUCIIO M, I0OABUB K HEMY HOJIb CJIEBa,
MPOU3BOJIUT MOUCK UHTEPBAJA, B KOTOPOM COAEPIKUTCS 3aJaHHOE YUCIIO.

Takum 00pa3oM, IMOCKOJBKY KaKIOMYy HWHTEpPBally COOTBETCTBYET
CUMBOJI, MBI OIIPEAENSEM IEPBBIM CUMBOJI B MOCIENOBATEIbHOCTHU. Jlanee
nekojiep  yaaiasier 3(QeKkT pacrno3HaAaHHOTO CHMBOJAa U3  KOJa
MOCJIEI0BATEIILHOCTH, nyTeM BBIYUTAHUS HUKHEH TPaHUIIBI
PAcIO3HaHHOTO MHTEpBaJia U3 KOJa W JIEJICHUSI Pe3yJibTaTa Ha BEIUYUHY
uHTepBajga. Mpl MoJlydyaeM HOBOE YMCIIO, SBISIOIIEECS KOJIOM IS
OCTaBIIMXCSI CUMBOJIOB TOCJI€IOBAaTeNbHOCTU. K HEMYy MpPUMEHSIOTCS BCe
BEITIIC ONMMCAHHBIC MArd JCKOAUPOBaHMSA. TakuM 00pa3oMm, IIar 3a marom
JIEKOJIEP BOCCTAHABIMBAET BCE CUMBOJIBI ITOCJIEI0BATEIbHOCTH.

AHanu3upysi TaOIUIly CHMBOJIOB, NIEKOJEpP Y3HAET, CKOJBKO pa3
HEOOXOAMMO TIOBTOPUTH CBOW aJNTOPUTM JUIsi BOCCTAHOBJICHUS BCEH
MOCJIEIOBATEILHOCTH CUMBOJIOB.

17



Jnst TOoro 4TOOBI BBIACHUTH CTEMEHb CXKATHUS, JIOCTUTAEMYHO C
MTOMOIIBI0 ApU(PMETHICCKOTO KOAUPOBAHUS, HEOOXOIUMO TEPEBECTH BCE
pe3yJIbTaThl B JBOMYHYIO (popMy, a 3aTeM pa3leliuTh pa3Mep BXoja Ha
pasMep BbIXoAa B Outax. [l Hamero mnpumepa CTENeHb CXKaTus
coctaBuia 4,21.

Tabnuua 1.4
[Tponecc apudmMeTHyecKoro KOIUPOBAHHMS
CumBoa | Ilepemennbie | 3HaYeHUs IePEeMEHHBIX
Low 0.0
High 1.0
150 Low 0.0+ (1.0-0.0)x0.0=0.0
High 0.0+(1.0-0.0)x0.2=0.2
25 Low 0.0 +(0.2-0.0)x0.5=0.1
High 0.0+(0.2-0.0)x1.0=0.2
60 Low 0.1 +(0.2-0.1)x0.2=0.12
High 0.1+(0.2-0.1)x0.5=0.15
60 Low 0.12+(0.15-0.12)x0.2 =0.126
High 0.12+(0.15-0.12)x0.5=0.135
25 Low 0.126 +(0.135 - 0.126)x0.5 = 0.1305
High 0.126 + (0.135-0.126)x1.0 = 0.135
150 Low 0.1305 +(0.1305 - 0.135)x0.0 = 0.1305
High 0.1305 +(0.1305 - 0.135)x0.2=0.1314
25 Low 0.1305 +(0.1314 - 0.1305)x0.5 = 0.13095
High 0.1305 +(0.1314—-0.1305)x1.0=0.1314
60 Low 0.13095 + (0.1314 — 0.13095) x0.2=0.13104
High 0.13095 +(0.1314 - 0.13095) x0.5=0.131175
25 Low 0.13104 + (0.13104 - 0.131175)x0.5 =0.1311075
High 0.13104 +(0.13104 — 0.131175)x1.0 =0.131175
25 Low 0.1311075 +(0.131175—-0.1311075)x0.5 =0.13114125
High 0.1311075+(0.131175-0.1311075)x1.0=0.131175
Tabnuua 1.5
IIpouecc apupmeTHuecKoro 1eKOAUPOBAHUS
Kon HNuTepBai CuMBOJI
13115 — 0.13115
0.13115 [0.0,0.2) 150
(0.13115 - 0.0)/0.2 = 0.65575 [0.5,1.0) 25
(0.65575-0.5)/0.5=0.3115 [0.2,0.5) 60
(0.3115-0.2)/0.3=0.3716 [0.2,0.5) 60
(0.3716 — 0.2)/0.3 =0.572 [0.5,1.0) 25
(0.572-0.5)/0.5=0.14 [0.0,0.2) 150
(0.14 - 0.0)/0.2=0.72 [0.5,1.0) 25
(0.72-0.5)/0.5=0.44 [0.2,0.5) 60
(0.44-0.2)/0.3=0.814 [0.5,1.0) 25
(0.814 —0.5)/0.5 = 0.629 [0.5,1.0) 25
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JUist  Toro 4ToObl yBEIWYUTH CTENEHb CXKATHUS, HPUMEHSIETCS
aNanTUBHBIA MeTOA apu(METUYECKOTO KOIAUPOBAaHUSA, B KOTOPOM
IPOUCXOIUT AMHAMHYECKOE MOCTPOEHUE TAaOIUIbI CUMBOJIOB U YaCTOT, UM
COOTBETCTBYIOIIHX.

ApudpmeTnieckoe KOJUPOBAHUE B UUCTOM BHUJI€ HE IPUMEHSIETCS IS
cokaThs n300paxeHuil. OHO BXOJUT B COCTaB O0Jiee CIIOXKHBIX CTaHIApTOB
ckaTus n3oopaxkenuil, Takux kak JPEG u JPEG2000.

1.2. AlropuTt™Mbl KOIUPOBAHUSA € MPeoOpa3oBaHUEM

Metoasl KOAMpPOBAaHHS C TpeoOpa3oBaHMEM, B OOIIEM cClydae,
OCHOBaHBI Ha MPHUBEICHUHM M300paKeHUN K BHAY, Hanboyiee yao00HOMY C
TOYKH 3pEHHS COKpaleHus: u30pTouHoi nndopmanuu. [lpu koaupoBanuu
C npeoOpa3oBaHUEM OCYUIECTBIISIETCS COKpallleHHE KaK
NICUXO(PU3HOTIOTHUIECKON, TaK M CTATUCTUIECKON M30BITOYHOCTH Ha OCHOBE
npeodpazoBanusi UHGOPMALIUKM U3 MPOCTPAHCTBEHHOM 00JIaCTH B 00J1acTh
TpaHC(POpPMaHT.

IIpouiecc nmpeoOpazoBaHus M300paKeHUM, KaK MPaBUIIO, OCHOBAH Ha
pasneneHnu u3o00pakeHus Ha (parMeHThl U UX OTIENbHON 00padoTke. B
CBSA3M C TEM, YTO B OOIIEeM ciydae H300paKeHUE XapaKTepU3yeTcs
JBYMEPHBIMH 3aBUCUMOCTSMH, HCXOJHbIE (parMeHThl TaKKe JOJIKHBI
HOCHUTh JBYMEpHbIH XapakTep. Pa3smep (parMenrta sBisieTCs BaXKHBIM C
NPaKTUYECKOW TOYKHU 3peHUsl mapameTpoM. TUNUYHBIN (pparMeHT COCTOUT
u3 8x8 mukceneil. OCHOBaHHEM K TakOMy BBIOOpY pa3Mepa (parmMeHTta
CIIY)KUT TO, YTO MHTEPBAT KOPPEIAIHMH B H300paKECHUSIX B CpPEIHEM HE
MPEBBIIAET § MUKCENEH.

PesynpTar mpeoOpazoBaHusl TpEACTaBISET COOOW CHEKTpaIbHBIC
kod(pbunMeHTsl  npeoOpa3oBaHUs, Ha3bIBaeMble  TpaHCHOPMaHTaAMH,
KOTOpbIE XapaKTEePU3YIOTCS aMIUTUTY I0M u 000011IeHHOU
IPOCTPAHCTBEHHOM YaCTOTOW — KOOPIMHATON B CIIEKTPAIBHOW 00JIACTH.

B ocHOBy mnpeoOpa3zoBaHusi M300paKEHUI MOTYT OBITh IMOJIOKEHBI
pasnuuHble TpuHOUNBL. Hambonee YacTo HCMOIB3YIOTCS  METOIBI
YHUTAPHBIX JIMHEWHBIX OPTOTOHAJIBHBIX TMpeoOpa3oBaHuid. Paznuuaror
OpTOTOHAJBHBIE MPEeoOpa3oBaHUsl HM300pKEHUM, B MaTEMaTHYECKOM
ammapaTe KOTOPBIX HEMOCPEACTBEHHO MCHIOIB3YIOTCS CTaTUCTUYECKUE
cBoiicTBa BuJeouH(popmanuu (Hampumep, npeoOpazoBanue KapyHnena —
JlosBa), W mpeoOpa3oBaHUs, B TMPOIECCE KOTOPHIX CTATUCTUUYECKUE
XapaKTEPUCTUKH HW300paKCHUSI WM COBCEM HE YYHUTBIBAIOTCS, WIH
YYHUTHIBAIOTCS B OTPAHUYCHHOM CTEMEHU (IUCKPETHOE MpeoOpa3OBaHME
dypbe, nmpeoOpazoBanue Youia — Ajnamapa, S-mpeoOpa3zoBaHue U T. 1.).
JIuHEMHOCTh OPTOTrOHAJIBLHOIO MPEOoOpa30BaHMs O3HAYAET, YTO OINEpPAIUU
CJIOKEHUS, BBIYUTAHUSA U YMHOKEHUSI HA CKAJIAp JCHCTBUTEIBHBI U TIOCIIE
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npeoOpa3oBaHus, a OPTOTOHATBHOCTH O3HAYaET, YTO MpeoOpa3yemMblid
dbparMeHT TpeACTaBIsSETCS OrpaHUYCHHBIM HA0OPOM OPTOTOHATBHBIX
byHKIME. YHHUTApHOCTH OPTOTOHAIIBHOTO MPEOoOpa3oBaHUs O3HAYAET
CXOXECTh MAaTEMaTHMYECKUX allaparoB MpU MNOpSIMOM U OOpaTHOM
npeoOpa3oBaHUsIX.

JIunelinoe npeoOpa3oBaHUE MOKHO OCYILECTBUTH B OOIIEM CITydae C
HEMPEPHIBHBIM WJIM JUCKPETHBIM CHUTHAJIOM, IPOIECCY MPeoOpa3oBaHUS
npu 3TOM OyJEeT COOTBETCTBOBATHh WJIM HWHTETpajbHAas, WJIA MaTpUYHAS
dhopMa 3anucw.

JluneliHbie OPTOrOHANBHBIE TPEOOPA3OBAHUS XaPAKTEPUZYIOTCS TEM,
YTO MEXKIY DJJIEMEHTaMU HW300PKEHHUS YCTPAHAIOTCS CTATUCTUYECKHE
3aBUCUMOCTH U  paclpelieieHue DSHEPrud B IpeoOpa30BaHHOM
CIEKTPAJILHOM (pparMeHTe SBIISIETCS HEPABHOMEPHBIM. DTHU OCOOCHHOCTHU
WCITOJIB3YIOTCS B TIPOIIECCax KOAUPOBAHUS.

Jnst  BBICOKOI(P(EKTUBHOTO KOAUPOBAHUS C TMpeoOpa3oBaHUEM
HEO00XO0JIUMO, YTOOBI MPEeoOpa30BaHUE OCYIIECTBISIIOCh B COOTBETCTBHUU C
napamMeTpamMu UCTOYHHKA CUTHaIA. D (HEKTUBHOCTh KOJIUPOBAHUS 3aBUCHT
OT TOro, Kak B TIPOILIECCE€ BBIMOJHEHUS aJIrOpUTMa MpeoOpa3oBaHUs
neperpynnupyercst SHEPTUsi B IpeoOpa3oBaHHOM curHaie. [Ipu paBeHcTBe
SHTPOIUU UCXOJHOTO U IPEoOpPa30BaHHOIO AJI MOocIeaytome 00paboTku
CUTHAQJIOB KEJAaTelIbHO, YTOOBl JHEPrHs TMOocje Mpeodpa3oBaHUs B
CIEKTPAIbHYIO0 00JIaCTh ObLJIa COCPEAOTOUCHA B MUHUMAJILHO BO3MOKHOM
KOJIMYECTBE CHEKTPAIbHBIX KO3 duimeHntoB (Tpancpopmant). Ilpu
JUHEHHBIX OPTOTOHAJIBHBIX MPEOOPA30BAHUSIX ONTHUMAIBLHOE BBITIOJTHCHHUE
YKa3aHHOTO YCJOBHUSl JIOCTUTAeTCs B Ciy4yae, KOTJa COCTaBIISIOIINE
BEKTOPOB ~ MAaTpHUIlbl  MpeoO0pa3oBaHUsl  COOTBETCTBYIOT  THUIUYHBIM
IPOCTPAHCTBEHHBIM  XapaKTEPUCTHUKaM  JABYMEPHOTO  CHUTHajda B
TOPU30HTAJILHOM U BEPTUKAIBHOM HAINPABIICHUSIX.

BaxkapIM TapaMeTpoM alTOPUTMOB MPeoOpa3oBaHUS  SBISACTCS
o0beM BbluuciieHuil. IlociienHuil omnpenenser CI0XKHOCTh YCTPOMCTBa,
peanu3yromero mnpeodpazoBaHue. 3a HUCKIIOYEHUEM MpeoOpa3OBaHUS
Kapynena — JlosBa (IIKJI), peanuzanus OOJBIIMHCTBA MCHOJIB3YEMbBIX
peoOpa3oBaHUil OCYIIECTBIAECTCS C TMOMOIIBIO OBICTPHIX aJITOPUTMOB,
TaKMX Kak alropuT™ ObicTporo mnpeooOpazoBanus Dypee (BIID).
Cy0OontumanbHble alrOpUTMBI ITpeoOpazoBaHust Anxamapa u Xaapa MOKHO
BBITIOJIHUTH 0€3 Onepalui YMHOKEHUS.

1.2.1. Yxyowenue kauecmea uzoopaxicenus

Jns  xKoaupoBaHMsT H300paXEHUM BOOOIE M KOJAUPOBAHUS C
npeoOpa3oBaHMEM B YAaCTHOCTM HE CYIIECTBYET MEp KayecTBa
N300paKeHHS,  KOJMYECTBEHHO  XOpOIIO  KOPPEIUPOBAaHHBIX  C
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CyOBEKTUBHBIMH OILIGHKAMU PAa3IMYHBIX HCKAKCHUN M300paKeHUs,
BO3HHMKAIOIMMX B Kojepe. OIHAKO Maxe MpU OTCYTCTBUU OOBEKTHUBHBIX
KOJMYECTBEHHBIX ~ ME€p  MOXHO  MPOAHAIM3UPOBATh  MCKAKCHMS,
BO3HHMKAIOIIME B TMPOIECCEe KOAUPOBAaHUS C TMpeoOpa3oBaHUEM. ITH
HCKAXKEHUSI MOXKHO pa3JIeJIuTh Ha TPH Kjacca:

— BO3HMKAIOIINE MPU KBAHTOBAHUU TPaHC(HOPMAHT;

— BO3HHMKAIOIIWE TpW TPHPABHUBAHWUM  3HAYCHWH  HEKOTOPHIX
TpaHcopMaHT HYNO (B JEUCTBUTENBHOCTH OOJbllas YacThb
COKpamieHus] HM30BITOYHOCTH TIOJIYJaeTCs B PE3yjbTaTe TaKOM
HU3KOYACTOTHOHN (DUIBTpAIUN);

— CBSI3aHHBIE C TEM, YTO KOJMPOBaHHWE C TIpeoOpa3oBaHHEM HE
SABJISICTCSI MHBApHaHTHBIM K caBuram. llockonbky 00paboTke
MOJIBEPTalOTCS CMEXHBIE (pParMeHThl, TO MOXKET BO3HUKHYTH
HEeXeNaTeNnbHbld  (PparMeHTapHbii  1myMm. llpu caBure Havana
npoliecca mpeodpa3oBaHusi BOCCTAHOBJICHHBIE M300PAKEHUST MOKHO
Pa3INYUTh.

BusyanpHO BO MHOTHX ciydasx 3TH 3(P(HEKTbl MOXKHO pa3eiauTh.
KBanToBanne TpaHc(OpMaHT BHOCHT JIOMOJHUTEIBHBIA IIyM B
n3o0pakeHue. 3amMeHa TpaHC(POPMAHT HYJISIMH B KOJIEpPE SKBUBAJICHTHA
HU3KOYACTOTHOW (unbTpanuu. [lpm cpaBHEHWH BOCCTAaHOBIICHHOTO
U300paKEHUS C HMCXOJHBIM MOXET OKa3aThCs, UYTO 4YacTh JeTayeu
notepsiHa. HwuskowacToTHast ¢GuiabTpanus MOCTAaTOYHO 3aMETHA TIpH
oonmpmx Kod(pdummentax cxatug. IOToT ADQPEKT 3aBUCUT OT THIA
OpUMEHseMoro  mnpeoOpa3oBaHUs, HO  JaKe TPU  KOCHHYCHOM
npeoOpa3oBaHWM Ha MaJlBIX CKOPOCTSIX MCKOKEHHE Ha TpaHHIAX
(dbparMeHTOB SBHO HEXENAaTeNIbHO. TepMUH «HH3Kas CKOPOCTH Iepeaadmy
O3HAYaeT, YTO COXPAHSIETCS TOJIBKO MaJiasi 4acTh TPAaHC(POPMAHT, CKAKEM,
10%. KocunycHoe mnpeoOpa3oBaHME MEHEE CKJIOHHO K OO0pa30BaHUIO
dbparMeHTaNbHOTO IIyMa, OJHAKO OHO TakXKe BHOCUT TOJOOHBIC
UCKKCHHUSI.

HecmoTpss Ha OTCYTCTBHE HAJEKHBIX MaTEMaTUYECKUX MeEp,
CYILIECTBYIOT METObI OLICHUBaHUSI yXyIUICHUs KauecTBa
BOCCTAHOBJICHHBIX M300paKCHHM IO CPaBHCHHIO ¢ MCXOIHBIMH. BechMma
HarJISiIHBIM  SIBJISIETCSI  TaK  Ha3bIBaeMO€  «M300paK€HHWE  OIHOOK
KOJIMPOBAHUS», TPEJCTABISAIONIEE COO0M u300paxkeHne aOCOTIOTHOM
Pa3HOCTU MEXKIy MCXOJHBIM M BOCCTAHOBJIEHHBIM H300pakeHusMu. [[s
HAONIOZICHUN CHUTHaI W300paXEHUsT OMIMOOK KOJUPOBAHUS OOBIYHO
ycunuBaetTcs B 10—40 pa3. Eciau mHpopmanmoHHbie MOTEPH Mallbl, TO U
uHdopmalusa, coAepKamasics B H300paKEHUM OIIMOOK KOJAMPOBAHMS,
OyneT He3HaunTeNbHOU. JIJIsl BBICOKOKAYECTBEHHBIX CUCTEM KOJIWPOBAHUS
U300pakeHre OMOOK KOJUPOBAHUS MIPEACTABISIET COO0M OEIbIN HIyM.
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1.2.2. Ilpeoopazoeanue @ypove

JIBymepHoe nuckpeTHoe mpeoOpazoBanue Dypoe (AIID) maTpuirs
OTCUETOB M300paXe€HHUsI OMPEIeTICTCS B BUAC psiaa

-1N-1
F(u, V)—% 2 Zf(]»k)exp{——(ujﬂk)}
=0 k=0
i=~-1,

a oOpaTHOe TUCKpeTHOE MpeodpazoBaHue Oypbe UMEET BU

(1.1)

1 N-IN-1
AR k)—ﬁ 2 2 FQu, V)exp{—(ujﬂk)}

u=0v=0

[lo aHamoruM C TEPMHUHOJIOTHEH BPEMEHHOIO TIPEeoOpa3oBaHMUs
@dypbe nepeMeHHbIE U,V Ha3bIBAIOT MNPOCTPAHCTBEHHBIMU YaCTOTaAMHU.
[Tockonbky sigpa mpeoOpa3oBaHUs CHUMMETPUYHBI U Pa3/IEIUMBI,
JIBYMEPHOE npeoOpa3oBaHue MOYHO BBITIOJTHUTD B BUJIE
MOCJIEIOBATENbHBIX ~ OJHOMEPHBIX MPeoOpa3oBaHU IO CTpPOKaM H
CTOJIOLIAaM  MAaTpulbl  W300pakeHusl. basucubiMu  QyHKUIMAMHU
peoOpa3oBaHUs SIBISIOTCS SKCIIOHEHTBI C KOMIUIEKCHBIMU TTOKA3aTesIMHU,
KOTOPBIE MOKHO Pa3JIOKUTh HA CAHYCHYIO U KOCUHYCHYIO COCTaBJISIOILIKE.

Takum oOpazom,

A ku,v) = exp{— %(uj + vk)} =

= cos{%c (uj + vk)} — isin{zﬁ7t (uj + vk)},

B(j,k,u,v)= exp{%(uj + vk)} =

27 27
=c0Ss — (uj +vk) p +isins —(uj + vk) ;.
{N(J )} I {N(J )}

Jnst Hu3kux 4YactoT OasucHble (yHKIUM TpeoOpazoBanus Dypbe
ABIISIIOTCA TPYObIMU anmpoKCUMAalUsIMU HENpepbIBHBIX cuHycouna. C
NOBBIIIEHUEM YacTOThl CXOJICTBO C CHHycoujpamu Tepsercs. Jld
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HAMBBICIIEH 4YacTOThl Oa3ucHasi (YHKIUS MPECTABISIET COOOM MeaHp.
MoOXXHO 3aMeTUTh TakKe HW30BITOYHOCTH HAaOOpPOB CHHYCHBIX W
KOCHHYCHBIX COCTABJISIOIINX.

Cnektp wu300pakeHUsT WMEET MHOTO MHTEPECHBIX CTPYKTYPHBIX
ocoOeHHOcTel. CrekTpajibHasi COCTaBJISIIONIAasi B Hadalle KOOPJUHAT
YaCTOTHOM MJIOCKOCTH

1 N-1N-1

j=0k=0

paBHa yBEIMYEHHOMY B N pa3 cpenHemy (IO HCXOAHOM IIIOCKOCTH)
3HAUCHUIO SIpKOCTU u300paxkeHus. IlomcraBuB B paBerctBo (1.1)
u=u+mN uv=v+nN, TIe m U n — NOCTOSAHHBIC, [IOJTYUUM

N-1N-1 2mi
j=0 k=0 '

X exp{— 27i(mj + nk)}.

[Ipy n1OOBIX 1ENOYUCICHHBIX 3HAYEHUSIX M W 1 BTOPOU
SKCHOHEHIUAJIBHBI MHOXHWTENb paBeHcTBa (1.2) mpeBpaimiaercss B
eaunuily. Takum obpazom, ipu m, n=0,+1, £ 2, ...

Fu+mN,v+nN)=F(u,v),

YTO CBUJIETEIICTBYET O NEPUOAUYHOCTH YACTOTHOU IIOCKOCTH.

JIBymepHbIil criekTp DPypbe U300paKeHUsl SBISETCS MO CYIIECTBY
IpeJICTaBICHUEM JIByMEpPHOTO MoJist B BUje psina Pypwe. s Toro 4rodsl
TaKO€ MPEJCTaBIECHUE ObLIO CIPaBEUIUBBIM, HCXOJHOE H300pakeHUE
JOJDKHO 00J1ajaTh NEPUOANYECKONW CTPYKTYpPOH, T.€. MMETh PHUCYHOK,
HOBTOPSIOLIUICS IO BEPTUKAIN U TOPU30HTAIU. Takum oOpa3om, mpaBblid
Kpail u300pakeHUs] IPUMBIKAET K JIEBOMY, & BEpXHUI Kpall — K HIXKHEMY.
N3-3a pa3pblBOB 3HAYEHUNW SAPKOCTM B OTUX MeCTax B CIIEKTpe
N300pakeHUs1 BO3HUKAIOT JIOMOJIHUTENIbHBIE COCTABIISAIOLINE, JISKAIUE HA
KOOPAMHATHBIX OCAX YaCTOTHOM IUIOCKOCTH. OTH COCTABJSIOIIME HE
CBSI3aHBl CO 3HAUEHUSIMU SIPKOCTU BHYTPEHHMX TOYEK HU300pakeHUs, HO
OHU HEOOXOJIMMBI [JIsl BOCTIPOU3BEICHUS €r0 PE3KUX IPaHMII.

1.2.3. /leymepnoe npeoopazoeanue Xapmnu

OOparnieHre K npeodpa3oBaHUI0 XapTiu OOYCIOBICHO CUTYyalluew,
CIIOXKUBILIEHCS B psAA€ METOAOB 00pabOTKM MH(OpMalMU, B YACTHOCTHU
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UCITOJIB3YIONNX BEIIECTBEHHBIE MTOCIIEI0BATEILHOCTH JaHHBIX. OOpaboTKy
TaKUX JJAHHBIX JKEJATeIbHO OCYIIECTBUTH B OOJACTH BEIIECTBEHHBIX YUCEI
C TOMOIIBIO B3aMMHO CHUMMETPUYHBIX TIPSIMOTO W  OOpaTHOTO
npeoOpazoBanuii. B omimume ot  mpeoOpazoBanHusi  Dypbe,
OTOOpPAXKAIOIIETO BEIIECTBEHHbIE (YHKIIMU B KOMIUIEKCHYIO 00JacTh,
HECUMMETPUYHOE 10 I TpeoOpa3zoBaHue XapTiu OCYLIESCTBISET MPsMOe U
oOpaTHOE MpeoOpa3oBaHUs TOJIHKO B BEIIECTBEHHOM 00JlacTh M 00J1aiaeT
YKAa3aHHOW CUMMETPHEN.

JIsymepHoe mpeoOpa3zoBaHme XapTid o00JagaeT HHTEPECHBIM
CBOMCTBOM (hyHIAMEHTaJbLHOTO XapakTepa. JlaHHoe mpeoOpa3zoBaHue
SBJISICTCSl BEIICCTBEHHBIM W B JIBYMEPHOM ciy4dae. B cuiy Toro, 4ro
npeoOpa3zoBanne Dypbe SABIAECTCS KOMIUIEKCHBIM, IJI €r0 ONMpeaesICHUs
JIOCTaTOYHO TIOJIOBUHBI IUIOCKOCTH MpeoOpa3zoBanus. OcTajibHas 4YacThb
ATON TJIOCKOCTU MPUHAICKUT COMPSHKEHHBIM 3HAYEHUSIM, KOTOPhIE HE
COJIEpKaT JIOTIOJHUTENIbHOW uWH(OpMaIuu, Tak Kak JUaMeTPalibHO
MPOTUBOIIOI0XKHBIE TOYKH XapaKTEPUIYIOTCS COTPSKCHHBIMA
koddurmentamu. B mimockoctr mpeoOpa3zoBaHus XapTiiM, HAIPOTHUB,
OTCYTCTBYIOT TIOJIOOHBIE CHUMMETPHUSI W H30BITOYHOCTH, HH(MOpMAIUs
pacmpenensercss 1O Bced o0jmacTh ¢ MEHbIIEM B JiBa pasa
WHTEHCHUBHOCTHIO.

JIBymepHOE€  NMCKpeTHOe  mpeoOpazoBaHue  XapTid  HUMEET
CIEIYIOLINN BUL:

1 Nt 2nviTy 21v5 Ty
H,vy)=—"7 2 2 f(11,12)cas|( )+ ( ) |s
NiN3 4,20 1,=0 Ny N
Ny-1N,-1
T 2TVyT
fGL)= X ZH(vl,mca{( Eh+ (2 2)}
V=0 v,=0 Ny Ny

rIe casx =Ssinx + CosXx.
JIBymMmepHOEe JOHCKpeTHOEe TpeoOpa3zoBanne Dypbe B TeX IKe
0003HAYCHUSIX OIPEACIACTCS KaK

1 NSt T 27,7
F(v,,v 7,,7,)ex it 272
(V,vy) = NN, TIZIOTZZIOJ[( 1 T2)exp| (= ———) + (= N, —=)

N1-1Np -1

fonr)= Y sz,vz)exp{(/ ”l) g 2’%)}

v1=0vy=0 N2

[Ipeo6pazoBanne dypbe MOKET OBITH MOJIYYEHO M3 MPEeoOpa3OBaHUS
Xaptin, n Hao0opoT. Ilycts F, — BemiecTBEHHas 4acTh IPEOOpPa3OBAHMS
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dypee, a F, — MHumas yacte. Torma H =F,.—F;, 1. e. pynkuus H

l
ONPENIENISeTC KAaK PAa3sHOCTh BEIIECTBEHHOW M MHUMOM COCTaBJISIOLINX
npeoOpa3zoBanusi dypee. CooTBeTcTBEHHO eciu E — dyerHas, a O —
HedeTHas cocTasstromue yHkuuu H ,to F, = E, F; = O.

1.2.4. /leymepHnoe ouckpemnoe npeoopazosanue Yonua

W3BecTHO, YTO, KpOME TPUTOHOMETPUYECKHX OPTOTOHAILHBIX
byHKIME, B KadecTBE Oa3WCHBIX MOTYT TIPUMEHSATHCS © JIPyTHe
oproroHanbHble ¢yHKIMH. [[1sg1 TOro dYroOBI CTajgo SCHO, MOYEMY
MOJIYYWJIM  IIUPOKOE TPUMEHEHHE BBIMOJIHSIEMbIE Ha OCHOBE OTHX
0a3ucHbIX (YHKIUH MpeoOpa3oBaHUs, YyKaXXeM HX OCOOCHHOCTH, IO
CpaBHEHUIO ¢ npeodpazoBanueM Dypbe.

[IpeobpazoBanuto Pypbe NpUCyl] HEAOCTATOK, KOTOPOTO JIMUIIEHO
npeoOpazoBanue Yoia. DTOT HEIOCTATOK 3aKII0UYaeTCs B CIEAYIOUIEM:
qacTo ObIBa€T BaXKHBIM CBEJICHHE K MHUHHUMYMY BpPEMEHH MAIIMHHOTO
BBITTOJTHEHHSI TTPOM3BOMMBIX JercTBH. Co3MaHue aaropuTMa OBICTPOTO
npeoOpaszoBanus Dypbe MO3BOJIUIIO CYIIECTBEHHO YCKOPHUTH OO0pabOTKy
uHpopmaruu. Ho gmaxke I HEro coxpaHsSeTcs HeoOXOAWMOCTh B
BBITIOJITHEHUH OOJBIIOTO KOJUYECTBA YMHOKEHUHN, 3aHUMAIOIINUX OOJIBIIIYIO
4acTh BPEMEHU MPU MAITMHHON 00pabOoTKe JaHHBIX.

Cnenyer uMeTh B BHJIY M TO, YTO, XOTS nJs psga GyHKIHMA
JOCTAaTOYHO YJAOBJICTBOPUTEIbHAS WX AaNIpPOKCHUMAIIAS TIOMy9aeTCs YKe
IPU CPaBHUTEIHLHO HEOOJBIIOM yucie KoddduimeHToB psaga Dypwe, 1is
MHOTHX CHTHAJOB 4Yallle BCETO HE BBIMOJIHACTCS YCIOBHE OBICTPOM
cxopumocTu psaga Oypre. [Ipu npubauxeHHON anmpokcuMaIuu QyHKIUN
TPUTOHOMETpUYECKUMH  psigamMu  Dypbe  omepanuio  YMHOXKEHUS
NPUXOIUTCS MHOTAA MPOU3BOIUTH MIJLTMOHBI M MUJUIMAPIBI pa3, U 3TO
3aHMMAEeT OCHOBHYIO YaCcTh MAIlIMHHOTO BPEMEHHU.

Kycouno-mocrossunass 6a3vcHass (DyHKIIUS WMEET Ha BBIJICICHHOM
WHTEpBaJIC BPEMEHHU IOCTOSIHHOE 3HadeHue. B dopmyny korddunuenta
() PpAa3NOXEHHA B DA BXOAUT BEIMYMHA, SABIAIOIIASACA JUId JAHHOIO

WHTEpBaja paslioKeHusi mocTtossHHoW. Eciam mpu Bcex k& Ha 3amaHHOM
UHTEpBaJIe 3HaUeHUEM 0a3ucHoM PpyHKumH siBisiercs 1 wu -1, To oTnagaer
HEOOXOJMMOCTb BBINIOJIHEHUS KaXKIbld pa3 omnepanuu ymMHoxkeHus. llpu
NPUOJIMKEHHOM BBIYUCIECHUU KOA(DPUUMEHTOB pasiiokeHus: (PyHKIUU B
psaa mo O0a3ucHbIM (DYHKIUSAM, NMpUHUMAOIIMM 3Hadenus 1, -1 wmm 0,
JIOJKHBI IPOU3BOAUTHCS CYIIECTBEHHO O0Jiee MPOCThIEe, YEM YMHOXKEHUE,
ONEpallMi CJOKEHUS M BBIYMTAaHUS. B 3HAUMTENBHOM YIPOILIEHUH U
YCKOPEHUU 00pabOTKU MH(OpMAIMK 3aKII0YAETCS CMBICT MPUMEHEHUS B
KadecTBE 0a3MCHBIX KyCOYHO-TIOCTOSTHHBIX (DyHKITHH.
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CylecTBYIOT pa3fiiyHble cOCOObI onpenesieHus: (yHKIUK Y oullia.
PaccmoTpuM cmoco0, OCHOBaHHBIM Ha B3aUMOCBS3M (GYHKIHMK Youiia u
byukmuii  Pagemaxepa. Ilocinennume momydaroTCs W3 CHHYCOMAAIBHBIX
(GyHKIHI ¢ TOMOIIBI0 COOTHOILICHHUS

7 (8) = sign([2* Om)),
0<06<l1,

rae aprymeHtT 0=¢/7; ectb Oe3pazMepHOEe BpeMms, T.€. BpeMms,
HOPMHpPOBaHHOE€ K  MPOM3BOJILHOMY HHTepBaly I, a IeJoe

MOJIOKUTEIbHOE YHCIO k — mopsaok ¢GyHkiuu. CuMBOJIOM  sign
o0o3HauaeTcs PyHKIMA 3HAKA:

I, x>0,

sign(x) = 1 %<0 (1.3)

B cootBerctBum ¢ (1.3) pyHkuuu Panemaxepa npuHUMAIOT OJTHO U3
nByX 3HaueHuM (1 wim -1) u uMeroT BUA MeaHIpa.

Oyakuuu  Yomma, o0pa3yrolue IMOJHYI0 OPTOHOPMHUPOBAHHYIO
CUCTEMY, MOXHO cdopmMupoBaTh, 00pa3zys TMPOU3BEACHUS CTENeHen
cooTBeTcTBYroNMX GyHkuuii Pagemaxepa. Cnocod moctpoeHus QpyHKIUN

Voua MOKHO BBIPa3HTh aHAJTMTHYECKH JuIs Iroooro N =2":

wal(@8) = [ [[r; ()] -1 Sk
k=1

JInst 1udpoBBIX METOJOB CHEKTPAJbHOrO aHain3a U O00pabOTKH
CUTHAJIOB HaWOONBIINK HWHTEPEC MPEACTABISIOT MUCKPETHBIC (DYHKITUN
Yomma. Ot GyHKIHH SBISIOTCS OTCUETAMH HEMPEPBIBHBIX (yHKIIHA
Yomma. Kaxapli OTCYET pPacIoOOXKEH B CEPEAWHE CBS3aHHOTO C HUM
JJIeMEeHTa HenmpepbiBHOW (PyHKIUU. JIIUTENbHOCTH deMeHTa paBHa 1/N
ot untepnana [0,1].

JIByMepHBI ~ CUTHal  MOXHO  MOABEPTHYTH  JBYMEPHOMY
CIIEKTpaJibHOMY aHanu3y. J{Jis 3Toro curxan s[k,l] HYHO MpeoOpa3oBaTh
B JIBYMEPHBIN CIIEKTP S [n,m] M0 CUCTEME JIBYMEPHBIX 0a3UCHBIX (PYyHKIIMI

®,.m(k,[). B xadecTBe MOCICIHUX MOTYT OBITh NMPUMEHEHBI (YHKINH

Vounma, uMeroIme BUI

©y.m (k1) =wal(n,kywal(m,1l).

Torna nmpeoOpazoBaHus
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N-1N-1
Sln,m]= Y. > slk,[lwal(n,k)ywal(m,]),
k=0 [=0

| N=IN-I
S[k,l]=—2 > > S[n,mlwal(n,k)wal(m,l),
n=0m=0

OMPENEIISIOT Mapy ABYMEPHBIX JUCKPETHBIX MTPe0oOpa3zoBaHuil Y ouiia.
1.2.5. luckpemmnoe kocunycnoe npeoopazoseanue

K Meronam IuHENHHBIX OPTOTOHAJIBHBIX TPEOOPa30BAHMI, KOTOPHIE B
NOCJIETHEE BPEMsI IIMPOKO MPUMEHSIOTCA B 00JacTH LU(poBOi 00paboTKU
uHpOpMALIUM, OTHOCUTCS M  METOA  JUCKPETHOIO  KOCHHYCHOTO
npeoodpazoBanus (JIKII), ocHoBaHHBIM Ha MCTIOJB30BAHUH OPTOTOHAIBHOM
CUCTEMBI TUCKPETHBIX KOCUHYCHBIX (PYHKIIUN BO3PACTAIOIINX YACTOT.

[Ipsimoe onnomepuoe JIKII Oynet onpenensaTbesi BEIpaKeHUEM

N-1
C(k) = %c(k)go f(n)cos(z’z“;1 kn), ke{Ol, ..., N—1),
a obparnoe JIKII
N-1
=Y cth)Chkycos L imy, nefor, .., N-1y,
k=0 2N
rac
1
. k=0
c(k)=12 .
| k+#0

Martpuunas ¢opma 3anucu npsmoro JIKIT umeer Bun
[C(R)]=[o(k,m][f (n)],

rie [C(k)] — wmatpurma-cronben cnekTpaibHbIX Kodhduimentor JKII
pasmepom (IxN); [o(k,n)] — wMaTpuma HAUCKPETHOTO MHOXKECTBA
oproroHanbHbix QyHkuuii JIKII pazmepom (NxN); [f(n)] — maTpuia-
CTOJIOCI] AUCKPETHBIX 3HAYeHUU (0TCueTOB) curHayia. COOTBETCTBYIOIIEE
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oOpaTHOE OJIHOMEpHOE MpeoOpa3oBaHME B MaTpUYHOWM (oOpMe 3aIlucu
MIPECTABIISICTCS B BUE

Lf (n)] = [@(k,n)] ' [C(K)],

a TIOCKOJBKY YCJIOBHE CHUMMETPHUYHOCTH MATPHUIIBI MPEeoOpa3oBaHUs IO
OTHOUIEHHUIO K €€ IJITaBHOM JUarOHAJIM HE BBIINOJIHAETCS

[o(k,m)] ™" =[o(k,n)]",
HOJ‘IY‘II/IM
Lf (n)] = [o(k,m)]" [C(k)].

Jlns  mpeoOpa3oBaHusi JABYMEpPHBIX (ParMEHTOB HM300pa)kKeHUs
OMpEeICIUM TOHSTHE IBYMEPHOTO MTPEOOpa30BaAHMUSI.
Onpenenum npsaMoe JIByMEpHOE KOCUHYCHOE NMPe0Opa3oBaHuE KaK

Pl = TS (ko P DT

j=0k=0
2N
a oOpaTHOE Kak
N-1IN-1
FUR= 3 T Fu)ee(vycos 2T,
u=0v=0
< cos Qv+1kn ,
rae
L u,v=0
c(u),c(n)=1~2° ’
1, u,v=0

Paznenumoe simpo JKII (6e3 yyera KOHCTaHThI HOPMHUPOBAHMS)
UMeeT BU]I
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2N

I,

k,ne{0l, ..., N -1},
[,bme{0]1, ..., M —1}.

Takum obpazom, npsmoe JIKII aBymepHoro ¢gparmenta dpopmarom
(N x M) 3anumercs Kak

[C(k,1)] = [@(k, m)ILf (n,m)][ (L, m)]"

rae [f(n,m)] — curHajapHas MaTpulla pa3MepoM B OOIlIEM Cclly4yae
(NxM); [C(k,)] — coOTBETCTByIOIIas MaTpUIla CHEKTPAIBHBIX
koapdurmentor  JIKII pasmepom B obOmem ciydae (N xM);
[o(k,n)]—kBanparnas Marpuna JKII pasmepom (N X N):

_ | _
[2 2 ke{0l, ..., N-1},
[p(k,m)] =~ V2 ;
N 2n+1 ne{0,1l, ..., N-1},
COS km
N
[(p(l,m)]T — kBazgpatHas wmarpuma JKIT  pasmepom (M xM),

TPAHCIIOHUPOBAHHAA 110 OTHOIICHHUIO K MATPHUILIC

1
(2] 2 | lelol .., M1,
[cp(l,m)]—\/; ,

01, ..., M—1}.
C082m+1k7t me{0,l, ..., }

2M

CooTBercTByIOImIasi ~ MaTpuuHas  ¢opma  3amucu  OOpaTHOrO
nsymepHoro JIKII umeer Bug

Lf (n,m)] = [o(k,m)]" [C(k,D][o(l,m)],

rae cuMBOJIOM 7' 0003HAa4Y€H onepaTop TPAaHCIIOHUPOBAHMUS.
[TpeoOpa3oBaHusi, OCHOBaHHBIE HA TAPMOHUYECKUX (QYHKLHUAX, TAKUE
kak JKII u D, nydme mpubImKkarTcs K ONTUMAIbHOM YIIaKOBKE
uHpopManuy, JocturaemMod  mpeoOpazoBanueM Kapynena — JloaBa.
bnarogaps 3ToMy MHOruMe CUCTEMBI TPAHC(HPOPMALMOHHOIO KOAUPOBAHUS
ocHoBbIBaroTcA Ha JIKII, koTOpoe maer XOpOmMH KOMIIPOMHUCC MEXKIY
CTEIIEHBIO C)KATHS W BBIYMCIUTEIBHOW CIIOXKHOCTBIO. Kpome Toro, mo
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CpaBHEHMIO ¢ Apyrumu npeodpazoBanusimu, JIKII obecrnieunBaeT yrnakoBKy
HAauOOJNBIIIET0  KOJMYecTBA HMH(POpManuM B  HAWUMEHBIIEE  YHUCIO
K03 buMeHToB 1151 OoNbIIMHCTBA N300paxenui. [1o cpaBuenwuto ¢ 11D,
JKIT munumusupyet 3hPektT OJI0YHOCTH CTPYKTYPHI, MPOSBIISIONICHCS B
TOM, YTO CTaHOBSITCA BUIHBI TPAHUIIBI MEXIY coceqHUMHU Ookamu. OHO
yMEHbIIAeT 3TOT 3P(HEKT MOTOMY, YTO €ro MEPUOJUIYHOCTb B 271 TOUYEK HE
IPUBOAMT K pa3pbiBaM Ha rpaHulie 0J10Ko0B, B orinuue ot JI1D.
JIucKkpeTHOEe KOCHMHYCHOE mpeoOpa3oBaHue o0namaer Jydinei
CIIOCOOHOCTBIO K ymakoBke wuHopmaruu, mo cpaBHeHuto ¢ 1D u
npeoOpa3zoBanreM Youma — Axamapa. XOTsa dTa CUTyalus CIpaBeInBa
JUTsi OOJBITMHCTBA U300pAKEHUM, TEM HE MEHEE ONTHUMAIbHBIM B CMBICIIE
MHUHUMYyMa CpPEAHEKBAPATUYHOMN OILINOKH BOCCTAHOBJIEHHBIX
n300paxkeHui siBsiercsa npeoodpazoBanue Kapynena — Jlosna.

1.2.6. Ilpeobpazosanue Kapynena —Jlozea

Meron mnpeoOpa3oBaHUs HENPEPHIBHBIX CHTHAJIOB B HAOOp
HEKOPPEIUPOBaHHBIX Kod(ddurmenToB paspadotan Kapynenom u JlosBowm.
B oOmem cinyyae mnpeoOpasoBanue Kapynena —JloaBa omnucheiBaeTcs
COOTHOILIEHHEM

N-1N-1
Y(u,v)= 2 2 F(,0A(, ku,v),
j=0k=0

sapo A(j,k;u,v) KOTOpOro yJI0BJIETBOPSIET COOTHOILICHUIO
N-1N-1

Mu,VA(j, ku,v)y= > DY Kp(j,k;j,kNA(j, ku,v),
7=0k'=0

rne Ky (j,k;j' k") — xoBapuanmonHass GyHKIUsSI TUCKPETU3UPOBAHHOTO
nzo0paxkenusi, a A(u,v)npu PUKCUPOBAHHBIX U U V MOCTOSAHHA. DYHKIIMU
A(j,k;u,v) SBAAIOTCA COOCTBEHHBIMU (YHKIIUSIMH KOBapHaIllMOHHOMN
bynkuun, a AM(u,v) — ee COOCTBEHHbIMU 3HaueHHsIMU. Kak mpaBuio,

BBIPA3UTh COOCTBEHHbIE (DYHKIIMH B IBHOM BHJI€ HE yIaeTCSl.
Ecnun xoBapuannoHHy10 QyHKIIUIO MOXXHO pa3AeiiuTh, T. €.

KF (jak;j'ak’) = KC(jaj,)KR (kak,) >
TO A1po pasnoxenus Kapynena — JlosBa Takxke pa3nenumo u

A(j ksu,v) = Ac (j,u) Ag (k).
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Ctpoku ®  CTOJOIBI MATpHWI], ONHWCHIBAIOIIUX OTH  SApa,
YJIOBJIETBOPSIOT CICAYIOIIUM YPABHEHUSIM:

N-1
ArMAR(k,v) = 2 Kp(k,k) AR (K',v),
k'=0

N-1
he@Ac(u)= 2 Kc(j,j)Ac(J'u)-
j'=0

B wyactHOM ciydae, Korja KOBapuUallMOHHAs MaTpulla OIHUCHIBACT
pa3eIUMbIii  MapKOBCKHUU TMPOIECC TEPBOr0 IMOpPsKa, COOCTBEHHBIE
byHKIIMM yaaeTcs 3amucath B SIBHOM Buae. Jlims  ogHOMEpPHOTO
MapKOBCKOTO Tpoliecca ¢ KOd(PPUIUEHTOM KOPpeNsiiiuu p COOCTBEHHBIE

(GyHKIMHU 1 COOCTBEHHbIEC 3HAUEHUS] UMEIOT BUJ

G0 =51 sinfu) (-2 + LT
N+A (u) 2 2
= ,

1 -2pcos[w(u)]+ p2

rie 0<j,uu<N-1,a w(u) — KOpHU TPAHCLICHACHTHOI'O YPaBHCHUS

J— 2 1
o (Nw) = (I-p )s1n§w) .
cos(w)—2p+p“ cos(w)

CoOcCTBEeHHBIC BEKTOPHI MOXKHO TaKXE€ HAWTH U3 PEKYyPPEHTHBIX
hopmyn

40, = L 40.0) - pa(Lan),
- p
A= A L) + (1 p) 4G 0) ~ pAG + L)l
- P
0<j<N -1,
AN = 1,u) = 17‘(”)2 [—pA(N = 2,u) + AN - 1u)],
- p
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MOJIOKUB B KadecTBe HaudanbHOoro YycnoBus A(O,u)=1 wu 3arem

IPOHOPMUPOBAB MOJYYEHHBIE COOCTBEHHBIE BEKTOPHI.

IIpeoOpazoBanue KapyHena — JlonBa sBiIsIETCS ONTUMAJIBHBIM B
CMBICJIC MUHUMU3AIUN CPEIHEKBAAPATUYHON OMIMOKH BOCCTaHOBIICHHOTO
U300paKeHUsT I JTI000TO BXOJHOTO HW300paKeHUs M JIFOOOTO dHCIia
coxpaHeHHbIX KO3 duimeHToB. OMHAKO MOCKOJBbKY Oa3uCHbIC (PYHKIIUU
[TKJI 3aBucsAT oT BXOAHOTO M300paXKEHHUs, TO UX BBIUUCICHUE CTAHOBUTCSA
HeTpuBUAIbHOM 3amaued. [lo »sror npuumne I[IKJI g cxkarus
U300pakeHUI UCIIOJIb3YETCs PEJIKO.

1.3. CxxaTue n3o0pakeHNid HA OCHOBE BelBJIET-NPe0OPA30BAHUS

3a mocnenHue Ba NECSITHICTHS] B MUPE BO3HUKIO U O(OPMHIOCH
HOBO€ HAy4yHOE€ HAIIPABJICHUE, CBSI3aHHOE C TaK HA3bIBAEMBIM BEUBJIECT-
npeoOpazoBanremM. CioBo  «wavelety,  sgBistomeecs  MEPEBOIAOM
dpaniy3ckoro «ondelette», o3HawaeT HEOOJBIINE BOJHBI, CICAYIOIINC
IpyT 3a JIpyroM. B y3KOM CMBbICIE BEHBIIETHI — 3TO CEMEHCTBO (hYyHKITUH,
NOJIyYalolMXCsl ~ MyTeM  MAacIuTaOUpOBaHWSA W CABUIOB  OJHOM,
MaTepUHCKOW, PyHKIMU. B mMpokoM cmbiciie BEMBIEThI — 3TO (YHKIIMH,
o0Jialatoue XOpolIeld YaCcTOTHOW JIOKAJIM3alUEl, Yb€ CPeHEE 3HAUCHUE
PaBHO HYIJIIO.

B macrosimiee BpeMs OOmblIOe pa3BUTHE TOJyYWJIa IIPAKTHUKA
NPUMEHEHUS BEWBJIETOB MJisi PEIICHHWS 3a7ad CxkKatus U 00padoTKu
U300paKeHUH, ABJISIIOUIMXCS HECTAIMOHAPHBIMU MO cBoed mpupozae. Ha
JAHHBII MOMEHT pa3padOTaHO HECKOJIBKO IIMPOKO U3BECTHBIX AJITOPUTMOB
cxkatusa uzobpaxenuit (JPEG2000, JPEG XR, EZW, SPIHT, IW44), B
OCHOBE KOTOPBIX JIC)KUT BEUBIET-IIpe0oOpa3zoBanue. Marepuasl HAaCTOSIIIETO
IIYHKTa HAIpaBJI€H HAa PACCMOTPEHUE OCHOBHBIX MOMEHTOB BEUBJICT-
TEOpUU U TMPUMEHEHUE TOCIEAHEH B O00JacCTU CKATUS CTATUYECKUX
U300paKEeHUI.

1.3.1. Hekomopuie céedenus o geiienem-npeoopazosanuu
1.3.1.1. Henpepuvisroe setienem-npeoopazosatrue

Ilog HempepsiBHBIM BeiiBieT-npeodpasoBanueM (HBII) dynkunu

f()e I? (R) (3necw I? (R) — npocTpaHcTBO (hYHKITUNA KOHEYHON SHEPTHUU,

Takux uro [|f (t)‘zdt<+oo) TIOHUMAEeTCsl €€ CKaIApHOE MPOM3BEJCHUE C

_ t—b
0a3ucHbIMU QYHKUIUSAMU VY, 5 (f) =a 112 \V(—), acR", beR, 10 ecth
’ a
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pPa3IOKEHUE IO BCEM BO3MOXHBIM CABUTaM U CXKATUSM HEKOTOpPOU
byHKIMH (MTOPOKIAOIIETO BEHBIIETA):

Wi(ab)=—- | f(rw(f"’jdr.

a

Ecnmu nnst mopoxnaroniero BeriBiaera \Y(¢) BBIMOJIHACTCS PAaBEHCTBO

(o)’
Cy = I ————d ® < 0, TO BO3MOXHO 00paTHOE NMpeodpa3oBaHuUE:
0 O
1 27 da db
SO =— [ [W(a,b)yg (1) :
C\Il -0 0 a2

3nech ¥(w) — mpeobpaszopanue Dypre dyrKmn (t).

1.3.1.2. Opmoconanvhoe ouckpemuoe eusiem-npeoopazosanue

B otnuuue oT HenmpepbIBHOTO BEWBIIET-NIPEOOpa3oBaHUsl B JaHHOM
cllyya€ paccMaTpHUBAaIOTCSI HE BCE CIBUTM W PacTSKEHUs Oa3MCHOU
(GyHKIMM, a TOJBKO B3SIThIE HA HEKOTOPOM IHUCKPETHOW ceTke (0OBIYHO
jgorapupmMudeckoit). 31ech HEOOXOAMMO OTMETHUTh, YTO €CIH CHUTHAI
OCTaeTCsl HETPEPBIBHBIM, TO HA3bIBATh 3TO MPeoOpa3oBaHUE AUCKPETHBIM
HeBepHO. Ecmm ke curHam —  JUCKPETHBIM, TO  aHAJIOTUYHOE
npeoOpa3oBaHWe  MPABWIBHO  HA3blBaTh  JUCKPETHBIM  BEUBIET-
npeodpazoBanuemM (JIBII).

1.3.1.3. KpamuomacuimabHblll ananu3z

Kparnomacmtabueiii  ananmuz  (KMA) —  maremaruueckas
KOHCTPYKLMS, CXEMa NPEACTABICHUS CUTHAJIOB. JlaHHAs KOHCTPYKLMS
3aKJIIOYAETCd B TMPEJCTaBICHUM MPOCTPAHCTBA B BHJE OECKOHEUHOM
IIOCJIEIOBATEIIBHOCTH  BJIOKEHHBIX  IOANPOCTPAHCTB,  SBJIAIOLIUXCS
OTMaclITaOMPOBAaHHBIMM ~ BEPCUSIMHM  JPYyr Jpyra M  CBS3aHHBIMU
OIIpeJIeIIeHHBIMU CBOMCTBaMU. 3HaueHue KMA 3akitoyaercst Takke B TOM,
4TO € €ro TIOMOIIbI0 MOXXHO JaThb 0O0J€e TOYHbIE OIpEACIICHUs
MaclITaOMPYIOIIe U BEHBIET-QYHKLIMIM, & TaKKE€ HAUTH CBSI3b MEXIY
HUMM.
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1.3.1.4. Macwumabupyrowas ¢ynxyus

Macmtabupyromeit  (CkeinuHr) GyHKIUEeH, WIH  «OMYOBCKUM
geligiemomy, Ha3bIBaeTCA (PYHKIHUS, KOTOpas OIpeaeseTcs uepes
MacIITadupyrolee ypaBHeHUE BUIA:

o) =2l o2t -1),
/

rae /1, — MacmTaOHbIe KO3(GQHUIMEHTH Ul MacCIITaOUPYyIOmeH (yHKIHN.
OTIIOBCKHI BEUBJIET MOPOXKIAET CEMEHCTBO MACIITAOUPYIOMUX (PYHKITAN
¢jx =2’ '2 (27t — k), rae j — mapamerp MacuiTaba, k — napameTp CABHIa.

Macmtabupyromas (QyHKIus BMECT€ C MATEPUHCKUM BEUBJIETOM
MOPOXK AT OpTOoroHanbHbii KMA.

1.3.1.5. Mamepunckuii (ba3ucHulii) eetigiem

MarepuHCKHil BEUBIET — 3TO (PYHKIUS, KOTOPYIO MOKHO TMOCTPOUTH
M0 U3BECTHOU MacIITaOupyromie GyHKIIMK, BBEJCHHOM BBIIIIE:

v(1) =~2Y g 02t 1),
[

rae g, — MacmradOHble KOX(QQHUUUEHTH! Uil BEUBIET-(QYHKIMU, KOTOPbIE

CBA3aHbl C MAacHITAOHBIMH KO3(PGUIIMEHTaAMHU [JI1 MacIITaObupyromen
GyHKIMH CIIETYIONTUM 00pa3oM:

g =D'h_,.

MarepuHCKHI BEUBJIET IOPOXKIAET CEMEMCTBO BeMBIET-(DYHKIIUMA
Yk =2// 2\V(ZJ t—k), tne j — mapameTrp Macmrtaba, k — mapamerp

CIBHUTA.

1.3.1.6. BuopmoeconanvHvie macumadupyoujue
@dyHKyuu u eetiénemol

BuoproronaibHbie BEUBIET-CUCTEMBI COCTOSIT U3 YETHIPEX MHOMXECTB
(pyHKImii: O6asuca MacmTabUpyrOMKX QYHKIUUA {Q; |, TBOUCTBCHHOTO K

Hemy Oasuca {Q,,}, Oasuca BeWBiIeT-QYHKIMA {V ; |, TBOUCTBEHHOTO K
HeMy Oasuca {,,}. YcioBue OHOPTOTOHANBHOCTH TPEOyeT, YTOObI STH

MHOeCTBa (DYHKIIMH yJIOBJIETBOPSUIM CIEIYIOLIMM CBOMCTBAM:
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<(Pj,ka‘4~fj,l>:

<\|fj,ks5j,l>

0
npu ecex j, k, .
0

<(Pj,ks$j,l>:

0
N npu ecex k # 1.
<Wj,k>‘l’j,l>:0

3nech <0> — 03Ha4YaeT CKAISIPHOE MPOU3BEICHNE IBYX (DYHKITUH, T. €.

HpOI/ISBCI[CHI/IC BHUIA:
(f.g)=[f(Og)dt.

1.3.1.7. Opmoconanvhbie macuumadbupyowue GyuKyuu u 8etienenvl

OpToroHanbHble CUCTEMBI MACIITAOUPYIOUIUX W BEUBIET-(YHKIHIA
ABJISIIOTCA YAaCTHBIM CIIydyaeM OHMOPTOrOHAJIBHBIX, B TOM ClIy4yae, Korja

Cik =P AV =V, k-

1.3.1.8. Bvicmpoe getignem-npeobpazosarue

brictpoe BeitBneT-npeodpazoBanue (bBII), unu wuepapxuyeckuii
anroput™ Mamta (Malla), npeacrtaBnser coboit 3¢h(PEeKTUBHBIN METON
peanu3alMi  BBIYMCICHUM  JTUCKPETHOTO  BEWBIIET-TIpeoOpa3oBaHus,
KOTOpPBI HCIOJB3YET B3aUMOCBI3b MexaAy kodpduunenramu JIBII
COCEIHMX MacIlITa0oB.

OOmiass cxeMa OCYIIECTBIEHUSI JAHHOTO MpeoOpa3oBaHus (B
OJIHOMEPHOM CJIy4ae) CIeayronas:
N-1

Ilar 1. [TomaeM BXOQHOW OJHOMEPHBIM CHUTHAJ {cn } =0

rae

BEpXHUN MHJEKC TMOKa3bIBa€T YpOBEHb paznokeHus (0), HWKHUA —
KOHKPETHYIO TOUKY CHUTHaja, Ha mapy (UIbTPOB (HU3KOYACTOTHBIM U
BBICOKOYACTOTHBIN (DUIIBTPHI PA3JIOKEHUS).

Ilar 2. Pesynbtar 00pabOTKM (UIABTPOB MOJAEM Ha OJOKHU
JeUUMaliid WA T[POPEXKUBAHUS, TO €CTh OJIOKM, OTBEYalolue 3a
oTOpachIBaHUE OTCYETOB, YW MOPSAIKOBBI HOMEP KPATEH ONpPEACICHHOMY
yucny. B knaccuueckom anroput™Me Manna nOpopeXrBaHUE OTCUYETOB
POUCXOAUT B JIBa pasa.

Ilar 3. PesynbraTom o6pabotku Illara 1 u Illara 2 sBnsioTcs aBa

5 L\ M-l |\ M1
Habopa BeUBIIET-KOA(PPUIIEHTOB Cn (o u dy (.0
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(HI/IBKO‘-IaCTOTHBIG N BBICOKOYACTOTHBIC COOTBGTCTBGHHO), rac B cCliydac

YETHOTO BXOJHOI'O CUTHAJIA U €ro NEPUOJUYECKOr0 TOMOJHEHHS C Kparo
M-1
M =N/2  BpicokouacToTHbIE KOIDPUIMEHTHI {d,ll }n:0

. }M—l
n n=0

ocTaBJigeM Oe3

U3MEHEHMS, a HU3KOYaCTOTHBhIE KOA(PUIIUECHTHI {c npeodpazyem

(ecmu B 9TOM €CTh HEOOXOAMMOCTH) aHAJOTUYHO MpeoOpa3oBaHUIO
ucxoaHoro curHaina, ucnons3ys llar 1 u Ilar 2 (To ectb B anropurme
BBITIOJTHSETCS UTEPAIUs 110 HU3KOYaCTOTHOMY KaHamy).

CkazaHHOE BBIIIE MOKHO MPEJACTAaBUTh MAaTEMaTHICCKU:

m __ m—1
¢, = zhz—zncz
/

i . (1.4)
dn = Zgl—2ncl
/

I7Ie UHJIEKC m YKa3blBAa€T HA YPOBEHb pa3loKeHus, a BbipaxeHue (1.4)
MPEACTaBIsIET COO0OM CBEpPTKY CHUTHAJA WM €ro HHU3KOYACTOTHBIX
KOMIIOHEHT € HUMIIyJbCHbIMU  XapakTepuctukamu KUX-punbtpos
(HU3KOYaCTOTHOTO — / M BLICOKOYACTOTHOTO — Q).

CrpykrypHas cxema paznoxenus Ilar 1 - Illar 3 npeacraBneHa Ha
puc. 1.5.

|

2
Ci’l
(0 (2> -
- {2
—{ 2 |2} d’

dl

|

Puc. 1.5. CtpyktypHas cxema ogHomepHoro bBII

CxemMa BOCCTAHOBJICHMSI CHTHaja II0 H3BECTHBIM Habopam
KO3 (PUIIMEHTOB  pa3JOkKEHHUS  SBISETCS  CUMMETPUYHOM  cXeme
PA3JIOKEHHS ¢ 3aMEHON HM3KOYACTOTHBIX M BBICOKOYACTOTHBIX (PHUILTPOB
Pa3IOKEHHUST HAa COOTBETCTBYIOIMINE (PUIBTPHI BOCCTAHOBIICHHS, a OJIOKOB
JelUMaIiid Ha OJIOKM WHTEPIOJISAIMUA, TO €CTh OJIOKHM, OTBEYAloIIue 3a
BCTpaMBAaHME MEXJYy OTCUETaMH, YeW TMOPSJIKOBBII HOMEp KpaTeH
OMPENCICHHOMY YHCIIy, HEKOTOpOM KOHCTaHThl. B Kilaccuyeckom
anroputMe Maijia HHTEPHOIAIUS OTCYETOB MPOUCXOJIUT B JiBa pas3a, a B
Ka4e€CTBE KOHCTAHTHI BHICTYIIAET HOJIb.
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Ecamn mHeoOxonumo ocymectButh 1ByMepHoe bBII n3zobpaxenus, To
JUISL Cllydasi pa3eIUMBbIX JBYMEPHBIX (PMIBTPOB HEOOXOIUMO MPUMEHHUTH
CXEMy pa3joKEHHUs BHauaje K CTpOKaM M300pakeHHs, a 3aTeM K €ro
CTOJIOLIAM C YK€ MpeoOpa3oBaHHbIMU cTpokamu. [IpumMep oqHOYpOBHEBOM
BEHBIIET-I€KOMITO3UILIUN N300paKeHUsI IPUBEAEH Ha puc. 1.6.

Jlekomno3unusi u300pakeHust (ronydeHHas Ha ocHoBe bBII),
nogoOHasi  TOW, KOTOpasi TMpeJcTaBieHa Ha  puc. 1.6, MOXeT
ucnonb3oBatbess B anroputmax JPEG2000 u SPIHT, paccmarpuBaeMbix
nanee, Ay 00ecTeueHus CkaThus U300paKeHU ¢ moTepeit HHpopMaIuu.

1.3.1.9. l]enouucnennoe setisiem-npeoopazosarue

B ocHoBe maHHOro Merona JEXKHUT MOAU(PUKALNS BEHBIET-
npeoOpa3oBaHus, MO3BOJISIIOIIAS MPOU3BOAUTH BCE BBIYMCICHHS B
LEJIOYMCIEHHOM BHUJE. TeopeTnuuecku MpH BEUBIET-IPeOOpa3OBaHUU
norepu UHPOpMaUUM He NpoucxoauT. OJHAKO TPU €ro peaau3aluu
BO3HUKAIOT HEM30EKHBIE OLTUOKU OKPYTJICHUS BEUBIET-KO3(PPUIIUEHTOB.

a)
Puc. 1.6. a) TecroBoe nzobpaxenue Barbara; 0) oqHOypoBHEBas BeiBIeT-
JEKOMITO3UIUS TECTOBOTO N300pakeHus, rae LL — BbineneHHas HU3Kas yacTtoTa 1o
TOPU30HTAJIA U HU3Kas 10 BepTukanu, LH — HU3Kast 1o TOpU30HTAIN U BBICOKAS 110
BepTukanu, HL — BbICOKast 0 rOpU30HTAIM U HU3KAs 110 BepTukanu, HH — Beicokas
M0 TOPU3OHTAJIH U 110 BEPTUKAIH

[lenouucnenHoe BeUBIET-IpeoOpa3oOBaHUE TO3BOJISIET  JIOCTUYb
MIOJTHOTO KOHTPOJISI HAJl TOYHOCTHIO BBIYMCICHUN, MO3TOMY YacTO €ro
HA3BIBAIOT 0OPATUMBIM BEUBJIET-IPEOOPA30BAHUECM.

OO6mias cxema TMOCTPOCHHS JaHHOTO BEHBJIET-MPEeOOpa30BaHUS
COCTOMT B BBIOOpE HEKOTOPOTO IMPOCTOr0 BEWBIIET-TIPeoOpa3OBaHUs U
U3MEHEHUHW  T0  ONpEJCICHHOMY  MPaBWIy  BBICOKOYACTOTHBIX
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KO3(PGUIIMEHTOB, JJisI TOJYYEHHUs IIEJIOYMCICHHOTO MpeoOpa3oBaHusl,
3¢ (HEKTUBHOTO JIJIs1 KOJUPOBAHUS N300paKeHUSI.

Jlannas cxemMa mpeoOpa3oBaHUS MOXKET HCIOJIb30BaThCA B
anroput™Max JPEG2000 u SPIHT mis obecniedeHus cxxatusi M300paKeHUM
0e3 rnmorepu HHQPpOPMaITUH.

1.3.1.10. Jlugpmuneosas cxema @viuucienus
gelgnem-npeoopas08ans

JIudpTtuHrOBas CcxeMa — 3TO AJbTEPHATUBHBIA mNupamuge Mama
croco0 OBICTPOro BBIYMCIICHUS BeWBIET-IpeoOpa3oBanus. [1o HEKOTOPBHIM
OLICHKAaM JJaHHAs CX€Ma CHUKAET BBIYUCIIMTENIBHYIO CTOUMOCTD B JIBa pasa,
II03BOJISIET DKOHOMUTH IIaMSATh U KOHCTPYMPOBATH BEWBIETHI, KOTOPBIE
JIPYTUM CITOCOOOM HE MOCTPOUTH (BEUBJIETHI BTOPOT'O MOKOJICHHUS ).

JInptuHroBass cxema COCTOMT HW3 TpeX 3BEHbEB: pa3OUeHUS,
npeacKa3aHusl U OOHOBJIEHUs, 0003HAYEHHBIX Ha puc. 1.7 OykBamu S, P, U

cooTBeTCTBeHHO. Kak BuaHO 13 puc. 1.7, Ha BXOJ JTaHHOW CXEMBI ITOJACTCS
N-1

n=0"2

HEKOTOPBIA CUTHAT (B JAaHHOM CJy4dae OJHOMEPHBIN) {cg } KOTOPBIH,

npeTeprieBas OmpejeieHHbIe MpeoOpa3oBaHUsl B OJ0KaxX pa3OHeHus,
M-1

n=0 H

1
peacCKazaHust u O6HOBJ’I€HI/IH, IopoKAA€T HHU3KOYACTOTHBIC {Cn }

M-
1
BBICOKOUYACTOTHBIEC {dn }n:0 Habopsl ko3 durmentoB. boiee moapodHO

omucaHue paboThl OJOKOB JaHHOM CXEMbl MOXXHO HaWTH B
COOTBETCTBYIOLIEH HAYYHO-TEXHUUECKOU JINTEPATYPE.

