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13.2.2-3 Plalliclivo cmlllg

Pndiztivecoflqg iutaclmiqne binpcnreme Based onvalna
ofpe1s1IlevIms1yieoo(bd.hou1Ihee|a:fl:ruddecmerun eSfilIEll5CI'|:|rwiCtl:l'B'Jflhll3llf£pI}EtI'JbB
umdedud:nflud.1he¢fimumbuwunmspnfiundumam:fl1almsbmmcbd.TfisdiEuume Vfllllflis

menooouulIbeptu1ictim.Mnste:-uarvaluswillbe mall and
clmuuonnfluevalneusiucepelvalnes Iyplcallydunulaavz: larazchanges within asmallspaual
nEighbcnnIood.'Ih:p'o‘bal>ili!y disuihufimotllnpedidiolewurinslcwcdardmnpmssmhulcthanlhn

 Ioftliepehraflues Ihnns:Ives.AddiicnaliIIfoI':nIicu calihedisca-dedbyqnrmfizinglhc
prafliclinnennr. In this Inuawnlbml Slandltilprndlctive coding in alsunsud fioruicdc-valuesufsmussive
llminalrceurclluninamelalocks and irlthcclnodingofmofim nectus.

I.‘.l.2.2.4 Motion compensation and lntorlrnma coding

Mntionwmpemmlnn (MC) preliculhevdues ofabhctpelsinapicmxebynlmzaiingahlocktf
neighhtm-hgpalwaluasfiumalnowlplctult. Theulothuisdeacrihedasatma-cfinnalsinlulnuitn
vacflrihazslsdfiswheremmflicmaflockofpeivaluuEronapcuviauslygiuoudndpiumethlkuedap
ptedictpelvaluesofthecmualblock. Thesiunplestaxanfie isasoenewberethecamaaisnuluoving.
mlmohiawmuuscmzanmoving. Thepelvabesatmchizlagcluufim aexnaiilthcsanaandmc
motionveccnrfu-eadzblockisfl. Ingenenl Iuwewr. rm mcodsrmy uansmiumntionvecm: brush
nuuobiock. Thetmslucflflocknuutehmmpicmmhacomesapredicionfumehhckinuegicun
lube:-muiui. Thetectniquerefleson the fhathat within aalmtseqncnm urpicluns aflnasamaganeml

saane,na_nyub_=‘pc1x ucmaininllesana immunwhile others move only: shun (Ismael-.-.

0.2.2.5 Fnuquerncy translnrmatlou

'I‘In:fiscmI:aosi:n.u:In:f<I1n(DC.'l‘)Doav¢I'lsaI: Ebyfihlqnknfpel valuzsua aufihy Bnalzrisoi
hurinnmlanluu-Iicdspnialn-aqueIuycnel1i:i¢nm.An Iby Hhloctnfpelvaluas mnbemmnsuucmdby
pafimingwahmmdsu-eemsheunmmmII£1)mmespafidfiequmcymetfidenm.mgmafl.
mnstufllneaugyiiuncuiunlrdin l1e‘low lmq'LmIIc1c:uef:¢:ia1Is.which3'ac¢IIvaILi::mIIy writeninth
unaer1eficuuna'ormauanstnIImdnnI:ix.Cflfl1£|'=s8i:nis aclieved by aquaniizuim slap. vhemlhc
quantizuiminm-valsaru -hleatifiedhyanindu. Sinl!e'lhl'.u!l:I:IiIeIidBnlififlS Ihniauetvalatll notlheeana
Valuewitllhl flaeintflvnllhepdvalumrfueblnckrenmnmacndhyuelbffhareediadammcy.

'IIu:DC1‘noefl'::imti.n 1oeaI:ian(0,1'J) Cuppuhmofmebbdcnqmsmn Ihcznnlcxizmlalaidzcro
verticalfrequmcy mdismlkdI1edccn:fliciaJLThelcmeffida1_ispn:1n:imalm1hearenge|nI vain:
ntmcsbys black. and uliitiuml onnpwssim is pumidui Ituttifli ltefliuivnmdingsinnnuuz dimrauoc in
the Mango value afneighk-curing‘ II by 8'b1ockstends Isobere1ufiveIgramaII.ThtH-Eermtfibianu
represent cnanrurmramtnznm horizanslornmwuverfidalqntial fiecpaIci=s.andaea:nleda:
uaefificinnti. ‘11::qu:nI;imthnleveI otlhe coefficients oonespontfingto thnhyhcnpuial fnqlelcics aurora
Ihncmainnofan accueffiuzietlloffllly chnosangaqmnfiution stcpsimsnch 1hnIhcH\'S Isunlknlylo
pemeivc dnbstofthe pm-Liculat spatial frequency unlessmacoeifitieait mine iesahova he paniailu
qtnntinflln l:vel.I‘t=-statistical encoding of Ilmexpecwd nntsofunnsaulivazaaiu-vallndeoeffidclln of
highs-order coelficimmaceomls for considerable filmptfliion gain. ‘flu cluatcrncmero unefiiciaus my in
the suits mdenuniaasmmy zamcoefficieuls mpossibl-,fo1lowin3 uicissmmzzm ooelficieuin we
otfluitlg. the uoelltlml neqnmua is spedfietl I: Bea zu—zagm1]a-lug: mfigure I130. The ordering
oouanlmnus Illchigheszspatialtiecpiaacirsal Ihcnnd uflhcseaics.

D.2..2'.B Variabla-langth coding

‘\Wa-‘able-lmnthcoding NLQ Isa smfisucsi cndilgtet-hiiqle inuassigns mcbwmls to values to be
eanoubd. Valnnnothigllfitqilawyofoucnuruncuemsiguedstaltucdevurtrda. aadthuseofinltequ-mt
ouzmeaceaueassignadhnguodamtds. Dnawnge. tbemeneqnmzahuumdcwormmnhana such
th:lihI:(:IJit:s3.ttiIIgisslI3I’i:t[lII!I1IIc£I'igiIalclIl:a.

lJ.2.2.7 Pbtun Interpolation

Irmcdwmnmmsnun a flmnfiwflnmamnapunmfinntmmm. that mcluttmedlate
pictm-anon: banenumu-uccd bythe Ia:h:iq.r:orinu1sahtinn.orbilimuinul pnnfmion. Bbckairn she
mumeflhnpimruunhmuufiudbaairmapmicmdmdnmumadbymaasfindiuvwuzfin
deaodernny remmmsclpelvalucsbdongiugmagivmlzdout uzmaveragenrnralsunin unepasand
fuuarepictnres.
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D.2.3 Bitsiream hierarchy

‘The ISOIIEC l1l?2-2 coding Scheme is anaugul in layers mtmsptnuding Ina Iierardilical sI:r11i:tun°.. A
saquenu is the Inplag-erofthe mdinghimrcly and consists ufahcadcr and some number of groups-
or-11ichuu(GGPs). Ihesequmco |eaElerin'1.'nlizes U1: slate-of its tieeutler. ‘His allows tbtociers to
éecnde any sequence withuul Ring aifecterl by pasl deeming hisnrg.

A GDP is a random amass point. it: itis the anal:-.st coding unit 111:! can he indewutdenflydecudad
willinasemence, mdccnsisls ula header and some number ofpittIr=I!s.'Th¢ O01’ headetoontaim than
and ailing infarmaiflon.

A picture cnrtesponds to asinglefi-um: nfmolion video. or In a movie frame. 'Il1e're atefanfpiemre
types: I-picu1ms.aI intro aadedpicmrns, which are coded WiI;|IOI.lll'BfE1'BnDB I'D myollm pictures; I'-

pietums, orpr2dtctiv¢codedpicIur;s,.wticI: auuonbd uslnglmtiun Cuulpurlsaliou fitrul apmfious I urP——
pictume; B-pictures. or bidincfioml,-fy pmdiclive codul pic.-Inre:s,whi::h are ended using motion
mmpalsation from I prmions and afulum [or P-pictllfl, and D pictures, or!) picnxes. which are i'nI_em'1ed
cm]: fr.-ralmt forward at-.an:hmock:.A typicaluxlilrg sdlcntccmtaim amt: nfl. P-,aT:ud B-piclnras.

Typically. an I-picum may occur awyhalfa second, mgivareasénahly fastnandon access, with two B-
picnn'esinseflaflbetweenaachpaircfIurP-picmxrs.

