MockoBCKMii aBUAIMOHHBIN WHCTUTYT
(rocynapcrBenubiit TEXHu4Yeckuii yHUBEpPCUTET)

@aKy.HI)TeT HpI/IKJIa,ZLHOﬁ MaTeMaTnuKun

Kadeapa BeraucianTesbHOI MaTeMaTUK U TPOTPaAMMUPOBAHUSA

KypcoBag pabora o «Merogam u cpeacrBaMm MybTumeamna»

«Metoapl 00bEKTHUBHOII OIIEHKH IIOTEPh KadecTBa PN
KoMITpeccu I poBOro BUIe0»

[Ipenomasarens:  A. B. Kpamusenko
Crynent: U.K. Huknrwun

Mocksa, 2010



Copep>xaHue

Bsenenune

1 Teoperuyueckasi 9acTb

2

1.1
1.2

1.3

1.4

CATUE . . . v v e
Komexkm . . . . . .
1.2.1 Cinepak . . . . . . .
BekTopHas KBAHTUBAIHS . . . .« « « v v v oo e e e e e
Bpemennoe KBAHTOBAHUE . . . . . . . o o o v v v v v e e e

1.22 Indeob. . . . . . . e
[IpocTpaHCTBEHHOE CIKATHE . . . . .« « o o v v e e e e e e e e e e e
Bpemennoe cxkatue . ... Lo
KomMiteHcamust IBUKEHIST . . . . .« v v oo v e e e

1.2.3 MPEG-4 DivX . . . . ..
[IpoCTPAHCTBEHHOE CIKATHE . . . . o v v o e oo e e e e e
Bpemennoe cxkatue . ... ... Lo
JIBYXIIPOXOITHOCTD « « « v v v o e e i e e e e e e e e e e e e
OOBEKTUBHDBIC OIECHKI . . . .« o e e e v v e e e e e e e e
1.3.1  Merpura sup(X-y) . v« o oo
1.3.2  Maremarndeckoe OXKUJIAHUE PA3ZHOCTU . . . . . « o« o o o o o . . .
1.3.3 PSNR . . . . e
1.3.4 KOHTEKCTHBIE METOIBI . . . . + . v v v v v v e e e e e e e e
CyObeKTHBHBIE METOJIBI OIEHKH KATECTBA . . . . . . « o o o o o o o oo
1.4.1 [Ikasa gerpajanuu ¢ ABYMs CTUMYIAMU . . . . . . « . . o . . . . .
1.4.2 HenpepbiBHas OleHKa KadeCTBa C OJHUM CTUMYJIOM . . . . . . . . .
1.4.3 TlonmapHoe CPABHEHUE . . . . . . . . o o o v v ittt e

Brorauciaureabnada yacTb

2.1

2.2

2.3

['mcTorpaMMbl APKOCTEH . . . . . o . o v o
21,1 Kaup 0055 . . . . o Lo
21.2 Kamp 0746 . . . . . . . . o
213 Kamp 1316 . . . . . . . . o
CyOBEeKTUBHBIE OIEHKH . . . .« . « o o o e e e et e e e e e e
2.2.1 Huskag CTEMEeHD CIKATHT . . . . « o« « o o v e v e e e e o
2.2.2 DBbIcOoKasi CTEIEHD CKATHST . . . v . v v o e e e e e e e e e e e
OOBEKTUBHBIE OIEHKI . . . .+« + ot v v v e e e e e e e e e e e
2.3.1 Cinepak . . . . . ..

10
10
11
12
13
13
14
14
15
16
18
19
19
20
20



2.3.2 Indeob . . . .. 29

2.3.3 DivX . .o 32

2.4 COHOCTABIICHUE . . . .« v v o ot e e e e e e s s 35
2.4.1 CoHmOCTABJIEHUE OLEHOK . . . . v v v o o e e e e it e e e e e 35
2.4.2  ComoCTaBIEHHE KOIEKOB . . . . v v v e et et e e e e 38

SUD (X=¥) « o o v o e e 38

PasHocTb OIMEHOK MATOKHUIAHMIS . . . . . . .« « o v vovovov e e e e . 39

PSNR . . . e 40

3 AmnanuTumyeckasi 4acTh 41
3.1 Cinepak . . . . . . e 41
31 sup .o 41
3.1.2 Pa3HOCTDb OLIEHOK MATOXKUITAHUI . . . . o o o o o o o e oo 41
3.1.3 PSNR . . . . . 42

3.2 Indeob . . . . . e 42
3.2.1 sup ..o 42
3.2.2 Pa3HOCTb OEHOK MATOXKUIAHUIA . . . . . . « o v v v e e e o o 43
3.2.3 PSNR . . . . 43

3.3 DivX . L e e e e e 43
331 SUP . . . 44
3.3.2 Pa3HoCTDb OEHOK MATOXKUIAHUT . . . . . « o o o o o e oo 44
3.3.3 PSNR . . . . . 44

3.4 CorocTaBieHre KOIEKOB JPYT C JPYTOM . . o . v o v v oo oo e e o o o 45
34T sup ..o 45
3.4.2 Pa3HOCTb OLIEHOK MATOXKUIAHUT . . . o « « o o o o o oo oo 45
3.4.3 PSNR . . . . 46
3akJiloueHne 47



BBeaeHne

[Mpobnema

[lannas KypcoBasi paboTa IMOCBSIEHa MeTOIaM OOBEKTHBHON OIEHKH IOTePh KavecTBa
pu KoMmIipeccun mudposoro Bujieo. [ludposoe Buieo kpaiine pecypcoeMKo. ITo He CJI0K-
HO TIOHSITh €CJIU TOINBITATHCSI PACCIUTATH CKOJIBKO 10 00beMy (B rurabaiitax) 3aHMMaeT
OJINH YaC TeJIEBU3NOHHOT'O BEIaHU.

Pasmep kajipa Jij1g TeJIeBU3MOHHOIO BelllaHus coctasiger 720 x 576. Tak ke ydureM, 4TO
KapTHHKA UMEET TPU COCTABJISAIONMX (00 9TOM OyJeT paccKaszaHO HUXKe, Cpa3y OroBoO-
puMcst, 9T0 9T cocraisomue, He RGB, cro/ib npuBBIYHBIE COBPEMEHHOMY YeJIOBEKY ).
Bemanme Benercs ¢ gacToit 25 KaJIpoB B CEKYH/LY.

[Iepemuozkas Bce 3TU MmapamMeTphbl APYT HA Jpyra U Ha BPeMs, MOXKHO IOJIYUYUTb YTO OJIIMH
Jac TEeJEeBU3MOHHOrO Belanuga cocrasiiger 104 1'6.

720 x 576 - 3 - 25 - 3600 =

= 111974400000 6 ~ 104 I'6

Takas mudpa gaxke O CErOMHSITHAM MepKaM sBJISETCS HEJIOIMYCTUMOMN st XpaHEHUs
BHUIe0- TaHHBIX. OTCI0/Ia BOBHUKAET HEOOXOIUMOCTD CoKATHSI.

[lepBbiMu JIst coKaTHs U300ParKeHUi CTa/li IPUMEHATHCS IIPUBBIYHbBIE AJITOPUTMbI, KOTO-
pble HCI0JIb30BAINCh U MCIIOJIL3YIOTCS B CHCTEMaX PE3epPBHOIO KOIMPOBAHUS, IIPU CO3/a-
HUU JUCTPUOYTUBOB U T. II. DTHU AJITOPUTMbI apXUBUPOBAIN HHMOPMAINIO 663 N3MEHEHU{A.
O 1HaKO OCHOBHOI TEHJIEHIINEN B [OC/IeHEee BPEMs CTAaJIO MCIIOJIb30BAHIE HOBBIX KJIACCOB
n300pazkeruit. Ctapble aJrOPUTMBI TIEPECTAIN YIOBIETBOPSTH TPEOOBAHMUAM, TPEThsIBIIsA-
eMBbIM K cxKaTuio. MHorue n3obparkeHust IpaKTUIECKH He CXKUMAJINCh, XOTd «Ha B3LJISI»
001a1a/I1 ABHONH M30BLITOYHOCTBIO. DTO MPUBEJIO K CO3JAHUI0 HOBOI'O THIIA aJITOPUTMOB
CKUMAIONUX ¢ rorepeit nudopmarun. Kak mpaBuio, crernenb c2KaTus u, CJIeI0BaTeIbHO,
CTeIIEeHb IIOTEPb KadeCTBa B HUX MO2KHO 3a/laBaTb. HpI/I 9TOM JOCTUTaCTCA KOMIIPOMMCC
MezKJly pa3MepoM U KadecTBoM n3obpazkenuii [10]. B pabore paccMOTpeHO TpH pasimIHbIX
kozeka Cinepak, Indeob, DivX.

Llenb

HeJIIDIO HnccJaeJ0BaHd ABJIACTCA BbIdBJICHUC ocobeHHoCTe IIOTEepPb IIPU C2KaTuu HI/I(l)pOBOI‘O
BU €0 pa3/IMIYHbIMU KOJAEKaMN Ha OCHOBE METO/10B 00 BbEKTUBHOM OIICHKMU.



3apauum

[lenb manHOM paboTHl 0OYCIOBUIA CJIEIYIONINAE 33/ H:

1) PackpsITh n onmcaTh TeOpeTHIECKHe TIPUHITAILI CKaTHsl UG POBOTO BUIEO HA IIPU-
Mepax KOHKPETHBIX KOJEKOB.

[Tposectn kpuruyeckuii 0630p uccieayembix kojekos (Cinepak, Indeob u DivX).

Onucarb 0COOEHHOCTH METOMK OLIEHKHU IIOTEPb KadeCTBa.

4) OrobpaTh KaJpbl JJIsl UCCTIE0BAHUS KOJEKOB.
) IlpuBecTr OleHKH MeTPUK [Tl OTOOPAHHBIX KaJpOB U WX JINHEHHYIO PA3HOCTb.

[Toctpouts rpacduxk «PSNR — cybbekTuBHOE KadecTBO.

OOBbeKTOM HCCIeI0BaHNS B JAHHON paboTe ABJISIIOTCS BUIEOIOCIEI0BATE/IHHOCTH CXKAThIE
yKa3aHHbIME KojleKaMu. [[peiMeToM JTaHHOTO MCCJIe/IOBaHUs SBJIAIOTCH METOJIbI CoKATU
BUJIEO.

JlocTukenue 1e/iv UCCJI€IOBAHUS W PellleHre TIOCTaBIEHHBIX 33,14 00YC/IOB/IMBAET HEOOXO-
JIIMOCTH UCIIOJIb30BaHMsT KOMILTIEKCA OOIEHAY IHBIX TEOPETUIECKUX (TeOPEeTHIeCKH aHa-
JIM3, KOHKPEeTU3aIlis, MOJIeJMPOBAHIE) 1 SMINPUIECKUX (M3yUeHre ClielnnalbHON JnTepa-
TyPbl, HHCTPYKIWA, IPIMEHEHNE YUCIEHHBIX SKCIEPUMEHTOB) METO/IOB UCCJICIOBAHNUSI.

XapakTep HCCIe0BaHNUs, JeTAJIbHOCTh PACCMOTPEHUsS MPOOJIeM, TeopeThviecKas 3HadM-
MOCTb IIOJIYHYEHHBIX Pe3Y/IbTaTOB II03BOJIAET CAeJIaTh BBIBOJ, O TOM, YTO JJAHHOE UCCJIeI0Ba-
HUE MOXKET OBITh IIPUMEPOM HCIIOIHL30BaHNs OObEeKTUBHBIX OIIEHOK KavdecTBa JIjIs aHaIin3a,
METOJ/IOB CXKATHSI.



1. TeopeTnyeckas 4acTb

1.1. CxxaTume

C:karne BUJ€0 OCHOBaHO Ha ABYX BazKHbIX ITPHUHIIHUIIAX.

® IIPOCTPAHCTBEHHAA U30BITOYHOCTD;

® BpDEMECHHasI 130BbITOYHOCTD.

Pazuanble MeTOIBI C2KaTHA 110 CYTH OTJIUYIAIOTCS TOJBKO CIIOCOOAMU KOMIIEHCAIH TTPO-
CTPAHCTBEHHON N30BITOYHOCTH — TaK HA3bIBAEMBIM BHYTPHUKAIPOBBIM KOJAupoBaHueM. da-
I BCEro IPOUCXOJUT TpeobpasoBaHue (CBOMCTBEHHO He Jjisi BCEX KOJEKOB C IoTepeil
kadecTBa). [Tociie BO3MOKHBIX TPe0Opa30BaHuii IPOUCXOJUT OTOPACHIBAHUE, YCPEIHEHHE
I OKpyTJIeHne. 3/1eCh U MPOUCXOINT MOTEPsT KadecTBa.

Meto1 cxkaTusi BUJIeO HaUUHAET C KOJMPOBAHUSA IIEPBOTO KaJpa € ITOMOIIBI0 HEKOTOPOTO
AJITOPUTMa KOMIIPDECCUU M300paykeHns. 3aTeM CJIeyeT KOAUPOBATH KAXKIbIH ITOCIEIyO-
Ui KaJIp, HAXO/Isl PACXOXK/JIEHNE WJIN PA3HOCTh MEXK/Iy 3TUM KaJIPOM U €ro IIPe/IIIeCTBEH-
HUKOM U KOJIUPYs 9Ty Pa3HOCTh — KOMIIEHCAIUs BpeMeHHOo#I m30bITouHocTu. Fciun
HOBBIN KaJ[p CHJIBHO OTJIMIAETCS OT MPEJBIIYIIEro (9TO IPOUCKOUT, HAIIPUMED, C Iep-
BBIM KaJ[POM IOCJIEJIOBATEILHOCTH ), TO €r0 MOXKHO KOJMPOBATH HE3ABUCUMBIM 00PA30M.
Jlatee paccMaTpuBalOTCA pas3HdIHbIe METOABI CxKaTus Buaeo. CrocobaMu KOMITEHCAIUN
BPEMEHHO# M30BITOYHOCTH OHM KOPEHHBIM 00pa30M He OTIMIAIOTCs.