[TogoOHOrO poaa KOHCTPYKIMS MOKET UCTIOIB30BAThCSl B AJITOPUTME
JPEG2000 nms ocymiecTBieHUs CXaTusi ¢ ToTeper u 0e3 moTepu
uH(pOpMaLUH.

- >

Puc. 1.7. JludtuHroBasi cxema BbIUUCICHUS BEHBIIET-TIPeoOpa3OBaHUs
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2. CTAHIAPT JPEG

JPEG (Joint Photographic Expert Group — oObenuHeHHas! TpyIina
IKCIIepTOB B obnactu ¢oTtorpaduu) —ITO TEPBBIM MEKIyHAPOIHBIM
CTaHAApPT ISl CXKaTHsS HEMOJBMXKHBIX HU(POBBIX H300paxeHuid. Llensio
anroput™Ma JPEG sBisieTcs cxatue n300pakeHHH JIFOOOTO pa3Mepa, B
JTOOBIX IIBETOBBIX MPOCTPAHCTBAX, MPU JOCTHNKEHUU ONTUMAIBHOTO
Oamanca  MexIy  KOd(POUIIMEHTOM  KOMIPECCMH U KAa4eCTBOM
NEKOaUpoBaHHOTrO u300paxkeHus. CymectByer 4 pexuma paOOThI
cranaapra JPEG:

1. Pesxcum 6e3 nomepu kauecmsea (Lossless). KomupoBanue
OCYIIECTBIISICTCA B OJUH TMPOXOJ, W BOCCTAHOBIICHHOE W300pakeHue
ABJISIETCA TOYHOM KOIMEN OpUTHHAA.

2. Ilocnedosamenvuvlii.  pexcum ¢ HpUMeHeHUueM OUCKPEMHO20
KocuHycHoco npeobpazoseanusi (Sequential). Cikatue ¢ mOTEpPAMHU
OCYILIECTBJISIETCSI B OJIMH TIPOXOJ C TMPUMEHEHHEM JUCKPETHOIO
KOCHHYCHOTO ipeoOpa3oBanusi. BoccTaHOBIIEHHOE M300paKEHUE SIBISECTCS
NPpUOIMKEHHON KOTMEN OpUTHHATIA.

3. Ilpocpeccugnblii  pexcum ¢ HPUMEHEHUEM  OUCKPEMHO20
KocunycHo2o npeoopaszosanus (Progressive). M3o0paxeHne Koaupyercs u
JNEKOIUPYETCS B HECKOJIBKO MpoxoAoB. Kaxkawlii creayromuid mpoxox
yJIy4IlIaeT Ka4yeCTBO BOCCTAaHOBJIEHHOTO H300pa)K€HUsI 1O CPaBHEHUIO C
MPEbITYIINAM.

4. Uepapxuueckuii pexcum (Hierarchical). Cxxatue n3o0pakeHHs C
HECKOJIbKUMHU  pa3pelIeHUsIMU  JJIsI  OTOOpaXEHUs Ha  Pa3IUYHbIX
YCTPOMCTBAX.

[locnequue Tpu pexuma crangapra JPEG sBisitoTcs Meromamu
cKaTusi M300paKEHUW C TOTEPSIMU KadyecTBa, IMOCKOJBKY CYILIECTBYET
OorpaHUYeHUE TOYHOCTHU BhIUMCIEHU npsaMoro u odbpatnoro JKII, a Takxke
UCKaXXEHUsI, BbI3BAaHHbIC KBaHTOBaHUEM Kod(pdummentoB. B caydae
NPUMEHEHHUS MOCIe0BaTENbHOr0 pexuma 0e3 mnorepb, BMecto JKII
UCIIOJB3YETCS  KOJMPOBAaHUE, OCHOBAHHOE Ha MPEACKA3aHUM, a TaKXKe
OTCYTCTBYET OIEpallusi KBaHTOBaHUS. Mepapxuueckuil pexuM UCIOIb3yeT
Kak KoaupoBaHHe ¢ ucnosb3oBanuem JIKII, Tak m meron xoaupoBaHus,
OCHOBaHHBIN Ha Mpeackazanuu. [IpocTteitiieit popMoit mocien0BaTeIbHOTO
pexuma ¢ npumenenueM JIKII saBmsercs anroputm JPEG Baseline,
UCIIOJIB3YIOIMK B KAYECTBE SHTPONMUIHOTO KoAepa anroput™m Xaddmana.
JIpyruMm BapHaHTOM MOCJIEIOBATENBHOTO pexkuma ¢ npuMmeHenuem JIKII
SBJISIETCS AJITOPUTM, OCHOBAaHHBIM Ha apu(METUYECKOM KOJIUPOBAHUMU.
Anroputm Baseline JPEG nonmyunn Hanbosee mmpoKoe paciipoCTpaHCHHE
Ha TIPaKTUKE U OyJET pacCMOTpeH aanee 0osee moapoOHoO.
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B HEKOTOpBIX MCTOYHMKAX YACTO YIOMHUHAETCA TAKXKE AITOPUTM
Motion JPEG nans  coxarus  aBwkymmxcs uzoOpaxkenmit.  Criemyer
OTMETUTh, YTO JAHHBIN AJTOPUTM HE SIBJISETCS OTIACIbHBIM CTaHAAPTOM.
JIeICTBUTENBLHO JPEG MOYKHO UCIIOIB30BaTh TS coKaTus
MOCJIEA0OBATEILHOCTH H300pakeHUN B BHjeodaiaax, OCHOBBIBAsSCh Ha
MPEINOIOKECHUH, YTO €€ MOKHO paCCMAaTPUBATh, KaK MOCIEI0BATEIbHOCTh
HETOJIBIXKHBIX KaJpOB, U CXKUMAaTh KaJpbl HE3aBUCHUMO JIPyT OT Jpyra.
Takas mponerypa cokaTusi MOCAEA0BATEIBHOCTH U300paKEHUI U MOJTyduria
Ha3zBaHue — Motion JPEG.

2.1. Co3nanue u passutue crangapra JPEG

Cranpapt cxatuss JPEG sBnsercs pe3yiabTaToM OOBEIUHEHHBIX
YCWIMM MEXAYHApOAHOW opraHuzauuu no cranpaptuzamun (ISO —
International ~ Organization for Standardization), MexxyHapogHOMI
anektporexuuueckoit komuccuu (IEC — International Electrotechical
Commission) © MeEXJIyHapogHOTro coro3a 3aektpocBsizu  (ITU  —
International Telecommunication Union, npexunee HazBanue CCITT).

Xpononoruuecku paszputue JPEG mpoucxomumno cruemyrommm oOpa3zom
(cm. Tabm. 2.1).

Tabmuma 2.1
Pazsurtue cranmgapra JPEG

1983 ISO o0benuHseT HECKOIBKO TPYII HCCIEAOBATENICd C LEIbI0 MOMCKA
METO/0B  jA00aBieHuss rpapuku (oTorpapuuyeckoro KadectBa K
CYLIECTBYIOLIMM B TO BpeMsl TEKCTOBBIM T€PMHHAJIAM. 3aauyeil sIBJIIETCS
CO3JIaHUE CTaHJAapTa CXKaTHUsl, KOTOPBIN INepenaBai Obl H300paxKeHHe 1o
1 poBOI TMHUH cO CKOpOocThio 64 Kout/c mpumepHo 3a 1 ¢

1986 O6benunenue uccnenonatenbekux rpymi [SO u CCITT B komutet JPEG

1988 Bri6op skcniepramu JPEG auckpeTHOro KOCMHYCHOTO npeoOpa3oBaHus B
Ka4yecTBE OCHOBBI JUIs Oy IyIero CTanaapra

1992 3aBepieHue padoTsl Haj anroputMoMm cxatust JPEG

1992 Nuxenep amepukanckod kommanuun C-Cube Microsystem Dpuk
['amunbron (Eric Hamilton) BeimonHun peanuzanuto anroputma JPEG B
Buje crnenudukanuu Ha dopmat daiina JFIF (JPEG File Interchange
Format)

1994 OdunmansHOE MIPUHSITHE ISO CTaHaapTa JPEG
(ISO/IEC 10918-1]| ITU-T.Rec.T.81)
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1995 Ceptudukanus HOPMATHUBHBIX TECTOB Ha npouenypy
koaupoBanus / nekonupoBanusi JPEG (ISO/IEC 10918-2)

1996 [TepBoe ynomunanue o gpopmare ¢aiinos SPIFF (Still Picture Interchange
File Format)

1997 Cranpapt Ha pacuupenus ais JPEG (ISO/IEC 10918-3)

1999 Peructpanus ¢opmara ¢aitnoB SPIFF kaxk wactm crammapra JPEG
(ISO/IEC 10918-4)

1999 Ceptudukauus cranaapra JPEG-LS s cxkatuss HEmoABHIKHBIX
n3o0paxkenuit 6e3 noreps / npakruuecku 6e3 notepsb (ISO/IEC 14495-1)

2003 Crannaprt Ha pacmmpenus Ayt JPEG-LS (ISO/IEC 14495-2)

2005 JlononHenue k nateHTHOM MHGOpMaLUuKU OTHOCUTENBHO cTanAapta JPEG

CrnenyeTr oTMETHUTh, YTO yXe B Hadayne 1990-x roioB CymiecTBOBaIN
QITOPUTMBI, TIO3BOJISIIONINE OCYIIECTBIATh CXKAaTUE HM300pPAKEHUS C
oonpimiuMu ko3 durmentamu  komnpeccuu, uyem JPEG. KiroueBbim
(GakTOpoM, YUMTBHIBAEMBIM TIpH pa3pabOTKE CTaHAApTa, SBISUIOCH
TpeOOBAHME YMEHBIICHHUS BBIYUCIUTEIBHONW CIIOXKHOCTH aJrOpUTMA.
[IpocToTa 1 cpaBHUTENbHAA JACHICBU3HA annapaTtHor peanusaunu JPEG u
MOCTYKHWJIH OCHOBOM JIJIS €r0 HIMPOKOT0 PACIPOCTPAHEHHUS.

2.2. Aaroputm cxatus 0e3 noreps — JPEG-LS

Hekotopsie mpuiiokKeHUsl BBIIBUTAIOT clielM(pUYEcKue TpeOOBaHUS
Ha Ka4eCTBO CKaThIX U300pakeHui. Hanpumep, nuckaxkenue nHbopMaiu
HEJIOMYCTUMO JUIsi CKAHUPOBAHHBIX JIOKYMEHTOB, MEAUIIMHCKUX U
HEKOTOPBIX JIPYTMX THUIOB U300paxeHuil. ITOT (PaKT MOCITYyKUIT
ocHoBaHueM s coszaanus aiaroputmMa JPEG-LS (JPEG Lossless),
KOTOPBIN HE JOMYyCKAeT UCKAKEHUM B M300paKEHUU.

Cxatue amroputMoM JPEG-LS ocHOBaHO Ha  IIpUHIMIIAX
KOJUPOBaHUSI C TpeackazaHueM. Tak Kak /IS OCHOBHBIX THIIOB
U300paKEHUM COCENHUE TMHUKCEIH OOBIYHO KOPPEIUPOBAHHBI MEXKITY
co0OOM, cJe0BaTeNbHO, 3HAYUTEIBHYI0 YacThb HWH(pOpMAIMU O MHUKCENEe
MOXHO U3BJI€Yb, OCHOBBIBASICh HAa 3HAYCHUSIX COCEAHUX mukceneil A, B u
C (puc. 2.1).

KonupoBanue ¢ mpejcka3aHueM SBISIETCS MPOCTHIM METOIOM IS
YMEHBIIIEHUS MPOCTPAHCTBEHHON H30BITOYHOCTH. [Ipu uCHONIB30BaHUH
JAHHOTO METOJa 3HAUYE€HHE IUKCENd OINpEIesieTCs, OCHOBBIBAsCH Ha
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Ha0oOpe 3HAUYCHUH YK€ 3aKOJIUPOBAHHBIX COCEITHUX MUKCENEH ¢ MOMOIIBIO
MOJAXOASAIIECH MOJEIHU MPEICKa3aHUs.

1
r
1
1
)
1
1
I
1
1
T
1
1
I
1
1
I
1
I
r
1

1
r
1
1
1
1
1
T
1
1
T
1
1
L]
1
1
T
1
I
r
1
1

Puc. 2.1. O6nactb cocenuux nmukcenen s X

JUis wuneanbHOM MOJENM TMpeACKa3aHHas BeJIMYMHA JOJDKHA B
TOYHOCTH COBNAJAaTh C pealbHbIM 3HAYEHHEM IHUKcens. B peanbHbIX
OPWIOKEHUSX Takas CUTyalus HeBo3MoOkHA. [lpumeHss 3ddexTuBHyrO
MOJIETb TPEACKa3aHus, MOXXHO ONPEJIEIUTh 3HAYEHUE IUKCEIS OYEHb
OJIM3KOE K pealbHOMY, U OMIMOKA IpeacKazaHusi OyJleT MUHHMAaJIbHOM.
[IpakTHueckue peann3auuyd MOJENEH MNPENCTaBIAIOT COOOW JUHEHHYIO
KOMOMHALIMIO YK€ 3aKOJWPOBAHHBIX CMEKHbIX mHKcened. IlpuunHa
UCIOJIb30BAHUS YK€ 3aKOJUPOBAHHBIX MHUKCEIEH 3aKII0YaeTcsl B TOM, YTO
3HaY€HUs, Ha KOTOPBIE CChLJIAETCS KOJEp W NEKOJEpP, AOKHBI ObITh YK€
JNEKOJAMPOBAaHbl HAa MOMEHT BOCCTAHOBJIEHMS TEKYILIEro 3HAUYCHMS.
Pa3HOCTP MeXAy JEHCTBUTENBHBIM U MPEACKA3aHHBIM 3HAYEHUSIMU
Ha3biBaeTcs aud@epeHnanoM wid omuOKol mpenckazanus. Omuoka
npeAcKa3aHusl KOAUPYETCS C UCIOIb30BAHUEM allropuT™Ma Xadpmana miu
apupmeTnyeckoro koaupoBanusi. OOmas cxema anroputma JPEG-LS
MPUBEJICHA Ha puC. 2.2.
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Bxonnoe
M300pakKeHNE

IIpenckazarens

0e3 nmorephb
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KOJIep | KOJIMPOBAHUS

I
I
I
I
I
I
Konep | l
I
I
I
I
I
I
I

Cxkaroe
n300pakeHne

Puc. 2.2. Cxema konepa JPEG-LS

2.3. Aaroputm cxatus Baseline JPEG

Anroputm cxkatus Baseline JPEG naunbosee 4yacTto HCHosb3yercs
cpean Bcex 4eThIpEx pexxkumoB craHnapra JPEG. On onpenenén mis
CKaTHUS MOJYTOHOBBIX U TTOJIHOIIBETHBIX M300paKEHUM, MPEJICTaBICHHbBIX B
nBetoBelx cucreMax RGB mmm CMYK. Baseline JPEG mno3Bomser
HCIOJIb30BaTh TOJIBKO &8 OWT JId NPEJACTaBICHHUS Ka)KJIO0W I[BETOBOM
KOMMOHEHTHI. ClieTyeT OTMETUTh, UTO B THITUYHOM IIBETHOM U300paKEHUU
CYLIECTBYET 3HAUUTENIbHAs MPOCTPAHCTBEHHAS KOPPEISIIUA  MEXKITY
[BETOBBIMU KOMIOHEHTaMH. [[1s JOCTHKEHUS HAMIYUYIIEro CXKaTHs
KOppeNsuns MEXIy KOMIOHEHTAMH LBETHOCTH YMEHBIIAETCS 3a CUET
npeoOpazoBanusi Tpex komioHeHT RGB wu3o0paxeHuss B I1IBETOBOE
npoctpaHcTtBO YCbHCr. Ilpu TakoM TpeACTaBICHUU IBETa SPKOCTHAS U
I[BETOPA3HOCTHAs] KOMIIOHEHThl HM300paXEHUsI Majo KOPPEIUPOBAHHBI
MeXIy Cco0OM M coaepk aT 3HAUYUTEIbHYI) 4YacTh H30BITOYHOM
undopmanmu. OHU MOTyT OBITh COKpalleHbl 0€3 3aMeTHOM MOTepH
BU3YaJIbHOTO Ka4eCTBA BOCCTAHOBIEHHOTO N300pakKeHUSI.

PaccmoTrpum anroputm Baseline JPEG 6onee moapo6Ho. OcHOBHBIE
3Tanbl €ro pabOThl MPUBENIEHHI Ha puc. 2.3.
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Puc. 2.3. Cxema xonupoanus ajs anroputma Baseline JPEG



[Tycth cxxatuio moaBepraeTcs 1BeTHOE 24-0MTHOE U300paxkeHue (1o
8 ouT Ha Kax el 13 RGB kananoB).

Hlar 1. TlepeBonum n3o0pakeHre U3 1BETOBOro npoctpanctea RGB
B IBeTOoBoe TipocTpaHcTBO YCbCr. B wmarpuuHoii Qopme Takoe
peoOpa3zoBaHUE MOKHO IIPEACTABUTH CICAYIOITUM 00pa3oM:

Y 0,2999 0,587 0,114 Rl |0
Cb|=|-0,168736 —0,331264 0,5 x|G|+|128|.
Cr 0,5 -0,418688 —0,081312] |B| |128

OGpaTHoe npeoOpa3oBaHUE OCYIIECTBISECTCS YMHOKEHHEM BEKTOpa
YCbCr na oGpaTHyto MaTpuily:

Rl |1 0 1,402 Y 0
Gl=|1 -0,34414 -0,71414/x|Cb|—|128,.
Bl | 1,772 0 Cr| 128

3necy Y — spkoctHasi cocraBisitomias, a Cr, Cb — KOMIIOHEHTHI,
OTBEYAIOIIHUE 32 I[BETHOCTh (XPOMATUUYECKUN KPACHBIA U XPOMATHUECKUM
CUHUH). 3a CYET TOro, 4TO YEJIOBEUECKHH a3 MEHEE YYBCTBUTEIEH K
IBETY, YeM K SPKOCTH, TOSBIAETCS BO3MOXKHOCTh BBINOJHUTH
npopexuBanre KOMINOHEeHT Cr u Ch 1o TOPU30HTAIM M BEPTHUKAIU Tak,
YTO KBaJpaT U3 YEThIPEX MUKCEJIEH MPEACTABISAETCS YEThIPhMs OTCUETaMU
ApKocTU, AByMsl otcueramu Cr u aBymsi orcueramu Cb (4:2:2). Taxoe
npeoOpa3zoBaHUE TAKKE MCIOIB3YETCS U B TEJIIEBU3HMOHHBIX cucTeMax. Ha
CUTHAJIbI, OTBEYAIOUIME 3a LIBET, TaM BBLAEISIETCS OoJiee y3Kas IoJoca
4acToT.

Ilar 2. PazOuBaeM HCXOAHOE H300paKEHHE HA MATPHUIBI 8X8.
dopMupyem U3 Kaxaoi Matpuiibl Tpu paboune marpuibl JIKII — mo 8 our
OTJIETILHO JJI KaK10M KOMITOHEHTBI.

Br16op paszmepa Os10ka sBIsIETCS BaXKHBIM (DAKTOPOM, BIMSIOLIAM Ha
OTKJIOHEHHWE BOCCTAHOBJICHHOTO  M300pa)X€HUsI OT OpUTrMHajla W
BBIYUCIUTEIBHYIO CJIOKHOCTh BCEro ajroputMa. Bpibop paszmepa 8x8
0OyCJIOBJIEH CIAEAYIOIIMMU (PaKTOPaAMHU:

— OrpaHUYEeHUs Ha BBIYMCIHUTENbHYIO CII0KHOCTH anroputMa JIKII;
— Ha HHTEpBaJe B & MHKCEIEW MEXAy HUKCEISIMUA CYIIECTBEHHA

KOppesiuus;

— IpU JAAaHHOM pa3Mepe OJoKa JOCTUTaeTcs MPUEMIIEMOE 3HAYEHHUE
cpeanekBagpatnyHor  ommOku  (CKO) mi1st  BOCCTaHOBJIECHHOTO

0JI0Ka, 9TO BHIHO M3 3aBUCHUMOCTH Ha puc. 2.4.
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3,0 F -\ N\ —+- =g - ——-

CKO 25 ===\ 1~ "™~~~ [Tpeo6pazoBanne Oypbe

20 F----p--dgq-----

| Kocunycnoe
| IpeoOpa3oBaHue
|

1,5

2x2 4x4 8x8 16x16 32x32
Pazmep Goka

Puc. 2.4. 3aBucumocts HopMupoBarnHoi CKO BoccTaHOBIEHHOTO H300paKeHHSI OT
pa3zMepa 0JI0Ka pa3noKEHHUS AJIsl TPEX AUCKPETHBIX MpeoOpa3oBaHUM

Jnst nosmydyeHuss O0nbUX KO3(M(UIIMEHTOB CKaTUSl BBIITOJIHEHUE
TOro mara moauduuupyercs. M3o0paxxkeHue AENUTCS MO KOMIIOHEHTE
Y kak m B mepBoM ciywae, a anig KoMmnoHeHT Cr u Cb wmaTpuusl
HaOMparoTCs Yepe3 CTPOUKY U Yepe3 CTOJIOEN, T. €. U3 UCXOJHON MaTpHIlbl
pasmepoM 16x16 monyuaetrcs Toiabko ogHa pabouas matpuna JAKIL. [Tpu
3TOM TepsieTcst 3/4 mosiesHol mH(OpMalMU O LBETOBBIX COCTABIISIIOIIUX
nzoopaxxkenusi. Ha pesynerupytomem RGB nzoOpaxenuu, kak mokasala
IPaKTHKa, 3Ta CKa3bIBAETCSI HE3HAYUTEIBHO.

Hlar 3. [Ipumensiem JIKII k xaxmon padoueit matpuie. s Omoka
pa3MepoM 8X8 OHO BBIYUCIISIETCS TAK:

7 7
F(u,v) = ic(u)c(v) S (6, )x

x=0y=0

oS n(2x+1)u cos 2y +1)v ’
16 16

rneu, v=0,1,...7,a
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1
c(k)=:+2"
I, k#0

k=0

[Tonydyaem matpuily, B KOTOpOH KO3(D(PUIMEHTHI B JIEBOM BEPXHEM
YIJIy COOTBETCTBYIOT HU3KOYACTOTHOM COCTABJISIONIEH M300pakeHus, a B
MIPaBOM HHXKHEM — BBICOKOYACTOTHOM.

Ilar 4. [Ipou3BoaMM KBAaHTOBAaHME B COOTBETCTBMHM C 3aJlaHHOM
MaTpuilel KBaHTOBaHHUs. PaOouas wmaTpuiia JOeIUTCS Ha MaTpUILy
KBAaHTOBAaHMUS MOAJIEMEHTHO. l[lomyumBiIMecs pe3yJbTaThl OKPYTIISIIOTCS
(Round). Ins xaxmpoit xommoHneHtsl (Y, Chb u Cr), B 00mem ciydae,
3a71a€TCsl CBOSI MAaTpUIla KBAHTOBAHUS q[u,v]

Yqlu,v]= Round(y[u’v]] .
qlu,v]

Ha sToM miare ocyImiecTBisS€TCS YNpaBJICHUE CTEIECHBIO CXKATUS U
IIPOUCXOAAT camble OONBIIHME MOTEPH. 3aaaBas MaTPHIBl KBAHTOBAHUS C
OonpmIUMU  KO3(pdUIIMEHTaMH, MBI TOJY4YUM OOJIbIlIE HYyJIeH W,
CJIEIOBATENbHO, OOJBIIYIO CTENIEHD CKATHSI.

Cranpmapt Baseline JPEG He Qukcupyer maTpuily KBaHTOBaHUA.
Pa3paboTunk MOXeT 3aJaBaTh €€ IO CBOeMy YycMOTpeHuto. OHako
CTaHAAPT COAEPKUT MATPUIIbl KBAHTOBAHUS, MOCTPOCHHBIE HA OCHOBE
TICHXOBU3YAJIbHBIX  JKCIEPUMEHTOB,  KOTOpBIE  OMPEACIICHBl  Kak
pEKOMEHJAllUM, a HEe KaK 00s3aTesbHble TpeboBaHus. PekoMeH10BaHHbIE
MaTpHUIlbl KBaHTOBaHUsS mpesacTaBieHbl B Ilpminoxenun K crammapra
Baseline JPEG. Hwuxe mnpeacTaBlieHbl PEKOMEHJIOBAHHBIE MAaTpPUIbI
KBAHTOBAHUS ISl SIPKOCTHOM KOMITOHEHTHI (2.1) U IBETOBOM KOMIIOHEHTHI
(2.2):

16 11 10 16 2 40 51 6l

12 12 14 19 26 58 60 55

14 13 16 24 40 57 69 56

14 17 22 29 51 87 80 62 o1
18 22 37 56 68 109 103 77° '
24 35 55 64 81 104 113 92

49 64 78 87 103 121 120 101

7292 95 98 112 100 108 99
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17
18
24
47
99
99
99
99

18
21
26
66
99
99
99
99

24
26
56
99
99
99
99
99

47
66
99
99
99
99
99
99

99
99
99
99
99
99
99
99

99
99
99
99
99
99
99
99

99
99
99
99
99
99
99
99

99
99
99
99

99"

99
99
99

(2.2)

OTu MaTpullbl KBAaHTOBAaHUSA OOECIIEUMBAIOT XOPOIIME PE3YJIbTATHI
JUTs1 OOJIBIIMHCTBA PEATIbHBIX U300paKeHU, 3aJJaHHBIX C TOUHOCTHIO 8 OUT

AJIs1 KOMIIOHCHT APKOCTH U IBCTHOCTH.

C oTanoM KBaHTOBaHUS CBsi3aHbl M crnenuduueckue 3PQPeKTh
anroput™Ma Baseline JPEG. Ilpu Oonbmmx 3HadueHusx koddduiuenta
KOMIIPECCHUU TOTEPU B HU3KUX YACTOTaX MOTYT OBITh HACTOJIBKO BEIUKH,
YTO HM300paKEHHE pacmaieTcsl Ha BHU3yaJlbHO 3aMETHBIC KBaJIpaTHBIC
oOnactu 8x8. IloTepu B BBICOKMX YacTOTaXx MOTYT NPOSBUTHCA M B TaK
Ha3biBaeMOM «3(dexre ['mbOca», Korga BOKPYT KOHTYPOB C PE3KHUM
NEePEX0JI0M IBETa 00pa3yeTcsi CBOe0Opa3HbI «HUMOY.

Ilar S. IlepeBogum Matpuily 8x8 B 64-3JE€MEHTHBIM BEKTOp IPHU
MOMOIIM  «3UTr3ar»-CKaHUpoOBaHUsA (puc. 2.5), T.e. OepeM HJIEMEHTHI C

unnaekcamu (0,0), (0,1), (1,0), (2,0)...

F(u,v)

‘ 0
A% 0] =—
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Takum oOpa3om, B Hayajae BEKTOpa MOJY4YalOTCd KOA(DPUIIMEHTHI
MaTpHIIbl, COOTBETCTBYIOIINE HU3KUM YaCTOTaM, a B KOHIIE — BBICOKUM.

Ilar 6. IIpoBoguM HHTPONUIHOE KOJUPOBAHWE UHQPOPMAIIHH.
CBepThIBa€M MOJYYEHHBIA BEKTOP C MOMONIBIO QJITOPUTMa TPYHIOBOIO
kogupoBaHus. [Ipu 3TOM nosrydaem napel TUMA («IIPOIYCTUTDY, «IUCIION),
I7I€ «IPOMYCTUTH» SBIAETCS CUETUMKOM TIPOIMYCKAeMbIX HYyJIeH, a
«UUCIIO» — 3HAYEHUE, KOTOPOE HEO0OXOJMMO MOCTABUTh B CIEAYIOUIYIO
sueiiky. Tak, Bektop 42 3 0 00-2000 0 1 ... Oyaer cBepHYT B Mmapbl
(0,42) (0,3) (3,-2) (4,1) ...

CBepThIBa€M MOJIYYUBIIHECS Mapbl KogupoBaHueM 1no Xaddmany ¢
dbuxcupoBanHo Tabmuiei. [locTosHHBIE KO3(POUITMEHTH KOAUPYIOTCS
OTZIE€JIBHO, UCTIOJIb3YS CXEMY MPEICKA3aAHUS.

[Iponiecc BoccTaHOBIeHUsSI H300pakeHUsT B anroputme Baseline
JPEG nosHOCTBIO CHMMETPUYEH U MPUBENICH Ha puc. 2.6.
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Puc. 2.6. Cxema nexkoaupoBanus 15 anroputMma Baseline JPEG



2.4. OcHoBHbIe XapakTepucTuku cranaapra JPEG

CylllecCTBEHHBIMHM TIOJIOKUTENIbHBIMU KadecTBamu anroputma JPEG
SBJISIFOTCSI:

— BO3MOXXHOCTh ~ THOKOro  3ajaHus  Kod(pduimeHta  cxaTus
U300paKEHUS;

— IIUpOKas MOJJIEpKKa CTaHIapTa BO BCEBO3MOXKHBIX rpadUecKuX U
JIPYTUX TPUITIOKEHUSX;

— 3¢dexTuBHAas  peaJn3alusi  CTaHAapTa HAa  WHTErPalibHbIX
MHUKpPOCXEMaX, 4TO OOYCIOBHUJIO €ro IIMPOKOE PaCIpOCTPAHEHHUE B
U (poBOI TEXHUKE.

Cranpgapr JPEG mnpenycmarpuBaeT psi CHELUATBHBIX PEXUMOB
cxkatus. Pexxum 0e3 moreps (JPEG-LS) npennasHaueH 1 NpyUMEHEHUS B
cllyyasix, Korga TpeOyercs UIACHTUYHOE BOCCTAHOBJIEHUE CHKATOIO
uzobpakenusi. B sToM  pexuMe BeIMYMHA  KAXAOTO  MTUKCEIS
MPEACKA3BIBAETCS B BHUJIE OTJIMYUM OT COCEIHHMX C HUM MHKCENIEH. JTa
BEJIMYMHA KOAUPYETCS C UCIOJIb30BAHUEM KOJOB MEpeMEHHOM JnHbL. He
UCIIOJIB3YETCsl CyOnucKpeTrsaius u npeoodpaszoanue 1setoB. JPEG-LS,
KaKk W JII000H Jpyrodl ajroput™M cxkatusi 0e3 moTeph, o0ecreyuBaeT
CYLIECTBEHHO XYJIIEe CXAaTUE, YEeM COOTBETCTBYIOIIHUE aJITOPUTMBI C
notepsiMu. [lpu KOAUMpPOBaHMM peanbHBIX M300paKEHUM OH MOXKET
o0ecrneunTh KOd(PPUIIUEHT CxKATUS TTOPSIAKA ABYX.

IIporpeccuBHBI pesKUM MOXKET OBITH HCIOJIB30BaH IMPHU Mepeaaye
M300paKeHMs 10 KaHaTy CBSI3M C HU3KOM MPOMYCKHOM CIOCOOHOCThIO. B
TOM CJIy4ae MOJIb30BATENIb MOXET MNPEPBATh OKA3aBIIYIOCS HEHYKHOMN
nepeaady AaHHBIX. Pa3inyaroT 1Ba MpOrpecCUBHBIX METOAA!

— PeXHUM  CHEKTPajJbHOTO  BBIOOpa, TMpU  KOTOPOM  CHadaia
NEPECHUIAIOTCS KOMIIOHEHThI HUKHUX YacTOT KaXKJI0TO U3 OJIOKOB, a
3aTeéM KOMIIOHEHTHI 0o0jiee€ BBICOKMX YacTOT (MpPOCTpPaHCTBEHHAs
MacITabupyeMoCTh),

— pEeXUM TOCJEA0BATEIbHON aNPOKCUMAIIUK, IIPU KOTOPOM CHadalia
NEpPEeChIaeTCd  HEKOTOPOE  YMUCIO  CTapuIuX  OUT  KaxJou
3aKOJAMPOBAHHON BEJIMUMHBI, a 3aTEM €€ MJIAIINX OuT.

B uepapxuyeckom pe:knMe U300paKEHUE XPAHUTCS B HECKOIBKHUX
BEPCUSAX C pa3IMYHOM paspemaronieil cnocodHocThio. Hampumep,
n3oopaxkenue pazmepom 1000x1000 mukceneit MOXKET XpPaHUTHCS B BHUC
Bepcuii pazmepom 10x10, 100100 u B momHoM pazpenieHuu. Kaxmoe
U300paKeHUE TIPU OTOM  COXPAHSIET OIMYMUS OT MPEeAbIIyIIeH
«YMEHBIIIEHHOW» BEPCUU. DTOT PEXHUM YJI00€H A OBICTPOro MpoCcMOTpa
HU300paKEHUM.

OrtpunatenbHoit croponoit anroputma JPEG sBisieTcst 3aMeTHOCTB
Ha BOCCTAHOBJICHHOM H300paK€HUH OJIOYHOM CTPYKTYphl (8%8) mnpu
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TOBBIIIICHUH CTETICHU CXKATHUS M300pakeHus. ITo cBsizaHO ¢ TeM, uro JIKII
— OmoyHOE TmpeoOpa3zoBaHUE, MOAITOMY mposBisercs 3ddekr ['mbOca —
Opeosibl TO0 TpaHUIAaM PE3KUX TEPEeXOJ0B IMBETOB. ITOT 3DPekT
WLTIOCTPUPYETCS Ha puc. 2.7.

Puc. 2.7. Ilemonctpanus 6;10uHoM cTpykTyphl ctanaapta JPEG:
a) UCXO0IHOE M300pakeHue; 0) n3obpakenue, cxxkaroe ¢ koddduimentom 40

He ouens npustHeiM cBoiictBoM JPEG sBisieTcs Takke TO, 4TO
HEPEIKO TOPU30OHTAIBHBIE M BEPTUKAIbHBIE TMOJIOCHI HA JUCIUIEE
a0COJIFOTHO HE BUIHBI U MOTYT MPOSBUTHCS TOJIBKO TMPHU I€YaTH B BUJIEC
MyapoBOro y3opa. OH BO3HHMKA€T NpPU HAJIOKEHUU HAKIOHHOTO pacTpa
ME€YaTHU Ha TOPU3OHTAIbHBIE U BEPTUKAIBHBIE MOJIOCHI n300pakeHus. 13-3a
stux croprpuzoB JPEG He pekoMeHIyeTcs akTHBHO HCIOJIb30BaTh B
nosurpaduu, 3aaaBas BbICOKHE KOd(pdUIMEHTh cxatus. OAHAKO MpH
CKaTUU U300pKEHUM, MpeHA3HAYCHHBIX JJI1 MPOCMOTPA YEJIOBEKOM, OH
Ha JIAHHBIA MOMEHT HE3AMEHUM.

52



3. CTAHAAPT JPEG2000

JPEG2000  oOTHOCHTEIBHO HOBBIM  CTaHAApPT JUI  CXKaTUA
U300paKEeHHH, pa3paboTaHHBIMI COBMECTHO MexyHapoaHoit
OpraHm3alnmes 1Mo ceprudukanuu (ISO) u  MexayHapoaHoi
anekTporexuuueckoit komuccueit (IEC).

HecmoTrpss Ha mmpokyto mnonyJsisipHOcTh craHmapra JPEG B

MOCIEIHUE  JBAa  JIECATWICTUSA, PAa3BUBAIOIINECS  HWHTECPAKTHUBHBIC
MyJIbTUMEANA  TNPUIIOKEHUST B TPOBOAHBIX M OECIPOBOJIHBIX
KOMMYHHUKAITUSAX, a TaKKe HHTCPHET-TPUIIOKEHHSI, MOTPEOOBAIM HOBBIX
BO3MOXXHOCTEH, oTcyTcTByromux B JPEG. IlpuHnunuaneHslii CABUT B
Pa3BUTUHU CTAaHIAPTOB CXKATHUSI M300paKEHUM MPOMU3OIIEN ¢ BHEAPEHUEM B
COOTBETCTBYIOIIME QJITOPUTMBI KOJAUPOBAHUA JUCKPETHOTO BEWBIIET-
npeoOpazoBanus (puc. 3.1).

Ucxonnoe RGB LBeToBoe BeiiBner- [IporpeccuBnast DHTpONUHHOE
n300pakeHue npeoOpazoBaHue npeoOpa3oBaHne rnepegaya KOJIMPOBaHHE
RGB B YCbCr OMTOBBIX MIOCKOCTEH

Puc. 3.1. CxxaTue n300pakeHHil C UCIIOJIb30BAaHUEM BEHBIIET-TIPeoOpa3oBaHUs

Cranpapt JPEG2000 noka3bsiBaeT cBot0 3(PGHEKTUBHOCTH B IITUPOKOM
CIIEKTpEe TPWIOKEHUHN: Tmepenadya wuzo0paxeHut B cetu HHTepHeET,
nudpoas gortorpadus, coznanue MUGPOBLIX OMOIMOTEK, 0a3bl JaHHBIX
n300paKeHUH, I[BETHOE  KOMUPOBAHWE, CKAHUPOBAaHHWE,  II€YaTh,
KOMITbIOTEepHasi Tpaduka, o0pabOTKa MEAWIMHCKAX H300paKECHU,
MOOMIIbHAS CBSI3b TpeThero nokoyienus (3G), MpUIoKeHUs KIMEHT-CEPBED,
3JIEKTPOHHAS] KOMMEPIUS U JIp.
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3.1. Hactu cranaapra JPEG2000

CymectBytomue Ha cerogHa 13 dacrted amroputma (4actb 7 B
mpollecce pa3BUTHA Oblla OTKJIOHEHA) PACHIMpPSIIOT OCHOBHOW CTaHIapT
JPEG2000 (ISO/IEC 15444-1), ontuceiBaeMbIii B 4acTH 1.

Yactp 1. OcHoBHas cucrema kogupoBanus (Core Coding System) —
onpenensieT 0a30BbIA HAaOOpP CBOMCTB M CHUHTAaKCHUC IMOTOKOBOTO KOJia B
JPEG2000.

Yacrts 2. Paciiupenus (Extensions) — 100aBisieT HOBbIE CBOICTBA B
OCHOBHYIO CUCTEMY KOJIMPOBAHUSI.

Yactb 3. Cranmapt JPEG2000 st ABMKYIIUXCS W300pasKeHUI
(Motion JPEG2000) — onpenensier dainoBsiii popmar MJ2, conepxamuii
MIOCJIEIOBATENIbHOCTh M300paKE€HUM, 3aKOJAMPOBAHHBIX B COOTBETCTBUU C
OCHOBHOM CHCTEMOH KOJMPOBAHUSA M HCIONB3YIOMUNUCS JUIsl CKATHUSA
Bujeo. WToromas peanuzaius He SIBIsETCS CTOJIb A(PGEKTUBHOM Kak
anropuT™Mbl Ha ocHoBe cnenudukanuu MPEG, HO mnpenocTtaBisieT
BBICOKOKAYECTBEHHBIH, pPEIAKTUPYEMBIii (baiiioBbIN dbopmar,
cornacytomuiicsa co crangapramu MPEG4 u QuickTime.

Yactb 4. Tpeboanusa Ha tectupoBanue (Conformance Testing) —
oTpeeNsieT MPoLeaypy TeCTUPOBAHUS JIJIsl KOJUPOBAHUSA / IEKOUPOBAHUS
c ucnoJib3oBanuem yactu 1 crangapra JPEG2000.

Yactp 5. Ilporpammuoe ob6ecneuenue (Reference Software) —
MpEOCTaBIsACT pa3paboTuvKaM JIB€ MPOTPAMMHBIX peanu3anuu (Ha
s3bikax Java u C) s TECTUPOBAHUSI U TPOBEPKH CHUCTEM Ha OCHOBE
JPEG2000.

Yactb 6. KommuekcHsiii ¢opmar daitnoB (Compound Image File
Format) — ompenenser daitnoBsii dopmar JPM nans kommpeccuu
M300paKEHHM, UCIOIB3YIONIUX MHOTOCIOWHBIM CMEIIAHHBIM PACTPOBBIM
KOHTEHT corjiacHo crierupukanuu [TU-T. T.44 | ISO 16485.

Yacrp 7. OTKIIOHEHA B TPOLIECCE PAa3BUTHS CTaHAApPTA.

Yacrsp 8. 3amumennsiii JPEG2000 (Secure JPEG2000 — JPSEC) —
MPOMUCHIBAET AaCHEKThl 0€30MacHOCTH sl (PParMEHTOB HU300paKECHUS
JPEG2000, ucnonb3yeMbIX B TaKUX MNPUIOKEHUSIX, KaK Kpunrorpadus,
JIEKTPOHHAS UG POBasi MOAMKCH U JIP.

Yactp 9. UnTepaktuBabie fokyMmeHTHI (Interactivity Tools APIs and
Protocols — JPIP) — onpeaensieT cranaapTHBIN MEXaHU3M B3aWMOJICHCTBHS
u mpaBwia 3ddexkTuBHOro oOMeHa uHMoOpMarmenr ¢ H300paKEHUIMHU
crangapra JPEG2000.

Yacrtp 10. 3D u BeumcieHus c IwiaBaromied Toukord (3D and
Floating Point Data — JP3D) — sTa 4acTh pa3zpaboTaHa AJisi TPEXMEPHBIX
NPUIOKEHUM,  HAmpuUMep, IS  BOCCTAHOBJIEHUS  MEIMI[UHCKUX
U300paKEeHHI.
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Yacrsp 11. becripoBoanoit oomen (Wireless — JPWL) — pazpaborana
JUisi OeCTIPOBOAHBIX MYJbTUMEAHa MpuiokeHni. OCHOBHBIMU 3aJadyaMu
JPWL saBnsitoTcs: 3ammTa oT OMMOOK, UX OOHApyKEHUE W KOPPEKIUs B
3aITyMJICHHOM O€CITpOBOHOM Ccpejie.

Yactp 12. Meauna ¢aiin ¢popmar (ISO Base Media File Format) —
COJIEpKUT 001TyI0 yacTh cnenudukaruit MPEG-4 u JPEG2000.

Yacte 13. Crneuudukanus koaepa. lIpeacraBiseT KaHOHUYECKUM
npumep peanuzanuu kogepa JPEG2000 (wacte 1 omuchiBaeT TOJIBKO
JeKoAep U CTaHAapT KOJAUPOBAHUS OMTOBOTO MOTOKA).

Taxke cymecTByloT ycoBepiieHcTBOBaHMs (Amendment, Technical
Corrigendum) x yactam 1 u 2 crangapta JPEG2000. B Hux omucaHs
JOTIOTHUTEIbHBIE OTpaHWYEHUsT HAa OWUTOBBIA TMOTOK, YIIYYIICHHBIH
QITOPUTM KBAHTOBAHUS, a TaKXKe HIOAHCHI pabOThl € Pa3IMYHBIMU
IIBETOBBIMU ITPOCTPAHCTBAMH.

3.2. Co3nanme u pazsurue cranaapra JPEG2000

BnepBeie wncnosib30BaHNE BEUBIET-PYHKIMM K 3ajadyaM CxKaTus
n3o0pakeHuit Obuio  mpemiiokeno Mammom  (Mallat) u JloGemm
(Daubechies) B 1980-x romax. XpoHOJOTHS Pa3BUTHUSI AJITOPUTMOB CXKATHUS
Ha OCHOBE BeWBieT-IpeoOpa3oBanus W pasBurue crtangapra JPEG2000
npuBOaUTCS B Ta0:d. 3.1.

Tabmuma 3.1
Pazsutue crangapra JPEG2000

1991 [Manupo (Shapiro) mpemiokun cxemy BEHBIET-KOIUPOBAHUS
Ha OCHOBE BJIOXKEHHBIX HYyJb-epeBbeB (EZW — Embedded
zerotree wavelet)

1993 Caun (Said) u Ilepaman (Pearlman) mpemioxuim anroputm
paznoxkeHus 1o uepapxuueckum aepeBbsMm  (SPIHT — Set
partitioning in hierarchical trees), 3HAYUTEIIBHO

npesocxondamuii EZW

Maii 1994 beuta mpennokeHa cxeMa CkaThsi Ha OOpaTUMbIX BIIOKEHHBIX
BeiiBnetax (CREW — Compression with reversible embedded
wavelets), coxmepxkaias CBOWCTBa OyIyIlIero CraHmapTa
JPEG2000

Hrwoas 1995 beina npennoxena cxema CREW st cranpapra JPEG-LS
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Mapt 1996

Kommanust Ricoh BHecna mpemsiokeHuss 0 HOBOM CTaHAApTe
cxatus n3o0paxkeHuit s cepruduxanuu B [SO

Hosi0ps 1996

[Ipennoxenne Ricoh Ovmo omobpeno ISO. HawmGonbmmii
MHTEpEC BHI3BAJIO MOHM)KEHNE OUTOBOIO MOTOKA MPHU 33aHHOM
KayecTBe M300paKeHUs, a HE HOBBIC JOTMOJHUTEIbHBIC
CBONMCTBA AJITOPUTMA CHKATHS

Mapt 1997

OOBbsBNEHNE KOHKypca Ha pa3paboTKy crangapra. OCHOBHOM
KpuTepuii oTOopa mobenuTens — MUHUMH3AIUSI OHTOBOTO
MIOTOKA

Hosiops 1997

Paccmotpenne 24 mnopaHHbiXx 3asBoK. Ajroputm CREW
nokKaszaj JIydliMe pe3yJsibTaThl B 00JIACTH C)kaTusi 0e3 morepu
uHpopmanuu U 4—6 mMecto no OUTOBOMY NOTOKY. B kauecTBe
BepU(PUKAIIMOHHON MO/IeIH OblJIa BRIOpaHa cxeMa perieT4aToro
kogupoBanus ¢  kBaHToBaHueM (TCQ — Trellis coded
quantization), mpeAsIo’KeHHAs] YHUBEPCUTETOM APH30HBI

Mapt 1998 Heynaueit 3akonunmnacs nonbsiTka Mogudukanuu JKII ¢ nensio
NOHMKEHHUs  pa3Mepa  OUTOBOrO  IMOTOKA / yMEHbBIICHHS
BBIYHUCIIUTEIBHON CI0AKHOCTH

Hroas 1998 belmyu mpuUHATHL paclIMpeHus CTaHIapTa, NPEII0KCHHBIE B

cxeme CREW

Hosops 1998

Tayoman (Taubman) mpencraBuii aaroOpuT™M  BIIOKEHHOTO
OJOYHOTO KOIWUPOBAHUS C ONTHMH3HPOBAHHBIM yCEUECHHEM
(EBCOT - Embedded block coding with optimized truncation).
Wnest sTtoro Meroja 3akilO4aeTcss B Pa3JEeHUH KaXJ0ro
YaCTOTHOTO JHama3oHa Ha OJOKM KOI(PPUIMEHTOB U
BBHIMIOJTHCHUU KOJMPOBAHMSI HE3aBUCUMO HAJl KKIBIM W3
OJIOKOB. DTOT MeETOJ OOecreurBaeT HEOOXOANMYIO CTEIlEHb
INPOU3BOJIBHOTO JIOCTyNa K MOTOKY OHUT. 3aKoAMpOBAaHHBIC
OJIOKM OOBEAMHSIIOTCS B «IIAKETHD», KOTOPbIE BMECTE 00pa3yIoT
«cmou kKadyecTBa». HemocTaTrkoM kozepa sSBISIETCS pa3MeleHHe
B KAQXIOM «clioe» mnojao0nacTu OUT, ONpeneNsieMbIX Kak
Hanbosiee 3HaUUMble. ITOT COCO0 HalleleH Ha MUHUMH3AIIHIO
CKO B kax0ii TOUKe MOTOKa OUT

Mapt 1999

Anroputm EBCOT mnocne HIauTeNnbHBIX OOCYXACHHA OBLI
BKJIFOUCH B BepU(DUKAITMOHHYIO MOJICITb
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Hroan 1999 [Ipennosxen anroputm Motion JPEG2000

OxkTsa0ps 1999 Brimyck nepBoit 4epHOBOM BEpCUHU CTaHIapTa

Hexadps 1999 Yactu 1-5 cranmapra JPEG2000 wHampaBneHbl Ui
CTaHJapTU3ALNHU

2 siuBaps 2001 JPEG2000  oduumManbHO  CTaHOBUTCA  MEXKAYHApPOJIHBIM
cranaaptom [ISO

3.3. OcnoBbl kogupoBanust B JPEG2000

Kak u JPEG, cranmapt JPEG2000 onwuchiBaeTcsi ¢ TOYKH 3PEHUS
orepanuy JAEKOJUPOBAHUS H300paKeHW. DJTO O3HA4yaeT, 4To JEKOJep
omnpeneNi€éH JOCTaTOYHO TOYHO, HA4YMHAs C MAapKEPHBIX CErMEHTOB H
3aKaHYMBasi CHHTAKCHCOM MOTOKa OUT B jokymeHTe ctaHiaapra JPEG2000.
JleranbHOE omucaHue JAeKojepa onpenensercs (PYHKIMOHAIbHBIMU
BO3MOXXHOCTSIMH Kojiepa. TeM He MEHee MPaBWIbHO MOHATh U OOBSICHUTH
pa3paboTaHHbIC MO CTAHAAPTY JOKYMEHTHI MOXET TOJIbKO CHEHHAIUCT B
obnact 1UPPoBOl 00pPabOTKM HOKYMEHTOB. Jljisi TOro 4ToObl MOHSTH
CUCTEMY JCKOJAUPOBAaHMS, OIHUCAaHHYKD B JIOKYMEHTE CTaHjaapTa,
HEOOXOJIMMO XOpOIIO HW3YYHTh alropuT™M KoaupoBaHus. IIporemypa
CcKaTus pasliefiecHa Ha TpU 0JTama: IpeaBapuTelibHas o0paboTka
n3o0pakeHus, cxatue U GOPMHUPOBAHHME CXKATOTO TIOTOKAa OWT.
PaccmoTrpum ux 0onee noapoOHO.

3.3.1. Ilpeosapumenvnasn oopabomka uzooparxcenus

IIpenBapurensHas o00paboTKa M300paKEHUS COCTOUT U3 TPEX
OCHOBHBIX JTaroB: pa30MeHHE Ha Taiybl (OJOKH), CABUT MO SIPKOCTH U
nocjieAyrlee npeoopazoBaHue KOMIIOHEHT.

Pa3zouenue na maine. Ha »5Ttom 1mare oOpabaThiBaeMoe
U300pakeHUE JEIUTCS Ha MPSMOYTOIbHBIE HEMEePEKPhIBAIOIINECS OJIOKU —
Taisibl. Pa3zmep Bcex TalaoB OJIMHAKOB, UCKIIIOYAsl T€, KOTOPhIE HAXOIATCS
Ha TrpaHuile H300pakeHUs (B Ciydae HEKPaTHOCTH 4YHCIAa MHUKCENei
M300paXeHHsl YHUCITy MHKceled B Taiine). Pasmep Taiina MOXKET OBITh
MIPOU3BOJIBHBIM M MOXKET NMPUHUMATh 3HAUCHHUE pa3zMepa H300paKeHHUs.
Ecnun wu3o0pakeHWe COCTOMT W3 HECKOJIBKHUX I[BETOBBIX KOMIIOHEHT,
KOKIbIA Talil TakKe COCTOMT U3 HECKOJbKMX KOMIOHEHT. Jlis
U300paKeHUl B rpajalusix Ceporo Talid COCTOMT TOJbKO U3 OJHOU
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kommoHeHThl. [locne pa3OueHus Kaxaplii Talia  oOpaOaTbiBaeTcs
He3aBuCcMMO. B ciayuae cokatus  uzoOpaxkeHus ¢ OOJBIIUMU
KO3 PUIMEHTaMU CTAaHOBSITCS 3aMETHBIMU HMCKAXXEHUs, BO3HUKAIOIIUE Ha
rpanuiiax TainioB. I[looOHBIE HCKaXKEHMS CYIIECTBYIOT IJIsi JII0OOTO
anroputMa OJOYHOTrO KoAaupoBaHHUs. UeM MeHblIE pa3mepsl Tailia, TeM
OOJpIIE MCKAXEHUS Ha TpaHULAaX U MeHblIe 3((PEKTUBHOCTH CHKATHUS.
O4eBHIHO, YTO TOJHOE OTCYTCTBHE JICJICHUS Ha Tailibl 0OecrieYuBaeT
HaWIydlllee BU3yallbHOE KauecTBO. C Apyror CTOPOHBI, €CIU pa3Mep Tausia
CIMIIKOM OOJNbIION, mnoTpedytorcss Oonbiiue Oydepbl NmamsaTd s
BBITIOJIHEHHST apuU(METUUECKUX Olepanuid Kak Mpu MPOrpaMMHOM, TaK H
npu anmnaparHoit peanmzauun JPEG2000.

Cosuz no apkocmu. V3HavyanbHO MUKCENN M300pKEHUS XPaHATCS
KaK IIeJible BeJIMYMHbI 0e3 3Haka. llenpio caBura mo SPKOCTU SIBISIETCS
npeoOpa3zoBaHue JAUHAMUYECKOTO Juama3oHa TaKuM o00pa3oM, YTOOBI
3HAYCHUs MHUKCeJIe ObUIM IIEHTPUpPOBaHbl BOJMM3M HYJs. Bce 3HaueHus
SAPKOCTU [-0l KOMIIOHEHTHI [,(X,)) mnpeoOpa3yroTcs IyTEM BBIYUTAHUSA

St —1 .
BEJIMYUHBI 2757 | B UTOre MOJIyYaeM HOBBIE 3HAYEHMS [ -OH KOMIIOHEHTHI
!
I; (x,y).

L(x, ) < I,(x,y) — 257

rae S, — TOYHOCTh TPEJCTABICHHS BBIOOPOK, KOTOpas YKa3bIBAeTCS C

noMoIsI0 Mapkepa SIZ (u300paxeHue u pa3Mep Tailia) B C)KaTOM MOTOKE
out. [Ins HEKOTOphIX H300pKEHUN JAUHAMHYECKUM JMama3oH YkKe
HEHTPUPOBaH  BOJMWM3M  HyJs, HampuMep  3HAYEHUS  IHUKCEJeH
KOMIBIOTEPHBIX TOMOTPAMM, I[O3TOMY B 3TOM CJIy4ae HHKAKUX
npeoOpa3oBaHU IPKOCTH HE TpeOyeTcsl.

Ilpeoopazosanue komnonenm. IlpeoOpa3oBaHue  KOMIIOHEHT
3(QPEKTUBHO HCHOJB3YETCS Ui YMEHBIICHUS KOPPEJSAIUU  MEXITY
KOMIIOHEHTaMH B CJIydae IIBETHOro wu3o0OpaxeHus. OHO TPUBOIUT K
YMEHBIIIEHUIO U30BITOYHOCTH U B UTOrE K yBEIWYEHUIO KO3(DduimreHTa
cxkarus. @aktmueckn craggapt JPEG2000 He paccmarpuBaet
KOMITOHEHTHI KaK I[BETOBbIE 00JIACTH, U C ITOW TOUKH 3PEHHS CTaHIIApPT HE
paznuyaeT mBeTa. TeM He MEHEee OH OINpeeNseT MpeoOpa3oBaHUE TPEX
KOMIIOHEHT IIBETOBBIX 00sacTei npoctpancTBa (RGB).

ITepBas wacte crangapra JPEG2000 nogaepxuBaeT J1Ba pa3IM4HbIX
npeoOpazoBaHusi: obpatumoe mpeoOpazoBanre kKoMmoHeHT (Reversible
Color Transform, RCT) u nHeoOpatumoe mnpeoOpa3oBaHUE KOMIIOHEHT
(Irreversible Color Transform, ICT).
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Obpamumoe npeodpazosanue komnornenm. Jns cxatust 0€3 Morepb
HeoOxomumo ucnoib3oBath RCT, Tak Kak B 3TOM ciydyae 3HAYCHHS
MTUKCEJIeH TOHKHBI OBITH BOCCTAHOBIICHBI a0COIOTHO TOUYHO. HecMoTpst Ha
TO 4YTO JaHHOE TMpeoOpa3zoBaHUE ObUIO pa3paboTaHO Mg CxkaTus 0e3
MOTEPH, €TO0 MOKHO HCMOJIB30BAaTh M ISl CKaTUs C MoTepsiMu. B ciaydae
CXKaTUg C TOTEpPSIMU  OMIMOKM TOSIBIISIIOTCST 32 CYET OCHOBHOTIO
npeoOpa3oBaHusl WM Ha JTane KBaHTOBaHWs, HO He 3a cu€ér RCT.
dopmyiibl i pacyéta npsmoro u 0opatHoro RCT BeITIISIAST ciaeayromuym

00pa3oM:
[Ipsamoe RCT:
y, - {R +2G + B}
4
U.=B-G
V.=R-G
Oo6parnoe RCT:

=
I
N
+
Q

Heobpamumoe  npeobpazosanue  komnonenm.  JIaHHBI  THI
nmpeoOpa3oBaHMs aHAJIOTUYEH PAa3IOKCHUI0 Ha KOMIIOHEHTHI SPKOCTH H
IIBETHOCTH, HcHoib3yemMomy B amroputme Baseline JPEG. ICT
MPUMEHSETCS TOJBKO NJisi CkaTusi ¢ morepsiMu. KommoneHnTta Y siBiseTcs
SPKOCTHOM KOMIIOHEHTOH, a B KoMmmoHeHTax Ch wu Cr 3amoxeHa
undopmanus o usere. B anroputme Baseline JPEG Bo3MoxHO
yMEHBIIIEHNE 4Yuciaa OWT, HEOOXOMUMBIX IS MPEJCTABICHUS KOMIIOHCHT
usetHoctd. st cranpapra JPEG2000 Takoe He nmpeayCMOTPEHO.

3.3.2. Corcamue

[Tocne sTanma mpeaBapuTEIbLHON 0OpaOOTKU CIIEMYEeT dTall CHKATHSL.
Cxema ero paboTbl mokazaHa Ha puc.3.2. [loTok cx)aTbIX JaHHBIX
npuBeieH Ha puc. 3.3. 3aMeThM, 4YTO Kaxdas KOMIIOHEHTa II0CIe
IpeIBApUTEIHHON 00pabOTKH CKUMAETCS U IepeaacTCsi HE3aBUCHUMO.
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Puc. 3.3. IloTOK C)KaThIX JaHHBIX

DTan c)KaTHs BKIOYAET B CeOs:

1. JluckpeTHoe BeBIET-IIpeoOpa3oOBaHUE.
2. KBaHTOBaHHE.

3. DHTPONUNHOE KOAUPOBAHUE.

B Hawane Kkaxnas KOMIOHEHTa IpeoOpasyercss ¢ IOMOIIBIO
MOAXOMSAIIET0 THUMA JUCKPETHOTO  BeiBieT-npeoOpazoBanus. OHO
HEMOCPECTBEHHO pa3jlaraeT KaXIyl0 KOMIIOHEHTY Ha MHOKECTBO
NOJYPOBHEN pa3IUYHOTO paspeinieHus. Kaxaplii moaypoBeHb B ciydae
CKaTUsl C TOTEPSIMU KBAHTYETCS HE3aBUCHUMO CO CBOMMM 3HAYCHUSIMU
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kod(punenToB kBaHTOBaHMs. [locie 3TOro moaypoBEHb JEIHUTCS Ha
MHOKECTBO KOJIOBBIX OJIOKOB MEHBIIEro pazMepa. ITH KOJOBBIE OJIOKH
JOJDKHBI MMETh OJWHAKOBBIA pa3Mep, HCKIoYas Te OJOKH, KOTOPHIE
HaxonaTcst Ha rpanune. OObIYHO pazMep Onoka cocrtaBisieT 32x%32 wiu
64x64. Ilocime »TOrO K KaXI0OMy KOJOBOMY OJIOKY TIPUMEHSETCS
SHTPOMUNHOE KOIUPOBAHUE ISl TOJYyUYEHHUS CHKATOTO IMOTOKa OUT, Kak
MOKa3aHo Ha puc. 3.3.

Huckpemnoe eeiignem-npeoopazosanue. MakKCUMAIBLHOE YHUCIIO
YPOBHEM paziioxkeHus coriacHo yactu 1 crangapra JPEG2000 pasno 32. B
yacTh 1 TakkXe OTMEUYEHO, YTO MJI Pa3OKEHUS HAa HECKOJbKO YPOBHEH
pa3pelieHo HCMOAb30BaHUE TOJIBKO MPEOOpa3OBaHU € KOJIUYECTBOM
9JIEMEHTOB PaBHBIM CTETICHSIM JABOMKHU.

Jluckpemnoe setienem-npeodopazosanue 0as cocamusi ¢ NOMeEPSIMU.
Hnsa cxaruss ¢ norepsmu B crangapre JPEG2000 pexoMeHaoBaHO
UCIIOJIb30BaHUE OMOPTOrOHAIBLHOTO BeMBieT-huibTpa Jodemmu (9, 7). [lox
o0o3HaueHueMm (9, 7) moHumaercsi, 4To QUILTP aHanu3a (pPa3noKEHUs )
coctouT u3 (uwibTpa HIKHUX 4YacToT (PHY) ¢ 9-10 koaddunmentamu u
dbunpTpa Bepxaux yactoT (ADX) ¢ 7-10 koadpdunumentamu. Ob6a QuibTpa
cumMeTpudHbl. Koadpdummentslr ¢unbTpa aHanmza (I OPSMOTO
npeoOpa3oBaHus) MOTYT OBITh 3aMUCaHBI CIETYIOIUM 00pa30M:

s OHY — [h_y,h_y,h 5, h_,h o, hy,hy,hy,hy ], TOE

hy =h_4 =+0,026748757410810;

hy =h_3 =-0,016864118442875;

hy =h_», =—0,078223266528988;;

hy =h_1 =+0,266864118442872;

hy =+0,602949018236358.

i OBY - [g 5,8 5,8 1,8 0,21-82-83], 7A€

gr =g_» =-0,057543526228500;
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g1=g_1=-0,591271763114247 ;

go = +1,115087052456994 .

st obpatHOro mnpeoOpa3oBaHMsI HMCIONbB3yeTCs mapa (UIbTPOB,
Ha3biBaemass ¢uiabTpamMu cuHTe3a. B atoit mape ®HY wumeer 7
ko3 punrenton, a ®BY — 9 kordpunineHTos.

KoadpunmenTtsr OHY MO>KHO 3aMMncarh B BUJIC
4 ! 4 ! 4 ! !
[h_39h_23h_19h 0°11>5 29h3], rac

by =h'5 =+0,0912717631142495;
hy =h' 5 =—0,057543526228500;
B =h'y =-0,591271763114247;

hy = +1,1150870524 56994 .

Koaddurmentst OBY MO>KHO 3anucaTh B BHJIC
[gi49g,_39g'_29g’_19g, Oag'lag’29g,39g’4], rﬂe

g = g4 =+0,026748757410810;
gh =g’ =-0,016864118442875;
gh =g'» =-0,078223266528988;
g1 =g’ =+0,266864118442872;

g0 =+0,602949018236358..

Obpamumoe @6etignem-npeobpazosanue 0Js cocamusi 6e3 nomepsb.
Hns cxatuss 6e3 motepp B cranpapte JPEG2000 mo ymonuaHuio
ucrons3yercss BewBineT-puasTp Jle Tlamma (5,3). XoTrs B OCHOBHOM
JAHHBIN TUN QUIBTPOB MPUMEHSETCS JJIA CKATHUsl 0€3 MOTePh, BO3ZMOMXKHO
€ro HUCMHOJIb30BaHME W I cxkatusg ¢ norepsmu.  OpHaAKo
AKCIEPUMEHTAIbHO OBUIO TOKa3aHo, u4To ¢uiasTp Jobemmu (9, 7)
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MO3BOJISIET TMOy4YaTh JydIlIA€ pe3yJbTaThl B PEXHUME C TIOTEPSIMH.
Beiisnet-gunstp Jle I'anna (5, 3) umeer nBa puibTpa aHammsa.
OHY [h_y,h_i,h o0y, 0y ], THE

h2 Zh_z 2—1/8,
hl Zh_l =—1/4,
ho =3/4

OBY [g_,,8 (,81], rne
g1=g-1=-1/2;

go :1.

CootBeTcTBYyIOMIME (GUIBTPHI CUHTE3a UMEIOT KO3(P(DUITUEHTHI:
! 4 4
®HY [A],,h" y,h|], THE

W =h,=1/2;

CDBLI [g’_29g'_19g,09g,19g’2]9 rI[e

g2=8,=-1/8;
g1 =g =-"1/4;
g0 =3/4.

Keanmoesanue. Ilocne TUCKPETHOTO BEUBIIET-PEOOpa3OBaHUs, MMPU
WCITOJIb30BAHUH PEKUMA CHKATHS C MIOTEPSMHU BCE TTOTYPOBHU KBAHTYIOTCS.
Ha stoM »sTame Tepsiercss HamOoJblllee KOIWYECTBO HHGOpPMALMKU TPHU
KoaupoBaHuu. ['pyboe KBaHTOBaHWE, TO €CThb KBAHTOBAHME C OOJBIIUMHU
Kod(pdunmeHTaMu, MPUBOJIUT K OOJBIIIEMY CXKATHIO M, CIEI0BAaTEIIbHO, K
YMEHBIIEHWIO TOYHOCTH BOCCTAaHOBJIICHUS HM300pa)K€HWs, TaK Kak
MPOUCXOJUT  TOTEps] 3HAYUTENIbHOM d4YacTu uHOpMamuu. Oram
KBaHTOBAHHWS HE JIOMyCKaeTcs B ciydae ckatus 0e3 morepb. B wactm 1
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cranmapra JPEG2000 omucan cnoco® OJHOPOJHOTO  CKaJsSIpHOTO
KBAaHTOBaHUS ¢ MEPTBOM 30HOM BOIM3M HyJs. Crierudukamnus onpenenseT
pa3uMyHbIe IIard KBAHTOBAHUA [JIA Ka)XJIOr0 MOJYPOBHS Pa3JIOKEHUS.
[Ilar xBaHTOBaHMA A, 1 NOLYPOBHA b BBIUUCIAETCS Ha OCHOBE

JTVHAMHAYECKOTO JUANa30Ha BEJIWYUH NOAYpoBHA. Dopmyna OAHOPOAHOTO
CKQJISIPHOT'O KBAHTOBAHHUS ¢ MEPTBOM 30HOM MMEET BUJ

q, (i, j) = sign(y, (i, j)) W
b

rae y,(i,j) — KodpOUIUEHT TUCKPETHOIO BEUBIIET-NIPEOOPAa30BaHUS IS
nogypoBHss b u A, — mar KBaHTOBaHMs JUIsl NOAypoBHA b. Bce

noJiydeHHble KOA((PUIIMEHTH AUCKPETHOTO BEHBJIET-MPeoOpa3zoBaHUs
q, (i, j) ABIAIOTCA LEIBIMH YUCIIAMH CO 3HAKOM.

Bce BbluncnuTENbHBIE ~ ONEpallMd OO 3Tana  KBAaHTOBAHUS
BKJIFOUMTENIBHO BBINIOJIHSIOTCS HAJl JAHHBIMU, MPEICTABIECHHBIMUA B BHJE
JBYMEPHBIX MaccuBOB. Jlajee naHHbIE TpeoOpa3yloTcs B BHUJ, YJIOOHBIN
JUJIS1 ATarna SHTPONMUNHOTO KOJIUPOBAHUS.

Koumpons kauecmea. HecMOTps Ha TO 4YTO KIIOYEBBIE JTallbl
aNropuT™Ma, TakWe Kak BeWBJET-IpeoOpa3oBaHKWE, KBAHTOBAHUE W
SHTPOIMMHOE KOJUPOBAHUE, CTPOrO OIPEAEIIEHbl, HEKOTOPbhIE YaCTH
IrOpUTMa JTOCTYIHBI JJIs1 MOAU(UKAIINKN pa3paboTynkoM koaepa. OmHoun
U3 TaKUX «CTENeHeW CBOOOJbI» SBIISIETCS KOHTPOJIb KauecTBa. KOHTpoIib
KauecTBa ONpeleNsieT ONTUMAIbHYI0 OHTOBYIO CKOPOCTH IO BCEM
KOJIOBBIM OJIOKAaM U TOAYPOBHSIM [JIsi JIOCTHXKEHUST MUHUMAIIBHOM
CpEeIHEKBAIPATUYHOMN OIIHOKHU.