E I E i! E ‘PE
_/:1-'*«_/,.:~../E ‘,:i\x,..\x: §\_/,\/ xx

Figurxz I11 -- Dependency relationship betwejzll I, I, and P-piptuu-:3

FIgIreD2 illustmas anulnberofpictures in-display order. The arrows show the dependmcy Ielaticnslipot
me pmclirlixe mdbilimcliunally predicth-e ended piclurcs.

Nolcllatbetnauseofflinicuuedependerncies. lhBbits:rnaIn:rda',i.a.IheorderiI
uansI1iI_ta1.st£I1:i. orratficvmismtmeflisphyudtnbmmmuthcmferwhichflndemdermqnimsunem
tn-dacndctllelitslmaln Anexanpleuiasequunccofpicturcs, ":1 display ondfir. mightbe:

EBPB'BPBBPBBIBBPB_IIP
123456789101112131415-161713

[
0

Figure 13.3 —- 'I‘yp'ical Iieqllcnee of pictures in display order

whu-casthabimreannrdurwouldbeasshnwnbelowr

IFBBPBBPBJIIBBPBBPIIB
031254597I-1121011151314181517

Figure 13.4 - Typical sequence or pictures In hltstr-cum order

Became men-picturesdqaudunthc following (in display ordcr) IurP—picum=.~, me I or I‘-pictnremusibc
n'ansI1:ll1alanddcm1edbefcm:Iieuiepc11du1tB—p£t:I1rm.

Pictures consix of ahmder and onaot mare-slizes. ']'.lu:pi:11ueJ1ead:r mmainstiIne,pictu‘e type. and
mdhagixformafim.

A sic: ptoviflas someinllnunity IJ flats. cmmption. Should thebitstmum become: unreadablewihixt a
picture. the deeotbrshaukllne ablc to rwovu by wailing for tncnextsline, wihwthaving tn drop anmtire
pictum.
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SIi(l3st!IIStSlOflIE.flfl'lIdm‘l3lll'llflll'EIlIIl:l1lN'I¢I:S. Atthestmnfeactlslbeafloffl-Igpudicuux.
fiuricvaluesmdnninnvusbrs, an.-.rcneL Tncslicehellcruznlaizsptntilimandqunntlmracale
iIfirmatim.1hisiss|fici¢:ulfarIeuowryfi1)m1a:de3nu[Iinn.

A nncrnhlonk is Ihchasic unitfu nation uompuuatlon and quénfizu scale clamps.

Each Iuacmhluclt consists of ahmd;-.1 and six cotnponenl 8 by 8 blocks: fiJur blocks ofluminanne, one
Hocknfcbchranhmce. 9I1doIehIocia[Crchron|'nana:. Se:figu'eD.5.T'lema1n1abbckhea1er
uxlahsqumizuscalemdmnfinncompensnfion Lnlomtaim.

EH3
3.’ CIICI

Figaro DJ -- Mnu-ohlod: structure

A man-ubhck umains a 1611:! by 16-lino sccticn of ltnninamzc cunponnnnnd the spatially
oonespcmdiugfl-pet by alinesactjon ofaach Dhlominance-¢C'I:Ilp0nflflL Asldppedmuaublodc Is one. for
which an infumworl is stored [see 2.4.4.4). -

Not: Italtliafticllnareacovered byiaefonrblmhofhmirnnoe-risthemxeas Illeaannmvs-.mlb3r¢m:hof
we :hmni:Inmbloclts.'I‘hisis:l1|: Inmbsamlllillgoflhednumjnazeninruuntinn

]!lo¢I:saIeIhEbIsi:mcingmiLudI1I=DCfisap}li¢dIIIbi:b|o¢EewI. Eadauockomtaimfl
onnqamalpelsrrangaiinansbylm-rayassliuwlin unaDJ5.5'3‘
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D .2.4 Decoder overview

A shnplifiql black dfagmm tfapoasihle moods: inlpleulalmim is sham below:

 
Flgu! DJ! — Slnplilcl decnil.-.r blvclt diagram

hisinamunixentolbwuemanoa whichtladecnderuscs ammo: abisucam mmaining:haaeqnance'
ofpictuzmgivul in fig_IJ.d.anfl display lien in Ineordar given infig D3. Thefollnwingdescripiion is
sinpfifiedfarchliy.

‘Ill: inpltbilnreanisanulnuimetlin III: Input Bulfermsimeded. 'l1:e‘Van'at:k:La1gfl:CnlI:[VLC)
Dmadasdwcdamch:adu'dneB:slfiume.riuue0.mddamniuesuatitkml-péumt Th-.VLaC
DacodapmdmasqumlizaIme€fidaMsemnspmdh1;m|hequmfim1DCI‘md'fiduIs ‘Thea-can
assenbletlfor each Buy Bhlock orpdlsimhe image by inure-asczig-zag sulming. 'I‘l1eIme.ne Qlnriizer
pmducusIhcacuIalDCT'::aefi1cieILsush|5ItequmI.iuuionste&:si:c. Thcotefficicnls acllunlranslnmui
into pelvalueshyLheInveI'seECTl1al1tform:ta:adamedinfl1¢PrerimsPimueSwfl:aIfl Ilacflisplny
Blffer. 'I‘h1:picturemnybcdisp]ayeda1flIea::pI'opria1eti:nc.

ThaVLCDecodeI'de::ocle.sthelaaderoffl:eIeatpichm,picuun 3,andde:amines11atitisaP-picnm.
Fnraach btodr. IheVLC Demdardaaocbsmotionvactu-sglving lit‘. disqulswnentfrmuthaslaedprwious
piInIn.aII«lqIanliwdoo=flidcIIscon'c.qJmdJngtuU1:quiI1Iiac.dDCI'o3::1]'itiBnIso[lJ1cdiflitcI1oc1JlDd:.
‘I115: quzntiaedonefliciam arcinv-ma quuilizad ‘D produce Lheacunl DCI'eqdfi.:Ia1I:. The oocffidcuts
uemenmrnsfurmndimpddittu-mcesalnesatndnddedtothep-edicbdhlock prnduuadbyapplyinglhe
muriun means no blocks in the stated pmriuus |Ji¢f.l.ll'6. Theresularst block is stored in the Future Pienm:
Sun-can-I Iaenisptaynuffaa-. Thiepbtuecannuic diaplayai untfl ill-picnmesi andz Iavebecn reccived.
aamehdauddisplayul.

Iha\'1.CDeuuIu-dumdastbe|e:lutoldaneaI;inn.}i¢1n: 1.a1ddc|crnincsI|1aIitisaB-picust.
Fuaamo¢.Lh:v1£dumdu-maxacsmaimx-eansgivhgmeuisplaumumomuesmcea previous
mmtrcpttumubmafiqnmlmdmumcbwmwspmtfi-gmmcmalfiaedtfilmefidmmufm:
diffesanaeblnulr. 1hesequnnfluduntFciummehvamqmfinedmpmaneflcumnlDCTcoeE':dcnrs.
Itameaficieamuemminmseuulsfumad hmdifiatumpulvalnesandaddedtolhepedicadbloct
pmduonfliynpplyingflzanulmvemulsmihestaredtichrts. Thcraulnanlhlodslsliensclfllinflll:
Di:p1ayBnffer. Itmay be displnyed at Iaeqpmpuiatz lime.

Ihevltbwucuamoaannatuaummemnpmammunzmuaaamncsmuuaan-pawn It
isdawcbdusin; the samemethndaafinpicnrel. Mmrdemdhgphmzpkluefl. wticl iainlhc
Pmvious Picum: Sbrc, ism lm:getnnechd'andma1r he discauIetL

Thu V1..CDemcbrde:odealh: leadu'ofIhcne:tpir.:Iura.1:-icauru fianfldetcrminesttiatitis IP~pi:a|'c.
Ihepiclmh l.|eFul.|.u'a Picure Staci: cup1'ed.inoI;he Previo|sPictum Store, Llasndaoodingproacada as
fiarpi.:mn:3. Phase 6 should mtbedisphyed until pictures 4 and 5 have bean mceiveud and dlsplayad.
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'ncVLCDerxuIe:rdecofle: theleaflerorneIe.xtpicute,picu:m4,aI1d flstcrufinesmatitisa B-pianm. It
isdsoodedusigngtlnnamcmethod asfntpicturel.