1.2. Kogekwu

Komek (coder-decoder) — 3ro criocob u peasusanust mudpOBAHUS JJisi 3AIHCH BUJIEO-
naHHBIX B (aitr, nanpumep B AV, u pacmmdposku mHMOpMAINN, COOTBETCTBEHHO, JIJIsd
BOCIpon3BeieHns yuke 3amucanabix AVI daitios.

1.2.1. Cinepak

HocTouncTBa:

e He TpeboBaTesIeH K pecypcaM;

® pacipocTpaHeH Ha OOJIbIITMHCTBA ILIaT(MOPM.
Henocrarku:

e 0OJIbIITIOE YKNCI0 OJIOUYHBIX apTedaKTOB JIJIg OTHOCUTEILHO He BBICOKOI CTEIIeHN CXKa-
THS;

® 3HAYUTEJILHOE BPEMd KOJWUPOBAHUSLI;

e ycTrapes;



Konex Cinepak 6b11 iepBoHadaibHo pazpadoTaH st BOCIIPOU3BEICHUS (DUIBMOB MAJIOTO
pasmepa (¢ pasperternem 320x240 co ckopocThio 1x (150 KbaiiT / ¢) ) Ha MePCOHATBHBIX
KOMITBIOTEpPax, C OJTHON CKOPOCTBIO UYTE€HUS KOMITAKT-HCKOB.

Cinepak 6611 paspadboran IIurepom Bapperom B kommnanun SuperMac Technologies
u ero penus cocrosyica B 1991 B cocraBe Video Spigot, a Takxke B 1992 B co-
craBe Braeo nakera QuickTime g kommbiorepos kKomuanun Apple. B 1993
JIAHHBIN KOJIeK ObLIT BKJII0YeH B cocTaB mtardopmbl Microsoft Windows. Crout
OTMETHUTh, YTO JAHHBIN KOJIEK TaKKe MCIOJIL30BAJICS B UIPOBLIX ITPUCTABKAX,
manpumep: Atari Jaguar CD, Sega CD, Sega Saturn u 3DO.

OCHOBHBIM €€ MPEUMYIIECTBOM sIBJISIETCS €ro Ipe3BblYaiiHO HU3KHEe TpeOOBaHUA K IIPO-
U3BOIUTEILHOCTA KOMIIbIoTepa. B ¢Bs3u ¢ OYpHBIM pa3sBUTHEM KOMIIBIOTEPHON TEXHUKH,
KOJIeK OBLI HECKOJIBKO MOIUMUIMPOBAH, B CPABHEHUN C €r0 IIePBOHAYAIBLHON peaJin3alii-
eit. [loceiHee BpeMst OH MCITOJTB3YETCsT HE TOJIBKO JI/TsT (DUIBMOB C MAJIBIM pa3pereHnemM
1 TIPOJIOJKATETFHOCTBIO, HO TIPU OOJIBIIOM Yncye 0oJiee pa3BUTHIX (POPMATOB BCTPETUTH
Cinepak Ha mpakTuke He IIPOCTO.

Ho npu Bcem obuime COBpeMEHHBIX KOJEKOB, JOCTATOYHO TPYJIHO IPEIyrajiaTh, KaKue
n3 HUX OyJlyT YCTAHOBJIEHBI K MOMEHTY IPOCMOTPa Ha IieJieBOM KommbioTepe. U1 B jan-
HOM cJiydae, po0semy pemaer kKak pa3 Cinepak. He Tpynno ybenuTbes, 9To OH €CTh Ha
JOCTATOYHO IUPOKOM CIIEKTPE MallluH

MpbI gymaem, 9T0 TOMY TpUYUHA CKOPee TTOJUTHYIeCcKas, HeXKe T TeXHOI0TmIe-
ckag. He my»xkno 3abbiBarh, uto Cinepak ObLI 0JIHUM U3 CAMBIX MEPBLIX KO/Ie-
KOB, U TI0CJI€ €T'0 TOgBJIEHIE BCE TTPOM3BOIUTENN TIJIAT(MOPM MaCCOBO BKJIIOUH-
JIL ero B ¢BoU JucTpubyTuBbl. AjibrepHaTus Ha TOT MOoMeHT (1991 o) ObLIO
HEe MHOTO, U JIJIs «BOWHBI (hOpPMATOB» OCHOBaHWiT He ObLIO. A TIO TIPOITECTBUH
JIET, KOJIEK He CTaji youpaTh U3-3a ero MupoKoro pacipocTpaneHus (Hy U JIIst
oOpaTHO#l COBMECTUMOCTH, KOIIC‘—[IIO).

He ouens mapHO nostBuiack mobmibHas Bepcust Cinepak Mobile. Cesizano 3to ¢ Tem, 910
MOOHTIbHBIE TeIeOHBI UMEIOT MaJIyIO MPOU3BOINTEIHHOCTH 110 CPABHEHHIO C KOMITbIOTEPa-
M. BesyciioBHO — Xopoliee mpuMeHeHne TOITH 3a0BITHIX TEXHOJIOTHI B HOBOM KOHTEKCTE.

B KOJIEKE HCIIOJIB3YIOTCA aJI'OPUTMbL BGKTOpHOﬁ KBaHTU3allUM 1 BPpEMEHHOI'0 KBaHTUPO-
BaHUA.

BEKTOpHaFI KBAHTU3aLUunA

[Ipu ucronb30BaHUE BEKTOPHOI KBaHUTHU3AIMH M300paskKeHue JIeIUTCsS Ha OJIOKU Ipu-
MEPHO PaBHOTO pasmMepa. BJIoKu mpecTaBiisiior coboil (hUKCHpOBaHHOE YHUCIO0 BEKTOPOB.
Takue BeKTOpa Ha3BIBAIOT K0J08LLMU CAOEGMU. BBOIUTCS HEKOTOPBII KpUTEpHii KauecTBa
Q. st 6JTOKOB © 1 J 3amuIIeM.

d(i, j) < Q.

Ecmu nmucranmusa MexXay ¢ u j MeHbIe, 9eM () B BBIOPAHHOIW MeTpUKe, TO OJUH U3 ITUX
0JIOKOB O0bsIBJIIETCH yHUBEPCcaJIbHbIM. Harpumep, /i 6J10KOB ¢, J, [, © ycji0BU€ BBIIOJI-
HEHO.



Bwmecrto 6J10k0B 7, [, © OyJieM MOACTABIATD 1.

st Tex OJIOKOB, 9TO OCTAHYTCsl yBeJIUdUBaeM pas3OueHue, n IOBTOPAEM KBaHTHU3AIUIO
¢ MeHbIINM Iarom. IlpakTuka mmokasbIBaeT 4TO JJjisi pa3MepoB OJIOKOB 2 Ha 2 IHKCeJa
BCErJla HaXOUTCS aHaJIor.

KomnoBbie ciioBa BBIOMpAIOTCS M3 TaK HA3BIBAEMON KOJIOBON KHUTW WM KHUTU IMU(POB.
Pasmep Ko710BO# KHUTH BJIMsieT Ha CKOPOCTh KOJAMPOBAHUs (IUCIIO OUT, HEOOXOMUMBIX JIJIsT
KOJIMPOBAHUsI KaXKJIOI'0 BEKTOPA), & TaKyKe Ha MCKayKeHust. dem GoJibIle KojoBas KHUTA
TeM BBIIIIE CKOPOCTh KOJINPOBAHUS U MeHbIIle NCKaKeHuil. J[j1s1 BEKTOPHOrO KBAHTOBaHUS
KOJIIPOBaHUE 3aHUMAaeT OOJIbIIE PECYPCOB IIPoIieccopa ueM jiekoupoBanue. Koguposamue
TpebyeT MOoMCKa KOJOBOW KHUTHU I KaKJIOI'O CJIOBAa, B TO BPEMs KaK JIE€KOJUpPOBaHUE
TpebyeT TOMbKO moncka 1mo Tabsmie. OOBITHO Ke KOJOBON KHUTH HCIIOJIb3yeTCs KOJEP U

TEKOJIED.

BpemeHHoe KBaHTOBaHue

J1s1 yMeHbIenus: BpeMeHHOH N30bITOYHOCTH B KOJEKE UCII0JIb3yeTCs KOAMPOBAaHUE pa3-
HOCTH MeXKJy Kajapamu. Her HEKaKOro CMbIC/Ia KOAUPOBATEH JBa KaJPa OTINIAIONIHECs
JIPYr OT Jpyra MaJibM 49uciaoM 0sokoB. IIpm 9ToM BbIMMTAINE KaJIPOB HMPOUCXOJIUT IO
OJ10KaM, TOJIyIEHHBIM paHee B Pe3ysbraTe BeKTOPHO KBaHTn3arn. OrpOMHDBIM IPERMY-
IIECTBOM SIBJISIETCS TO, ITO PA3HHUIBI MEKJLy OJIOKAMU SIBJISIOTCS MaIbIMU ducyiamu. Ho
HCIIOJIb3Ysl KOJAUPOBAHIE DA3HOCTH, CTEIEHb CXKATUS MOYKHO HOBBICUTB. [lj1st 3TOrO J10-
CTATOYHO OIPYOJIATh PA3HOCTU JI0 HEKOTOPOil BeaudanHbl. Taxkoe orpybiienue Ha3bIBaeTCs
BpEMEHHBIM KBaHTOBaHMeM'. B TaHHOM cilydae KBAaHTOBAHUE 3aKJIIOUAECTCA B OKPYTJICHAN
BelecTBeHHbIX dnces: MareMarndeckoM (0.6 = 1) mwin dunancosom (0.6 = 0). IIpu mc-
II0JIb30BAHINI TAKOTO OKPYIVIEHHSI CO BpEMEeHeM HAKAIIIMBAETCS OMNOKa PA3HOCTH Ka/IPOB.
st sroro B Cinepak HCIOMB3YIOTCS «KJIIOUEBBbIE KaJpbl» — 9TO KaJpbl 6e3 cxkarust. B
paccMaTpuBaeMOM KOJIeKe KayKJIbli [STHAAIATDIA KaJIp SBJSETCA KITIOUEBBIM.

!B TaxoM BHIe, OHO HCIIONL3YeTCS U AJIs CIKATHSA 3ByKa

7



1.2.2. Indeo 5

HocTouncTBa:

e HeT OJIOYHBIX apTedaKTOB I OTHOCUTEILHO BBHICOKON CTEIEHN CXKATHSI;
® «OITHUMAJIEH» B OTHOIIEHUN BPEMEHU, CTEIIEHN CXKATHUS, KOJINIEeCTBA apTeaKkToB;

e 1posiBiIeHHE apTeaKTOB PABHOMEPHO IO BCeMy M300pazkeHuIo (II0OTOMY OHE MEHee
3aMETHBI);

® MaCIITadUPYyEeMOCTh HATPY3KH;

e OOJIBIIIOE YUCJIO JOITIOJTHUTEJIbHBIX (byHKHI/Iﬁ HE CBA3aHHbIX HEIIOCPEICTBEHHO CO C2Ka-
THEM.

Henocrarku:

e ycTapesl U JIOCTATOYHO PEeJIOK;
e TpeboBaTEsIEH K Pecypcam;

® HeT 6I>ICTpOl"O JOCTYIIa K IIPOU3BOJILHBIM KaJpaM IIPpU JEKOMIIPECCUU — 3TO I'OBOPUT
O BBIYMCJIUTEIBHON CIOKHOCTH

Indeo 5 cras mocsreauM (BO BCeX CMBICTIax) KOJIEKOM 3Toro cemeiicTBa Indeo. Kak 6b110
CKa3aHO Ha JIEKIUSX, KOJIEK MPAKTUIEeCKN HUIJE He UCIOJIb3YeTCsS U SABJISIEeTCS «MepT-
BbIM». B J10Ka3aTe/bcTBO MOCIEIHEr0, MOXKHO CKa3aTh, 9TO TECTOBbIE IIPUMEPhI ¢ caiiTa
Ligos Corporation (ubraemmneit Baajeser Indeo 5), nox Windows Vista He 3amycTu/ucs.
Ananornynag cutyanua nabsmogaerca Ha Windows 7 n na Ubuntu 10.042.

B kozexe Indeo 5 (4) ncronbyercs sByiseTCs COOCTBEHHBIN aJITOPUTM CZKATUSA BHJICO Pa3-
paborannoii Intel — Indeo Video Interactive (IVI) Dro coBepiiieHHO Jpyrast TeXHOJIOIHsI
10 CPABHEHUIO C NPeJbLIyiuMu pein3amu Indeo, KoTopbie ObLIN OCHOBaHBI Ha BEKTOD-
Hoit koukpermzanuu kak B Cinepak (Indeo 2 u Indeo 3). B ormmmame or GosbimuHaCcTBA
HCIIOJIb3yeMbIX Ha ceifi MoMeHT KojekoB Indeo 5 ocHoBaH He Ha JIUCKPETHOM KOCHHYC-
IIpeobpa3oBaHuN a Ha BeiiBieT-mipeodpasopanuu. Kpome toro IVI npenaraer nabop «uH-
TEPAKTUBHBIX» BO3MOXKHOCTE, KOTOPBIE BBIXOIAT 38 PAMKU TPAJIUIINOHHDBIX YCJIYT, TPEI0-
craB/geMbx KojekaMu. OHEM BKJIIOYAIOT MPO3PAYHOCTH (IBETHOCTHL-MAHUITYJISIIINS), Ya-
CTUYHOE JIEKOJUPOBAHUE, MACIITAONPYEMOCTb HATPY3KH Ha IIPOIECCOP U 3AIUTY HAPOJIEM.