KonTponb OWUTOBOW CKOPOCTH MOJHOCTBIO 3aBUCHUT OT KOJEpa H
MOXET OBITh pealin30BaH Mo-pa3Homy. [IporpamMMucT MoOXeT cam
OTIpeIeNATh, KaK OH OyJeT ONTUMU3UPOBATh COOTHOIIIEHUE CKOPOCTH.

Aumponuiinoe xoouposanue. JlaHHble, TpeICTABISIOLIUE COOOM
KBaHTOBAaHHBIE  BEUBIET-KOA(P(GUIMEHTHl  KaXJOTr0 0OJIoKa  KaXJIOro
NOAYPOBHS, CXHUMAKOTCS C TOMOLIBKO HSHTPONUHWHOIO KOJWPOBAHHS.
AJITOPUTM SHTPONUMHOTO KOJUPOBAHUS COCTOUT U3 ABYX 3TamnoB: Tier-1 u
Tier-2. Jlamee nmaercss ux Kparkoe omucaHue. B criemyroimem paszene
aJrOPUTMBI KOJIUPOBAHUSI OMTUCHIBAIOTCS O0Jee MOPOOHO.

Tier-1. binokn komupyroTCs HE3aBUCUMO Jpyr oT napyra. Ecinm
TOYHOCTb MPEJICTABIICHUS 3JIEMEHTA KOJAOBOTO 0JIOKAa paBHa p , TorAa OJIOK

npeaACTaBJsICTCA B BHUIAC p OHUTOBBIX HHOCKOCTCﬁ, N 3THU IINIOCKOCTH

KOJUPYIOTCS, HAUMHAsl C TJIOCKOCTH, OTBEYAIOIIeH 3a Hanubosiee 3HaUnuMblIe
OUTBI, U 3aKaHYMBAsI TUIOCKOCTHIO, OTBEYAIOIIECH 32 HaMEHEe 3HAYKMMBbIC
outel. Kaxkngas OuToBas IIJIOCKOCTh CHadaja MpeoOpasyercs ¢
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UCIIOJB30BAaHUEM MEXaHM3Ma KOAUPOBaHUsI OMTOBBIX miiockocted (BPC —
fractional bit-plane coding) ana mosydeHuss MPOMEKYTOUHBIX JaHHBIX. B
cranaapte JPEG2000 gns storo ucnosbiyercs aaroputm EBCOT. On
KOJIUpPYET OWUTOBBIE IUIOCKOCTH B TpPHU MPOXOJa TakKUM 00pa3oMm, 4YTO
JAHHbIE, 3aKOJJMPOBAHHBIE B PA3HBIX IPOXOJAX, HE IEPEKPHIBAKOTCS.

JIBonuHass BenuuwHa, onpexgensemas —anroputMom  EBCOT,
KOJIUPYETCS C WCIOJIb30BaHUEM apU(METHUYECKOTO KOJAUPOBAHUS IS
MOJIYYEHHS CKATOTO KOJia Kaxkaoro Oyioka. B aToM ciyuae ucnonb3zyercs
Pa3HOBUIHOCTh apU(PMETUUECKOTO KOJAUPOBaHMs, H3BECTHas kKak MQ-
koziep. JlaHHBIN TUI KOJiepa Takxke npumMeHsiercst B cranaapre JBIG2 s
ckaTusi OMHApHBIX U300pakeHuil. JlaHHbIe, ompenensieMbple alrOPUTMOM
EBCOT, ucnosb3yrorcss Mg OUEHKHM BEPOSTHOCTH, Ha OCHOBE KOTOPOM
MQ-kozaep reHepupyeT KOJI.

Tier-2. Ha pmanHOM »5Tame NpoOWCXOAUT KOJIMPOBAHHWE AAHHBIX U
dbopmupoBanre OutoBoro moroka. Llenpto Tier-2 sBisiercs 3hpekTUBHOE
MPEJICTABIICHUE CJIOSI TAHHBIX U JI0OABOYHOM MH(OpMAIUU ISl KaKJI0Tro
KOJIOBOTO OJioka. JlaHHBIE TIPEJACTABIAIOT COOOM MOCIEA0BATEIHHO
3aKOJIMPOBAaHHBIC OMTOBBIC TIOCKOCTH KaXKJoro Taiia. biok mobaBodHOi
uH(OpMAIMK COACPKUT [JIMHY KOJOBBIX CJIOB, HaubOojee 3HAYUMYIO
OUTOBYIO MJIOCKOCTb, & TAK)KE TOYKU pPa3JIeJICHUs IOTOKOB OUT.

3.4. Xapakrepuctuku cranaapra JPEG2000

K ocHoBHbIM xapakrepuctukam JPEG2000 otHOCSTCS:

— JIOCTW)KEHHE  BBICOKOTO  KadecTBa  CXKAThIX  M300pa’KeHHI.
[IpenmymectBo  Haxn  cranpaproM JPEG  nmoarBepxkmaercs — Kak
BU3yaJIbHBIMU, TaK W YHUCJICHHBIMU OIIEHKaMU (HAmpuMep, MUKOBBIM
otHoteHueM curdain / mym — [TOCII) u ocoOeHHO 3aMeTHO TTPU OOJIBIITUX
ko3 dunmentax cxatus (30 u Beime). I cxaTblx HM300paKeHUH,
OJIMHAKOBBIX C TOYKHU 3peHus cyObekTuBHOro BocmpusTusi, JPEG2000
MO3BOJISIET JOCTHYG OOJIbIIeH cTenieHn kommnpeccuu, yeM JPEG;

— BO3MOXXHOCTh  HMCIOJIb30BaHUS ISl CXKATHs / BOCCTAaHOBJICHUS
Pa3IMYHBIX THUIIOB HM300PaKEHUM: IBETHBIX, MOJYTOHOBBIX M OMHAPHBIX
(aroput™ JBIG2);

— UCIIOJIb30BaHUE OO0JIBIIIOTO JTUHAMHUYECKOTO Juara3oHa
npeacrapienus nukcenei. JPEG2000 moxeTr pabotath ¢ U300paKeHUSIMHU
C Pa3IMYHOM TOYHOCTBHIO 3aJaHUSI KaXXJIOHW M3 I[BETOBBIX KOMIIOHEHT.
HecmoTpst Ha TO YTO B COBPEMEHHBIX MPUIOXKEHUAX 3TOT AUAINA3Z0H
Kojebnercs or 1 g0 16 OUT, CHUHTAaKCUC CTaHAapTa MOAJIEPKUBAET €ro
pacmupenue 10 38 our;
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— ToJJIepKKa U300pakeHUil OOJBIIOro paspenieHus. MakcuManbHbIN
pasmep m3obpaxenns B JPEG2000 orpammuen umciaoM (2°2-1)x(2%°-1)
IHKCETIel, a MAKCHMAIIbHOE YHCIIO [BETOBBIX KaHATIOB — 27,

— BO3MOXHOCTh CKaTHusi HM300pakeHuid O0e3 MoTepu KaudecTBa, 4YTO
MO3BOJISIET, HE MEHSsI aaroputM o0padoTku, ucnoiab3oBath JPEG2000 B
pPa3sIUYHBIX TPWIOKCHUSAX, TaKMX KaK: apXuBalus MEIUIIMHCKUX
n300pakeHuit win nepeaava udpoBor UHGOPMAIIUU 10 KaHAJIaM CBSI3H;

— ¢ukcamus pasmepa cxkaroro uzooOpaxkenus. JPEG2000 mo3Bosser
MOJIb30BATEI0 TOYHO BHIOPATH JKeJIaeMbli pa3Mep cxaToro ¢aina;

— BbIOOp oOmactu unTepeca — ROI (Region of Interest). [Tons3oBarens
MOXET CXKaTh 00Jiee BaXKHYIO 4aCTh M300paK€HUs IPOU3BOJIBHOU (POPMBI C
Jy4lIuM KadecTBOM. Takas CUTyalusi MOKET BCTPETUTHCS, HAIPUMED, IIPU
apXWBaIMU MEIUITUTHCKUX U300paKeHU;

— TPOM3BOJIBHBIA JOCTYNT W 00paboTKa CXaToro u300paKeHU .
CraHzapT npeaocTaBisieT BO3MOKHOCTh JOCTYIA K JIFOOOM 4acTH CKaToro
U300paXeHUs: C  BO3MOXKHOCTBIO  TPOBEACHUS  MpeoOpa3oBaHMA
(KkoAMpoOBaHKME, TOBOPOT, HAKIOH W T.J1.) 0€3 pacnakoBKH BCETO
U300paKeHUS;

— po0acTHOCTh K OIMIMOKaM MpHU Iepeaade OUT, 4TO OCOOCHHO IIEHHO
pH nepefaye n300paKeHUN Mo 3alTyMJICHHBIM TEJIEKOMMYHUKAIMOHHBIM
KaHaJIaM.

KntoueBbie BO3MOYKHOCTH TE€XHOJIOTUH JPEG2000
JEMOHCTPUPYIOTCA Ha puc. 3.4.

[IpencraBnenue mHpOpMaIUU, MOTYYEHHOE B PE3yJIbTaTe BEHBIET-
npeoOpa3oBaHusi, yJAO0OHO TEM, YTO OHO OOECIEeYMBAECT BO3MOKHOCTH
MOJIyYEHUSI TIPUOIM3UTEIBHBIX KOMHUN M300pakeHusi 06€3 OCYIEeCTBICHUS
MOJIHOTO oOpaTHOro mpeoOpa3zoBanus. [Ipon3BoJs OrpaHUYEHHOE YHUCIIO
OOpaTHBIX JEKOMIO3UIUK (0OBEAMHEHHE YACTOTHBIX JIMAIla30HOB),
moJjiaras, 4YTO BCE HE BOBJICUCHHBIE B IpeoOpa3oBaHUE YaCTOTHBIC
JMATIa30Hbl COJIEPKAT WMCKIIOYUTEIHLHO HYJIEBBIE JJIEMEHTHI, MBI JIETKO
MOXEM TOJIYUYUTh JUOO KOMHUIO0 M300paKeHUSI B YMEHBIIEHHOM MacIiTaoe,
amb0 UCXOIHOE H300pakeHne, HO B 0oJiee HU3KOM KayecTBE IIO
CpPaBHEHUIO C W300pakKe€HUEM, IMOJIYYEHHBIM B pE3yJbTaTe IOJHOTO
oOpaTHOTO MpeoOpa3zoBaHus. YUHUThIBas TOT (akT, YTO OJIOKM BEUBIET-
KO3 PUIIMEHTOB KOAUPYIOTCS HE3aBUCUMO JIPYT OT JPyra, Mbl MOJydaeMm
BO3MOYKHOCTh YAaCTHYHOTO JEKOJUPOBAaHUS HE TOJBKO Ha YypOBHE
npeoOpa3oBaHus, HO U Ha YPOBHE MHTEpIIpETAIliy Koaa. (s momydeHus
MPUOIM3UTENHFHON KOTTUU W300pakKeHUsT JJOCTATOYHO JEKOJANPOBATH YaCTh
uH(opmaluu, a 3aTeM MPOU3BECTU 0OpPaTHOE BEUBIET-IPeoOpa3oBaHHUE.
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Cxartne
C MOTEPAMHU

YMeHbIIEHHOE ngi?;)CeTcl;
pa3penieHue ROT)
JPEG2000
A
Cxarne
0e3 morepn

Puc. 3.4. Ilpumeps! ucnonb3oBanus texuonoruu JPEG2000

[IpousBonbHBII ~ mOCTYynm  obecrneuumBaeTcs  MyTEM  JIEJICHUS
U300paXeHUsl Ha Taiibl (YIIOMSHYThIE paHee Kak OJIOKHM M300pa)keHus), a
TakKe MyTEM pa3zelieHus KoJa Tailja Ha CJIOU, KOTOPhIE XapaKTepU3yloT
OTJIEIbHYIO 00JIACTh UCXOIHOTO Taila.
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Bo3moxnoctr, ommuatromme JPEG2000 ot apyrux craHmapToB
(BBICOKAs CTEIMEHb CXKaTHS, BO3SMOXKHOCTb OBICTPOTO IOCTYyTMa K OTAEIbHBIM
4acTIM uH(dopMaIuy, MPEBOCXOAHAS CTPYKTYPUPOBAHHOCTb,
HETpPeOOBATENILHOCTh K pecypcaM H MHOroe Jpyroe), MOTEHIIMAIbHO
00€eCIeurBalOT MIUPOKOE UCTOIB30BaHUE CTAHAApPTA B TE€X 00JacTsIX, INe
TpeOyeTcss 00paboTKa U nepeiadya BbICOKOKauYeCTBEHHBIX M300paKEHUM.

Cranpapt JPEG2000 mpeBocxomuT mno 3¢G(EKTUBHOCTA CTaHIAAPT
JPEG kak B ciydae cxkaTusi ¢ MOTEpsIMU, TaK U B cllyyae cxaTus 0e3
notepb. KoHeuno, 3(p(peKTUBHOCTh IpU CKaTUM O€3 MOTEeph B JaHHOM
ClIydae OKa3bIBaeTCsl HE TaKOW BBICOKOM, KaK, CKaxkeM, y ctanaapta JPEG-
LS, oxnako ona BmoiHe mpuemiema. Uto xe kacaeTcss 3PeKkTuBHOCTH
CKaTus C MOTEPSIMU, 3[€Ch CTAHAAPT MO3BOJISIET IMOJTy4aTh PE3yJIbTaThI,
ONM3KHE K HAWIy4YlIUM Ha CErOAHSIIHUA JEeHb pe3yJbTaraMm s
o00HOT0 poJia METOIOB.

3.5. Anroputm SPIHT

AJNTOPUTM Pa3IOKEHUSI MHOKECTBA IO UEPAPXHUUECKUM JIEPEBHSIM —
SPIHT (Set partitioning in hierarchical trees) — npeacrapiser co6oit MeTo
cKaTus U300pakeHuM, OasupyrIIuics Ha BelBieT-npeoOpasoBanun. Ha
JAHHBIA MOMEHT OH HE SABJISIETCS CTAaHAAPTOM CkaTus, TakuMm kak JPEG u
JPEG2000, Ho 3auactyto He MeHee 3 (PEKTUBEH, YEM BBILIEC YIOMSHYTHIE
aJTOPUTMBI.

Beiiner-npeobpazoBanue paznaraer M300paxKeHne Ha
MOJAMANa30Hbl TaK, YTO HIXKHUE MOJITANAa30Hbl COOTBETCTBYIOT BHICOKHM
4acToTaM M300paXKEHHUs, a BEPXHUE — €ro HU3KUM YacTOTaM, B KOTOPBIX
KOHIIGHTPUPYETCS] OCHOBHAsl YacTh OJHeprum wu3odpaxkenus. I[lorTtomy
MOXXHO OXHJIaTh, 4YTO KO3PGUUUEHTH JeTanel (BhICOKOYACTOTHBIE
KOd(PhUIIMEHTHI) HM300paKEHUS YMEHBIIAIOTCS TPU TEePEeMEIICHUU OT
BBICOKOTO YPOBHS K Oosiee HU3KOMYy. Kpome Toro, umeercs onpeaeieHHoe
MPOCTPAHCTBEHHOE MOJ00ME MEXIy MojAuana3oHaMu. ITa OCOOCHHOCTh
pa3no0KEeHUs Kak pa3 u ucnonbizyercs B anroputme SPIHT.

3.5.1. Ilpocpeccugnasa nepedaua ¢ anzopumme SPIHT

OnHolt M3 BaxHBIX ocobeHHOcTel anroputma SPIHT sBasercs
MpoTrpeccuBHas Tepeada, KOTopasi CBOMCTBEHHA OOJIBIITMHCTBY METOJOB
cxaTus u3oopaxxenui. Paccmorpum ee 6osee moapoOHo.

O06o03HayUM MHUKCENW HCXOTHOTO H300pakeHus yepe3 P[i, j], a

MHOXECTBO (HWIBTPOB, KOTOPOE€ MOXKET OBITh HCIOJIB30BAHO JIS
npeoOpa3oBaHusl MMHUKCEIOB B BeiBier-kodpduumenter C[i, j], uepes T .
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BeiiBner-koo(Qdunpentsl  00pasyror Hekortopeii  oopaz  C. Camo
npeodpazoBanue o6o3nauuM kak C =T (P).

I[Ipu mnporpeccuBHOM MeTOJE Tepelauyd JEKoJep BHaYaje

IPUCBAaWBAET 3HAUEHHE HOJb PEKOHCTpYHpoBaHHOMY 00pasy C . 3arem oH
OpUHUMaeT TmpeoOpa3oBaHHble KOAXDPUIIMEHTHI, IEKOIUPYET UX U

MCIIOJIB3YET IS TONydYeHus yirydineHHoro obpasa C, KOTOpBI, B CBOIO
ouepellb, MPOU3BOJUT YJydllleHHOE H300paxkenne P =T _I(C). Takum

o0pa3om, JIeKOAEp CMOCOOEH OYEeHb OBICTPO MOKa3aTh BCIO KapTUHKY B
dbopmaTe ¢ HU3KUM KAayeCTBOM, a 3aTEM IMOCTEMEHHO YIyd4IlaTh KaueCTBO
o Mepe IMpueMa OCTaJbHOM YacTH CXKAaTOro H300paKeHUs H €ro
nekonupoBanus. B pesynbrare, nekoaupys 5—10% ot pazmepa ucxoaHoro
U300paKeHUsi, MOXHO pacrno3HaTb BCE €ro OCOOEHHOCTH, 4YTO
HEJIOCTMPXKUMO TIpU  TIOCJEAOBAaTEIbHOW mMepedaade B  aHAJIOTUYHBIX
YCIIOBHSIX.

OcHOBHasl 1€Jib MPOTPECCUBHOIO METOJa COCTOUT B CKOpEHMIlen
nepejaye caMod Ba)XXHOM YacTu MHGOpMaAlUU 00 U300paKEHUHU, KOTOpast
JAeT caMoe OOJIBIIIOE COKPAIICHUE PACXOKIACHUS UCXOTHOTO U300paKeHUS
U PEKOHCTPYUPOBAHHOTO 00paza. JJiss KOTMYEeCTBEHHOTO U3MEPEHUS I3TOTO
pacxoxaenua anroputm SPIHT wucnonb3yer cpeaHEekBaapaTUYECKYHO
OIIIHOKY.

JIBa ocHoBHbIX npuHuuna anroputma SPIHT, ucnone3yemeie npu
MPOTPECCUBHOM Tepesiaue U300pakeHUs, COCTOSIT B TOM, YTO, BO-TIEPBBIX,
KOJIEp MOJKEH TIOChUIaTh B TMEPBYKO oOuepelb camble Oonbiiue (1o
a0COMIOTHON BeMUYMHE) KOA(PGUIIMEHTHI, a BO-BTOPHIX, CaMbl€ CTapIINE
OUTHI (IBOMYHOTO TIpeACTaBiICHUS KOA(D(PHUIIMEHTOB), TaK KaK OHU HECYT B
cebe umHpOpMaIUIo, KOTOpas OOJIbIIE BCEro COKPAIIAET PACXOXKICHHUE
CPEIHEKBAIpaTUYECKON OIIHUOKH.

3.5.2. @opmanuzoeannwviit anzopumm kooepa SPIHT

JInsg  ympolmieHuss ONHWCaHus OCHOB JAHHOIO METOJA BHAJale
IPEANOI0KHUM, YTO KO3I(P(HUIIMEHTHI OTCOPTUPOBAHBI 10 Hayala UKIIA.

Aaroputm 1. Ynpomennstii SPIHT

Ilar 1. [Ins 3amaHHOro M300pa)KeHUs] BBIUMCIAEM €Tr0 BEUBIET-
npeoOpa3oBaHUe, WCIONb3Ysl MOAXOMASIINE BEUBIET-QPUIBTPHI, MOTydaeM
ko3¢ duienTsl npeodpazosanus C[i, j| u mpencraBiseM WX B BHJE

LEJIBIX YHCceT (PUKCUPOBAHHOM pa3psHOCTH.
Iar 2. Ilepenaem n,,,, — KOJIUYECTBO pa3psaoB (CUUTAs OT HYJA),

3aHUMAaeMbIX MaKCUMAJIbHBIM  OTCUETOM  pa3jOXKEHHs, TO  €CThb
Npax = 10> (maxl-, ] (al-’ j )) (OKpyTJIeHHE BHU3).
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Ilar 3. NHuImanu3upyeM CIUCOK 3HAYUMBIX KOA()PUIIUMEHTOB Kak
IyCTO€ MHOXECTBO.
Ilar 4. CoptupoBka. Ilepegaem uucno / xoapdumuentos Cli, j],

KOTOpble  yHoBIeTBOpsitoT  HepaseHctBy 2" <|C[i, j]‘£2”+1. 3aTem

nepenaeM / map KOOpAUWHAT M [ 3HAKOB 3TUX KOA(DPUIIMESHTOB.
Ilar 5. IlompaBka. Ilepemaem (n—1)-bie crapime OHTBI BceX

KO3 PUIIMEHTOB, YJIOBJIETBOPSIOUINX HEPABEHCTBY ‘C[i, j]‘22”. ot

KO3 PuImeHTsl ObUIM BBIOpAaHBI HA IIare COPTUPOBKHU MpPEAbIIYIIEH
UTEpaIy UK.

Ilar 6. Utepanusa. YMenbiniaem 7 Ha 1. Ecniu HeoOxoauMo caenaTh
elle OJHy urepanuro, nepexoaum Ha Ilar 4.

OObIuHO TOCHEAHSST UTepanust coBepiraeTcss npu n =0, HO KoAep
MOXXET OCTAaHOBUTbCS paHblie. Torjga HauMeHee BaKHas 4acTb
uHdopmanuu (HEKOTOpblE MEHee 3HauuMble OUThI BCEX BEUBIET-
kod(pdunmenToB) He Oyner mnepegaBarhbcsi. B 3TOM  3akitouaercs
€CTECTBEHHOE oOTOpacbiBanne wuHpopmauu B anroputMe SPIHT. B
MPOTUBHOM Clly4yae KoJiep IepesiaeT Becb 00pa3 (Bce OUThI BCEX BEUBIET-
K03 (PUIIMEHTOB), a IEKOJIep MOXKET OCTAHOBUTH MPOIIECC AESKOAUPOBAHUS
B JI000W MOMEHT, KOTJa BOCCTAHaBIMBAaEMOE H300pa)K€HHE JIOCTHUIJIIO
TpeOyeMoro KkayecTBa. IT0 Ka4yeCTBO U MPEIONPEEIIIeTCs MOJIb30BaTEIEM
WJIN YCTaHABJIMBAETCS JEKOJEPOM aBTOMATHUECKHU.

[Iporiecc BoccTaHOBJIEHUS H300paXKeHUs B JAaHHOM aJITOPUTME
SIBIISICTCSI CAMMETPUIHBIM.

3.5.3. Ancopumm copmupoexu pazoeneHuem MHOHCeCmae

OnucaHHBIM BBIIE aAJTOPUTM OYEHb MPOCT, TaK KakKk B HEM
npeanoaaraeTcs, 4ro Kod(pGUIMEHTHl ObUIM YMOPSIOYEHBl 0 Havaia
nukia. Ilostomy BaxHbIM [ peanmm3anuu  anroputva SPIHT Ha
MpPaKTUKE SBJSIETCA METOJ, COPTUPOBKU  BEWBIIET-KOA(D(PUIIMECHTOB,
Y4aCTBYIOIIUX B MIPOTPECCUBHOM Tepeiaye.

CoptupoBka kod(pdunmentoB B anmroputMe SPIHT ocHoBana Ha
(dakTe cpaBHEHUS B KaXJIblil MOMEHT BPEMEHU JIBYX 3JIEMEHTOB, a KaXK/bIii
pe3yJIbTaT CPAaBHEHUS — 3TO MPOCTO OTBET «J1a» WK «HET». [lorTomy ecnu
KOJIEp M JIEKOJEP MCIOIB3YIOT OJMH U TOT K€ aJITOPUTM COPTUPOBKH, TO
KOJEp MOXET TMPOCTO TMocjhaTh  JEKOAEpPYy  IOCIEI0BaTEIbHOCTh
pEe3yJIbTaTOB CPAaBHEHUS «Ja» WU «HET», a AeKojep OyAeT ayOonupoBaTh
paboTy Kozaepa.

AunroputM, ucnons3dyeMbldi B SPIHT, ocHOBaH Ha TOM, 4TO HET
HEOOXOJIUMOCTH COPTUPOBaTh Bce KoOd(uIMEeHTH. [JaBHON 3amadeit
JTarma COPTUPOBKM HA KaXJIOW HUTEpalluM  SIBJISETCS  BBISBICHHUE
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K09 GULHUEHTOB, yroBIeTBOpsolyX HepaseHctBy 2" <|C[i, j] < PLARI
YMEHBIIEHHUEM 71 B KaKIOM Ipoxoje. Ecim s JaHHOTO 7 BBIMOJIHSAETCS
HEPABEHCTBO ‘C[i, j]‘ >2" 10 roBopar, 4ro KO>()GUIMEHT 3HAYMMBIHA, B

MPOTUBHOM CIIy4Yae €ro Ha3bIBAIOT HE3HAYNMBbIM.
Konep paznensier Bce k0d(p(UIMEHTHI HA HEKOTOPOE KOJIUYECTBO
MHOJKECTB 7} ¥ BBIIIOJIHSET TECT HA 3HAYMMOCTb:

max {CTi, j]|}>2"?
(i, /)Ty

JUIS KaXXKJA0ro MHOXKecTBa 1) k- Ecmu ACKOJACP IOJYYaCT «HET» B KAYCCTBC

oTBeTa (MHOXECTBO SBIISICTCS HE3HAYHMMBIM), TO ATO O3HAYAET, YTO BCE
Ko3ppuuMeHTel B 71, SBIAIOTCS HE3HauMMbIMH. Ecim  oTBeT «Ja»

(MHOKE€CTBO 3HAYUMO), TO IO HEKOTOPOMY MpaBWiIy, OOIIEMYy M Jis
KOZEpa, U Ul IEeKoJepa, MPOUCXOAUT JIeJIeHUE [ Ha HOBBIE MHOKECTBA

Tkl’ U TECT Ha 3HAYUMOCTL IPHUMCHATCA K HOBBIM MHOKCCTBAM. OT1OT

IpoliecC MPOJOJKAETCS 10 TeX MOp, MOKa BCE 3HAYMMBbIE MHOXKECTBA HE
OynyT uMeTh pasmep 1 (TO ecTh Kaxjaoe OyAeT colep>KaTh POBHO OJIUH
KOA(PUIIMEHT, KOTOPBIN SBIAETCS 3HAUUMBIM).

Tect Ha cyl1eCTBEHHOCT MHOXKECTBA 1), MOXHO 3aIucaTh TakK:

1, max {C[, j]}>2",
Sn(Tk) = (i, )T}

0, nHaue.

[TockoyibKy pe3yibTaT KaXkJIOro TecTa 3alMChIBAETCS B CXKATHIN
daiis, To Xopomo ObLI0 Obl MUHUMHM3UPOBATH YHUCIO HEOOXOIUMBIX
TecTOB. JlJI1 TOCTMKEHUsS ATOW Led OBbUIO MPENSIOKEHO HCIOIb30BATh
CHEUHUAIBHYIO CTPYKTYPY IaHHBIX — MPOCTPAHCTBEHHO OPHEHTUPOBAHHOE
NEPEBO.

3.5.4. IIpocmpancmeenno opuenmuposannoe 0epeso

[IpocTpaHCTBEHHO OPHEHTUPOBAHHOE JEPEBO — 3TO CTPYKTYypa,
KOTOpasl ~ OMpeAeNsieTcss C  HWCIOJb30BaHWEM  MPOCTPAHCTBEHHBIX
COOTHOIICHUH MEXAY BEUBIET-KOI(P(HUIIMEHTAMHU HA PA3TUIHBIX YPOBHSIX
MAPaMHUIBI IO TNAITa30HOB.

Ha pwuc. 3.5 moka3zaHo, kKaK TPOCTPAHCTBEHHO OPHUEHTUPOBAHHOE
JIEPEBO OMPENCIICHO B TMHUpaMHAC BEHBIET-KOA(D(UITMEHTOB, CO3MaHHOMN
PEKYPCUBHBIM pa30MEHUEM C YETHIPHMsI MoAarana3zoHaMu. Kaxaelid y3en
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J€peBa  COOTBETCTBYET  MHUKCEN0  (BeWBieT-KOADPUUIHUEHTY) U
ONpENENsAETCS 4Yepe3 IMHUKCEIbHbIE KOOpAMHATHL. Ero mpsiMbple MOTOMKH
(omnpvicku — 4YETBIpE HENOCPEICTBEHHBIX IOTOMKA JAHHOIO Y3J1a)
COOTBETCTBYIOT MUKCEAM TOM K€ CaMOW MPOCTPAHCTBEHHON OpUEHTAlUU
Ha cieayrolieM 0osiee HU3KOM YPOBHE TUPaMUJIBIL.

JlepeBo ompenesieHo TakuM O0pa3oM, YTO KaXIbId y3el Ju00 He
UMEEeT HHU OJHOTO OTIpBICKA (Zucmvs — BEUBIET-KOA(DPUIUEHTHI,
PaCIIOJIOKEHHBIE Ha MEPBOM YPOBHE NUpaMUIbl MOAAHANA30HOB), JINOO
UMEET YeThIpe OTIPBICKA, KOTOpbIE Bcerga (OpMHUPYIOT Trpymimy 2 x 2
cMexHBIX nukcenst. Ha puc. 3.5 cTpenkamu nokaszaHsl TPOCTPAHCTBEHHbBIE
B3aUMOCBSA3M MEXKIY POJHUTEIBCKOM BEPUIMHOM W €€  4YEeThIPbMS
OTIPHICKaMH B TUPAMUJIE BEHBIET-PA3I0KECHHUS.

[lukcenn Ha camMOM BBICOKOM YpPOBHE MHUPAMHUABI — 3TO KOPHU
JepeBa, KOTOpble Takxke (OPMUPYIOTCA B TPyHIbl 2x2 CMEXKHBIX
nukcens. OAHAaKO HUX MOTOMCTBO, OTBETBIEHHOE IO OINPEAEICHHOMY
paBUily, SBJISIETCS Pa3IMYHbIM, MO0 B KaXXIOW TpyIIle OJUH U3 KOPHEU
(0003HaYEeHHBIN 3BE3/10YKOM Ha pUC. 3.5) HE UMEET MOTOMKOB.

BBenem crieayromue 4YeTBIpE MHOXKECTBA KOOPAMHAT, KOTOpPBIE
UCITOJIB3YIOTCS AITOPUTMOM COPTHPOBKH PA3IAEICHUEM MHOXKECTB.

RS > g

‘ N

Puc. 3.5. Ilpumepbl mpoCTPaHCTBEHHBIX B3aUMOCBSI3€M MEKTY POJUTEIBCKOM
BEPIIMHOMN U €€ YETHIPHMSI OTHPHICKAMH B MMUPAMUJE BEUBIIET-PA3I0KECHUS

1. O(i,j): MHOXECTBO KOOPAMHAT BCEX OTIPHICKOB y31a (i, j). Ecium y3en
(i, j) sIBASETCSA JUCTOM IPOCTPAHCTBEHHO OPUEHTUPOBAHHOTO JIEPEBa, TO
MHOXecTBO O(i, j) TycCTO.

2. D(i, j): MHOX€CTBO KOOpJIMHAT BCEX MOTOMKOB y31a (I, j).

3. H(i,j): MHOXXECTBO KOOPJAMHAT BCEX KOPHEW IPOCTPAHCTBEHHO
OPUEHTUPOBAHHOIO JiepeBa (y3J1bl HA CAMOM BBICOKOM YPOBHE ITUPAMU/IbI).
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4. L(i,j)=D(,j)—O(,j). DTO MHOXKECTBO COJIEPKHUT BCEX MOTOMKOB
y35a (i, j) 3a BBIYETOM YETBIPEX €r0 OTIPHICKOB.
Ucnonb3yss 3TH 0003HAaUeHUs Uil OTHOPBICKOB y3ina (i,j), He

SIBJIIFOILIETOCS JINCTOM JIEpeBa WJIM KOpPHEM, O0O3HAaYe€HHBIM Ha pwuc. 3.5
3BE30YKOM, MOKHO 3aITHCaTh:

O(i, j) ={(2i,2),(2i,2j +1),(2i +1,2/),(2i + 1,2 +1) }.

Kak Obu10 OTMEUEHO BHIIIE, MPOCTPAHCTBEHHO OPUEHTUPOBAHHBIC
nepeBbst B asiroputMe SPIHT ucnonb3yroTcst st co3aaHus U pa30ueHUs
MHOXeCTB 71} . IlocnegHee OCyHIECTBISAETCA €  HUCIHOJIB30BaHHUEM

CJICTYFOIINX TTPABUIL

1. HayaapHBIMH MHOXECTBAaMU SIBJISTFOTCS {(z’, j)} u D(i,j) nns Bcex
(i,j)e H.

2. Eciu mHOxecTtBO D(i, j) sSIBAsSICTCS 3HAUYUMBIM, TO €r0 pa30uBaIOT Ha
L(i, j) mutroc ere 4eThIpe OJTHOAJIEMEHTHBIX MHOXeCTBA ¢ (k,[) € O(i, j).
3. Eciu MHOXecTBO L(i, j) sIBISETCS 3HAYMMbIM, TO €r0 pa30MBAIOT HA
yeThlpe MHOXecTBa D(k,l), tne (k,l) € O, j).

3.5.5. Ancopumm koouposanus

[Topsimok, B KOTOPOM MHOXKECTBa MPOBEPSIIOTCS HAa 3HAYUMOCTb,
oueHb BaxxeH. [losToMy B mpaktuueckod peanuzanuu ainroputma SPIHT
BCSI TH(OPMAIIMSI COXPAHSAETCS B TPEX YIMOPSAIOUYCHHBIX CITUCKAX:

1. LIP — cnucok He3Hauamux Touek (list of insignificant pixel);
2. LIS — cniucok He3Havamux MHOXKeCTB (/ist of insignificant sets);
3. LSP — cniucok 3Havanux Touexk (/ist of significant pixel).
B aTu cniucku 3aHOCSATCS KOOpAUHATHI (i, j) Tak, 4TO B criuckax LIP,

LSP oHM TIpeACTaBIAIOT UHIUBUYaTbHBIE KOA(PhUIIMEHTHI, a B criucke LIS
OHM TMPEJCTABISIOT WM MHOXecTBO D(i,j) (3amucey Tuna A), wWin
MHOXecTBO L(i, j) (3anmuch tuna B).

Huxe mnonHOCThIO mpeacTaBieH MOAUMDUIIMPOBAHHBIA aJITOPUTM
komupoBanuss SPIHT. Aneopumm 2, B otnuune ot Ancopumma I,
UCIIOJB3YET MOJXOJ Pa3JeiCHUs] MHOXXECTB Ha 3Tamne COpTHPOBKU. Ero
yhIpoleHHas 0J0K-cXxema MpuBeeHa Ha puc. 3.6.
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q copmupoeKa

Oopaoomxka LIP

Oopabomka LIS
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Oopaoomxka LSP :| nonpaska

oa
n=n-1

Hem

KoHely

Puc. 3.6. Ynpomennas 6yok-cxema moauduimpoBanHoro SPIHT konepa

Aaroputm 2. MomudguuupoBanubiii anroputm SPIHT Ha ocHoBe
MOAX0A Pa3/ieIecHUA MHOKECTB

Iar 1. JIns 3a7aHHOTO C)KMMAeMOT0 M300paKEHHUSI BBIUUCIISIEM €T0
BEUBJIET-TIPE0Opa3OBaHUE, UCIIONB3YS MOAXOISAIINE BEUBIET-(DUIBTPHI,
nosiyyaeM ko3duuuentsl npeoodpaszoBanus C[i, j|] U npeacTaBisieM UX B
BUJIE 1IEJIBIX YUCEN (PUKCUPOBAHHOUN pa3psiTHOCTH.

Iar 2. Ilepenaem n,,,, — KOJIMYECTBO pa3psioB (CUUTas OT HyJ),
3aHUMAE€MbIX  MAaKCUMAJIbHBIM  OTCUETOM  Pa3J0XEHHUsS, TO €CTh
Nmax = logy(max; ;(a; ;)) (OKpyrieHHe BHU3).

Hlar 3. UnunuanusupyeMm cnucok LSP kak mycToll u J10o0aBisemM
koopauHatel (i, j)€ H B LIP, a B cnucok LIS koopaunatel (i,j)e H,
KOTOpPbIE UMEIOT HOMOMKO8, 3aIUCH THIIA A.

Iar 4. CoptupoBka.

4.1. JIns xaxaoit 3anucu u3 LIP BBITIOTHICM:
4.1.1. Ilepenava S, (i, j);
4.1.2. Ecm S,,(i,j) =1, 10 mepememaem (i,j) B LSP wu
nepenaem 3Hak Cl[i, j];
4.2. JIns xaxaoi 3anucu (i, j) u3 LIS BBITIOTHSEM:
4.2.1. Ecnu 3anuchk umeeT Tan A, To
e [lepenaua S, (D(,Jj));
e Ecim S, (D(,j)) =1, 10
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» Jlnsg xaxpaoro (k,/) € O(i, j) BbIIOJIHSIEM:
Ilepenaua S, (k,/);
Ecmm S, (k,[)=1, 10 noGasmsem (k,/) B LSP wu
nepenaem 3Hak C[k,[];
Ecmu S, (k,/) =0, T0 no6asnsem (k,/) B koner LIP;
» Ecmu L(i,j)#0, nepememaem (i, j) B koHen LIS kak
3amuch TUna B u nepexomuM Ha mar 4.2.2, B
IIPOTUBHOM clly4ae yaaysieM 3anuch (i, j) u3 LIS;

4.2.2. Ecny 3anuchk UMEET TUII B, TO
o Ilepenaua S, (L(i,)));
e Ecmu S, (L3, j))=1, 10
= JloGaBnsiem kaxnabii (k,/)eO(i,j) B xonery LIS xak
3anuch TUma A;
» Vnaansewm (i, j) u3 LIS.
IHar 5. IlompaBka. Jlns xaxmor 3amucu (i,j) u3z LSP 3a

UCKIIIOYCHHEM TE€X, KOTOpbhle OBbUIM BKJIIOYEHBI B TOCIEIHUM TPOXOJ
COPTHPOBKH, TO €CTh C TEM XKe 1, TiepeiaeM n-ii Hanbosiee 3HAUNMBbIi OUT
Cli, /1.

Ilar 6. Utepanus. Ymensinaem # Ha 1. Ecnu HeoOxonumo caenathb
enle OgHy urepanuio, nepexoaum Ha Hlar 4.

37ech eme pa3 OTMETHM, 4YTO anroputm aexkoaupoBanus SPIHT
ABJSACTCS CUMMETPUYHBIM AJTOPUTMY KOJIUPOBAHHUS, MPUYEM KOAEP U
JeKonep paboTaloT Bcerja CUHXPOHHO JAPYT C¢ apyrom. bomee ToHkwue
MOMEHTHI pabOThI JIeKOJIepa MOKHO HAWTH B COOTBETCTBYIOIIEH HAy4YHO-
TEXHUYECKOM JIUTEpaType.

3.5.6. Ocnoenvie xapakmepucmuxu anrzopumma SPIHT

CyllleCTBEHHBIMU TOJOXXUTEIBHBIMA CTOPOHAMHU PACCMOTPEHHOTO
anroput™ma SPIHT sBastroTcst:

1. BO3MOXHOCTh ~ BOCCTAHOBJICHHSI BCEro  HM300paKEHUS  TIPH
npeKpamnieHuu npuemMa outoBoro nortoka. Ilpu 3ToM uzobOpakeHue Oyner
MaKCUMaJbHO XOpOILIEro KayecTBa [l JaHHOTO 4Hucia Our. ITO
NPUMEHUMO JUIsl Tlepe/laud [0 KaHajlaM C TIOTepsSIMH, a Takxke JUIs
MIPUWIOKEHUIN BELIAHUA.

2. BO3MOXHOCTh OBICTPOr0 MPOCMOTPA U300pAXKEHUS B YJIAJICHHOU
O0aze paHHbIX. JlJIsI TOMCKA JOCTAaTOYHO W TrpyoOM KomuM, a MpH
HAXOXKJIEHUU HYKHOTO N300pa’KeHUsI OHO JACKOJAUPYETCS MOJTHOCTHIO.

3. BO3MOXHOCTh PEryJMpPOBaHUSI CKOPOCTH TEpPENayd U pa3Mepa
cxatoro (aitna (c TOUHOCTBIO 710 OaiiTa).
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4. Cxatne HEKOTOphIX u3o0paxkenuit B 20-30 pa3 0e3 BU3yalbHO
BOCIIPUHUMAEMBIX TTOTEPD.

Henocratku anroputma SPIHT:

1. Ucionp30BaHMEe  CIHMCKOBBIX  CTPYKTYp, UYTO  YCJIOXKHSET
peanu3aluio  JaHHOTO  aJropuTMa Ha  HUQPPOBBIX  CUTHAIBHBIX
mpoleccopax, T.K. TMPU  HCIOJIb30BAHUM  CIUCKOB  MPOUCXOJUT
JUHAMUYecKas padoTa ¢ IaMsThIO.

2. ITpucnocobsnenHocts SPIHT k m300paxeHusiM ¢ MajabiM UYHUCIOM
KOHTYPOB M pE3KUX IepexoioB. B cBA3M C 3TUM paccMaTpuBaeMblil
QITOPUTM HAYMHAET 3HAYUTEIBHO MPOUTPHIBATH, HAMPUMEP, AJTOPUTMY
JPEG2000 Ha wu300pakeHUsX CO CJOXKHOW MPOCTPAHCTBEHHOU
CTPYKTYPOH.

B 3akimodeHne HeoOXOAMMO OTMETUTb, YTO padoTa ajropuTMa
SPIHT B 3HaUMTENHbHON MEPE 3aBUCHUT OT KOJWYECTBA YPOBHEU BEHBJIET-
pa3IOKEHHUS, UCIIOJIB3YEMOTO OaHka BEUBJIET-(DUIIBTPOB,
apu(MEeTUYECKOr0 KoaupoBaHus. bonee mnoapoOHyr0 wuHGOpPMALHIO O
BO3MOXXHOCTSIX ONTHUMHM3AIMM AJITOPUTMA MOXKHO HAWTH, HANpuMep, B
paborax 3apyOexnbix (A. Said, W.A. Pearlman, N. Sprljan, S. Grgic,
M. Grgic, S. Jayaraman) 151 OT€YECTBEHHBIX (M. K. Yobany,
B. 10. KobGenes, B. A. Bonoxos, 1. C. MouasnoB) aBTOpoB.

Jlnst cpaBHeHUs pe3ynbTatoB padotsl anropurmos JPEG, JPEG2000
u SPIHT ucnonb3ytorcs cyObeKTUBHBIE U OOBEKTHUBHBIE KPUTEPUU OLICHKU
KadyecTBa n300paxkeHuil. PaccMoTpum ux 6osiee moapoOHO.
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4. OIEHKA KAYECTBA CJXKATBIX U30BPAKEHUI

4.1. Knaccupurkanusi KpurepueB OLEHKU Ka4eCcTBa

Ha coBpemenHom Jtame pas3BuTusa 1udpoBoit  00pabOTKH
U300paXEHUHN CYIIECTBYET HECKOJIBKO KPUTEPUEB OIEHKH HMX KadecTBa
(puc. 4.1). KagecTBO CTOJNBH CIIOXKHOTO OOBEKTa, KaK HU300paKeHHE,
SBJISICTCSI OYCHBb BaXKHBIM, HO BMECTE C TeM He4eTKUM NoHsATHEM. C oHOM
CTOPOHBI, Ka4€CTBO MOXKET PACCMaTPUBATHCS KaK XapaKTEPUCTHUKA CaAMOTO
U300paKEHUS W ONPEACISITBCA €ro  COOCTBEHHBIMH  CBONCTBAMH
(CTaTHCTHYECKUMU, CEMaHTUYECKUMH, CTPYKTYPHBIMH).
COOTBETCTBYIOIINE KPUTEPUU SBISIIOTCA JHUOO CYOBEKTUBHBIMH, JHUOO
ONMUPAIOTCS Ha OOBEKTHBHBIC XAPAKTEPUCTUKH H300paxeHus: GhopMmy u
napaMeTpsl pacipeieICHUS SIPKOCTH, OLICHKH UCKAKCHUS IeTajlei u T. .

Kputepun onieHKH KauecTBa

v v

CyOBbeKkTUBHBIE OObEeKTHUBHBIC
Cpennsist [TukoBoe YHuBepCca bHBIN Koaddhumment
IKCTIIEpTHAS OTHOIIICHHE UHJICKC CTPYKTYyPHOTO
ouenka MOS CUTHAJI/IITyM KaueCTBa noao0us

Puc. 4.1. Knaccudukanus KpurepreB OLICHKH KauecTBa U300pakeHU I

C npyroil cTOpOHBI, KAYECTBO pacCMAaTPUBAETCSl KaK Mepa OJM30CTH
JIBYX M300pakKE€HUM: OLIEHMBAEMOI'0 W 3TalIoHHOTO. Takoil mogxon Oonee
KOHCTPYKTHUBEH, OH MO3BOJISICT OLICHUBATh KOJIWYECTBEHHBIE W3MEHEHMUS
3HAYEHUW  SIPKOCTHU, YPOBEHb  HCKAXEHUM  U300paxeHul  mpu
npeoOpa3zoBanusx ((puiabTpanus, cxKaTue ¢ MOTEePSIMHU U T.1.), T.E€.
OIICHUBAETCA KAaueCTBO CaMOT0 CpPEACTBa MPeoOpa3oBaHUS — alrOpUTMa
WU YCTPOUCTBA (CUCTEMBI). DTO OYEHb BAXKHO IMPU MOCTPOEHUU CHUCTEM
00paboTKu U300pakeHUH, OLIEHKE KauecTBa padOThl COOTBETCTBYIOIIMX
aJITOPUTMOB.

C Toro MOMeHTa, KaK MCCIIeIOBATEIM CTajlu MIUPOKO HUCMOJIb30BAThH
pa3auyHble CpefcTBa 00pabOTKH M300pakeHUM, HamOoyiee HAJACKHBIM U
BEPHBIM CIIOCOOOM OILIEHKHM KauyecTBa M300pa)K€HHs CTaja CyObEeKTHUBHAS
skcnieptrsa. Cpenusis skcreptHas ounenka (Mean Opinion Score, MOS),
SBIISIOIIASICA CYOBEKTHUBHOM, JOJATOE BpeMsi OblIa HAWIYYIIMM METOIOM
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OIICHUBaHMs KadyecTBa n3o0OpaxkeHus. OnHako Mmetog MOS mopor, Tak Kak
TpeOyeT ydacTus OOJIBIIOr0 KOJHWYECTBA JIIOACH M, KaK MpPaBUIO, HE
MIPUTOJICH JIJIT KCTIOJIb30BAHUS B PEAIbHBIX CUTYaIIHSX.

CloXHOCTh W JIOPOTOBH3HA CYOBEKTHBHBIX SKCIIEPTHBIX OIIEHOK
JeJaloT TMPUBJICKATEIBHBIM aBTOMATHYECKOE M3MEpPECHHE KauecTBa C
MIOMOIIIBIO OTIPEICICHHBIX AJTOPUTMOB. TakWe Mepbl KadecTBa JIOJKHBI
XOpOIIIO COTJIACOBBIBATHCS C Pe3ylbTaTaMU CyOBEKTUBHBIX OIICHOK IS
IIUPOKOTO KJIacca M300paKEHHM, HE MOIpa3yMeBasi IIPU 3TOM MPOBEICHUE
gepecuyp CIOXHBIX BBIYUCICHUN. Takke KenaTenbHO, YTOOBI ITH
METPUKHA MUMETH MPOCTYI0 aHAIUTUYECKYIO (DOPMY M UX MOXKHO OBUIO OBI
INPUMEHATh B KA4eCTBE KPUTEPHEB ONTUMAJIBHOCTH TIPU BBIOOpE
napaMeTpoB CUCTEMBI 00pabOTKH U300PaKESHUM.

OcHoBHOM 3amayedl uccaeq0BaHUS OOBEKTUBHBIX CHUCTEM OIICHKH
KauecTBa SIBJISIETCS CO3/IaHWE KOMIBIOTEPHON MOJCIH, KOTOpask MOTJIa ObI
aBTOMATHYCCKH U JOCTOBEPHO OIICHMBATh Ka4yeCTBO W300paKESHUH.
JlpyrumMu clioBamul, UACAIBHBIA aJITOPUTM JOJDKEH OICHWBATh KAYECTBO
TaK, KaK OIIEHMJI OBl €r0 YEeJI0BEK.

O4eBUHO, Pa3BUTHE TTOJTOOHBIX AITOPUTMOB HECET B ceOe OOJIbIIOM
MOTEHIIMAJ B MX MOCIICIYIOIIEM TPUMECHEHHU.

Bo-niepBbiX, Mo100HbIE AJITOPUTMBI HAMAYT IPUMEHEHUE B OLICHKE U
CPaBHUTEJILHOM aHAJIM3€ CUCTEM 00pa0OTKU U300paKEHUH.

Bo-BTOpBIX, anTOpUTMBI  OIEHKA  KadecTBa  MOTYT  OBITh
WHTETPUPOBAHBI B CUCTEMBI 00paObOTKH U mepeaund HHPOopMaluu ¢ IEIbI0
WX ONTUMH3AIINH B PEKUME PEaJTbHOTO BPEMEHH.

B mporecce pa3paboTku METOAOB OIIEHKH YacTO BO3HHUKAET BHIOOP
MEXTy TOYHOCTBIO PE3yJIhTATOB U CIIOKHOCTHIO aJITOPUTMA, 3aBUCSIIHI OT
KOHKpeTHOM 3amaun. Hampumep, eciu Obl CylecTBoOBaja CHCTEMA,
KOTOpasi Morjia Obl OIlEHUBATh BCE 3HAYMMBIEC ACTEKTHl B YEIOBECYECKOM
BOCIIPUSATHN KadecTBa, TO TakKas CHCTeMa MOTJia Obl TOYHO OIICHUBATH
BU3yallbHOE KadecTBO. OJHAKO HAIIM 3HAHUS O 3PUTEIBLHON CHCTEMe
yenoBeka (3CY) orpanuyensl. B nporiecce yriay0OiieHUsl 3HaHUW B TaHHOMN
o0nmactu OyIyT TOSABISITBCS AITOPUTMBI, BCE 0o0Jie€ TOCTOBEPHO
OIICHUBAIOIIINE KAYECTBO M300PaKCHHUH.

YucneHHnble METOIbI OIICHKH KaueCTBa N300PaKEHHUM 110 OTHOIIICHHIO
K CYOBEKTMBHBIM  METPUKAaM  4YacTO  SBJISIOTCS  HEIOCTATOYHO
afgekBaTHbIMU. [lodTOMYy 10 MoOcieIHero BpeMeHU Hiesh aBTOMAaTHYECKOM
OIICHKH KaueCcTBa M300paKEHUI cUUTaIach MaJIONEPCIIEKTUBHOM.
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4.2. Cy0ObeKTHBHBbIC KPUTEPUHN KAYeCTBA

Haubonee pacmpocTpaHeHHBIM CIIOCOOOM  OIIEHKM  KadecTBa
U300paKeHU sBIsieTCs CyObeKTHMBHas skcnepTusa. CyliecTBYIOT JBa
OCHOBHBIX BHJA JKCHEPTHHIX OILEHOK: aOCOJIIOTHBIE U CpaBHUTENbHBIEC. B
NEPBOM CiIyuyae HaOI0JaTelb JOJKEH OIIEHUTh KaueCTBO U300paKeHHUs 10
KaKOW-TO 3apaHee olpenesieHHoOM Mikane. [Ipy HEeKOTOpBIX METOIMKax
IpollecC OLEHUBAHUSI OOJIEr4aeTcsi TEM, UYTO HaOJIIOAATENI0 MPEeJIOKEH
Ha0Op 3TAIOHHBIX M300paxkeHuil. CylecTBYIOT U IPyTHe METOAUKH, KOT/1a
HaOII0/1aTeNb BBIHYXJEH MPUHUMATh PEIICHUE TOJIBKO Ha OCHOBAHUU
CBOETO OIIYLICHUS.

[Ipu cpaBHHUTENbHBIX OIEHKAaX HAOJIOAATeNb JAOJIKEH PaHKUPOBATh
HA0Op KOHKPETHBIX M300paKEHUM, T.e€. pacCTaBUTh HUX B psia MO
yObIBaHUIO KadecTBa. [loiydeHHBIE OlLIGHKH 0OpabaThIBalOTCS U
ycpenausitorcsa. CyIIeCTBYIOT —CIHEUHATIbHBIE TPUEMBI, HCKIIOYAOIINE
MIPUBBIKAHUE» DKCIIEPTOB B Mpollecce IKCHepuMeHTOB. OOBIYHO B POJIH
HKCHEPTOB BBICTYIMAIOT CIEIUATUCTHI B 00JacTu 00pabOTKU HUDPOBBIX
U300paKeHUI, KOTOpPhIE MOTYT JaTh Hanbojee OOOCHOBAHHYIO OIICHKY.
[IpeamnonaraeTcs, YTO ONBITHBIC HAOIIOJATEIN 3aMEUal0T J1a’ke HeOOIbIINe
MOTPEITHOCTH U300paXKEeHUs, KOTOPbIE HECTICIIUAIUCT MOXKET HE 3aMETHUTb.

Ha pe3ynbrarbl CyOBEKTHUBHBIX OKCHEPTHBIX OLIEHOK BIHSIOT
XapakTep paccMaTpUBAaeMbIX H300pa)KEHW M OKpYy’Karolas 0OCTaHOBKa
(ycmoBusi skcnepuMeHnTa). Eciaum  HaOmopaTens Buiend MOJ00HBIE
M300paKeHHs, TO OH CKJIOHEH 00Jiee€ CTPOro OIIEHMBATh IMOTrPEIIHOCTH,
MOCKOJIbKY ~ HMMEET  CIIOKHUBILIEECS  MPEJICTABIECHUE O  CTPYKType
nzobpaxkenusi. C apyroil CTOPOHBI, B HE3HAKOMOM HM300pa’KeHUH
UCKOKEHUSI MOTYT OKa3aThCs HE3aMEUEHHBIMH, IMOKa HAOMIOAAaTeNI0 He
OyIeT Ha HUX yKa3aHo. SICHO, YTO YCIIOBHUSI KCIIEPUMEHTa JOJKHBI B
MaKCUMaJIbHOM CTENEHW COOTBETCTBOBATH HAONIOACHUSM B peabHOU
o0ctaHoBke. [loaTOMYy MEXKIyHAPOAHBIM COKO3 AJIEKTPOCBSI3U TMPUHSIT
HopMaTtuBHBIN JOKyMeHT [TU-R BT.500-11, HOCSIINI peKOMEHIaTEIbHBIN
XapakTep, LEeJIbI0 KOTOPOTo SIBJsieTCSl 00eCTieYeHNEe OJIMHAKOBBIX YCIIOBUI
MIPOBEICHUS IKCIIEPTU3 B Pa3HBIX Ja00OpaTOPHUSIX.

CymiecTByeT OOJBINOE KOJIUYECTBO PA3IUYHBIX IIKad OICHKU, OHU
ONMKCaHbl B YKa3aHHOW peKoMeHJauuu. BpiOOp KOHKPETHOW IIKaibl
3aBUCHUT OT LI€JIA UCCIIEOBAHUS.

OpnHolt u3 HanboJiee pacpOCTPAHEHHBIX METOJUK OLICHKH SIBIISIETCS
mepa DMOS (difference mean opinion score), KOTOpasi BBIUUCISIETCS KaK
Pa3sHOCTb MEXAY CPEIHEW OLECHKOW OpWIMHAajla W CPEIHEH OLEHKOU
TEeKylIero uckaxxkeHHoro wu3obpaxenuss (MOS). Kak cunenyer wu3
oTnpeseeHus1, ISl OIEHKU HMCIOJb3YeTCs] OJHOCTUMYJISIIUOHHBIN METO,
Opyd  KOTOPOM  OpUTHHAIBHOE  M300pakeHWe BXOAUT B  HaOOp
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npejuiaraéMbIX SKCIEPTy M300paXE€HUM U OLEHUBAETCS Hapsay C
ocTajdbHbIMU. OIllEHKa NPOM3BOJAUTCS MO IIIKaJle KayecTBa, COIJIACHO
KOTOPOM HaOJIroaTe b JOJDKEH OICHHTH OO0Ilee KauyeCcTBO M300paKeHWs,
M3MEHSIONIEECS OT «OUEHB IIOXOT0» JI0 «OYEHb XOPOIIIEr oM.
[IIxana xadecTBa:
. OdeHsb MJI0XO0.

. ITmoxo.

1
2
3. Cpenne.
4. Xopomio.
5

. Ouens xopouio.

Pe3ynbpTaToM 3KCIIEPTHBIX OLICHOK SBISETCS JIMHEHHOE 0TOOpakeHNE
3HAYE€HUs, OMPENICICHHOTO IO IIKaje KayecTBa, B JUAIa30H OIEHOK OT 1
1o 100. Cuwuraercs, 4to sl TOJIYyYEHUS] HAJACKHOW OLEHKH KaydecTBa
n300paKeHHs: HEOOXOIUMO OIPOCUTH HE MEHEE JIBAIIIaTH HAOI01aTeIIeH.

[IpoBeneHne 3KCEpTU3bl BechMa CIOXKHAs U Joporas 3ajada, Ipu
ATOM €€ pe3yJbTarhl MNpUOIM3UTEIbHBI. HO TJIaBHBIA HEIOCTAaTOK
CyOBEKTUBHOTO KPUTEPHUSI — OTCYTCTBUE KOJIMYECTBEHHBIX OLIEHOK. OH He
MO3BOJISICT PEIIaTh 3aJayd ONTHUMHU3AIUN H300paKEHUN B MPOCTPAHCTBE
HETPEPHIBHO U3MEHSIONMINXCS TTapaMeTpOB. 37€Ch BO3MOKEH TOJIBKO JIMIITh
HEOOJIBIIION epedop mapaMeTpoB.

KenarenbHo, 4YTOOBI KpUTEPUM HMEN MPOCTYI0 AHATUTHYECKYIO
dbopMy U TPOCTO BBIYUCIISIICS MO MPEABSIBISIEMBIM U300paKEHUSIM. DTOMY
TpEOOBAHUIO  YJOBJIETBOPSAET  Psii  «OOBEKTUBHBIX»  KPUTEPUEB,
paccMaTpuBaeMbIX HUKE.

4.3. O0beKTUBHBbIC KPUTEPUH KaYeCTBA

CnoXXHOCTb M JOPOTOBU3HA CYOBEKTHUBHBIX HKCIEPTHBIX OIIEHOK
JeJal0T TMPUBJIEKATEIBHBIM aBTOMAaTHYECKOE M3MEpPEHHE KauecTBa C
MOMOIIBI0  OMNPENICNICHHBIX TMpaBwi. MHorue pa3pabOTUUKU CHUCTEM
¢ poBoii 00pabOTKH HM300paKEHHI 4acTO OMUPAIOTCS HAa OOBEKTHBHBIC
(anmroputmuueckue) Mepbl kadecTBa. OOBEKTHBHBIE MEpHI KayecTBa
JOJKHBI  XOpPOIIO COTJIACOBBIBATBHCS C pe3yibTaTaMU CyOBbEKTHUBHBIX
OLICHOK JIJIsl IIMPOKOT0 KJlacca M300pakeHuM, He Mopa3yMeBasl Mpu 3TOM
MIPOBEICHUE YEPECUYP CIOKHBIX BBIUUCICHUHN. Takxke JKelaTebHO, YTOObI
AT METPUKHU UMEJIA MPOCTYI0 AaHATUTUYECKYIO (DOPMY U UX MOXKHO OBLIO
Obl TIPUMEHATh B KauyeCTBE KPHUTEPHEB ONTHUMAIHHOCTH TPU BBHIOOpE
rapaMeTpoB CUCTEMbI 00pabOTKU U300paKEHUH.
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Bo MHOTHX MpakTHYECKUX MPUIIOKEHUAX CHCTEMa OLIEHKH KauecTBa
HE HMEET BO3MOXKHOCTH MOJYYUTh H300pakeHue-opuruHai. B sTom
cllydae JOBOJBHO MEpPCIEKTHUBHBIM HAMpaBI€HUEM pa3BUTHS SBISETCA
CO37laHuE KPUTEPHUS, CIIOCOOHOTO OLIEHUBATh KAYECTBO «BCIICMyt0». Takue
KPUTEPUU Ha3bIBAIOTCS HeamaniorHuviMu. OIHAKO pa3padOTKa MOAOOHBIX
KpUTEPUEB SABIISIETCS OUYECHb TPYAHOW 3ajaudeid. YemoBeK CHoCOOEH JIErKo
OLICHHUBATh KaueCTBO Ja)Ke MPU OTCYTCTBUU OpPUTHHAJNA. DTO OOBSICHSAETCS
TEM, YTO uYeJOBeuecKass MaMsATh COACPKUT OTPOMHOE KOJIUYECTBO
UHPOPMALIMA O TOM, KAKUMH JIOJDKHBI ObITh, @ KAKUMHU HE JOJKHBI OBITH
nzoopaxkenus. IloaTomy cuuraercs, 4to d3(deKTUBHAS HEITAIOHHAS
MOJIeTIb OLIEHKU KadyecTBa M300pa)K€HUs BO3MOKHA TOJIBKO MPH HAJIUYUU
anpuoOpHO MHGOPMAIUU O TUITAX UCKAKEHUN N300paKeHHUSL.

Ha npakTtuke pazpabotrka 3¢(HeKTHUBHOIO MeTOoAa OLEHKH KayecTBa
JUIT  KOHKPETHOM 3ajauM  OOBIYHO TMpOIle, HEXeIu pa3padboTka
O00O0OIIIEHHOTO METO0J/la, TaK KaK THUIbl HMCKaXEHUU 3apaHee H3BECTHBHI.
Hanpumep, mnst uzoOpaxenuit ¢ O6nounour ctpykrypor (JPEG, MPEG)
OIICHKAa 3aMETHOCTH OJIOKOB MOXET OBbITh JOBOJIBHO XOPOIIEH OIIEHKOU
KayecTBa U300paKEHUs B LIEJIOM.

4.3.1. Iluxosoe omnowenue cuznan / mym

Ha naHHbII MOMEHT HamOoiiee MOMyISPHOW OOBEKTUBHOM Mepou
CIy>kuT nukoBoe oTHouieHue curHal / mym (ITOCIL), onpenensiemoe mo
cienyromuM Gopmynam (s u300pakeHu ¢ 256 rpaganusiMu SpKOCTH):

255
ITOCIHI = 20 IOgIO —_—
N CKO

CKO—iZEV:(x— )2
25y

rae N — 4uClO IUKCENEeW B U300paKEHUHU, X, U y;, — 3HAUCHUS IHUKCEIeH

HCXOJHOTO M BOCCTAHOBJIEHHOTO M300pakeHHM cooTBeTCcTBEeHHO, a CKO —
cpenHekBagpaTuyHas omuoOka. Bwicokoe 3Hauenme I[IOCII o3nagaeT
OTIPEICTICHHYIO CX0XKECTh BOCCTAHOBJIEHHOTO M MCXOJHOTO M300pa’KeHUI,
HO OHO HE€ [JIaeT TapaHTUIO TOrO0, YTO 3PUTENI0 TOHPABUTCS
BOCCTaHOBJICHHBIN 00pa3. bonbmmm munycom ucnons3oBanust [TIOCII B
cucreMax UUPPOBOM 00pabOTKU H300paKEHWl M, B YACTHOCTHU, B
uppoBbIX GUIBTpax SBISETCS TO, YTO JaHHAs BEJIMYMHA HE HMEET
a0COJIIOTHOTO 3HAY€HUSl. BECCMBICIEHHO TOBOPUTH O TOM, YTO €CIIH
[TOCIHI paBHO, Hampumep, 25 n1b, To 310 XOopomo. Bemuunna ITOCII
UCITIOJIB3YETCSl TOJBKO JJISl CPaBHEHUS PA3JIUYHBIX AJITOPUTMOB 00PaOOTKH
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WIH JUISI U3YYEHUS BIMSHUS MapamMeTpoB Ha 3()PEKTUBHOCTH TOTO MU
WHOTO aJrOpUTMa.

Cnenyer wumetrs B Buay, uto kputepuit [IOCII Oyner
XapaKTEpPU30BaTh «CPEAHEE» KadeCcTBO H300paKeHHs] B I1I€JIOM, a Ha
Pa3IMYHBIX €ro PparMeHTax OMMUOKH B IPUHIIUIIE MOTYT pa3anudaThCsl.

[llupokoe npUMEHEHUE AAHHOW OIIEHKH OOYCIOBJIEHO TEM, YTO
MOJICUET 3TOM XapaKTEPUCTUKH MATEMAaTUYECKH MPOCT M, CJIEIOBATEILHO,
HEe TpeOyeT OOJIBIINX BHIUUCIUTEIIBHBIX 3aTparT.

4.3.2. IIpoonemwt ucnonvzoseanusn IHOCIII ¢ kauecmee
Kpumepus OUeHKU Kauecmea

[Ipn mpaktuueckom wucnosibzoBanuu kpurepus [IOCII Bo3HMKaeT
CJICIYIOIINN P TIPOOIeM:

1. Bocipusatne  kadecTBa  M300paKCHW  HE  3aBUCUT  OT
MPOCTPAHCTBEHHBIX 3aBUCUMOCTEM MEXAY HMCXOJHBIM WU HMCKa)KEHHBIM
curHasioM. Kak pesynbTaT, U3MEHEHUE TOpsAJIKa YacTeld M300paKEeHHS HE
JOJKHO TOBJIMATH HA PE3YJIBTAT OLICHKH.

2. BuszyanbHoe BOCHpHUATHE HE 3aBUCUT OT JIOOBIX CBSI3ed MEXIY
CUTHAJIOM H300paKEHUSI U CUTHAJIOM OIMMOKUA. DTO 3HAYUT, 4YTO IS
CUTHaJa C OJWHAKOBOM OIMOKON HE MMEET 3HAUYCHUS, KaKOBO MCXOJIHOE
n3o0paxenue. Pezynbrar OyJaeT OquHaKOB.

3. BuzyasibHO€  BOCHPHUSITUE KAyecTBa  OMNPENENAETCS  TOJIBKO
BETMYMHON curHama omuOku. Kak criencrBue, M3MEHEHUSI B CHUTHAJIE
OLIMOKY HE BIMSIOT HA PE3YJIbTAT OLICHKHU.

4. Bce cOCTaBIsIOIIME CUTHAJIA OJMHAKOBO BAYKHBI JIJISI BU3YAJIBHOM
OILICHKH KauyeCTBa.

NnmrocTpanus 3TUX MOJIOKEHUH MpuBeieHa Ha puc. 4.2 —4.4.

Ha pwuc. 4.2 wuzobpaxenne (0) co3maHo mgo0aBICHHEM OCIOTO
["ayccoBoro myma K MCXogHOMY HM300pakeHuto (a). B m3oOpaxeHuu (B)
aAMIUTATYJHBIE (SIPKOCTHBIE) COCTABIISIIOIINE CUTHANA OCTABJIEHBI TaKUMH
ke, Kak U B U300pakeHuu (a), HO MPOCTPAHCTBEHHBIN MOPSAOK U3MEHEH.
N3o0paxkenne (T) modydyeHo wu3 wu300paxkeHus (0) UCIOIL30BaHUEM
IpoLeIypsl TepepacnpeniesieHus, Kak U B cliydae H300pakeHust (B).
Jpyrumu cioBamu, KOOpJMHATHBIC MPEeOOpa30BaHUsI, UCIIOJIb3yEeMble TTPU
nepexojae u3 (0) B (T), Takue ke, Kak W mpu nepexoje u3 (a) B (B).
3navenus [IOCII nns uzoOpaxenuit (0) u (r) oTHOcUTeNbHO (a) U (B)
COOTBETCTBEHHO a0OCOMIOTHO OaWHAKOBBL. OmHako wu3o0paxenue (T)
BOCIIpUHUMAETCS 00Jiee 3alTyMIICHHBIM, HexenH (0).
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Puc. 4.3. BusyanbHoe pazianuue npu 100aBIeHIN KOPPEIUPOBAHHOTO IIIyMa



Puc. 4.4. BuszyansHoe pa3iaudue npu 100aBICHUN K HCXOTHOMY U300paKeHUIO (a)
KOHCTaHTHI (0) ¥ 3HAKOTIEPEMEHHOM MOCIEA0BATEILHOCTH (B)

Ha puc. 4.3 oauHaKoBBI CHUTHAJI OMIMOKH J00aBJIEH K MCXOIHOMY
n3o0paxkenuto (a) u (B). Curnan ommoOKu (1) BBIOpaH TaKMM 00pa3oMm, 4TO
MOJIHOCTBIO KOPPEJIUpyeT ¢ nu3o0paxenueM (a). O0a UCKaKEHHBIX CUTHAJIA
(6) u (r) umeror oauHakoBoe 3HaueHue I[IOCIHI. OpHako BU3YaJbHO
HCKaXXeHUE U300pakeHus (T') KaKeTcs CuibHee, Hexen (0).