- ‘III: VI.EDemu1verdocA'.fl.es the mantel‘-o.Et.icneaitpicmre,1icmre 5,and deteluinesthat iliaa B-picture. It
isdecudadufingflcsanlemnhndasfmpicimel. '

The V[C.'DemuIerdeca1e.: tie heads: nftiie next picture. picIurc9;andactcm1inesl.Intit is a P-picune. It
tlxauprncaatls as for piclurefi,

Th: VLCDewdaetdecadcs the head£:'oE'lieIeJ.t1:LicII1IE. picture "Land Mlmmines that i in B-pict|m_ ll
iscbuoded usingme samememodasfurpicuxei.

The VI_CDacoderdecodes I.le.h&edet‘cfl1enéItpicuI£.picnJre 3.aIIddetarmincs.thnIitisaB—pid1ue. It
isdcnodcclusin; Ilse sainclmthudasfut |:_IictuI1:1.

']11aVI.C[)ecodet decodes tieheader tftje next]1iclIJlE._]1iI.':t|n'c .12, :IIddetenn1'na'. lhatitis an I-pictnm. It
istlcmdcd using mesaneIncttn1asfo_rp'icmre*0.'Il1is pmcessis rqieawd ffltthbslflls-UE]I.'I:Ilt1JiI2UIl'l:-5.

D..3 Prepraeesslng

Themu-on maasri-al may ex'sti11 many forms, e.g. computer fihs on-CCl]160l fo11ml,bI1tiI gprI:laL it
mssthnzancestadbefm-, being encoded. Th‘: dausedjscusses suneaspects ofprepmcesshg.

Fnragiwn danmcand sucrcematcrial, mm is an opimimpictnrerareand spalial resolution atwhich In
cndeifthc hastpen'.:ci\-ed quality is desiral; Ifme 1'65-(!Tl:|li(IlI istou ligl. then lnommybts ‘will he:
enpeadedmthawexheadassudamdwith eachhlockleavilg Lonflzwuu node lhevalulzs ofacllpel
aoclualely. lftle resolution is In low. the pel values will bereznd-mead accmaleljn butlzlighfitqumcy detail
will belost. The nplimnm resolution repmmts an-adeaflbawuen the various causing ar1.ifac1s (2-..g. misc
ant] blcrJ:iness)and Iheperou'v:d resululian and shaqxaessofmstnmga. This tratlenfi is funher cniupiicsuatl
by the mlmawls of me final viewing cuudifinm. e.g. su-em brighlneas-and the distance ofthe viewer Emm
ma semen. '

Atdataratesofl lo [,5 Mbilsls, reasallable choices a11e:pi_cm'erme.sof 24,25 andflfl ]I'I:lu.res!s,a
horjmntalrmohtitmotbetvieen25CIand -I06 pals. andavarliczi rnscluionufbctwccn 20!] md 30’.Tline.'s-
Note that thesovalucsarc nolnmmafivcand otbcrpictun: rauzs sndresoiutiims arevaid.

EI..3-1 conversion from ct.-‘IR 601 video to MPEG SIF

The two widsly used slzalming staldania for culutjt Iflcvisinn are 535 311:] 625 li1esat29,9'.' and Zfifizmcsfs
respecnively. 'I_hen_umbe: -0.! lines picture iiifcuinition in the transtnitted signalis. 484 turthe
525-line system and 576 fiJrlhe.I515~lite syslen. Bnmuse inteflaced scanning with two fizlm pe1'picuua..

Cilkkecommandaica 601 defines stmdaxds Iurtlie digihl coding Inf colour television signafls in
naompan.-ml mun. Omega 1hed:2:2 smndardhaslaecmm wiibly adopted: mesainpling lfrequency used for
U1‘-Illlllimlllte signal. Y, it 13.5 MHz andliie EWClLTJl0l;I:I'difli:1‘fl'Icc signals, Cb BIB-‘L’ and Chat R-Y, at
both sanplecl at 6.75 MHz, The number of luminamc sanplcsimhe digial active line E750 'buLon‘l§r
a|=oIl:'?D2wlll beusediupratzlicebythcaiitalugueacliie

Thenumherofpictmvecleinetm inflnetfightairflirilflthnflhcpicusm, i.l’l'lJ1E'.Sl&11I2lfl'I1l5l1fifilGdfllJD\’E-.316
too largciareflecfivacodhigatdaa rates between 1 and 1.5 Mlitfs. Mmeapprcpiiatevalimaie ublzined
by dixzfiing thereaolufinnin both dimciions tn ahalli This reduces thepelrab-by a factnr ntfaur.
Imaxlateahmldheavoddedasilirutaseslhedifticulies inachiuviaglnwdataratcn.

Dncway to mince tievmical rusoiufion is to useunlylheodd urlhc mmfielch It meolhe-.1 field is
simply diacartiellspatial aliasing will be iltmduoecl, and this may pmduce visible: and objectionable
artifacts. Morescplisticatedmatlaodsufreqnirennrecnrnputafioml power, Iiutcan
pcnianplibly Induce the aliasirg Irtifilcts.

Thai horizontal and iarlical msnluliois 1:129! be halved by filtering and snbsampling. Ccmsiderapimrre in
the 4:22 f(.lI'l]!l3I. See lac CCIR (‘Ill ssmfling patcm of1igImD.B(n)- Such asaiznpling ‘pt‘1liEI'J'I my be
omvmedmths SlFsam1ilJ'ng panem ctfigire Dsth) m follows. The odd ficld mlyuuzy hcuxlraclm,
reiiuzingtlxenumhez oflinwby two. and Ella]! ahorizonta] decillaliun filler used on lheremslining Em-to
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reduce melortzantal resolution by 1 factor of ma. In additinn the clrunilauue vallrs may bevettimlly
decimamd. The filtusfor luniuaweandchrnmirnruae have to be chosen carefully since partitularaitmtion

haste-begiven an the Iucafionofme samples ‘n uierespectiw. lnlensatiaml Summ-ds. The temporal
mlatimshipbetueeatlnarinance. amclmninanccmnstalso be correct.

U: 0 {P O 11] O D 0

{P 0 1]’ 0 4} I] [I

[P O 1} O 1] O O O

4] 0 t '1? 0 1}

1]: O {P O 1} O O O

[P 0 {P O {P I] [1

U: o :1} 0 4} C1 0 0

Ca} Sfllnplilgpattern for4:2:2 {CClR601) Eb) Sampling panaru fOl'Bv1PEG(SI_FJ
Cimlearepmsentlumirumca: Boxes rep:-e:erI{Zl1rum’na*-11¢:

Figure [LE H Conversion uf CCIR fill to SIT

Thefullowing 7-Iap_F]R filter has baen found to give good results in decinuting the ltminamc:

EIEIEIIIEEI h‘ 256

Figur: D9 -- luminance subsamplirng filter up wuights

Uscofn jvowar or two for U1: dhdstt allows, simple hardware implcnlzmafiark

'!]1ed1runim11cesamp1e: have In appear in an-. between me luminance samples both hmiaorflally and
vertically. The folmwing linear filter with aphasa shin of nalfa pal may bcfound useful.

IIEIII #8

Figun D.I'|3 -- Clrulrinance subsamplilg filter tap weights

To rem:-rer Ihesanplea consistent with the. CCIRGDJ grid of figure D.fl[a), Ihepmccss ofimeq3olat:iun.is
Tin-,inn::1:Iola|ioII tar a;-.-pied ma mo—pad:Iu.'I signalnanbe. chosen to boequal D Izhedecination

titer anpluyed for theluniname aid the two chnamimm-.e values intlzeenwder.

None thauhme filters atenotpartufthc Internafiulal Smndan‘.|.,a1'I1 ulin-.r filllarsmaybeused.

AI: Iheend of III: lines, some special technique. such as: -mnormalizing the filter or replicating tlnclastpcl.
must ha adopted. The following an-camp]: showsa horizontal line of I15 lumillanze pals and the. same line
afterfiltering aldstbsurpling. In thisplc tlenhrain the line is raflecmd at

ll] 13 10 30 35 15 I9 I] ll 19 216 :15 30 913 92 90

I2 32 23 9 12 49 I 9.5 9'2

Figure Dill -— Example of filtering and subsanpling oi‘ a line (I pals
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‘Ihe result of this filtering and suhmpl1'ng.is a Quince input formal [SIP] which has a luminance
resolution {I360 1240013130 1 233, and adirominance resolution vhhhishalfmatufneliminanca in

 

 

mch fimmsiun.