Ecin paccmarpuBaTh nckiountesbHO Indeo 5, TO OH MMeeT PsiJi HECYIIECTBEHHBIX OTJIN-
quit or Indeo 4. Xors oba kojeka ucnosb3yor VI

I”IHT(‘I)("("H(’) 3aMEeTUTb, 9YTO B KOZAEpe FFDShow ecrb JdBa Pa3HbIX KOIEKa:

e Indeo 4,5 (ne 4.5, a umenno 4, 5);

e Indeo 5.

2Bes yCTaHOBKU JONOHATEILHEIX OUOIHOTEK.



lNpocTpaHcTBeHHOE CxaTue

Anropurm IVI paboraer B nperom mpoctpanctse YUV,
I'e:

e Y — ApPKOCTB;

e U u V — 1nBeTo-pa3sHOCTHBLIE KOMIIOHEHTHI, 3TO XPOMATHYECCKUN CUHUI 1
XPOMATUYIECKU KPACHBIN,

s mpeoopaszoBanusg RGB B YUV ucnonb3ytor cieyiomnue hOpMyJIbL:

Y = 0,299-R+0,587-G+0,114- B [0;255]
U = 0,564- (Y — B) [—128; +128]
V = 0,713-(Y = R) [—128; +128]

DopmyJibl 11T 00PATHOTO TTPeoOpPa30BAHMA:

R = Y+1,14-V
G = Y —0,395-U—0,581-V
B = Y +2,032-U

BeiiByieT-czxkaTue ucnosb3yeTcs Jijis mpeodpa3zoBaHus N300ParKeHns U3 IPOCTPAHCTBEHHO
00J1aCTH B 9aCTOTHYIO 00/1acTh. V300paskeHne pasyaraercs Ha KBaJpaTHbIe OJIOKH U Bbl-
[IOJIHSAETCS BeNBJIeT-IPeodpa30BaHue C MeJIbI0 ToJIyueHus yacToT Kodddunuentos. [locie
9TOrO MPOMCXOMUT KBaHTOBaHUe (OKpyryenne). Ha 9ToM sTare ocymecTBIseTcs caMble
bosibire orepu. lasee mosmydentble KO3MMUIMEHTHI CXKUMAIOTCA METOIaMi 0e3 TTOTePh
kadecTBa (Xaddman).

Cj'ill\l() 1o cebe B(",]:’)IB.FI(‘,T—III)CO(/)})‘(1"3013‘(1111’1(7 MOZKHO Ha3BaTb pPaCHIMPEHHBLIM IIpe-
(')61)'(1(3(')B&HH(‘,A\I (Pypb(‘,. Bouaee II(),'[I)(')(K)H() C BeliBJIeTaMI MOXKHO O3HAKOMUTBCH

B 2| u B [11].

Indeo 4 ucnospayer nmpeobpazopanue Xaapa (st pezKIMa MacIITabHpPyeMOCTH ) U HAKJIOH-
Hoe npeobpasosanne. B [Tociennroro Bepcun Indeo 4 (Tosbpko mog Windows) ucrnosibsyercst
JINCKPETHOE KOCUHYC-TTPpeoOpa30oBaHue.

3ameTnm, 4To Ntobasi pyHKUMs 1 (t) MOXET Ha3bIBATLCS BeiBAETOM npu cobstogeHnn cnegy-
HOLLNX YCNOBUIA:

® ee cpeAHee 3Ha4veHMe, UHTEerpan no Bceir npsimoii paeex 0.

e (pyHKLUS DBICTPO CTPEMUTCS K HYMHO Ha BECKOHEHHOCTW tlim Y(t) = 0.
—00

Indeo 5 ucnosb3yeT TOJBKO HAKJIOHHOE IpeobpaszoBanue. Beiipmer Xaapa B 9TOM KOJIEKE
He ucnosib3yercsa®. Bmecro nero ucnosbsyercs seiisier JTobemu (LeGall).

3OquI/mHo, n3-3a OJIOYHOCTH, BBI3BAHHON €0 CTPYKTYPOil.



Jl1st paboThI ¢ BUJIEO UCIIO/IB3YETCS TaK HA3BIBAEMOE JUCKPETHOE BeiiB/IeT-1Ipeodpa3oBanme
(ABITI). JIBII-asroput™ oCHOBaH Ha «IIPOMYCKAHWN» CUTHAJA Yepe3 (bUIbTPhI HU3KUX W
BBICOKHX 1dacToT. [lomobuble (buabTphbl ObLIM pean30BaHbl 3a00/II0 10 IMOABICHHUS IHd-
poBoiT TexHUKHU. V] MOXKHO ¢ yBepeHHOCTBIO cKa3aTh, 9To JIBII MoxkHO peanmnsoBaTh arma-
parro. HuskouactorHeiit huibTp BeiaeT rpyoyio (hopMy HCXOIHOIO CUIHAJA (HA BBIXOJIE
HOJIYIUTCS PACILIBIBUATOE, PA3MBITOE M300payKeHne ¢ HU3KUM pas3pelienueM ). Boicokoua-
CTOTHBIN (DUIBTD BBIJIAET CUTHAJ PA3HOCTH WJIU JIOTIOJHUTEIHLHON JTeTaj n3anun. Borxo/t
GuIbTpa BBICOKMX YACTOT MOXKKT OBITH Pa3/I0KEeH aHAJOTMYIHO C W3HAYATbHBIM CHTHA-
JioM. Takum 0O6pa3oM MOxKeT ObITh MOJIydeHa JIONOJTHUTEIbHAS JeTau3alind. BoixoHbe
3HAYEHHUsT HA3bIBAIOTCA KO PUImeHTaMu 1peodpa30BaHms.

Baxkno: cxkatuga 3/1eChb HE JOCTUIraecTCd.

BpemeHHoe cxaTune

st kommencanuu BpeMenHoii uzbbrrounoct ucnosbsyercs GOP (Group of Pictures).
9To rpymia n3obpazkenuit. Kak npuBmio ona cocrout u3 12 Kajpon. I'pymma moxker
COCTOATDH U3 KazKpOB Pa3/IMYHbIX THUIIOB!:

1) [I] — «uHTPO» MM OMOPHBIHA Kajp, 9T0 6A30BOE W CAMOIOCTATOUYHOE TIPH KO PO~
BaHUN I/I306pa}KeHI/Ie. CTeHeHb CZKaTud MUHUMAaJIbHA.

2) [P] — (predicted) npenckaszanHbIil, BOCCTAHABIMBAETCS C yIacTHEM MTPEIBLIYIIEro [P]
win [|] Kaapa, KogupoBaHue OCYIIECTB/IAETC ¢ KOMIEHCAIUEeH JBUKEHUs U PEJI-
CKa3aHUsl BIEpe/I.

3) [B] — (bidirectionally predicted) aBycropornee mpenckasbiBanue. [B] kaap Boccra-
HABJINBAETCS C yUaCTHeM HPeJblIyIero u/mwiu nocieayomiero [P] wiu [I] kaapa.

[Topsi/10K BOCIIpOU3BEICHUS:

[l0][B1][B2][P3][Ba][Bs][Ps][B7][Bs][Pa][B1o] [B11]

[Topsiiok mepeadn U XpaHeHus:

[1o][P3][B1][B2][Pe][Ba][Bs].

KomneHcauus asunxxeHus

Ecin kozep obrapyzkuiI, uto 9acthb [P] mpeapayiero Kaapa, Kak OIHO IeJ1oe, epeMeCTH-
JIach B HOBOE MOJIOKEHUE Ha TeKyIeM Kajpe, To [P] MOXKHO czkaTh, 3amucaB ciie/lyornine
TpU KOMIIOHEHTA!

® [IPpEAbLAYyIIEEC MECTOIIOJIO?KEHUE;
® HOBOE€ MECTOIIOJIOZKEHUE,

e undopmMaImo o rparuie obmactu [P].

10



Komnencanus geukenus 0yaeT 3HeKTUBHOMN, eciit 00bEKThI IPOCTO MEPEMEIIAITCs 110
criene, HO He yJIAJAI0OTCs, TPUOJINKAIOTCS Win oBopadnBaioTcs. CyIecTBeHHOe M3MeHe-
HUE OCBEINEHNs CIIEHBI OT KaJIpa K KaJpy TakKxKe CHIKaeT 3(PPEKTUBHOCTL 3TOTO METO/IA.

st Texytero 0Ji0Ka TEKYIIero KaJjpa HeoOXOJIUMO CJeaTh IMOUCK COBITAJIAIONIEr0 WJIN
6yim3Koro K Hemy OJIOKa Ha TpeblayiieM Kajpe. Ho Kpome TOro Jijisi MomcKa MOXOKUX
OJIOKOB B Ka/IpaX UCIOJIb3YIOTCS PA3JINIHBIE METOIbI.

1.2.3. MPEG-4 DivX

JlocTouncTna:

e Her GJIOUHBIX apTedaKTOB cTeleHn cxkaThst (Ipu COOJIIOIEHIN JIBYXIIPOXOIHOCTH 1
JIIST HE BBICOKOI );

e HanboJjiee COBPEMEHHBIN U JIOCTATOYHO PACIPOCTPAHEHHBIN KOJIEK;
e rOOK — MOXKHO B IIIMPOKOM JIMAIIa30HE MEHSTh KadeCTBO CxKaToro daiia;

e DOJIBIIIOE YUCJIO JOITIOJIHUTEJIbHBIX (byHKH‘I/II'?'I HE CBA3aHHbIX HEIIOCPEICTBEHHO CO C2Ka-
THUEM.

Henocrarku:

e TpeboBaTEJIEH K PecypcaM;
e B orTymuKe OoT cBoero Osmsnena (XviD) — mponpuerapes;
® peasIM30BaHbl He BCE BOZMOXKHOCTU CTAHJIAPTA;

® JJId IOJIYyYEeHHUsA C2KaTOr'O BHJIEO XOpolIero Ka4deCTBa HYy2KHa JABYXIIPOBOJAHOCTL —
CJIO?KHO MCIIOJIb30BaTh B MaclITabe PeaJIbHOI'O BPEMEHMU.

MPEG-4 na jgaHHBIT MOMEHT SIBJISETCS ITOCJACIHUM M3 MPUHATHIX CTAHIAPTOB JIMHEHKH
MPEG-N. MPEG-4 uznagaabHO OBLT 3a/lyMaH KaK CTaHIAPT /s pabOThl CO CBEPXHU3-
KuMu morokamu. OIHAKO B IPoIiecce JOBOJIBLHO JIOJITOM MOATOTOBKH CTaHIAPT IpeTePIIes
COBEPIIIEHHO PEBOJIIOIMOHHBIE N3MEHEHNsI, U ceifdac cxKaThe ¢ HU3KAM ITOTOKOM BXOIUT B
HETo KaK OJIHa COCTaBHAasl YaCTh, IPUYIEM JIOCTATOYHO HEDOIbIas 110 pasMepy. Hampumep,
caM opMaT CerojHsI BKIIOYAET B ce0sl TaKue Belld, KaK CHHTE3 PedH, PeHIePUHT H300pa-
JKEHU U OIUCAHUSA IapaMeTPOB BU3YaIU3AIMH JINIIA Ha CTOPOHE IIPOIPAMMBbI IIPOCMOTPA.

Paspaborka MPEG-7 6bu1a nauata B 1996 1. K ajnropurmam cxkaTus BHIIEO
9TOT CTAHJIAPT UMeET eIle MeHbIee orHoienne, yem MPEG-4, u ve mosryunn
MIIPOKOI'0 PACIPOCTPAHEHUE K JIAHHOMY MOMEHTY.

Cranmapt MPEG, kak u gapyrue cragaapThl Ha CXKaTHe, OIMUCHIBAET JIUIIL BBHIXOTHON Ou-
TOBBII TIOTOK, HEABHO 33/IaBasd aJITOPUTMbI KOJIUPOBAHUA U JeKoupoBanusd. [Ipu sTom nx
peam3alns IepeKIaabiBaeTcsd Ha Kojeku. Hanbosiee momyasspHbIi, Ha CeroHs, KOMMeEp-
qeckuit Komek — DivX.
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B mekoropnix kpyrax DivX crpasegiuo HasbiBaioT «MP3 g Bueos.

Boobie rosopst, DivX me peanusyet mnosnoctbio crapgapt MPEG-4, a peanmmsyer ToIbKO
ero mMaiyio dactb (MPEG-4 gacts 2). Hapsiy ¢ s70it gacteio emie cymecrsyer MPEG-4
qacTh 10, 6oJiee n3BectHbIlt Kak H.264.

Ocobennocru:

1) Komuposatue 00bEKTOB UMEIOIIUX HE MTPABUJIbHYIO (DOPMY.
2) MoKHO KOAUPOBATH OOBEKTHI MIEPEHErO U 3a/HETO IJIAHA HE3ABUCUMO.

3) Komuposanue 00beKTOB AHUMAIMN HA OCHOBE JIBYXMEPHBIX U TPEXMEDPHBIX ITOJIUTO-
HAJIbHBIX CETOK (aHMMAIs JIUAI U (DUTYD JIFOJIeit).

4) Macmrrabupyemoe KOJUPOBaHUE, JJisi THOKOW CXeMBbI Tlepejiadi Ha PA3HbIX OUTOBBIX
CKOPOCTSIX.

5) KoaupoBaHue HEMOJBUKHBIX TEKCTYD.

6) IMomaepxkka npoduieii Ha ypoBHE CTaHIAPTA.