Ha pwuc. 4.4 nBa mCKa)X€HHBIX H300paKCHHUS CO3JaHBI W3 OJHOTO
ucxonHoro. IlepBoe n300pa>keHne MOABEPKEHO TOOABICHUIO MTOCTOSTHHOM
KOMIIOHEHTHI KO BCE€M 3HAuCHHMSAM TMHKcele. Bropoe wuzo0OpakeHne
MOJIyYEHO MyTeM J0OaBJICHHS KO BCEM 3HAUECHMSIM MHUKCENEeH MCXOIHOTO
U300paKeHUs] KOHCTAHThI CO CIy4YallHbIM 3HaKOM. Bu3yallbHOE KauecTBO
M300paXECHU 3HAUYUTENBHO pasiuuaercs, B To Bpems kak [IOCIII
MIOJTHOCTHIO MTHOPUPYET 3HAKW W 3HAYCHUS TAaKUX OIEHOK KadecTBa IS
000UX N300pAKEHUN PaBHBI.

JlpyruM TpUMEpOM MOXKET CIYyXuTh puc.4.5., Tae HCXOAHOE
TECTOBOE M300paxeHne « IUHIMTEHH» (2) U3MEHEHO HECKOJIBKUMH TUTIAMU
UCKOKCHUM: CpeaHuidl caBuUr sipkocTH (0), yBEIMYEHHE KOHTpacTa (B),
HCKaXEHUE UMITYJILCHBIM ITyMOM (T), ucKaxeHue ['ayccoBbIM mrymoM (1),
pasmbitue (€¢), JPEG-cxkartume (k).  HeoOxomumo ~ OTMETHTBH,  UTO
nzo0paxenus (0) — (k) umerot ogunakoBoe 3HaueHue CKO, Ho, oueBuIHO,
pa3nuyHOe  BU3YyallbHOE  Bocmpusthe  kadectBa. Takxke  CKO
YyBCTBUTEIbHA K  TPOCTPAHCTBCHHBIM  HM3MCHEHHUSIM, HW3MEHEHUIO
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MaciiTada ¥ BpalleHHI0. DTO JIETKO 3aMETUTh Ha puc. 4.6, T1ie To xe camoe
ATAJIOHHOE H300pakeHue «DUHINTEIH» MOJBEPKEHO HU3MEHEHHI0 MyTeM
MIPOCTPAHCTBEHHOTO CABUTA BJIEBO (a), 3yM-3ddekTa (0) u BpamieHus (B).

OOBSICHAIOTCS CTOJIb HEKOPPENMPOBAHHBIE PE3YyJbTaTbl TEM, YTO
NUKCeNnbHast CTpyKTypa, ucnonb3dyemas B [IOCIL, HerouHo oroOpaxaer
CHUCTEMY YEeJIOBEYECKOro BU3yalbHOro BochpusTHs. llcuxodusnueckue u
NCUXO(PU3NOJOTUYECKUE  MCCIIEIOBaHMS  TOKa3alu, 4To  (yHKIHUH
3pUTEILHOM CUCTEMBI YesloBeKa He yuuTbiBatoTcs B [IOCILL

\ 1§

(6) CKO=306 (8) CKO=309 (r) CKO=313

(1) CKO=309 (e) CKO=308 () CKO=309

Puc. 4.5. N3o6paxenune « DiHITENRHY ¢ Onm3kumu 3HaueHusMu CKO
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(a) CKO=871 (6) CKO=694 (8) CKO=590

Puc. 4.6. Peakuusa CKO Ha npocTpaHCTBEHHbIE U3MEHEHUS

4.3.3. Moougpukayus INOCIII ¢ yuemom xapakmepucmuk
3PUMENbHOI CUCHEMbL Uel06€Ka

[IpoBenenHble MCCAEAOBAHUS MOKA3add, YTO CHUCTEMA BU3YaJbHOTO
BOCIIPUSITUSA 4YeJIOBeKa Oojiee BOCIPUUMYMBA K HUCKAXKEHUSM HA HHU3KHUX
4acTOTaX, YeM B BBICOKOYACTOTHOM 00sacTu. ITOT (PakT ObUT yUTE€H IpH
pazpabotke crangapra JPEG. B pesynbrate Oblia CHOpOEKTUpOBaHa
crienManbHas Tabiuia KOPPEKTUPYIOUIUX BEJIIMUMH, KOTOpas MPUMEHSETCS
st kBanToBaHusl ko3duuuentor JKII B Onokax 8x8. CormacHo 3Toit
Ta0JIUIle, BBICOKOYACTOTHBIE KOIPDUIIMEHTHl KBAHTYIOTCS C OOJIBIINM
aroM  KBaHTOBAaHMWS, YTO MPUBOJUT K  JIy4dllIeMy  KauecCTBY
BOCCTAHOBJICHHOTO H300paX€HUs, YEM €CJIM TPUMEHSITh [JIs  BCEX
K03 PUITMEHTOB OIMHAKOBOE KBAaHTOBaHUE.

Bripaxenne niss CKO ¢ naBaromum okHoM 8%8 ¢ JIKII, mpuHumas
B paccmotpenue 3CY, umeer BuA:

1-7J-7 8
2 2 X Z((X[m n);,; = X[m,nl )T [m,n])*

CKO :11]1mln1
M (I =7)(J —7)64 ’

rae X; ; — xoapduuunentsr JKII 6moka 8x8, st KOTOPOro KOOPANHATSI

BEPXHEr0 JIEBOrO JJICMEHTa PaBHBI [ U j, X . — xoopuumentsr JIKII

COOTBCTCTBYIOIICTO OKHA OPUIMHAJIBLHOI'O I/1306pa)K€HI/I$I, Tc — MaTpuna

KOPPEKTUPYIOIUX (PaKkTOpoB. B kauecTBe Takoi MaTpUIbl UCHOJIb3YETCS
MaTpulla, TOCTPOEHHAs C WCIOJIb30BAHUEM TaOJIMIbl KBAaHTOBAHUS
cranaapra JPEG.
Matpuua 7, o0iagaeT clieyoMMH IByMsl CBOICTBaAMU:
1. CootHomieHuss ee KO3(PPUUUEHTOB OOPATHO MNPONOPLHUOHATIBHBI
COOTBETCTBYIOLIUM KO3 puimentam tadnuiisl kBantoBanus JPEG.
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8 3 T.[m n]2
2. CymMMapHbIii KOPPEKTUPYIOIINiT GakTOp MATPHUIBL Y, . 06—4,1

m=1m=1
paBeH eauHuIE. OTO O03HAa4aeT, 4TO0 B CiIy4ae OAHOPOIHOIO
pacipeereHus] UCKAKEHUN 110 BCEM MIPOCTPAHCTBEHHBIM 4acTOTaM
3gauenuss CKO,, cosmanaror ¢ CKO.

Ha ocHOBE moJiydeHHOrO pe3yiapTaTa MOKHO 3alMCaTh BBIPAKCHUE
mia  kpurepus I1IOCI,;, y4YuTBHIBAIOIIErO OCOOEHHOCTH CHCTEMBI

BHU3YaJIbHOI'O BOCIIPUATHA YCIIOBCKA:

2
TTIOCII =101g(255AKOM).

Hcnonp3oBanne PacCMOTPEHHOM Mo U uKau ITOCHI
YBEIIMUHUBAET KOPPEIALHIO ¢ CYOBEKTUBHOM OIEHKOM 3KcmepToB. OMHAKO
B 9TOM CJIydYae 3HAYMTEIHLHO BO3PACTalOT BPEeMEHHBIE 3aTpaThl, TPEOyeMbIe
Ha BBIYHCIICHHE OOBEKTUBHOM OIICHKH.

4.3.4. Ynueepcanouwiii unoekc kavecmea

B nocneanue roasl caeinaHo MHOXKECTBO pabOT Mo CO3AaHUI0 Ooliee
NPUEMIIEMBIX  AJTOPUTMUYECKMX  MEP  BHU3YaJIbHOIO  KayecTBa
oOpabaTbiBa€MbIX H300paKEHUH, KOTOpble OBl CTOSUIM OJIMDKE K
pe3yJibTataM CyObEKTHBHBIX OIICHOK. OJHUM U3 TaKUX KPUTEPUEB
SBISIETCS. YHHBEpCanbHBIM uHIAEKC KkadectBa (YUK) wu3o0paxkenui,
UCIIOJIB3YEMBIM 11 ONpPEAENICHHs]T MOJOOHOCTH  BOCCTAHOBJIEHHOIO
U300paKeHUsT HEKOTOPOMY OPUTHHATY B 3aBUCUMOCTH OT BHJA M CTCIICHU
UCKOKEHUS  BXOJHOTO  M300pa)K€HUA. YHUBEPCAJIbHOCTH  JIAHHOTO
KPUTEPHS 3aKII0YAETCS B TOM, YTO OH HE TOJIBKO OTPa)aeT HEKOTOPYIO
CXO0XECTh 00Pa0OTAHHOTO U300pAXKEHUS IO OTHOILICHUIO K OPUTHHATY, HO
U JTOJDKHBIM 00pPa30M YUUTHIBACT PA3IUyYHbIC BUJIb HCKaXXEHUI. B oTinumne
OT MHOTHUX JIPYTUX aJITOPUTMOB JaHHBIA METOJ HE MPUBS3AH K crenuduke
M300paKeHUS U UCKAKECHHSIM, IPUCYTCTBYIOMIMM B HeM. OH OCHOBBIBACTCS
HA CTAaTHCTHYECKOM aHaJ3€ OTACIBHBIX OJOKOB BXOJHOTO CHTHAJA H
JNAJbHEUIIIEM CPaBHEHUM TIOJYYEHHBIX PE3YJIbTAaTOB CO 3HAYEHUSAMH
ATAJIOHHOTO M300paxkeHus. HepoctaTrkoM paHHOrO MeToAa SIBISAETCS
TOJBKO TO, YTO, KaK ¥ B ciay4dae Berurcienus [TOCII, s HaxoxIeHHs
YUK noMuMo TECTOBOIro (BXOIHOTO) M300pa)keHUs] HEOOXOJUMO HMETh
HEKOTOPBI  DJTAJIOHHBIM  CUTHAJ,  COOTBETCTBYIOIIUM  JTAHHOMY
U300pKECHHIO.
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Onpeodenenue YUK 0n1s1 00HOMEPHBIX CUSHANO8

PaccmorpuM nBe mocienoBaTelbHOCTH  {x;} U {y;}, THE
i=12,...,N, COOTBETCTBYIOIIME CTALIHIOHAPHOMY BXOJHOMY U BBIXOJHOMY
CUTHAJIaM, TOTJla YHUBEPCAIbHBIM MHJIEKC KayecTBa OyJET OnpeneisiThCs
KOMOMHAIME  CTaTUCTUYECKUX  XApaKTEPUCTUK  (MATEeMATHYECKOTO
OXKHUJIaHUSI, JUCIIEPCUU U KOPPEISIITUOHHON (PYHKIIMU) COOTBETCTBYIOIINX
MOCJIEIOBATEIILHOCTEN 10 Clieaytolel hopmyre:

46,, Xy

YUK = )
[67 +03 ()% + ()]

(4.1)

rae

I
[l
=~
M=
N>.<

~
Il
—

<
[l
=]~
M=
=

~
Il
—_

(x; — %),

|~
I M=

(v -2,

™M=

<
= [~
i

1 N
Oxy zﬁlz‘i(xi X)W =) -

Takum oOpa3zom, mnosydaercs, uro 3HaueHue YUK wuzmensiercs B
unrepBasie [—1, 1], npu stom VYUK=1 cCcOOTBETCTBYET HaUIy4dlIEMY

KaueCcTBy CHUTrHaja. BaXHO OTMETHUTb, YTO MAKCHUMAJIbHOE 3HAYCHHUE
YHK=1 nomy4aercs TONBKO TOrnAa, KOrAa y, =X, HA NPOTSKEHUU BCETO

curHana (i =1,2,..., N), a muaumanbHoe 3HaueHne YUK=-1, B ciyuae
ecnmu  y; =2x—x;, i=L12,..,N. ]Jlpyrumu cioBamMH, MaKCHMaJIbHOE

3HaueHue YUMK=1 cooTBeTCcTBYET TakOMy CUTHalTy, KOTOPBI B TOYHOCTH
COBIIAJa€T C OPUTHUHAIIOM.

OmnpeneneHHbI TaKUM 00pa30M MHJEKC KayecTBa YUYUTHIBAET B ceOe
TPU HCKAXKAIOIMUX (PaKkTOpa: CTENEHb KOPPEIUPOBAHHOCTU OTUETOB JIBYX
CUI'HAJIOB, W3MEHECHME 3HAYCHUNM MATEMAaTHUYECKOrO0 OXMIAHUA W
CPEAHEKBAAPATUYHBIX OTKIOHEHHUM CUTrHaAjJa OTHOCUTEJIBHO OpPUIMHAJIA.
Takoe mpencraBieHUE MO3BOJISIET HauOoOJiee TOYHO OLIEHHWBATH KAYECTBO
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BOCCTAHOBJIEHHOI'O CUTHAJIA U BEJIMYMHY MCKAXKEHUH, MPUCYTCTBYIOIIUX B
HeM. B pesynbraTe 3TOro mcxomHoe BbipaxkeHue (4.1) MoxkeT ObITh
MPEACTABICHO B BUJIE MPOU3BEICHHUS TPEX MHOKHUTENECH:

Oy 2%y 20,0,

VYUK = .
0x0y ()*+(7)? oi+o

5 (4.2)
y

[lepBbIii MHOXHUTETH €CTh KOX((UIIMEHT B3aMMHOW KOPPESAIUU
CATHAJIOB X MW y, KOTOPBIA ONPEACIACT CTENEHb WX JIMHEMHOU
noJO0OHOCTH W TIPUHMMAaeT 3HaueHuss B uHTepBaje [—1, 1], mpu sTom
MaKCUMaJIbHOE 3HAYEHUE JIOCTUraeTcsd B ciydae, eciu y; =ax; +b, rae
a>0, b>0 n i=12,.,N. Ecinm BOCCTAHOBIECHHBLIA CUTHAJI JIMHECHHO
COOTHOCUTCS C BXOJHBIM, HO B HEM TMPUCYTCTBYIOT KaKHUe-TuOO
UCKQKEHHS, OHU OyIyT YUYUTHIBATHCS BO BTOPOM U TPETHEM MHOMKHUTEISIX.
Bropoit  MHOxuTens  (4.2) omnpenensieT  COOTHOILIEHHE  MEXIY

MaTEMaTUYECKUMU OKUAAHUSIMUA BXOJHOTO U BOCCTAaHOBJICHHOTO CUTHAJIA
W TpUHUMAEeT 3HauyeHuss B uHTepBaie [0; 1], mpu »>TOM MakcumMym

AOCTUTaCTCs B ClIydac UX pPaBCHCTBA. B ClIy4dac C€CJIM CHUT'HAJIOM ABJIACTC:A
I/1306pa)KeHI/IC, 3TOT KOC—)(I)(l)I/II_II/ICHT O0TBCYACT 34 UISMCHCHUA €T0 APKOCTH.
3HaueHUS CPCAHCKBAAPATUIHBIX OTKJIOHCHUH © x B O y OIIPCACIIAIOT

I[I/IHaMI/IIICCKI/Iﬁ AWaIla3sod M3MCHCHHUA CHUTHAJIOB X M Y COOTBCTCTBCHHO,

BCJIEJICTBUE ITOTO OHU MOTYT PACCMaTpPUBATHCS KaK XapaKTEPUCTUKU
KOHTpacTa, B TOM CJIy4ae €CJU CUTHAJIOM SIBJIsieTCs n3o0paxeHue. Takum
oOpa3zom, TpeTuit MHOKUTENb B BeIpakeHuu (4.2) nins YUK coorBeTcTByeT
MCKAXEHUI0 KOHTPACTHOCTH BOCCTAHOBJICHHOTO CHUTHajda OTHOCHUTEJIBHO
OpUTMHAajia U MPUHUMAET 3HaueHus B uarepnaie [0; 1].

[IpennoxkeHHbll  HHACKC KauyectBa  oOJagaeT  Xopolleu
COTJIACOBAHHOCTBHIO CO 3HAUYCHUSIMU CYOBEKTHUBHBIX OILICHOK, K TOMY XK€, B
oriimuue oT ITOCIII, oH uMeeT HEKOTOPOE abCOIIOTHOE 3HAYEHUE, PABHOE
equauie. To ectp mpu mokazaHusax YUK, Oau3kux K enuHHUIlE, MOXKHO
TOBOPUTH O BHICOKOM Kau€CTBE BOCCTAHOBJICHHOTO cUTrHaya. OJHaKo Jyist
npsIMOTO HcTosib3oBaHusa (4.1) B poiu KpuTepusi KauecTBa IU(PPOBBIX
U300pakeHU1 HEOOX0IMMO BBECTH HEKOTOPHIE OTPAHUYCHUS.

Ilpumenenue YUK ons oyenxu kawecmea uzoopasicenutl

Cnenyer OTMETUTh, YTO TpPEJIOKEHHass B BbIpakeHuu (4.1)
ctpykrypa YUK COOTBETCTBYET OJTHOMEPHBIM CTAallMOHAPHBIM CHUTHAJIAM.
N3o0paxkeHue siBIsieTCsl IBYMEPHBIM U B OOIIEM ClTydae HECTAIMOHAPHBIM
CUTHAJIOM, TIO3TOMY TIpsiMOe Hucmosib3oBaHue (opmynsl (4.1) nmna
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BbruncieHus YK B manHOM ciiydae HegomycTtumo. s pemeHns 1TaHHOU
npoOJeMbl  TpeAsiaraeTCs BBIACTATb B HM300paXEHUU  OTICIbHBIC
JIOKaJIbHBIE 00JIaCTH pa3MepoM A x B, B mpeaenax KOTOPhIX U300pakeHUe
MOXHO CUHMTaTh CTAallMOHAPHBIM W  BBIYUCIATH  CTATHUCTUYECKHE
XapaKTEePUCTUKA  (MaTeMaTH4yecKoe  OXKUJaHWEe,  JUCHEPCUI0 U
KOPPEISIUOHHYIO (DYHKIMIO) BHYTPHU 3TOM 00JIACTH, a YK€ Ha OCHOBAHUU
UX BBIYUCIATH 3HaueHUue YUK, COOTBETCTBYIOIIEE BBIJCICHHOMY OJIOKY.

Takoil mogxoz obecrieunBaeT HanboJee NPABUIIBHOE U TOYHOE CYKJIEHUE O
KayeCTBE BOCCTAHOBJIEHHOTO U300paKeHMS.

B pesynbrarte 3Toro npouecc HaxoxuaeHus YUK mist kOHKpeTHOro
n300pakeHus1 OyleT CBOJAUTBHCS K CIEOYIOIIEMY: «CKOJb3AIIEe OKHO»
(macka) pasmepoM Ax B HauMHAs W3 BEPXHErO JICBOTO YIJIa TIPOXOJUT
MTUKCETh 3a MHUKCEJIEM MO0 BCEM CTPOKaM U CTOJOIaM 3TOr0 U300paKeHHUs,
Ha Ka)KJIOM IIare BbIYMCISAETCA 3HAYCHHE CTaTUCTUYECKUX XapaKTEPUCTHUK
u cobcrBeHHo cam YUK, mna tekymero nonoxenus okxHa. YUK,

XapaKTEPU3YIOIINNA KauyeCTBO H300paKEHU B LIEJIOM, OyAEeT ONpenesThCs
KaKk cpeaHee apudmernyeckoe 3HaueHH YUK, Ha OPOTSHKEHUH BCETO
U300pakeHus, T. €.
1 M
VUK =— > VUK, ,
M ;5

rae M — 4ucno OJ0KOB, BHYTPHU KOTOpbIX Beiuucisics Y UK.

Takoli MNOAXOX K HAXO0XKACHUIO YHCICHHBIX OLICHOK KadecTBa
0COOEHHO XOPOIIl AJisi U300paKeHU, UMEIOIINX OJ0YHYI0 CTPYKTYpYy. Kak
U3BECTHO, OJJHUM W3 TaKUX TUMOB M300pakeHuit siBisiercss hopmat JPEG,
OCHOBAaHHBIM Ha JUCKPETHOM KOCHHYCHOM IPEOOpa3OBaHUM OTIEIBHBIX
O0JIOKOB pa3zMepoM 8x8 mnukceneil. B pesynbrare 3TOro sl OLEHKU
kauectBa, Hanpumep JPEG-u3zo0paxeHui, BO3MOKHO HCIOJIb30BAHUE
YUK c pazmepoM «CKOJB3SIEr0 OKHa», paBHbIM pazmepy 0sokos JIKII.

Nmenno Onaromapsi komMOuMHUpOBaHHOW cTpykType YUK (4.2)
OLICHKAa KauecTBa BOCCTAHOBJICHHBIX HW300pPKEHUI OCYIIECTBISAETCS
HanOosiee TouHO. B psge cimyuaeB mokazanmst YUK mpocto HE3aMeHUMBI,
Tak kak nokazanus [IOCIL u CKO B HEKOTOpPBIX Cly4asix MPOTUBOpPEYAT
JNEUCTBUTEIBHOCTU. OJTO HAOMIONaeTcs, Hampumep, MpU HU3MEHECHHUH
SAPKOCTU M300pakeHuM, TpaHCPOpPMALIMM THCTOIPAMM, TaMMa-KOPPEKIIUU
u T. 1. OcobenHo BaxxHo 1o, uto YUK mo3Bonsier auddepeHunpoBathb
(pa3znuyaTh) n300pakeHus, uMmerone oauHakoBbie 3HadeHus [TOCI u
CKO, 4tO0 cnocoOCTBye€T MHOCTPOCHUIO JAEHCTBUTEIBLHO ONTHUMAIbHBIX
buIBTPOB.

Ucxonst u3 dopmynsl (4.1) nns Berancnenuss YUK cnengyer, uto B
HEKOTOPBIX CIIy4asiX MOTYT BO3HUKATh CUTYallMH, KOTJla 3HAYEHUE HOBOIO
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MHJIEKCA KauyeCcTBa UMEET HEOMPECICHHBIN XapaKTep, MAaTEMAaTUYECKH ITO
O3HAYaeT HEOMPEACICHHOCTh THUIA «HOJb Ha HONb». [IpuunmHON 3TOrO
MOTYT CIYXHUTh JBa (Qakropa. 3HaMEHaTeIb W YHUCIUTEIb MOTYT
oOpamarsCss B HOJb, BO-TIEPBBIX INPHU COBMECTHOM PAaBEHCTBE HYJIIO
JTUCTIEPCHUM TSI KAaKUX-THOO0 OJIOKOB pa3OMeHus N300pakeHU, BO-BTOPBIX,
P COBMECTHOM PaBEHCTBE HYJI0 MAaTEMATHYECCKUX OXHUIAHUN BHYTPH
3TuX OnokoB. Ha mpakTuke 3TO BCTpedaeTcs OBOJIBHO YacTO, MOITOMY
JUISL  pa3pellieHus] TaKUX HEOMPEACIICHHBIX CHUTYallMid MpejiaraeTcs
UCKIIIOYaTh WX W3 PACCMOTPEHHS W HE BKJIIOYATh TAaKWE 3HAYCHUS B
KOHEYHBIN pe3ynbTar (puc. 4.7).

[TozunnonnpoBanue
«CKOJIB3SIIIIETO OKHAY

Ha
Kownerr nzobpaxenus
Haxoxnenue
OTajoHHOE OrneanBaeMoe
€ CTAaTUCTUYECKUX [P
M300pakeHUE n300paxeHune
XapaKTEPUCTUK

l l

[IpoBepka 3HAUEHUI CTATUCTUYECKUX
XapaAKTEPUCTUK
x=0nuy=0mmoc,=0uc

l Her

Brruucienne YUK

Ja

Y

M=M+1

1| M
> YUK = > VUK;
M i=1

Puc. 4.7. Anroput™ HaXx0XIE€HUS YHUBEPCATBLHOIO HHAEKCA KauecTBa IS
n300paxeHun
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4.3.5. Koagpgpuuuenm cmpykmypnozo noooous

CurHanbl €CTECTBEHHBIX H300paXEHUN XOPOIIO CTPYKTYPHUPOBAHBI.
BbiOOpku, B3ATbIE W3 CHTHAJIOB HM300pKEHHUM, UMEIOT CUJIIBHYIO
3aBHCHMOCTh, M O3TH 3aBUCUMOCTH HECYT BaXHYI HWH(MOpPMAIMIO O
CTpyKType: OOBEKTax, HMX pacCIOJIOKCHHH, TEKCTypax. [aBHas wunes,
JeKalras B OCHOBE METO/a CTPYKTYPHOTO MOJ00MsI, 3aKITF0YaETCS B TOM,
YTO 3pHUTENIbHAS CUCTEMA YEJI0BEKa XOPOIIO MPHUCTIOCOOICHA K BBIJEICHUIO
CTPYKTYpHOU MH(OPMAITIHU, U TTOITOMY U3MEPEHHUE CTENIEHU CTPYKTYPHOTO
nogo0uss JOHKHO OOecTedrBaTh XOpoIiee MPUOIMKEHHE K BH3yabHO
BOCITPUHUMAEMOMY KaueCTBY M300pakeHHUSI.

Jlis toro 4ytoObl mpeoOpa3oBaTh OOUIUI MPHUHIMI CTPYKTYPHOTO
nooousi B KOHKPETHBIM aJrOpUTM OIICHKM KadecTBa H300paKeHHUS,
HEO0OXOAMMO pa3IeUTh CTPYKTYPHBIC U HECTPYKTYPHBIEC HCKOKCHHUS.

HecTpyKTypHBIMH UCKOKCHUSAMHU CUMTAIOTCS T€ M3 HUX, KOTOPHIE HE
BHOCSAT W3MEHEHUS B CTPYKTYPY OOBEKTOB Ha M300PaKCHHH, OCTAIbHBIC
HA3BIBAIOTCS CTPYKTYPHBIMHU.

N3o0paxkenue ¢ M3MEHEHHBIM KOHTpacToMm (puc. 4.80) coxpanseT
(aKTHYEeCKH BCIO CYIIECTBEHHYIO MHPOpMAINIO 00 00BEKTaX MCXOJIHOTO
(atasionHoro) wuzoOpaxkenus (puc. 4.8a). Takum o0Opa3om, COTJIACHO
IPHUHIIAITY CTPYKTYPHOTO MOI00MS, TAKOE UCKAKEHNE — HECTPYKTYPHOE.

N3o0paxkenue, UCKaXeHHOE apTedaKTaMu CKATHS C TOTEPSIMH II0
crangapty JPEG (puc. 4.81), umeer 1o xe camoe CKO, uyto wu
N300paKeHUE C W3MEHEHHBIM KOHTpacToM (pwuc. 4.80), OJHAKO MOXKHO
BUJIETh, YTO apTedakThl CXKATHS 3HAYUTEIBHO H3MEHSIOT CTPYKTYPY
O0OBEKTOB Ha u300pakeHnH. VICKaXeHHsT Takoro pojaa SBISIOTCS
CTPYKTYPHBIMHU.

Ha puc. 4.8 ucxomnoe u3o0pakxeHHE NPEICTaBICHO BEKTOPOM B
IPOCTPAHCTBE 3HAUEHWUW MHKCENer dToro wu3oOpaxeHus. JloObie
HCKOKECHHUS MCXOTHOTO M300paKeHHUS MOXHO MOHWMATh KakK J00aBlICHUE
BEKTOpa HCKWXCHUS K «ITATOHHOMY» BEKTOPY. B 4YacTHOCTH, BEKTOPBI
HCKKECHUS OJMHAKOBOM JIMHBI onpenenstor runepchepy paBaoro CKO B
MPOCTPAHCTBE H300pakeHUM. JlmMHA BEKTOpa HMCKaXKEHUS HE SBISCTCS
3 PEKTUBHON OIICHKOM €ro CTEMEeHHM, TOTJa KaK HalpaBJICHHE HMEET
3HAYEHUE JIJIs1 BU3YaJIbHO BOCIIPHHIMAEMOTO KaueCTBa.
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Puc. 4.8. CTpyKTypHBIC U HECTPYKTYPHBIC HCKOKEHUS: a) OPUTUHAIBHOE
n300pakeHue; 0) yBeInMUeHUEe KOHTPACTA; B) BHECEHUE ITyMa; T') Pa3MbITHE;
1) aptedaktsl cxatus 1o ctangapry JPEG

Ha pwuc. 4.9 nokazaHo, 4TO HCKaXXE€HHUS SPKOCTH M KOHTpAcTa
OTHENSAIOTCS  OT  CTPYKTYPHBIX  HCKaQXEHUHM B  PACCMOTPEHHOM
IpOCTpaHCTBE. BEKTOPBI SPKOCTHBIX HMCKAXEHUN NapajuleIbHbl BEKTOPY
U300paKeHUS paBHOU APKOCTHU X] =Xp =..= Xy, KOTOPBIX

N
MEePICHINKYIISAPEH TUMepiuiockoctd » x; =0. V3MeHeHus KOHTpacTa
i=1
ONPEACIAIOTCS  HampaBiieHHeM X —X. Takum o00pa3oMm, BEKTOPBI
VCKaXXEHUW SPKOCTH U KOHTPACTA OMPEAENSIOT B UCXOJAHOM MPOCTPAHCTBE
IJIOCKOCTh HECTPYKTYPHBIX HCKaXeHH. CTPYKTYpHBIE K€ HCKaKECHHS
COOTBETCTBYIOT IOBOPOTY 3TOM IJIOCKOCTH Ha HEKOTOPHIH yroi (puc. 4.9).

Koapduuuent crpykrypHoro mnomgoOusi MpeacTaBiseT CcoOoit
pe3yNbTaT CpPaBHEHUS HTAJIOHHOTO M OIICHMBAEMOTO HW300paK€HUM,
O00O3HAYEHHBIX KAaK X M Y COOTBETCTBEHHO. AJITOPUTM CTPYKTYpPHOIO

oA00Us YUUTHIBAET TPU COCTABJISIIOIINE: UCKAXKEHUS SIPKOCTHU, UCKAXKECHUS
KOHTPACTa U UCKAXKEHUS CTPYKTYPBHI.
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k X=X, =X

ApKocTHbIe
NCKaXXeHns

CTpyKTypHbIe KoHTpacTHble
NCKaXKEHWS! -

/ -~ NCKaXEHWS

\}

X+ x+x=0

Puc. 4.9. Paznenenue CTpyKTYypHBIX U HECTPYKTYPHBIX UCKaKEHUI

B [IPOCTPAHCTBE U300paXKeHUs

JIokanbHas SAPKOCTb  KaXXI0I0 H306pa)KeHI/I$I B IIHMKCCIC C
KoopaAnHaTaMunu (x,y) HaXO0OUTCA KaK YCPCOAHCHHOC 3HAYUCHUC SAPKOCTHU B

JIOKAJIbHOU OKPCCTHOCTH I3TOI'O ITUKCCIIA:

1 N
My NZZ:I i ( )
1 X
Hy=V=—2Y, (4.36)
N5

rae N — KOJIMYECTBO MUKCEIIEH B PACCMAaTPUBAEMOU OKPECTHOCTH.
Oyukiusa [(x,y), XapakTepu3ylomas HCKAKEHHS SPKOCTH, OyneT

onpeacATbCs 4€PE3 3HAYCHHUA U, U My .

1, y) =1y, 1y)-

Ecnu BelueCTh CpelHEE 3HAYEHUE 4, W3 OKPECTHOCTH CUTHAJIA X, TO
pesyapTar X-—[, OyHner SBIATbCA INPOCKLUUEW BEKTOpa X Ha
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N

TUIIEPIIOCKOCTh ZX,- =0, wuzoOpaxeHnnyio Hapuc.4.9. B kauecTBe
i=1

OLICHKHU JIOKAJIbHOU KOHTPAaCTHOCTHU CHUTHaJla HCIIOJIB3YCTCA
CpCAHCKBAAPATUIHOC OTKIIOHCHHC:

1/2
1 N )
Gy = —Z(xi_ux) >

N-1/5
1/2
1 N )
o, = — . —
» N—1,§1(y’ Hy)

Oyukuusa c(x,y), XapakTepusyollas UCKaKeHHUs] KOHTpacTa, Oyaer

onpeacATbC 4EPEe3 3HAYCHU G, U O yI

c(x,y)=c(cy,0,).

CtpykTypHOe TmogoOMe MEXAy OJTaJOHHBIM M  OIEHHMBAEMbBIM
H300paKCHUSAMHU OIPEIEIAETCS Yepe3 HOPMUPOBAHHBIC HA CBOW CPEJIHUC
3HAYCHHS COOTBETCTBYIOIIHNE CPETHEKBAIPATUIHBIC OTKJIOHCHUS:

s(x,y) = S te STy
o c

y

Bce Tpu cocraBusitomume OOBEIUHSAIOTCS B OOIIYIO JIOKAIBHYIO
OLICHKY CJIEIYIOUTUM 00pa3oM:

S(x,y) = flI(x,»), c(x,p), s(x, ) ].

Ha ¢yunkmuio S(x, y) HakIaapIBalOTCs CIEAYIOIMINE OTPAHUYCHHUS:
1. Cummerpus S(x,y)=S(y,x). Korna onpenensierca nomodue

MEXIYy BYMs CUTHAJIaMH, U3MEHEHUE MOPSAKAa BXOISAUIUX CUTHAJIOB HE
JOJKHO BJIMSATH HA PE3YJIBTUPYIOLIECE U3MEPEHUE.
2. OrpanuveHnocts S(x,y)<1. Bepxusis TrpaHULla CIyXUT

[IOKAa3aTeJIeM TOr0, HaCKOJbKO OJIM3KO JBa CUTHAJIA K TOMY, YTOOBI OBITH
UJCHTUYHBIMH.
3. EaunHcTBeHHBIT MakcumyM: S(x,y)=1. ®Oyskmus S(x,y)

INPUHUMACT MAKCUMAJIbHOC 3HAYCHUC TOI'la U TOJIBKO TOIr'd, KOIrla X =Y .
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JIIsl yIOBIETBOPEHHSI 3THX YCIIOBHM BXOZSIINE B cocTaB S(X,))
byukuu [(x, ), c(x,y), s(x,y) onpeaenstoTcs CICAYIONIIM 00pa3oM:
ZMxM y T Cl

I(x,y) = :
2 2
Ry + Hy +C

(4.4)

i€ KOHCTaHTa Cl BKJIIOYCHA OJId TOTO, yTOOBI M30€KaTh O6paIlI€HI/I}I B

2 2
OCCKOHEYHOCTb, KOrJA 3HA4YCHHE W~ + p,~ Onusko K Hymo. B

YaCTHOCTH, 3HadeHue (] BbIOMpalOT paBHBIM (K| -L)2, rne L -
JUHAMUYECKUI Mana3oH 3HaYeHUM nukcene n3odpaxkenus, a Ky <<1 —
Majasi KOHCTaHTa. 3aMeTuM, 4To ypaBHeHUE (4.4) TOIUYUHAETCS TpeM

CBOMCTBaM, OIMMCAHHBIM BBIIIIE.
DOYHKIMS UCKAXKEHUSI KOHTPACTAa UMEET MOJOOHBIN BU/I;

20,06, +C

y 2

C(x,y)= 2 2 o
G, +0,"+(C;

(4.5)

rie C, = (K, -L)2 n K, <<1. OTH omnpeneneHus TakKe yIOBICTBOPSIOT

TPEM CBOWCTBAM, OTIICAHHBIM BHIIIIE.
OYHKIMS  CTPYKTYPHBIX  HUCKOKEHWHA  BBOJUTCS  CICAYIOUIUM
oOpazom:

2ny + C3

s(x,y) = (4.6)

6,0, +C3

rae

Gy =20 =1 ) —1y).
xy N_lizl i X i y

Taxk ke, KaKk ¥ IJ1s1 IBYX NMPEAsIayuX GyHKIHHI, B BRIpakeHue (4.6)
BBOJAUTCA Mayasg koHctaHTa (5. I'eomerpuyecku s(x,)) — 3TO KOCUHYC

yIiIa MeX/y BEKTOpaMu (X— L) 1 (X—H,,).

Tpu paccmorpenHble cocrtaBistomiue (4.4), (4.5 u (4.6)
OOBEIUHSAIOTCS B JIOKAJBHBIA KOY(PPHUIIMEHT CTPYKTYpHOTO TOH00uS
U300paXeHU X U y:

SCx,y) =10x, y)* - c(x,y)P -s(x, )7,
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rne a>0, B>0, y>0 — mnapameTpsl, KOTOpbIE PETYIUPYIOT
OTHOCHUTEJIbHYIO 3HAYMMOCTh OTJIE€IbHBIX COCTABIISIOMIMX.

Ha npakTuke, kKak HpaBuiio, UCIOJB3YIOTCS CIEAYIOIIME 3HAYCHHUS
napameTpoB: o =f=y=1, C3=C,/2, K; =0,01, K, =0,03.

[Tpu Beruncnennn KCII ckonp3gmmM OKHOM MOKET OBITh TOJy4eHa
KapTa CTPYKTYpHOrO mojaoOusi Juisi 3aJaHHOW Tapbl M300pa’keHUI
(aTanmoHHoOe-o1eHuBaemoe). [Ipumep Takoit kapThl npuBeneH Ha puc. 4.10.
bonee cBemnbie ywactku Ha kKapte KCII cooTBeTcTBYIOT OO0JIBLIEMY
CTPYKTYpHOMY TIOJIOOMIO U, CJEJOBATEIbHO, OOJIbIIIEMY KaueCTBY
U300paKeHUsl.

B)

Puc. 4.10. CtpyKTypHOE KaueCTBO U300paXEHHsI: a) OpUTHHAIL; 0) 3alIyMICHHOE

n300paxxkeHue; B) kapra abcomoTHbIX omnook; 1) kapra KCII, okxo 7x7
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Ha uckaxxennom u3obpaxkenun (puc. 4.100) mrym ropasmgo ydrie
BUJICH Ha OJHOTOHHBIX OOJacTsaX, 4To oTpaxkaercs Ha kapte KCII
(puc. 4.10r) B Buze Oosiee TEMHBIX 00JIaCTEH.

Hns  onpenenenuss KCII Bcero wu300pa)keHHs HCHOJb3YETCS
ycpennenHoe 3Hauenue kaptel KCII.

4.4. CpaBHMTEJIbHbIH aHAJIM3 AJITOPUTMOB C:KATHS U300paKeHU N

otHocuTeabHO Kputepues IIOCII u YUK

[IpoBenem cpaBHHUTENbHBIA aHAIU3 pPa0OTHl ONKUCAHHBIX BBIIIE
anropuT™MoB cxkatus nzoopaxkenuit: JPEG, JPEG2000 u SPIHT.

B nmporecce aHanmuza HUCMIONB30BAIUCH TPU HM300pakKEHUS C
Pa3IMYHON CTENEeHbIO JETATU3allid U3 TECTOBOrO0 Habopa M300pa)KeHui,
npuBeIeHHbIE Ha puc. 4.11.

Puc. 4.11. TecroBble n3o0paxenus: a) «JIena»; 6) «babyun»; B) «Ilepbn»

B kadecTBe KpUTEpUEB CpaBHEHHUsSI  PE3YyJbTAaTOB  PabOThHI
UCIIOJIB30BaUCh 00bekTHBHBIE MeTpuknm kadectBa: I[IOCII cxaroro
n3o0pakeHus; oreHku 1o mkaine Y UK.

Ha puc.4.12. B kauectBe mnpumepa MPHUBEIACHBI 3aBUCUMOCTH
OOBEKTUBHBIX  OIIEHOK  KayecTBa  BOCCTAHOBJIEHHOTO  TECTOBOIO
nzoopaxenus «Jlena» ot koadduimenta cxatusa K. JlaHHbIe 3aBUCUMOCTH
JUIsL  APYTUX THUIOB HW300paKEHUN HE WUIIOCTPUPYIOTCS BBHUIY UX
UJICHTUYHOCTU C MPUBEJICHHBIMH.

B pesynaprare mnOpoBEeAEHHOrO MCCIEAOBAHUS MOXHO CHENaTh
CJIEYIOIIUE BBHIBOJIBI:

1. Jlngs Bcex Tpex THUIOB TECTOBBIX M300pakeHW Hamboiee
BeIcOKHE omeHku kak 1o mxkane IIOCI, tak m nmo mkare YUK
MOJYYHIIMCh TIPU ucTionb3oBanuu anropurma JPEG2000.
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u3zo0paxenus «Jlenay: a) mo mkane [TOCIII; 6) mo mkane YUK

Puc. 4.12. CpaBuenue 3¢ (PeKTUBHOCTH pabOThI ANITOPUTMOB C3KATHUS JUIS
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2. Pe3ynbpTarhl MOJEIMPOBAHUS IMOKA3bIBAIOT, YTO IPHU OJMHAKOBBIX
koaddurmentax cxatus anroputm SPIHT comocraBum ¢ anroputmom
JPEG2000, ouenku no IIOCII n YUK paznuuarorcs meHee yeM Ha 3%.

3. Ilpourpeimt B kadyectBe JPEG-m300pakeHuid B Jauama3oHe
HanboJiee YacTO HCMOJb3YEeMbIX Ha MPaKTUKE KOA(D(PHUIIMEHTOB CKATUS
(2-20) 60onee 3ameren mo mkane ITOCIHI, vem no mkane YUK.

4. C Ttoukm 3peHus ouenkn YHWK mnpu mamom cxartum Bce
ITOPUTMBI MIPEAOCTABIISIIOT OJMHAKOBOE Kay€CTBO, OJIHAKO MPU BBICOKOM
ckatum (K >20) crangapr JPEG cwibHO ycTynmaeT AByM Jpyrum
aJIrOpUTMaM.

JIns [ONOJHUTENHbHOW TPOBEPKH IyHKTAa 4 BBIIIECU3JIOKEHHBIX
BBIBOJIOB Ha puc. 4.13. mpeacraBiieHbl BU3yaJbHbIE PE3YJbTATHI CHKATHUS
nzoopaxenus: «llepup». [lpu manbix koddduirieHTax cxaTus pa3zHULA
MEXIy ACKOAUPOBAHHBIMHU H300pakeHUsIMH He3ameTHa. Hampotus, npu
Ooonpux kodddunuentax cxatus (B maHHoMm ciaydae K =46,7) JPEG-

n300pakeHre 00aaeT SPKO BBIPAKEHHOM OJOYHON CTPYKTYpOM, 4TO
CBUJICTECJILCTBYET O TMoTepe Oonbmol yactu wuHpopmaruu. Iddekr
pa3MbITUsA, BHOCUMBINA B n300paxenusa anroputMamu JPEG2000 u SPIHT
[P TaHHBIX CTEIEHSX CKATHUs, MEHEE 3aMETEH.

[IpoBenemM aHamM3 aJrOpPUTMOB CXKATUS M300paKEHUUM JUIsT Tpex
TUTIOB TECTOBBIX H300pakenuit. Mccnenays rpaduku Ha puc 4.14-4.16,
MO>KHO CJI€JIaTh CJIEAYIOIINE BbIBOJIBIL:

1. Cranpapt JPEG cxxumaeT HHM3KOYACTOTHBIE H300paXKEHHUS C
MEHBIIMMH MOTEPSMH KayecTBa, YE€M BBICOKOUYACTOTHBIE. M300pakeHue
«babynH» MMeeT MHOIO PE3KUX MEPenayoB, MOAITOMY ILJIOXO CHKUMAETCS
anroputMoM JPEG Ha BbIcOkux koa¢duimentax cxarus. B atom ciaydae
IIPU I€JICHUH Ha OJIOKU HapyILIAKTCsl €CTECTBEHHBIE TPAHULIBI.

2. Ilpu cxatum  wm3oOpaxkenuss «babyumn» ko3 PuIMEHTHI,
OTBEUaKOlUe 3a MeJNKUE (OCOOEHHO IuaroHajibHbIE) JAETajad, HAaXOIATCA
npu padote anroputma SPIHT B HM)KHEM IIpaBOM YTy IUIOCKOCTH OUTOB.
NHbIMH CcTOBaMH, HUKHHE YPOBHU MPOCTPAHCTBEHHO OPHUEHTUPOBAHHOIO
nepeBa coaepkar Kod(DPUUMEHTh, HMEIOIIME JOCTATOYHO OOJIbIINE
3HAYEHMS], YTO MPUBOJUT K MOTEPE 3HAYUTEIBHON YacTU MH(OpMauuu M,
cienoBarenbHo, K ymensinennto [IOCIIIL

3. Ha TecroBbix wn300paxenHusx «Jlema» u «llepupy anroputm
SPIHT pa6oraet Tak xe, kak u aaroputm JPEG2000, u3-3a oTcyTCTBUS B
TUX U300paKEHUAX PE3KUX Mepenaios.

4. Cranmapt JPEG2000 xopomo cxXumaeT JOObIE  THUIIBI
U300pakeHU, HO Ha BBICOKMX KO3 (DUIIMEHTaX CHKATHs KaueCTBO JIyYllle
JUTSl HI3KOYACTOTHBIX N300pakKeHU .
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—_— ‘— . ] . . -
JPEG(K = 46,7), TIOCIII = 27,32, JPEG(K =9), IIOCL = 36,01,
VUK = 0,25 VUK = 0,64

JPEG2000 (K = 46,7), IIOCHI = 32,27, JPEG2000 (K = 9), IIOCHI = 38,00,
YUK = 0,42 YUK = 0,67

SPIHT (K = 46,7), [IOCLII = 31,46, SPIHT (K = 9), [IOCIII = 37,23,
VUK = 0,40 YUK = 0,64

Puc. 4.13. Busyanbusiit ananu3z anroputmoB cxatus JPEG, JPEG2000 u SPIHT
JUTsl TECTOBOTO M300pakeHus «Ilepibn»
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60

Puc. 4.14. Pa6ota anroputma JPEG n51s Bcex TeCTOBBIX H300paKeHHI

Puc. 4.15. Pa6ota anropurma JPEG2000 1151 BceX TeCTOBBIX M300paxeHUi
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Puc. 4.16. Pa6ota anroputma SPIHT 7151 Bcex TeCTOBBIX M300payKeHUIMA

Takum o00pa3oM, MPOBEICHHBIA aHAIU3 aAJTOPUTMOB  CXKATHUS
nzoopaxxenuit otHocutenbHo KputepueB [IOCHI u YUK mnossosnser
CHENaTh CIAEAYIOIINE BBIBOIbI:

1. Cranmapt JPEG npourpbeiBaeT aaropuTMam CKaTvsi HA OCHOBE
BeiiBeT-npeodpazoBanus 2—7 ab no mkane ouneHok [IOCII. rta pazuuia
YBEIIMYMUBAETCA C POCTOM CTEHEHUW KOMIIPECCUU U BU3YAIbHO pa3indynMa
HayuHasg ¢ K =25.

2. Amroputm SPIHT uenecooOpa3HO HCHONB30BaTh B Cllydae
CKaTUsl MaJOKOHTPACTHBIX HM300pAKEHUM M M300pakeHHi 0e3 pe3Kux
TpaHUIl U MEJIKUX JieTajiel (0COOEHHO MuaroHaabHbIX). [[1s naHHOrO THNA
U300paXEHUN MOXKHO JOOUTHCSA Jydined padoThl alroputMa IMyTeM
COBMEIIIEHUS €0 C SHTPOMUIHBIM KOJIUPOBAHUEM.

3. B o60mem cnydae mOpeANOYTUTEIBHBIM JJIsi MPAKTUYECKOTO
ucnonp3oBanus saBisiercss cranaapt JPEG2000, koTopblid MO3BOJISIET
NoOUBaThCS XOPOIIMX PE3YJIbTATOB BHE 3aBUCHUMOCTH OT OCOOEHHOCTEM
U300paKEHUM.
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5. OCHOBHBIE CBEJIEHUSI O LIU®POBBIX BUJEOCUTHAJIAX

[Iponiecc BHICOKOOMPOBAHUS 3AKIIOYAECTCS B KOMIIPECCUU H
aexomnpeccun — nu@poBoro  BuaeocurHaia.  Lluppooe  Buaeo
IpEJICTaBIsET COOOW 3alKCh PEAbHBIX CLEH OKPYXKAIOIIEr0 Hac MUpa,
CHATBIX B HEKOTOpBIE IMOCJEeA0BaTelIbHbIe MOMEHThI BpemeHu. CleHa
bukcupyercsa (COMIUIUPYETCS) B KaXAbli MOMEHT BPEMEHHU B BUJIE KaJpa
(oOpa3a Bceil BU3yalIbHOM CLIEHBI B 3TOT MOMEHT BPEMEHH ) WJIN MOIyKaapa
(cocrosimiero M3 CTPOK KaJpOB C YETHBIMU WJIM HEYETHBIMH HOMEpaMu
IPOCTPAHCTBEHHOT'O COMILIUPOBAaHUS). COMIUITMPOBAHME IO BpPEMEHU
IPOU3BOJUTCS C HEKOTOPBIMU MpPOMEXYyTKamMu (Hampumep, uepes
uHTepBaisl 1/25 unu 1/30 cekyHbl).

TunuyHas clieHa U3 OKpY’KaroIlIEero HaC peaJbHOTO MUpa COCTOUT U3
Pa3IMYHBIX OOBEKTOB, KAXK/bIA U3 KOTOPBIX UMEET CBOIO (hOpMY, pa3Mephl,
IIIyOuHy, CTPYKTYpY, IUIOTHOCTH M OCBEUIEHHOCTh. l[BeT M spKOCTH
€CTECTBEHHOM BHUACOCLIEHbl MOTYT JOCTAaTOYHO IUIABHO MEHATHCS B
ONpENETICHHON CTENEHU BHYTPH CLEHbl («HENPEPBIBHBIA  TOHY).
XapakTepuCTUKU TUMHWYHONW €CTECTBEHHOM BuueocieHbl (puc. 5.1),
BKJIFOUAET KaK MPOCTPAHCTBEHHBIE XapaKTEPUCTUKHU (M3MEHEHUE TEKCTYPhI
WIH CTPYKTYpPbl BHYTPH CLIEHBI, YUCJIa U (POpMBI OOBEKTOB, LIBETA U T. I1.),
TaK U BPEMEHHbBIE XapaKTEPUCTUKU (IBUKEHUE OOBEKTOB, HM3MEHEHHE
OCBEIIEHHOCTH, MIEpEMEILICHUE BUCOKaMephl Uiu ee GoKyca u T. 11.).

Puc. 5.1. Kagp TectoBoii BuaeonocneaoBarenbHOCTH «Stockholmy»
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5.1. IIpocTpaHCTBeHHOE U BpEMEHHOE COMILIMPOBAHUE

EcrecTBenHass BuaeociieHa SBiISeTCI B OOJBIION  CTEHEHU
HEMPEPhIBHOW IO BPEMEHM H  IMPOCTPAHCTBEHHO  OJHOPOIHOM.
[IpeacraBienue BU3yalbHOM ClieHBI B LIUGPOBOM PopMe mpearnoaraeT ee
IPOCTPAHCTBEHHOE COMIUIMPOBAHUE (OOBIYHO C TOMOILBIO MTPSIMOYTOJILHOM
CeTKM B IUIOCKOW TIPOCKIMH BHUACOU300paKEHUS) U BPEMEHHOE
COMIUIMpOBaHWE (B BHJE  MOCIEJOBATEIIBHOCTH  HEMOJBUXKHBIX
n300pakeHn (KaapoB) WM KOMIIOHEHTOB KaJpoB, 3a(MKCUPOBAHHBIX
yepe3 PperyJsipHble MNPOMEXYTKH BpemeHn) (puc. 5.2). Kaxnaprit
IPOCTPAHCTBEHHO-BPEMEHHOM COMILI (3JIEMEHT M300paKEHUS UITN TTUKCEN)
NPEACTABISIETCS B BHJAE 4YHWCIA WIM MHOXKECTBA YHCEN, KOTOPBIE
0003HAYalOT SAPKOCTh (CBETUMOCTb) M LBET JAHHOTO ci3MIUIA. YTOOBI
MOJIYYUTh JABYMEPHOE COMIUIMPOBAHHOE M300pakeHUe, BHUACOKaMepa
dbokycHupyeT ABYXMEPHYIO MPOEKIUIO0 HA JATYUKE WU CEHCOpEe, KOTOPHIM,
HalpuMep, MOXKET ObITh MaTpulla npudopa c 3apsgoBoit cBszpio (I13C-
Matpuiia). B ciiyuae 3axBata ((puKcanum) HBETHOTO W300PAKEHUST KaKaast
[[BETOBasi KOMIIOHEHTa BBIJIETSETCA OCOOBIM I[BETHBIM (DHIBTPOM U
npoenupyetcst Ha otaenbHyto [13C-Marpuiry.

%
eee?®
o0 ®
o ® °
amnns!
\-\\—\b\ec
/AA%

——
BDEMeHHbIe caMnnbl

Puc. 5.2. IIpocTpaHCTBEHHOE U BpPEMEHHOE COMILIMPOBAHUE

Beixogom I13C-maTpuiibl CIyKUT aHAJIOTOBBIM BHUACOCUTHAT —
NepeMEeHHBII ANEKTPUUCCKUN CUTHAJ, PEACTaBIISIONTUN
BUJIeon300pakeHue. CHMIUTMPOBAHKME CUTHAJA MO TOYKAM IMPOCTPaHCTBA
MPOU3BOJIUT COMIIMPOBAHHOE M300pake€HUE WM COMIUIMPOBAHHBINA KaJp,
UMEIOIIUNA OMNpEJICICHHBIE YKCIIOBbIE 3HAYEHUSI B COOTBETCTBYIOIIUX
TOYKax M300paKeHHUS. HaubGonee MOIYJISIPHBIM dhopmaTom
COMILIMPOBAHHOTO H300paXKEHUS SIBISCTCS MPSIMOYTOJBHUK, B KOTOPOM
TOYKM  COMIUIMPOBAHMS  pacliojiaratoTCsl  Ha  KBaJpaTHOM  WIIH
MPSIMOYTOJIBHOM peIIeTKe.
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JIBrkyleecs: BUACOM300pakeHe 3axBaThiBaeTCa ((PUKCUPYETCs) B
BUJIE MPSMOYTOJBHBIX «CHHMKOB)» CHTHajda 4Yepe3 IMepHOJAUYECKHUE
MHTEpBaJIbl BpeMeHU. [IOBTOpHOE mNpOUrphIBaHUE IOCIEI0BATEIbHOCTH
KaJIpOB TTPOU3BOAUT (D PEKT NBIKEHUA. UeM BbIlIe CKOPOCTh BPEMEHHOTO
COMILIMPOBaHMS (4acToTa KaapoB), TeM Ooyiee TIJIAJKAM BBITJISIAUT
JNBIKCHUE HW300paKEHUSI CHATOW CIIEHBI, OJHAKO i 3TO Tpebdyercs
3a()MKCUPOBATh U 3alUCaTh OOJbIIIE CHUMKOB (CAOMILIOB). YacToTa KaapoB
Menbiie 10  kaApoB B CEKYHJAY HMHOTJA MCIOJB3YeTCS P
BUICOKOMMYHHUKAIIUSAX Ha HU3KOW OUTOBOM CKOPOCTH (TP OTHOCHUTEIHHO
MaJIbIX 00beMax MmepeaaBaeMbIX JaHHBIX ). OHAKO TIPH ATOM U300paKEeHHE
JBUKETCS PE3KMMM CKAuKaMHU M BBITVISUT HEECTECTBEHHBIM. HacToTa OT
10 mo 20 xkagpoB B CEKYHOy SBJseTCsl 0OoJjiee TUIHUYHOWU IS
BUJICOKOMMYHUKAIIUKN: U300pakeHUEe JABUKETCS 00Jiee CriIakKeHHO, OJTHAKO
€ro MPEepPhIBUCTOCTh OCTAETCS 3aMETHOM TJia3y, OCOOEHHO TPU PE3KUX
NEepPEMEIICHUSX HEKOTOPBIX YacTel ciieHbl. CAOMIUTUPOBAHUE C YACTOTON OT
25 no 30 kagpoB B CEKYHHYy SIBISICTCSI CTAHJIAPTHBIM B TEJIEBUICHUU (C
YEpPECCTPOUHOM Ppa3BEPTKON ISl  YJIYUIIEHUS TMepeladyd JIBUKEHUS);
yactoTa KaJpoB oT 50 10 60 B ceKyHy MPOU3BOAUT COBEPIICHHO TIAJKOE
IBIDKYIIEeCs n300pakeHne (IIaToN MPH 3TOM CITYKUT BBICOKAs CKOPOCTh
nepeayn JaHHBIX ).

5.2. Kaapsl 1 noJyKaapbl

Buneocurnan mMoxxeT OBITh MPOCAIMILIUPOBAH B BUIE CEPHUU IIEIBIX
KaJpoB (mporpeccuBHOE COMILIMPOBAHUE) 158105 B BUJIC
MOCJIEAOBATEIbHOCTH  YEPECCTPOUHBIX  IMOJTYKAJAPOB  (YEPECCTPOUYHOE
COMIUTMpOBaHKe). B yepeccTpouHoil BUAEONOCIE0BATEILHOCTH OJIOBUHA
NUKCEJIOB Kajapa (monykaap) (QukcupyeTcss 3a KaXKIblii BpeMEeHHOU
WHTEpBaJ COMILTUPOBaHUS. [lomykaapbl COCTOST M3 HEUETHBIX WIIM YE€THBIX
CTPOK TIOJTHOTO BHJICOKaJpa, a YepecCTpPouHbld Buaecopsa (puc. 5.3)
COCTOUT U3 TMOCJEIOBATEIILHOCTH MOJYKAJAPOB, B KaXKJIOM U3 KOTOPBIX
HaXOJUTCS MOJOBMHA WH(POPMAIIUK 1IeJIOr0 BUaeokaapa. [IpenmyiiecTBo
TAaKOr0 METOJIa COMIUIMPOBAHUSA 3aKIIOYaeTCsl B TOM, UYTO HMEETCS
BO3MOKHOCTH TIEpeaTh B JBa pa3a OOJbIIIE MOJYKaIPOB 32 CEKYH]y, YeM
LEJIBbIX KaJIpoB B AKBUBAJIECHTHON MPOrPECCUBHON MOCIEA0BATEIBHOCTU
pu TOM ke 00IIel ckopocTu nepenayu AaHHbIX. [Ipu 3ToM HabmomaeTcs
OMpENCIICHHOE  CIVIA)KMBAaHWE  JIBIDKEHUS B kaape.  Hampuwmep,
BHUJICONIOCIIENOBATENBLHOCTh B cucteMe PAL cocrout u3 50 moirykaapoB B
CEeKyH/y, ¥ JIBIDKCHHE B KaJpe BBITJIIUT CYIIECTBEHHO OOJiee TIIaBHBIM,
YeM B OSKBUBAJCHTHOW BHJICONOCIEIOBATEIIBHOCTH IIEJIBIX KaJpOB,
coAepkaleu 25 KaJpoB B CEKyH/TY.
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Puc. 5.3. BuneonocnenoBaTenbHOCTb IIPU YEPECCTPOUHOM COMILUIMPOBAHUU
5.3. L{BeToBBIE IPOCTPAHCTBA

bonpmmHCTBO NIU(PPOBBIX BUACOMPHIOKEHUM MPUCIIOCOOTICHBI IS
OTOOpa)XE€HUsI  IIBETHOTO  BHJIEO, TMOITOMY  HEOOXOIMMO  HMETh
OTIpPEJICICHHBIN aJITOPUTM JUIS 3axBaTa M MPEJCTABICHHS IIBETOBOU
uHpopmanuu. [[1s1 MOHOXPOMHOTO H300pa)KEHUs OCTATOYHO 3a4aTh
BCEr0 OJHO YHCIIO JUIsl BBIPAXKEHHUS SIPKOCTU WIIM CBETUMOCTHU Ka)IOro
IPOCTPAHCTBEHHOI'O MUKCeNa. A IIBETHOE U300pakeHue TpedyeT He MeHee
TPEX YHUCEJ HAa OJUH NUKCEN Ui TOYHOW Imepedadd ero npera. Merof,
BbIOpAHHBIM JJI1 TIPEACTaBICHUS SPKOCTH (MM CBETHMOCTH) U LIBETA,
OTIPEICNIIETCS IBETOBBIM MPOCTPAHCTBOM.

5.3.1. IJeemosoe npocmpancmeo RGB

B nBeroBom mpoctpanctBe RGB mukcenu 1BeTHoro m3o0pakeHus
IPEJICTABISIOTCA ¢ TOMOULIBIO TPEX YHCEJI, YKa3bIBAIOLIUX OTHOCUTEIBHOE
cootHomieHue kpacHoro (Red), zenenoro (Green) u cunero (Blue) useros
(Tp¥ OCHOBHBIE KOMIOHEHTBHI BUAMMOrO cBeTa). JI0O0OM LBET MOXKHO
MOJTYYUTh C TTIOMOIIBI0 KOMOMHAIIMM KPACHOTO, 3€JICHOT0 M CHHETO IIBETOB
B COOTBETCTBYIOLIEN nponopunn. Ha puc. 5.4 mokasaHbl KpacHas, 3eJIeHas
U roy0asi KOMIIOHEHTHI IIBETHOTO H300pa)KE€HUs: KpacHas KOMIIOHEHTa
COCTOMT U3 BCEX KpACHBIX 3JIEMEHTOB, 3eJieHas KOMIIOHEHTa oOpa3oBaHa
BCEMH 3€JICHBIMU D3JIEMEHTaMH, a CHUHsIS BKJIIOYAeT BCE CHHHE. 3axBar
nzobpaxkenusi RGB ocHoBan Ha (GuUIbTpOBaHWU KpacHOM, 3€JIEHOW W
rojlyooii KOMIIOHEHT BHJIEOCLUEHbl M HMX (UKCUPOBAHUU C TIOMOIIBIO
OTZIENIbHBIX CEHCOPHBIX MaTpuil. [[BeTHBIE 3JIEKTPOHHO-JIy4YEBbIE TPYOKHU U
KUIKOKPUCTAIUIMYECKUE JucIuien oroOpaxkaioT RGB-uzobpaxenus,
OTJIEJIbHO OCBEIlasi KpacHbIE, 3€JIEHbIE U TOJyOble KOMIIOHEHTHI KaXI0ro
NUKCeNIa B COOTBETCTBUU C HMHTEHCHBHOCTBIO KaXXI0ro M3 HHUX. Eciu
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CMOTPCTh Ha 3KpaH C PacCTOAHHUA OOBIYHOTO 3pUTCIIsL, TO PA3JIMYHBIC
KOMITOHCHTHI CJIMBAKOTCA B GHHHLIfI ((HpElBPIJIBHBIfI OBET».

Puc. 5.4. KpacHblii, 3en€HbIH M CHHUN KOMIIOHEHTHI [IBETHOTO H300payKEHUS

5.3.2. IJeemosoe npocmpancmeo YChCr

N3BecTHO, UTO OpraHbl 3pE€HHsS] YEJIOBEKA MEHEE UYyBCTBUTEIBHBI K
LBETY NPEAMETOB, YEM K UX sIpKOoCcTH. B n1BeToBOoM npoctpanctBe RGB Bce
TPH LIBETA CUYUTAIOTCS OJUHAKOBO BaXKHBIMHU, U OHU OOBIYHO COXPAHSIOTCS
C OAMHAKOBBIM paszpemieHrueM. OJHAKO MOXKHO OTOOpa3UTh LIBETHOE
nzo0paxxenre Oosiee A(PPEKTUBHO, OTAEIUB SPKOCTH OT I[BETOBOM
uH(pOpMaIMU U IPEACTABUB €€ C OOJIBILIMM pa3pelIEHUEM, YEM IIBET.

[IBetoBoe mnpoctpanctBo YC,C, u ero Bapuanuu (HMHOTJIA €ro
o0o3HauaroT YUV) SBIAIOTCS TOMYJSPHBIM METOAOM 3(P(HEKTUBHOTO
IIPEACTAaBICHUS 1BETHBIX M300pakeHUil. bykBa Y 0003HauaeT SpKOCTHYIO
KOMIIOHEHTY, KOTOpas BBIUHMCISIETCA KaK B3BEIIEHHOE YCPEIHEHHE
KoMIoHeHT R, G u B no cneayromieit popmyre:

Y =k R+kyB+k,G,

rJ€ k— COOTBETCTBYIOIIUN BECOBOU MHOXHUTEIb.

[lBeToBast ~ (xpomaruueckasi)  uHPoOpMamusi  MOXKET  OBITH
NpEACTaBIeHA KOMIIOHEHTAMH Y8emoeblX pasHocmetl (XpOMAaTUYHOCTEN),
T. €. KaXJas KOMIIOHEHTAa UBETHOCTH — 3TO Pa3HOCTh MEKIY
koMmIioHeHTaMu R, G, B 1 KOMIIOHEHTOH Y-

b

Y
Y,
Y

a0 0
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[TonHOE ommcaHWe LBETHOTO M300paKEHUS 3aACTCS BEIMYMHOU Y
(ApKOCTHOM KOMIIOHEHTOH) M TpeMsl XpoMaTHuecKuMH pazHocTtaMu Cp,

C, n C,, KOTOpBIC BBIPAXKAIOT PA3HOCTh MEXKIY HHTCHCUBHOCTBHIO

COOTBCTCTBYIOLICTO ILBCTA U CpCI[HCP'I CBECTUMOCTBIO KaXAOI'0 ITHMKCEIIA
I/1306pa)KCHI/I${. Ha pHuc. 5.5. mokazaHbl XPOMATHUYICCKUEC KOMIIOHCHTLI
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(KpacHbBIM, 3€JI€HbIH U  CHHHI), COOTBETCTBYIOIIUME  I[BETOBBIM
KoMmrnoHeHTaM RGB Ha puc. 5.4. 31ech cepblii IBET 0003HAYAET OJIM3KYIO K
HYJIIO Pa3HOCTh, 00Jiee SIPKUH COOTBETCTBYET MOJIOKUTEIBHON PAa3HOCTH, a
TEMHBIM YKa3bIBAET HA OTPHULATEIBHYIO Pa3HOCTh. XPOMaTHYECKHUE
KOMIIOHEHTHI HMEIOT OOJbIINE 3HA4YeHHs TOJBKO TaMm, TJI€ HMeeTcs

CYIIECTBEHHOE pPACXOXKJICHHUE MEXOY I[BETOBBIMU KOMIIOHEHTAMHU W
SIPKOCTBIO M300paxkeHus. OOpaTuTe BHHUMaHUE Ha OOJIbIIME 3HAYCHUS
CUHEU U KPAaCHOW KOMITOHEHT.

Puc. 5.5. Komnonentst C ., Cyp 1 G

Hucino C,. + C, + Cp ABIACTCS NIOCTOSHHBIM, TI03TOMY TOJIBKO JBE U3

TpeX XPOMAaTHYECKUX KOMIIOHEHT HEOOXOJAMMO XPaHUTh WIM TepeaBaTh,
MMOCKOJIbKY TPEThIO KOMIIOHEHTY BCET/la JIETKO BBIYMCIUTH, 3HAas JIBE
npyrue. B nBeroBoMm mpoctpancTBe Y(,C, HMCHONB3YIOTCS KOMIIOHEHTA
spkocti (Y) wm nBe xpoMarmyeckue KomnoHeHtel (Cp, u C,).