1'29

720 242 330

Ozld Held F233 S”: 242
t ===r-hr Horizontal t we

Filer and

Slhsalnpie

(:1) Lumiiiancc

36:1

350 130
342 212 180

Odd I285 B '1 21SIFIHonizonlal | | Vertical - H“
Filter and File! and

Subsarrple Subsarnple

[b] Chmominanoe.

Figure [L12 -- Uonvursion from CCIR 50]. Int» SIF

The S[Fis i10lqLI.iIB O]JfilnIIlI‘l furprnuessingby1U£PEG viflao ondzrs. MPEG vidaudiviclas the luminance
conpunsutiuto mactublucks of Ifixlfi pds. The horizontal raciutiol, 360, 3 ml divisibie by 16. The
same is Inn: zflhe Va-tital resolution, M2, in tlmtma nfS2S-line systems. A bctiermalcll is ublsined in
thehuimnm] tiirelnlifln hydiscrarding the {pals aflhe E:I!|dClff:1'€lT lillt: OI llbsflhsalflplfld picture. Cate
mm Ire: rah-_n1rm IIIE mule: in thcwmact cunfigumionuf Iuninanczc andctmninazoe: sunples in the
mancdn-koala. ‘£119.11-inaining pinata is <alledtht:sigt:ifiq:anlpclarea,a|Id corresponds to thedakatmh
figIreD_13:
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Luminance

2 176 2
.-, :: . . - - - _ ' , '

1

  
C, or Ob

Figure I113 — Sauna llqwl; with sfilificant pal area slalel dark

'lhecIunveIsinu pttnessissunnlariaod in lIbIcD.1.

Tabla DJ -- Conversion of source fornuts

Picturhk .- .. Ratio widltrhaiht
]..umi11ame(Y)

 
‘[13 ginln IheSIFfnma1i.snot nonnaive. alherpmcesshg steps and other resolmiuns may
beamed. Thepidmcsiaemelmtevmbcnmulipleoflé. IItliscaseanl\-LPEG 1richooaderadda

paddingpcls to rherighlorbmunedges orapicmre in oraenobxinguse nansniued resolntiun uptoa
mdfipleoflfiflflmademdatisardsheaeafludemdngflepium. Fwexmplmahmizmwl
reaolufim of16o pehounldbeouhdhyaddingflpadiingpelsmthefigttuzlgacfeaclhorimllalmw
bringinglln Inlal up In‘:I$8pds. 23 unuolrlouzks wmllibemdndinexhruw. Thedecolcrwoufldiscarnl
Eh!’-ON!‘ P3555118 P51-'mfierdeoodiI:g. glvingafiml dceudc:dhmi:m1a1msohlinuot3flIJ pals.

D.3.2 Conversion from film

Iffilm natarial canbe digitized 3124 picmrcsfs, than itfotnfimlmcoelmtannucfum EOIIEC H172-2

hitslream. [tmay he digitiaedanuae dasiredspatial resomim. ’I‘.Iepia.un__ra.t¢ lien in due vitbusequmcn
header. IeB3.4.1.3.a1lOw3Ihepk:tureraIe orzapimmsis tote qoecmeaexauly.
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glsonsc ISDIIEC 11172-2'.'1£3(EJ

Stmelilnes Ihesuuuemlteiialavaflablefmconiglressionunsislsoffihnmalrnial whicliliaéhem
uanverlusllovidxxmsomnutlerratc. T11ceIm0£hl‘maydehe(1li1iSandmcodeatflmorigina1fihnmtc. Fm
axa1I[J1=.349ifl=lfl'I:$J's fimmautaialmacyhavebaaudigixized aI1:lt:tmvartedIoa3Df|-anah systmnbythe
mclniqne oflzzpulldowrl. In this muledigilized pictures are shew: altematelgr for! andfurztehwisiun
field Lines. 'i'his_alteI'nnicnma.:r nnlbeaxactsincctheaamal franc me mighlbe 29.9? irmnesisand not
tlacflil fianeds that the 3:2 ptflldown tednique gives. In anldilion the puldnwn 1:'m'I1gmight havaheen
challged by aditilganisplicing afterthe can-'elsiDIL A mhisflcandaioodcruigltdelectttnduplixaed
fielchavcanga them to1'educc'digiIiz::tionnn-ise,a;ml cndctlcmsuItalt|1enrigina]24picu:realsrata.'I1is
should giveasig11ificamhnpmvum:ntinqina!iyuv:ru3uin;aI30ptcmma|1srseound, rimedineclcoding
aflilpictuiesfsdeumystheazzpunflowufimingsmdgivesajcuty appmrmca lD'l2IBT1'IalIBCfiClfi.']vidflI1

DA Model decode:

D.4.1 Need for a decoder model

Acoded bitstrcan ountainsdiffcucut types urpictnres. andcachtypc ilcally requires auiimmmmniibar of
bile tn cncodc. lmtdiliiian. thcwridnomajrvary in mmplcxiiywih time. alltianelnczdcrnay wish to
devote more coulinghits to one pan or: sequeticc than In-aintlner. Foruonsnam bin-ate coding, varying he
mmberofbils sllocaledtoeactn pimm-. rcqnires IhatI;h3decuder have bufleringtb SICIEUJE his nntnptxled
todccode hcimmuiiatcpicnn-c; 'I'hcc.xIc:1_t.to which an gnopdcrcan-1_ra:y__tt:nmnha'_ 0fliil:saIbcah.7fl to
each pictuiedepends an the anmm: cifihis battering. If the-._amnunt of the buffering is large an encoder can
use greater variatiuns. incneasing the piclum quality. bl! at the costar inc:-casing thadecodlig delay-
Enmdets naail tnlcnow his size of lhea|In;)_m1lDfthedaoo:iBI's inflating in mdcrm liiblcnnincmwlatexteill
-they can vary tbs flislrihutionafcotling bits among the pictures in the sequence.

'Ihe-anode] dtcodcc is dcfiltcdtosdve two pr_0I}le-Ins. It constrains I111: variability in itu: nlmhel ulbits than
may hcallocatefl to different pidures and it allovrs a decoder to irlilialiae its huflfeting when thesysteln is
startatl. 1nhnu1lill:::notcdlhaIParI.i ofihisintwmlional Standard aid:-essea tlneinini-.':]‘saion ofhuffars and

themaintenalce afsgndarmisanbndtning playbnck in me: case when wourmmeclunentary sn'e:m1s(tc:r

exaniph. ans auciioand one viieo stream") aremulliplexed tngeli-er. The tools mfined in ISOJIBC 11112-1
fat“ the liaiatc-Dana’. cfsynchrunisalint slouldheused hydeoodms when muliflemd sheansambeing
WM-

[).4.2 Decoder model

Ame: Ccuntains flicdcfimjliuuofapwalllt-wrized modal dtamderfarlhispm-pnsc—. Eis lcnovmasa ‘Vida:
Buffer Vaifier W1!-V}. The pazamete.-rs usedhg'apaaI5cuIaI'El1cot1u'—ae defined in behiistream. ‘Ibis realy

defines amc:1cldeu11::rtJ1atisnceu1adifen_rod=:1'san: tolntamlreti Ilntltlcmtletl 'IIB}f]JI'Ddfl{Z¢
will bctieoodahlc. Thenodeldtcodcrlnolu liccthis:

 
Figure: 11.1: - Model decoder

Afznedante chant:-.l is assumadtoplt bilsaummtanl rate irmlheinpu Buffer. At IBQIIH intervals. set
by the picmi-ante. the Picura Decodcr instantaneously reimves all thehis Eartha naxtpicuimfrum the
Inptll Buff‘:-f. Ir Ih:n‘.'. are aoofew hits i1'Ith.fiInpII‘.'.liI:lI'fcI',i.|=. alllhebits farthenexl pi-curchavenot hacn
received. then thelnpxtl?-ufferunderflovss andttnereisamiutxltnilc-wantar. If. during the fimebetwwn
picurc sla1'ts,tIecnpaciIyafIhc1npuIBuIfea‘is exceeded. lhenllmtisanmerfluw arm.