Taxk ke B craHmapT BK/IOYEHBI TaKue J00aBKU KaK:

1) Pacuer TpexmepHbIxX ciien n paboTa ¢ CHHTETHIECKUMU 00beKTaMn

2) OOBbEeKTHO-OpHEHTHPOBAHHAS PAOOTa C MOTOKOM JIAHHBIX.

3) Homemenne B morok aBomdHoro koja «C-+-+ HomoOHOTO» si3bika BIF'S.

4) AxrtuBHas 3puresnbckas nosurms. Kak 6pu1o 3amedeno soime, BIFS mossossier 3a-

JIaBaTh PEaKIUI0 OOBLEKTOB CIEUbl Ha JCHCTBHA MOJL30BATEII.
5) Cunresarop jmi u Guryp.
6) CunTe3aTop 3BYKOB U DEYN.

DTO BechbMa COMHHTEIbHAS (PYHKIUs Ha HaIl B3DIAA. [IpakTutieckoe ee
IpUMEHEHNe, HAIIPUMeD 1 O3BYYMBAHUSA WM CHHXPOHHOTO IIEPEBOJIA
durbma, maxke B 2010 roy HEBO3MOXKHO.

B kozneke DivX, Kak MOKHO CYJIUTH 9TU BO3MOXKHOCTHU HE peasin30BaHbBI.

lNpocTpaHcTBEeHHOE CkaTune

JI1g MpOCTPaHCTBEHHOTO CXKATUA B JAHHOM CJIydae UCIHOJIB3YeTCd aJTOPUTM OJIU3KUA K
agropurmy JPEG. zobpaxkenue nepeBoguTcs u3 nperosoro mnpocrpancrsa RGB B 1Be-
toBoe poctpancTBo Y UV. Ucexomnoe n3obparkenne pa3onBaioT na Marpuilbl 8x8. Popmu-
pyeM 13 Kazkj1oi Tpu paboune marpunsl JIKII? — 1o 8 6uT oTnenbHo 1718 KasK 1o KOM-
noHeHTHI. [Ipu Gobmux cTenendax cxKaTug STOT MIar MOXKET BBIOJTHATHCI Yy Th CJIOXKHEE.

4 JTucKpeTHOe KOCHHYC-TIPeobpa3oBaHue.

12



N3zobpazkenne geuTes 1Mo KOMIIOHEHTE Y, KaK M B IIEPBOM cJIydae, a Jijist KoMronenT U u
V maTpuribl HaOUparoTcd Yepe3 CTPOUKY M depe3 cTosioer. Kark iplii OJI0K To/BepraeTcs

JIKTT:

N—-1M-1

Cij= 2.2, C'(#)C(7) cos W cos W fnm
oy = { =0
Sl L,i#0

[Ipu sTOM MBI TIOJIyH4aeM MaTpHUILy, B KOTOPOil KOI(MDMUIMEHTHI B JIEBOM BEPXHEM YIUTy
COOTBETCTBYIOT HU3KOYACTOTHOU COCTaBIISIONIEl M300pakKeHus, a B MPABOM HIUZKHEM —
BBICOKOYACTOTHOM. [loHATHE YacTOTHI ciie/ryeT u3 paccMOTpeHus M300parKeHnsi Kak JIBY-
MEpHOI'o CUrHaJIa (AHAJIOTUIHO PACCMOTPEHUIO 3ByKa Kak curnajia). [lnaBHoe mamenenne
IBeTa COOTBETCTBYET HU3KOUYACTOTHOI COCTaBJIAOIIEN, a Pe3KUe CKaYKU - BbICOKOYACTOT-
noii. [losryuennyro MaTpuity Ko3h@UITMEHTOB TOJIEMEHTHO JIeIAT HA MaTPUILY KBAHTOBA-
HUIA.

AN><N = (az’])i?;_:lo s rae Q;j = 1+ Oé(Z + ]),

o — KO3 DUIMEHT KavdecTBa, OH 3aJiaeTcsd noJsb3osareneM. B cayqae MPEG-4, N = 8.

st kaxkaoit kommonentsl (Y, u u V) B obimeMm ciydae 3a1aeTcsi CBOsS MATPHUIA KBAH-
ToBaHusI. Ha 3TOM Immare ocyImecTB/IsIETCS yIIPaBJIEHUE CTEIEHBIO CyKATHA U ITPOUCXOIST
caMmble OouibIlie 1orepu. [lociie MaTpuily mepeBOJdT B CTPOKY IPHU ITOMOIIMU <«3UT-
3ary-ckanupoBanud. [lomydennas mocsemoBarebHOCTh cxkuMaeTcs 1o RLE. Tocie Toro
K TIOCJIeI0BATE/IbHOCTH TPUMEHSIETCS apupMeTHIecKoe KOIUPOBaHUE.

Tyr BaxkHO 3ameruThb, uTo coryacHo crangaptry MPEG-4 (wacts 2) JIKII moxer 6bITH
3ameneHo Ha BeitBiiersl. Ho ucnombssyercs 3to pegko. B DivX oHoO mcrnosb3yercs: TOJIHKO
JIJIS CTATHYECKUX M300PasKeHnid.

BpemeHHoe cxaTune

B MPEG-4 Tak e ucnoJb3yercs MeToji KOMIeHCan JABukerns. O6 9TOM MoOBOPHUIIOCH
BoIme. JIpyroit unrepecuoit ocobennoctbio MPEG-4 sBisercs KoMmieHcanun 11o06a1bH0ro
nemkenna’. Ho B JaHHOM KoJleKe MeToJ| peajn30BaH cjabo M BBIFOJILI OT €ro HCHOJIb30-
BaHUs HE MHOTO.

[Tocitemnee myume mpogBuyo cedda B XviD.

[ByxnpoxogHocTb

[lj1st TOoro, 9T00BI MOJIYYUTh KAYeCTBEHHOE CXKATOE BUJIEO HEOOXOIUMO OCYIIECTB/ISTH JIBa
npoxojia Kojeka DivX. Bradajie KojieKk CTpouUT TabJUILy TepeMeIeHnii, aHaJM3upyeT o-
TOK ¥ 3alliChbIBaeT NH(MOPMAIIMIO O KJTIOYEBBIX KaJIpaxX U YPOBHAX KBAHTU3AIIMU BCETO 1O~
Toka. [Ipu BrOopoM moToke dpopmupyercs cam cxkaTbiit daitsi. EcTh KpyIiHOe 1o/103penue,

5GMC — Global motion compensation.
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YTO Ha BTOPOM 3Tare KOJEK OCYIIECTBJIAET MOCTOOPAOOTKY CKATBIX KaJIPOB JIJIs YMEHb-
menuns 3pdekra 6J09HOCTH. B mTOre 3T0 NPUBOJUT K YBEJIUYEHUIO C2KATOTO haila.

Ecym ncrosbs3oBaTh TOJABKO OJIMH ITPOXO/J KOZIEKa, TO CXKaThbI (bafm 6y,ZL€T HNMETb CJIMITKOM

GoJIbIIOe KOJMIecTBO apTedakTos’.

1.3. ObbeKkTuBHble MeTOoAbl OLEHKU
KayecTBa

CymiecTByOT pasHble METO/bI OIEHKU KadecTBa. DBIBAIOT KaK OIEHKH CTATHIHBIX N300~
paskKeHuii, TaK M ONEHKM BUJIeO0. BoJblrast 9acTh MeTo10B paboraer ¢ sproctsivu (90 %).
OcrabHble paboTaIOT ¢ OIEHKOM I[BETHOCTH.

Bce meTonpr sieniares Ha jiBe O60JIbIie TPYIIIbL:
([ ] O6’beKTI/IBHbIe, 9TO IIOBTOpAEMbI€ METO/bI.

® Cy6%eKTI/IBHbIe I 3KCIIEPTHBIE, TPEACKa3yEeMOCTDb 9TUX METOJ0B CTpa/lacT.

OjiHa u3 cepbe3HbIX MPOOJIEM MAITUHHONW IpadUKu 3aK/II09aeTCAd B TOM, 9TO JIO CHX 110D
He HaliJIeH aJIeKBATHBII KPUTEPHil ONEHKN MOTEePh Ka9ecTBa N300PAKEHU.

PazpaboTunkam MeTO0B CxKaTHs N300PaKEHUl ¢ YaCTUIHON 1oTepeil nndopMaun Heob-
XOJUMBI CTAH/IAPTHBIE METPUKH JIJIsi U3MEPEHUsI PACXOXKJICHUST BOCCTAHOBJICHHBIX M300pa-
JKEHUI M UCXOJIHBIX M300pazkeHuii. Yem OJiMzKe BOCCTAHOBJIEHHBIN 00Opa3 K HMCXOJIHOMY,
TeMm GOJIbIe JIOJIKHA ObITH 9Ta MeTpHKa (ee yI0OHO HAa3bIBATH «METPHUKON CXOICTBAY ).
DTa MeTpuKa JIOJKHA OBITH Oe3pa3MEpPHON U He CJIUINKOM IYBCTBUTEIHLHONW K MAJIBIM 13-
MEHEHUSIM BOCCTAHABINBACMOro n300pazkenus |9).

O6bekTuBHbIC OIICHKU ABJIAIOTCA C O,ZLHOfI CTOPOHBI 0oJiee TOYHLIMU U IIpaBUJILHBIMHU, HO
C ,D;pyr‘OfI X IoKa3aTeJn TO2KE He ABJIAIOTCA nAcaJIbHBIMU B IIPUKJIaJIHOM CMBICJIC.

JIydrme Bcero morepu KadecTBa M300parKeHWT MOTYT OIEHUTH SKCIIEPTHI.
B »Toit pabore MbI OyJieM paccMaTpuBaTh METOIbI:
e 3HAUEHUE METPUKH SUp(z — ), TJe T U i — MUKCEN UCXOJHOTO M CZKATOIO KaJIPOB;
® 3HAYECHHE MATEMaTHIECKOIO OKHUJAHUE PA3HOCTU KaPOB;

e 3nadenne merpuku PSNR.

1.3.1. MeTtpuka sup(x — y)

Jlannast METPUKA BLIYUC/ISET IOMUKCEJBHYIO PA3HOCTh JBYX H300PaKEHUil U HAXOIUT
MaKCUMyM U3 3Tux 3HadeHuil. [Ipu Bceil cBoeil mpocToTe oHa KpaiiHe YyBCTBUTEIbHA K
OMEHUIO OT/IE/TbHBIX MUKCEJIOB. 10 eCTh BO BeeM M300paKEeHUU MOXKET CYIIECTBEHHO W3-
MEHHUTbCS TOJLKO 3HAYEHHe OJTHOTO IMHUKCesIa (d4TO MPaKTUIeCKH He3aMeTHO JIsl Tya3a),
OJTHAKO COTJIACHO 9TO Mepe n3o0pazkeHue OyJAeT CHILHO UCIIOPYEHO.

SHacTombKo 60MIBINOe, TTO HCXOAHOTO BHIEO MOPOI IIPOCTO He BHIHO.
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JlocTouncrna:

® IIPOCTOTa TTOHUMAHUS;
® IIPOCTOTA peaM3aIliu;

® MOZKHO HCIIOJIB30BaThb AJId HaXOXKICHMA MaKCHUMaJIbHBIX pa3J'II/I‘II/II71;

HenocraTok — 4yBCTBUTE/IBLHOCTD K «INTYYHBIM» apTedakTaM.

1.3.2. MaTtemaTtundeckoe oxxngaHme pa3HoCTU

OcuHosHaga njiaed METPUKHU — BBIYHUCJINTL HEKOTOPOE€ yCpeJHEHHOE 3Ha4YC€HHE IuKceJein n
CpaBHUTDL HUX.

M, N— pasmepHOCTH
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Ha KapTHUHKE IIPUBEIECHO JIBa HT%()(/)I)H}K(‘HH‘J. Onm «mourn» He OTIIMYAIOTCH.

(),‘lll‘(ll\'(,) ilp’l'(,‘(l)‘(ll\"l' (l\'(,)'l'(,)l,)l)lf"l B 9TOM CJIy4da€ BB€/ICcH Il(,fl\"\'(,‘("l'll(,‘llll(,)) BUJICH OT-
9EeTJINBO. (),Lll&ll\'() METPpHKa PEIINUT, 9TO Ilf}()()l’)zl“/l((‘llll(‘ N3MCEHUNJIOCH HE CUJIBHO.

HocrouncTia:
® He YyBCTBUTE/JbHA K «IITYYHBIM» apTedakTaM.
Henocrarku:

® HE YyBCTBUTEJ/IbHA K 3aMETHBIM apTe(baKTaM;
® YYyBCTBUTEJ/IbHaA K o61ueMy HU3MEHEHUIO APKOCTH,

® e OTpazxKaeT Cy6’b€KTI/IBHbIX OIICHOK.

1.3.3. PSNR

MeTpuKa KOTOpYIO ceifdac 9acTo MCHOIb3yIOT Ha MPAKTUKe, HA3bIBAETCS MEepOil OTHOIIe-
rust currada K mymy (PSNR — Peak Signal to Noice Ratio):

MAX -M-N
PSNR = d(z,y) = 20log,,
> @iy —yiy)?
i=1,7=1

o MAX — nuk curnaja, Jjisi IOJIyTOHOBBIX M300pazkeHuit 310 255;

e M, N — pa3MepHOCTH.
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Bricokoe snauenne PSNR o3HauaeT onpegeeHHY 0 CX0KECTh PEKOHCTPYHPOBAHHOIO 1 HC-
XOTHOTO M300parKeHnit, HO OHO He JIAeT TAPAHTUIO TOTO, 9TO 3PUTEJTIO0 IIOHPABUTCS BOCCTA~
HOBJIEHHBIN 00pa3. lannas merpuka (haKTUIECKH JIUIICHA T€X MUHYCOB, KOTOPbIE OBLIH
CBOMCTBEHHBI ABYM TpeapaynmM. Ho HapuMep ciemyomume 2 n300paskeHus COBEPIIIEHHO
HE Pas/IMduMbl Ha IJia3. A JiyId MEeTPUKU OHHM Oy/yT COBEPIIEHHO Pa3IMIHBIME, TaK KakK
BTOpPOE M300parkKeHue sipye.