[IpenmymectBo npoctpancTBa YC,C, 110 cpaBHEHUIO ¢ RGB 3akntoyaercs
B TOM, YTO KOMIIOHEHTbI C; u C, MOXHO IPEIACTaBIATb C MEHbUIUM

paspeuieruem, 4eM Y, Tak Kak rja3 4eJIOBEKa MEHEE UyBCTBUTENICH K LIBETY
NpPEIMETOB, Ye€M K HX SPKOCTU. IDTO TMO3BOISIET COKPATUTH O0bEM
uHdopmaluy, TpeOyemblii g TPENCTABICHHUS  XPOMaTUYECKHX
KOMIIOHEHT, 0€3 3aMEeTHOTO YXYJIIEHHsS KauyecTBa Mepeaauyd I[BETOBBIX
OTTEHKOB M300paxeHus. [IpocToil 3puTensb He 3aMETUT HUKAKUX pa3IMuni
MexXIy uzoOpaxkenueM RGB u ero npeACTaBICHHEM B I[BETOBOM
npoctpancTtBe YC,C, ¢ OrpyOJE€HHBIM pa3pelieHUEM XPOMATUUYECKUX
KOMIOHEHT. Mcnosib30BaHWe OOJIBIIETO pa3pelieHust Jisi KOMIIOHEHTHI
SPKOCTH TIO0 CPAaBHEHHUIO C XPOMATHYECKUMU KOMIIOHCHTAMH SIBJISICTCS
IPOCTHIM, HO BeCbMa d(PPEKTUBHBIM MPUEMOM TPHU CKATUU U300paKEHUH.

RGB-u3obpaxenue Jnerko kKoueeptupoBat B YC,C, nmns
yYMEHBIIIEHU 00beMa COXpaHsSEMbIX WK NepeAaBaeMbIX JaHHbIX. OIHAKO
nepea TeM, Kak OoToOpakaTh KapTHUHKY Ha 3KpaHe, HEOOXOIMMO ClelaTh
oopatnyro kouBepranuio YC,C, B RGB. COOTBETCTBYIOIIUE BBHIYUCICHUS
JUIsL TIPSIMOTO M OOpaTHOro MpeoOpa3oBaHUsl COBEPIIAIOTCS € MOMOILBIO
corromenuit (5.1) u (5.2). OrMern™, 4TO MHOXHTENb k, IONY4acTCs U3
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COOTHOIIIEHUS kg +kjp, +k, =1, a BennunHa KOMIIOHEHTBI G — BBIYUTAHUEM

cymmbl C, 1 C, u3 Y.
Y=k.R+(-ky -k )G+k,B,
0,5

Cy = B-Y), 5.1

b 1_kb( ) (5.1)
0,5

C.=—"—(R-Y),

. l_kr( )

R:Y+1_k”Cr,

_2kb(1_kb)c _2kr(1_kr)
b 7o

1—k, —k, 1—ky —k,
1-k

G=Y (5.2)

B=Y+

bc,.

Pexomenmanms  ITU-T  BT.601  mpemmaraer  cienyromue
ko3puumentel: kj =0,114 n £k, =0,229. Mcnone3ys 3T 3HAUeHUs B

BeipaxkeHusix  (5.1) wu  (5.2), nmoaydaeM cleAyrOIUMe — IIUPOKO

pacrpocTpaHeHHbIe (HOPMYJIBI:
Y =0,299R +0,587G +0,114B,

C, =0,564(B-Y),
C,=0,713(R-Y),

R=Y +1,402C,,
G =Y-0,344C,, —0,714C,,
B=Y+1,772C,.

5.3.3. @®opmamwt camnauposanusn YC,C,

Ha puc. 5.6 nmokazansl Tpu oOpasiia COMIUTMPOBAHUS 111 KOMIIOHEHT
Y, C, u C,, xoTopeie nogaepxuBatoTca crangapramu MPEG-4 u H.264.
®opmat 4:4:4 monpazymeBaeT, uyTo Bce Tpu KommoHeHTwl (Y, C, u C,)
UMEIOT OJIMHAKOBOE pa3pelieHUEe U, CJIEJ0BATEIbHO, COMIUIBI BCEX
KOMIIOHEHTOB MPHUCYTCTBYIOT B KaXJ0M NuKcesne. Yucino B mpomopiuu
O3HAYaeT  OTHOCUTEJIbHYI0  JOJIO  KaXJ0H  KOMIOHEHThl  MpH
COMILUTUPOBAHUMN B 2OPU3OHMAIbLHOM HAMNPABICHUU, T. €. IS KOKIOU M3
YEThIPEX KOMIIOHEHT SIPKOCTH OTOMpaeTcs MO YEThIpE XPOMATUUYECKHE
KoMIoHEHThl. ComrupoBanue 1o ¢dopmaty 4:4:4 o3HA4YaeT MOJHYIO
TOYHOCTh B IEpEaye XpOMATUYECKHX KOMMIOHEHT. [Ipu coMIummpoBaHnumn
no Qgopmyne 4:2:2 XpoMaTUYECKUE KOMIIOHEHTBI MO BEPTUKAIU HMEIOT
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OJIMHAKOBOE PAa3peIlieHUE C SIPKOCThIO, a IO TOPU3OHTAIM OHU HMEIOT
MOJOBUHY OT pa3peuieHust SIpkocTH (uucna 4:2:2 03Ha4yalT, 4YTO Ha
K]l YEThIPE COMIUIA APKOCTU Y MO TOPU3OHTAIM OTOUPAETCS TOJBKO
nBe KoMnoHeHThI C, 1 Be KOMIOHEHTHI C,). @opmart 4:2:2 UCIoab3yeTcs
JUTsl BBICOKOKQYECTBEHHOTO IIBETHOTO BUIEO.

O O O O O O

O Q Q Q Y camnn

O O O O O O QO Crcamnn
,,,,,,,,,,,,,,,,,,,,,,,,, @ cbcomnn

O O O O O O

@ @ @

O O O O O O

QO O O O O O

< < O

O O O O O O

4:2:0 camnnupoBaHue

O @ @ & @

O ® @ © o
® " @

4:2:2 comnnmpoBaHue

® & ¢
®

® & ¢
O
®
®
®
&

O

4:4:4 camnnupoBaHue

Puc. 5.6. ®opmater 4:2:0, 4:2:2, 4:4:4 (mporpecCUBHOE COMILTUPOBAHKE)

B nonynsapuom ¢popmare comruinpoBanus 4:2:0 xkaxaas KOMIOHEHTa
Cp, 1 C, UIMEET U M0 BEPTUKAIH, U 110 TOPU3OHTAIH MOJOBUHY Pa3pelICHUS
no cpaBHeHuro ¢ Y. Ilpomopuust 4:2:0 BBITJISSAUT HECKOJIBKO CTPAHHOM,
MOCKOJIBKY 3TH YHUCJa HE UMEIOT OOBIYHOW MHTEPHpETaldu, a caMoO ATO
BBIPAXKEHUE MPOCTO SIBISETCS JIAHBIO UCTOPUUYECKOUN TPAJIUIINK, KOT/Ia MO/
TUM «KOJIOM» TOAPa3yMeBaJICi MMEHHO 3TOT (popMar COIMIUITMPOBAHMS,
KOTOpbI  oTnuyaercss ot ¢opmatoB 4:4:4 wu 4:2:2. llBetHoe
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commupoBanue  4:2:0 IIAPOKO UCIIOJIb3YETCS BO MHOTHUX
NOTPEOUTENLCKUX  MPWIOKEHUAX, TaKUX KakK BHJICOKOH(EepeHIHH,
mudpoBoe TeneBugenne u DVD-gucku. Ilockonbky XpomaTudeckue
KOMITIOHEHTHI OTOUpPAIOTCSl B YETHIPE pa3a peke KOMIIOHEHT SIPKOCTH, TO
npoctpanctBo 4:2:0 YC,C, TpeOyeT B ABa pa3za MEHbBIIE COMILIOB IIO
cpaBHEeHUIO ¢ popmaTom Bujsieo 4:4:4 (wm R:G:B).

®opmat commuiupoBaHus 4:2:0 uHOrna HasbiBalOT «12 OuT Ha
nukcem». YToObl MOHITh TAKO€ HAMMEHOBAHUE, JOCTATOYHO PACCMOTPEThH
TPYIITy U3 YETHIPEX MHUKCEIOB (CM. YYaCTKH, OOBEICHHBIC MyHKTUPHBIMH
auHusMH, Ha puc. 5.6). [lpu commmpoBanuu 4:4:4 tpebyercs poBHO 12
commioB st ¥, C, u C, T.e. 12x8 =96 outr undopmaiuu; B cpeaHeM
96/4 =24 Our Ha nukcen. A npu ucnoiab3oBaHuu (opmata 4:2:0 Oyner
HEO0OXOAMMO JIMIIb MIECTh COMIUIOB: ueThipe st ¥ u 1o ogHomy Cp u C,,
T. €. 6 x8 =48 6ut undopmanuu; B cpeaueM 48/4 =12 6ut Ha nUKCeI.

IIpu uyepecctpounom comiuupoBanur 1o  (opmary 4:2:0
KOMHOHEHTHI Y, C, u C, OTHOTO BUJEOKAAPA PACTHPEACISIOTCS MO JIBYM
nonykagapaMm. Ha puc. 5.7 nokazan meton pacupejaeneHus: camiuioB Y, C, u
C, Ha mapbl YEPECCTPOUYHBIX MOJYKAAPOB, MPUMEHSAEMBIM B CTaHIapTax
MPEG-4 u H.264. 13 3T0r0 pricyHKa SICHO, 4TO 00II[ee YUCIIO COMILIIOB IS
JIBYX TOJYKaJpOB PAaBHO YHCIY CAMIUIOB JUIsl TOJHBIX KaJIpoB IIpH
POTrPECCUBHOM COMILIUPOBAHUHU.

O O O O O O
O Q Q BepxHun nonykagp
O O O O O O
HwxHun nonykanp
BepxHui nonykagp
O O O O O O
Q Q Q HwxHu nonykagp
O O O O O O

O O O O O O

BepxHui nonykagp
O @ @
O O O O O O

HwxHun nonykagp

Puc. 5.7. Pacnpenenenuie caMiioB 4:2:0 MeKy BEpXHUM U HUKHUM KaJlpaMu
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6. OCHOBBI BUJIEOKOJIMPOBAHUS

[Ipu cxatuum (KOAMPOBAHUHU) BHUACO MPOUCXOJUT YMEHBIICHUE
obbemMa UMPPOBOTO  BHUJCOCUTHANA, KOTOPBIM  OTOOpakaeT  ATO
Buseonzoopakenne. «CpIpoil», HECKaThld MUGPOBOM BHUICOCUTHAT
TpeOyeT OrpoOMHON OUTOBOW CKOPOCTH [JIsi €ro Mepelayud B peajbHOM
Mmaciitabe BpemeHu (mpuMmepHo 216 MoOwut/c i mpeacTaBiIeHUS
HECXKAaTOro BUJICO CTAHJAPTHOI'O aHAJIOTOBOr0 TEJIEBU3UOHHOTO Ka4eCTBa).
[TosToMy kommpeccusi BHACO HEOOXOoauWMa JUIsi €ro MPaKTUYECKOro
XpaHEHUs U mepeaadu no HUGPOBLIM CETSIM.

s coxatus 1udpoBOro BHACO HEOOXOJUMO HMMETh JIBE
JNOTMOJIHSIOINE JAPYr Jpyra CHCTEMBL: Kommpeccop (komep) H
nexkommpeccop (aexkonaep). Komep mpeodpasyeT HCTOYHUK BUICOJAHHBIX B
ckaTyro QopMy (3aHMMAIONIYI0 MEHBIIUMH 00BEM) s AalibHEHIIen
nepefadyd WM XpaHEHUs BHUAEO, a JCKOAEep JellaeT o0paTHoe
npeobpa3zoBaHue, BO3Bpalias Cxaryro (QopMy BHICOJAHHBIX K €€
HUCXOAHOMY BHUJly, TPUTOJHOMY JJisg mMokasza 3purento. Ilapy xomep /
nekojiep npuHsTo Ha3biBaTh «koaek» (KOnep / IEKoaep) (puc. 6.1).

nepeaaTtb Mnu - I
KOmep e XpaHUTL — OEKonep B>

aucnneun

v

C

UCTOYHUK BUaeo

Puc. 6.1. Konep / nexonep

MeTonsl  BUAEOCKATHS C TOTEPSIMH OCHOBaHbI Ha YIAJICHUU
cyOvekmugHot WM30BITOYHOCTH, T.€. TEeX DOJIEMEHTOB HW300paKeHMUS,
KOTOpbIE MOXKHO VIQIWTh 0€3 3aMETHOTO BIUSHUS Ha 3PHUTEIIBCKOES
BOCITPHUSITHE BHJICO.

BoBIMMHCTBO METOMOB BUIACOKOAMPOBAHMS HCIOJIB3YIOT 00a THIa
M30BITOYHOCTH, BPEMEHHYIO M MPOCTPAHCTBEHHYIO, I JOCTIKCHHUSI
addekra cxkatua. Bo BpeMeHHOM 00JacTH HMEETCS 3HayuTeIbHas
KOppensmus (CXOACTBO) MEXIY BHACOKaApamH, 3adUKCUPOBAHHBIMHU B
Onmm3Kue MOMEHTHI BpeMeHU. CMEXHBIE TI0 BPEMEHH KaJpbl (CIIeTyIOIIHe
MO TOPSAKY JIPYr 3a JIPYroM) MMEIOT BBICOKYIO CTEIICHb KOPPEIISIIHH,
0COOEHHO MpHu OO0JBIION YacTOTe KaApoB. B mpocTpaHCTBEHHON 0o0nacTu
Tak)ke HaOJIF01aeTCs BHICOKAs 3aBUCHMOCTD BEJIMUMH IMUKCEIOB (CIMILIOB),
Jexalux OJU3K0 APyT K apyry (puc. 6.2).
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NPOCTpPaHCTBEHHAA Koppendauna

Puc. 6.2. IIpocTpancTBEHHAsl U BpEMEHHAasl KOPPEIALUU KaIpOB

Crangapter H.264 u MPEG-4 Visual (xoTopsie OyayT KpaTKo
omucaHbl B pasaene 7) UMEIT MHoro oOmmux deptr. Ob6a cranmapra
NOJIpa3yMEBAIOT «MOJIENb» KOAEKa, KOTOpas MCIOIb3yeT KOMIIEHCAILIUIO
IBUKEHUSI Ha OCHOBE OJIOKOB, IpeoOpa3oBaHUE, KBAaHTOBAHHE W
SHTPONUINHOE KOJUPOBAHUE.

6.1. Buageokoaek

Buneoxonaexk KOJUPYET HUCXOJHOE n300pakeHne WIn
BHJICOTIOCIIC/IOBATEIBHOCT, B CXKaTod ¢opMme, a TakkKe JACKOIUPYeT
CXKaTYI0 BHCOMNOCIIECI0BATEILHOCTD, TPOU3BO/IS IU(POBYIO BUIACOKOIIHIO,
KOTOpas UiIn COBIIQJIACT, WIn OM3Ka K HUCXOTHOU
BUJICOIIOCIIEN0BATEIILHOCTH. ECIN IeKOIUPOBaHHAs TOCIEN0BATEIIBHOCTh
COBIIAJIAET C MCXOJHOM, TO MPOUECC KOAUPOBAHUS HA3BIBAETCS
KoaupoBaHueM Oe3 moreps. Ecim ke 93TH  mocIeqoBaTeIbHOCTH
OTJIMYAIOTCA APYr OT JAPYra, TO IPOLIECC HA3BIBAETCS KOAUPOBAHUEM C
MOTEPSIMHU.

Buneokonep (puc. 6.3) cocToUT U3  TpPEX  OCHOBHBIX
(GYHKIIMOHATIBHBIX  €IUHUIL. 8PEMEHHOU MOoOelU, NpOoCMPAHCIMEEHHOL
Mooenu U s3HmponutiHo2o xkooepa. Ha BXoJl BpeMEHHON MOJIETH TTOJAeTCs
HeCXKaThli 1U(poBOM BuUAcocurHaid. BpemeHHas Mojelb CTPEMUTCS
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COKpPaTUTh BPEMEHHYIO H30BITOUHOCTh, MCIOJIB3YS CXOXKECTh MEXITY
MOCJIE0BATEIbHBIMU  BUACOKAJIpaMHU, OOBIYHO CTPOSI TMPOTHO3  JUIst
CIEQYIOMIEr0 KaJapa MO COCEAHUM KaJpaM IOCIEIOBAaTEIbHOCTH. B
crangaprax MPEG-4 wu H.264 nporno3 ¢bopmupyercs mo OJHOMY WU
HECKOJIbKUM TPEIbIAYIIMM WiIH OyAylUM Kaapam, TPH STOM JellaeTcs
KOPPEKIUS PACXOXKACHUS MEXAY Kaapamu (MpeacKa3aHue KOMIIEHCAIMU
IBIKEHUS). BBIXOOOM BpEMEHHOM MOJENM CIY>KUT OCTAaTOYHBIM KaJp
(MpOU3BOIMMBINA BBIYMTAHUEM KaJIpa-MPOrHo3a U3 MOJJIMHHOIO TEKYIEro
KaJipa) U HEKOTOPOE CEMENUCTBO YUCIIOBBIX MapaMETPOB MOJAEIH, OOBIYHO
MHOKE€CTBO BEKTOPOB JBWKECHUS, OIKCBHIBAIOIINX, KAaK 3TO JBHXKCHUE
OBLIO CKOMIIEHCHUPOBAHO.

ocTaToK
Bxon BpeMeHHas »{ NpOoCTpaHCTBEHHaA |koadcpuumeHTbI

BUOeo Mmogenb Mogenb

BEKTOPbI

> 3HTponm7|Hbu7|| BbIXOpA,
e

Kogep Kopepa

coxpaHeHHble
Kaapbl

Puc. 6.3. biiok-cxema Buaeokoiepa

OcTaTouHbIi Kajp SBIAETCS BXOAOM JJIsI MPOCTPAHCTBEHHOU
MOJENIM, KOTOpasi MCIOJb3YET CXOXKECTh WM MOAOOME COCETHUX
IIPOCTPAHCTBEHHBIX COMIUIOB 3TOr0 Kajpa, COKpamias TeM CaMbIM
MPOCTPAHCTBEHHYIO0 M30bITOYHOCTh. B crangaprax MPEG-4 u H.264 310
OCYIIECTBIIIETCA TMPUMEHEHHUEM CIeUMAJbHBIX MpeoOpa3oBaHUNl K
OCTaTOYHOMY KaJpy M KBaHTOBaHHWEM pe3ynbrara. l[IpeobGpa3oBanue
NEPEBOJAUT COMIUT B JIPYTyl0 00JIacTh, B KOTOPOM OH NPEACTaBIISIETCS B
BUJIE M0CJIeI0BATELHOCTH K03 PuImeHToB UCIIOJIb3YEMOTO
npeoopazoBanus. KosDpuuueHTsl KBaHTYHOTCS METOJOM YJaJIeHUs
HECYIIECTBEHHBIX 3HAUEHUH; MPHU 3TOM OCTABIISIETCS HEOOJIBIIOE YHCIIO
CYIIECTBEHHBIX  KOA(PPUIIMEHTOB, KOTOpbIE OOecreunuBaroT Ooiee
KOMIIAKTHOE  NPEACTABICHUE  OCTATOYHOIO  KaJjpa. Beixonom
MPOCTPAHCTBEHHOM MOJENN BBICTYNIA€T CEMEHUCTBO KBAHTOBAHHBIX
K03 (pbULIHEeHTOB MTpeoOpa3oBaHUsI.

[lapamerpsl BpeMeHHOW Mojaenud  (BEKTOPHl  JBWIXKEHHUS) U
IIPOCTPAaHCTBEHHOMN MOJETN (k03¢ pULEHTHI npeoOpa3oBaHus)
CXKMMAIOTCA  JHTPONMKWHBIA  koxepoM. IIpm  ostom  ypansercs
CTAaTUCTUYECKass HM30BITOYHOCTh JAHHBIX (HalmpuUMep, KOIUPYsS YacTo
BCTpEUAIONIMECS] BEKTOpbl U KO3(p(UIMEHTHl 0ojiee  KOPOTKUMHU
JIBOMYHBIMH KOJaMU) U (GOPMUPYETCS CKATHIM OMTOBBIM MOTOK UK (haii,
KOTOPBIII MOXKHO TN€pPENaBaTh MO CETAM WA XPAaHUTh HA HOCHUTEISX
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uudpoBbix naHHbIX. Dailn cxaToil MOCIeNOBATEILHOCTH COCTOUT U3
3aKOJUPOBAHHBIX BEKTOPOB JBWKEHHS, 3aKOJUPOBAHHBIX OCTATOYHBIX
KO?(PGUIIMEHTOB U HEKOTOPOTO MH(OOPMAIIMOHHOTO 3ar0JI0OBKA.

Buneonekonep peKOHCTpYUPYET BUIACOKAIp MO CKATOMY OUTOBOMY
NnoToKy JaHHbIX. Koad@uimeHTsl 1 BEKTOpbl JBUKEHUS JEKOIUPYIOTCS
SHTPONMUMHBIM JEKOJIEPOM, IOCIE€ YEero IPOCTPAHCTBEHHAsA MOJIEIb
JNEKOAUPYET TOJyYEHHbIE JaHHbIe, (OPMHUPYS HEKOTOPYK BEPCHIO
OCTAaTOYHOro Kazapa. Jlekoxep MCIHOIb3yeT MapaMeTpbl BEKTOPOB
JNBW)KEHUSI BMECTE C OJJHUM WM HECKOJIBKHUMH PaHee JAEKOIWPOBAHHBIMU
KagpaMyd Ui IIOCTPOEHHUs IIPOrHo3a TEKYIIEero Kaapa, a cam Kajap
PEKOHCTpyHpyeTcs T00aBIEHHUEM OCTATOYHOIO Kajpa K ATOMY Kaapy-
IIPOTHO3Y.

6.2. Bpemennasi MmoaeJib

Llenpt0 BpEeMEHHOM MOJEIN SBJISETCS yAAJeHHE W30bITOYHOCTH
MEXy IepefaBaeMbIMM Kazapamu. [list 3Toro cosmaercst Kaap-IpOrHo3,
KOTOpPBI BBIUUTAETCS W3 TEKYLIEro Kajapa. Beixogom 3Toro mporecca
ABJISIETCS. OCTaTOYHBIM Kaap (pa3HoCTh KaapoB). lIpu stom uem myumne
IIPOTHO3, TEM MEHBIIE SHEPIUU COJEPKUTCA B OCTAaTOYHOM Kazape. Ocra-
TOYHBIA KaJp KOAMPYETCSA M MOCBUIAETCS JEKOJEPY, KOTOPBIA BOCIIPOU3-
BOJAUT KaJp-IIPOTHO3 II0 HEKOTOPBIM YK€ IIOCTPOEHHBIM KajJpaM, CKJia-
IBIBAET €r0 C OCTAaTOYHBIM KaJpOM M TaKUM 0OOpa3oM BOCCTaHABIMBAET
Tekymui kaap. Kagp-nporno3 popmupyercs 1mo oAHOMY WA HECKOIbKUM
IPOLUIBIM WK OyIylnIuM KajipaM («CChUIOYHBIM Kajpam»). Kak mpasuio,
TOYHOCTh MPOrHO3a MOXKET OBITh YJy4YIIeHa KOMIIEHCHPOBAaHHUEM
JBUKEHUS MEXK]y CChUIOYHBIMH KaJPaMH U TEKYIIUM KaJpPOM.

6.2.1. IIpozno3 no npedvidyuiemy euoeokaopy

IIpocreimnii ME€TOA BPEMEHHOIO IPOTHO3UPOBAHUSA OCHOBAH HAa
NpeabIAyIeM Kaape, KOTOPHIM U CIYXKHUT KagpOM-TIPOTHO30M TEKYIIETO
Kajpa. JBa NIOCJIEI0BATEIbHBIX Kajpa HEKOTOPOU
BHUICOIOCJIEI0BATEILHOCTH TTOKa3aHbl Ha puc. 6.4 u 6.5. Kagp 1 sBusercs
NPOTHO30M KaJpa 2, W OCTAaTOYHBIA KaJip, IMOJIYYECHHBI BBHIYUTAHHEM
nporuo3sa (kaapa 1) u3 rekymero (kazapa 2), nokasas Ha puc. 6.6. Ha stom
PUCYHKE HEWTPAIIbHBIA CEPBIA LIBET COOTBETCTBYET HYJIEBBIM Pa3HOCTIM
nuKcele, a Oonee Apkuil Wiaum Oojiee TEMHBIM OTTEHOK CEpPOro IBETa
COOTBETCTBYET MOJIOKUTEIHLHBIM WM OTPUIIATEIBLHBIM pa3HOCTIM. BuHo,
YTO MPU TAKOM MPOCTEUIIIEM MPOTHO3€ OCTATOYHBIN KaJAp COJAECPKUT MHOTO
SHEpruu (Ha YTO YKa3bIBAIOT SIPKUE€ M TEMHBIE O0JIACTH Kajpa), a 3TO
O3HayaeT, 4YTO B HEM OCTaJCd 3HAYUTEIbHbIH 00beM HHGOpPMAIINH,

117



KOTOPYI0O MOXHO OyJleT C)XUMaTh IIOCJIE€ BpeMEHHOW Mojenu. MHoro
OCTaBILICUCS HPHEPrUU 00pa3yeTcs U3 JBHXKEHUS OOBEKTOB B KaJpe, T. €.
JyYIIUA TMPOTHO3 MOYKHO IMOCTPOUTH HAa OCHOBE KOMHEHCayuu NBUKCHUA
MEXAY IBYMs 3TUMH KAIPAMHU.

Puc. 6.4. Kagp 1

Puc. 6.5. Kagp 2

Puc. 6.6. Paznocts xaapoB 1 u 2

6.2.2. H3menenus ecineocmeue 06UNHCeHUS

OTnuumst MEXAy KaapaMH MOTYT TOSBUTHCA W3-3a JBUKCHUS
00BEKTOB (HE MEHSIONIUX CBOIO (opMy, HAIMpUMEpP aBTOMOOWICH, U
nehopMUPYEMBIX, HAMpPUMEpP PYK HIU HOT MPOXOXKHUX), MEPEMEIICHUS
BUJICOKaMeEphl (MaHOpaMHAasi CbEMKa, HAKJIOHBI, HAaE3/lbl, HM3MEHEHUS
(doxyca, TOBOPOTHI U T. I1.), UIBMEHEHUS IEPEKPHITUS 0OBEKTOB (HapUMep,
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YaCTHU CIICHBI, 3aKPBITOM JBHKYIIUMCA MPEAMETOM), HU3MEHEHHUS
OCBEIIEHHOCTH M B CWJIYy MHOTHX JIpyTMX MNPUYMH. 32 HUCKIHOYEHUEM
U3MEHEHUI MEPEKPHITUS U OCBEUIEHHOCTH 00OBEKTOB ChEMKH 3TU OTJIMYUS
COOTBETCTBYIOT MEPEMEIICHUIO TPYNIl MHUKCEIO0B Mo Kaapy. Mmeercs
BO3MOXXHOCTh MPOCIEINUTh TPACKTOPHIO KAXKIOTO MHUKCENa MEXIY
nocieA0BaTeNbHBIMU KajipaMH. [lopoxkaaemMoe npu 3TOM MoJie TPACKTOPUI
MUKCEJIOB HA3bIBAETCS onmuuyeckum nomoxom. OIHAKO 3TOT METOI HE
OUYCHb MPAKTUYECH JJIsl KOMIICHCALIUM JIBUKEHUS IO PsiAy NpUurH. TodHOe
BBIYUCJIEHUE ONTHUYECKOTO TOTOKA SIBIISIETCS JOBOJIBHO J0JruM (Oosee
TOYHBIE METOJbl MCIOJB3YIOT HTEPATUBHBIE MPOLEAYPHl ISl KaXIOro
MUKCENa), KpOME TOTO, MPUJIETCS MEePEChUIaTh BCE BEKTOPHI ONTUYECKOTO
MOTOKA JAEKOAEPY AJISl AEKOJIUPOBAHUS U BOCCTAHOBIICHUS KaJIpa-IPorHo3a
(B pesyibpTaTe Yero MOBBHIIIAETCS 00bEM TMepechliaeMod HH(opManuu,
CBOJISIIIIMM Ha HET MPEUMYIIECTBA MAJIOMOIIIHOTO OCTATOYHOTO KaJpa).

6.2.3. Ouenka u KOMneHcauus OBUNCEHUS HA OCHOBE O10K06

Ha mpaktuke MUPOKO HCMOIB3YETCS METOJl KOMIICHCAITU!
IBIDKEHUS, KOTOPBIA KOMIIEHCUPYET TepeMelIeHrne MPSIMOYTOIbHBIX
oOnacTelt WU «OJIOKOB» TeKymero kaapa. [lpu 3ToM BBINOIHSAETCA
cleaymrmas mpoueaypa Il Kaxaoro  (GpukcupoBaHHOTo — OJIOKa,
cocTostiero u3 MxN nukceaoB 00padaTeIBAEMOIo Kajpa.

1. Tlouck Ha cChUIOYHOM Kajape (MPEIbIAyIIeM WU CIEAYIOIIEM,
paHee 3aKOJIMPOBAHHOM W MEePEJaHHOM JICKOJEPY) «IOAXO/ISIIET0» OIoKa
u3 MxN nukcenoB. DTO Jenaercsl MyTeM CpaBHEHUS (UKCHPOBAHHOTO
MxN-06710Ka ¢ HEKOTOPBIMHU WJIM CO BceMH MXN-0j10kaMH 00J1aCTH IMOKMCKA
(0OBIYHO OHA MPEJCTABIISIET COOOM HEKUI PErHOH C LIEHTPOM B CEpPE/IUHE
ATOTO BHIOPAHHOTO OJIOKA) M HAXOXKJICHHUS «CaMOTO TOJXOAIIEro» OJIoKa.
[ToryasipHBIM KPUTEPUEM CXOXKECTH OJIOKOB CIIY)KUT JHEPTHs OCTaTKa,
MOJTy4aeMoro BBbIYMTAaHHEM OJlOKa-KaHaujaaTta U3  (UKCHPOBAHHOTO
MxN-0noka, T.e. BbIOMpaeTcss OJOK-KaHAUAAT, MUHUMUZUPYIOIIUN
DHEPTUIO OCTATKa. DTOT MPOIECC MOUCKA TOIXO/ISIIET0 OJI0Ka Ha3bIBACTCSI
OUYEHKOU OBUNCEHUS.

2. DBblOpaHHBIM KaHIUJAT CTAHOBUTCSI TPOTHO30M TEKYIIErO
MXN-6110Ka ¥ €ro BBIYUTAIOT U3 3TOTO OJIOKA JJIS TOTYYECHHS] OCTATOYHOTO
MXxN-6110Ka (Komnencayuu 08UMCEHUS).

3. OcrarouHblii OJIOK KOIUpYETCS W TepeaaeTcs AeKoaepy, U
JIeKOoJIep ToJTydaeT KOOPAMHATHI BEKTOpa CMEIICHUs TEKYIIero OJioka 1o
OTHOIIICHUIO K TTO3UIINHU OJIOKA-KaHAUAATA (8eKMOP OBUNCEHUS).

Jlexonep MCMOB3yeT BEKTOp IBIDKCHMsS JJII HAXOXKJICHUS OJOoKa-
MIPOTHO3a, JCKOAUPYET OCTATOYHBIN OJIOK M CKIIAJBIBAET €T0 C MPOTHO30M
JUTSI PEKOHCTPYKIIMHM BEPCUU UCXOTHOTO OJIOKA.
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KoMmencarusi BMKEHUS Ha OCHOBE OJIOKOB OYEHB MOMYJSIpHA 10
MHOTHM TPUYHHAM. DTOT METOJ JOCTATOYHO MPOCT M JIETKO IMOAIACTCS
nporpamMmMHO# peanu3anun. OH XOpPOIIO BIUCHIBAETCS B MPSMOYTOIBHBIM
dopmart kKazmpoB, a TaKKe B MPOIEAYPHI IPeoOpa3oBaHms N300paKeHUI Ha
OCHOBE OJIOKOB (Hampumep, B IUCKPETHOE KOCHHYC-IIpeoOpa3oBaHUE).
KoMmmencamusi  ABMXKEHUS  ONpEAeNseT  JOCTaTOYHO  MPUEMIIEMYIO
BPEMEHHYIO MOJEJNb Ui MHOTHX BHJEOIOCIenoBaTeNbHOCTEN. MMeercs,
OJIHAKO, PsIA HEJOCTaTKOB. Hampumep, «peanbHbIE» OOBEKTHI PEIKO
UMEIOT YeTKHE TIPSAMOYTOIbHBIE TpaHUIlbl. OOBEKTHI 4aCcTO MEPEMEIIAIOTCS
Ha HEIeJI0€ YHCII0 MIUKCETbHBIX MO3UITUN MEXAY KaJApaMH, © MHOTHUE THITBI
NepeMeIieHui TPyaJHO CKOMIICHCHUPOBATh, UCIIOJIB3YSI METOJIBI Ha OCHOBE
0yiokoB (HampuMmep, AchopManHio OOBEKTOB, WX ITOBOPOTHI, U3MEHCHHE
Maciitada, T. €. MpUOIMKEHUE WK yaalleHne 00beKTOB OT BUICOKAMEPHI,
CIIOKHBIC JIBIDKCHMsI, Takhe Kak KiIyObl japiMa). HecMoTps Ha 31H
HEJIOCTaTKH, KOMIIGHCAIMs JBUKEHUS HA OCHOBE OJIOKOB SIBJISIETCS] 6a30ii
BPEMCHHBIX MOJIeJiei BO BCEX COBPEMEHHBIX CTaHAApTax MH(POBOTO
BHJICOKOTUPOBAHUSI.

6.2.4. IIpozno3 makpoo610Ka ¢ KOMREHCUPOBAHHBIM OBUNHCCHUEM

Maxkpobnox, cOOTBETCTBYIOIMI oOnacth u3 16x16 mmKcenoB Ha
KajJipe, sBIsETCs Oa3WCHOM €AMHMIEH i NMPOrHO3a C KOMIIEHCAlUeu
IBVKEHUS BO MHOTHUX Ba)XXHBIX BHU3YyaJbHBIX KOJOBBIX CTaHAAPTaX,
Bkimrouas MPEG-1, MPEG-2, MPEG-4 Visual, H.263 u H.264. Jlna
UCXOAHOTO Bujeomatepuana B ¢opmare 4:2:0 cTpykTypa MakpoOyioka
noka3zaHa Ha puc. 6.7. O6nacte U3 16X16 NMUKCEIOB MCXOMHOTO Kajpa
COCTOUT U3 256 COIMIUIOB SIPKOCTHU (CTPYNIIUPOBAHHBIE B 4 OJIOKA COIMILIOB
8x8), 64 CHUHMX XPOMATHUYECKUX KOMIOHEHT (oauH OJok 8%8) m 64
KPacCHBIX XPOMAaTHUYECKUX KOMIIOHEHT (8X8), 4TO JaeT pOBHO IIECThb
6s10koB pazmepom 8x8. Cranmaptel MPEG-4 Visual u H.264 onepupytot ¢
KaJipaMu C IOMOIIIbIO €MHUI] MAKPOOJIOKOB.

Ouyenka osuixcenusn. OUEHKa JBUXEHUS MaKpoOJOKa COCTOUT M3
noucka obJyiacTi mUKcesnoB 16X16 Ha CCBUIIOYHOM KaJipe, KOTOPBIM MOXO0XK
Ha TeKymuil MakpoOiaok. CChUIOYHBIM  KaJpOM  SIBJISIETCA — YXKeE
JIEKOJIMPOBAHHBIN KaJlp, KOTOPBIA XPOHOJOTHYECKA MOXET UATH PaHbIIE
WM TI03ke TeKymiero. O01acTh MOMCKA HA CCHUIOYHOM KaJpe UMEET IEHTP
B CEepeJIMHE TOJIOKEHMS TeKyIlero MakpooOsoka. Halinenusiii 610k 16%x16
MUKCEJIOB, HMEIOIMA  HauMEHbIIEEe  PACXOXKJIEHHE C  TEKYIIUM
MaKpoOJIOKOM, BEIOMPAETCSI B KAUECTBE «IOJIXOSIIEI0» MaKpoOJIoKa.
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Puc. 6.7. Makpo06mox 4:2:0

Komnencayua osusicenusn. BelOpaHHBIA «HAWITYYIIHID MaKpoOJIOK
Ha CCBUIOYHOM KaJIp€ BBIYMTAETCA M3 TEKYIIEero OJIOKa, U UX Pa3HOCTh,
Ha3bIBAEMask OCMAMOYHLIM MAKpOOIOKOM (APKOCTH U XPOMATHYHOCTH),
KOJUPYETCsl M MepelaeTcs BMECTE C BEKTOPOM JABMKEHUSA, 3aJaOlIUM
MNO3UIUIO0 HAUITYYIIEr0 MakpoOJIOKa M0 OTHOUICHUIO K TEKYIIEMY Makpo-
omoky. BHyTpm Kkomepa OCTaTOYHBIA MakpoOJOK KOAUPYETCS U
NEKOUPYETCsl, a 3aTeM J00aBiseTcs K HaWIydllleMy MakpoOJIOKYy IS
dbopMupoBaHUs PEKOHCTPYUPOBAHHOTO MakpoOJIoKa, KOTOPBIN
COXpaHsIeTC B CChUIOYHOM Oydepe s HCMOIb30BaHUS B OYIyIIUX
POTHO3aX KOMIIEHCALINH JIBHKEHUSI.

CymiecTByeT MHOro Bapuanuii 0a30BOro Impolecca OLEHKH
JBUKEHUS W KOMIIEHCAUH JBH>KEHHS. CCBUIOYHBIM KaJIpOM MOKET OBITh
IpeaAbIIyIUi Kaap (B XPOHOJOTUYECKOM TMOPSIKE), OyAyIIui Kaap WiIH
KOMOUWHaIMs JBYX WM OoJjiee paHee NEeKOAWpOBaHHBIX KaJpoB. Eciu B
KaueCcTBE CCBHUIOYHOIO BbIOpaH Oyaymuid Kaap, TO HEOOXOIUMO €ro
3aKOJUPOBATh JO TEKymlero kazapa (T.e€. KaJapbl JOJDKHBI OBITh
3aKOJIMPOBAaHbl HE B XPOHOJOTHYECKOM Tmopsnake). Tam, rae umeercs
CYILLIECTBEHHOE PACXOXKJIECHUE MEXKIY CCBUIOYHBIM M TEKYyLIUM KaJpaMu
(HampuMep, TpPU CMEHE CIIEH), MOXHO KOJUPOBaTh MakKpoOJIOK 0e3
KOMIIEHCAlluu JBIKeHUs. Takum o0pa3om, Koiep BbIOMpAET WU MOJIY
intra (kKogupoBaHWEe O€3 KOMIICHCAIlMW [ABWKEHUS), WX MOIy inter
(KoAMpOBaHKME C KOMIIEHCAIMEW IBUKEHMSI) IS KaKJIOTO MakpoOJioKa.
JIBrokymirecs: OObEKTHl Ha BUJIEOCHEHE PEIKO CIEIYIOT CTPOro BIOJIb
rpanul] OJOKOB NuUKcesnoB 16x16, moatoMmy Oosee 3h(HEKTUBHBIM MOKET
ObITh HMCIOJIb30BAHUE NEPEMEHHBIX pa3MepoB OJIOKOB JUIsI OLUEHKU U
KOMITEHCAllMM JBMKEHHA. OOBEKThI MOTYT TaKXe NepeMeniarbcs Ha
HELEJI0€ YUCIIO MHUKCEJI0B MEXAY KaapaMu (Hampumep, Ha 2,78 MUKCENIoB
BMecTO 2,0 B TOpU30HTaIbHOM HarpasieHuun). [loaTomy nydimii mporao3
MO>XHO TIOCTPOUTh HHTEPIOISALUNEH CCBUIOYHOIO Kajapa MO MO3ULUAM
MOJMUKCENIOB TIEPe/1 MOMCKOM HAMIIYYIIIETO MOJI0KEHHUS TPOTHO3A.
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6.2.5. Pazmep 6210Ka KomMneHcayuu 06UNHCEHU

Pe3ynbTaThl MOJIETMPOBAHUS IOKA3BIBAIOT, YTO YEM MEHBIIIE Pa3MeEP
0JIoka KOMIIGHCAIIMW  JIBUKEHHUS, TEM JIy4dlle pe3yJbTaT dTOM
KoMrieHcaruu. OJHAaKO YMEHbBIIEHHE pa3Mepa OJoKa BiedeT 3a COoO0Oi
YBEIUYEHUE CIIOKHOCTH (HEOOXOIMMO COBEPIIUTH OOJIbIIIE OMEeparuit
NOWCKAa) W  4YHCJIa  BEKTOPOB  JIBIDKEHHUS, HEOOXOAMMBIX IS
nexkonupoBaHusi. [locbuika Ka)XJ0oro HOBOIO BEKTOpa JBHXKEHHUS TpeOyeT
JOTIOJIHUTENIBHBIX OUT, a YBEJIIMUCHHUE YUCIIa BEKTOPOB JIBUKEHUSI CBEACT
Ha HET BBIUIPHIINI OT COKpAIIEHUS DSHEPrud OCTATOYHOrO KaJpa.
D¢ deKTUBHBIN KOMOPOMUCC 3aKIIOYAETCS B MNPUCIOCOOJICHUH Pa3MeEpPOB
OJIOKOB K XapakTEepUCTUKAM H300paKeHUM, T.€. MOXKHO BBIOMpATH
OoJpIe pa3Mephl OJOKOB JIIS POBHBIX OJHOPOJHBIX OOJacTel Kajapa, a
ISt 00J1acTel CO MHOTUMHM JETAISIMU U CO CJIOKHBIM JIBIDKEHUEM CIIEyeT
yMeHbIlIaTh pa3mep OsokoB. Cranmapt H.264 wucnosb3yeT aganTUBHBIN
MEXaHM3M 11 BbIOOpa pa3MepoB OJOKOB KOMIICHCAIIUU JBUXKCHUSI.
Crannapt MPEG-4 Bkitouaet B ceOs psii HHCTPYMEHTOB, PEAIU3YOLIUX
KOMIICHCAIIUIO IBUKEHUSI HA OCHOBE 00JIaCTEN.
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7. CTAHJIAPTBHI MPEG-4 u H.264

st ycmemHoi pa®oOThl CO CTaHAapTaMH CXKATHS BHUICOJTAHHBIX
MOJIE3HO TIOHMMATh Mpolecc HuX co3daHusi. B stom pasmene Oyner
paccMoTpeHa poib uccienoBarenbckux rpynn ISO/IEC MPEG (Moving
Picture Experts Group) u ITU-T VCEG (Video Coding Experts Group)
npu paszpadborke crannaproB MPEG-4 u H.264. Mbl 00cyaAuM MeXaHU3MBI
BBIOOpA T€X WJIM HMHBIX MapaMeTpOB CTAaHJAPTOB, & TAKXKE PaCCMOTPUM
JBUKYIIME CUIIBI (TEXHUYECKHE U KOMMEPYECKHE), CTOSLIUE 3a PA3BUTHEM
JAHHBIX TEXHOJIOTHH, TocTapaeMcsl OOBSICHUTh, KaK HYXHO TOHHUMATh
CTaHAAPTHl U KaK CIEAyeT W3BJIEKaTh W3 HUX MOJIE3HYI0 WHOOpPMAIIHUIO.
BynyT paccMOTpeHBI KIIOYEBBIE AITOPUTMBI KaXJAOTO M3 YKa3aHHBIX
CTaHAAPTOB U UX cnenuduueckue ocooeHHOCTH. Takxke OyaeT mpoBeAeHO
KpaTKO€ OINHMCAHUE CTaHJAPTOB CXATUS MPEIbIAYLIEr0 MOKOJCHUS —
MPEG-1, MPEG-2, H.261 u H.263.

7.1. Pa3BuTHE CTAHIAPTOB

3a  pa3paboTKy, TOAJACPKKY W  OOHOBIICHHE  CEMEKMCTBa
MexayHapoansix cranaaptoB ISO/IEC 14496 (MPEG-4) otBedaet rpyrmmna
sKcepToB no ABwkymumcs uzoopaxenusm ISO/TEC MPEG. Paspabotka
crangaprta H.264 (u3BecTHOrO Takxke moj HauMmeHoBaHusiMu MPEG-4
Part 10, Advanced Video Coding u H.26L) 6buta oOecrnieueHa Ha OCHOBE
coBMecTHOU padoTel rpymnsl MPEG u pa6oueit rpynmel [ITU-T VCEG.

I'pynma  MPEG paspabotaria B mNpomnuwioM BecbMa YCICIIHBIE
ctanaaptel MPEG-1 u MPEG-2 ny1s1 koaupoBaHusl BUAEO U ayauo. B ee
aKTHMBE  TaKke  HaxoauTcs  paspabotrka  craHmapra MPEG-7,
cranaaptuzanus MPEG-21. I'pynna VCEG pa3paboTaiia nepBblii IIMPOKO
UCIIONB3YeMbI cTanaapt mis Bujaeorenedonun (H.261), 3a koTophim
nocienoBano cosznanve H.263 u mHunmanus pa3paObOTKU paHHEW CTaJauu
npoekta H.26L. DT aBe rpynmsl co3ganu COBMECTHYHO KomaHay JVT
(Joint Video Team) anst 3aBepuienusi npoekta H.26L u npunmanust emy
dbopmbl MexxayHapoanoro crangapra (H.264/MPEG-4 Part 10), kotopsiii
ob11 ommyosnkoBaH ogHoBpemeHHo ISO/IEC u ITU-T.

7.1.1. ISO MPEG

®opmanbHo MPEG — 310 11-4 rpynna 29-ro mogkoMuTeTa nepBOro
obobeguHeHHoro TexHudeckoro komutera JTCl (Joint Technical
Committee 1) u ee opunuansaoe Hazpanue: ISO/IEC JTC1/SC29/WGI 1.

I'pynma MPEG otBercTBeHHa 3a pa3pabOTKy CTaHIApTOB st
ckaTusi, OoOpabOTKM M TPEJCTABICHUS JBIKYIIUXCS H300paKeHUM U
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3Byka. OHa pa3paboTana LETyr CEpHI0 BaXKHBIX CTAaHAAPTOB, HAUMHAsS C
MPEG-1 (cxkartue Buaeo u ayauo st CD-npourpeiBatesnieii), 3a KOTOPbIM
nocienoBan MPEG-2 (xpanenme u mnepemaya u3o0paxeHUs U 3ByKa
«TeNeBU3MOHHOTO  KadecTBay). Crangapr MPEG-4 (xomupoBanue
ay/TMOBU3yaJIbHBIX OOBEKTOB) SIBISIETCSA CaMbIM HOBEHIIMM CTaHJIApTOM,
paboTaromuM ¢ ayAUOBU3YaIbHBIM KOJAUpOBaHWEM. J[Ba Apyrux mpoekra
crangaptuzanuu (MPEG-7 u MPEG-21) umenu neno ¢ npejcraBieHUEM
MYJIbTUMEAUNHOIO KOHTEHTA U O0IIeH MYyJIbTUMEIUUHON cpenbl. ['pynmna
MPEG nosbp3yeTcs 3acily’)K€HHOW W3BECTHOCTBIO 3a €€ BKJIAJ B C)KaTHE
Buseo u 3Byka. Ctangapt MPEG-2 cran oyens momyssipHbIM Oyaromaps
MpUMEHEHUI0 B IU(ppoBoM TeieBemanud U B DVD-Bumeo, a crangapt
konupoBanusi 3Byka MPEG Layer 3 (6omee wu3BecTHbIM, kak MP3)
aKTUBHO  HCHOJIB3yeTCd  JJISI  XpAaHEHWs W PaCIpOCTPaHEHHS
Pa3HOOOPA3HOTO 3BYKOBOT'O M MY3bIKAJILHOI'O KOHTEHTA.

Okcnieptbl st rpynnel  MPEG  HaOuparoTcss W3 pa3jiuyHBIX
KOMMEPYECKUX KOMIaHUH, UCCIIEIOBATEIIbCKUX OpraHHU3aIni,
MHCTUTYTOB, HMEIOIIMX MHUPOBYKD HM3BECTHOCTh. UJEHCTBO B TrpymIe
MPEG u yuactue B ee KOH(MEpPEHIUSIX OTpaHUYCHO paMKaMH JeJieTaiuii
OT HaIMOHAIBHBIX Koproparuii mo crangaptam (National Standards
Bodies). Komnanusi unm WMHCTUTYT, KEJNAIONIME y4acTBOBATh B TpYIIIE
MPEG, nomxHbl 0OpaTUThCS B HAlMOHAJIbHBIE KOpIOpAaIMU IO
crtanjapraM. [IpucoeanHeHrue K KOpropamuuu Mo CTaHJaapTaM, MOJIEepKKa
HallMOHAIBHBIX KOH(EPEHIMA M ydacTUE B MEXKJIYHApPOIHBIX BCTpEUax
rpynnsl MPEG — Bce 3T0 TpeOyeT 3HAUMTENbHBIX MAaTEPUAIBHBIX M
BpeMEHHbIX 3arpar. OJHAKO JaHHAsA JIESITEIbHOCTh OTKPBIBAET JOCTYI K
NpUBaTHbIM JokyMeHTaM rpynnel MPEG (Bkirouass BO3MOXHOCTh
O3HAKOMJIEHHSI C UYEPHOBBIMM BapuWaHTaMU CTaHIAPTOB JI0 UX
opuMaIbHON MyOJIMKalMKM, YTO JaeT IIaHC 3aXBaTUTh JUAEPCTBO Ha
MOTEHIIMAJILHOM PBIHKE HOBBIX TEXHOJIOTHUM), a TakXXe BO3MOXHOCTh
BIIUSIHUS Ha (pOpMUPOBAHUE OYyIIUX CTaHAAPTOB.

['pynma MPEG mnpojasuraer cBoro pabOTy BO BpEMsI pEryisipHBIX
BCTpPEY, KOTOPBIE MPOXOJAT YEThIpE pa3a B roj. OOBIUHO TaKHe BCTPEUYHU
JUISITCSL TISTh JHEW (C TOHEAENbHHKA MO TSATHHUILY), BKIIOYas pabouwne
BCTPEUM TEXHUYECKHUX TPYMI, MPEABAPSIONIME OCHOBHYIO MOBECTKY JHS.
VYcnemnple W NEPCHEKTUBHBIE WHUIMATUBBL  OAOOPSIOTCS U, €CIH
HE0OXOJAMMO, BKIJIIOYAIOTCS B MPOIECC CTaHAApTU3aluu. Pe3ynbTaThl
BCTpeud O(OpPMIIAIOTCS B BHJIE KOMIUIEKTAa BXOJHBIX M  BBIXOJHBIX
JIOKYMEHTOB. BXO/THbIE JOKYMEHTBI BKJIFOYAIOT B c€0s pe3yJibTaThl pabOThI
NOATPYIINl  HA  MPEJABAPUTENIBHBIX  BCTpPEYaX, MPEJIOKEHUS IO
N00aBJIECHUSIM WM U3MEHEHHSIM B pa3padaThiBaeMble CTAaHAAPTHI, a TAKKE
MPEIOKEHUS OT APYTUX Kopropanuil. BIXOgHbIE TOKYMEHTHI BKIIOYAOT
OTUYeThI KOH(EPEHLIUI U YEPHOBBIE BEPCUM CTAHIAPTOB.
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7.1.2. ITU-T VCEG

Opranmszanus [TU-T paspabareiBaeT cTaHAApTHl U PEKOMEHIAINH
JUIsl TeIeKOMMYHHKalMoHHoU oosacTtu. [loarpynma 16 ITU-T orBevaer 3a
MYJIbTUMEAUNHBIE CEPBUCHI, CUCTEMBbI U TepMHUHaNBI. Pabouuit cektop 3
noArpymnmsl 16 3aHUMaeTcss MEIUMHBIM KOJMPOBAHUEM, a IIPOEKT,
NOCIIYKUBIIUKA OCHOBOM 115l ctanAapta H.264, Ob11 onrican B Bompoce 6.
Takum 00pa3zoM, opuIIHMAIIBHOE Ha3BaHWE WHTEPECYIOIIEH HAC TPYIIbl —
VCEG ITU-T SG16 Q.6. Panee sta pabouas rpymma Obula M3BECTHA Kak
rpymnna 3KCIepToB o kogupoBanuto npu mainon ckopoctu (LBCEG, Low
Bitrate Coding Experts Group).

I'pynna VCEG pa3zpabortana psiag CTaHAApPTOB, OTHOCAIIUXCS K
nepegaye BUACO B TEIEKOMMYHHUKALMOHHBIX U KOMIBIOTEPHBIX CETAX. 3a
crangaprom H.261 jgns  BugeokoHdepeHUM mociienoBa  Ooliee
s dextuBHbid cTanmapt H.263. Ilo3nHee MOSBUIMCH €ro MPOJABUHYTHIE
BepcuM (M3BECTHBIE MOJ] HEOPUIUATBHBIMU 0003HaueHusiMu H.263+ u
H.263++), KoTOphle CYIIECTBEHHO pacuupuin Bo3MmoxkHocT H.263.
HoBBI1 TpOEKT MO CTaHIapTU3allMy, HW3BECTHBIM 1oj koaom H.26L,
BBUTHIICSI B Pa3paboTKy, odopmiieHHEe W MyOJHKAlUI0 PEKOMEHIAINH
H.264. Hauunas ¢ 2001 rona sta paborta Boinonssuiack rpynmnod VCEG B
koonepaunu ¢ rpynmnod MPEG. Hoselii ctangapt cxkarust Bugeo — AVC
(Advanced Video Coding) Obln omyOJHMKOBaH COBMECTHO TMOJ HUMEHEM
ITU-T H.264 u ISO/IEC MPEG-4 Part 10.

UnenctBo B VCEG OTKpBITO ISl BCEX 3aMHTEPECOBAHHBIX CTOPOH
(mpu ycnoBuu onpodpenus mpeacenareneM). Ynensl rpynnel VCEG
BCTPEUAIOTCA KaXKJbI€ TPU MECSLA IS pACCMOTPEHUS HOBBIX HAYMHAHUI
U TPEIIOKEHUN, HEKOTOPBIE M3 HUX BKIKOYAKOTCS B YEPHOBBIE IPOEKTHI
cranaaptoB. B orimuue ot rpynnsl MPEG, BXOaHbIE W BBIXOIHBIE
nokyMeHThl VCEG (a reneps u JVT) saBasitoTCs 001I€0CTYTHBIMU.

7.1.3. JVT

O6benunenHas koMannga mo Buaeo — JVT (Joint Video Team) —
coctouT u3 wieHoB aByx rpymi: ISO/IEC JTC1/SC29/WGI11 (MPEG) u
ITU-T SGI6 Q.6 (VCEG). JVT Obuta o6pa3zoBaHa U3-3a HEOOXOJIUMOCTH
rpynnel - MPEG  uMeTh  paclIMpeHHBIM  MHCTPYMEHTApWl s
BUAcOKoupoBanus. KimtoueBoi Mexanusm kogupoBanust B MPEG-4 Part 2
OCHOBaH Ha JIOBOJBHO CTapOW TEXHOJIOTMU (MCXOMHBbIM cTangapT H.263
Obu1 onyOnukoBaH B 1995 romy). B cuiy Bo3pocuieil MOIIHOCTH
NpOIIECCOPOB W B CBA3M C  PA3BUTUEM  UCCIEJOBAHUN  TIO
BHUJICOKOJIMPOBAHUIO  CTAJI0  SICHO, YTO BO3MOXEH IMpoOrpecc B
abdexTuBHOCTH BUAeOoKoAUpoBaHUs. [locime wH3ydeHHs] HECKOJIbKHUX
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KOHKYpHUPYIOIIUX TexHOJoruM, B nroHe 2001 roga cramo O4eBUIHBIM, YTO
TecToBasg Mojnenb koaeka H.26L sBisercs HaWIy4dIIUM BBIOOPOM,
yIAOBJIETBOPSIOMMM BceM TpeboBanmsiM MPEG. beuma  gocturnyra
noroBopeHHOCTh Mexay rpynmnamMmu MPEG u VCEG o co3gannu KoMaHabl
JVT nnsa 3aBepmiennss npoekta H.26L. Bcerpeun JVT mnpoucxopst
onHoBpeMeHHO co BcTtpeuamu MPEG w/wnn VCEG, 1 cOOTBETCTBYIOIINE
pPEKOMEHJAllUM YW MaTepualibl HaIMpaBJSIIOTCS 00€UM  POAUTEIHCKUM
rpynnam. ['naBuoit uenvto JVT Obwio omyONMKOBaHHE PEKOMEHJIAINU
H.264/MPEG-4 Part 10. ITocne Toro, kak paboTa HaJ CTaHIapTOM Obljia
3aBEpIICHA, BHUMAHWE TPYNIIBI IEPEKIOYWIOCH Ha  PaCIIMPEHUE
MOJJCPKKM  LBETOBBIX  MNPOCTPAHCTB W  MOBBIIIEHHUE  TOYHOCTH
COMILIMPOBAHHS.

7.1.4. Hcmopus pazeumusn

B T1abn. 7.1 oTpaxkeHbl Ba)XHbIE ATallbl B Pa3BUTUU CTAHAAPTOB
MPEG-4 u H.264.

Tabnuma 7.1
Uctopus pazsutust MPEG-4 u H.264

1993 | 3anyck mnpoexkra MPEG-4. [lonmyyeHsl mepBble pe3yabTaThl IO
npoekty H.263

1995 | [Tpurnamenne  MPEG-4  npencraBisiTh  HOpPEAJIOKEHUS 1O
3¢ (PEeKTUBHOMY BHJICOKOIUPOBAHUIO H  KOHTEKCTHO-3aBUCHUMBIM
byukmusam. H.263 BweiOpaH SApOM HWHCTPYMEHTOB i 00pabOTKU
BHJIEO

1998 | [Tpurnamenue npeacTaBiaTh npeioxenue s H.26L

1999 | [Iy6nukauust crangapra MPEG-4. Onpeaenenue  HayaiabHOU
tectoBoi moaenu TM1 mist H.26L

2000 | [Ipurnamenue MPEG IIPEACTaBIATh IIPEIJIOKEHUS 1o
MHCTPYMEHTaM PACIIUPEHHOI'O KOJUPOBAHUS

2001 | [Ty6nukamust cranmapra MPEG-4 Edition 2. H.26L BwiOpan
crepxueM i1 MPEG-4 Part 10. ChopmupoBana komanga JVT

2002 | ITompaBku 1 m 2 (mpoduin CTyIUHHOTO W MOTOKOBOTO BHJIE0) K
MPEG-4 Edition 2. 3adukcupoBan TeXxHUYECKUi KOHTEHT st H.264

2003 | Ony6nuxoBan ctannapt H.264/MPEG-4 Part 10
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N3nawanbno 1ensio crangapra MPEG-4  6puto  rubkoe wu
abdexTBHOE O0OHOBIEHHE Oonee panHux crtaHgaptoB MPEG-1 #u
MPEG-2. Ilozmgnee, B 1994 romy, crano sicHo, 4yto crangapt H.263
crioco0eH oOecreunTh 0oJjiee MPOU3BOIUTENBHYIO M TEPCIEKTUBHYIO
TexHonoruro cxkarus. [loatomy rpynma MPEG nepeopuenTrpoBaia cBou
UHTEpPEChl U pelInia OXBaTUTh KOJUPOBaHME M (YHKIIMOHAJIHLHOCTH Ha
OCHOBE OOBEKTOB M CJ€JaTh 3TO CYIIECTBEHHBIM 3JEMEHTOM HOBOIO
crangapra MPEG-4. K MomenTty 3aBepiienusi mpoekta MPEG-4 (1998—
1999 rr.) pabouas rpymnmna ITU-T nagana pa3paboTKy HOBOTO CTaHAapTa
BUJICOKOMPOBaHUS 101 KOJ0BbIM Ha3BanueMm H.26L (6ykBa L o6o3Hauaer
Long Term). PazButue TectoBoit moaenu H.26L ObLI0 NMPUHSITO 32 OCHOBY
s npemioxkenHoro B 2001 roxy ctanmapra MPEG-4 Part 10.

7.1.5. Ilpouecc pazpabomku cmanoapmoes

PazpaboTka cTtangapTa /i BUJCOKOIUPOBAHUS IPOXOJAUT YEPE3 P
sranoB. CHauana pa0OouMii TMJIaH COTJIacyeTCs CO MHOXKECTBOM
(GyHKIIMOHAIBHBIX U MPOU3BOJIUTEIBHBIX 0COOCHHOCTEH. {151 TOro 4To0BI
cienatb BIOOp 0a30BOM TEXHOJIOTHMHU CTaHJapTa, HA BTOPOM dTalie MOTYT
ObITh ~ OpPraHU30BaHbl ~ KOHKYPCHBIE  HUCIBITaHUSA, B  KOTOPBIX
3aMHTEPECOBAHHBIM  CTOPOHAM  MpeJjiaraeTcs  NpeACTaBUTh  JUIs
OLICHMBAHUS PEILICHUS MOCTABJICHHBIX TECTOBBIX 3ajad. s cranmaptoB
MPEG-4 u H.264 B kauectBe 0a30BOil Oblia BbIOpaHAa TEXHOJOTHS
BUJICOKOJUPOBAHUSI HAa OCHOBE MOOJOYHONW KOMIICHCAIIMU JIBMKCHHS C
MOCJICIYIONIUM TTPeoOpa3oBaHNEM M KBAHTOBAHHWEM OCTATOYHBIX OJIOKOB.
[Tocne mpuHATHUS peleHrs O KII0UYEBOM aJITOPUTME CTaHAapTa TPeOyIoTCs
JOTIOTHUTENbHBIE OOJBIINE YCWIMS IO €ro JAeTallbHOW pa3paboTke.
AJITOPUTMBI, METOAbl W  KOHKpPETHbICe (YHKIMU  MpeJiararoTcs
KOMIAHUSAMU U OpTaHU3alUSIMU, UMEIOIIUMU ONPEICIICHHBIN HHTEpPEC 10
pa3pabOTKe HOBBIX CTAHAAPTOB, U MEPENAIOTCS TEXHUUYECKUM TPyMIaM 10
cragnaptuzanuu MPEG, VCEG wnu JVT niis ucnbiTaHus U OLICHUBAHUSL.
Ha xaxmoil BcTpeue pabodeil TpymIbl MPOUCXOIUT OOCYXKICHHE BCEX
NOCTYNUBIINX  Pa3pabOTOK, KOTOpPbIE MOTYT MPUHUMATBCA WU
OTKJIOHATBCS JKcIepTaMu. B pesynpraTe Takoi pabOThI MPOUCXOAUT
CYILIECTBEHHOE YCOBEPIICHCTBOBAHUE OyAyIIEro CTaHapTa.

PazpabaTeiBaetcs porpaMmHas MOJIETh («cripaBoYHast
nporpaMma), B KOTOPOW peau3yrTCsl COTJIaCOBaHHBIE Ha JaHHBIN
MOMEHT (PyHKIMU. OZHOBPEMEHHO C ATUM IMHIIETCS JOKYMEHTAIUS IO
3TONl mporpamme («rectoBas wmojenby). ChnpaBouHas mporpamMma U
TECTOBass MOJEJIb TIPOBEPSIOTCA U  JI0paldaThIBAIOTCS, MW KaXKIbIi
OOHOBJICHHBIN TTPOTPAaMMHBIN OJI0K 100aBIsEeTCS B CTaHAApT. B kakoi-To
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MOMEHT TpyIa CTAaHAAPTU3ALUUHA PEIIAET, YTO JOKYMEHTBI TECTOBOU
MOJIEJIM YK€ JOCTATOYHO CO3PEIM M UX MOXKHO BHEAPSITH B YEPHOBYIO
Bepcul0 craHgapra. Ilociie JganpHEHMIIMX  yIY4YIIEHUA W CEpUHU
rojIOCOBaHUM  JOKYMEHThl  MyOJMKYIOTCS B  BHJAE€  TOTOBOIO
MEXKTyHApOAHOTO CTaH1apTa.

OkoHuatenbHasg JOBOJKA MEXIYHAPOIHOIO CTaHAAPTa JOCTUTAETCA
B pE3yJbTaTe MpOLECCa, B KOTOPOM YYACTBYIOT COTHH CIEIUAAINCTOB
(4JIEHOB TPYMNMBI MO CTaHJAAPTU3AIMHU), TOCJI€ MHOTUX MOAUGDUKAIMI U
KOMIPOMHUCCOB.  OKOHYATENbHBIA  JOKYMEHT  (opMUpyeTCS  MOJ
BO3JEHMCTBUEM MHOTHUX JBWXKYIINX chJl. C TEXHUYECKOW CTOPOHBI BKJIA] B
padoty rpynit MPEG u VCEG nenaercs BeayImuMu UCCIIeI0BATEIbCKUMHU
WHCTUTYTaMH,  YHUBEPCUTETaMM W  KOMMOaHUSIMU U3  cdepsl
BUJICOKOMPOBAHUA. ['pymIbl CTaHAApTU3AlMU CTaparTCs OCBOUTh H
BHEJPUTH BCE JIyUIlle€, YTO U3BECTHO HUCCIEAOBATENSIM HAa JAHHOM 3Tarle
Pa3BUTUSL TEXHOJIOTHUM, JJIi JOCTHXKEHHS TpeOyemMoro cxkatus U
MPOU3BOIUTEILHOCTH pu CYIIECTBYIOIINX BBIYHCIIUTEIbHBIX
orpannueHusIXx. C KOMMEpPUECKON TOUKHU 3PEHUS UCXOJHBIN paOouyuil miaH
IpyNNbl  CTAaHAAPTU3ALMUU JOJDKEH NPEABUIAETh M MOPEABOCXUIIATH
TEXHOJIOTHYECKHUE TpeOOoBaHUs OyAyIIMX MPaKTUUYECKUX MPUIOKEHUH.
Texnuueckue NPeasoKEHUsT JOHKHBI OBITh OLEHEHBI C TOYKU 3pPEHUs
s¢exTUBHOCTH 3aTpaT Ha HUX pa3pabOTKy u BHeapeHue. MHorue
KOMIIAaHWUU, TPEJCTaBICHHbICE Ha KOH(EPEHIUsIX TPYII CTaHAapTHU3AIUH,
BECbMa 3aMHTEPECOBaHbl B pe3yJibTaTax Mpolecca CTaHgaprusanuu. B
HEKOTOPBIX CIIy4dasx KOHKPETHBIE MPEIIIOKEHUS KOMITaHU U
OCHOBBIBAIOTCA Ha MX COOCTBEHHBIX MAaTEHTaX, KOTOPHIE MOTYT MPUHECTH
OOJBIION MOXO0 OT JMIICH3UPOBAHUS MPU BHEAPECHUH B MEXKIYyHAPOIHBIM
crangapt. [loatomy rpynna JVT npocuna y cBOMX 4JIE€HOB 0053aTEIBHO
UACHTU(UIIMPOBATD JIFOObIE TATEHTOBAHHBIE TEXHOJIOTHU B MOCTYMAOLIUX
MPEIOKEHUSAX, JIJI1 TOTO 4YTOOBI ObITh YBEPEHHOW B TOM, YTO OCHOBHOM
npobunb crangapra H.264 moxeT ObITh peanu3oBaH 0€3 OTUUCICHUIN
JepKaTeasiM MaTEHTOB, 0€3 4Yero TPYAHO PACCUUTHIBATH Ha IIUPOKOE
pacnpoCcTpaHEHUE CTaHAapTa.