Pmcticaltbcodu-sdiffiar from tlisnodelinseveial irnporum wags. at
a diflemnlpuinl in the: decoder. ordimihute it tlmuglnilt the dizcodcr. 11:53 mayntl rcnnve all the hits
naquiell II": dcoedeapicmrs-fitxn tic Innllfllffetilsunmnnously, they uaynuln iii: to cnnlml thcslart

Page 71 of 124 61

Petitioners HTC & LG — Exhibit 1004, p. 71



Petitioners HTC & LG - Exhibit 1004, p. 72

 

ISCVIEG 11172-2: 1993 (E) D ISCHEG

ufdccalingvayprccimlyasmqnimd bythc l:ruffurfiijIness1.1ara1netorin tbcpicune licadea. mcltlicy takca

liiitetincm decode. 1]:ie.y may aisnbcaflc Io delay decoding foraslaon fimemredncehectnncas ol
undtrtllwoccuring. But fllemdifffifiwcs depend inthgrceaaflkilld on the exam memod nrimplemernlatim.
‘In saxisfyrcquicmeuta cEdiffuIe11tiu1ple1:le:1ta1loIs.thc MPEG video committee GSCIIIEC TIC]
SCZUN(311) Show I vary simple model for the decoder. Pmclziall in1]3]e:ncrII;aIiIII1s I31’ dflcaclels must.
ensixelhat they decode flicbiulrcam conslminod bythis model. In many cases ibis willbeadlifivccl by
using a: Inputlluflerdialis hrgearlllm Illcmhlixntm required and hyusinga dccaling delay thatish.IgI:I'
Ihamhe valia arrived mm the vbgfelay paraxn;-met. The design: must cnnpensalcfor dilferences between

mmwim ardthcmodclin orderioguaxamee thauhedecodcrcan handlaanybinsuean Iha.Is.au'si’icsthe .

Encu-tiers I1IIn1i1t_rIl1csIams nflheanodi-.l tocnnlrnl urmmdersofimi overflow ]:ll'dJll5lII,51liJll0[
occur. Tlnralculatadlxtflcrfixlxrssis ranmtiuadattlicsunrtofcash picturc sulhatlhe decodercan

D.-L3 Buffer size and delay

Fwmnslmtbitmm upfialicll eaclzpicureheader contains avBv___dda5 pamineicrmennhle decadc_rstosI:rl
tllcixdccncliltg conealy, This DRl"£I!I'lt-CE! defines the ti11enee::lcdIn til] the IlpI:Il:Bl1ffefDffigIIIE D.14 from
a1cm;:ty'staIc»lo lhaburc::ticvcliIu1cfiiacly hcfnrethcPiclnrcDocuélcrr:moi'csalltl1ab’isfortl_1:
picture-. This time istlms in delay and ismmsured ill imisof IJSO 00¢ s. This numben waschoscn because
it is most an.exa:LmuItipIc or the picture durations U24. 1125, 1129,91 and U30. and because it is
computable in duration loan audiosilrlple.

The dclayis given by
I) = vIrr_d_elny I 90000 5

For example. i.fvl:N_deiay went 9 fl hen the. Ilelaywouklbe 0.1sa::. This mans thalfltflic startofa
picuirelhu Illpllc Bulferofthc model dcvodwsbotllfl contain exactly 0,1 swarth-nfdaaa fmm Ihainput
laiisirearn.

'I'he|:IilIale, R,is defined in Ilcsaqucnca header. "Thu number of bits in lhe I1'[lI.lI Bufict atflie begiilflilg
of thcpicanra is thus given lay:

B= IJ"R=vlJv_glela3 *1?! 1'9!) lllflhils

Farcxanlple. ifvl_JV_delay Wercll cm and}! weme1.1MbiIsJs. tlcn thenumibct-cfbitsintbe InpntBufiEe:t
"would be12l)|Il0.

fliecoiislraincd pa:_r:mo.tcr bitsiream re-quires manna Input Bufierluvca capacity of 327 63) bits, and B
shodd nevcrcxcencl this value.

11.5 MPEG video bitstneam syntax

This clause describes the vidao tnitstmin in amp-duwufashion. A sequencaisthe top lav-:1 ofvitlcocoding.
Itbcgirls with asequence heailcrwhicin d‘.t'u1cs l.IIl]20l1flll.pafllI1'.'€l¢l'St|fl€dcd.lI)' Ihcduaoclcr. The scqucncc
he-mbris followed by oncormore groups of pll‘,:l.ul'BS. Gmups ufpicultes. as the name suggests. consist of
occur more inclviiual pictures. The scquencemay ccmI:a_:n additional sequence heada-s. Asaquclica is

tcxminalcd by asequcnu::_i=nd..oucb. ISOJJEC 11172-1 alluwscmsidaahlc. Flexibility in
applicaiun pamnetcrs such as bin-am, picmrc mc.pi:.nIctesoluLicn, and picture. aspa:tIatiu.'1h-.sc
paramelerx are specified in the sequence licsdeir.

Ifihcscparamcacrs, and sums others. fall withincmnin Emits, Ilicnlhcbimrcanis called acanscained
paramelflrhtlstlcam.

D.5.1 Sequence

Aviacan aequenlaeculzlmences wilhaseipeme tmaderarid isfulloww kg cm: oninare ginups nfpictmesancl
isezflciby asaqtn:mx:_end_md:. Addiiunal-sequcslcr: llraficfilrnyappaarwithilithe SDQIIBIICG. In each
suchrwealei saquciluellesuhz all nfthedaia clement: with tlieparnlilledcucepfiun of those dafmisg
quantization matri [1oad_intra_quanti:ea~_maI:rix, 1ond_ncn_inmu4mntiza'_mau-ix and optionally

52
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DESCMEC lSCl!lEC1I172-2: ‘I993 (E)

bavellnesancvahesae uesamsequemc
head:-._ Repcaaumesemumelnadwwflhlwdaucbuunuunkesmdumneeesshtoflmficbotequmm
pnssihle. Iheqmumflmmmmsmaybemhthedaerupmedwinadnmpmedsequenmheaihr.

‘litemcodermay setsuchpaaneienaa lhaupidllfl stzaeamd aspocmifinindiesequeneebeadmlodefine Ihc
resnuraesdaaadecoder naquires- In addition. userdatamaylae irnduded.

11.5.1.1 Slquonce header cad:

aficudedsoqueucehqhs wilt ssequeneeheadaandthe headaxstmzwifl1It1esequu::esm1eude.IIsva'luets:

nu: ODIIIOI B3

binary: D00fl€IJ0300I3fl|l[IJC|DC[|DDEI}l lflll EDI!

Thisis auniqua sringof 3.‘-?.bits Ilnawmmtbcemulated anyvbhnreelza in thcbiulzmn. and i_sbyte-
aligiflimasledlflattoocbs. Taactievebytealiginenltheeneodermaypmcaieltweaqueluestmcode
wihany mmbuwfzerobiis. ThesemIhaueaeaemdaryftmuiuu.ofpmvemirgiemderiJ1pubtIffw
unr]er'flow.’IhIa pocednmismllai his-:1 ng.and may liepeufonnad befme any start uode,'I1:es1_ufihg
bile unusual] bewo. TIhedecu:Ier ‘ all such stuffing biis.

‘The.-.equem:e eIancnde_ltI:aanwiflaJsIaucndes.b¢gir1s wmia string of23aetm Themdhgsthanc

ensmesumsndn zslring nfcmsucmivemros camcIbeproducedbyaIyntheIcombiI:aIiono1codes.l.|:.it
canml be etnulalc-‘lby mlaewndes inthe wtchobitsneam. Thisstfingofneetvseenonlybe pooduwdbya
slutcofimorbysufrmglitspnaudingasmtoode

D.5.I.2 Horlzontal size

This is a. Ilnbitmuznlaex rqynesmting the width ofthe picture in p:ls,i1'.-. thehwisnontal tesdution- II; is an
unsigned integer with the musisiguificml bi first A value ofzem is notallowed (In avoid start Dude
emiladun) -so tie legal range is fmm I to 4 095. In practice values aneuauallya multiple or 16. A115
Mhiuis. a pcpllarlioriznntal Itsdulion is 352 pols. The value 3'52 is defived Frcm half I1: CCIR 60]
huimnlal re:ohnhnuf110.munded down In Ihenesuestsnultiple oflfipele. Othenv meemudeumns-L
fi.‘lJ oinibepbulreon fllctighltfl ihenuthighcr Iuitipleut 16 so that the lastfew pets mnbe coded in a
meuohloch. ThccI¢coder§hnul;l disaml these-mm pels Iznrqecitapiay.