I |

[Ipasma, mocse mosiBjieHus apredaKkToOB THIIA «CHET'» HJIN II0JIOC METPHKa IOKaXKeT 4TO
n300parkKeHus OTJIMIAI0TCA 3HAYUTEIbHO. A 1MOm00HBIE apTedaKThl JOCTATOYHO XOPOIIO
BUJIHBI JIJI TJI1a3a.

JlocTouncrna:
® He YYBCTBUTE/IbHA K «IITYYHBIM» apTedaKTaM;
® UYBCTBUTEIbHA 3aMETHBIM apredaKkTaM.
Henocrarku:
® YyBCTBUTEJbHA K OOIIEMY M3MEHEHUIO SPKOCTH;
® He OTpaykaeT CyObeKTUBHBIX OIEHOK.

[Ipo 3Ty MeTpuKy MOXKHO TakK K€ CKa3aTh, YTO U300paKeHWs OYIyT NMPU3HAHBI 3HAYUU-
TEJILHO OTIMYAIONTUMHUCS €CJIA CKATOEe MMeeT MHOYKECTBEHHbIe apTedaKThl BHE 30HbI BHU-
MaHus dKcrepra. Hampumep, o kpasm. C dpopMaIbHOM TOYKT 3pEHUsT U MPU JIeTaJIbHOM
paccMOTpeHnN, n300pazkKeHus JIefiCTBUTEILHO OyIyT CHIBHO oTyimdaThbes. [Ipum orenke,
9KCIEPTHI 9TOT (aKT BCero ckopee He 3amersT. [Ipu HepaBHOMEpHOI SIpKOCTH (3aTyXaHIe
K KpasiM) CHUTYaIs OyIeT aHAJOMHIHOI.

Mepa PSNR mo cyTun, anajmormdia cpeHeKBaIpaTHIHOMY OTKJIOHEHUIO, OJI-
HaKO TI0JTb30BaTbCs €l HECKOJIBKO y/I00Hee 3a CUeT JIOrapudMUIecKOro Mac-
mrada MmKaJabl. il mpucymm Te ke HeJJ0CTaTKN, YTO U CPEeIHEKBAIPATHIHOMY

OTKJIOHEHUIO.
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1.3.4. KoHTeKcTHble MmeToabl

Tax ke ere cyIecTByeT OOJIBIIOE YUCJIO JPYTUX METOI0B OO bEKTUBHOM OIEHKN KadeCcTBa.
Nx paccmoTpenne BBIXOAUT 3a PAMKHU JAHHON PabOThl, HO MbI TYT UX IIEPEUTUCIIIM.

1) Just-noticeable difference (JND) — meros eiBa 3aMeTHBI pa3uduii.
2) Perceptual Distortion Metric (PDM) — meTprka BOCHIPHUHUMAEMbBIX HCKAYKEHUIH.

3) Structural similarity (SSIM) — meTpuKka cTpyKTYpHOTO CXOJICTBA.

OTU METPUKH, IIBITAIOTCS JIydIlle TPOaHAJIM3UPOBATH OTINYNsI, HO TPAIUIMOHHO B 0OJIh-
IIIHCTBE ciaydaeB ucnosb3yercd umeHHo PSNR. Beero ckopee 310 cBsizaHO ¢ TeMm, 9TO
peau3aliisgd KOHTEKCTHBIX METOJI0OB OUYeHb CJIOXKHA caMma 110 cebe.
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1.4. CyObeKkTnBHble MeTObl OLEHKN
KayecTBa

YacTo mpu oreHKe, BbIHYKJIEHBI PA0OTaTh ¢ CyOLEKTUBHBIMU METOJaMU, UOO «IeTOBEK
Mepa BCeX Belei».

CyObeKTUBHBIE METOJIbI:

® [IIKaJla JerpaJdallii C IBYM:I CTI/IMyJIaMI/I7;

e HelpepbIBHAs OIEHKA KAYeCTBa ¢ OJHUM CTHUMYJIOM;
® 1I0IIApHOE CpaBHEHUE.

TpeboBanus K KcIIEpTAM:
e pasMmep rpynnsl oT 4 1o 40;

® 00UHAK0BAA OCTPOTA 3PEHUSI U HOPMAALHOE TTBETOBOCIIPUATHE;

® SKCIIEPTHI He JOJIKHBI OBITH IpodeccuonasaMu B 001aCTH OIEHKU KadecTBa.

1.4.1. Ulkana gerpagaunn c ABymMsi CTuMysiamMmu

Bynem Ha3bIBATH CTUMYJIOM CaM UCXOIHBIN BUICO-POJIHK. B 9TOM MeTO[e yIaCTHUKHU IIPO-
CMaTPHUBAIOT STAJOHHYIO CIIEHY, & 3aTeM Ty »Ke CIIEHY IOC/Ie ee 00pabOTKU B TECTUPYEMOit
CHCTEME.

Kazkiplit y9acTHUK OIEHUBAET JIErPaIalliio M300paskeHus CIeHbI ocje 00pabOTKM. O/I-
HIM YUCJIOM IO IATHOAILHON IIKaJIe:

e 1 — oueHb pa3aparkaer;
e 2 — pazJparkaer;

e J — cJleTKa pas3/IparkaeT;

4 — 3aMeTHO He pa3apazKaeT,

e 5 — He pa3IparKaer.

Bajibl BbICTABIISIIOTCS JIjIsI HEKOTOPOI'O KOJIMYECTBa PA3JUYIHBIX clleH. TyT BasKHO 10-
cMaTpUBaTh CIEHBI /10 KOHIa. VI mpu mokasze HECKOJIBKUX BapUAHTOB OIHOI'O U TOIO Ke
POJIMKa — BaXKHO Iepe/T KaxKIbIM IOKa30M CKaToro daiijaa moka3aTb OPUTHHAI.

"Double Stimulus Impairment Scale — DSIS.
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1.4.2. HenpepbiBHasa oueHka KaydecTBa C OAHUM
CTUMY/IOM

Sputesb HEIPEPHIBHO OIIEHUBAET OJIHY TeJIEIPOrpaMMy JIIUTeIbHOCThIO 10-20 MUHYT, a He
CepHI0 TECTOBBIX CIIeH. 3pUTEIbHbIe PEHTUHIN 3AIMCHIBAIOTCS HECKOJBKO Pa3 B MUHYTY.
B sTom meTojie 3puTesib BUIUT TOJIBKO CXKATBI POJIUK.

1.4.3. NonapHoe cpaBHeHuUe

Ha skpane ojHoBpemMeHHo, JiBa cTuMmyJ/ia. [Iapbl co3paioTes myTeM BCeBO3MOXKHONW KOMOU-
HallUU U3 3TAJIOHA U TECTUPYEMBIX METOJIOB.

Hamnpuwmep, eciim A — ucxonnsiit, B, C' — TecTupyeMblii pOJUKU, TO Taphl Oy-

nyt: AB, BC', CB, BA, AC, CA u T.1.

[Ipu sTOM, 9KCHEpPTY HE COOOIAeTCA KaKoil M3 POJIMKOB dTajoH. [lapbl J0/KHBI pa3me-
marTbesa Ha cepoM ¢one (rgb: 0.5,0.5,0.5).
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2. BbluncnmnrtenbHas 4acTtb

[lepsblit kKaIp TpejcTaB/ser coboit TUTPHI Ha (oHe Top, Heba u «Mmdcay ... Bropoit —
3aBHCAHIE OKOJIO JIEPEBhEB ¢ MOHTUPOBAHHBIM BHIe0. T'peruii Kajip — dparMmeHT ObICTPO-
ro JIBUXKEHUA C MEJIKUMU JleTajasaMu. Pasperienne BCero BUJIEO, U, COOTBETCTBEHHO, BCEX
ero KajpoB — 720 x 480. Bceero Bujeo nacunrbiBaeT — 2046 Kajapon. /g oObeKTUBHO#
OIIEHKM KadveCTBa MCIIOJIb30BaJIach mporpaMma Impartial Assessment. Koropas O3BOJIsIET
AHAJIM3UPOBATD C2KAThIE KAJIPhI:

e Supremum (cynpeMyM MOJLyJIEll PA3HOCTU APKOCTENH COOTBETCTBYIOIIAX HHKceﬂeﬁ),

e PSNR (peak signal to noise ratio/mmkoBoe OTHOIIEHIE CUTHAJIA K IIIYMY, H3MEPSIeTCs
B 1B),

e Average of distribution (MaTemarndeckoe oKuJlaHIEe PA3HOCTEI]).

Jlasiee IpuBeIeHBI TUCTOIPAMMBI IPKOCTEH KaapoB. Mbl ocTtaBu/in 371eCh MHOTO CBODO/I-
HOI'O MeCTa, YTOOBI KaJIp M €ro T'MCTOrpaMMBbl OBLJIM Ha, OJIHOW CTaHWUIIE.
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2.1. 'nctorpammsbl sspkocTeii

2.1.1. Kagp 0055
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2.1.3. Kagp 1316
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2.2. CyObeKTuBHbIe OLEHKMU

Bruio npoBejieHo uccae0BaHus 10 TIKaJIe Jerpaialiud ¢ IByMs CTUMYyaMu. B kadecTse
UCIBITYEMBIX OBLIN BBIOPAHBI 6 yIACTHUKOB. DBIIO MPOBEICHO JIBa Talla SKCIIEPUMEHTA.

DKCIEPUMEHTBI OTJINYAIOTCS MEXK/Ly CODOM CTeleHblo CxKaTusl BHjeo. PasMep opuruHasa
~ 2 10.

2.2.1. Hn3kasa creneHb cxaTtus

Huke npusenena tabiauiia i HU3KUX cTeleHeil cxkaTus. VI Hee MOXKHO 3aK/IOYHUTh,
YTO B 3aBUCUMOCTH OT KOJEKOB MHEHUS SKCIIEPTOB PA3HATCS He CUJIbHO. B mepBoii cTpoke
IIpUBEIEHA CTelleHb CXKaTHs B KOJIMYECTBE Pa3 IO CPABHEHUIO C OPUTMHAJIOM.

Ucnbityemble | Cinepak | Indeo5 | DivX | CpegHee
Pasmep 158 M6 | 151 M6 | 102 M6 +—
CxaTre (pas) 12 13 19 —
Ly 5 5 5 5

Lo 5 4 5 4.6

4 5 5 5 5

Cy 4 5 5 4.6

Cs 5 5 5 5

Cy 3 5 5 4.33
CpegnHee 45 4.83 5 +—

DivX ucrionb3oBajicd JABYXITPOXOIHBIN.

PeSyJH)TaTI)I 9TOI'0 TeCTUPOBaHUA HaC HE YAOBJIETBOPUJINA. Mge1 peuinjin yBeJIM9IUT CTeIlIeHb
CKaTud 1 IIPpOBECTU elle OJHO HMCCJIeJOBaHue.

2.2.2. Bbicokasa cTeneHb cxaTtuns

Ncnbityemblie | Cinepak | Indeo5 | DivX | CpegHee
Pasmep 158 M6 | 43.5 M6 | 38.3 M6 —
Cxatne 12 45 52 —

Ly 4 3 2 3
Lo 4 3 2 3
C, 5 4 3 7
Cy 4 4 3 3.6
Cs 5 4 3 4
Cy 3 3 3 3
CpegHee 4.16 3.5 2.6 —

DivX ucriosib3oBaJjicst 0HOIPOXOIHbIIM
¢ OOJIBIIMM PACCTOSTHUEM MeXKTy OIMOPHBIMU KaPaMHU.

Bce nocieytomnue oreparuu OyIyT TPOBOAUTHCA UCKJIIOYUTETHLHO CO PE3YyIbTaTaMu BTO-
POro SKCIIEPUMEHTA.
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2.3. ObbeKTUBHbIE OLEHKWN

2.3.1. Cinepak

Kazp 0055 — ynmHeitnasg pa3HoCTb:

5 _\J':
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| 5 U8-BD8 sfuvavusd, :

Kanp 0746 — ysmmneitnas pa3HoCTb:
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Kanp 1316 — ymmneitnas pa3HoCTb:

Kanp | sup(z —y) M PSNR

0055 o4 0.00863425925925926 | 37.3228044228198
0746 32 -0.234609375 40.0566925274575
1316 42 0.0629398148148148 | 36.022758718987
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['pacdukn st EPBBHIX 5D KaJIPOB:

sup(z — y) :
122
B1,3
an,?
o 5,6 11,1 16,7 22,2 27,8 33,3 3B,5 44,4 50 55,6
PaSHOCTb OIICHOK MATOXKUJaHWA :
0,12
0,1 M
’ AN
o o 2,6 11,1 IE,TT 22, 2 25{,5 V3-3,3 38,9 44 .4 a0 25,6
-0,1
—-0,1X
PSNR :
wel| " ™v~orn
29,7
14,9
o 16,7 22,2 27,8 33,3 38,9 44,4 50 55,6

11,1
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2.3.2. Indeob

Kanp 0055 — nuneitnas pasHocThb:
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Kanp 1316 — ymmneitnas pa3HoCTb:

Kazp | sup(z — y) M PSNR

0055 75 -0.415740740740741 | 33.1420663954279
0746 93 -0.878211805555556 | 33.7413058522762
1316 64 -0.303232060185185 | 30.4368685693292
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['pacdukn st IEPBBHIX 5O KaJIPOB.

sup(z — y) :

181

120,71

60,3

5,6

11,1

16,7

23,2

Pasnoctn OIICHOK MAaTOXKUIJaHWA :

0, 19
0,3
0,2

27,8

a3 a3

ap, s

14,4

sD

1
-n,2
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—n_ao

PSNR :
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27,8
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2.3.3. DivX

Kanp 0055 — nuneitnas pasHocThb:
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Kanp 1316 — ymmneitnas pa3HoCTb:

Kamp | sup(z —y) M PSNR

0055 76 1.94266203703704 | 32.5942752164356
0746 36 0.212928240740741 | 36.3399041397657
1316 23 1.4008130787037 | 30.3073339805564
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['pacdukn st EPBBHIX 5D KaJIPOB:

sup(x —
125
B3,3

11,7

y)

5,6 11,1 16,7 22,2 27,8 33,3 3@,5 44,4 5P

Pasnoctn OIICHOK MAaTOXKUIJaHWA :

Z, 04
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o7

\M

1
=0n,7?