C mpakTUYECKOM TOYKH 3pEHUSI KOMaHJAbl CTaHJapTHU3alUH
paboTaOT B OYEHb y3KHX BPEMEHHBIX pamkax. [loaToMy uacTto ObiBaeT
HEOOXOJMM ONpPENENEHHbI KOMIPOMHUCC IO HEKOTOPHIM acHeKTaM
pabouero 1aHa JJis 3aBEPIICHUS] BCErO MPOEKTa B YCTAHOBJICHHBINA CPOK,
MOCKOJIBKY OY€Hb BaXKHO MMETh YBEPEHHOCTb B TOM, UTO CTaHIAPT OyAeT
KOHKYPEHTOCIIOCOOHBIM TIpU €ro peanusaiuu. B HekoTopoM poje
crangaptuzanusi MPEG-4 u H.264 noxoauiia Ha COCTA3aHUE BO BPEMEHHU C
JIPYTUMH KOMMEPUYECKUMH (HECTAaHJAPTHBIMU) CHUCTEMaMHM M TaKeTaMu
KOJMPOBAHUS N300paKEHUI U BUIE0, KOTOPBIE MPOJIOIKAIOT HEPEPHIBHO
pa3pabaThIBaThCA U COBEPIICHCTBOBATHCS.
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7.2. Ucnosib30BaHuE CTAHAAPTA

JoxymenTarus ctangapta MPEG-4 (Second Edition) comepxut 539
ctpanull popmara A4. Ctangapt H.264 uznoxen Ha 250 cTpaHuIiiax Toro
xe popmara. CtaHgapThl COCPEIOTOUYEHBI HA JETANAX, YTOOBI TOOUTHCS
HaWJTydIieli COBMECTUMOCTH M COTJIACOBAHHOCTH CHCTEM U MPOJYKTOB Ha
ux ocHoBe. OTHAKO CTETIEHB JIeTATU3aIli B JAaHHBIX TOKYMEHTAaX MEIIaeT
W3BJICUCHUIO U3 HUX HeoOXxoaumou uHdopmanuu. B 3ToM maparpade
Oyzmer maH 0030p COAEPKUMOIO CTaHAAPTOB M PEKOMEHIAIINM, KaK HX
UHTEPIPETUPOBATH U MPUMEHSITh.

7.2.1. Ymo pecnamenmupyem cmanoapm?

Tak ke, kak U Oojee paHHUE CTAaHIAPTHl BUIACOKOIUPOBAHMUS,
MPEG-4 nu H.264 He npegoCTaBisilOT ONMUCAHUSA BUICOKOAEKOB. Bmecto
TOTO  CTaHAApPThl MOAPOOHBIM  OOpa30M  OMHUCHIBAIOT  CUHMAKCUC
KOJUPOBAaHHOTO OWTOBOTO TMOTOKA (JABOMYHBIE KOABI W 3HAYCHUS, W3
KOTOPBIX COCTOUT IMOTOK), CEMAHMUK)Y BIEMEHTOB 3TOr0 CUHTaKcuca (4To
OHM O3HAYAlOT) U npoyecc, Ha OCHOBAHUU KOTOPOTO MOXKHO JI€KOJAUPOBATH
AJIEMEHThI CHHTAKCHCA U U3BJIEKATh U3 HUX BU3YyalbHYIO HH(OPMAIIHUIO.

CnenuduiupoBaB CHHTAKCUC M CEMaHTHUKY KOJIOBOTO IIOTOKa,
CTaHJApPT OMpPEENsET, YTO B HEM JIOMYCTUMO, a 4TO — HET. [IpaBUIIbHBIIM
KOJIEp JIOJKEH TeHEpPUPOBaTh OUTOBBIM MOTOK, KOTOPBIM MOXKET OBITh
KOPPEKTHO JAEKOJUPOBAH C IMOMOIIBIO MPEANUCAHHOIO CTaHAApTOM
nporecca JIEKOAUpPOBaHUS. BmecTe ¢ CHHTAKCMCOM, CEMAHTHUKOU |
IPOLIECCOM JIEKOJMPOBaHUS B OOOMX CTaHIApTaX OMUCHIBAETCA TaKXKe
pexomeHOyemblll 0ekooep, KOTOPBIM BMECTE€ C HEKOTOPHIMU 3aJaHHBIMU
YPOBHSIMM  OIEpAIMil  HAKJIAJIBIBACT  OMNpEJEJICHHbIE IPAKTUYECKUE
OTPpAaHUYCHHUS Ha KOHKPETHBIA KOJEp. OTH OrpaHUYEHUS BKIIOYAIOT,
HalpuMep,  MaKCUMaJbHYIO  OUTOBYIO  CKOPOCTh  KOJIUPOBAHMUS,
MaKCUMAaJIbHBIN pa3Mep U300paKeHUs U T. . ITO BAXKHO C TOYKHU 3PECHUS
OrpaHMYeHUN Ha O00bEeM TMaMsITH U  BBIYUCIHUTEIbHBIE PECYPCHI,
UCIIOJIb3YEMBbIE IEKOJEPOM.

7.2.2. [lonumanue cmanoapmos

Crangaptet MPEG-4 u H.264 He mnoXoXu Ha MOJIPOOHBIE
pykoBojictBa. OHU ckopee (GOpMYIUPYIOT T€ L€, KOTOPhIE HE0OXO0UMO
JOCTUTHYTh JJISI COBMECTHUMOCTH MEXJIy COOOH KOJIEKOB, CO3/IaHHBIX
Pa3IMYHBIMU TIPOU3BOAUTENSIMU. Hampumep, «mpaBUIBHBIN) OUTOBBIN
notok H.264, crenepupoBaHHBII KOAEKOM, AOJKEH OBITH JIEKOJIUPYEMBIM
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M00BIM  «ITpaBWIbHBIMY JekojepoM H.264. Mmess B Buay, 4TO Takyro
3aJlady BBIINOJHUTH HEMPOCTO M CTPEMSCH MPEOJOJETh BO3MOXKHBIE
NPENATCTBUA, JOKYMEHTHI IO CTaHAapTaM MUIIYTCS UX aBTOPAMU JJIMHHO,
CJI0KHO Y TPYJHOYUTAEMO.

N3yunB ctangapT, MOXHO pa3paboTaTh €ro JIeKoJaep, MOCKOJIbKY
Mpolecc JACKOAMPOBAaHMS ONUCAaH CcO Bcemu Jgetanmsmu. [Iporece
KOJIUDOBaHUSI BOBCE HE  cCHeuupuIMUpPOBaH, UYTO  MPEJCTaBIISIET
pa3paboTuukaM OMpPEACTICHHYI0 THOKOCTh JJIsi BEIOOpAa WX COOCTBEHHOTO
MeToJa KoaupoBaHus. OMHAKO CHHTAKCUC M TIPOLIECC JACKOAUPOBAHMS
HaKJIaJbIBAIOT 3HAYMUTENIPHBIE OTPaHUYCHHS Ha pa3paboTKy Kojepa.
[TosToMy TOJNIE3HO MMETh HEKOTOphle paboume CBEIEHUs O pa3paboTke
XoTss OBl OJHOrO KOJEKa, KOTOPBIM TOJHOCTBIO  YJIOBJIETBOPSET
TpeOOBaHMAM JJAHHOTO CTaHJapTa.

BuneokonupoBanue — SIBIAETCA  CYHIECTBEHHBIM  KOMIIOHEHTOM
WHIYCTPUU Pa3BJIEKATEIbHOTO MYJbTHUMEIHNA, TEM HE MEHEE CTaHIApPThI
npejicTaBieHuss UGPOBOr0 BUJIEO MOTYT OKa3aThCi BEChbMa CIOKHBIMU
JUI TIOHMMaHus pa3padoTyukoM. Bce 3TO CIoCOOCTBYET IOSBJICHUIO
Pa3IMYHBIX YYEOHMKOB, PYKOBOJICTB, OHJIAMHOBBIX PECYpPCOB W KHHT,
KOTOpPBIC IPU3BAHBI TIOMOYb Pa300paThCs B YKa3aHHBIX CTaHAApTaX.

[Tone3HbIl MOAX0 K NOHUMAHUIO U «IEKOJUPOBAHUIO» CTAaHIAPTOB
COCTOMT B TOM, YTOOBI OJIM3KO MO3HAKOMUTHCS C HEKOTOPOU pean3aiuei,
MOJHOCTBIO CIICJIAHHOM MO MPaBWJIAM JTaHHOTrO craHpapra. CnpaBOYHbIE
MPOTrpaMMbl TOCTYIHBI Jj1s1 000ux cranaaptoB MPEG-4 u H.264. meetcs
TaKK€ HWCXOIHBIM KOJ TMPOrpaMMbl KOJEpa, KOTOPBIM TE€HEPUPYET
MPaBWJIBHBIN OUTOBBIN IMOTOK, M JICKOJIEP, MEPEBOAAIINN 3aKOIMPOBAHHBII
MOTOK I10 MPaBujaM, IPEANUCAHHBIM MPOLIECCOM JCKOIUPOBAHUSA.

7.2.3. Iloouunenue cmanoapmam

s ko0epa mMoAYMHEHUE CTAHAAPTY BUJICOKOJMPOBAHUS O3HAYACT,
YTO OH NPOU3BOJUT OUTOBBIA MOTOK, KOTOPBIM YJOBJIETBOPSET BCEM
TpeOOBaAHUSIM, MPEANUCAHHBIM CUHTAKCUCOM, MIPUYEM 3TOT MOTOK MOXHO
JEKOJIMPOBATH C MTOMONIBIO MTPOIIECCA TEKOAUPOBAHUS CTAaHAAPTA B PAMKax
OTpaHWYEHUMN Ha TaKue MapameTpbl, KaKk OUTOBas CKOPOCTh KOJAUPOBAHMUS.
st Oexodepa TOAYMHEHHWE CTaHAAPTY MPEANOiaraer, 4YTo OH MOXKET
JIEKOIUPOBATh «IPABUJIBHBIN» OUTOBBIN MOTOK, KOTOPBIN YIOBIETBOPSIET
BCEM OTPAHUYCHUSIM M MMEET MPABUJIIBHYIO TOYHOCTh BCEX IMapaMeTPOB.
[loHsTHEe NOMYMHEHUS CTaHJIApTaM Jajee YTOUHSIETCS B NPOQPUILX
(corimacoBaHHBIX MOJMHOXKECTBAX CHHTAKCHCA U MHCTPYMEHTOB B pamMKax
CTaHJIapTa) U ypo8HsxX (COTTACOBAHHBIX MpeJiesiax MPOU3BOAUTEIHLHOCTH).

Xopomiee PpyKOBOACTBO IO TMOAYUHEHUIO CTaHAApPTy JIOJHKHO
o0OecrieunBaTh  B3aUMOJIEUCTBHE CO  CIPABOYHBIMU  IIpOrpamMMaMu
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(mporpammubiMu peanuzanusimMu MPEG-4 u H.264, nocTynHbIMU 119 UX
CBOOOJHOTO CKauuMBaHHUs pa3paboTunkamu). Ecim komep u AeKoAep
TPEThE CTOPOHBI HAJIEKHO B3aUMOJICUCTBYIOT CO CIPABOYHBIMU
porpaMMaMyd KOJHMPOBAHUS W JEKOJMPOBAHUSA, TO 3TO YKAa3bIBAET Ha
803MOJ4CHYI0 TIOMYUHEHHOCTh 3TOTO KoJieKa cTanaapTy. OQHAKO 3TOro ene
HEJIOCTATOYHO [IJIi TPU3HAHUA Takoro mnoauuHeHus. CrpaBoYHbIE
nporpaMmbl pabOTalOT B pexkuMe odiiaitH, KpoMe TOTO, BXOJbI U BBIXO/IbI
TUX mporpamMMm oGopmieHbl B BUAE (ailJioB, YTO JEIAET TPYIHBIM HUX
UCIIOJB30BAHUE B PEXKUME PEATBHOTO BPEMEHHU, KOTOPOE MOXKET,
HarpuMep, MOTPeOOBaThCS ISl «KUBOW» TPAHCISIUMU BUIEO IO CETSAM.
Kpome Toro, u3BeCTHBI CilIydyan HECOTJIACOBAHHOCTH MOJIENIEN CIIPABOYHBIX
nporpaMMm €O cChneuupuKanusiMd HU3 JOKYMEHTOB CTaHAApPTOB (XOTS
IPYNIbl  3KCHEPTOB  MpUJAraloT BCE YCWIMS K TOMY, YTOOBI
MUHUMU3UPOBATh 3TH TPOOJIEMbI, HCIPaBIssl OIIMOKU, HETOUHOCTH U
pacxoxjaeHusi). Hakonen, HeKoTOopble MPOOJEMbl COBMECTUMOCTH MOTYT
OOHAPYXKUTHCS TOJBKO MPH OMNPEACIICHHBIX YCIOBUSIX OOpabOTKU
KOHKPETHBIX TUIIOB BUJICO/IaHHBIX.

OOMeH TeCTOBBIMU MaTepraiaMu (BBIXOJIaMH KOJEPOB U JIEKOJIEPOB)
pPa3HBIX pa3pabOTYMKOB MEXIAy COOOW SBIAETCS TMPaBWIBHBIM U
OOCTYIHBIM IyTEM TNPOBEPKH M BBIABIEHUSA MIMPOKOrO CIEKTpa
NOTEHIMAIBHBIX MPOOJIEM COBMECTUMOCTH M TOJYMHEHHUS CTaHIapTaM.
[IpompblllieHHBIE KOPIIOpALUK, Takue, Hampumep, kKak Internet Streaming
Media Alliance (ISMA) u MPEG-4 Industry Forum (MPEGIF), BcemepHo
CIIOCOOCTBYIOT B3aUMOJICHCTBUIO MEXY KOMaHAaMU TECTEPOB Pa3IUUHbBIX
KOMITAaHUM U OpraHU3aIuu.

B MPEG-4 TtectupoBaHue€ Ha COBMECTUMOCTb W IIOJYMHEHHOCTH
OUTOBBIX IOTOKOB M JAeKoAepoB omucaHo B yactu 4 (TectupoBanue
coBMecTUMOCTH). CuMTaercs, dYTO HEKOTOpbIH OWUTOBBIH  MOTOK
NOAYMHSIECTCST  CTaHAApPTy, €CJIU OH  COJEPKUT  «IPABUIIBLHBIC»
CUHTAKCUYECKHUE DJIEMEHTHI TAHHOTO MPO(IIs U HE BBIXOJUT 3a MPeJebl,
NpEANUCAHHBIE  HCMOJb3yEMBIM  YpOBHEM. Jlekoaep MOJUUHSAETCS
CTaHJapTy, €CIU OH CHOCOOEH JEKOJMPOBATh JI000W OUTOBBIN MOTOK,
MOAYUHSFOIIUHCS OTpaHUYECHUSIM BBIOpAaHHOM KOMOUWHAIINH
npo b / ypOBEHb.

7.3. O030p cranpapra MPEG-4 (Part 2)

MPEG-4 Part 2  npexncraBisieT co00M OOBEMHBIM JOKYMEHT,
OMUCHIBAIONIUHN UPOKUN Ki1acC (QYHKIUN, OTHOCSIIUXCS K KOJAUPOBAHUIO
U TNOPEACTaBICHUIO BU3YyallbHOW uH(popmanuu. CraHgapT ONUCHIBAET
CJIEAYIOIIUE TUTIBI JAHHBIX:

— JIBWXKyIIUECS U300pakeHus (MpSMOYToJIbHBIE KaJIphl);
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— BHJICO00BEKTHI (00JIACTH TPOU3BOJILHON (DOPMBI C JIBIKYIIUMUCS
npeAMETaMu);

— JBYXMEPHBIE U TPEXMEPHBIE CETOUHbIE OOBEKTHI (IIPEACTABIIAIONINE
nedopMupyeMbie 00BEKTHI);

— AHUMUPOBAHHBIC JUIA U (PUTYPHI JIOJEH;

— CTaTUYECKHE TEKCTYpPhI (HETIOJBUKHBIE U300PAKEHHUS).
PazpaboTtanbl  pa3auyHble  HMHCTPYMEHTBHI  KOAUPOBAHUS  JUIS

MPEJCTABICHUSI ATUX THUIIOB [JIaHHBIX B CXKATOM Bujge. HMwmes
pa3zHoOOpa3Hble ceMeilcTBa MHCTpyMEHTOB, ctanaapt MPEG-4 moxer
MOAAEPKUBATh PA3IMYHBIC MPHIIOKEHHS, HATPUMED:

— «HacJeaue» OCHOBHBIX BHUJICONMPHUIIOKEHUN, TaKUX Kak HUGPOBOE
TeJIeBEIlaHuE, BUIEOKOH(EPEHIINU U XpAaHEHUE BUJIEO;

— BUJICONIPUJIONKEHUSI HA OCHOBE OOBEKTOB, B KOTOPHIX BHJICOCIICHA
MOXET OBITh CKOMIIOHOBAHA Pa3JIUYHBIMU  BHJICO000BEKTaAMU,
3aKOJIMPOBAHHBIMU HE3ABUCHUMO JIPYT OT JIPYTa;

— TPENCTaBICHHE KOMIIBIOTEPHOM TpaduKd C HCHOJIb30BaHUEM
IBYXMEPHOW M TpeXMEpHOH nedopMUpPyeMOl CETOYHON T€OMETPUH
Y aHUMUPOBAHHBIX JIUI] U (DUTYD JIFOJEH;

— «TUOPUIHBIC» BHJCONPHUIOKEHUS, B KOTOPHIX KOMOUHUPYIOTCS
€CTECTBEHHbIC  BHUJCOCIICHBbI, HEMOJBI)KHBIE HU300pAKEHUS U
rpadurka, CreHEpUpPOBaHHAS KOMITBIOTEPOM;

— TIOTOKOBOE BHJIEO, MepeaaBaemMoe dYepe3 HHTEpHET W KaHabl
MOOUJIBHOM CBSI3U;

— BBICOKOKAQYECTBEHHAs  BHUJICONPOAYKIHMS,  H3TOTOBJIEHHAs U
pacrmpocTpaHsemasi AJis CTYJUHHOTO yIOTpeOIeHUS.

HecmoTpss Ha  MHOroo0pasue  HWHCTPYMEHTOB,  3aJaBa€MbIX
CTaHAapToM, airoputrMuueckum simpom MPEG-4 Part 2 gBusgercs
OTHOCUTEIBHO MPOCTONM MEXaHU3M BUJICOKOJUPOBAHUS, HUCIOJIb3YIOIINI
KOJIEK Ha OCHOBE OJIOKOB C KOMIIEHCAIIMEH JABMKEHUS U C MOCIEAYIOIINM
DCT-npeobpa3zoBanreM, KBAHTOBAHHEM M SHTPONMUNUHBIM KOJUPOBAHUEM.
CHUHTaKCUC 3TOT0 CTEP>KHEBOTO KOJieKa (TP HEKOTOPHIX OTPAHUYCHUSIX)
uneHtnaeH snapy H.263. BonbmmMHCTBO  OCTaNBHBIX  (YHKIUNA |
MHCTPYMEHTOB, NOAAEPKUBAEMbBIX CTaHJIapTOM, MOJTYy4YarTCS
n00aBJICHMEM HEKOTOPBIX JeTaliei (3a MCKIIOYEHHWEM HWHCTPYMEHTapHUs
KOJUPOBAHUSI CETOK), HEMOJBIKHBIX HW300pAKEHU H MapaMeTpoB
aHUMAIUU JUI U PUryp, KOTOphIE pazpadaThIBAIOTCS OTAEILHO.

PaccMmoTpuM cosepkaHre OCHOBHBIX pa3/iesioB CTaHAApTA.

Beeoenue naer 0030p 1ENEBbIX MPUIOKEHUM, MOJXOJ0B U THUIIOB
JTAHHBIX C OCOOBIM aKIIEHTOM Ha JIBYXMEpPHBIE U TPEXMEPHBIE CETOYHBIE
OOBEKTHI.
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Pazoenvr ¢ 1-20 no 5-vuii ABIAIOTCS TNpeaMOyJIoOd K OINHCAHUIO
TEXHUYECKUX JieTaliel cranaaprta. Paznen 1 onuceiBaeT paMKu U TpaHULIbI
CTaHJapTa, pa3ael 2 COAEPKUT CChUIKM Ha JPYrue JOKYMEHTHI CTaHAapTa,
paszien 3 COCTOUT M3 IMOJIE3HOT0 CIUCKA TEPMUHOJIOTHU U ONpEeIeTICHUH,
paznen 4 TmepevyucisieT CUMBOJBI W COKpAIIEHUs, HUCIOJIb3yEMbIE B
CTaHJapTe, a pasziesl S oObSICHAET OCHOBHBIC COTJIALICHUS JIJIsi OTMCAHUS
CHUHTAaKCHca CTaHaapTa.

Pazoen 6 onuceiBaeT CHUHTAKCHUC U ceMaHTUKYy cTaHjnapra MPEG-4.
3/1ech OonmpeAesieHbl pa3IudYHbIE CTPYKTYpPbl 3JIEMEHTOB OMTOBOIO MOTOKA
BMECTE€ C TpeanojaraeMbiMu (opMaramMu Hec)KaTtoro Buaeo. Omnucad
CUHTAaKCHC «IPABWJIBHOT0» OWTOBOTO TMOTOKA, OMNPEACICHO, KaKue
CUHTAaKCHUUYECKHE DJIEMEHTHl SBISIOTCS YacThIO CTaHAApTa M B KaKHUX
MOCJIEIOBATENIbHOCTSAX ~OHM  MOTYT BcTpeuaTbea. Tam, T/€ 3TO
HEO0OXOJIUMO, MPUBOJIUTCS CEMAHTHKA (CMBICI U JOIMYCTUMBIC 3HAUCHMUS)
BCEX CHUHTAaKCHMYECKHMX dJeMEHTOB. Pazaen 6 ompeaenseT AOMyCTUMBIE
napametpbl outoBoro noroka MPEG-4, u «mpaBuiIbHBIN) KOJEP JTOKEH
MPOU3BOJIUTH OMTOBBIE TOTOKU, OTBEUAIOIIME S3TUM MPABUIIAM.

Pa3zoen 7 mocBsiliieH onMMCaHUIO MPOIEcca JEKOIUPOBAHUS OUTOBBIX
notokoB MPEG-4. D1oT pazaen onpeaenser 1mocie10BaTeIbHOCTh 11aroB,
TpeOyeMbIX IJisi JACKOAMPOBAHMS MPABWIHHOTO TOTOKA W JJISL  €ro
npeoOpa3oBaHUsl B BU3YAIbHbIE CIIEHbl WJIM B BHU3YaJbHbIE OOBEKTHI.
[Ipexxne Bcero OMUCHLIBAIOTCS  OCHOBHBIE IIard  JCKOJIWPOBAHUS
OCTaTOYHBIX JAaHHBIX (TEKCTyp), mHapaMeTpoB (HOpM U KOMIICHCAIUU
JNBIDKCHUSI. 3aTE€M  PacCMATPUBAIOTCS  CIICMATbHBIE HWHCTPYMEHTHI,
HEOOXOUMBIE JUIi KOAUPOBAHUS JPYTUX OOBEKTOB (UEepEeCcCTPOUHOE
BUJICOKOJUPOBAHUE, KOJMPOBAHHUE HEMOABMIKHBIX HW300pakKeHUU W
MacuTabupyeMblx 00OBEKTOB U T. 1.). Jlanee B paszmene 7 ompexaensercs,
KaK cieayer AekoaupoBaTh OuTOBbIM MOoTOK MPEG-4. «lIpaBuibHBIN
JEKOJIep JOJKEH BBITIOHATH BCE ATU WUJIM SKBUBAJICHTHBIE UM MPOIETYPHI.

B pazoene 8 o00OCyx)narTcs METOABl KOMIIO3UIIUM OOBEKTOB,
3aKOJJMPOBAHHBIX  HE3aBUCUMO Jpyr OT Jpyra, TMpud CO3JaHUU
CUHTETHUYECKUX BHUJICOCIICH.

B pazoene 9 naetrcs ompeneneHune BaKHBIX MOHSATHUN CTaHIapTa —
npogunb U yposeHs. ITO crienuPUIecKrue MOJIMHOKECTBA HHCTPYMEHTOB
KoJupoBaHus (poduin) U paboure XapakKTepUCTHUKU (YPOBHU), KOTOPHIE
KOJIEK MOXET BBIOMpATh M MCIOJb30BaTh. OTU TOYKU COOTBETCTBUS
OCOOEHHO Ba)XXHbI IJI1 Pa3pabOTUUKOB U MPOU3BOAUTENEH, MOCKOIBKY
NPEJCTABIISIETCS MAJIOBEPOATHBIM, YTO KOHKPETHOMY MPUIIOKEHUIO
noTpedyercss Bce pa3zHOOOpa3ue HWHCTPYMEHTOB, OOECIeUMBAEMbIX
CTaHJIapTOM.

OcraBmasicst yacTh JoKymMeHTauu (okoso 200 cTpaHuIll) COCTOUT U3
15 npunoowcenuti. HeKoTOphIE U3 HUX HOCAT HOPMAMUBHBIU XAPAKTED, T. €.
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ABIIAIOTCS Ba)XXHBIMH  4YacTAMHM  cTaHgaprta. llpexzae Bcero 9To
cnenuduKanuu ~ JUCKPETHOTO  KOCMHYCHOTO  MpeoOpa3oBaHUs |
JUCKPETHOTO BEUBIET-IPe0Opa3oBaHusi, HCHOIb3YEMBIX CTaHAAPTOM,
TaOIUIBl KOJAOB MEPEMEHHOMN UIMHBI, IPUMEHSIEMBIX B OMTOBBIX MOTOKAX
MPEG-4, a taxxe Oydepnas nposepka Bugeo — VBV (Video Buffering
Verifier), koTopass HakjlaJaplBa€T OrpaHUYEHUA Ha pabouyue MnapaMeTpsl
kogeka. OcTalbHble MPUIOKEHUS SABISIOTCA UHpOpmayuoHHbimu. B HUX
Pa3bACHSAIOTCS HEKOTOPBIE JIeTall CTaHAapTa, HO OHU HE COAEPk AT HOBBIX
ompeneneHuii. B Buge mnpuMepoB BbIAENEHBI ONUCAaHUS METOOB
YCTOWYUBOCTH MNPOTUB OIIMOOK, MPEIJIOKEHUS MO MPEeIBAPUTEILHON U
NoCJIeAyIolIed BUIe000padoTKe, yKa3aHUsl MO OpraHU3aluy aJrOPUTMOB
KOHTpPOJII OMTOBOM CKOPOCTH, a TaKXKe CIHUCOK KOMMaHUM, 001aaroniux
MOJIE3HBIMM MaTeHTaMH, Ha OCHOBE KOTOPBIX MOXKHO pEaln30BbIBATH
HEKOTOpbIe (PYHKIIMK CTaHIapTa.

7.4. O630p crannapra H.264 (MPEG-4 Part 10)

Cranmapt H.264 umeer Oosiee y3Kue TpaHHUIBI MPUMEHEHHUS TIO
cpauennto ¢ MPEG-4. On Owu1 paspabotan s 3¢ (HEKTUBHOTO
KOJUPOBAHUS U TOMEXOYCTOMUYMBOW Mepellayd BHUACO MPSIMOYTOJIBHOIO
¢opmara. Ero mnepBoHayasbHOW  3amadyeil  ObUI0O  oOecreueHue
¢yHkunoHanpsHOCTH, cxoxed ¢ H.263+ u MPEG-4 (npocroii mpoduib),
HO C JIyYIIUM C)KaTheM U ¢ 0oJjiee HaJekKHbIM MEXAHU3MOM IepeAadu
BHUJICOJIaHHBIX.  [leneBble  MPUIOKEHUS  BKJIIOYAIOT  JABYCTOPOHHUE
BUJICOKOMMYHHUKAIIMU (BUICOKOH(EPEHIIUU U BUIIEOTEICHOHUIO), BUIELO
BBICOKOT'O Ka4e€CTBa M OPraHU3allMI0 BHJICOMOTOKOB YE€PE3 CETH MAKETHOM
nepenaud JaHHbIX. [loanepikka yCTOMUMBOW mepenayu JaHHBIX MO CETSAM
BCTPOEHA B CTaHAAPT, KOTOPBIN pa3paboTaH Tak, YTOOBI €r0 MOKHO OBLIO
JIETKO BCTPauBaTh B Pa3HbIe KOMITbIOTEPHBIE TIIIAT(HOPMBI.

OTOT  CcTaHgapT  OMNHMCAaH  Tropa3go  HojapoOHee  CBOHUX
npenmecTBeHHUKOB  (Bkiaoyas MPEG-4) B mensax MHHUMHM3AIUU
BO3MOXHBIX  pa3HOUYTEeHUW. JleTanbHbII  ypOBEHb  MPEACTaBICHUS
CTaHJapTa CHJIbHO YJIJIMHSET €ro JOKYMEHTHPOBAHUE U JIEJIA€T HEKOTOPHIE
pa3zaelbl II0X0 YATAEMBIMU.

Bo 66edenuu mnepedyucieHbl HEKOTOPBIE IIEJIEBbIE MPUIIOKEHUS,
OOBACHEHBI KOHIENIMU NpoduiIei U ypoBHEH, JaHO KpaTKOE ONMUCAHUE
KOJIOBOMY IPEJICTABIICHUIO.

Pazoenvt ¢ 1-20 no 5-vuii ABASOTCA NpeaMOynol K OCHOBHOMY
TEKCTY, B HUX JAIOTCS CChUIKM Ha OCTaJIbHbIE YaCTU JOKYMEHTA, CIHCOK
TEPMUHOB U ONPEACICHUN, TMEPEUUCIICHbl TPUHSTHIE COKPAILCHUS,
OmMHCaHbl apu(PMETHIECKHE OTIEPAIIN U MAaTEMAaTUYECKHUE (PYHKITUU.
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Pazoen 6 naer omnucaHue BXOJHBIX M BBIXOJAHBIX (hOPMATOB.
CraHmapT moAAepKUBaeT 00pabOTKy MPOrPECCUBHOTO U YE€PECCTPOUHOTO
Buneopopmara 4:2:0. 3mech K€ TMPUBOIUTCA OINHUCaHHE (POPMATOB
COMIUTMPOBAHMS U (POPMATOB KOJAMPOBAHHOTO OUTOBOIO MOTOKA, a TaKKe
onpenensieTcss NOopAIoK 00paboTKM BUIEOKaapoB. B srom pazpgene
OMUCHIBAOTCS METOJIbl HAXOXKIEHUS «OJU3KUX)» KOJUPYEMBIX 3JIEMEHTOB,
KOTOpPbIE HEOOXOUMBI JJIsl TIPOIIecca JEKOIUPOBAHUSI.

B paszoene 7 paccmarpuBarOTCs CHHTaKCUC M CEMaHTHKa CTaHaapTa.
CtpyKTypa U MOCJIEIOBATEIbHOCTh CUHTAKCUYECKUX JIEMEHTOB ONMHUCAHBI
ananorndno MPEG-4. Onpenensiercsi ceMaHTUKa (CMBICI U JIOMYCTUMbIE
3HAYEHMS) BCEX CHHTAKCUYECKHUX 3JIEMEHTOB.

Pazoen 8 mocBdlilleH OCHOBHBIM MpOIlECCaM JE€KOJUPOBAHUS CIIOEB
(6a30BbIx KkomOBBIX eauHull H.264). I[lepBwiii maparpad ummeer Aeno c
nporieccaMmu 060Jiee BBICOKOTO YPOBHS, HAIIPUMEDP C OOHAPYKEHUEM TPAHUI]
M300pakeHUil W ¢ 00pabOTKOM CCHUIOYHBIX H300paKeHUuM. 3a 3TUM
CHENYIOT intra- 151 Inter-mporHo3upoBaHue, JNEKOUPOBAHUE
KOd(pGUIIMEHTOB  TIpeoOpa3oBaHMs, PEKOHCTPYKIMS U  BCTPOCHHOE
nebsokupytoiiee GuIbTpoBaHuUE.

Pazoen 9 omnucbiBaeT CHUHTAKCUYECKUN pa300p KOJIUPOBAHHOTO
NOTOKa (T. €. KaK CJIeyeT U3BJIEKaTh U3 HETO CHHTAKCUYECKUE PJIEMEHTHI).
3nech HMMEETCs JBa OCHOBHBIX METOJIa: TMEPBBIA HCHOIb3YET KOJbI
NEePEMEHHON JJIMHBI, a BTOPOH OCHOBAH HAa KOHTEKCTHO-aJalTHBHOM
JTBOMIHOM apu(PMETHIECKOM KOJTUPOBAHUH.

lIpunoscenue A onpenensier Tpu npoduiid, noaaepxxkupaembie H.264
(0a30BBIM, OCHOBHOW M pACIIMPEHHBIN), W CHEUUPHUIUPYET TOUYKU
MIPOU3BOIUTEIILHOCTH (YPOBHH).

Ilpunosxcenue B omnpenenser  ¢opMar  TOoToKka  0alTOB
(mocneaoBaTeNbHOCTEN 3aKOAMPOBAHHBIX €IWHUIl JAHHBIX, MOAXOISIINX
JUISL TPAHCTISILMM TI0 CETSIM ¢ KOMMYTallMeil KaHaJIOB).

lpunoowcenue C ONUACHIBAECT TUMIOTETUUECKAN CIIPABOYHBIN JIEKOJIEP.
ITo ananorun ¢ MPEG-4 6ydepnas nposepka Buaeco (VBV) naknanbiBaet
OTPAaHUYEHUSI HA CKOPOCTh OHTOBOrO TMOTOKA M YacTOTy KaJpoB
JNEKOIMPYEMOTO BUJIEO.

Ipunoowcenuss D u E conepxaT JOMOTHUTEIBHYI0 UH(POPMAIIUIO 110
ycoBepuienctBoBanuto (SEI, Supplemental Enhancemental Information) u
undopmanuo no wucnonszyemoctu Bugeo (VUI, Video Usability
Information). 3Ota «moctopoHHssH» uHGOPMALUS TOMOXKET JAEKOJEPY
YIYUYIIUTh KayeCTBO M300paKeHUs, HO OHA HE CYIIECTBEHHA IS
KOPPEKTHOTO JIEKOJIUPOBAHUS BUICONOCIIEI0BATEILHOCTH.
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7.5. CpaBaennie MPEG-4 u H.264

B tabn. 7.2 npuBeaeHb OCHOBHBIE pa3audus ABYX cTaHmapTtoB. OHa
HEe SBJIIETCA IIOJIHOM, HO B HEW BBIJACIECHBI Ba)KHBIE OCOOECHHOCTH
noaxoa0B MPEG-4 u H.264 k koaupoBaHHIO BUCOJaHHBIX.

Tabnuua 7.2
OcHoBuble paznuuusi MPEG-4 u H.264
CpaBHeHue MPEG-4 H.264
[TognepxxuBaemblie [IpssmMoyrosibHBIE KaaApbl U [IpssMoyronbHbIE  KaJphbl
THUIIBI JAHHBIX MOJTyKaJpbl BUIEO, BUCOOOBEKTHI | M MOITYKAAPHI BUICO
IIPOU3BOJILHON (POPMBI,
HEIOJBIKHBIE TEKCTYPHI U
«CTIPATBI, THOPUIHBIC
CHHTETUYECKHUE U HATypaJIbHbIC
BUJICO00BEKTHI, CETOUHBIE
JIBYXMEPHBIE U TPEXMEPHBIE
00BEKTHI
Yucno npodueit 19 3
CreneHb cxaTus Cpennsis Bricokas
[Topnepxka Macurabupyemoe KOJupoBaHUE [IepexiroueHue CioeB
ITOTOKOBOTO BHUJIEO
MuHuManbHBIN 8 x 8 4 x4
pa3mep Onoka
KOMIIEHCAllUN
JBUKECHUS
Tounocte  BekTOpoB | [IoJIOBHHA M YETBEPTH MUKCENA YeTBepTh NUKCENA
JBUKECHUS
CpaBHeHue MPEG-4 H.264
[IpeobpazoBanue JluckpeTHOe KOCUHYCHOE OJIOKOB JIMCKpeTHOE KOCHHYCHOE
8x8 6510K0B 4 x 4
Bcerpoennsii
EOJIOKUHTOBBIN Het Ha
buneTp
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MPEG-4 nenaet akiieHT Ha BapuabenbHOCTh, a H.264 HameneH Ha
a¢pdexktuBHOCTF W HagexkHOCTh. MPEG-4 obecneunBaeT BBICOKYIO
MPUCTIOCA0IMBAEMOCTh CBOMX TEXHHUYECKUX HHCTPYMEHTOB U PECYpPCOB
KOJUPOBaHUs, JlaBasi BO3MOXKHOCTb pPa0OTaTh C IIUPOKUM CIIEKTPOM
BHJIEO/IaHHBIX, BKJIFOYAOIIUM PSIMOYTOJIBHBIE BUJIEOKAPbI
(«TpaIUIIMOHHBIN BHJIeOMaTEpHUan), BHUJI€000BEKTHI (obnactu
BU3yaJIbHBIX CIIEH MPOU3BOJIBHOW (POPMBI), COCTOSIIME KaK U3 OOBIYHBIX
U300paKeHU, TaK U U3 THOPUJIOB IIPUPOJHBIX» OOBEKTOB U OOBEKTOB,
CreHUpUpOBaHHbIX  KommbioTepoM. MPEG-4  obOecneunBaeT  cBOE
(GyHKIIMOHUPOBAHKE TIOCPECTBOM HabOpa MHCTPYMEHTOB KOJIUPOBAHUSA,
OpPraHU30BAHHBIX B «MPOGUIN», KOTOPHIE COCTOAT M3 PEKOMEHIYEMBIX
TPy MOJyJed Uil KOHKPETHBIX mpuiioxkeHui. Kmaccel mnpoduneit
BKJIIOYAIOT  «IpOCThie» MNpoduiau  (KOOUPYIONIME  MPSMOYTOJIbHBIC
BUJICOKAJPhI), MPO(PHIN Ha OCHOBE OOBEKTOB (KOJAUPYIOIINE BU3yabHbIE
OOBEKTHI MPSIMOYTOJIbHOW (OPMBI), TEKCTYypHbIE NPOodUin (KOAUPYIOIINE
HETOJIBMXKHBIE U300paKEHUSI WIIM TEKCTYPhI), MaclITabupyeMble TpoPpuin
(Kogupyrole MHOTOKPATHBIE pa3pelIeHUs] UM KaUeCTBEHHbIE YPOBHU) U
CTynuiiHbIe TpoPmin (KOIUPYIOIINE BHICOKOKAYECTBEHHbBIC CTYIUIHBIC
MPUIIOKEHUSA).

ITo cpaBHenuro ¢ rubkum mnoaxogom MPEG-4 cranmapt H.264
CKOHIIEHTPUPOBaH Ha 3(PPEKTUBHOCTHU CxKaTUs BUACOKaIpoB. KitoueBbiMu
pU3HaAKaMu CTaHJapTa SIBJISIIOTCS [ (91 0% {1113 S AJIIEMEHTHI:
3 PekTuBHOCTh ckaTtus (oOecrneunBaroNiasi 3HAYUTENIBHOE YIy4YIlICHUE
KOMIIPECCUU MO0 CPAaBHEHUIO CO BCEMH MPEIbIAYIIUMHU CTaHAapTaMu),
3¢ ()EeKTUBHOCTh TEpenadyrd JaHHBIX (CO MHOXXECTBOM BCTPOEHHBIX
JeTanel, MOAJECPKUBAOIINX HAJEKHYIO U YCTOMYHMBYIO Iepenayy o
pa3IMYHBIM KaHajlaM U CeTsIM) U CHOKYCHPOBAHHOCTh Ha MOIMYJSPHBIX
NPUIOKEHUAX BHJACOCKATUSA. B Hacrosiee BpemMs STHUM CTaHIAPTOM
NOJJIEPKUBAETCS TOJIBKO TpH Hpoduiia (1o cpaBHeHuto ¢ 19 8 MPEG-4),
KOKIbIA M3 KOTOPBIX MPUCTOCOOJEH K CBOEMY KIAcCy IMOIMYJISPHBIX
NPUJIOKEHUN BUJICOKOMMYHUKaIUA. ba3oBblii mpoduiib MOXKET OBIThH
UCIIOJB30BaH B «Pa3rOBOPHBIX» MPWIOKEHUSX TUIMA BUICOKOH(DEPEHINH,
paciupeHHbid Tpoduiib 100aBiIsgeT HEKOTOPhIE MHCTPYMEHTHI, KOTOPHIE
MOTYT OBITH TOJIE3HBI B IOTOKOBOM BHJIEO B CETSAX, a OCHOBHOM MPOQIIIH
BKJIFOYAE€T MHCTPYMEHTHI IS MIMPOKOBEIIATEIbHBIX MPUIIOKEHUA U IS
XpaHEHHUs BUJICOJAHHBIX.
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7.6. PoncTBeHHBbIE CTAHIAPTHI
7.6.1. MPEG-1 u MPEG-2

Crangapt MPEG-1 6b11 pa3zpaboTaH 1151 MPUIOKEHUN ITPOCMOTpa U
XpaHeHus1 BHUJeO0 Ha kKommakT-guckax CD. Ha takoil auck momemaercs
okosio 70 MHMHYT ayJIuMo-BUAEO MpU  cKopoctu 3amucu 1,4 Mowurt/c.
Crangapt MPEG-1 Ob1n 3agyman s nogaepxkku Video CD — dopmarta
JUTSL JIIOOUTENbCKOTO BHUJIE0, KOTOPBIN MOT Obl KOHKYPHUPOBATh C BUJEO Ha
aHasioroBbix ~ VHS-kaccerax. MPEG-1 wucnons3yeT KOMIIEHCALIMIO
JIBMYKEHUS Ha OCHOBE OJIOKOB, JUCKPETHOE KOCHHYCHOE ITPeoOpa3oBaHue U
kBaHTOBaHue. CTaHAapT ObUI ONTUMHU3UPOBAH JMJISI CXKATUS BHUACO CO
ckopocThio okosio 1,2 Mowut/c. Crangaptr MPEG-1 He mnomyuun
KOMMEPYECKOT0 Pa3BUTHS, MOTOMY YTO KaueCTBO BHIECOM300paKECHUS
ObUIO HE HAMHOIO JIy4llle, YEM Y AaHaJOrOBBIX BHJICOKACCET, YTO HE
o0y AWIIO TOTPEOUTENEH MTEPEUTH Ha HOBYIO IIU(MPOBYIO TEXHOJIOTHIO.

3a MPEG-1 nocnenoBan crangapt MPEG-2, koTopslil Obu1 HallelieH
Ha TOTECHIMAIbHO OoJiee IMHUPOKUM PBIHOK HIMPOKOBEIIATEIHHOTO
nudposBoro tenesuaeHus. OH Obu1 ocHoBaH Ha MPEG-1, HO mpu 3TOM
UMEJl HECKOJBKO CYIIECTBEHHBIX W3MEHEHUW IS MOJIEPKKH LEIEBBIX
NPUIOKEHUH, BKJIIOYAs Oonee 3¢ (PexTUBHYIO KOMIIPECCHUIO
YEpPECCTPOUHOro (a Takke MPOrpecCUBHOIO) BHJZIEO, OoJiee THUOKHI
CHUHTAKCHUC M 0o0Jiee MOIIHYIO CUCTEMHYIO YacTh CTaHjapra. B cranmapte
MPEG-2 Oblid BIEpPBbIE peaIM30BaHbl KOHLETIIUM TTpOodHIeH U ypOBHEH
(3a7ar0IIMe TOYKU COOTBETCTBUS WM NIPEAENbl MPOU3BOJIUTEIIBHOCTH) Kak
Croco0 TMOOMIPEHUs] B3aUMOJCUCTBUS Pa3paOOTUMKOB MPUIIOKEHUN 0e3
yIIeMJICHUS] THOKOCTH CTaH1apTa.

MPEG-2 umen (1 umeet) 00bIIoN KoMMepueckuit yernex. OH cTal
MPUMEHSTHCSI BO BCEM MHUpE ISl IMIMPOKOBENIATebHOW 1HUGPOBOM
TEJICBU3MOHHOW TPAHCISIUA MO KaOeNbHBIM CETSIM, CHYTHUKOBBIM U
Ha3zeMHBIM KaHaiaM. OH oOecrieums1 KoJaupoBaHue (PuiabMOB B (popmate
DVD-Video, koTopblii cMOr BBITECHHTH BHcomieHKy VHS (B uem
notepnenu Heygaawy MPEG-1 u Video-CD).

Bo Bpemss Hammcanusa npwioxkenud noax MPEG-1 u MPEG-2
MHOTHE  pa3pa0OTUYMKM  HCKaIM  CTaHAApT  KOJUPOBaHUA IS
BUJICONIPOYKTOB CJIEAYIOIIETO TMOKOJEHHUs, B Hicane 00eCreYrBaOIINA
Jydilee cxaTtue U OOJBIIYI0 YCTOMYHMBOCTh K Iepelade Mo CETAM I10
CpPaBHEHHUIO CO CTapbiMH cTraHjgaptamu. O6a HOBbIX cTanaapra — MPEG-4
n H.264 — ABIAIOTCA NpPETEHACHTAMH IS MCHOJB30BAHUS BO MHOTHX
KJIFOYEBBIX MYJIbTUMEJAUNHBIX MNPWIOKEHUSX HACTOAIIETO U OyAyIIero
MTOKOJICHUH.
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7.6.2. H.261 u H.263

H.261 OBLI IIEPBBIM pacupoCTpaHEHHBIM CTaHAPTOM,
paspaboranaeiM  ITU-T  nmna  momgmepkku — BuacoTenedOHUH U
BujicokoHpepeHnuil mo cetsiMm ISDN ¢ komMyTanueit kaHajaoB. ITH CETH
paboTaroT Ha CKOPOCTH, KpaTHOU 64 kO6uT/c, 1 H.261 6bL1 pazpaboTtan st
OCYILIECTBJIEHUS JIOCTATOYHO MPOCTOrO0 BHUJCOKOJUPOBAHUS Ha ITOU
outoBoil ckopoctH. CTaHAapT HCMOAb30Bal H3BECTHYIO THOPUJIHYIO
moneiab DPCM/DCT c¢ kommeHcaled JIBHIKEHUSI C IEJIONMUKCEILHOU
TOYHOCTBIO.

B nensx manmpHelmero ynydiieHus: creneHu cxxkatus H.261 paboyas
rpynna ITU-T pazpaborana cranmapt H.263. D10 obecneumno nydiiee
ckarue, yeM y H.261, ¢ moanmepxkoii 0a30BOro BHIEOKAYECTBAa Ha
ckopoctsix a0 30 xOut/c. H.263 Bomen B rpynmy CTaHAapTOB,
o0ecrneunBarOIIMX Tepelady BUACO MO CETSIM ¢ KOMMYyTallMel KaHaloB U
naketoB. bazoBas mozens koaupoBanus H.263 (rubpug DPCM/DCT c¢
MOJIYTIUKCEJIbHON KOMIIEHCAIlMEl ABWKEHUS) Oblla MPUHSTA B KauyeCTBE
saapa mpoctoro mpoduis cranmapra MPEG-4. OpurunanbHas MoOENb
H.263 Briroyana dYeThIpe JOMOJIHUTEIBHBICE MOJIbI  KOJAUPOBAHUS
(onucaHHbIE B MPUIIOKEHUU K CTaHIAPTY), @ B BBINYCK 2 ObUT J0OaBlieH
pAl JaJpHEWIIMX JeTalied, HalpUMEP YBEIWYEHHAsl CTENEHb CHKaTUS U
MOMEXOyCTOMUMBasi Tepejaya Mo 3allyMJICHHBIM KaHajaM. TepMUHBI
H.263+ u H.263++ ucnons3yroTcs i 0003HAUYEHUSI KOJIEKOB, KOTOPHIE
NOICPKUBAIOT HEKOTOPHIE JOMOJIHUTEIBHBIE MOJIbI KOJIMpPOBaHUs. BriOop
BO3MOKHBIX MOJI KOJEKa OBbLT OCTaBjJeH 3a pa3paboTumkamu. Takoii
IIUPOKHUI CIEKTP BO3MOXKHBIX KOMOMHAIMN MOJ (a2 3HAYUT, U TIPOOIEMBI
COBMECTUMOCTH  KOJIGKOB  pPa3HbIX  MPOU3BOAUTENEH)  BBIHYAMI
pa3zpaboTtunkoB cranaapra H.264 ocTaHOBUTHCS Ha JOCTATOYHO MPOCTOM
CTPYKTYpE U3 TpeX npoduei.
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8. KOAUPOBAHME PEYEBBIX CUT'HAJIOB

CoBpeMeHHbBIE JOCTHXKCHUS B oOnacTu CO3JaHus
BBICOKOITPOU3BOAUTENBHBIX MPOILECCOPOB UPPOBOK 00paOOTKM CUTHAIIOB
00€ecCreunu BO3MOXKHOCTb CO3JaHUSl BBICOKOKAYECTBEHHBIX ITU(POBBIX
CHUCTEM CBS3U. EKETOaHO YCHIWSMH YYEHBIX W WHKEHEPOB CHHUKACTCS
nH(OpMaIMOHHAs €MKOCTh TIepelIaBacMbIX IO KaHAJlaM CBSI3M PEUYEBBIX
CUTHAJIOB, YTO TPHUBOAWT K IMOCTOSHHOMY YJCIICBICHUIO YCIYT CBSI3U.
Kpome Toro, moTpeOHOCTH B yMEHBIIIEHWHW CKOPOCTH Ieperadn
(KOMIIpeCCHH) PEUYEBBIX CHTHAJIOB BO3HHKAIOT B OOOPOHHOW OOJACTH H
JIPYTUX CUIJIOBBIX BEJOMCTBAX JIJIsi 00€CTICUCHHS 3aKPBITOM CBSI3H.

[Ipu mnoctpoeHun 1UEGPOBLIX CUCTEM TMepeaydl  COOOIIECHUI
NPUHIUIIMATEHEIM MOMEHTOM SIBJISIETCA OIpEEIeHUE IMOJO0Chl YacToT,
TpeOyemori i oOeclieueHrs 3aJaHHOTO KadecTBa BOCIPOU3BEICHUS
nepegaHHoro cooOuieHus. BooOmie roBops, Juisi BBICOKOKaY€CTBEHHOU
nepeaadn peueBoro coodmenus Tpedyetcs monoca He meHee 10 k[, Ho
JUTSL TOCTHKEHUST YIOBJIECTBOPUTEIHHOTO YPOBHS pa30OPUMBOCTH TPHU Tie-
penade peud 1Mo Tene(OHHBIM KaHajdaM JOCTaTOYHO TEpeaarh CHEKTP B
nosioce 300...3400 I'r. UMeHHO Tako#l CHEKTp 3BYKOBBIX YacTOT OOBIYHO
nepeaaeTcs B COBPEMEHHBIX CHCTEMax Iepe/ladyd peueBol MH(pOpMAIINH,
XOTsI B Psiie CIy4aeB C LIENbIO TOBBIIICHUS] KAayeCTBAa HCIOJB3YETCS U
OoJiee mupokas nosioca (Hanpumep, B pekomeHaanuu G.722).

N3BecTHO, 4TO Il pEYEBOTO CUTHAIA XapaKTEepPHA BHICOKAS CTCTICHD
U30bITOYHOCTH, 4TO o0ecrieunBaeT BBICOKYIO CTEIICHb
MIOMEXOYCTOMYMBOCTH. B TO ke Bpemsi mepexoi Ha IU(POBBIE METObI
00pabOTKH pEUYEBBIX CHTHAJIOB M TMepelnada JaHHBIX MO0 HU(PPOBBHIM
KaHaJlaM CBSI3U IMO3BOJISIET CYIIECTBEHHO COKPATUTh 00BbEM IepelaBaeMoit
uHdopmanuu (OCYIIECTBUTh KOMIIPECCHIO), YTO B CBOIO O4Yepellb
MO3BOJISIET CHU3UTh KalUTaJIbHBIC 3aTpaThl Ha CO3JaHUE KAHAJIOB CBS3H,
YBEJIUYUTh HX TMPONYCKHYI crnocoOHocTh. Kpome Toro, 1mudponas
nepegada  pedyd  MO3BOJISIET  OOECMEYuTh  BHICOKYIO  CTEICHb
KOH(DHICHINAIBHOCTH Tiepenadn WHPOPMAIMU KaK 3a CUeT aJTOPUTMOB
00pabOTKM peyeBOro CUrHamsa, TaK ¢ 3a CYET BO3MOXKHOCTH
JOTIONTHUTEFHON KpunTorpaduieckoit 00padoTku MUGPOBIX JaHHBIX.

8.1. KonupoBanue (popMbl BOJIHBI pe4€BOr0 CUTHAJIA

HpI/IHHI/IH pa6OTI>I 9TOI'0 THIIA KOACKOB 3aKJIIOYacTCA B TOM, YTO OHH
IBITAIOTCA BOCCTAHOBHUTH PICXO,Z[HBIﬁ CHTHAJI CKOJIb BO3MOJKHO TOYHO 0Oe3
HCITOJIBL30BAHMUS 3HAHUM O CaMOM CHUTHajie. DTOT THII KOJIACKOB O6J'IaI[a€T
HEBBICOKOM CJI0KHOCTBIO U IIPOU3BOJUT PCUYb HAa CKOPOCTAX KOJAUPOBAHUA
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BhbiIe 16 kOut/c. Korga ke cKopocTh MOTOKA TAHHBIX HUKE 3TOTO YPOBHSI,
TO Ka4€CTBO BOCCTAHOBJICHHOM D€YX CHIIBHO I1aJ1A€T.

8.1.1. Pekomenoauus ITU-T G.711

Pexomenmanusi, yrtBepxkaeHHas B 1984 r., omnuchIBaeT KOJEK,
UCIIOJIb3YIOIUNA UMITYJIbCHO-KO/IOBYI0 Monysiiuio — PCM (Pulse Code
Modulation) ¢ yactoTtoit muckperuzauuu 8000 kagpos/cekyHay. Tak kak
KKJIbIA KaJp COCTOUT U3 8 OuT, To Kojek G.711 coznaer motok 64 kOut/c.
JInst CHWKEHHUSI IIYMOB KBAaHTOBAHHUS W YJIYYIICHHS TMpeoOpa3oBaHUs
CUTHAJIOB C HEOOJBIION aMIUTUTYAOW MHpU KOAUPOBAHUHU HCIIOIB3YETCS
HEJIMHENHOE KBaHTOBaHWE (KOMMAHAMPOBAHKME) IO YPOBHIO COIJIACHO
crienuaIbHOMYy TceBaosiorapugmuyeckoMy 3akoHy. Ilpu stom B EBpore
UCIIONB3YETCS TaK Ha3bIBacMbIl A-3akOoH, a B CeBepHOM AMEpHUKE H
Snonun — p-3aK0H.

Kogex G.711 mmpoko pacnpocTpaH€H B CUCTEMAaX TPAAUIIMOHHOU
TeneoHun ¢ KoMMyTaluen kaHaioB. HecMOTpst Ha TO YTO peKOMEH AN
G.711 B crangapte H.323 sBisieTcsi OCHOBHOM W MEPBUYHOM, B nutr03ax [P-
TeaeOHUN JAHHBIM KOJEK TPUMEHSETCS PEeIKO M3-3a BBICOKHUX
TpeOOBaHUI K TOJOCE MPOMYyCKaHUs M 3aJep>KKaM B KaHaje Mepeaadw.
Hcnonb3oBanne G.711 B cucremax IP-tenedonnn 060CHOBAHO JIUIIB B TEX
cilyyasix, Korga TpeOyeTrcss o00ecrneyuTh MaKCHUMallbHOE KaueCTBO
KOJIMPOBAHUS  peueBOM  MHpOpMAnMU TpU  HEOOJBIIOM  YHCIE
OJIHOBPEMEHHBIX Pa3rOBOPOB.

8.1.2. Pexomenoauusn ITU-T G.726

OHna ocHOBaHa Ha aJanTUBHOW Au(depeHInanTbHON HMITYJIbCHO-
kojoBor moxayisuuu — ADPCM  (Adaptive Differential Pulse Code
Modulation). Pexomenmamus G.726 Obuta npussta B 1990 1. Ona
3aMeHmsIa co0oM nBa apyrux anroput™Ma — (G.721, KOTOpHIA OMUCHIBAET
nepenauy rosnoca Ha ocHoee ADPCM c outpeittom B 32 xout/c, u G.723,
KOTOPBI OMHUCHIBAET AHAJIOTHYHBIA anropuT™M c oOutpeiitom B 24 u 40
KOuT/c.

Anroputm  ADPCM ocHOBaH Ha TOM, 4TO B wHcxoaHomMm PCM
CUTHAJIe, MEpEeJalollleM peyb, CYIIECTBYET 3HAYUTEIbHAs KOpPEsIus
MEXJy COCEJHUMM oTcueTamu. [loaTomMy eciu KOaupoBaTh HE camy
aMIUTUTYJly CHUTHAJIa, a €€ W3MEHEHUE MO CPABHEHHUIO C MPEIbIAYIIUM
3HAYEHUEM, TO MOXHO OOOWTHUCh MEHBIIUM YHUCIOM pa3psiaoB. s
PEUYEBBIX JAHHBIX ATO MO3BOJIAET YMEHBIIUTh TPeOyeMOe KOJIMYECTBO OUT
Ha oTcueT nmpuMepHo Ha 25 %. KpoMe Toro, aganTuBHOE U3MEHEHHUE I1ara
KBaHTOBAHUs TMO3BOJISIET €llle 0oJibllle YMEHBIIUTh TPeOOBaHUS K IOJIOCE
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NpPOMYCKaHUS TPU 3aJaHHOM OTHOIIEHUM curHain/myM.  CkopocTb
BxogHoro (PCM) oOwurtoBoro mortoka 64 xburt/c. Ilocme ADPCM-
KOJIMPOBAHMS CKOPOCTH BBIXOJHOTO MOTOKAa MOTYT OBITh 40, 32, 24 nu 16
KOuT/C, ¢ pazMepoM Kajpa 5, 4, 3 win 2 6uta cooTBeTCTBeHHO. Hamboiee
4acTO MCHOJb3YEMbIH Cpeid HUX — 32 KOUT/C, OH JaeT MPAKTUUYECKU TaKOe
YK€ Ka4eCTBO BOCIIPOU3BEICHHS peur, kak u G.711.

Bce Meronmbl KOIUpOBaHMS, OCHOBAaHHBIE Ha OMPEACICHHBIX
MPENONIOKEHUSIX 0 opMe CUTHANA, TIOX0 pabOTalOT B CUTYaIlMH, KOT/Aa
CUTHAJ MOXKET Tepe/laBaThCad C PE3KMMHU CKauKaMH aMIUIUTYIbl. MIMeHHO
TakOW BHJI HUMEET AayJAHOCHUTHAJ, TEHEePUPYEeMbId MOAEMaMU WM
dbakcumuiabHbIMU  anmmapatamu.  COBpeMEHHBIE  CHUCTEMbl  OOMEHa
uHdopmalmend, NOANEPKUBAIOIINE UUPPOBBIE JHMHUM CBSI3H, YMEIOT
pacro3HaBaTh (aKCUMUIBHBII OOMEH U TEpenarT COOTBETCTBYIOIIHE
CUTHAJbl HEMOCPEJICTBEHHO B LM(PPOBOM BHUJE, HE Mpeodpasys HX B
ayauocurHas. Komek (G.726 B 1mepByr0 oOuyepellb HCIOIB3YETCS Ha
MEXIYHAPOIHBIX JTUHUSX CBSI3H B Tele(OHHBIX ceTsX. OH TakKe SBISCTCS
CTAHJIAPTHBIM  KOJEKOM JUisi OECHpPOBOJHBIX TeNEe(POHHBIX CHUCTEM
crangapra DECT.

8.1.3. Pexomenoauyus ITU-T G.722

Hcropuueckn pemarwmuMi  (pakTopaMu B BBIOOpPE TUIUYHOM
MOJIOCHI JIJIs Tiepeiadyn pedeBoro tpaduka B nuanazone 0,3-3,4 kI'1 ObLin
SKOHOMHMYECKHE COOOpaKEHUsI M HeXBaTKa Tele(OHHBIX KaHAIOB. B
udpoBoit  TenedOHUU CYMIECTBYET NPUHIIMIHATIBHAS BO3MOXKHOCTD
UCIIOJIB30BaTh CIEKTP peud 3a mnpenaenamu nojockl 0,3-3.4 kl'm u Tem
caMbIM TOBBICUTH €€ kauecTBo. [IlupokononocHas nepegava odecreynBaeT
nepeayy 4YeTKOM U €CTECTBEHHOM pEUH.

ITU-T G.722 aBnsiercst CTaHAAPTOM KOJUPOBAHUS IIMPOKOIIOJIOCHOU
peun (mmpunHa nosiockl — 7kl'r). IupokomnosiocHOe cxKaThe MPUBOJIUT K
3HAYUTEILHOMY YIYUIIICHUIO KadyecTBa Teiae(OHHOU peuu. TexHOIorus
kKozeka ocHoBaHa Ha ADPCM. BxoHOM ped4eBOr CUTHAI PEABAPUTEITBHO
pazOuBaeTCsi B HEM Ha JIB€ paBHBIE mojmnosnockl mo 3,5 k[, Jlamee komek
G.722 paboraer mnomodHo G.726. HeszaBucumsbie xomepsi ADPCM
00pabaThIBalOT BPEMEHHBIE PSbl COKPAIIEHHBIX IMOJOC YacTOT OT JABYX
(GUIBTPOB U BBIAAIOT CKOPOCTH B 48 KOUT/C U 16 KOUT/C COOTBETCTBEHHO
Ha BBIXOJIE HU3KOW M BbICOKOM mosioc. Kogep paboTaer Kak Ha CKOPOCTSIX
56 u 48 xOut/c, Tak MU C HOMHUHAJIBHOU CKOpoCThiO 64 KOUT/C. DTa
pexoMeHaanus Obla mpuHaTa B 1988r. U B HacTosIiee BpeMsl CUUTACTCS
yCTapeBIIEH.

bosmee HoOBas BepcHsi IAHHOTO  ajlropuTMa M3BECTHA  Kak
pexomenganuss G.722.1 (mpunsta B 1999r.) DOta pekomeHmanug
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oOecrieunBaeT IIMPOKOIOJOCHBIM pPEYEeBOM CHUTHAJ, Ooyiee OIU3KHUM I10
kauectBy Kk FM paauwoBemianuio, yeM K OOBIYHOW Tene(OHHON CBS3H.
G.722.1 ompenensieT paboTy Kojeka Ha CKOpocTsax 24 m 32 kOuT/c mpwu
nosoce npomnyckanus S0I'y — 7xI .

Pexomennmarus G.722.2 (mpunsta B 2002r.) — COBpeMEHHBIN M 4acTO
WCITOJI3YEMbI BapWaHT aHAJOTUYHOTO KOJEKa, TaKKe HW3BECTHBIN Kak
Adaptive Multi Rate — WideBand (AMR-WB), npeajaraet BO3M0OXHOCTh
OBICTPOTO M3MEHEHHUS CKOPOCTH CXKATHS TPH H3MEHEHHH TIPOITyCKHOU
CIIOCOOHOCTH ceTH nepefadyu JaHHbix. (5.722.2 onpenenser 9 pa3auyHbIX
PEKHUMOB CKOPOCTH Tiepeaadu oT 6,6 kout/c no 23,85 xout/c.

8.2. KoaupoBaHue peuM ¢ HU3KOI CKOPOCTBHIO HU(POBOIro MNOTOKA

Huxe OyneT paccMOTpeH psij YCIIEIIHO peaTn30BaHHBIX BOKOAEPOB
C HU3KUMH CKOpOCTSIMH IU(POBOro TMOTOKAa, KOTOpbIE ObUIN
CTaH/IapTU30BaHBbI JUIsl IPUMEHEHUS B CHEIUAIBHBIX KOMMYHUKAIIMOHHBIX
IPUIOKEHUAX (CBA3b B 00OPOHHOU cepe, ClyTHUKOBas CBsA3b). Bokoaep
IPEACTaBISIET COOOM YCTPONCTBO, OCYIIECTBISIONIEE MapaMeTPUUECKOe
KOJMPOBAaHUE pPEUEBBIX CUTHAIOB. Kommpeccus peueBbIX CUTHAJIOB Ha
NepearonieM KOHIIE KaHalla CBS3M IPOM3BOAUTCS B aHAIM3aTOpE,
BBIZCISIIONIEM W3  PEUYEBOIO0  CHTHAja  MEUICHHO  MEHSIoIUecs
COCTABJISIFOLIME, KOTOPBIE MEPENAIOTCS M0 KaHAIy CBSI3M B BUAE KOJOBBIX
nocbUIOK. Ha mnprueMHOM KOHIIE € TOMOIIbI0 HCTOYHUKOB CHUIHAJOB,
YIPaBIIEMbIX IPUHATHIMU NTApaMETPAMHU, CUHTE3UPYETCS PEUEBON CUTHAIL.

JIist mapaMeTpu4ecKOoro OIMCaHHUs PEeUYd OOBIYHO MCHOJIb3YEeTCs
NOJAXO0J, OCHOBAaHHBIM Ha BBIYUCICHUH [apaMETPOB, OIHCHIBAKOIINX
NepPeIaTOuHyl0 (PYHKIUIO pEUYeBOro0 TpaKTa 4YeJIOBeKa U  (DYHKIHUIO
BO30OyxkaeHusl. OOBIYHO 71 KOJUPOBAHUS PEUM HUCIOIB3YIOTCS 8—10
apaMeTpoB, BBIUMCISAEMBbIX Ha HHTepBasiax nopsaaka 5—40 mc. Kpome
TOTO, BBIUUCISAETCA NapaMeTp, XapaKTEPU3YIOINUNA U3MEHEHUE aMIUIUTY/IbI
WJIM MOUIHOCTH CHUTHAaJja, epUoj OCHOBHOTO TOHA PEUH, a TAKKE MPU3HAK
TUIA «TOH / IIyM / ay3a», XapaKTEpHU3YyIOLIUMH CcrIocod BO30YKIECHHUS
pEYEBOT0O CUTHAJA.

8.2.1. Cmanoapm MIL-STD 3005

B 1993 romy Ha KoHcopuuyme B o0OsiactTh HH(PPOBOUH 00pabOTKH
peun MunuctepctBa o6oporsl CIIIA Obputa TpUHATA TPEXIJICTHSS
porpaMma 1o BeIOOpPY HOBOI'O PEU€BOT0O KOJEpa CO CKOPOCThIO 2,4 KOUT/C
BMecTo ycrapeBuiero aiaroputmMa LPC-10e. B xoae mnpoBeneHHOro B
MOCJICYIONINEe TPU TOAa TECTUPOBAHUS M3MEPSIIUCH. JIOCTYITHOCT,
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Ka4yCCTBO, Y3HaBa€CMOCThb roBopsALIcro,

KOMMYHI/IKa6€J'II)HOCTB )51

BBIYMCIIUTENbHAS CIOKHOCTh MPEIJIaraeéMbIX aJrOpUTMOB.

JlanHbIil poekT mpuBen K BbIOOpY B 1996 rony MELP-Bokonepa
(Mixed-Excitation Linear Predictive), paboraromero Ha ckopoctu 2,4
kOut/c, B kadectBe HoBoro craggapra MIL-STD 3005. MELP-Bokozaep
UCMOJIB3YeT Kaap pa3mMepoM 22,5 MC U OCHOBAaH Ha TPagULIMOHHOH
[IapaMeETPUUIECKON MOJEIN KOAWPOBAHU C JIMHEMHBIM IIpelcKa3aHueM. B
Tabn. 8.1 mpencTtaBieHBl MapaMeTpbl, IlepelaBaeMble OT KoAepa K
nexoaepy B crangapre MIL-STD 3005.

Tabmuma 8.1

[TapameTpsl, epeaBaeMble AEKOAEPY B CTAHAAPTE
MIL-STD 3005

[TapameTp O3ByueHHbli Kazip | Heo3BydeHHbIN Kaap
JInHelHbIE CIIEKTPAIBHBIE YACTOTHI 25 25
AmMmuty el mpeoopazoBanus Oypre 8 -
Koaddunments ycunenus 2 2
(2 3a xazp)
[Teproa ocHOBHOTO TOHA, 0OIIIAs 7 7
03BYYEHHOCTH KaJpa
O3By4Y€HHOCTbH 110 MOJ0CAM 4 —
®dnar HENMepUoUIYHOCTH 1 —
3amuTa OT OMmHUO0K — 13
Cunxpoout 1 1
Bcero 3a kagp 22.5mc 54 54

KpOMe TOTIO, ,Z[aHHI)IfI AJIT'OPUTM COACPIKUT IIATH AOIIOJIHHUTCIbHBIX

0COOEHHOCTEMN:
— CMEIIIaHHOE BO30YKICHUE;

— UCIIOJIb30BaHUE ANIEPUOIMUECCKUX UMITYJIbCOB;
— aJIaTUBHOE YJIYUILICHUE CIIEKTPATBLHOIO OIICHUBAHMS;
— pa3MbIBaHUE UMITYJILCOB BO30YK/ICHHUS;

— MojenupoBaHue aMIuIuTy 1 koddduimentoB Oypre.
Peanu3zanusi cMemaHHOTO BO30YKJIEHHUSI TMO3BOJISIET CUMYJIUPOBATH
YaCTOTHO-3aBUCUMYI0 HWHTEHCUBHOCTH 3BYKa, HCIOJIb3Yysl aJalNTUBHYIO
bunprpanuto. ['7aBHOW 1€bI0O CMEIIAHHOTO BO30YXKJICHUS SBISETCS
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YCTpaHEHHUE TPU3BYKOB, KOTOphle HUMEOT MecTto B LPC-Bokomepax,
0COOEHHO MPHU MHUPOKOTIOIOCHOM aKyCTUYECKOM IITyMe.