'fh¢fIiciE:Il¢odingoflicenIapels,lheeIIoudu'shmlda1dpelsmluieslhalruiltrflenumhctnfbiu
genctaladinllielnnsfolniedbbck . Raplicatingihelastuohmuzofpds ieumally msnlittofiim illfllfl
nanuiniagpels withagaylevd.

lJ.5.1.$ Vorllcal size

Ttis is : 12rl?it!!|l.lll1|C'|'l'q3|1-'(‘.''.s‘£IIIi.'ng the height at the picture in pels. i.e. the vertical resolution. his an
unsigned integer with the znuetsignimmtbit fret. A value of zero is notalh-«ed {to avoid starteode
emulation} so the legal K3138 is free: 1 m4 095. In practise values enensually a inultipleof 16. More-Ihn
memaxlmm value of:1ice_vertica1_posi1iou 'n l?5(deci:na1). whidi caneqmnds In apiemne height of
2800 line. M15 Mihitefs. apopular mnlcal runlaunniszattl n2B3 pols. Valuesoi ziflpelsare

ennvunianIferh1IeIfacingaoS25-i11eNI'SCsyslerns,andv:In=s ot'2B8 pelsaxe none app:n=,n‘iau:f'cI615-
lira PAL lid SECAM systems. '

lflhe-Venice! reeduimis natamuflipleoflélhes. Iieeneodennustfiil ouuhe [icmeauheboumn no
thenuxthighermullipleol16'se11:alme1aslfe1vinasmnbecnaed'i:umn:robloc|c Thedeoaderdiould

diamxditaeseexzralirnesbefoiedisplay.

For efficient coding. replitmlng the last ljneof pels is usually beuerthan filling in the remaining pels with
a 5:}! level.

D.5.1.-It Pal aspect ratio

I"hisis'aI’oI.Ir-'bi:unha' vhichddincsdieshapcnflhegnl-unllwviewinzxluul. Thisismebdsmacnlln
lmimnnlmasetflmlpicnnesizeslarthelnsalvesdunntqaazily Iheshuxotlhedispleyedgieutt.

Tlsepul npeetmliu arm notgivellneslapedh-eoly.butis an indennlhe following lookup table:
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ISOIIEC 11 ‘IT2-2: 1993 ‘D ISOIIEG

Table DJ. -- Pal aspect ratio

sqlmncls

16:9 52.5-line

16:9 S25-line

702x575 at 43 = 0,9157

711x481 at 4:3 = 1.0950

tmned

 
'[h¢codsD00fl ififcrbiidanluavoidsmrluofleeinulafim. ‘I‘l:ecode0O01 lassquauepels. Tlish
approptialte fnrmany aomputar-gra;;lJits systems- The code 1000 is suitable fordisplnying pictures on the
625-line SCI-rz TV system: (see CCIK Recommendation 60!).

' height I man. = 0,75 =' 702 I -575 = 0.9157

the code 1100 is suitable for displaying picture; on the. 525-line 60H: TY sysuan [see CCIR
- 631].

height /«um = «:35 * 711 M8? =- 1,0950

‘[11: com 1111 is msenred for possible future extensions to this pan: of ISDIIEC 1 1172.

Theremaim'ng paints in Lhelahlc werefiled in by inteipnlating between Iliesalswopoiuts lD00'1nd 1100
nsingliufnrmulaz

aspectratio = 0.5355 + D.D44N

wllzre hits the vain: ufmccoduin able D3. Thcscactliliunafpel asp-ecrratiusmigntbc useful fur}~IIJ'I'V
wl1ere:ni:i.IJsnF 16:9 and 5:3 lJavebee1'1pmpoaed, -

Iliscvid:I1tsl:atIbu specificatitmdnesncxalluw all possihlape} aspect ratiastobespacficcl. We therefore
prcsunaethtaceflaindegmla nftolaamcisalloumble. Encodciswillcnmmzaitlnactualpclmrpaztratiolo

ihenenmt vaheintlle Hale, anddecoders willdisphy uhedeooded values to Ihenem-est pal aspectnanirmf
which flryalfi mpable.

11.5.1.5 Pictllra ra1a

This is afonr-bit irtcger which is an index In Ihc foilawirug table:
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®iSDl|EC ISDJIEC11171-2: 1911315]

551?."
an

$ .
39,94
60 

"De allowed tlictme mus aremnmonly availalale tonnes of analog in tligilal sequences. (headvanme in
not dlmvinggrcatar fltzatitmflity in picture rates is that standard wchniqlci may ha 1:31:11 In coiixertm
flisplayrals Irfflle flacodetifit does not match the uodadmh.

D.5.1 .5 Blt nlln

The ‘nitrate is an 18-bit inlagcrgiving tbehitrazeuftha am channel in main of-400 bilsls- The hit:-an-. is
assumszl ta he uummt for meanthnsequeusue. The actnalbitrateis Iuuncbdup to I11: rnearestmulfiplenf
40!) bitsls. For emmple, a bit rate of 830 III] initds would be munclal up In 331] -400 bilsfz givinga coded
hit rate 01’! D76 unis.

Ifall 18 himare 1 than me-bilstmam is intmdadfurvariahh bitratc npelation."Il1eval'ue mic‘.-is forbidden-

Foroonslanlbil nu oparzlim. the bi nteis used by the dseoda‘ in cunjunztiun with the vl:w_dBla}r
paranawriaithe-picuuchcatleftonaintnin syucbmutration ol the dwudu with a mnstmtnledah channel.
Iflht: slremiismnlfqalexerl using ISOJIEC H172-1, the titne-stnlqis and syslen clocl: inference
isuionmiiml flcfinad in ISOIIE-C 11172-1 pmfiurhannrcappmpdalfi Ina! fsxutnfunnjagtlis inctlon.

13.5.1 .7 [hiker bit

The. bittalc is lblbwcd by asiigls-reservad bit whidi E always set In '1. This bitpmrmts emuiatiun of
attitudes.

D.5.1.B VBV buffer Sill!

The buffer sizeis a 10-lxilinagar giving the nu‘imum required sizla. of the input buffer in nennodei decoder
in lmits of 16 3$4bits (2 043 bytes). Fbr mtaniple, abuficr size of 20 would ro1u'1n:aII input blffbr of 21}
:16 384 = 317 680 bits (= 40 960 bytes). Decadcrsmay pmvidcmmtmannry titan this, bill: if they
pnvide 115?. they will prnbafly rut. intoblflfet overflow problems Whilethc @uencae is being decoded.

D.5.1.B Gnnstralnnd Paramater flag

Ifcerlfill Paramelrrswed it Ihebitstmam tallwithin pnsdetinufllimits. then use Iiitstrmmiscalled a
constrained pamneterlailstrmm Thus Ihcwnsralnaiparainetcl bitstrean isulandanlofpt-.nh1m.mcn
giving guidetines to cndmand r1e.coc’era Bafacilitale the.e:x_-zhang ofbitstreams.

The bilrale panmctcr allows values Irp to about 100 Ml:-itsfs. ha a omstrainecl paramztzar hitsxeam must
have abilrae of 1.856 Mbitsls or less. Thus tbebii mm parameter u1uatbe3 1'12 or less.

'I'hBpict.uIe rate pmlneteu alows picture mes up to 60 pictunasts, hm aoonsuainad pmlmtm bitsream
musthave apicmreralz ufilfl pictumsls crlasa.