-1,4

11,1 16,7 22,2 27,B 33,3 2B,5 44,4 50

=2.na

28,9
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| -

11,1 16,7 22,2 27,8 33,3 38,% 44,4 5D
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2.4. ConocTaBsieHne

2.4.1. ConocTaBJ/ieHne oueHOoK

Ecan conocraBuTh 0OObEKTUBHBIE U CYOBEKTUBHBIE METOJbI OIEHKM, TO MOYKHO HIPHUITH K
BeCbMa ITPOTUBOPEYUBBLIM pe3yJsibTaTaM. Mbl 3HaeM, KaK MPUMEPHO JIOJI?KEH BBITISICTD
rpaduk cornocrapierns PSNR n cyObekTuBHBIX OmeHOK. OH HOJIZKeH MPUIePKUBATHCS
OIleHKaM TPUMEPHO CJIETYIOTIHM.

PSNR | Omneunka
20 1

Q

w
@]
w

ot
W

ERERERY

| o
(@)}
(@)}

[Tpuuem, npu PSNR = 45 1B, Bujeo cunraercss HEOTIMINMBIM OT opurntaJja. Ho mposes
COTIOCTABJIEHHE TOJILKO 110 TPEM TE€CTOBBIM KaJIpaM Mbl TOJTYIMIN:

PSNR -~ cyOheKTHEHOS KatdecTBO
4.5 T T T T

cy ObEKTHBHOE Ka'lecTBo
L] fa ] f— e [ [ ) fut ] <2
. - - - - s

|
22 33 3 35 36 a7
PSNR

Ouenus («ua ria3») PSNR s nepBbix 55 KaJIpoB MOXKHO HOJIYYUTH CJIEYIOIIEe.
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PSNR -~ cybeKTHRHOE KalecTBo

cy O'bEKTHBHOE KauecTBo

DTOT pe3ysbTaT O0JIbIIe ITOX0XK Ha IpaBiy. Becero ckopee eciii MpoBeCTH COIIOCTABJIEHHE
JIJIsT BCETO BHJIEOPSIa, TO OHO OyjeT 0oJjiee COOTBETCTBOBATHL TAOJIMIIE BHIIIIE.

«JIyammmy» KomekoM TyT okazasicss Cinepak, a «xymmmum» — DivX. Yto coBnajaer c
cyobekTuBHbIMU OrleHKamu. Ho eme pas obparure Bunmanue, uro Cinepak cxkas ncxoji-
ublit daitst B 12 pas, a DivX B 52 paza.

Boob1rie roBopsi, Takoe pacxoxKIeHue I TPpeX KaJpoB MOXKHO O0bSICHUTH MTPUINHAMMT:

® MaJlad BI)I60pKa UCIIbITYEMBIX U UX MHAWBUYAJIbHbIC OCO6€HHOCTI/I;
® BCIIJIECKH XapaKTEPpUCTHUK JJId OTIACJIbHBIX KaJpPOB;

® HETOYHOCTSAMHE (M ONMOKAMM) JIOMYIIEHHBIMI B XOJIe 9KCIIEPUMEHTA.,

[IepBoe u mocyeaHee 3/1eCh MBI pacCMaTPUBATL HE OY/IEM.
XOTsI OTPUIIATH 9TH MONPABKU HEJIb3SI.
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Huzxe mpuBOINTCsT JTUCTUHT IPOIPAMMBI € TIOMOIIBIO KOTOPOH MBI CTPOUIN TpadUKH.

1 #! /usr/bin/env python
2 # -*- coding: utf-8 -*-
3
4 import pylab
5 from config import *
6 def draw(points):
7 keys = points.keys()
8 values = points.values()
9 dim = len(keys)
10 w=20.5
11 dimw = w / dim
12 f1l = pylab.figure()
13 pylab.plot(keys, values, 'g--')
14 pylab.bar(keys, values, dimw, bottom=0.001)
15 pylab.plot(keys, values, 'ro',)
16 pylab.grid()
17 pylab.legend(loc='best")
18 pylab.xlabel (u" PSNR", fontsize=16)
19 pylab.ylabel (ur" cybrexrturHoe xadecteo", fontsize=16)
20 pylab.title(u"PSNR - cyObexkTuBHOE KadecTBO")
21 fl.savefig(GUI['picture-file'])
22 if (True == GUI['show']):
23 pylab.show()
24 if(__name == " main_ ")
25 impartial = {
26 'cinepak' s (37.3228044228198 + 40.0566925274575 + 36.022758718987) [/ 3,
27 "indeo5' ¢ (33.1420663954279 + 33.7413058522762 + 30.4368685693292) / 3,
28 'divx' ¢ (32.5942752164356 + 36.3399041397657 + 30.3073339805564) / 3
29 }
30 subjective = {
31 'cinepak' : 4.16,
32 'indeo5' : 3.5,
33 'divx' 2 2.6
34 }
35 impartial_avg = {
36 'cinepak' s 40.0,
37 'indeo5' : 35.0,
38 'divx' ¢ 30.0
39 }
40 draw({
41 impartial['cinepak'] : subjectivel'cinepak'l],
42 impartial['indeo5'] : subjective['indeo5'],
43 impartial['divx'] : subjectivel['divx']
44 })
45 draw ({
46 impartial_avgl['cinepak']l : subjectivel'cinepak'],
47 impartial_avg['indeo5'] : subjectivel['indeo5'],
48 impartial_avg['divx'] : subjectivel['divx']
49 })
50
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2.4.2. ConocTtaBneHne KogekoB

Huzke erme pas npuBeaenbl rpaduKi 1 TaOJIUIBL JIJISI COIIOCTABIEHNS 110 KOJIEKaM.

sup (x-y)
Cinepak:
122
B1,3
10,7
o 5,6 11,1 16,7 22,2 21,8 33,3 38,% 44,4 5D 55,6
Indeob:
11
120, 7
60,3
o 5,6 11,1 16,7 22,2 ZI,8 33,3 38,9 44,4 5D 55,6
DivX:
125
B3, 3
11,7
0 5,6 11,1 16,7 22,2 27,8 33,3 38,9 44,4 50 55,6
Tabsuiia 1719 Tpex OTOOPAHHBIX KaJIPOB:
Kaap | Onucanne Cinapak | Indeo5 | DivX
0055 | TUTpHI 54 75 76
0746 | 3aMejIeHHBIIT KPYIHBIN IIJIaH 32 23 36
1316 | ObIcTpOE JIBUKEHUE, MEJIKHE JIeTasIn 42 64 53
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Pa3HoCTb oueHOK MaToXuagaHusi

Cinepak:

0,12
0,1
1]

1]
0

-n,1

M/\,m/\w

5,6 11,1 16,7 22, aa,3 3@,% 44,4 50 55,6

0,12

Indeob:

0, 49
0,3
0,2

D
-n,2

-n,3

—n_a9

DivX:

2,04
1,4
0,7

, 6 11,1 16, ; B s - 14,4 5D 55,6

W

D
-n,7?

-1,4

L 11,1 1e,7 22,2 27, 23,3 3B,% 44,4 5D 25,6

=2._na

Tabsuia 119 Tpex OTOOPAHHBIX KaJIPOB:

Kaap | Onucanne Cinapak | Indeob | DivX
0055 | TuTph 0.0086 | -0.4157 | 1.9426
0746 | 3aMe iJIeHHBIIT KPYTIHBI TIJ1aH -0.2346 | -0.8782 | 0.2129
1316 | O6wIcTpOE JIBUKEHUE, MEJIKHE JIeTasIn 0.0629 | -0.3032 | 1.4008
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PSNR
Cinepak:
44, 6
29,7

14,9

es==—=—=—-—-r-——=t—=°-—-=t—°=

Indeob:

4n,9sbf“uhﬁ_ﬁh_5__h_ﬂ’_h_

21,3

13,7

5,6 11,1 16,7 22,2 27,B 33,3 3p,9 44,4 5D 55,6

5,6 11,1 16,7 22,2 27,8 33,1 38,9 44,4 5D 55,6

DivX:

43,31

28,9

14,4

TN S Y R e P M A

5,6 11,1 16,7 22,2 27,8 33,1 38,9 44,4 5D 55,6

Tabsuia 119 Tpex OTOOPAHHBIX KaJIPOB:

Kajp | Onucanne Cinapak | Indeo5 | DivX
0055 | TUTpHI 37.32 33.14 | 32.59
0746 | 3aMejIeHHBIIT KPYIHBIN IIJIaH 40.05 33.74 | 36.33
1316 | 6wicTpoe jBUKeHUE, MejKkue jeraan | 36.02 30.43 | 30.30
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3. AHannTmnyeckKast 4acrtb

Kaxk 6b1710 cka3zaHo Bbillie, IpU cpaBHEHUU CyObeKTUBHBIX OorleHOK ¢ PSNR, m1s BeiOpan-
HBIX TPEX KaJIpOB COBIAJICHUSA He HaOJIIOMAeTCs, HO JIJIT PACCMOTPEHHBIX MEPBBIX ) KaJl-
POB, IIPU HEKOTOPOM TIPUOJINZKEHNN, MOYKHO TOBOPHUTH O coBOaieHNN. B ob1iem cirydae
COBIAJICHUA MOXKeT He ObIThS. [IpoBejieM CooCTaBUTEIbHBIN aHaIn3 Pe3yIbTaTOB 00heK-
TUBHBIX U CYObEKTUBHBIX OIEHOK 10 KaXKJIOMY KOJIEKY.

3.1. Cinepak

B nepByto odepejib uCHbITYeMble OOpalliajl BHEMaHUE Ha IIEBEJIAIIYIOCS «CEeTOUKY» Ha
rpaHuI@ax ¢ mepexojgamu mperoB. CeTouka CBs3aHa ¢ BEKTOPHONW KBaHTH3AIIMEH HCIIOIb-
gyemoii B Kojieke. [lleBeslenne — ¢ BpeMeHHBIM KBaHTOBaHMEM. TOJBKO JIBa SKCIIEPTA 3a-
MeTmwn, uTo B Cinepak mcrob3yercss HaOOp IIBETOB, OTJIMYHBIN OT OpUTrHHAILHOTO. YTO
KacaeTcss OOLEKTUBHBIX OIEHOK, TO JIEHCTBUTENIHLHO KOJIEK XY2Ke BCero cedsi MPOsSBUJI Ha
KaJIpe ¢ TeKCTOM. TeKCcT Ha W/LIIOCTpalluy ¢ WLIIOCTPAIUEil JTUHEHHON pa3HOCTU BHUJIEH
OTYETJINBO, 3TO cBsA3aHOo ¢ Ookamu Cinepak. I'pannipr 6710KOB He 00sI3aTEIBHO TOJIZKHBI
MOITA/IATh HA TPAHUIBI 0OBEKTOB — 371eCh, TEKCTa, [IOTOMY I'DAHHIIA CMAa3bIBAETCS.

Tenepb paccMOTpUM TIOJTyYeHHBbIE 3HAYUMBbIE YUCJ/IEHHBIE JlaHnble. [Ipu mpodrenun 3to-
ro pasjejia peKOMEH/IyeTCs IMeTh Tepe]i riasamu rpadukn n3 pasjera «OO0beKTUBHbBIE
OIICHKM ».

3.1.1. sup

sup(x — y) 3HAYUTETHLHO U3MEHSIETCsI, IIPUIEM JIOCTATOYHO CJIOXKHO MPEJICKA3aTh €ro I1o0-
BeJIeHNEe. DTO TOBOPUT O TOM, YTO MMEETCH 3HAUYUTETbHOE YHCJIO MEJIKUX apTedakToB
npeJie/ibHasg APKOCTh KOTOPBIX MEHAETCd OT Kajpa K Kajpy. Kciam cyiuTh 0 10 1epBbIM
55 KaJIpoB, TO MeTpHKa HUKOT/Ia He CHUXKAETC JI0 HyJIs U «cKaders B npegere [40, 122].
Bcero ckopee 1o00Has KapTrHa HabJIIOHaeTCs 110 BeeMy poJiuky. [Ipuanna — 610km 4 X 4
1 BpeMeHHOe KBaHTOBaHue. Ha paccMOTpeHHBIX TpeX KaIpoB 3HAUEHUS He sIBJISTIOTCHA MaK-
CUMAJILHBIMU WX 3HAYEHUS [IPUBEJICHBI B TAOJIHUIIE.

3.1.2. Pa3HOCTb OLEHOK MaTOXUAaHuns

Maroxuanue U3MEHSeTCss B MaJIbIX IIPejesiaX U 9TO IOBOPUT, O TOM, UTO SIDKOCTH KO-
JIeK ¥ MeHsieT KapJMHaJIbHBIM o0pa3oM. MaJibie KosiedaHust SPKOCTA MOYKET OBbITh TaK »Ke
o0bsICHEHa OJIOYHOCTBIO U OKpyTyieHueM. [[o oTpuriare IbHbIM 3HAUEHUSAM MOYKHO CYJIUTDH O
TOM, YTO apTedakThl He TOJbKO OCBETJIAIOT KaJIip, HO U B HEKOTOPBIX CJIyYasixX 3aTEMHSET,
HO 3HaYeHUsI HACTOJIBKO MaJjble, 9TO BCEr'o CKopee He HaJI0 Ha TO 0OpaIlaTh BHUMAaHUS.