MELP-koaep OCylmIECTBISET CHUHTE3, UCMOJIb3Yys INMEPUOJIUYECKUE U
anepuoOANYECKUE UMITYJIbChl. ANEPUOINYECKUE UMITYJIbChl MPUMEHSIOTCA
HamOoJiee YacTO B TMEPEXOJHBIX OOJACTAX, MEXIYy O3BYYEHHBIMH U
HEO03BYYEHHBIMU CETMEHTAMU PEYEBOT0 CUTHAJIA.

AnanTuBHbIA  (GUIBTP OCHOBAaH Ha HCIOJb30BAHUM IOJIIOCOB
bunbTpa JHMHEWHOro mpenackazanus. OH  pacmmpseT (HOPMaHTHYIO
CTPYKTYPY CHUHTETUYECKON pPEYM U YJIY4dllIaeT COOTBETCTBHUE MEXKITY
CUHTETUYECKON W HATypaJibHOM (OopMaMH BOJHBL. ODTO TaKXe MPHUIAET
CUHTETUYECKOM peun 00Jiee HaTypabHOE 3ByYaHHE.

Pa3MbIBaHHE UMITYJILCOB OCYILECTBIISIETCS ¢ MOMOIIBIO (PUIIbTpa C
MOCTOSIHHBIMHM ~ TTapaMeTpaMu. OTOT (UIBTP paclpenensieT JHEPruto
BO30OYXKJIEHHSI B TMpeliesiax TMEepuojJa OCHOBHOTO TOHA, CHIKAsl OSTUM
IIEPOXOBATOCTH B CHHTE3UPOBAHHOU pEUH.

IlepBoie necath ammutyn Dypbe ONpeAessioTcs U3 MHUKOBBIX
3HaYeHu TnpeoOpazoBanusi Dypbe curHana-ocrarka. Mudopmarus,
colepxamiasici B OTUX  KO3(PPUIMEHTAaX, yJIydllaeT TOYHOCTH
MPOU3BOIMMOI PEUEBOM MOJEIM HAa HaM0OJIee BAXKHBIX HU3KHUX YACTOTaX.
OHU yBEIMYMBAIOT KAYECTBO CHHTETUYECKOM pEUH, OCOOEHHO MY>KCKOM,
Ha (pOHE IIyMOB.

B mokazarensix JOCTYMHOCTH, Ka4eCTBa, PacClO3HABAEMOCTH PEYU U
KOMMYHUKAOEJIbHOCTH MPOU3BOAUTENBLHOCTh HOBOro MELP-anroputma
OblJla 3HAYUTEIBLHO BbIlIe, YyeM y Oosiee panHero LPC-10e konepa ¢
aHAJIOTUYHOU CKOPOCTHIO B 2,4 KOuT/c. HOBBIN KOmep 1m0 A(hPEeKTUBHOCTH
cpaBauM ¢ anroputmom FS1016 (ckopocts 4,8 kOuT/c) npu 607ee HU3KOU
CKOPOCTH LIUPPOBOIO MOTOKA.

8.2.2. Cmanoapm NATO STANAG 4591

HestenpHocTh  MunuctepctBa o0oponbl  CIIA  moaTonkHyma
opraHu3annio ceBepoamiantTuyeckoro jgorosopa (NATO) mnpousBectu
CXOXHUU MPOIECC OOHOBJICHUS U CTaHIAPTU3ALMK i OUTPEHTOB B 2,4 U
1,2 x6ut/c, uro m ObUIO mpousBeneHo B 1997 romy. UmXeHepwnl Tpex
roCyJapcTB, BXOJSIIMX B CEBEPOATIAHTUYECKHUM JIOTOBOP, OLIEHUBAIH
PEAJI0KEHHBIE AITOPUTMBI C TIOMOIIBIO TECTOB HAa KAYECTBO, OHITHOCTb,
y3HaBA€MOCTh PEYH U SI3bIKOBYIO 3aBUCUMOCTb.

MonepuusupoBandeii  MELP-xkoxmep nomyuun HaszBanue MELPe
(enhanced MELP) u BoiOpan kak cranaapt STANAG 4591 s ckopocreit
B 2,4 u 1,2 x6ut/c B 2001 rony. HoBsiit MELPe-koaep Obl1 OCHOBaH Ha
anroput™Me MIL-STD 3005, ucrnonb3ysi cX0XK1€ TEXHOJIOTUHA KBAHTOBAHUS
U pacmojiokeHuss OuT u oOecrneuuBal TOJHYID COBMECTUMOCTb C
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CYIIECTBYIOMMUM cTaHaapToM. Kpome TOro, mpou3BOIUTEIBHOCTH ObLia
yJIy4IlIEHA 33 CUET BBEACHUS AJITOPUTMA IIYMOIOJABICHUSI, OCHOBAHHOTO
Ha JIOTapU(PMHUYECKOM CIEKTPAIbHOM pacCcTOsHUM. [IpennokeHHBIM
MELPe-konep ObUT IOMOTHEH BO3MOXKHOCTBHIO pabOThI Ha CKOpocTH 1,2
KOUT/C, C MPUMEHEHUEM CYyNepKaapa U3 TPeX MOCIEAOBATEIbHBIX KaJIpOB
no 22.5 mc. Takoil moaXoJ TMO3BOJIMJI HU3KOCKOPOCTHOM MOAUDUKAIINT
MOKa3aTh PE3yJbTaThl, CXOKHE CO CTAHJAPTHOM BepcUeil (CO CKOPOCTHIO B
2,4 xOuT/C), 1IeHOM BBEACHUS JOTOTHUTEIHLHOMN 3aJ1ePKKH B KOJUPOBAHUH.

B 2006 rony NATO STANAG 4591 Obn pacumupen s
oOecrneuenust padoTel Ha ckopoctu 600 Out/c. Tak xe, Kak U BEpCHs s
1,2 xbut/c, aToT Koaep ocHoBaH Ha MELPe-kongepe ¢ Gonee IIMHHBIM
CyHEPKAIPOM ISl aHaln3a. B Takol CUTyalMu 4eThIpe MOCIIEI0BATENbHBIX
KaJipa rpynnupyroTcs B cynepkaap JuuHou 90 mc.

B nenom cemericteo NATO STANAG 4591 MELPe-konepos
MPEOCTABIAET BO3MOXKHOCTh TIEPETOBOPOB C KOMMYHHMKAIIMOHHBIM
Ka4ueCTBOM IpU 3HAUYCHUSIX OuTpeiTa B 2,4 xout/c, 1,2 k6ut/c u 600 our/c.
[TpousBoautensHocth MELPe (co ckopocThio B 2,4 KOUT/C) Jiyulie, 4eM y
FS1016 (4,8 x6ut/c). Ha ckopoctu B 600 OuT/C mMpOU3BOIUTEIBHOCTH
MELPe nyume, uem y LPC-10e (2,4 x6ut/c).

8.2.3. Pabomuwt ITU-T 6 oonacmu cmanoapmuzayuu Kooepa
¢ oumpeiimom 4 koum/c

3aKOHYMM 3TOT TYHKT OOCYXXJIECHHEM JOCTHXKEHHN CEeKTopa
crangaptuzanuun  [TU-T B pa3paboTke Kojepa, oOecmeunBaromero
TOJIOCOBYIO CBSI3b Ha CKOPOCTH 4 KOWT/C IS IIMPOKOTO Juara3oHa
TEJIEKOMMYHUKAIIMOHHBIX TPWIOKEHUN. Pe3ynbraThl JAaHHOTO MPOEKTa
OBLIIM TIpeJICTaBICHBI 00IIeCTBEHHOCTU B 1994 rony.

K cokanenuio, JOCTIKECHHE 3asBJICHHBIX IIeJIE OKa3ajaoch OoJjiee
CJIOKHBIM, YEM MpeArnoJiarajoch. B mapameTpuueckux HHU3KOYPOBHEBBIX
Kojiepax ¢ OuTpedToM 4 KOHT/C COBEpIICHCTBOBAHHME KOJIEKOB OBLIO
c(hOKyCUpOBaHO Ha JIy4llleM MPEJCTABICHUU IMapaMETPOB KOHKPETHOU
Mojaenu, T.e€. Ooyee OBICTpOM OOHOBJIEHUU Kajpa, O0ojiee TOYHOM
MOJEIUPOBAHUH CIEKTPAIbHBIX aMIUIUTY/I, UCIIOJIb30BAaHUN KOMILIEKCHBIX
kod(pbunmentoB Oypre (nau nHpopmaruu o dhase BOJTHBI).

Jlpyrue monaxoasl K TpoOjieMe 3aKiIovyajuch B yXoJe OT
napaMeTpUueCKOM MOJIEIM B I1IeJIOM U paboTe Cc 0ojiee CKOPOCTHBIMU
koziepamu (hopMmbl curdaia, ocHoBaHHbIMU Ha CELP (Code-Excited Linear
Prediction), 1151 CHMOKEHHSI CKOPOCTH TIepeIaym.

Tperben aJIbTCPHATUBOM SIBJISICTCS TUOPHUTHBIN KOJIED,
UCIIOJB3YIOIMNA KaK MapaMeTPUYECKOe KOAUPOBAHUE, TaK U KOJUPOBAHHE
dbopmbI BOJIHBI B pazHoe Bpems. C TOro MOMEHTa KaK MapaMeTpUUECKHe
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KOJIEPhI CTaJIu XOpolIo 00padaThiBaTh MEPUOJUUYECKYIO TOJIOCOBYIO PeUb, a
KOJIepbl (DOPMBI BOJIHBI CTATM XOPOIIO MOJICTUPOBATh NIEPEXOIHBIC KaJIPHI,
THOPHUIHBIE KOJAEPHl MUCIONB3YIOT KK U3 HUX B TOW CHTYaIluH, KOTJa
TOT TIPEJOCTABIISICT HAWIYUIIYI0 MPOU3BOAUTEIBLHOCTh. [ MOpUIHBIN
MELP/CELP xoxep Jsexal B OCHOBE MNPETEHACHTA C HAWBBICIICH
MPOU3BOIUTEIHLHOCTHIO.

Cranpapt ITU-T ¢ GutpeiitoMm 4 KOUT/C TaKk U HE yBUJE CBET, T. K.
HU OJIUH M3 PACCMOTPEHHBIX KaHJIMAATOB HE CMOI JOCTHYb BBICOKOTO
KaueCcTBa BO BCEX TECTUPYIOIIUX Ja00OPATOPHUSIX U HA BCEX SI3BbIKAX.

8.3. I'mOpuaHoe KogupoBaHHe

[TosiBneHne rUOPUAHBIX KOJEKOB OOYCJIOBJIEHO HEOOXOIUMOCTBHIO
3aKPBITh  IyCTOTY»,  OOpa30BaBIIYIOCS  MEXIY  COBPEMECHHBIMH
BOKOJIEpaMH, pa0OTaIOIIMMU Ha CKOPOCTAX 0 2,4 KOUT/C, U KOoJepaMu
(GbopMBbI BOJIHBI, (PYHKIIMOHUPYIOIIUMU OT CKOPOCTU 16 KOUT/C U BHIIIE.
Hanbonee ycmemmHbpIMH W PaCpPOCTPAHCHHBIMH  CTaIM  KOJEKH,
paboTaroniie BO BpeMEHHOM 00JIaCTH 0 MPUHITUITY aHaTu3a-uyepe3-CUHTE3
AbS (Analysis-by-Synthesis). B Takux anroputmax UCHOJb3yeTCs] CUTHAI,
dbopma KOTOpOro Mojao0paHa TakUM O0O0pa3oM, 4TOOBI HamboJiee TOYHO
oto0Opa3uth GhopmMy HcXojHOro curHaia (puc. 8.1). Metoa koaupoBaHus
AbS Obu1 BmepBble mpeactaBieH B 1982 r. mon ab6pesBuatypoii MPE
(Multi-Pulse Excited), T.e. xomaeku, Bo30yXkJaeMble MHOKECTBEHHBIMH
uMITyibcamMu. [1o31Hee OSBUIINCH KOJIEKH, BO30YKIaeMbIE PETyISIPHBIMU
umiynbcamMmu RPE (Regular-Pulse Excited), a Takxke B030yxmaembie
KOJIOBOM TIOCJIEIOBAaTEIbHOCTRIO C JIMHEWHBIM Tmpeackazanuem CELP
(Code-Excited Linear Predictive). Tpu 5THUX OCHOBHBIX KOJEKa

TUOPHUIHOTO TUTIA KPaTKO PacCMaTPUBAIOTCS Jajee.
BxogHas peyb

Mopgenb cnHTesa peun

CuHTesupoBaHHagd
leHepaTop -
minynocon | | CTeampyIoLU al »@)
BO30Yy>XaeHUs P
7y yy Owwnbka
KogupoBaHus
Y
MunHnmMmmnsaumns
OLLINGKK

Puc. 8.1. YnponieHHas cxema Kojaepa, UCIOJIb3YIOIIET0 CXeMY
aHaJIMU3-4epe3-CUHTES
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Konexkn AbS pabotator myTeM pas3feneHusi BXOJHOTO PEYEBOrO
CUTHAJIa Ha KaApbl, OOBIYHO JUIUTENbHOCTHIO 20 Mc. [l Kaxkaoro kaapa
OTIPENIEIISIOTCST TapamMeTpsl Il (PUIbTpa CHHTE3a, a 3aTeM MapaMeTphl
BO3MYIIleHHUd GuiabTpa. OTO JI€JaeTcs IMyTeM HaXOXKIEHUsS CHUTHalIa
BO3MYILIEHUS, KOTOPBIA MNPOXOJIUT 4Yepe3 (PUIbTp CHUHTE3a U CBOJAMUT K
MUHUMYMY OIIHOKY (pa3HUIY) MEXIY BXOJIHBIM U BOCCTaHOBJICHHBIMU
curHasiam. OTCIOJla U Ha3BaHHUE «aHAIMU3-ITyTEeM-CHUHTE3a», T. €. KOAEp
aHAJTM3UPYeT BXOJIHOW CHUTHANI MyTeM Tmojbopa (CUHTE3a) Hauboliee
OJIN3KOro K HEMY CUTHaJIa. /{5 Kaaoro kajapa KoJep nepenaeTt JeKoaepy
uH(dopMaIrIo, 0 mapaMeTpax (QuIbTpa CHHTE3a U CUTHAJIE BO30YKIICHMUS.
TeM cambiM Ha MPUHUMAIOIIEH CTOPOHE 3aJlaHHBIA CUTHAJ BO30YXKIEHUS
OpOXOAUT yepe3 (GUIBTP CHHTE3a C 3aJaHHBIMU  [apaMmeTpami,
BOCCO3/1aBasi ICXOHBIN CUTHAIL.

OuIbTp CUHTE3a OOBIYHO MPEICTABISIET COOOM TMHEWHBIN QUIBTp C
OeckoHEeYHOM uMIyIbCHOM xapaktepuctukod (BUX) m mnepemaTtounoi
dbyHKIMEH BUIA:

1
H pr—
(2) ek
P .
rae A(z)zl—Zal-z_’— omuOKa TpeJCKa3aHusi HUCXOJAHOTO CHUTHaja
i=1

GbUIBTPOM CHHTE3a; p — MOPSIAOK GuiIbTpa cuHTe3a (00bI9HO 0KO010 10).

OuibTp CHUHTE3a TaKXKE€ MOXET TMPEACTaBIATh Co00i  (QuiIbTp
OCHOBHOTO TOHA I MOJEIUPOBAHUSA JOJITOCPOYHBIX MEPUOJUIHOCTEH B
BOKAJIM3UPOBAHHOM peur. BmecTo 3TOro naHHblE O JOJITOCPOUHBIX
NEPUOIUYHOCTSAX PEYM MOTYT OBITh CMOJEIUPOBAHBI MyTEM BKIIOUCHUS
aIanTUBHON KOJAOBOW KHHUTHM B aJTOPUTM BO3MYIICHHSI TaKUM 00OpazoM,
YTO CHUTHAJ BO3MYUICHUS u(71) BKIIOYAJI Obl B c€0 KOMIOHEHTY (DOPMBI
Gu(n-a), tae a — nepuoa ToHa. MPE u RPE konepsr OyayT pabortats u 6e3
¢buIBTpa OCHOBHOTO TOHA, XOTS MX MPOU3BOAUTEIBHOCTD YIYUIIAETCs MPU
BBeaeHnH TakoBoro. Oxnako st CELP kogepoB ucnonb3oBanue QuibTpa
TOHA SIBJISICTCS MPUHIUITHAIBHBIM.

OTAn4uTeNbHBIM  CBOMCTBOM  AbS-KOZEKOB  sBISIETCS  BBIOOD
byHKIIMKM BO3MyIIeHUs wu(n) nna GuibTpa CcUHTE3a. B Komekax ¢
MHOTOUMITYJIbCHBIM BO3MYIIICHUEM u(71) I KaXJAO0ro Kajpa UMEET BUJ
(UKCUPOBAaHHOTO KOJHMYECTBA HEHYJIEBBIX MMITYJIbCOB. 3agadya Kojepa
COCTOMT B TOM, 4YTOOBI ONPEACIUTH IMOJOXKEHUE W aAMIUIUTYJy 3THUX
UMITYJIbCOB BHYTPH KaXXJIOTO Kajpa, a 3aTeM Mepeaarh 3Ty HHGOPMAIUIO
nexonepy. Teopernuecku BO3MOXKHO OMPENETUTh HAWIYUIIHNE 3HAYCHUS
ATUX MapaMeTpoB, HO Ha CaMOM JIeJie 3TO NPUBEAECT K 3HAYUTEIHLHOMY
YCJIOXXKHEHHUIO aliTOPUTMa KOAUPOBAHUS U, KaK CIEICTBUE, K 3ajepxke. Ha
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NPaKTUKE NPUMEHSIOTCS CyOONTHMANIbHBIE METOABl  ONPENCIICHUS
yKa3aHHBIX MapaMeTpOB, OOBIYHO HCIIONB3YETCS OKOJO 4 MMIYJbCOB Ha
KaXJbI€ 5 MC, YTO JIA€T XOpOIIee KAYECTBO BOCCTAHABIMBAEMOUN peUH, IPU
CKOPOCTU KoJiupoBaHus nopsiaka 10 xkout/c.

Tak ke Kak M B CIy4ae C MHOTOMMIYJIbCHBIM BO3MYUIEHHEM, B
KOJIEKaX BO30Y>K/IaeMbIX PEryJIIPHBIMU UMITYJIbCAMHU MCIOJb3YETCsI Ha0Oop
HEHYJIEBBIX MMITYJILCOB BO3MYILEHUS B KauecTBe curHana u(n). OgHako B
JAHHOM  CJIy4a€ HMIIYJbChl PpACHOJOXKEHBl JIpyr OT JApyra Ha
¢ukcupoBaHHOM paccTosHuU. [103TOMY KOJIepy HEOOXOIUMO ONpPEACIUTh
MOJIOKEHUE TOJBKO MMEPBOTO HMMITYJIbCA, a TAKXKE AMIUIUTYAY KaXKIO0Tro
uMmIiryibca. OdYeBUOHO, YTO B O3TOM CJIydae MEHBIIEE KOJIMYECTBO
uHdopmanuu TpeOyeTcss AeKoAepy Uil BOCCTAHOBIICHHSI HCXOIHOTO
CUTHAJIa, a CJIEIOBATENIbHO, BO3MOXKHO YJIy4lllEHHE KadecTBa palOThl
KOJIeKa 0e3 YBEJIMUEHHs] CKOPOCTH KOJUpOBaHud. Tak, Ha CKOPOCTH OKOJIO
10 x6ut/c RPE- Ko/1ek MOXeET UCT0JIb30BaTh 10 UMITYJILCOB Yepe3 KaxkIbie
5 Mc, o cpaBHeHuro ¢ 4 umnynbcamu Wit MPE-kopeka. Ilpu stom,
OJIHaKO, CIIOHOCTbh KOJIEKOB, BO30YK/Ia€MbIX PETrYJSPHBIMU UMITYJIbCAMH,
BBIIIE CJIIOKHOCTH KOJIEKOB C MHOTOMMITYJIbCHBIM BO3MYILIEHUEM.

HecmoTpss Ha TO YTO oONMCaHHBIE BBHINIE JBA THIA KOJEKOB
MO3BOJISIIOT TOJIYy4aTh XOPOIIEE KAa4ECTBO BOCCTAHABIMBAEMOW pEUYU, OHU
paboTaroT ToNbKO Ha ckopocTsax 10 xk6ut/c u Bbiie. HEBO3MOKHOCTh UX
UCIIOJIb30BaHUs Ha 00Jiee HU3KUX CKOPOCTAX KOAMPOBAHUS OOYCIOBJICHA
TeM, 4TO HH@OpManus 00 UMIYJIbCax BO3MYIICHHS (aMIUIUTyAE U UX
MO3UIIHASIX) WMEET JIOCTATOYHO Ooiybmiol o0beMm. B ciydae ke Ooiee
rpyboro  mpeacTtaBieHuss  (KBAaHTOBAaHWSA)  aMIUIUTYJ  WMITYJIbCOB
IPOUCXOIUT OBICTPOE YXYIIIEHUE KaueCTBa CHHTE3UPYEMOU PEUH.

B Hacrosimee Bpemsi HanbOojee pacnpoCTPaHEHHBIM aJIrOpPUTMOM,
JAIOIIMM XOpolllee KayecTBO pe4YM, Ha CKOpocTsAx Hmke 10 koOut/c
ABIISIIOTCA KOAEKU, paloTarolye Ha 0asze ajaroputMa BO30YKIEHUS
KOJIOBOM TOCJIEAOBATEIbHOCThIO C JIMHEHHBIM TipeackazanueM (CELP).
Ortot noaxon 6wt ipemioked [llpexepom (Schroeder) u Atanom (Atal) B
1985 rogy u oTiamvaeTcss TeM, YTO B KaYECTBE BO30YKIAOIIETO CUTHAIIA
UCIIOJIB3YETCSl AJITOPUTM Ha OCHOBE BEKTOPHOTO KBaHTOBaHMS. CUTHaAN
BO3MYIIICHUS (KOJOBOE CJIOBO) BBIOMpaeTcss W3 KOJOBOM KHHIH,
IpeACTaBlICHHbIM B Hel MHAekcoM. KpurepueM BbIOOpa KOJOBOTO CIIOBA
ABJISIETCA HAUMEHBIIIEE EBKIMI0BO PACCTOSIHUE MEXY BXOJIHBIM CUTHAJIOM
(TOXEe BEKTOpPOM) M ATUM KOJOBBIM CJIOBOM. Pa3Mep KOJ0BON KHHUIHU
0o0bryHO coctaBisier 10 out (1024 snmemeHTa KHUTH), a pazHULA (MEXIY
UCXOJHBIM CHTHAJOM M BBIOPAHHBIM KOJOBBIM CIIOBOM) KOJIUPYETCA 5
outamu. 13 3TOrO ClieqyeT, 4To CKOpPOCTh, HEOOXoaumas Uisl Iepenadu
uH(pOpMaIlMd O CUTHAJE BO3MYIICHMS, 3HAUUTEIIBHO CHUKAETCS, TaK Kak
HE0OXO0AMMO TiepeaaTh Juillb 15 Out nHopmManuu Ha KaxAblii OTCUET, IO
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cpaBHeHUI0 ¢ 47 Ourtamu, ucnoyib3yeMbiMu, Hanpumep B GSM RPE
KOJIEKE.

N3nauaneHo komoBasi kuura anroputma CELP comepxkana Oembie
["ayccoBbl TOCIIEIOBATELHOCTH, TaK KaK CYUTAIOCh, YTO BO30YKIAIOIIHE
CUTHQJIBl MMEHHO TaKOro BHJAa MOTYT OOECHEYUTh BBICOKOE KaueCTBO
BOcco3aBaeMoil peun. OJQHAKO TJIaBHBIM OCTaeTcsi TOT (PaKT, YTO MJIs
BbIOOpa KOAOBOrO cioBa (a 3HA4YUT, W (PYHKUUH BO3MYILECHHUS)
HE0OX0AMMO OBUIO MPOBEPHUTH KAKIYIO IMOCIIEI0BATEILHOCTh B (PUIBTPE
CHUHTE3a Ha BBIMIOJHEHUE YCJIOBUS MHUHUMYyMa €BKJIMJIOBA PACCTOSHUS JO
UCXOJHOTO CHUTHaja. DTO B CBOIO OYEPEAb O3HAYAET, YTO CIOKHOCTH
kojgeka Ha ©Oaze CELP nHamMHOro BBIIE TOpOra BBIYMCIUTEIHHOMN
CJIOKHOCTH, TIO3BOJISIFOILETO padoOTaTh B pealibHOM BpeMeHu. JlJis nmpumepa
HEOOXOAMMO CKa3aTh, YTO B TOJl HM300pETEHHs] JTOTO aJrOpUTMA
kogupoBaHus (1985 r.) kommbiorepy Cray-1 CPU tpeGoBanoch 125
CeKyHJ Mg 00paboTku 1 cekyHnbl peueBoro curHana. C tex mop Obuia
mpojieslana OoJbInas padoTa MO CHHKECHHUIO BBIUMCIUTEIIFHON CI0KHOCTH
CELP (B OCHOBHOM NIyTeéM HU3MEHEHUS CTPYKTYpbl KOJOBOM KHUTH), a
TaKK€ 3HAYUTEIIbHO TOBBICWJIOCH  OBICTPOACHCTBHE  COBPEMEHHBIX
M(POBBIX CUTHAIBHBIX MpoIleccopoB. Bce 3To0 mpuBeno Kk Tomy, 4TO
anroputm CELP cran noctyneH jyuisi paboThl B peaIbHOM BPEMEHHU JaKe
Ha OJMHOYHBIX U HETOPOTHUX MPOLIECCOPAX.

Ha ceroansimauii neHs paspaboTaH psa MOAM(PUKALMI anropurma
CELP wusBectueix monm abOpeBmarypamu ACELP (Algebraic CELP),
RCELP (Relaxed CELP), LD-CELP (Low-Delay CELP) u VSELP (Vector
CELP). OHm cuyXaT OCHOBOM [Jig II€JIOrO psja MEXKIyHAPOIHBIX
CTaHJapTOB B 00J1acTH cxKaTus pedeBbix curHaioB. AMR, EFR, AMR-WB
(G.722.2), VMR-WB, EVRC, EVRC-B, SMV, TETRA, PCS 1900,
MPEG-4 CELP u pekomenmauuu ITU-T G.729, G.729.1 (nepsslii 3Tan
konupoBanusi), (G.723.1 ocnoBanbl Ha ACELP. Pexomenpmarus ITU-T
G.728 ¢ outpeittom B 16 k6ut/c Ha LD-CELP, a anroputmsl [S-54, IS-136
(D-AMPS), GSM (Half Rate speech) u iDEN na VSELP.

8.4. Meroabl oleHKH Pa30OPUYMBOCTH pPeYH

PeueBoli curHan wuMeeT JABOWCTBEHHYIO CTPYKTYpPY: € OJHOWU
CTOPOHBI, 3TO  OOBIYHBI  aKyCTUYECKHH CUTHAJ, OOBEKTHUBHbBIC
AKyCTUYECKHE  MapaMeTpbl  KOTOPOTO  BBI3BIBAIOT  OMPECICHHBIC
CyObEKTUBHBIE  OUIyIICHUSA. B3auMomelcTBUs  MEXAy HUMH, B
COOTBETCTBUU C OOIMNUMH TICUXO(DU3NIESCKIMH 3aKOHAMU, HEOTHO3HAYHBI U
HEJINHEVHBI.

C nmpyroit CTOpOHBI, PEYEBOIl CHUTHAI MUMEET OCOOYI0 CTPYKTYpY, B
KOTOpOM 3aKoJupoBaHa CeMaHTHuYeckas (CMbICioBasi) HWH(opManus.
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[TosToMy mponecc CIyXOBOrO BOCIPUSITHS PEUM MPEICTABISIET COOO0M
MIPEXKE BCETO MPOIECC pacuGPOBKH M PACIO3HABAHUS CEMAaHTHYCCKOTO
¥ OMOITMOHAJIBLHOTO COACPKaHUI MH(POPMAITUH, COICPIKAIICHCS B PEUCBOM
curHaie. MccnemoBaHwe H3TOoro mporecca, TO €CTh TOro, Kak MO3T
MEePEeBOJIUT AKyCTUYECKHWE TMPU3HAKKM PEYEBOr0 CHUTHajIa B €ro
(GhoHETUUECKOE U CMBICIIOBOE COJACpP)KaHUE, SIBISACTCS B HACTOSIIEE BpEMs
OJIHOM U3 CaMbIX aKTYaJIbHBIX MPOOJIEM B COBPEMEHHOM HayKe.
CoBpeMeHHbBIE JOCTHKEHUS B IHU(PpoBOH 00pabOTKE CHUTHAIOB
MO3BOJIMJIN TIOCTUYh 3HAYUTEIBHBIX YCIIEXOB B 3TOM 00JIACTH M TOJTYYUTH
MPAKTUYECKUE PE3YJIbTAaThl B KOMIIBIOTEPHOM PACIO3HABAHUU M CHHTE3E
peueBbiX curHajgoB. I[loHMMaHue TIPOIIECCOB CIYXOBOIO BOCIPHUSITHUSA
peuYeBoOro curHajga M pacimmpoOBKH €ro CMBICIOBOTO COJEPKaHUS
SBJISIIOTCSL UPE3BBIUANHO Ba)KHBIMH, TOCKOJBKY B IIpoliecce padoThl C
peuYbl0 HEOOXOAMMO MOHUMAHHE TOTO, KAaKUE MPU3HAKUA B HUX SIBJISIIOTCS
HanOoJsIee KPUTUYHBIMU JIJISI TIEpEe/ladyi CMBICJIIOBOTO cojiepxkanus. OTHaKo,
MIOCKOJIbKY COBPEMEHHBIE TEXHOJIOTHH PACIIU(PPOBKU U CHHTE3a PEUCBBIX
CHUTHAJIOB IIOSIBIJIMCH TOJIBKO B IIOCIAECOHHME TOABI M €IIe JOCTAaTOYHO
CJI0>KHBI JIJI1 TIPUMEHEHUS, HAa TPOTSHKEHUHN YK€ HECKOJIBKUX JECATUIICTHI
WCTOJIB3YIOTCSI MHTErpajibHble METOJbl OICHKU IPAaBUJIBHOM Mepeaayu

CMBICJIOBOM I/IH(l)OpMaI_II/II/I, 3aKJIIOUCHHON B pe€ucBOM CHUI'HAJIC, — OTO
MCTOAbI OLICHKH pa360qu/IBOCTI/I. OHGHKa p3360p‘{HBOCTI/I BaXHa JIJIA
IMOCTPOCHUA Ppa3IMUYHbIX KOMMYHHUKAIIMOHHBIX CHUCTEM

(pammoBemiaTenbHBIX, TenedOHHBIX W Ap.). [losTomMy ocTaHOBHMCS Ha
CyOBEKTHUBHBIX U OOBEKTUBHBIX METOAX Pa300pPUNBOCTH PEYUH.

B cooTBercTBUM C MEXIyHApOIHBIMU CTaHIApTaMHU, B YaCTHOCTH
ISO/TR 4870, nmox pa30OpYMBOCTHI0O TMOHUMAETCA «CTEMEHb, C KOTOPOU
peub MOXeT ObITh ToHATa (pacmudpoBaHa) ciaymareasimMu». [log >tum
MOHUMAETCA CTENEeHb, C KOTOPOW CIIyIIaTeNIM MOTYT UACHTU(UIIMPOBATH
(moHsATH cMBICH) (Ppa3, ciaoB, caoroB U (GoHeM. B COOTBETCTBUM C ATUM
pa3iauyaroTcsl BUIBI Pa300pPUMBOCTU: (POHEMHAsl, CJIOTrOBasi, CIOBECHAas H
¢dbpazoBasi, KOTOpHIE, OJHAKO, BCE CBSI3aHBI JIPYT C APYTOM U MOTYT OBITH
NepecYnTaHbl OHA B APYTYIO.

[Ipu mepenaye pedyeBOro CUrHajga MPOUCXOAUT HEU30EKHAs MOTEPs
uHdopmanuu. XOTS  peyeBOM CUTHAI  0OJajaeT  OmpeneraeHHOM
U30BITOYHOCTBIO,  OJHAKO  pa3iuW4yHble  ILIyMbI, HMCKaXEHUA U
peBepOepaIlMOHHbIE IOMEXU MOTYT MPUBECTH K HACTOJIBKO 3HAYUTEIHLHON
noTepe HHPOPMAIINH, YTO ATO CIeJIaeT HEBO3MOXKHBIM IIOHUMAaHHUE CMBICIIA
peun. CieyeT OTMETHTh, YTO «CIBIIIAMOCTEY B «Pa300pUUBOCTh PEUN») —
3TO pasHble MOHATHA. Peub MOXeT 3BydaTh OYEHH TPOMKO U OBITH
MPEKPACHO CIBIIIHA, HO OBITh IPU 3TOM COBEPIICHHO HEPA300PUUBOI
(HampuMep, B 3ajlax BOK3aJOB, adporopToB U 1p.). [losTomy aJis oneHKH
paz00pUUBOCTH peur pa3padaThIBAIOTCA CIEHUATbHBIE METO/IbI, OTJIMYHBIC
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OT OIICHOK €€ TPOMKOCTH, U Pa3pabOTKOW ITUX METOJIOB 3aHUMAIOTCS
KpyIHble MexxayHapoaubie oprann3aunu: [SO, AES, IEC u np.

Bce u3BecTHbIC B HACTOsIIIIEE BPEMSI METO/IbI OIICHOK Pa300pPUYUBOCTH
MOTYT OBIThb pa3lieJieHbl Ha JB€ OOJbIIME TPYIIbl: CYObEKTUBHBIC
skcniepTHbie MeToabl (TOCT 50840-95 u I'OCT 51061-97, crannapt ANSI
S3.2 u np.), 1 0ObEKTUBHBIE METOJbI, OCHOBHBIE U3 KOTOpHIX: Alcons —
NPOLIEHT apTUKYJALMOHHBIX MOTEPh corjiacHbIX (percentage Articulation
Loss of Consonants); Al — uanmekc aprukymsuuu (articulation Index);
STI — wmHACKC mepemaum peun  (speech  transmission index);
RASTI — OswicTpeiii uaaexc nepemaun peun (rapid speech transmission
index); SII — unnekc pazd6opunBoctu peun (speech intelligibility index) u
ap. (crangaptsl [SO/TR-4870, ANSI S3.2, S3.5; IEC 268-16) .

Takum oOpazom, Ha pa30OPUMBOCTH PEUYM B PATMYHBIX YCIOBHSIX
BIIUSIIOT CJICAYIOIIUE OCHOBHBIE (DAKTOPHI: OTHOIIEHWE CHUTHAI / IIyM,
BpeMsi peBepOepaluy, ypoBEHb IMPSMOT0 3BYKa, OTHOIICHUE HHEPTUU
pPaHHUX ¥ TO3JHUX OTPAXKEHUM, YACTOTHBIM JHANA30H CUCTEMBbI
3BykoycwieHus, popmbl AUX 1 ®UX, xapakTepuCTUKNA HANIPaBICHHOCTH,
YPOBEHb HEIUHEUHBIX (OCOOCHHO HWHTEPMOAYJSIUOHHBIX) HCKAKCHHH,
PaBHOMEPHOCTh MOKPHITUSA IUIOMAN TPOCTYIIUBAHUS.

[IporieHT mOTEpH pa3z0OPUYMBOCTU 3aBUCUT TMPEKIE BCETO OT
OTHOUIEHUSI YPOBHSI PEUYEeBOro curHaia K ypoBHio myma (S/N), kotopoe
JIOJDKHO OBITH BBIIIE OMPEACICHHOIO YPOBHS, YTOOBI MOKHO OBLIIO MOHSITh
CMBICIIOBOE cojiepxkaHue peuyr. CTerneHb MACKUPOBKU IIYMOM OyaeT
3aBUCETh OT OTHOIIEHHS S/N M OT CHEKTpaldbHOro cocraBa Imyma. [lms
mmpokononocHoro myma (204000 TI'm) 3aBHCMMOCTHh MpPOLIEHTA
cnoBecHOM paszbopumBoctu OT S/N mokaszana Ha puc. 8.2. 3 Hero BuaHO,
YTO MPOIIEHT CJIOBECHOM pazdbopuuBocTH OyaeT Oosbine 80% TOIbKO mpu
otHowenuu S/N > 12 nb.
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-18 -12 -6 0 +6 +12 +18 +24
CuenHan / wym (0b)

Puc. 8.2. 3aBucuMocCTb ypoBHS pa300pUMBOCTH PEUX OT OTHOIICHUS CUTHAI / IIIyM
MIPH ITMPOKOIIOJIOCTHOM IITyMe
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Ecnmn mym y3KOMOJOCHBIA, TO CTENEHb MACKHUPOBAaHHUS PEYU H
noTepst pa300pPUUBOCTH 3aBUCAT OT YACTOTHOW TmoJyiockl (puc. 8.3), To
Oonee «omacHbIMH», 4eM BbIcOkodacTOTHBIE (1800-2500 I'm) mrymsi,
SBJISIIOTCS. HU3KOYacTOTHBIE ITyMbI (135—400 I'm).

=M= y3KOnonocHsIl wym 135...400 Ny
=O— yskononocHsIt wym 1800...2500 Ny

Paszbopyusocms croe (%)

-18 -12 -6 0 +6 +12  +18
CueHan / wym (06)

Puc. 8.3. 3aBucuMocTb ypoBHS pa300PUMBOCTH PEYX OT OTHOIICHUS CUTHAI / IIIyM
MPH y3KOTIOJIOCHOM IITyMe

JIsl KOJIMYECTBEHHOM OIEHKH pa300pUYMBOCTH PEYU MPUMEHSIOTCS
KaK CyObEKTHUBHBIE METOJIbl (PKCIIEPTHBIC OIICHKH), TaK U OOBEKTHUBHBIC
(pacyeT 1enoro psjga mapameTpoB). XOTsS 3a IMOCIEIHHUE TOAbl BBEIACHO
JIOCTaTOYHO MHOTO HOBBIX OOBEKTUBHBIX KPUTEPUEB U  CO3JaHBI
CHEIMaIbHbIE KOMITBIOTEPHBIE MPOTpaMMBbI ISl UX peaju3alliu, OICHKU
pa300pUMBOCTH pPEYM C TOMOIIBI0 KBaJIU(UIMPOBAHHBIX 3KCIEPTOB
NO-TIPEKHEMY  OCTalOTCSl HaubOojee JIOCTOBEPHBIMHM W BCE HOBBIC
OOBEKTHUBHBIE KPUTEPUU CPABHUBAIOTCS C HUMH.

8.4.1. Cyovekmuenvie memoosl OUeHKU pa3dopuueocmu

OreHka mporeHTa pa30opuruBOCTH (APTUKYISAIIUN) 3aBUCUT OT Psjia
(GhaKTOpOB, OCHOBHBIE U3 KOTOPBIX CIEAYIOIIHE:

— BBIOOp MJIs1 IPOCIYIITUBAHUSI 3JIEMEHTOB PeYM (3BYKH, CIIOTH, CIIOBA,
¢dpa3bl), HanbOJIEE TOJTHO OTPAKAIOIINX CTATUCTUKY JAHHOTO SI3BIKA;

— MOoa00p COCTaBa IKCIEPTOB U CTEIICHb UX TPCHUPOBAHHOCTH,

— Ka4eCTBO Iojioca IUKTOpa, €ro JUKIIHS, HHTOHAIMS U JIp.;

— TpeOoBaHUS K MOMEIICHUIO W YCJIOBHUSM B HEM (YPOBHIO IIyMOB U
ap.);

— METOJIMKa TIPOBEACHUS W3MEPEHUH W METOABbl CTATHCTHYCCKOM
00pabOTKH pe3yIbTaTOB.
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NmenHo 3t TpeOOBaHUS U 33J]al0TCSl B Pa3IMYHBIX CTaHAapTaX, Tak
KaK TOJIbKO TPU HUX TOYHOM COOJIOJICHUM MOXKHO TOJYYUTh
MOBTOPSIEMOCTh PE3YJIbTATOB.

JIns pernmaMeHTaldd TaKUX HCIHBITAHUW BBEICHBI OTEYECTBEHHBIC
crangaptel: ['OCT 50840-95 «Ilepenada peun o TpakTtam cBsi3H. MeToabl
OLICHKM KauyecTBa, pa3zdopuuBocTH M Yy3HaBaeMoctu», ['OCT 51061-97
«CuctemMbl HM3KOCKOPOCTHOM TMepenaur pedu Mno HU(PPOBBIM KaHaaM.
[TapameTpbl KauecTBa peUYd M METOJbBl H3MEPEHUN», MEXKIYHAPOHBIE
craagaptel [ISO/TR4870, IEC 268-16, amepukanckmii cranmapT ANSI
S3.2-1989 «Method for measurement the Intelligibility of Speech Over
Communication Systemsy (uMeeTcst Takke HoBas penakiys R-1999) .

CraHapTU30BaHHbIE TIpaBWja MPEXKIE BCEro KacarTcs oTOopa
UCIIBITATEIbHOTO MaTepHuaia: CHEelUalIbHO COCTaBJIEHHBIX TaOmull (pas,
CJIOB WJIM CJIOTOB, KOTOPBIE 3aMUCHIBAKOTCS WU MEPEIAIOTCS TUKTOPOM IS
OLICHKM TIOMEIICHUS, CUCTEMbl 3BYKOYCWICHUS WM JPYTUX CHUCTEM
KOMMYHUKaIMU. B 3aBUCUMOCTH OT THUIMA UCTIOIb3yEMbIX ITPU UCTIBITAHUSX
JIEMEHTOB pEYM pas3lInyaeTcs pa300OpYMBOCTH 3BYKOBas, CIIOTOBas,
cioBecHas U (pazoBas. Bce 3T BuABl pazOOPUYMBOCTH TMPHU HCIBITAHUU
OTHOM W TON € CHUCTEMbl OYIyT BBIPAKATHCS PAa3HBIMU YHCIOBBIMU
BEJIMYMHAMU, TaK KaK MPOLEHT MPABWIbHBIX OLEHOK ISl MPEACKA3yEMOTO
cooOmieHus: BcerJa Bblllle, 4YeM s Hemnpeackazyemoro. CrerneHb
MPECKa3yeMOCTH IIPHU MPOCITYIIUBAHUM (hpa3bl BBIIIE, YEM MPU CITYIIAHUU
OTJICTTLHBIX CJIOB MJIU CJIOTOB, TIOCKOJIBKY €CJIM YacTh (Ppa3bl HE YCIbINIAHA,
TO MOXHO JOTQJaThCA IO CMBICIY O €€ CoJepkaHuu. B cBs3u C 3TUM
HAXOJATCSI M COOTHOIICHHUS COOTBETCTBYIOLIUX BHUIOB Pa30OpUYHUBOCTH:
¢dbpazoBasi — BBIIIE CIOBECHOM, CJIOBECHAsI — BBIIIE CIOTOBOM, CIOrOBas —
BbIIIIE (DOHEMHOIA.

Jist u3MepeHus: pas3lMyHbIX THUIOB pPa300pUMBOCTU CYIIECTBYIOT
CBOM XapaKTepHble 0cOOeHHOCTU. Hampumep, uzmepeHue pazo0pyuBOCTH
CJIOB 1I€JIECOO0pPa3HO TMPOBOJUTH B CETSIX, paOOTAONIUX B TSKEIbIX
YCIOBUSAX, HAMpPUMEp, NPU CBS3U C MOJBWXKHBIMU OOBEKTAMU WU B
MPUCYTCTBUM CHUJIBHBIX IIIYMOB, a TaKXe€ JJis CUCTEM CBSI3M, MPOLIEHT
paz00pPUUBOCTH CIIOTOB Y KOTOPBIX OYEHb Mall.

[Ipn npoBeneHHM TaKUX HUCTBITAHUNA CIENHUATBHO TOJ00paHHBIC
JTUKTOPBI (C XOpolen AUKIKEH, TPaBUIbHON peyblo, C XOPOIIUM CIYyXOM)
3QUUTHIBAIOT B OINPEACIICHHOM PHUTME CTaHJIapTU30BAHHBIE CIIOTOBBIE
TaOJIUIBl B BHIOPAHHOM TMOMEIIEHUHU — C €CTECTBEHHOW aKyCTHUKOW WU
4yepes3 3BYKOYCHIUTENIbHYIO cucTeMy. JKenaTenbHo, 4TOObI AKCTIEPThl ObLITH
HE3HAKOMBI C JIMKTOpPaMU, TaK KaK pa300pYMBOCTh Y 3HAKOMBIX JTUKTOPOB
BBIIIIE 3@ CYET 3alIOMUHAHMSI SKCIEPTAMHU MX WHTOHALUM, JAUKIUU U Jp.
KonudyecTBO AMKTOPOB MOHKHO OBITh HE MEHEE YeThIpeX, MNpUYeM
KeaaTesbHO, YTOObI OHM UMEJIM MUHUMAJIbHYIO Pa3HUILY 110 aKyCTUYECKUM
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XapakTepUCTUKaM TOJIOCOB. /[l TmpoBeneHUss WCOBITAaHUW Trpynna
CIIyIIATeJIe pa3MENIaeTCs B Pa3HbIX MECTaX MOMEIICHUS U 3alUChIBAECT
MPOCIYIIUBAEMbIA TEKCT. OTHOILICHUE MNPABUIBHO 3aMMCAHHBIX Ha CIIyX
(dboHETHYECKUX DSJIEMEHTOB K OOIIEMy KOJIMYECTBY TEPEIaHHbIX U
oTpeensieT IPOLUEHT pa300PUUBOCTH.

JIns  moyiydeHuss CTaTUCTHMYECKHM  JOCTOBEPHBIX  PE3YJIbTATOB
HEOOXOAMMO MPUBJICYEHUE TOCTATOUHO OOJBIIOrO YHCIa ciylareneil. B
crangaprax ['OCT npuHATAa 4YHCIEHHOCTH Tpynmbl ciymarened B 20
YEJIOBEK, O3BOJISIONIAS MMOIYYUTh CTATUCTUYECKHU HA/ICKHBIE PE3YIIbTATHI.

Bonpiioe BiusiHWEe Ha pe3ynbTaThl OMNpEAEieHUs pPa300pPUUBOCTH
pEYMr OKa3bIBAET HE TOJBKO KOJWYECTBEHHBIN COCTAB IPYIINbI CIYLIATEIEH,
HO U JApyrue (QakTtopsl: o00pa3oBaHue, mpodeccusi, couuanbHas
NPUHAAJICKHOCTD, a TaKXKe NaMsTh U COOOpa3UTeNbHOCTh. Bee ciymarenu
JOJKHBI  00J1aJaTh HOPMAaJbHBIM CIIYXOM, OBITb HOCHUTEISIMH JaHHOTO
S3bIKa M JIOJDKHBI OBITh 3HAKOMBI CO BCEMH TECTOBBIMU CJIOBAMH.
Bo3pactHout coctaB orpannyeH 35 rogamu. B mpouecce UCTIBITAHUI MOTYT
NPUBJICKAThCS KAaK TPEHUpPOBaHHAs OpHUraga »SKCIEPTOB, IOKa3aHUs
KOTOPOl MPOBEPEHbl HA 3TAJIOHHOW CUCTEME, TaK M HETPEHHUPOBAHHBIE
cJIymaTesy (Mpy TOM MX KOJUYECTBO JOKHO OBITH OOJIBIIIE).

B oTedyecTBEHHBIX CTaHAApTax IO OLEHKE KayecTBa IMEpPEladyd pedd
no ka"anaMm cBs3u ['OCT 50840-95 u I'OCT 51061-97 ucnons3yercs
U3MEPEHHE CJIOrOBOM pa300puMBOCTH peYd M u3MepeHue (ppas3oBoii
pa300pYMBOCTH MPU HOPMATHHOM U YCKOPEHHOM TEMITaX MPOU3HECEHU.

B cooTBeTcTBMM C yKa3aHHBIMU CTaHAAPTaMH IO CpPEAHEMY
MPOLICHTY pa300pPUYMBOCTH BCE CHUCTEMBI TIEpelaud peuu JeisTcs Ha 4
KJlacca — 3Ta kiaccudukaius npuBeieHa B 1adi. 8.2.

TaOnuma 8.2

Krnaccugukarus TpakToB CBSI3U B 3aBUCHMOCTH OT THTIA U
CTEeNeHU pa30opUMBOCTH

Bun KauecTtBo peueBoro Tpakta, % (Kj1acc CUCTEMBI CBSI3H)

pazbopun-

BOCTH OtnnuHOE Xoporee VY noBierBo- Cnaboe
(kmacc 1) (xmacc 2) PUTCIIEHOC (xmacc 4)

(xnacc 3)

3ByKOBast >80 55-80 40-55 2540

CnoroBas >90 82-90 75-82 64-75

CnoBecHas >98 93-98 87-93 75-87

®pa3zoBas >99 97-99 95-97 90-95
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Hapsimy ¢ pa30opymBOCTHIO, YacTO YyKa3bIBAIOTCI H JPYTHE
CyOBeKTUBHBIE (DAKTOPHI, BIMSIONIME HAa Ka4ecTBO BOCHpusAtus peun. K
HUM OTHOCSTCA: TPOMKOCTbH pPEUYH, 3XO0, IMOPXAIoIIee 3XO0, HapYIICHHE
JOKaIU3alui, TeMOpPOBbIE MCKA)KEHMsI, TOBBIIICHHBIA ypOBEHb IIIyMa H
IJIOXUE aKyCTUYECKUE YCIIOBUS B 30HE PACIOJIOKEHUS MCTOUYHHMKA 3BYKA.
Crnenyer 3aMeTUTh, YTO TPOMKOCTB, 3XO W IIMYM SIBJISIOTCS (haKTOpaMH,
KOTOPBIE HETIOCPEJACTBEHHO OMPEACIISIOT Pa300PUYUBOCTh PEUH M KOCBEHHO
OIICHUBAIOTCS TP CYOBEKTUBHOM OIIEHKE Pa30OpPUUBOCTH.

B wmexnyHaponHbeix crangaprax, B 4yactHocth ANSI  S3.2-89,
NpeaJiaraeTcs HCIONb30BaTh IMSATh JUKTOPOB U TMATh OKCIEPTOB,
yAOBIICTBOPSIONINX YKa3aHHBIM BBHIIIE TPEOOBaHUSIM, HO TIpoleaypa
IPEeAbSIBICHUSI PEUEBOT0 MaTepHalia 3HAUUTEIIbHO CIOKHEE.

Takum oOpazoMm, mpolieaypa opraHu3aiui CyObeKTUBHBIX KCIIEPTU3
MO0 OIIEHKE pa300pYMBOCTU pEUd — JIeJI0 CJIOXKHOE, JUIUTEIIbHOE |
JIOCTATOYHO JIOPOTOCTOsAIEE, XOTsI U Haubosee gocToBepHoe. [loaTomy 3a
MOCJICIHAE TONbl OONBIIOe BHUMaHWUE OBLJIO YACICHO CO3JaHUIO
OOBEKTUBHBIX METOJOB OIICHKH Pa300pUYMBOCTH, YTO IMO3BOJIMIO BHEAPUTH
B MPAKTUKY LEIBIN Psii HOBBIX TOCTATOYHO 3()PEKTUBHBIX KOMIIBIOTEPHBIX
METOJ/IOB pacueTa pa30opUMBOCTH PEUH B PA3IMUHBIX YCIOBHUSX.

8.4.2. Tecmovit MOS

MexayHapoaHbIM aHAJIOTOM TECTOB B 00JaCTH CYOBEKTUBHOM
OLICHKM KayecTBa peuM (a TOouHee, ee pa30OpUYMBOCTH) C MPHUBICYEHUEM
TPYIIIBI KCIepToB siBisgeTcs metoauka MOS (Mean Opinion Score), xon
npoBeJieHHs KoTopout ycraHoBieH B pekomenaauusx [TU-T P.800 u P.830.

OcHoBHOM MeToaAMKON nu3MepeHus pazoopunBoct B MOS siBnsiercs
tect ACR (Absolute Category Rating), KOTOpbIi CXO0X C
apTUKYJSIMOHHBIMU ~ TECTaMH, 3a HCKJIIOUEHHEM TpPEeX OCHOBHBIX
MOMEHTOB. OTiIM4YME COCTOMT B TOM, 4YTO, BO-IepBhIX, MOS
XPOHOJIOTMYECKH MOSBWICSI HAMHOTO 1103k€ ynoMmsaHyThIX Bbiie ['OCTos
U, KaK CJEJCTBUE, NPU NPOBEICHUH TECTOB PabOTAET C AIEKTPOHHBIMU
0azaMu pEUYEBBIX OTAJOHOB, a HX 3alMCh MPOUCXOJUT HE3ABUCHUMO;
BO-BTOPBIX, B POCCHICKUX HCCIIEIOBAHMUIX Pa300pUMBOCTh U3MEPSIach B
MPOLIEHTaX BEPHO MPHUHATHIX IJIEMEHTOB peud K OOIlEeMy HUX KOJUYECTRBY,
4yTO KOHTpactupyeT ¢ tectamu ACR, rie olleHKa BhICTaBisieTca B Oaax
o 1mkaie oT 1 mo 5. JlaHHas 1ikaja rokaszaHa B Ta0:. 8.3.

[locnenuum ¥ HamboJiee BaXXHBIM C TOYKHA 3pEHUS PabOTHI
IKCIIEPTOB SBISETCI TO OOCTOSTENHCTBO, 4T0 B MOS cyOBeKTHUBHBIM
00pa3oM MOCJIEI0BATEILHO CPABHUBAIOTCS ATAJIOHHBIMN U HCKaXCHHBIN
CEThI0 CHTHANIBI (B OTJIMYME OT OINHCAHHBIX BBIIIE TECTOB, TJE MEPOM
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pa360p‘-II/IBOCTI/I ABIACTCA KOJIMYCCTBO PACIIO3HAHHBLIX BCPHO 3JICMCHTOB

peun).
Tabmuma 8.3
[kana kauectsa MOS
Onenka KauectBo peun (KOHLEHTpauus BHUMaHHA, Tpedyemas i
(baner) MOHUMaHUs 00pa3LOB Peyn)

NneanbHoe (KOHIIEHTpaIlMs BHUMAaHUS HE TPeOyeTCs)

Xoporee (HEOOX0IUMO HE3HAYUTEIILHOE BHUMAHUE)

VY noBreTBopuTesbHOE (YMEPEHHAs] KOHLIEHTPAIUsl BHUMAHUS )

[Tnoxoe (He0O6X0AUMO TTOJTHOE BHUMAHHE)

5
4
3
2
1

VYkacHoe (CMBICI ONTPEACIIUTh HEBO3MOKHO)

Hapsny ¢ ACR, B MOS Ttakxe wucnonb3ytorcss Mmeroasl DCR
(Degradation Category Rating), CCR (Comparison Category Rating) u
QRD (Quantal-Response Delectability). OnuiiieMm 0COOEHHOCTH KaXKJI0TO

N3 HUX.

— Degradation Category Rating (DCR). I1o cpaBuenuto ¢ ACR meron

DCR wumeer OOJBIIyI0 YyBCTBUTEIBHOCTh IIPU OIIEHKE PEUYEBBIX
CUTHAJIOB C MaJIbIMU MCKAXXCHUSIMU (HAIPUMEP, BHEIITHUHN 1IIyM), YTO
MO3BOJISIET ~ MPUMEHSATh  JIAHHBIM ~ METOJ  JUJIi  CpPaBHEHMS
BBICOKOKQYECTBEHHBIX CETEH IMepeaadu peUeBbIX COOOIICHUH.

Comparison Category Rating (CCR). HuuemM He oTanW4aercs OT
DCR, 3a HCKIIOUEHHMEM TOr0, UYTO HDTAJOHHBIM M HCKa)XCHHBIN
CUTHAJIbI TIOSIBJIIIOTCS. B CIyYalHOM TOPSIAKE CJIEIOBaHUS (MMEETCs
B BHUJIy CIyYailHOCTh BHYTPH Haphl: 3TAJIOH — UCKAKEHHBIN CUTHAI).

Kpome TOTO, KOMMYECTBO «HWHBEPTUPOBAHHBIX» W OOBIYHBIX Iap
OJIMHAKOBO, HO 3apaHee »JKCHepT HE 3HaeT, Kakas IMapa UM
onleHnBaerca. Kak crencTtBue TEpPEUMCICHHBIX BBINIE OTIUYUI
HU3MEHSETCS IIKaJIa OlleHKHU (Tad. 8.4).

Tabnuua 8.4
[Ikana kauectBa CCR

Onenka KauecTBo 00pa3ua peun o CpaBHEHUIO C UAYIIUM MEPBHIM
(bambr) B mape

3 Ham#noro nyume

2 Jlyume

1 HesnauunrensHo syyie

0 [Ipubau3uTENHEHO OJUHAKOBO

-1 HesnaunrensHo xyxe

-2 Xyxe

-3 Hamuoro xyxe
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— Quantal-Response Detectebility (QRD). fBnsieTcs MHCTpyMEHTOM
JUTSL TIOJTyYeHUsT WHPOPMAITMK O HAJIUYHH B IEpelaBacMOM CUTHAJIC
3¢ ()EKTOB MCKaKEHUSI aHAJIOTOBOM MPHUPOJIBI, HAIIPUMED, TAKUX KaK
3X0. B 3TOM MeTOone Takke MPHUCYTCTBYET 0co0asl IIKajia KayecTBa.

Omna nokasasa B Ta0u. 8.5.
Taobmnuma 8.5
IlIxama kaguectea QRD

Onenka | Bocnpusrue 3¢g(hekToB MCKKEHHS aHATOTOBON TPUPO/IBI

A BrI3pIBaror paznpaxenue
B Hab6mronarorcst (0OHapyKUBAIOTCS)
C He nabmonatores

Takum 00pa3oM, MOXXHO CKa3aTh, 4YTO MpoOIeAypa OpraHU3alUU
CyOBEKTUBHBIX JKCIIEPTHU3 MO OlLIEHKE KadyecTBa (pa30OpPUMBOCTH) peUU —
JIEJI0 CJI0XKHOE, JIUTEIBHOE U JIOCTATOYHO JIOPOTOCTOsAIIEE, T. K. TpeOyeT
NpUBJICYCHUST OOJBIIOTO 4YHCIa JIIOJICH, BOCCO3JAHUS CETH CBS3H,
UCIIOJIb30BAaHUS CHEIUATBHBIX Ja0opaTOpuii W COOMIOJEHUS OOJBIIOTO
yucia tpeboBaHuil. HO TIaBHBIM HETOCTATKOM CYOBEKTHBHBIX TECTOB
ABJISIETCSL TOT (PAKT, YTO MX HEJb3sl UCMOIb30BATH ISl MIOCTOSSHHOTO WM
XOTs ObI pEryJIIPHOIO MOHUTOPHUHTA CETEU CBSI3H.

OnHako mnpu  STOM  JaHHBIE TECThl  SIBJIAIOTCS — HauboJiee
JIOCTOBEPHBIMU CPEJM BCEX CYIICCTBYIOIIUX KPUTEPUEB OIEHKU. ITO
MOATBEPKIACTCSI TEM, YTO BCE COBPEMEHHBIE OOBEKTHUBHBIC AITOPUTMBI
OLICHKM KayecTBa TMEpelaBacMOi pEeYd CpPaBHUBAIOTCS HUMEHHO C
pesynbratamu MOS uimu mogo0HbIMHE.

8.5. O0beKTUBHBIEC METOABI OLICHKH Ka4eCTBA pe4yu

Knaccuueckue  OOBEKTUBHBIE  METPUKHU, MCIOJb3yeMbIE IS
U3MEPEHNS KAdyeCTBA PEYEBOr0 CHUTHAIA, B OCHOBHOM IPHUMEHUMBI M
IIOJIE3HBI B YCJIOBUSIX JIMHEWHBIX WHBAPUAHTHBIX K CIBUIY CHCTEM, T. €.
CUCTEM, JUISI KOTOPBIX BBIIOJHSAIOTCA YCIIOBHS AJIWTHUBHOCTH W
TOMOT€HHOCTH, @ TaKXe WHBAPUAHTHOCTH K CIBUIY BO BpPEMCHH.
C mNpakTUYECKOM TOYKM 3pEHUs O3TO O3HAYaeT OTCYTCTBUE B CETHU
YCTPOMCTB, 3HAUYUTEIHHO Mpeodpazyronux ¢GopMy cursaia (To ectb Korja
yXyamawnme (pakTopbl HOCAT TOJBKO JUHEWHBIM WIIM KBa3WJIMHEHHBIN
xapakrtep). HekoTopble M3 METONOB OLIEHKHM MOTYT OBITh aJalTHPOBAHBI
JUIS OLCHKA CHUCTEM C HEJIMHEMHBIMH HCKAXCHUSMHU IYTEM aHAIN3a B
KPaTKMX TIPOMEXKYTKAaX BPEMEHH, OJHAKO INPUMEHECHHE TAKOIO pojaa
METPHUK BCE pPAaBHO OCTaeTCsi OIPaHMYECHHBIM. Bce omnmcaHHOe BbIIIE
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TOBOPHUT O TOM, YTO HCIIOJIb30BAHHUC 00BEKTHBHBIX MCTPHK Ha IIPAKTHUKC HC
BCCrga HacT HMCCIACHOBATC/IIO IIOHUMAHHUC O BOCIIPHUATHA a0OHEHTOM
nepcaaHHoro pecdycBoro CUraalia. NubpiMM CJIOBaMH, MCTPpHKAa MOKCT
IIOKa3aThb, YTO IMPOU3ONIIN CUJIBHBIC HCKaXXCHU:, a p21360p‘{I/IBOCTB peun
OCTAHCTCA Ha IIPCKHEM YPOBHC.

8.5.1. Omnowenue cucnan / uiym

JI7s1 KOJIMYECTBEHHOW OLIEHKW KA4eCTBA BOCIIPOM3BEICHUS PEUYEBOTO
CUTHaJIa  OOBIYHO  HCIIOJNIB3YeTCS  HOPMHUPOBAHHBIM  TOKAa3aTellb
MOTPEITHOCTH,  XapaKTEPU3YIOIMKA  CPEIHMM  KBaApaT  OMIMOKH
BOCIIPOM3BEICHHS, YCPEOHEHHBIW TIO BPEMEHUM M TMPUBEACHHOM K

2
IUCIEPCUU BCErO COOOIIECHUS O,

2
rne o,,”— AUCIepcHst UIyMOB.
Otnomenne  curHan / mym  (Signal-to-noise  ratio,  SNR)
OTpeesAeTCs KaK BeIMYnHa, oOpaTHas MOTPEUTHOCTH:

SNR =10-1g(5%) 2,05

[Ipu 0OBEKTUBHBIX METOJAX OICHKU JJIsS aHAJIN3a Ka4eCTBA CHCTEM
nepeaadyn peyrn HeoOX0UMO OIIEHUBATh OTHOIIEHNWE MOIITHOCTH CUTHaa K
CyMMapHOW MOITHOCTH 1IyMa — SNRy .

2 2
HOCKOHI)Ky AUCIICPCHUU CUI'HAJIa O, W lIyMa O BBIYUCJIAOTCA 34

w
MOJIHOE BpEMsI PEUEBOro TecTa, TO JaHHBIM IOKa3aTellb Ha3bIBAETCS
JTOATOCPOUYHBIM SNR.

Onnako B ciyyae aJanTUBHOIO KOAUPOBAaHUS (HAmpumep, Ipu
ADPCM) Oomee menecooOpa3HO HCHOJIB30BaHUE  CerMEHTHOrO SNR,
KOTOPOE OMPEIEIISIETCS CAETYIOIIUM COOTHOILICHUEM:

2
O¢i

M
SNR,, zﬁzm-log(l+ 5.

riue Gciz u Gml-z — JIACIEPCUH BBIOOPOK PEYEBOro COOOIIECHUS U OIIUOKH,
BBIYHCIIEHHBIE Ha [-OM CETMEHTE JUIUTEIHHOCTH 1, M — ob11ee KOJINIECTBO
CETMEHTOB B UCCIIEyEMOM CHUTHAJIE.

Cienyer OTMETHTb, 4YTO HMCCIEAOBaHHMA LU(POBBIX METOJOB
nepelaud  peYd M OCOOCHHO pa3IM4HBIX  aJalTHBHBIX  METOJOB
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KOJIMPOBAHUS BBISIBUIIM CEPHE3HOE PACXOKICHUE MEKIY CYOBEKTUBHBIMU
OKCIIEPTHHIMU  OlleHKaMu U SNR. D710 O0OBSACHSETCS pa3IudHbIM
XapakTepOM HCKaXEHHM, CO3/1aBa€MbIX HEAJANTUBHBIMU U aJalTUBHBIMU
cUCTeMaMu mepeaayd. B HeaganTUBHBIX CUCTEMAaX HMEET MECTO
CTAllMOHAPHBIA IIyM C YPOBHEM, HE3aBUCAIIMM OT YPOBHS CHUTHAJA,
Ka4ueCTBO CETH Mepeaadyu IPHU 3TOM OIpeJeseTcs, IIIaBHbIM 00pa3oM, 10
BOCIIPUSITUIO IlIymMa B Tay3aX peud. B aJanTUBHBIX CHCTEMax MIyMbI
HE3aHATOr0 KaHaja MOTYT ObITh HE3aMETHBI, MPU ITOM OO0JIbIIEE 3HAUYCHHE
MMEIOT HECTAIMOHAPHBIE IITYMBI.

Cnenyer 3ameTuth, 4TO Kputepuii SNR 1TOJI€3€H TOJIBKO B Ciyyae,
KOT'/Ia KOJMPOBAHUE CUTHAJA TPOUCXOAUT 0e3 M3MEHEHHs! ()OPMBI BOJIHBI,
T. €. OTCYTCTBYET Takas o0paboTKa, KaKk HHU3KOCKOPOCTHOE KOAMPOBAHHE
unu cxkarue. B mocnegnux aByx ciaydasax SNVR u cerMeHTHOE SNR UMEIOT
HU3KYIO CTENEHb JIOCTOBEPHOCTH. DTO SIBISETCS OJHOW W3 MPUYHUH, IO
KOTOPOM JJIs1 OLIEHKU pa300pUMBOCTH pE€UYU TPEOYIOTCS KAYECTBEHHO MHbBIE
METO/IbI.

8.5.2. Jlozapugpmuueckoe cnekmpaibhoe paccmosanue

Jlorapudpmuueckoe crekTpanbHoe paccrosiuue (Log Spectral
Distance, LSD) — 3T0 B JOCTaTOYHON Mepe YHUBEPCAIbHBIH KPHUTEPHUIl
OIICHKM Ka4yeCTBa PEUYEBBIX CUTHAJIOB. LSD BBIYUCIAECTCA B YaCTOTHOM
o0JlacTH M, KaK CJIEACTBHE, HE 3aBUCUT OT (pa30BBIX CJIBHUIOB BO
BPEMEHHON 00JIAaCTH MEXKJy STalOHHBIM M OIICHUBAEMBIM CHUTHAJIAMM.
dopmyia 10rapu(pMHUUECKOTO CIIEKTPATBLHOTO PACCTOSHUS, U3MEPSIEMOTO B
nb, OyaeT BBITIAACTD CASTYIOMNM 00pa3oM:

1

LSD,p = T 1

[10105%10‘)((] i)|~10log;o| X (/. Z)HZ

lM
wZ

rme M — KONHMYECTBO CEMEHTOB peud, L — JUIMHA OJHOTO CETMEHTa,
X (j,i)| — crexrpanbHas MOIIHOCTb i-rO CETMEHTA TATIOHHOTO CHTHAIA,

— CIICKTpaJIbHas1 MOIIHOCTDb [-TO CEeTMEHTAa UCKAXKCHHOI'0 CUTHAJIA.