The resolution nfthc coded picture is alsuspacifiecl in the sequent: hnader. Hcuiznnul nesolttimsnptn
4 095 pelsan;-; allowcd bythe. synLax,bL1t in aounslraimd paimnelerbiuutam the resolution is irnitcd In
753 pals or hss. Verticalnasolulftons up In 4095 pels are allowed, but In: in auonstraineui gxmnnelnr
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Iscimac 1 1172-2:199a{E) an iSC|fIEG

Iiilsircam is limited In 5715 pi:-lsnrleis. Ina wnsililinedparauotarbilstmam, the Intalmmberuf
macrohlocki poI']Iid:urt: is imihad In 396. This sctsa limit on Ihcmaximuinarcaufiiie pictnrewiiich is
only alum me.quar1'i3.1' uftiinaraatifa. 720:c5T6 pelpizurc. In imanslrained pafllhftfll bilstrean. thbpal
nitesis iiminzd D 2 5344{IJp¢1s)'s. Ears. given picture 1511:, Illisseis mower limit onllie-maximum aim

oftim picune. if thepictune has the maximum area of Biifimacroblocis, men Ihepicun-eraic is restliciad to
25picmrea!'su1I&ss.IIfl::pic,u1reratew lhemaximun¢orBu'aiI13dValIJ¢.0I3flp10I1lrt':ifsIh3ma1iJ11um
areais limited to 530 matmhlocks.

Acmsmined pamnialer bllsteamnan he cbuodadhyzmodel decudzrwidl abuffu size of3'.’.'? D tits
or underflawiig during the decoding lzmoess. Tin IIaJliJI|ll'.l'.|i ‘bufier sin Iiiatcill be

specified For a consuained paraniucriaimraam is 21] min-

Acnnsu'ahrdpamma1erbiureamimsafrnard_f_oodeubackward_f_oodc lasnmnurequai tci-L Iiiis
mnslirains the maximum range ofmniian vectors ihatmn be rapresemeuiinthe bitstream (see table DJ).

Ifnlltlnesacondiiiuns we met. than Ilia-hilsxeam isocnstraiml and the curisiIainet1_pa:aInet:1's__flagi:I the
sequeriaebeadarsi1o11ldbesetto1.ii‘anypammeterisexcaedad, lhefliigslallbesetlia Otoilifnrln
damders Iiatnnrclhanaminimtmi mpability isrequirlsdlodaaodc mcsequmm.

D.5.1.1U Load Intrn quantize: matrix

This isa u1e~bil.iIa§. If i is set to 1. sixty-fourfi-bi: integers fallow. These define an 8 by E sctuf
weights fith ueumdm quanfi:u'.thcDCI.' Iioefiicienis. They are Inmstniliod in the zigzngscm -Bmder
shown in figure D30. None ofuieieweigntsmn be me. The firsi neightmustbeeighlwtiich matches
lhcfixtd quanthafiuulcvel uflhcdc mcfizicicnt.

Iriheflagis sci wzern. the inua quantixafion malxixmisstbercziet lathe mllawingciatault value:

8 16 19 22 '26 1'7 29 '34
16 16 12 24 2'7 19 34 37
192116271293434-38'

1'22.1,Z62?29343‘t'40
22261 2932354043

1'6 2'? 19 32 35 40 43 '58
262'3Z93=i3846Sfi69
I.’?29J533465fi69B3

Figure 13.15 - Dslallll. Intra. quantization: matrix

Thedefault qumicizaiinn Inatrix is based in work performed by ISOIJEC JTC.i SC29J'W(i10(.TPEG} [6].
Erperiena: las.sI:I.'.'wrn hat ilgiires good risuits over awide range uf video maieiial. Furremlufiom ch:-6
to 3501250 liens Ihiitfld mnnany berm need to rauiafme the inn quantization than-1:; Iftiia picture _
msdutiun dvpms signi'1I::anIlyfmmI]iis Denim] msniiticsi, thtn some olhea-mania; may give pcrasplibly
baits! IBSIIIE.

Thewcighls increase IEI lhclighl anddnm. Tiis reflecas Ihehuznan visual sysiml which is less sensitive

In qumtirmiion moist: athigha‘ frecpmcies. -

lJ.li.1.11 Load nurI—intra quantize: matrix.

This is: one—b1t flag. if *1. is set to 1, sixlywfou: B-bit imegers follow in zigzag man omler. None of the:
iiitegm canbezem.

If iieflag act in zero: IIIB llflllvililfii qlanliizalian mairil must he inset in the foluwing default \fl.IllB
which consists ofall 16$-
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CISOIIEB

fill-lvI—|I1%Dl-II-II-I O\fl‘lO\.Cl\.U€Qi5\B\ 555555135 Xiiijifli Q-anon-aucxe-av
I6
16
I6
115
16
16
16

16

.|JI—lI-ll!-Ifl-I-DC-I3-V €l\O'\U\l3NO\fl\U\O‘\ r-II--I-II-II-Ia-In-11-!mmmmmmmm

Isonlsc 11172-2 19533 {E}

v-u--u-nil!-II-II- G'|U\U\aiaVa1G\'
16
I6
16
‘I6.
16
16
I6
16 [6

Figure D.lIi -- Dchult non-inn-a quanliniinn matrix

nisfluwfiflqxmfinflmnamxwnadnptadfiomlllfil whichusas aflatmatrix forth: uquivdnut of
P-pictures [5]. Lime In-mt hashumpafmued Iodtlnrmixnc Ilroptirmnnnnn-imra mark brMPE('_i video
Oodingbnwfimmslggadsthaitismomdopmahmm vidaomamialthnnia Lhelntmnlanix. The
Drlimlm Ilol-iulnmnrixmaybc scunwhene helmulllv: flnldefiult not-inunnalriaumd zhesuongly
fi'aquz:my-mncudcnl vallles of III: defult illtra Inmiz.

l3.5.1.1: Extanhion data

Tiiutarwodeis bytc—alJ‘gnodanI1 Is 32 hits ling. ls vaiucis

let: 00000135
buflfr: 00000000030) IJOUOOUDODCDI 1011 0l.|'Jl

Itmnybeprecaietlhyanyrmmha-dams. Ifitisprese.-ntihen ilwillbefullowadbymundeu-niuad
nunlaoldaiahymstaminatedbylhelltnslslalicode. fiemdanbwasanmmnedformmmumnsinm
‘°|WP5|1°"50’575C11173.flI¢5h0uldrHxtcgecI:ak-Aizzcnuidcta Ddllfifividnottuoodara slnultihave
Ihsutnlyiity tndiscanl alymasicn that found.

0.5.1.13 Ilsa: data

Ansmlansait and: may followtlmzpthnal cxemim m. Tlisstatcudc by!»-ligand aulis32 m
long. 113 vnheis

heat: 00 0001 B2.

hlmry: OUDDOOOOCIJW 000000000001 IDIIDOID

Irma): bepreccrlndbyany numberofzznas. Il.'i1prcsc11tLben ilwillbefulowetlby-m undstmninad
nnmterotdamhynesinrnimmedlaythenemtuan coda. Thesndaubytnscanbeuaedbythammchfuxaly
purpuse. ‘nae only r-asuiatinu an lhedalais that they cumotcmulate aa.ta1code..evenifnot byte-aligned.
T'hisn1eansIlflastIing(f23euIB&_1!iV¢l'.eltEillu5IllO100cIn'. Onewaylopreventenmlafinnnfmwz
Ihenostfimifapanthcitnialzmatobymboa I.

Indflsflilufillil’-£blIliel'S)flflllHb(HlI@'lI3y1!&IhIEIDIB'a Ihedata. Illbemregenezalcnse.
demdussaouldheupablenfdtscatdllglhcueruhul

D.5. 2 Grasp 01 pictures

Twudistinctpictme mflarings exist. medisphyotdetandflaebismanurdufasthcgaappearinliicvidna
bitsrlmm). A group of pa'cmres (gap) is aaetof |ictI.Il\'.s which an coI:I:igaI:II.IsintlispIaya'bL A ycupof
picuarasnusmonlain atleastolel-plclure. Thismquitedpicuuemayhefnllowelbymynulbuofland
P-picmres. Anymunba-of]!-picurcs may be Inletspmsedtelweehcadhpnir0{1orP-plmJns,andu1ay
aha purl: {he rmI-piclure.

Pmpmy 1. A group of picmus. in bitawan order, mu:-tstan win: an I-gicum and Imy be fullowcd Iy 1
anymJ:nharnf1,PorB-picturai.umyoI1ler.