8]:[pI/ILII/IHbI 3TOr0 CKa3aHbI BhIe. Eciau He OY€eBHUOHO, TO €CTh AB€ OCHOBHbLIEC ITPUYINHDBI
® MaJlasd BI:I60pKa HUCHBITYEMBIX U UX UWHIWBUAYAJIbHBIC OCO66HHOCTI/I;

® HCIOCTAaTKU METPUKU PSNR, HallpUMep 9yYBCTBUTEJIBHOCTDH K O6H_[el\/ly U3MEHEHUIO APKOCTHU.
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3.1.3. PSNR

Ecim paccMoTpeTh 10C/1€/10BaTeIbHOCTD IEPBBIX D) KaPOB, TO YPOBEHD JEPXKUTCS B paii-
oue 40. B mannom ciydae orenka BecbMa 0JiM3Ka K CyOLEKTUBHBIM, HO B ODIIEM CJIydae
9TOT0 MOKeT He ObITh. Kak mbr nucasu Boiie, PSNR umeer psi nemocrarkon. [Ipu mc-
MOJTb30BAHUE ITOTO KOJIEKA, BPSAJ JIU 9TO HEJOCTATKU CMOTYT ceOs MPOSIBUTDL, T.K. 00IIas
SIPKOCTh B JJAHHOM CJIy9ae KoJiehIeTcsl He3HAUYUTETHHO, & IIOTEPU MPOSABJISIOT cebsl paBHO-
MEPHO IO BCEMY KaJIpy.

3.2. Indeob

[l1st 3TOrO KOJIeKa OBLIO 3aMeYUeHO JIErKOe IIeBesieHe OObEKTOB B CIIEHAX C OBICTPLIM JIBH-
KeHueM — «iecodeky. OJIMH U3 9KCIEPTOB OXapaKTEePU30BaJI ITO KAK PA3MBITOCTL CIIE-
ubl. B jannom ciydae kauip 1316 kak pa3 u sBisgercd takuM. Ha Kajipe MHOTO 06bEKTOB,
IpUYeM He OYeHb MHOTO TIJIABHBIX I1epeXoJIoB. Pe3kue TeHu KaMmHell U JIUCTBBI JIEPEBHEB
peTepreaTn HanboIbIINe M3MeHEeHUs.

I'I'l'()61)l CyAUTb O PE3KOCTHU IIEPEXO/JO0B B 9TOM KaJAp€, COBCEM HE (,)6‘/{3'({1'6','[1)110
BHUJIETH caM KaIp. /locrarodno, 3HaTh ero 2ucmozpammy aprocmed. He Tpyano
3aMeTUTh, 9TO Ha ypoBHAX siprocTH [40, 80] ecTh 3HAUMTETHHO YUCIO0 HEPABHO-
MEPHBIX BCIJIECKOB YMCJa MUKCEJEH ¢ OTHON IPKOCTHIO, HO YHUCJIO TTUKCEJIel ¢
OUBKUMUI SIPKOCTSAMU IIJI000PA3HO U3MEHSIETCA. ITO MOYKET TOBOPHUTH O DOJIh-
[IIOM YHCJIE OTHOCHUJIbHO PE3KUX IIEPEXOTI0B CT'I‘pOl'O CyIUTb HEJIb34d, HO MOZKHO
BBIJIBUHYTH MTPEJIIOJOXKEHNE, KOTOPOe B HAIEM CJIydae MOJITBEPKIAeTCS.

D10 X0poro BuHO Ha juHeiHoi pasHoctu. [loromy PSNR mist sToro xkajapa Taxoit Hus-
kuit. Ecn paccmarpuBaTh 9TOT KaJIp, TO JIETKO YBUJIETH «JIECTHUIHBIN 3hderTs. Dd-
dexT Takxke BuIHO W s Kajpa 0746. Cpenu mpounx KojaekoB Indeob mcmopTus 3ToT
KaJIp cuiabHee. TyT He TaKk MHOTO MeJIKUX JeTasieil, HO BeCbMa MHOI'O Pe3KUX rpaHui,. 71
JIyMalo, B JJAHHOM CJIydae, 9TO OTYACTU 3aKOHOMEPHO, & OTYaCTU BUHOBeH u Kajp. HyxkmHo
3aMETUTD, YTO YUUTBIBASI, 2UCTNOZPDAMMY APKOCMET STOT KAJIPp — OYeHb TEMHBIH (cambre
CBeTJIblE MKCETH HAaXOJsTcst B paiione 80 u ux majoe 4ucyo). 1 to uro on 6bL1 cuiib-
HO HCIIOPYEH TOBOPUT, O TOM, UTO KOJEK OCBeT/IseT. A KaK W3BECTHO, TaKue IeperaIbl
SIPKOCTH SIBJIIOTCS CJIA0BIM MECTOM BEHBJIETOB.

3.2.1. sup

sup(x — y) 3HauUTEIHLHO U3MeHsteTcst. [Iiist mepBeIx 55 KaipoB OH MeHsieTcs B 6oJiee Mmpo-
KOM JIMara3oHe, HO JIOCTATOYHO IpeJickasyeMo. Ha mepsbix 12 Kajipax BCILIECK CBA3aH C
nosiBJieHueM TUTPOB U 3pderTamu epexoja OHU UMEIOT Pe3KUe IPAHUIIBI OTHOCUTETHHO
ocrabHOTO (poHa. VMeeT MecTo nposiBieHme JIeCTHUIHOTO 3ekTa ¢ He OUeHb OOJIBIITIM
IUCJIOM JIEBUAHTHBIX YIACTKOB. UTO TAKMX y9IaCTKOB HE MHOTO MOXKHO cyauTbh 0 PSNR.
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3.2.2. Pa3HOCTb OLEHOK MaTOXUAaHus

MaremaTrdeckoe OKujaHue B JAHHOM CJlydae HHUKe HyJsd. DTO O3HAYAET, UTO JAHHBII
KOJIEK OCBETJISIeT KaJIpbl Ha 3TOM ydacTku. [1omo0HbIi 93¢ deKT Bcero ckopee MOXKeT ObIThH
CBdA3aH C YaCTOTHBIM Pa3JIOXKEHUEM U OKpPYIVICHHEM 3HadeHUil, B pe3yjibrare 4ero HEeKO-
TOpbl€e TEMHbIC JCTaJIN TEPAIOTCA U IIOTOMY ITPOUCXOJUT OCBETJIECHHUE. OTKIIOHeHI/IH O4Y€Hb
HE3HAYUTEIbHBIC Ha JAHHOM, M MBI JIyMaeM, 9TO Ha HUX MOYKHO He oOpalaTb 0codOro
panManus. OHAKO TAKOTro pojia OCBeT/IeHne i TecHoro kKajpa 0746 crajgo Kpurude-
CKIIM.

3.2.3. PSNR

Kaxk mbr roBopunn panee, rpadpuk PSNR u3mensiercst odensb Me[JIEHHO W BBITVISIAT TJ1a/I-
k0. Ha 55 KaJIpoB ypOBEHb JIEPKUTCs B paiioHe 35 — HET CUJIbHBIX OTKJIOHEHU OT CyObek-
TUBHBIX OIEHOK. |'paduK BBIIVISIUT MOUYTH KaK IpsIMast JIMHHUS, 38 UCKJIIOYEHHEM BCILIEC-
Ka B cCaMOM HadJaJie, a 3aTeM MeJJIEHHOIO Clajia. BCeIieck ToBOpUT 0 TOM MOMEHTE, KOT/Ia
TUTPBHI Ha dKPaHe ellle He MOsIBUJIKChH, & CIaJ, O TOM YTO IPHU IOsIBJIEHNU TUTPOB HATAJI
MPOSIBJIATHCSA JIECTHUIHBIN 3 derT. OHAKO ero MposBIeHne, BBITVISIUT PAaBHOMEPHBIM.
DTO TOBOPUT O TOM, UTO 00IIee InC/I0 apTedakToB U UX yCPEeTHEHHBIN BKJIaJ[ HEe CUJIHHO
MEHSEeTCd OT KaJpa K KaJIpy.

3.3. DivX

Bruto 3amedeno:
1) 6109HOCTH — U3BECTHBI apTedaKT;
2) TMPOTSKKA «XBOCTOB» 3a JBUKYIIUMUCS OOBEKTAMI;

3) mosiBJIeHHE PA3MBITOCTEH U MEPIAHUS.

B()()6HI(? KaK ITOKa3aJla IIPpaKTHUKa POJIMKH CzKaTbIE DivX XyzxKe I\Iél(‘,HTT?L(K)I'TI)'\,'—
IOTCA 1O PaSMeEP 9KPaHa. nc yBeJIM4eHUuEM obJracTu IIPOCMOTPa CTaAaHOBUTCA
B /IHO OoJIbIIIEE YUCJII0 ‘('lp"l‘(,‘,(,baK'l'(,)l’;. Ho sTo muenne ne IKCIIEPTOB a Hallle.

B manHOM citydae mpu pacCMOTPEHMH KaxKJI0r0 KaJapa MOXKHO 3aMeTUTh 0JI0UHOCTH, Oco-
OEHHO 3TO 3aMeTHO onAThH Ha KaJipe 1316. YacTh gerasieit okazajgach MPOCTO OyaTO ObI
3aMazaHa. PasHUIly ¢2KaToro m OpUTMHAJIBLHOTO KaJIpa XOPOIO BUIHO IO JIUHEHHON pa3-
Hoctu. O TOM, 9TO MOYKHO CYJUTH O JETAJTU3AINHA STOTO KaJIpa 110 THCTOTPaMMe SIPKOCTeil,
He MMesl CaMOr'o KaJpa CKa3aHO BBIIIE.

Tax 2Ke, 9TOT KOJEK Xy»Ke OCTAJIbHBIX TposiBUJI cebs Ha Kajpe 0055. Ha umoctparun ¢
JINHEHHOW PA3HOCTHIO OTYETINBO BUIHBI Osioku. [lajiee B amaimze OyJeT MOKa3aHO, UTO
DivX neckosibko 3aTeMusieT nzobpazkenus. U1 ciy4dait ¢ kagpom 0055 9T0 1MOATBEPKIAET.
Ecim onarh 06paTuThCA K THCTOTPaAMMe IPKOCTEH, TO MOXKHO CKa3aTh, UYTO KaJp JOCTa-
TOYEHO APOK, IpHYeM KpaitHe HepaBHOMepHO. 7 % mmKcesneil Kajgpos’ HMEIOT yPOBEHD

8092 + 5780 + 11560
or1 - -100 = 7.3588
O THUCTOTrpaMMe sIpPKOCTel 790 - 480
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sgpkoctu oymskuii Kk 200. [Ipudem KommdecTtBo OoJiee SIpKUX U 00Jiee TYCKJIBIX KaJIpOB
3HAYUTEILHO MEHBIIIE.

CkaThlil KaJp B IEJIOM BBITVISIUT «OOOAPAHHBIM» B HEKOTOPBIX MeCTaX IHUKCEIN JIarKe
SIBHO ITOMEHSIJIA CBOM IBeT. D heKT PBAHOCTHU CBI3aH ¢ XapaKTEPOM aJrOpUTMa KOIEKA.
Cragajia TIpOUCXOINT JIpoOJeHre, a moToM mpeobpaszoBanne. C 3TUM Ke CBI3aHO, UTO
HEKOTOPBIE JIepeBbs ¢ KaJipa 1316 mpocto mpomasim.

3.3.1. sup

Namenenne sup Jijist 3TOro KOJAeKa CUJIBHO OTIMIAeTCsS OT BCeX MPounx KojekoB. C omHoi
CTOPOHBI, Ha MEPBbIX 5 KaJpaxX MOKHO HAOJI0JATh 3HAUUTEIbHBIN ITPOBAJI. DTO TOBOPUT
O TOM, YTO Ha 3TOM YYaCTKe HET CUJbHBIX OTKJIOHEHUU APKOCTU OTAC/JIbHBIX MUKCEJICH.
[ToobHOE OTYACTH MOYXKHO OOBSICHUTH TE€M, UTO 3HAYUTE/ILHYIO YacTh KaJipa 3aHUMAET
TeMHOe HeDO U TeMHbIe MOHOTOHHBIE yIaCcTKHU «IoBepxHocTHy. HecmoTpst Ha 910 apTedak-
ThI UMEIOT MeCTO, U 00 3TOM T'OBOPHUT HE HYJIEBbIE IMOKa3aHus MeTpuku. lIpu mogsiiennn
OosIbIIell eTau3anun B Kajpe 3HAUeHUs HAYMHAIOT CHJIBHO MEHATHCS, ITO NOBOPUT O
ToM, uT0o DivX jg00aBisier oueHb OOJIBINOE YUC/IO apTedaKTOB IPHU MOSIBJICHUU MEJIKUX
JeTrajeil — B JIAaHHOM CJIydae 9TO OJIOUYHOCTD.