Jlorapudmuueckoe CHEKTPaJIbHOE PACCTOSHUE  XapaKTepU3yer
CTENEHb YJAJIEHHOCTH OJHOTO CHUTHaja OT Jpyroro. Takum oO0pa3om,
JAHHAsi METPUKA Ka4yeCTBA PEUM SBIIACTCS CIIELUAIU3UPOBAHHBIM BUIOM
€BKJIMJOBA paccTosiHus. LSD uMeeTr oOpaTHYIO JIOTMKY IO CPaBHEHHIO C
SNR. UYem BbllIE OTHOIICHHE CHUTHAI/IIyM, TEM JIydlle KadecTBO
BBIXOJHOTO curHana. B ciydae ke ¢ LSD 4yeMm MeHbIIE €ro MOKa3arelb,
TeM OJIMKe HaXOIATCSA CHEKTPhl CUTHAJIOB U, KaK CJIEACTBUE, TEM JIy4lle
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KaueCTBO BBIXOAHOrO (B Clly4ae C KOJUPOBAHUEM — BOCCTAHOBIIEHHOTO)
curHasia. O6e onmucaHHbIE METPUKU TPeOYIOT UCIOJIB30BAHUS ATAJIOHHOTO
(MCXOJIHOT0) CUTHAJIA U TI0O3TOMY SIBJISIFOTCSI 3TaIOHHBIMH.

Heob6xomuMo 3aMeTHTh, YTO CYIIECTBYIOT CHUTyalldd, KoOrja
OOBEKTUBHBIE METPUKH HE OTPAXalT MPaBWIHHBIM O0pa3oM HCTHUHHOE
Ka4eCTBO pPEYM, HANPUMEp, KOTrAa CIEKTPAIBHO paCHpeACcICHUE IIyma
OoJiee WM MEHEee MOBTOPSET CHEKTP PEYEBOI0 CUTHANA (TaKO€ BO3MOXKHO,
HarpuMep, JJisl IIyMa KBaHTOBaHMs). B 3TOM cilyuae 1Iym sKpaHUpyeTcs
pPEUYbIO M 3aMETEH B TOPA3/I0 MEHBIIEH CTEIEHU, YeM HEKOPPEIUPOBAHHBIN
Iy M.

8.5.3. Coepemennvie memoovt 00beKmMuBHOI OUYEeHKU Kauecmea pedu

HoBoe nokosieHne 00BEKTUBHBIX KPUTEPHUEB OLICHKUA KayecTBa pedu
CBOMM TOSIBIICHUEM OO0S3aHO TOMY, UYTO CYOBEKTHMBHBIE W KJIACCHUUECKHUE
OOBEKTHUBHBIE METOJbl OIEHKH, KakKk OBbLIO YKa3aHO BBIIIE, HE
COOTBETCTBYIOT NOTPEOHOCTSIM ONEPATOPOB COBPEMEHHOM CBs3U. Jlis
aJICKBaTHOW OIIEHKM YPOBHS KadecTBa pPabOThl Tene(OHHON CEeTH ¢
MaKeTHOM  KOMMYyTalMeld  JaHHBIX  HEOOXOJAMM  TIOCTOSIHHBIM €€
MOHUTOPUHT. OUYEBUIHO, YTO MPUBIICUCHUE SKCIEPTOB B 3TOM CIIy4ae HE
pelaeT IOCTABJIEHHOW 3aJayd M JaXe B CIydae €ro IpOBEICHUS
notpedyer OonbmMX (UHAHCOBBIX BAMBaHUW. [loaToMy Kaxkaomy
IpoBaiiiepy yCIYr CBSI3W HEOOXOJWM HMHCTPYMEHT (METpUKa) A
aBTOMATHUYECKOM, T. €. KOMIIBIOTEPHOM, OLICHKH Ka4ye€CTBa PEUH.

Pa3paboTka Takoro poaa airopuTMoB Hadaiach B cepeauHe 1990-x
roJI0B, U HanboJIee ONTUMATBHBIM PEIICHUEM TOCTABICHHOM 3a7]a4H CTaJIH
METO/Ibl OIICHKHU KauyeCTBa PEeUd C UCIOJIb30BAHUEM ATAJOHHBIX 00pa3IloB.
Ha puc. 8.4 nokazana HauOosiee 00IIas cxemMa ajirOpUTMOB 3TaJTOHHOU
OLICHKHM KauecTBa peyHu.

3TanoHHbLIA
curHan

- '—w.l’-x -

Y

OueHka

: TecTupyemas, Anroputm | kavectea
{ cuctema OLIEHKK (6annbl)
. CBA3KW
MckaxeHHbIn

curHan

Puc. 8.4. Cxema anropuTMOB 3TaJOHHOM OLIEHKH KauecTBa peyu
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B cooTBeTcTBUM € 3TUM METOJIOM STAJOHHBIA (BXOJHOW) CUTHAI
BBOJIUTCSI B TECTUPYEMYIO CHUCTEMY CBSI3M, IIOCJIE€ YEro, IpETepIieB
ONpENICIICHHbIE HCKAXKEHUS (XapaKTEpHbIE HMMEHHO JJIsI 3TOr0 THIA
CHUCTEMBI), CUTHaJ 00pabaThIBAETCS aJITOPUTMOM OIIEHKH, KOTOPBIM TOCIe
psAlla MaTeMaTUYeCKHUX TpeoOpa3oBaHMil BBIJAET YHCJICHHYIO OIICHKY
KaueCTBa UCKAKEHHOTO (BBIXOJIHOT'0) CUTHAJIA.

K »TanoHHBIM cuUrHajam, B CBOIO OYEpPE/b, TAKKE MPEAbSIBISIOTCS
OMpe/ieJICHHbIE TPEOOBaHUS, KOTOPHIE BO MHOI'OM CXOXH C TECTOBBIMU
peyeBbIMU O0pa3liaMu, HUCIOIb3YeMbIMH B CYOBEKTHUBHBIX TECTaX. ITO
JOJDKHBI OBITh CHTHANBI C YacCTOTOM MHMCKpPETH3allMM He OOoJblie 8 Win
16 x['1, kBaHTOBaHHBIE C TTOMOIIIBIO 16-TH 6uTOBOM PCM. Kpome Toro, Ha
JUTUTEJIbHOCTh T€CTOBBIX CUTHAJIOB TAK)KE HAKJIAJIBIBAIOTCS OrpaHUYCHUS,
KOTOpbIE, OJJHAKO, B PA3JIMYHBIX PEKOMEHAAIUAX U CTaHAAPTaX Pa3JIUYHBI.
Tak, Hampumep, B pexoMeHpanuu [TU-T P.800 mimurtensHOCTH peyeBOro
JTajoHa paBHA OT 2,5 A0 5 cekyHha, a B pekomeHmanuu ITU-T P.862
JUTUTEILHOCTh (PparMEHTOB PEUM YCTAaHOBJIEHA B Juarna3oHe oT 8 a0 16
cekyH/. OmnucaHHbIE OIrpPAaHUYEHUS T[OMOTalOT TMOBBICUTH YPOBEHB
TOYHOCTH JAHHOTO KJacca allfOPUTMOB OILIEHKHU.

B 1menom K STallOHHBIM QIrOPUTMaM OLIEHKH KayecTBa pEyH,
pa3paboTaHHBIM 3a TocieaHue 15 net, oTHocsATes cienyronme: Perceptual
Speech Quality Measurement (PSQM), Perceptual Analysis Measurement
System (PAMS), u Perceptual Evaluation of Speech Quality (PESQ).
Anroputm PESQ oGOmnamaer HauBbicuiet koppessiiuend (o I[lupcony) c
OLICHKaMHU JKCIEPTOB, YTO OMNpPEJENAeT BbIOOP MMEHHO 3TOTO KPUTEPHUS
ATAJOHHOM OIEHKM KadecTBa pEYM JUISI TPOBEAEHUS TECTOBBIX
UCCJIEOBAaHUHN TEIEKOMMYHHUKAIIMOHHOTO O0OPY/IOBaHMS U MOHUTOPHUHTA
ceTel CBSI3M Ha COBpEMEHHOM dTarie pa3Butus. KosdduimeHnt koppensiuu
¢ ouenkamu MOS cocraBiaser 0,935, mo OaHHBIM, NPUBEACHHBIM B
pekomenaanuu [TU-T P.862, onuchiBaronien JaHHbBIN aJTOPUTM.

B amropurme PESQ  OOJBIIMHCTBO  CETEBBIX  MCKaXEHUM
YUYUTBHIBAETCS C MOMOIIBI0 BPEMEHHOTO U aMIUTUTYJHOTO BHIPABHUBAHMUS,
a TaKXKe TOCPEJACTBOM HCIOJIb30BAHUS TMCUXOAKYCTUUECKON MOJIENH
YyeJoBeKa, T. €. yueTa OCOOCHHOCTEH BOCHPHSTHS 3BYKOB 4ejIOoBEeKOoM. B
Taba. 8.6 mpuBeAEHBI MOTEHIMAIbHBIC obOnacth npumeHeHuss PESQ, a
TaKkKe JIuamna3oH (aKTOPOB, MPU KOTOPBHIX JaHHBIA aJITOPUTM MOXKET
paboTaTh HEeaIeKBaTHO.
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Tabnuma 8.6
O6nactu npumeHenus anroputma PESQ

@DakTOphl BO3AEHCTBHS HA CUTHAII [Ipumenenue

st kotopbix PESQ npoaeMoHCcTprpoBai BRICOKYIO CTENEHb JOCTOBEPHOCTH

— Ommbku KaHaja nepeaadn JaHHbIX — Or11eHKa KOJIEKOB
— Ilorepu nakeroB — BrI16op koziexkoB
— MackupoBka MOTEPh nakeToB | — TecTtupoBaHue cereit (peaibHbIX,
CELP-konexamu IPOTOTUIHBIX U 3MYJIMPOBAHHBIX) B

€aJbHOM BPEMEHU
— PaznuyHble CKOPOCTH KOAUPOBAHUS p p

— Buewmnwmit mym

— Jlxurrep
11t kotopbix PESQ paGotaetr HEKOppeKTHO
— Iloreps rpomkocTH — TexHonorun — B ycrpoiicTBax 6e3
KOJIUPOBaHUs, IIPU BO3MOKHOCTHU BBEICHUS
— 3azepxka B TecTax .
KOTOPBIX TUIIWHOU 3TaJOHHOI'0 CUTHAJIA

JIIBYCTOPOHHET'O pa3roBopa
yerop p P 3amensercs oonee 25%

— JleBuanys ypoBHsI CUTHAJIA | aKTUBHOW pe4H
IIOCJI€ BBIPAaBHUBAHMS

— JIByCTOpOHHS
OLIEHKa

— 9xo

8.5.4. Cmpyxkmypa anzopumma PESQ

[Tonpobnas 6mok-cxema PESQ mnpencraBinena Ha puc. 8.5-8.7. B
YaCTHOCTH, Ha puC. 8.5 M300pakeH aJlropuTM BBIpAaBHUBAHMS, pHUC. 8.6
IIOKA3bIBAET CTPYKTYPY IICHXOAaKyCTMYECKOW MOAENH, a Ha puc. 8.7
n3o0pakeHa xkoHeyHasi 4acTh PESQ — BbICTaBlieHHE OLIEHKH O KayeCTBE
UCCJIEAYEMOr0 CUTHAJIA U ONPEIEIECHUE KIIOXUX)» NHTEPBAJIOB.
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J, X(t)

MacwTtabupoeaHue

v Xs(b)

duneTp

A

¥ X tbSO(t)

3aaepxkKu

OnpepgeneHue rpynnoBoi

y L 2 erdidt)

OnpegeneHue dparMeHTa
aKTUBHOW peyun

Y(t)

l

MacwTtabupoBaHue

Ys(t)

Y

hunesTp

YtDSO(t) \ 4

OnpepenexHune rpynnoBoi

3afepxKn

ertDS(t) y ’

OnpepeneHve doparmeHTa
aKTUBHOW peun

py6oe onpepenexHue B
3a0EPXKKA UHTEPBAanoB peyun|

Onpegene

3agepxex

HUEe ManblX

A

¥

OnpepeneHve HTEpPBanoB
BpeMeHu C
NOCTOSIHHOR 3a4epXKOoi

)
-

l d BenuuynHa 3agepkkn

B MHTEpBanax peyv

Puc. 8.5. Anroput™ BbIpaBHUBAHUS 110 YPOBHIO U [10 BpEMEHU
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l X(t) l Y(t)

BeipasHuBaH1e no ypoBHIO BrlpaBHMBaHUe No YpOBHIO
Xs(t) Ys (f)
dunsTp PunsTp
» AneHTudukaumua 3a0eprkn |«
¥ Yq’s(t)
» Komnexcauus sage
Kol Delta(t) MNEHCALMA 3a0EPHKKN
4 S v Y'os (t)
OkHo XaHHa OkHo XaHHa
y Xosolth . Yosolth
BMo 4 __, BMe
AMNNUTYAHBIA CNEKTp AMMNUTYOHLIA CREKTP
+ PXosolfn PY osolf)n
Hedopmauusa 4acToThbl Oedopmaumn yacToTel
PPthSO(f)n BbiuvcneHwe
> KOMNEHcaumMm <
NUHERHOA YacToThI PPY"’SO(f)n
e [
®- PPX' goff
osolfn
» BblqucneHne nokansHoro *
»| koathdulveHTa MacluTabuposaHus

l (X
Mamsatb Sn PPY'CDSO (f)n

Y S

Hedopmaumn UHTEHCMBHOCTH n-1 Dedopmauns MHTEHCUBHOCTH
LX(f
)n BbIMMTAHME I‘Y(f)N
D(f),
¥
AcummMeTpudHasn obpaboTka D(f}'
v DA, v
CymmuposaHue no yactote CyMmmMupoBaHue no 4yacrote
{Hopma L1} (Hopma L3)
BasewwvBaHne UHTEpBanos BsBelwwuBaHne MHTEpBaNoB
MON4YaHKA MOM4aHusA
wlr DAp l On

Puc. 8.6. CtpykTypa NCMX0aKyCTUYECKOH MOJAEIIN
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D}, =D,
OnpegeneHne Nnoxux Ons kaxporo
WUHTEpBanoB ,| VHTepeana
BLuucneHve BblUMCNAETCA
NNOXUX UHTEPBanos d—d;
Na Yueno nnoxmx eT nepecder
uHTepeanoe =0 OTKNOHEHUS
DA}, D}=Dj, =min(D},Dp)
(aKBMBaAIEHTHO) [ |
1 [ o
CyMMMpoagHue CymmupoBaHue
BO3MYLLIGHWIA Ansl BO3MYLLEHUA ANA
KOPOTKOM KOPOTKOW
nocnenoBaTensHOCTU nocnenoBaTenbHOCTU
kagpos (Hopma L6) kagpoB (Hopma L6)
CyMmmMmupoBaHue CymmupoBaHue
BCEX Kaapos., BCEX Kaapos,
COCTaBNALNX COCTaBNAOLMX
aKTUBHYIO peyb aKTUBHYIO peyb
(Hopma L2) (Hopma L2)
B A
—>» +45 [—

-

oueHka PESQ

Puc. 8.7. [Ipouienypa BbICTaBICHHS OLICHKU KaueCTBa

H OIIPCACIICHUC KIIJIOXHUX) UHTCPBAJIOB
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9. KOAUPOBAHUE AYIUOUHPOPMALINHU

IIpu cpaBHEHHH OCHOBHBIX HI€M NEPUENTYaTbHOrO (OCHOBAHHOIO Ha
OCOOEHHOCTSIX Y€JIOBEYECKOTO CIIyXa) ayJUOKOJAUPOBAHUS U KOJUPOBAHUS
peyn HEoOXOJIMMO PAcCCMOTPETh HECKOJBKO acleKkToB. B To Bpemsi kak
pedeBbie KoAepbl C(HOKYCHUPOBAHBI Ha MCIOJIb30BAHUN MOJEIN UCTOYHUKA
CUTHaJa, ayJuOKOJEphl MOTYT HE HCMOJIb30BaTh TaKUE MOJIEIH, HO MPHU
ATOM MpUOeraTth K UCIOIb30BaHUIO Oojiee OOIIMX CPEACTB JJISI OMUCAHUS
XapaKTePUCTUK UCXOAHOTO curHajna. C apyroi CTOpOHbBI, NEPIENTYaTbHbIE
ayIMOKOAEPhl UCTOJIB3YIOT OCOOEHHOCTH BOCHPUSITHS 3BYKa YEJIOBEKOM U
nyTeM O0Opa0OTKM IIYMOB KOJAMPOBAHMS W WX MAaCKUPOBAaHUA UX
CJBIIIUMOCTh MUHUMU3UPYETCS.

JIpyroe paznuyue MEXIy ayJuo U PEeUYeBbIMU KOJEpaMH JIEKUT B
IIUPUHE HCIOJIB3YeMOW HWMH TIOJIOCHI 4YacToT. B To Bpems Kak
My3bIKaJIbHBIE  CHUTHQJIBl  COJEpP)KAT  3aMETHbIE  JUJII  BOCHPHUSATHS
KOMIIOHEHTHI Ha YacToTax A0 16 k11, TOCTUXKEHUEM PEUYEBBIX KOJAEPOB IS
TOJIOCOBOM CBSI3M SABJISIETCS €r0 HU3Kasi TpeOOBATEIbHOCTh. BaxkHO TO, UTO
MPUIOKEHUSI TOJOCOBOM KOMMYHHUKAIIMM HCIOJIB3YIOT Y3KYHO MOJOCY
gyactor (300 IT'm — 3,4 kl'm). K coxanenuro, HEKOTopas BaKHas
uH(pOpMaIK YEJIOBEUYECKON peur pacrojiaraeTcsi BHE ATUX TpaHull. s
yCTpaHeHUs Takux HS(PGEKTOB U TMOBBIIICHUS YI0OCTBA JJIUTEIbHBIX
pa3roBOPOB MOXKET MCIIOIb30BaThCs Oojiee MIMpOKask IOJIoca YacToT
(50 I'; — 7 xI'm).

B »sTroM paznene mnpousBOAUTCS KpAaTKUM 0030p HECKOIBKHUX
YCIEIIHO  CTAaHJAPTU30BAHHBIX  MEPIENTYaIbHBIX  ayJAUOKOIEPOB.
KiroueByro posip B JaHHOM Bompoce urpaet skcneptHasd rpynna MPEG u
rpymma cranaaptusanuu [ISO/IEC.

9.1. Kogepst MPEG-1 u MPEG-2

B 1992 r. rpynna MPEG 3aBepmmna paboTy HaJl CBOMM MEPBBIM
MEXKIYHAPOJAHBIM CTaHIAPTOM KOJMPOBAHHS BUIEO U CBSI3aHHBIX C HHUM
ayauonopoxkek. Jtor cranaapT u3BecteH kak MPEG-1. Ero 3BykoBas
cocrapisitomass  (ISO/IEC  11172-3) omnpenenser oO0mwuil  cTaHaapt
KOJIMPOBAHUS ayAuOCUTHANOB. OHa SBJISIETCS OCHOBHOW TEXHOJOTHEN ISt
MHOTMX BayKHBIX IIPUJIOKEHUN, OCHOBAHHBIX Ha cxaTtuw aynuo. Ctangapt
onpenensieT TpU pexuMa padoTel (3 ciosA) C UEIbI0 COOTBETCTBUS
TpeOOBAHUSIM HIUPOKOTO TUANA30HA MPUJIOKEHUN ayTMOKOIUPOBAHUS.

Crnoit 2 omnpenenser KOAEK CO CPEOHEW MPOU3BOIUTEIBHOCTHIO
CKAaTHS U BBIYUCIUTEIIBHOM CIOKHOCTBIO. BriepBbIE OH CTal MPUMEHSTHCS
B paJuoOBeIllaHWuM, BKjIouas cucteMy EBpormeiickoii  nudpoBoit
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aynuotpancisiiun - (DAB).  Koaexk obOecneunBai  COOTBETCTBYIOIIEE
PAIUOTPAHCIAINKA KAa4eCTBO 3ByKa MPU CKOPOCTH IU(POBOTO moToka 128
KOWT/C Ha KaHa.

B coorBercTBHM € 3TUM cioil 1 cXeMbl KOIMPOBAHUS SBISETCA
VIIPOIIEHHON BepcHel cjosi 2 Kojaepa C HHU3KOW BBIYMCIUTEIBLHOU
CJIO)KHOCTBhIO U HEBBICOKMM YypOBHEM cxkaTusi. OCHOBHBIM NPUMEHEHUEM
JTAHHOW CXEMBI SIBJIsIach UQPOBask 3aMucCh JJIsl MoTpeduTesnen (3anuch Ha
nu@poBbie KOMIAKTHBIE KacceThl). Crol 1 obecreurBan TPaHCIAIIMOHHOE
Ka4ueCTBO MIPU CKOPOCTU LUPPOBOTO MoToKa 192 kOUT/C Ha KaHa.

Crno#t 3 cxembl KOAMPOBAaHHS OBLT pa3paboTaH sl O0OeCreueHUs
MaKCUMaJIbHO BO3MOXXHOTO CXKaThs IMyTeM O0Jiee TOYHBIX BBIYMCIICHHH,
TpeOyOMMX OoJbllIed BHIYUCIUTENHHOM MOIIHOCTH. Ilepenaya 3Byka 1o
U (POBBIM CeTsIM ¢ UHTEerpupoBaHHbIMU yciayramu (ISDN) u ciyTHHKOBOE
paMoBEIlaHUE CTANIA MEPBBIMU MPUIOKEHUSIMU, TJI€ IPUMEHSIICS JaHHbIN
kozek. Crnoi 3 crayl o4eHb NOIYJISIPHBIM C pa3BUTHEM ceTu MHTepHeT miis
XpaHEHUsI IEPCOHATBHBIX ayU03aMUCEN U MOIYUYUI OTACIbHOE HAa3BaHUE
— MP3.

9.2. ®opmar koaupoBanus MP3

MP3 (6onee Touno, auria. MPEG-1/2/2.5 Layer 3 (Ho He MPEG-3) —
TpeTuid  ¢dopMar KOAUpPOBaHUS  3BYKOBOM  jopoxkku MPEG) -
JTUIeH3UpyeMbIU (popMat Qaiina st XpaHeHUs ayIMOMH(POpPMAaIUH.

Ha nmagwpenit moment MP3  gBiusercs caMbIM HM3BECTHBIM U
MOMYJIIPHBIM U3 PACIpPOCTPaHtHHBIX (PopMaToB MUGPOBOTO KOJAUPOBAHUS
3BYKOBOM uWHpopManuu ¢ mnotepsamMu. DopmaT MOXKET MNPOUTPHIBATHCS
NpaKkTUYeCKH B JI000M TOMYJSpHOM ONepallMOHHOM CUCTeMe, Ha
NpPaKTUYECKH  JII0OOM  TMOPTAaTUBHOM  ayauoIuieepe, a  Takke
MOJJICPKUBACTCSI BCEMH COBPEMEHHBIMM  MOJICIISIMU  MY3bIKAJIbHBIX
ueHTpoB 1 DVD-meepos.

B dopmare MP3 wucnonb3yeTcss alropuTM CXaTus C IMOTEPSIMH,
pa3pabOTaHHBIN 11 CYIIECTBEHHOTO YMEHBIICHUS pa3Mepa JIaHHBIX,
HEOOXOAUMBIX [JIsi BOCIIPOM3BEICHMS 3allUCH M OOECIEUeHUs] KayecTBa
BOCITPOM3BENICHUS, OYECHb OJU3KOTO K OpUTHHAIBHOMY (10 MHEHHIO
OOJBIIMHCTBA CHyIIATEeH), XOTs MEJIOMaHbl TOBOPST 00 OIIYTHUMOM
pazmuunn. Ilpu cozmanmu MP3 co cpennum Outpeiditom 128 xOut/c B
pe3yibTare nojaydaercs (aityi, pazmep KoToporo npuMmepHo pasex 1/10 ot
opuruHaibHOro (aina ¢ ayano-CD. MP3-¢aiinbl MOryT co3gaBatbesi
BBICOKUM WJIM HU3KUM OUTPEHTOM, KOTOPBIN BIMSIET Ha KauecTBO (paiina-
pesysbrata. llpuHnunm cxaTusi 3aKIIOYaeTCs B CHUXEHUM TOYHOCTHU
HEKOTOPBIX YacTEd 3BYKOBOIO IMOTOKA, YTO MPAKTUYECKU HEPA3IHUYHMO
JUIsl ciyxa OonbplimHCTBA Jtoaeu. [Ipu 3ToM Ha mepBOM ATame CTPOUTCS
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JIarpaMMma 3ByKa B BHJI€ ITOCJIEIOBATEIBHOCTH KOPOTKHX IPOMEKYTKOB
BpEMEHH, 3aTeM Ha HeW ynamasercs wuHbopMalusi, HE pa3IndyuMast
YEeJIOBEUECKUM yXOM, a oOcTaBmiascsi wuHGoOpMaIus COXpaHAeTCs B
KOMIAaKTHOM Bujae. JlaHHBIM MOAXOJ TMOXO0X Ha METOJA CXKaTus,
UCIIOJIB3YEMBIN IIPH CkaTuu n3odpaxkeHuit B popmat JPEG.

9.2.1. Hcmopus cozoanua MP3

MP3 pazpaboran paboueii rpynnoit uacruryra @paynrodepa (Hem.
Fraunhofer-Institut fiir Integrierte Schaltungen) moa pykoBoaCTBOM
Kapnxaitniia bpanaenOypra u yHuBepcuteTa OpianreH-HropuOepr B
corpynuuuectBe ¢ AT&T Bell Labs u Thomson (/xoncon, Iltomn,
Heepu u 1p.). OcHOBOM pazpadboTku MP3 mocimy uia sSKCrepuMeHTaIbHbIN
konek ASPEC (Adaptive Spectral Perceptual Entropy Coding). IlepBbim
KoaupoBIIMKOM B (popmar MP3 crana mporpamma L3Enc, BeimyieHHas
neroM 1994 roma. CoycTs OIHMH TOHA MOSIBWICS TEPBBIA MPOTrPAMMHBIN
MP3-mineep — Winplay3.

[Ipu pa3paboTke anropuTMa TECTHl NPOBOJUIUCH HA BIIOJHE
KOHKPETHBIX MOMYJIAPHBIX KOMMO3uLMsIX. (OCHOBHOM cTaja TECHS
Crozannbl Beru «Tom's Diner». OTcroga Bo3HukIa 1mryTka, 94to «MP3 Obut
CO37laH MCKJIIOYUTEIBHO pagud KOMGOPTHOTO MPOCITYUIMBAHUS JTFOOUMOM
necHu bpannenOypray, a Cro3anny Bery cranu Ha3biBaTh «MamMoil MP3».

9.2.2. Kauecmeo MP3

MP3 sBasiercs dhopMaToM CxKATHUS C TIOTEPSIMU, T. €. YaCTh 3BYKOBOM
uH(popMalMK, KOTOPYIO (COTJIACHO TICMXOAKyCTUYECKOM MOJENIH) YXO
YeJIOBeKa BOCIPUHATh HE MOXET WM BOCHPUHHMAIOT HE BCE JIIOAM, U3
3amucu yaansercs 6e3803BpaTHO. CTeneHb CKaThs MOKHO BapbUPOBaTh, B
TOM 4YHCJE B mpejaenax oaHoro ¢aiina. MHTepBan BO3MOXKHBIX 3HAUYCHUI
outpeiita coctabisier 8—320 kOut/c. Jlyisi cpaBHEHHUS: MOTOK JaHHBIX C
OOBIYHOTO KOMIAKT-Aucka (popmara Audio-CD paBeH mpuOIM3UTEIHHO
689 kobut/c mpu yacrote auckpermsanuu 44100 I'n. B mpomiom Ob110
pacmpocTpaHeHO MHEHHUE, YTO 3aIluch ¢ OutperTom 128 kOUT/C mOAXOaUT
TUTSI MY3bIKaJIbHbIX IPOU3BEICHU, npeaHa3HauYeHHbIX LTSI
IPOCITyIINBaHUA OOJBIIMHCTBOM JIIOJIeH, 0OecrieurBasi KAYeCTBO 3ByUYaHUS
Audio-CD. Ha pnaHHbli MOMEHT 4acTo BcTpevarorcss MP3-gaiinel ¢
ourperitoM 192 kOUT/C, 4TO MOKET KOCBEHHO TOBOPUTH, YTO OOJIBIIMHCTBO
CUMTAET OBTOT OUTPEUT JOCTATOYHBIM. PeaJlbHO BOCHIPUHUMAEMOE
«Ka4eCTBO» 3aBUCUT OT HMCXOAHOrO ayauodaina, Cciaymareias H €ro
aynuocucteMbl. HekoTopsie MeTOMaHbl NPEANOUYUTAIOT COKUMATh MY3BIKY
C «MaKCHUMAaJIbHbIM KauecTBoM» — 320 kOut/c, mubo naxke Mmepexo/uTh Ha
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koJieku 0e3 moteph, Hanpumep FLAC. Takxke cpeau mMenoMaHOB MHOT/AA
OBITYyeT MHEHHUE, YTO HEKOTOpPhIe COMIUIBI ((PparMeHTHI ayIMO3amKcH) HE
MOAJAIOTCS KauYeCTBEHHOMY CXKATHIO C MOTEPSMH: HAa BCEX BO3MOXHBIX
OuTpelTax He COCTaBIAET OCOOOr0 TpyJa OTJIMYUTH CKATOE ayAauo OT
opurnHaia. OJHAKO €CThb M CEPbE3HBIE BO3PAXKEHUSI NPOTHB TaKOU
MO3ULIHH.

9.2.3. Bepcuu, pesicumot u ynpasnenue kooupoeanuem MP3

CymectByer Tpu Bepcuun MP3 dopmara nms pa3siuyHBIX HYXI:
MPEG-1, MPEG-2 u MPEG-2.5. OtangaroTcs OHH BO3MOXKHBIMU
Juana3oHaMu OUTpeNTa U YacTOThI AUCKPETU3ALINY:

— 32-320 x6ut/c mpu yacrotax auckperusanuu 32000 I'a, 44100 I'n u
48000 I'y niis MPEG-1 Layer 3;

— 16-160 x6ut/c npu yacrtorax auckperuzauuu 16000 I'm, 22050 I'n u
24000 I' nms MPEG-2 Layer 3;

— 8-160 x6ut/c npu yacrorax auckperuzanuu 8000 I'm u 11025 I'ny
nnst MPEG-2.5 Layer 3.

Tak kak dopmatr MP3 nonnepxuBaeT AByXKaHAJIbHOE KOJAHUPOBAHHE
(cTepeo), cymiecTByeT 4 pexuma:

— Cmepeo — IBYyXKaHaJbHOE KOJUPOBAHUE, IMPU KOTOPOM KAHAJIbI
UCXOJHOTO CTEPEOCUTHANIA KOJUPYIOTCSI HE3aBUCUMO JIPYT OT Jpyra,
HO pacmpenesieHne OUT MeXIy KaHallaMH B OOIeM OUTpenTe MOXKET
BapbUPOBATHCA B 3aBHUCHUMOCTH OT CJOKHOCTH CHTHaJla B KaXXIOM
KaHale.

— Mono — onHOKaHaimbHOE KoaupoBaHue. Eciam 3akonupoBaTth
JIBYXKaHAJIbHBI MaTepHall dSTUM CIIOCOOOM, pa3Iu4Hus MEXKIY
KaHaJlaMi OyJyT MOJIHOCTHbIO HUBEJIMPOBAHBI, TaK KaK J[Ba KaHala
CMEIIUBAIOTCS B OJIUH, OH KOJUPYETCS U OH K€ BOCIIPOU3BOJUTCS B
000HMX KaHajaX CTEPEOCUCTEMBI.

— Jlgyxkananvuwili — IBa HE3aBUCHUMBIX KaHaya, HaIPUMEpP 3BYKOBOE
COMPOBOXKACHUE Ha pa3HBIX s3bIkax. buTpedt nenutcs Ha JABa
kaHana. Hanmpumep, ecnu 3anaHHblii Outpedt 192 xOut/c, TO s
Ka)XJIOT0 KaHaJla OH OyJIET paBeH TOJbKOo 96 KOut/C.

— OObenunenHoe ctepeo (Joint Stereo) — ONTUMaNbHBIA CMOCOO
JIBYXKaHaJIbHOTO KoaupoBaHus. Hampumep, B 0JHOM M3 pPEKUMOB
JEBbI W TpaBblil KaHalbl mpeoOpasyrorcs B ux cymmy (L+R) u
pa3zHocth (L-R). 1yt 001pIIMHCTBA 3BYKOBBIX (haiijIOB HACKIIIEHOCTD
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kaHana ¢ pasHocThiOo (L-R) momydaeTcs HaMHOTO MEHbIIIE KaHaia C
cymmont (L+R). Takke TyT CBOIO pOJb HIpaeT BOCIPHUATHE 3BYKa
YEJIOBEKOM, Il KOTOPOTO Pa3iNyMsl B HAIIPABJICHUH 3ByKa HAMHOTO
MeHee npumMeuarenbHbl. [103TOMy Takoil peXuM MO3BOJISIET JIHOO
COKOHOMUTH Ha OuTpeiite kanana (L-R) wiu ynydmurh kauecTBO Ha
TOM >K€ OUTpeiTe, MOCKOJbKY Ha KaHall cyMmbl (L+R) orBoauTcs
GOMBIIAS YACTh outpeiita. beiTyeT MHEHHUE, YTO JTaHHBIA PEXKUM HE
NOAXOJUT JIJIi 3BYKOBOTO CTepeoMarepuaia, B KOTOPOM B JBYX
KaHajlaX BOCHPOM3BOAUTCS CYOBEKTMBHO aOCOJIOTHO pPa3IMYHBIN
MaTepuall, Tak KaK OH CTUPAET Pa3INuUs MEXKTY KaHAIAMMU.

OTHOCUTENBPHO  OWTpelTa  CYIIECTBYIOT  CIEAYIOIHE  TpHU
Moaudukanuu anroputma MP3.

— CBR (Constant Bit Rate) — TOCTOSHHBIN OUTPENT, KOTOPHIN 3a4aeTCs
MOJIb30BATEIEM U HE U3MEHSETCA MPHU KOAUPOBAHUM MPOU3BEIICHMUS.
Takum o0pa3oM, KaXI0W CEKyHJe NIPOU3BEICHUS COOTBETCTBYET
OJINHAKOBOE KOJIMYECTBO 3aKOJUPOBAHHBIX OUT JAHHBIX (Hake MpuU
KoJupoBaHUU TUIUHBI). Pexkum CBR MoXeT OBbITh TONE3€H IS
MOTOKOB MYJIbTUME/IMA JIAHHBIX 110 OIPAHUYEHHOMY KaHaTy; B TAKOM
CIy4yae KOJIWPOBAHWE WCHOJB3YET BCE BO3MOXKHOCTH KaHajia
JNaHHBIX. {15 XpaHeHUs! TaHHBIM PEXUM KOAUPOBAHUS HE SIBIAECTCS
ONTUMAJIbHBbIM, TaK KaK OH HE MOET BBIACIUThH JIOCTATOYHO MECTa
IS CJIOKHBIX OTPE3KOB HCXOJHOTO TPOW3BEICHUS, IPU HTOM
Oecroyie3HO TpaTsi MECTO Ha MPOCThIX OTpe3kax. lloBwilIeHHBIE
outpeltsl (Bbilie 256 KOUT/C) MOTYT pELIUTh AAHHYIO MPOOJEeMY,
BBIJICTIUB OOJIbIIIE MECTa JJIsl JaHHBIX, HO 3aTO W MPOIMOPIIMOHATIHEHO
yBeJIMUMBas pazmep ¢aiina.

— VBR (Variable Bit Rate) — TmepeMEeHHBbIH OWUTPEUT, KOTOPHIH
JTUHAMUYECKU U3MEHSIETCS MPOTPaMMO-KOJEpOM MPHU KOJAUPOBAHUU
B 3aBUCHUMOCTH OT HACBIIIIEHHOCTU KOJIUPYEMOI0 ayjuomMarepuana u
YCTaHOBJIEHHOTO MOJIb30BaTEIEM KauecTBa KOJIUPOBAHUS
(HampuMep, TUIIMHA 3aKOJIUPYETCS C MUHUMAIbHBIM OUTPEHTOM).
Otot Meron MP3-koaupoBaHus SIBISETCS CaMbIM IIPOTPECCUBHBIM U
0 CHX TIOp Pa3BUBAETCS M YJIYYIIAeTCs, TaK Kak ayauoMarepual
Pa3HON HACBIIIEHHOCTU MOXKET OBITh 3aKOJAUPOBAH C ONpPEICICHHBIM
KaueCTBOM, KOTOpOE€ OOBIYHO BHIIIE, YEM MPU YCTAHOBKE CPEAHETO
3HaueHuss B wmeroge CBR. Ilmoc k Tomy, pasmep aiina
YMEHBIIIAETCA 3a CYET (PparMeHToB, HE TPEeOYIOMIMX BBICOKOTO
outpeiita. MuHyCOM JaHHOTO METOJa KOJUPOBAHUS SIBISETCS
CJIIOKHOCTh TIpeACKa3aHusi pasmepa BbIxogHoro aitna. Ho stot
HenoctaTok VBR-konnpoBaHKs HE3HAYMTENIEH B CPABHEHUU C €r0
JIOCTOMHCTBAMHU. Takke MHUHYCOM sBIIsIeTCsl TO, 4T0 VBR cuuraer
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«HE3HAUMUTENBHOW»  3BYKOBOM  uH(OpMarueir  Oosiee  TUXHE
dbparMeHThl, TAKUM 00pa30M TOJyYaeTCs, YTO €CIU CIYyIIaTh OYEHb
TPOMKO, TO 3TU (parMeHThl OyAyT HEKaueCTBEHHBIMHU, B TO BpeMs
kak CBR gemaer ¢ oAMHAKOBBIM OUTPEHTOM U TUXHUE, U TPOMKHE
dbparmentel. ®opmar VBR mnocrosHHO ynyumnaercs, Onsaromaps
MOCTOSSHHOMY ~ COBEPIIIEHCTBOBAHUIO MAaTEMATHUYECKOW  MOJEIU
KOJIEKOB.

— ABR (Average Bit Rate) — yCpeIHEHHBIM OWTPEUT, KOTOPBIM
apisiercs TuOpunom VBR um CBR: Outpeit B KOUT/C 3amaercs
MOJIb30BaTeNIEM, a IIporpaMMa BapbUPYET €ro, MOCTOSIHHO MOATOHSS
noJ 3adaHHbIM Outpeir. Takum oOpa3zoM, Koaep OyaAeT ¢
OCTOPOXKHOCTBIO ~HCIOJIb30BaTh MAaKCUMallbHO ¥ MUHUMAaJIbHO
BO3MOXXHBIE 3HAUEHHSI OUTpENTa, TaK KaK PUCKYET HE BOUCATHCS B
3aIaHHBIN TTOJIH30BaTENIEM OUTPEUT. DTO SBISIETCS SBHBIM MHHYCOM
JAHHOTO METOJ/la, TaK KaK CKa3bIBA€TCSI HAa KAdye€CTBE BBIXOJAHOTO
daiina, kotopoe OyAeT HEMHOIO JIydllle, YeM IMPU HCHOJIb30BaHUU
CBR, HO HaMHOro Xyxe, yeM mpu ucnois3oBanuu VBR. C npyroit
CTOPOHBI, 3TOT METO]I O3BOJISIET Haubosiee THOKO 3a/1aBaTh OUTPEUT
(Moxker OBITH JIIOOBIM uHciiOM Mexay &8 u 320, mnpoTuB
UCKJIIOYUTENbHO KpaTHbIXx 16 uucen meroga CBR) u BhUMCISTH
pasMep BBIXOJHOTO (paiina.

9.3. Kogepst MPEG-2 AAC u MPEG-4 HE-AAC

ITocne 3aBepiiienus: pabOT HaJl MHOTOKaHabHOM Bepcueid MPEG-2 B
1994 rony, rpynna cranpaptuzauun MPEG Hauanma paboTbl Hajl Apyrum
MHOTOKaHAJIBHBIM CTaHJApTOM, KOTOpPbIA HE 00si3aH ObLI 00ecCreYnBaThH
comectuMocth ¢ MPEG-1. Tlpouecc crangaptuzanuu ObLI 3aBEpIICH B
1997 rony u usBecten kak MPEG-2 Advanced Audio Coding (MPEG-2
AAC). HccnenoBanusi JoKa3aid BBICOKYIO MPOU3BOIUTEIHHOCTH HOBOM
CXEMbl KOJUPOBaHUS IJIsI CTepeo- U MoHopoHHUeckux 3amnuceid. Komek
oOecrieynBajl TPAHCISAIMOHHOE KayeCTBO TMPU CKOPOCTH HUGPOBOIO
notoka 64 kout/c Ha kaHai. Kpome Toro, kojiek MOT paboTaTh € MIUPOKUM
JMana30HOM YacTOT AUCKpeTu3anuu (8 — 96 kI'11) 1 CKOpOCTSIMHU MOTOKA OT
16 xOout/c 1o 128 kOut/c Ha KaHa.

Texnomorus MPEG-2 AAC Obuia BbIOpaHa B KayeCTBE OCHOBBI
MPEG-4 ayanokoaupoBanus 1 Obljia paclIMpeHa psiioM HOBOBBeAeHUH. B
KOHTEKCTE KOOUPOBAaHHMS PEYM  HECKOJBKO TAaKUX  paCIIUPEHUI
MPEJCTABIISIIOT OCOOBIN UHTEPEC:

— MPEG-4 wmacwmabupyemoe  ayouokoouposanue: OJHOU W3

KJIFOYEBBIX OcoOeHHOcTel mpenoctaBiasieMblx MPEG-4  sBnsercs
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MaclITabupyeMoCTh, T.€. BO3MOXKHOCTh JICKOJAUPOBAHUS JIHUIIb
yacTu moiHoro uudposoro moroka. MPEG-4 wmacmirabupyembie
U(POBbIE TOTOKU COCTOSIT M3 HECKOJBKUX BIIO)KEHHBIX CIIOEB
uH(pOpMaIMY, KaXAbId M3 KOTOPBIX BO3HUKAET OT CBOEro KOJEpa.
HNutepecHsiM siBasiercss ToT (akt, yto MPEG-4 aynuno omnpexnenser
KOH(pUTYpalluy, BKJIIOYAIOINIME UM PEUEBbIE M MEpPIENTyalbHbIE
ayIMOKOAEPHhI, U MOKET KOMOMHUPOBATH UX B OJIHOM CUCTEME.

— MPEG-4 AAC c¢ manou 3adepockou. JIpyruM TpeOOBaHHEM K
MPEG-4 ayamokoaupoBaHuio OblIa BO3MOXHOCTH 00€CHeUHBATh
MOJTHOKaY€CTBEHHOE ayIMOKOAUPOBAHNUE C 3a/IepIKKaMHU
KOJIMPOBAaHUS / IEKOJIUPOBAHUSI ~ CPaBHUMBIMH  C  PEUEBBIMHU
KOJIepaMH, 4TOObI 00eceYnBaTh JIBYCTOPOHHIOIO CBSA3b B PEAIbHOM
BpEMEHHU. DTO OBUIO JOCTUTHYTO C NOMOIIbI0 OTBeTBieHUuss AAC,
HazbiBaecMoro MPEG-4 AAC ¢ mainoi 3aJ1ep>KKOi.

— Pacwupenue nonocvl nponyckaumus: WAES PACIIUPEHUS TOJOCHI
NPOMYCKAaHUSl SIBISETCS OJHUM W3 HauOoJiee MPUBIEKATEIbHBIX
nonosHeHu kK MPEG-4. OTta TexHOn0rusi mo3BoJIIeT BOCCTAHOBUTh
anmpOKCUMAIUI0 HUCXOJHOTO BBICOKOYACTOTHOIO  COJIEPHKUMOTO
nyTeM Nepeaadyd HU3KOYaCTOTHBIX KOMIIOHEHT BMECTE C HEOOJIBIITUM
KOJIMYECTBOM  JOMOJHUTEIbHON uH(MOpManuu, oToOpaxarouen
BBICOKOYACTOTHYIO CIEKTpalibHyt0 o0nacts. CoBMmemenue AAC
KoJiepa c pacuiipeHuemM MOJIOCHI MPONYyCKaHUs u
BbicOKOA(PdexTtuBHOTO AAC (HE-AAC) mno03BONISIET J1O0OUTHCS
MPUBJICKATEILHOTO 3BYyYaHUsI 3BYyKa IMPU CKOPOCTH LUQPPOBOTO
MOTOKA BCEro JUIb 24 KOUT/C HAa KaHAaJ.

— Ilapamempuueckoe cmepeo: APyruM IIaroM Ha MyTH K TOBBIIICHUIO
appextuBHOocTH MPEG-4 AAC KOAEpOB SBIISIETCS COBMEIIIEHHE C
napaMeTpuueckuM crtepeokoaupoBanueMm (PS), koropsiii  ObL1
pa3zpabotan kak yactb MPEG-4 TexHOJIIOrMM BBHICOKOKAYECTBEHHOTO
NapaMEeTPUUECKOrO  ayJIMOKOAUpOBaHUA. JlaHHBIH HUHCTPYMEHT
no3BoJsieT A(P(GEeKTUBHO BOCCO3/[aBaTh CTEPEOCHUTHAT  IyTEM
nepeaayd MOHO(POHMYECKON 3amucui M HEOOJBIIOr0 KOJUYeCTBa
CTOpOHHEH uWH(OpMaALMK, OMNHUCHIBAIOLIEH MPOCTPAHCTBEHHYIO
crepeokapTuHy. OCHOBaHHBIM Ha JAaHHOW TEXHOJIOTHMM KOJIEK
pacidpseTr nepeaBaeMblii MOHO(DOHMYECKUM CUTHAlI B CTEPEO.
KomoOunupoanusiii ¢ HE-AAC koaepoMm Koaek oOecreuynBacT
Xopolree 3By4aHue npu 32 KOUT/C Ha CTepeoKaHal ¥ HUXKE.

9.4. CpaBHUTEJbHBIN AHAJIN3 KAYeCTBA KOAMPOBAHUS

YuutbiBas TO, YTO ayAUOKOAUpOBaHHE C(HOKYCHUPOBAHO Ha
JOCTUKEHUM HaWOOJBIIEr0 CXKaThsl MPU COXPAHEHUU CYOBEKTUBHOTO
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Ka4eCcTBa 3BY4YaHUs, JIOTUYHBIM CTAaHOBUTCA BONPOC O TOM, KaKHe
yIIy4IIeHus] ObLTM TPOU3BEIEHBI 3a Tpoluibie aecatunetus. Ha puc. 9.1
U300paKeHBl CKOPOCTU IU(MPOBBIX TOTOKOB, HCIIOIH30BABIIMXCS IS
KOJIMPOBAHMS CTEPEOCUTHAJIA B XOPOLIEM Kauy€eCTBE.

MP3
(1992)

MPEG-2 AAC
(1996)

MPEG-4 AAC
(2000)

MPEG-4 HE-AAC
(2002)

MPEG-4 HE-AAC v2
(2004)

—— e ——— i ——— i ———
—— e ——— i ——— i ———

Butpenr, kbut/c

Puc. 9.1. Cxopoctu udpoBoro moToka st KOAUPOBAHUS B
XOpOUIEM KayeCTBE

N3 puc. 9.1. cienyer CHUXKEHHUE CKOPOCTH LUQPPOBOTO IMOTOKA C
128 x6ut/c (MP3) nmo 32 xb6utr/c (HE-AAC v2 ¢ napameTpudecKkum
CTEPEOCHTHAJIOM), KOTOpOE€ XapaKTepu3yeT Mporpecc B 00JacTH
KOJUPOBaHUSl AayJUWOCUTHAJIOB, JOCTUTHYTBIM C MOMEHTAa BBIITyCKa
dbopmarta MP3.
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IHPUJIOKEHHUE 1

CTaH)IaprI KoAUpoOBaHUA MYJbTUMEANA

u runepmeaua napopmauuu ISO (padouas rpynna — JTS1/SC29)

JPEG
Ton
HazBanue Cranpapts [SO Wudopmanus o cranmgaprte
OIyOJIUKOBAHUS
1994 ISO/IEC 10918-1 | TpebGoBaHHs U PyKOBOASIINE YKA3aHUS
1995 ISO/IEC 10918-2 Ceprudurkanuss HOpMAaTUBHBIX TECTOB Ha
udporoe cxatue u MPOLEAYPY KOIUPOBaHHUS / IEKOJUPOBAHMUS
KOJUPOBaHUE 1997 ISO/IEC 10918-3 | Crangapt Ha pactmmpenus ais JPEG
HETIOIBHKHBIX Perucrpanus npoduieit JPEG; npodueit,
n300pakeHun LBETOBBIX IIPOCTPAHCTB, THIIOB CXKATHS U
1999 ISO/IEC 10918-4 .
np. aist popmara SPIFF (Still Picture
Interchange File Format).
JBIG
I'on
Haszsanue Crannaptsl [SO HNudopmanus o crangapre
OMyOJIUKOBAHUS
K
OAMIPOBATHOE Cxkatre uepHO-0enbix (bi-level)
Ipe/cTaBlIeHNE
bel . 1993 ISO/IEC 11544 n300pakeHUH ¢ IPOrPEeCCUBHOM
n300pakeHN U ayAn0 .
pa3BepTKoit
nHpOpMAIH
JPEG-LS
T'on
HazBanue Cranpgapte [SO WNudopmanus o cranmapte
OITyOJTMKOBaHUS
CrkaTue HEeroIBHIKHBIX
n3o0pakeHnit 6e3 1999 ISO/IEC 14495-1 | Ba3oBbie NPHUHIMITBI
OTEPh / IPAKTUUCCKU
0e3 moTeph 2003 ISO/IEC 14495-2 | Pacumpenus
JBIG-2
T'on
Hazpanue Crannaptsl ISO HNudopmanmst o crangapre
OITyOJTMKOBaHUS
Cikatue 4epHO-0eITbIX
§ i 0
WS0DPAKEHHH be 2001 ISO/IEC 14492 Ornucanue Koaepa u JeKoaepa

NOTeph / NPAKTHYECKU
6e3 norepnb
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JPEG-2000

HazBanmne

Ton
oIy OJINKOBAHUSI

Cranpapts [SO

Wudopmanus o cranmapte

Cucrema KOAUPOBaHUS
M300pasKeHMI
JPEG-2000

2004

ISO/IEC 15444-1

Yacts 1: OcnoHas cuctema
koauposanus (Core Coding System) —
orpezensier 6a30BbI HAOOP CBOMCTB U
CHHTaKCcHC MoToKoBoro koaa B JPEG-
2000.

2004

ISO/IEC 15444-2

Yacts 2: Pactmupenns (Extensions) —
J00aBIIsIeT HOBBIE CBONCTBA B OCHOBHYO
CHCTEMY KOJMPOBAHUSI

2002

ISO/IEC 15444-3

Yacts 3: Motion JPEG2000 omnpeaernsiet
(atinoBslii hopmat MJ2, coneprkantuit
MOCJICIOBATEILHOCTh H300paXKCHUH,
3aKOHI/Ip0BaHHbIX B COOTBETCTBUU C
OCHOBHOU CUCTEMOU KOJMPOBAHUS U
UCIIOJB3YETCS IS COKATHS BUIE0

2004

ISO/IEC 15444-4

Yacts 4: HopMaTHBHBIE TECTHI
(onpenesnsioT npoueaypy TeCTUPOBAHMS
JUISL KOZMPOBAHMUS M AEKOIUPOBAHUS C
UCTIONIB30BaHUEM YacTH | ctaHmapra
JPEG-2000)

2003

ISO/IEC 15444-5

Yacts 5: CripaBoyHBIC TIPOTPAMMBI TSI
TECTHPOBAHUS U IPOBEPKH CHUCTEM HA
ocrose JPEG-2000

2003

ISO/IEC 15444-6

Yacte 6: KommnekcHbiil Gpopmar ¢aiiinos
(Compound Image File Format) —
ompezensier Gainosslit hpopmar JPM s
KOMIIPECCHH CIIOKHBIX U300pakeHH it

2005

ISO/IEC 15444-9

Yacts 9: VIHTE€paKTUBHBIE HHCTPYMEHTHI,
APIs u npoTokonsl

2005

ISO/IEC 15444-12

Yactp 12: OcHOBHOM (opMaT Menua
(hatimoB

MPEG-1

HazBanmne

Ton
OIyOITUKOBAHUS

Cranpapte [SO

Wudopmanus o cranmgaprte

KonupoBanue
JBIKYIUXCS
M300paKeHUH U
COIYTCTBYOLIETO
3BYKa JIs XpaHCHUA
nuQpoBoro Meaua co
CKOPOCTBIO 3aIHCH JI0
nopsiaka 1,5 Mout/c

1993

ISO/IEC 11172-1

Part 1: Systems (6a30BbIe BOTIPOCHI)

1993

ISO/IEC 11172-2

Part 2: Video (komupoBaHue BU3yaIbHBIX
00BEKTOB)

1993

ISO/IEC 11172-3

Part 3: Audio (kogupoBaHue ayauo
00BEKTOB)

1995

ISO/IEC 11172-4

Part 4: HopmatuBHBIE TECThI

1998

ISO/IEC 11172-5

Part 5: [IporpammHuas peanuzanus
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MHEG

Ton

HazBanue Cranpapts [SO Wudopmanus o cranmgapte
OMyOJIUKOBAHUS
1997 ISO/IEC 13522-1 | Part 1: I[IpeacraBaerne oobexkroB MHEG
Part 3: IIpeacraBnenne ooMeHa
1997 ISO/IEC 13522-3
cuenapusimu MHEG
1996 ISO/IEC 13522-4 | Part 4: TIpouenypa perucrpaiun MHEG
Kommpoare Part 5: ITognepkka HHTEPAKTUBHBIX
MyTBTHMEHA 1 1997 ISO/IEC 13522-5 + LORHCep P
NpUMeHeHHH 0a30BOT0 YPOBHS
rurepHeia Part 6: ITognep:xka HHTEPAKTUBHBIX
nH(opMaLHY 1998 ISO/IEC 13522-6 | - - "OAIP P
MMPUMEHCHHNHU MMOBBIMICHHOTO YPOBHA
Part 7: B3aumonelicTeue 1 HOpMaTUBHbIE
2001 ISO/IEC 13522-
00 SOMEC 13522-7 tectsl st ISO/IEC 13522-5
2001 ISO/IEC 13522-8 | Part 8: XML must ISO/IEC 13522-5
MPEG-2
T'on
Hazpanue Cranpaptsl [SO WNudopmanus o cranmapre
OIyOJIUKOBAHUS
Part 1: Systems (6a30Bble BOIIPOCHI) —
2000 ISO/IEC 13818-1 OTIMCHIBACT CHHXPOHU3AIUIO 1
MYJIBTHIUIEKCUPOBAHUE BUJIEO U ayHO
Part 2: Vid
2000 ISO/IEC 13818-2 | L art2: Video (xomuposanie
BU3YaIBHBIX 00BEKTOB)
Part 3: Audi
1998 ISO/IEC 13818-3 | L art3: Audio (xoanposasine
ayIno00BEKTORB)
2004 ISO/IEC 13818-4 Part 4: HopmaTtuBHBIE TECTHI
Ponosoe 2005 ISO/IEC 13818-5 Part 5: TIporpammHas peanu3arnms
KOJUPOBAHUE Part 6: Pacmupenus qis DSM-CC
JIBYDKYIIIMXCSI 1998 ISO/IEC 13818-6 (Digital Storage Media Command and
U300paKeHHI U Control)
COMYTCTBYIOMICH 2006 ISO/IEC 138187 | | 2rt 7 Pacumpetiioe
aymo uHGopMaLuu aynmoxonuposanue (AAC)
P : P
1996 ISO/IEC 13818-9 art 9: Paciupenue nms 1eKoJepoB B
MPWIOKEHUSIX peallbHOrO BPEMEH!
Part 10: HopmaTuBHBIE pacnupeHus s
1999 ISO/IEC 13818-10 | DSM-CC (xpanenue nudpoBoro Meaua
— yIIpaBlieHHE ¥ KOHTPOIIb)
Part 11: IPMP (ympaBneHue npaBamMu
2004 ISO/IEC 13818-11 | wuHTemIEeKTyalbHOI COOCTBEHHOCTH) B

cuctemax MPEG-2
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MPEG-4

HazBanue Ton Cranpapts [SO Wudopmanus o cranmapte
OMyOJIUKOBAHUS
Part 1: Systems
(6a30BBIE BOTIPOCHI: OTIMCAHUE CIICHBI,
MYJIbTHINIEKCUPOBaHUE ayA0, BUIEO U
2004 ISO/IEC 14496-1 CBsI3aHHOW HH(OPMAIIUH,
CHUHXPOHU3ALIUs, OpraHuzanus 0ydepos,
MIpaBa UHTEJUIEKTYalbHOU
COOCTBEHHOCTH)
2004 ISO/IEC 14496-2 Part 2: Visual (konupoBanue
BU3yaJIbHBIX 00HEKTOB)
2005 ISO/IEC 144963 Part 3: Audio (kogupoBaHue
ayIuo00BEKTOB)
Part 4: HopmaTuBHBIE TECTHI
2004 ISO/IEC 144964 (TecTsl Ha COOTBETCTBHUE, TPOLIEIYPEI
TECTHPOBAHMS, IPOBEPKA OUTOBOTO
MOTOKA)
2001 ISO/IEC 14496-5 Part 5: CipaBo4HbBIE IPOTPAMMBI
2000 ISO/IEC 14496-6 Part 6: CeaHCUOBHﬁ MIPOTOKOJI JJIS
MyJIbTEMeAUHHOTO TToToka (DMIF)
Part 7: OnTumMu3upoBaHHBIE
2004 ISO/IEC 14496-7 CIIPaBOYHBIE TIPOTPAMMBI IS
KOJIUPOBaHMUsI ayAHO0-, BUZEOOOBEKTOB
Part §: Ilepenaua KoxupoOBaHHBIX
2004 ISO/IEC 14496-8 nansbix MPEG-4 no cetaM npoTokosna
KomupoBanue IP
ayJuo0-BUIEO Part 9: Onucanue HHCTPYMEHTOB
00BEKTOB 2004 ISOMEC 14496-9 koxupoBanus VHDL 8 MPEG-4
2005 ISO/IEC 14496-10 | Pt 10: Pacumpenioe
Bugeokonuposanue (AVC)
2005 ISO/IEC 14496-11 Part 11: Ommucanue cueHs! U Sapo
NPHIIOKSHUS
2005 ISO/IEC 1449612 Part 12: OcHoBHOI (aittoBsIii popmar
Meaua
Part 13: Ynpasnenue npaBamMu
2004 ISO/IEC 14496-13 | uHTeNIEeKTyaJbHOM COOCTBEHHOCTH U
paciIMpeHye 3aiuThl
2003 ISO/IEC 14496-14 | Part 14: ®opmarts! aiinos MPEG-4
2004 ISO/IEC 14496-15 | Part 15: ®opmarts! daiiios AVC
Part 16: Paciiupenue paMok aHUMAaIMK
2006 ISO/IEC 14496-16 (AFX)
2006 ISO/IEC 14496-17 | Part 17: ®opmatsl IOTOKOBOTO TEKCTa
2004 ISO/IEC 14496-18 | Part 18: Cxxatue mwpn¢ToB ¥ IOTOKH
2004 ISO/IEC 14496-19 Part 19: I[ToTok cuHTE3UPOBaHHOM
CTPYKTYPBI
Part 20: [IpencraBienue cueH Ais
2006 ISO/IEC 14496-20 | mpocteix npumenermii (LASeR) u
(dopmart mpocToit rpynmupoBku (SAF)
2006 ISO/IEC 1449621 Part 21: Pacumpenne pamMok rpaduku
(GFX)
2007 ISO/IEC 14496-22 | Part22: ®opmart OTKPBITHIX MPHU(TOB
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MPEG-7

I
HazBanue o4 Cranpapts [SO Wudopmanus o cranmapte
OMyOJIUKOBAHUS

2002 SO/IEC 15938-1 Part 1: Systems (61/1Hapin,m ¢dbopmar
KOJUPOBAHUS OTMMCAHUH)

2002 ISO/IEC 15938-2 Part 2: SI3p1k onMcaHus onpeAeeHnui
(meckpunTopoB)
Part 3: Visual (meckpuntopHas cxema,

2002 ISO/IEC 15938-3 OTBEYAOIIAs HCKITIOYUTENBHO 32
BU3YaJIbHBIE IECKPUIITOPHI)

. Part 4: Audio (neckpunropHas cxema,
Hurepdeiic OulmcaHm 2002 ISO/IEC 15938-4 OTBEYAIOIIasl UCKIIOYUTENHHO 32 ayJHo-
MYJIbTUMCIUNHOTO

JIECKPHIITOPHI)
KOHTCHTA 2003 ISO/IEC 15938-5 Part 5: Cxembl onucanust MyJbTUMEANA
2003 ISO/IEC 15938-6 Part 6: CripaBouHBIE IPOTrPaMMBI
2003 ISO/IEC 15938-7 Part 7: HopmaTuBHbI€ TeCThI
Part 8: V3BieueHue 1 UCMONb30BAHUE
2002 ISO/IEC 15938-8 ommcarmii MPEG-7
2005 ISO/TEC 15938-9 Part 9: Ilpodumu u ypoBHA
2005 ISO/IEC 15938-10 Part 10: Onpenenenne cxeMsbl
2005 ISO/IEC 15938-11 | Part 11: Cxems! npoduneit MPEG-7
MPEG-21
Ton
HazBanue Crangapts [SO Hudopmanus o crangapre
oIy OJINKOBAHUSI
Part 1: Konuenuust, TEXHOJIOTHH U
2004 ISO/IEC 21000-1
cTparerus
2005 ISO/EC 2100022 Part 2: OmfcaHHe U(pPOBBIX
coo01eHni
P ;P
2003 ISO/IEC 21000-3 art 3 anHO3HaBaHl/Ie IUPPOBBIX
coo01eHni
Part 4: KoMnoHeHTH! ynpaBieHus
2006 ISO/IEC 21000-4 MPaBaMU UHTEJIEKTYaIbHON
cobcreennoctu (IPMP)
2004 ISO/IEC 21000-5 Part 5: S3bIx BeIpaXkeHUs IIpaB
2004 ISO/IEC 21000-6 Part 6: CnoBaps cBeneHHit 0 mpaBax
Part 7: A,
Crpykrypa 2004 ISOAEC 210007 | ©art 7: AdanTauis uuppossix
MYJIbTUME 1A coobmeHuit
Y 2006 ISO/TEC 21000-8 Part 8: CripaBo4HBIC TIPOTPAMMEBI
2005 ISO/TEC 21000-9 Part 9: ®opmatsl daitnos
2006 ISO/IEC 21000-10 Part 10: O6Upa60TKa TUPPOBBIX
coo0meHNH
2004 ISO/IEC 21000-11 Part 11: OHVeHO‘{Her I/IHSprMeHTBI TS
TEXHOJIOTHI yCTOWYNBOMN CBS3U
2005 ISO/IEC 21000-12 Part 12: TecToBOE OCHOBaHHE I
cpenct gocrasku MPEG-21
2006 ISO/IEC 21000-15 | Part 15: Event Reporting
2005 ISO/IEC 21000-16 | Part 16: bunapuslit hopmar
2006 ISO/IEC 21000-17 Part 17: ®parmeHTapHo€e pacro3HaBaHHE

cpencts MPEG
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MPEG-A

Ton

HazBanue Cranpapts [SO Wudopmanus o cranmapte
OMyOJIUKOBAHUS
Part 1: H
2007 ISO/IEC 23000-1 | Lot I+ Hasuauerie popuaros
®dopmar npuMeHEHUS MIPUMEHEHHS MyJIbTHMEANA
eana Part2: @
MYJIBTHMEIH 2006 ISO/EC 2300022 a opMaT MIPUMEHEHHS
My3BIKaJIbHOTO npourpsiBaTenss MPEG
MPEG-B
Ton
HazBanue Crangapts [SO Hudopmanus o crangapre
oIy OJIMKOBAHUSI
CucremHsbIe Part 1: bunapusiii popmar MPEG niist
2 ISO/IEC 23001-1
texHonoruu MPEG 006 SOMEC 2300 XML
MPEG-C
I'on
Haszsanue Cranpaptsl [SO HNudopmanus o crangapre
OMyOJUKOBAHUS
Part 1: Tounsie TpeOOBaHMS 115t
B int -output
WJ/ICOTEXHOJIOTUH 2006 ISO/IEC 23002-1 npuMeHeHus integer-output 8x8
MPEG 00paTHOTO AMCKPETHOTO KOCHHYCHOTO
npeoOpa3oBaHUs
MPEG-D
Ton
HazBanue Cranpapts [SO Wudopmanus o cranmapte
OMyOJIUKOBAHUS
A
Mfglgmm’nom“ 2007 ISO/IEC 23003-1 | Part 1: Oxpysxenne MPEG
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IHPUJIOKEHHUE 2

Habop TecToBbIx n3o0paxenuii cpensl PicLab

4) Barbara

8) Stream and Bridge 9) San Diego 10) Baboon
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O0630pHas TabinIa peUYeBbIX KOJICKOB

IHPUJIOKEHHUE 3

Konek l'on Kem burpeiit, | lllupuna | Anroputm. | Berancnoun- | MOS
CTaHmap- | KOWT/C | MOJIOCHI, | 3aJCpXKKa, | TeIbHAS
TU30BaH k1 MC CJIO’KHOCTh
G.711 1977 | ITU-T 64 0-4 - 0,2 MIPS 4,3
GSM-FR | 1986 | ETSI 13 0-4 20 4,5 MIPS 3,5
G.728 1992 | ITU-T 16 0-4 0,625 36 MIPS | 3,69
GSM-HR | 1993 | ETSI 5,6 0-4 25 25 MIPS 3,5
6,3 3,9
G.723.1 1995 | ITU-T 53 0-4 37,5 19 MIPS 3.65
G.729 1996 | ITU-T 8 0-4 15 22 MIPS | 3,92
GSM-EFR | 1997 | ETSI 12,2 0-4 20 18 MIPS 3.8
GSM- ot 4,75 -
AMR 1999 | ETSI 10 12.2 0-4 25 20 MIPS 3.96
. 13,3 -
iLBC 2002 | IETF 152 0-4 25 15 MIPS 3.9
ot 6,6 -
AMR-WB 3GPP ’ 38
2002 1o 23,85 0-8 26 -
G.722.2 ITU-T 122 WMOPS 4,14
6,6 33
VMR-WB | 2002 | 3GPP2 8,85 0-8 33,75 WMOPS -
12,65
oT 8 0-4 36 3,7
G.729.1 | 2006 | ITU-T 10 32 0_8 48,9375 WMOPS ]

ITU-T (MCD-T) — MexxayHapoIHbIi COI03 AJIEKTPOCBS3U, CEKTOP CTaHAApTH3ALUU
AIIEKTPOCBSI3H;

ETSI — EBponelickuii HHCTUTYT 110 CTaHAAPTU3ALUHU B 00JACTH TEIEKOMMYHUKALIHIA;

IETF (Internet Engineering Task Force) — oTkpbITOe MEXIyHapOJIHOE COOOIIECTBO
IPOEKTUPOBIIUKOB, YUYEHBIX, CETEBBIX ONEPATOPOB M IMPOBANUIEPOB, KOTOPOE 3aHUMAETCs
pa3BUTHEM IIPOTOKOJIOB M apXUTEKTYpbl IHTEpHET;

3GPP (3rd Generation Partnership Project) — koHcopumym, pa3zpaOaTbIBarOIIMHA
cnenuuKanuy JUIst MOOMIIBHOM Tesie(hOHUN TPETHETO MOKOJICHHUS;

3GPP2 (3rd Generation Partnership Project 2) — koHcopuuym, pa3zpaOaTbIBaroIIui
cnenudukanuu s CDMA2000;

MIPS (Million Instructions Per Second) — BenmnumHa, TMOKa3bIBaromias CKOJBKO
MWITHOHOB WHCTPYKIMK B CEKYHIY BBIIOJHSIET MPOIIECCOP;

WMOPS (Weighted Million Operations Per Second) — BennumHa, mokasbiBaromas
CKOJIbKO MHJUTMOHOB B3BEIIEHHBIX OTEPAINid B CEKYHIY BBIITOJHSET MPOIECCOP.
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