3.3.2. Pa3HOCTb OLEHOK MaTOXUAaHus

Pasnocrs mMaToxumaHus g 9TOro KOJeKa W3MEHWJIACh CUJIbHEeEe, YeM JIJIs OCTaJIbHBIX
[Ipudem B CTOPOHY YMEHBIIEHHS. DTO TOBOPUT OT TOM UTO, DivX 3aTeMHseT KaJIpHI.
NuTepecno 3aMeTuTh, YTO rpaduK pacTeT — CTeleHb 3aTeMHEeHUd yBejunduBaeTcd. [asa
9TOTO BCETO CKOpee HeT OOINero, parfoHAJIBHOINO OObSCHEHUS W CBI3aHO C TOSBIECHUEM
B KaJl[pe HEKOTOPOI'0 YHCJIa TEMHBIX 3JIEMEHTOB, KOTOPbIE OKDYIVISIOTCS JI0 elle OoJiee
TEMHBIX, B KOHKPETHBIX 0/I0KaX. MbI JiymMaeMm, 4To pocT rpaduka siBjigeTcst 0COOEHHOCTHIO
KOHKPETHO 3TOT'0 Y4acTKa BU/JIEO.

3.3.3. PSNR

Ha 55 kayipoB ypoBenb jgep:kutcs B paiione 30 — HET CHIbLHBIX OTKJIOHEHUT OT CyObeKTUB-
HBIX OlleHOK. ['paduk nMeer 3a3yGpeHbl, KOTOPbIE Beero ckopee ceaszanbl ¢ [P] kaapamu!?.
DTO TOBOPHUT, O TOM, UTO MMEET MECTO OMMOKa IMpejcKa3aHus. Bermeck roBopur o Tom
MOMEHTe, KOT/Ia TUTPHI Ha SKpaHe ellle He MOsIBIINCH, U OOJIBIITYIO YaCTh KaJIpa 3aHUMaJIN

MOHOTOHHBIE TEMHBIE OO bEKTHI.

Y menno [P] kaapsr. [B] Kaapbi Ipi ¢:KATHI 3TOTO POMKA He HCTIOMb30BATICD.
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3.4. ConocTaBsieHne KOoAeKOoB ApYyr C ApYyrom

3.4.1. sup

Eciu mocMmorpers JlaHHBIE TPEX TECTOBBIX KaJIPOB, TO XYIIIMMHI KOJAEKAMH TI0 9TOH MeT-
puke okazaymch DivX u Indeob. Boicokme 3HaveHnst sup TOBOPUT O TOM, UTO HUMEETCsI
3HAYNTEHFHOE YUCJI0 MEJTKUX apTedaKTOB — O TaK HAa3bIBAEMOU «MyCOpPHOCTH». Kak MbI
TOBOPWJIN paHee, JJIs KaJPOB C PE3KUMU I'paHUIaMu 00beKToB Indeod mposiBui cedst Xy-
xxe. I nanbosiee uncrbim kKojekoMm okaszaJjcs Cinepak. Tak kak creneHb cxKaTus POJIMKA
ObLIa Pa3JIMYIHON, MBI He MOxKeM yTBepxKaarTh, uro Cinepak Ha camom jese gobaBiisier
MEHBIIIe MyCOpa WJIM OH HE TaK CUJIBHO PA3HUTCS MO APKOCTU MBI MOKEM CyJIUTh TOJIb-
KO, UTO 9TO BBITIOJTHAETCS UCKITIOUNTEIHHO JIJIs1 BBIOPAHHBIX KaIPOB BHIOPAHHBIX POJINKOB.
Ecin paccMoTpeThb 1oBejieHre METPUKHU Ha IIEPBBIX 5H KaJPOB, MOXKHO 3aMETUTh, YTO I10
abcoJIIOTHOMY 3Ha4YeHU0 apTedakTsl Indeob spue, HO cpejiHee UX 3HAYEHUE HA yIACTKE
[22, 55] ke gem y DivX. Cam rpaduk st Indeob crpemurest crarh mpsamMoii. 9To ToBo-
PUT, O TOM, ITO MAKCHMAaJIbHAsI IPKOCTh apTedaKTOB 9TOTO KOJIEKa HE CUJIBHO 3aBUCUT OT
BHJIa KaJIpa, eC/Ii TaM HeT sAPKO BBhIPasKeHHBIX rpanuil!. CaMbIM JTyHIIuM 110 abCoTIOTHO-
My 3HAYEHUIO MATPUKKN Ha 55 KaJIpoB okazasica Cinapak. Ho nosenenne rpaduka Tpymano
peyrajiaTb — MaKCUMaJIbHAas pas3HuIla apTedakToB W OpUTHHAJIA OT KaJipa K KaJpy
MOXKET CYIIECTBEHHO U3MEHUThCHA. XOTs aprTedakThl B KOHKPETHOM KaJjpe MOTYT ObITh
HE 3aMEeTHBI, HO UX OCTOSHHOE MHUTaHUe Ipu CyObeKTUBHO oreHKe 3amedeHo ObLio. [1o
JTAaHHBIM Kpaduka MOKHO CKa3aTh, YTO MaKCUMYM JOCTHUTAETCS MPU MOABIECHUN PE3KUX
rpanuil. g DivX MoxKHO cKa3aTh, YTO MyCOPHOCTH TOXKe OyJ/ieT 3aBHCETh OT KOHKPET-
HBIX K&JIPOB, O YeM ObLIO CKa3aHo Bbiie. [IpuyueM Jijiss TeMHBIX KaJpoOB pe3y/ibraT OyaeT
JIydIIIe.

3.4.2. Pa3HOCTb OLEHOK MaTOXUAaHUS

[To oTobpanHbIM TpeM KajpaM, CJIOXKHO CJeIaTh KAKUE-TO BBIBOJLI O CPEJIHEN SPKOCTH.
MozkHo BbLIBUHYTH Hipemnosiozkenne, aro Cinepak u DivX 3aremusitor, a Indeob ocsetisi-
er. Ho mepBbIxX 55 3TO mpeamookeHne moITBePK IaeTCs JIUIb oT9acTh. leficTBuTeIbHO,
Cinepak n DivX zaremusror, a Indeob ocsersister. Ho Ha camom jese, Ha IpKOCTBH Kajipa
ByseT ToJibko DivX, nemMHoro 3aremusist. Mbl COTJIACHBI, YTO €ro BIUSHUE HA KaJIP OUeHb
He BEJIMKO, HO Kak MunuMmyM pa3 B 10 cuiibhee, yem Biusuue Cinepak u Indeob. Tem 6oJtee
it DivX rpaduk nMmeer mpocesKuBaloOINLyocs THHAMUKY POCTa (YMEHBIIEHNs CpejHe
sproctn). st Cinepak BecbMa CJI0JKHO TIpejyrajiaTh HOBeJeHHe rpaduka, Kak U s
MeTPHUKHU sup. MOKHO IPEJIIOI0KUTh, 9TO 00a rpaduka BeJIyT cedsd XaOTUIeCKH.

HTlogemy, cMOTpHTE BBIIIE.
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3.4.3. PSNR

Buemnuit Buy rpadukos g 55 kajgapos PSNR He oTimuaercs KapuHaIbHBIM 00pa30M.
OTrmyaroTces TOJIBKO aDCOJIIOTHBIE 3HAUEHUsT JI/IsI KOHKPETHBIX KaipoB. U Bce ke rpaduk
st Cinepak mmeer Gosiee 3aMeTHBIE KOJIOaHUST YeM OCTAJIbHBIE, UTO «IIIYMbI» B KOJIH-
POBAHHOM POJIMKE TOABIAIOTCA B ciaydaitnom nopsjike. /Ina Indeod rpaduk ornmyaercs
cBO€lt cTabMILHOCTBIO, I9TO TOBOPUT O paBHOMEPHOM IIpogBieHnn apredaxTon. s DivX
rpacduk Ha [17,55] Kajapax Bejer cebs TOXKe OTHOCUTENIbHO cTabuibHO. [IpuunHa Berec-
KOB B HadaJie posinka obbscHstach panee. [lo rpadukam PSNR, MoxkHO 3aK/1109UTH, ITO
«JIyuammms kosekoM TyT okazaJsica Cinepak, a «xymmmmy — DivX. Eciu pacemarpuBats,
TOJIBKO OTOOpaHHBIE TPU KaJIpa, TO TAKOrO COBIaJIeHUsT He HaOsogaeTcsd. [pu anamnTu-
JeCKOM pa3bope KOJIEKOB ObLIO yKa3aH PsJi MPUYUH, 110 KOTOPOM TOT WM WHOM KOJIEK
moKazaJi cedsi Xy»Ke Ha KOHKPETHOM KaJIpe.
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Sakar4deHune

[Iposejist 910 mccaegoBaHNe, MOXKHO € YBEPEHHOCTHIO YTBEPXKJIATh, UTO JIydIlle He CPaB-
HUBATH KOJEKU Ha IIPOU3BOJILHOM Habope m3obpazkenuii. Kaxk/blii KOJEK, KaK U METOJI,
NMeeT CBOU MpenMyIiecTBa. Hanpumep, o9eHb He yMHO UCIOIb30BATH BEHBIIETHI JIJI Pes-
KuX KOHTpacTHbIX n3o0parkenuit min JIKII mis miaBabix nepexogoB. OTyactu 1mo 3To
npuunie B crangapre MPEG 4 gacTb 2 66110 IPEyCMOTPEHO UCIOJIB30BaHUE BEBIETOB
JIs cTaTuYecKnx m3obpaxkenuii. C pyroit CTOPOHBI, IPU OJIU3KUX CTEHEHSIX CXKATUS KO-
JIEK UMEIOT OY€Hb PO3HAIuiics pa3mep daiiyia, 1 BpeMsi KOMIPECHH JIEKOMITPECUN. DTO
HY?KHO VUIUTBIBATH, IIPU BBIOOPE KOJEKa I0J] KOHKPETHYIO 3ajady. [lj1s omeHkn cxaThix
BHJIEO YI0OHO MCIOJIb30BaTh OOBLEKTUBHBIE OIIEHKN KadecTBa. Ho mMcmonb30BaTh UX HAJIO
AKKYPAaTHO, IIOTOMY 9YTO CMOTPETH C2KaTbhle U UCIIOPYEHHbIE POJIUKHU MIPUJIETCH He MAIllnHe,
a JesoBeky. I TOJIbKO Ha OCHOBE MHOTOYUC/IEHHBIX SKCIIEPTHBIX OIMEHOK MOYKHO JICJIATh
BBIBOJIbI O IPUEMJIUMOCTH TOIO WJIM WHOTO BapuwaHTa. K coXKajeHur0, MHONOYHC/IEHHbIE
9KCIIEPTHBIE OIEHKN — CKOpee YTOIWs JIjI PeasibHbIX 3aja4b. [loTomy mpuxomgures 10-
BosibCcTBOBaThCd PSNR, mmn korTekcTHbIME MeTomamu. PSNR ncnossyercs garmie. 1 aro
OBl MMOHATH 3TO JOCTATOYHO MPOYUTATH APy TeM Ha CIEUAJIM3UPOBAHHBLIX dhopymax. B
nanHoM ciaydae Mbl uctosibzyeM PSNR, a ne CKO, nmoromy, 4To jannast Mepa HECKOJIbKO
ynobuee 3a cuer Jiorapudmudeckoro maciraba mrasibl. C japyroit cropoust PSNR 1o-
Ka3bIBAET HE CKOJIBKO MBI ITOTEPSIIN, 8 CKOJIBKO «KadeCcTBa» y HAC OCTAIOCH. Biaromapst
STUM JIBYM TIONPaBKa yJA00HO COMOCTABIIATE (XOTs Obl IPUOIN3UTENBHO) CyOHEKTUBHbIE U
O0bEKTUBHBIE OIEHKHN KAYeCTBA.

B pesynbrare mpoBeJIEHHOTO UCCIEI0OBaHUs, OBLJIO TaK K€ HAIJIAHO IMPOJIEMOHCTPHUPO-
BaHO, YTO JIJIs aHAJIM3a MOTePh KadecTBa, He 00g3aTeTbHO BUJIETH MCXOJHDBIN U CXKATBIH
daiisr. BriostHe jgocTaTouHO MMETh:

® T'MCTOI'PaAMMBbI APKOCTHU — [JId aHaJIu3a APKOCTU U €€ PacCIpeIc/ICHUA.

® 3HAUEHUs MEPTUKHU Sup(x —y) — Jyist IOMCKA T.H. «MyCOpay — CHJIbHO BBIIAIOIIIXCST
apredaKkToB;

® 3HaUEeHUE PA3HOCTHU OIEHOK MaTOXKWJIAHUS — JIJIsl ONPeJlesIeHNUsT TUHAMUKN SIPKOCT-
HOI XapaKTUPUCTUKMH;

e 3nadenne meptuku PSNR.

Ha ocHoBe pasHOCTH OIEHOK MAaTOXKUJIAHUS MOXKHO KOPPEKTHPOBATH OIEHKU IOy YeHHbIE
B pesyabrare PSNR. 11 3T0 KoMIencupyer ee HeJ1ocTaToK.

Mpbl mpuzHaeMm, 9To CyObLEKTUBHBIE OIMEHKA HAMHOTO JIydIlle OObEKTUBHBIX, XOTd ObI TO-
TOMY, 9TO BUJIEO «TECTUPYETCs» B PEAJHHBIX YCIOBUAX, JJId KOTOPBIX CO3/aBaJjioch. Ho
CyObEeKTUBHbIE OTIEHKHM HEBO3MOYKHO TIOBTOPHUTD, & JIJI TOJIYIE€HUsS TOUHDBIX JAHHBIX HY K-
HO MMeTh GOJIBITY IO BEIOOPKY (Hampumep, denosek 40 uiau 6ostee). CyObeKTHBHbBIE OIEHKI
JINIIIEHBI 9TUX HEJIOCTATKOB, U MIOCJE JOMOTHUTE/THHOIO aHAIIN3a MOTYT MOCTY?KUTh OCHO-
BOI1 )11 BBIBOJIOB O IPUMEHUMOCTH TOTO WJIM WHOTO METO/Ia CYKATHUS.
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