Amflnrpmputy ciagznupofpicunas is In imlustbu.-.gi:I. in display order. 'wimanIuraB-
picl:ue,andmstenl wills: Iota?-picture. The nnallastgruup ofpictum oolsistsofa single-1-picture,
menu Ibehgestsime isnmlimilad.
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JSEHIEC 11172-2:19 {E} in isansc

Ihtofighzi cnnmgxtnfagruup nrpicmm: mesa t nfpicmrcs thatcnuld tcuotbdarttfcisplayed
iiadtpendetilyofany othm-igroup. In tlmfimlvetsion ofutis partofIS02'IEC 111.T2.this isuoulvrays
I'M. antlany B-piu':tLIJIes pnwading (h tfisplaj (J|'d£l’)lbBfil’Sl3-])1GllllEill n_ group n'I.ay'lt:qui.ra the last ptir.'.Iln.=.
in Ihepnvitnns gtotrpin urfltrniae tlnmded. Nevenilelsss emccni-ens cansti] cnnsh'uc1g:fl3||£50fPi£|1"BS

which are indt-perndentofoneanmhnr. One way to do this is to unit my B-pictures ]J'1‘fl3bd‘ilg| the 131511-
piwne. Anotlerway is to allow such B-pictures, bulitncndntllell using only backward IIIOUDII
cumpensatimt.

Pmpert): 3. From a codingpoinl of view, a concisdy stated property is that a groupofpicmms begins
with a gmtp ungicumsheader. andeither endsat the nextgmllp UIp'r.:ture.-. headernrat nhemxtsequmu-.
haa;lu'wal1he—cII1ofsequEncB.Wl13chevermme:sfi13L

Samezeatamplnsof grasps nfpicmres arzgivcnbdtwt

I
11-1-
IBPBP
HEIBPBP

IIE[BBPBB?BBI’

11133339313311

Figure [L17 5- Examples of groups of pictures in display order

These cznamphs illustrate what is possifln. and do not oonstium: asuggestion for .-tnsctutes of groups of
pictums.

Gruup of piclturns start ends

111: group ofpictums 11e.Idt'r slarls with the Group of Pictures slarlondt-. ‘This code is byte-aliguadanti is
32 bits Iang- Its value is

heat: 000001138

binary: lDl1 ICOD

It mafia: preocdatlbyany rnmbcrofzcrus. Thecnmdsrnay tnw. insfiteflsmnczcms ugctbyte
alignment, and may haveinsemdaddilional mos topm.-ml builiel tmderflow. A-II etlilorxnay-have inserted
mmsin urtlerlntmtci the vbuielay paiamatar uftm: fifit picIm_'E- in Ilr group.

Tlmq end:

A 1imx:md.=:ct'25 bits icnmadiairlyfollows Ilfigmupflfpicmttsflaflfibdb. This encadasrhesaxnt.
information as the SMPIE tineaode [4].

IlmeliliecodetztnbchrnkmdowninmsixficldsasshovmitttabhD.4=

Table D4! - ‘time code fieltlt

 
I116 Iintecode refets In the fin! picture in nu: groupin tiisplay order, i.e. the first piciure with 121 temporal
refcrmce of 21:11:. The SMP'I‘E time code is included to puovidc a video tilrleidentifitalion mappficafiolu.
It may be djsmtfimnus. The pmsemrfitm lime-stampin the Sjrstam layv.-.1 {Pan 111135 1 much higher
precision! and identifies the time of -prescnlaion of the picture.
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9 Isl:-IIEC ISCHIEC 11172-2: 199:3 (E)

closed GDP

Anubis flag Iollws Ii1etimI:oode.I:de:1.ot:-.5 whether the group cf picmms is «spa: in clcsed. Closed
gmups can be decoahd without using deaadnd pictures 0111!’. p'l'E.'.'|l'it1lIS gniuqa int nmtitcm culnpensatian,
whereas open gncmps raquin: such piclures an be availabh-.

A typical exanplcofa closefl gn:-L51 is snowninfigurc 13.13:.

I’IBBPBBPBHPEB
891111.112U12]-=15fi7

B P B B I’
10 11 12 13 14

(|3)npa1{I'clo3::dgruI:p

Figllrll D.-18 - Example youps If pictures in display mm

Ales typical example of adosadugraup is shown it figumD.l3l:-. example, the B—picInres whid1
prwede the: fis311—picI11temintnse:hac]tward rnuljuu compensation m1}y,i.e_any rnatim mmpenmfinn
musthe based only tn piclult number 2 in the gimp.

Ifthe cbsed_ga;p flag is set to {Milan the group is open. The list B-pidmes that pruned: line first [-picture
imhc gmupmay have IIABII emudai using $1.15 last ]Jii1l.l.I'B in the previous group In: mmian mmpensafinn.

Broken link

AOIIB hit in; follnws the c.lased_gap Elm. It denotes wlaethet the B-pims which pnwade Ihefrst [-
picllra in flmG'DPcan be mITac‘tlydeI:.'n£|:Ed. Tfi.‘ isslrtto 1. tllmapimures canmtbecorra.'.l:1y ihcnflai
hacause th.-:1-pi:ureor P-pictllrfi finm Ii: pm-vinusgruup pictures tlalis required to fonniiac puéicliuns is
mat nva1'lablu(pn:sIImab|y beams: the pnaceding group of p'I3I‘.I.'I'B$ hasbeen tetmvad by editing). The
decotk-1 willpmbahly chaasenu tn displaylhese B-pictures

Ifthe sequanu: is editedsn that them-iginal gmup ofplctufi no It-nyerpmcedes the mutant group of
pictures Ihen this 1133 nmmaly will be set to l by Iheedilor. Ha-waver, if the elcsed_gop flagfur the
cmmtgzuup ofpicmes it set. then theaditut should not sat the |Jrnl:e.I1_1ink flag. Became the gmup of
pictures isclosed, thcfixsl B-p1c:m'cs['1fang)canstfl1 Irc decndadoormctly.

Extension data

This stmtcode: is hyti:-aligned mdis-32biI.s1Dng. [Is wine is

heat: 0U|l0|JIBfi

binary: OOOOIJDCUOOOOODOODUDUDIJQI 10110101

Itmay lnpraaedcd by amynumhcrofzzros. Ifitis prescm1hen it will bcfgllowacl by an Indclmminnd
numberofdata bylesuarminanadby the. next slarlmae. ‘mesa data bytes are rasanedfar future extansions

to this patio!-ISOIIEC 11 172. and would mt be generated by encoders. MPEG vidau decoders snnuld have
the capability; In discald any exliensiun daa found.

User data

Aus:rdat:tstartundennyfollow.n1eog1inna].e1Ir.nsianfla1a. 'I11issI:;1t¢odeishyt&nJi,gJ1edmd1s32hits
long. Its value is

him: (B00013?

binary: Ul1(Il{lflUfl0[HJU IJOODDUDUIIIJI 1011 [I010

Itmay Iepiwededhy anynunheroftaos. lfilispmsent Ihen itwill befall;-wed by an mdemrillined
nlm!‘Ii¢£Dfd3Iflh}'BStenni1flB|Zlh)'lhE»l13.1ISEal'tCDflB. These databyu.-.5 canbeumbyth: encoderfiznnqr
purpose. Thu: mly l'EsI:l'iI:liDI'l on the mania untmey cannot emulate. asim mde.,evmif'notb3tc~a1igni:d.
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ISOIIEG 111.72-2; 1993 (E) @ ISCJHED

This mcmsflxatasfing uf!3 comecuiv: zeros nmtnotocctr. Oneway mpnevcntanntlatitxi is toforuzs
thamnstsignificantbitof alusrnntebytestobe a 1.

mdosnden:nnInH1eoodnrsystm1hefleaDu1:1'maybe ahlatouscmbedan. Inlllfimutegeanaulcase.
damdcmslnuflhenapableufdismrdiugtheuscrdam.

D.5.3 Picture

'1'hepicun1:Iaye:- cmatnins all the mind iifonnaliun Iorone picurc. The licadcridrénlifies the tn-npor-.d
mfuuuaofllra picuut. ilepimnc nocfingtype. lb: deny In Ihevlclen buffarVeIi1’ier£_VBVJ and. if
£pprupn'aI:e,tha range of rnntim vectors used.

I.'r.5.3.1 Picture header and start coda

Apicmrrbegins win a p1cI:u:rehemiler. Tlreheader mum wit. 2 picmrc-.s|art code. ‘Hrs wdeisbyte-afigmd
amiis Szbis lung. 1:: value is:

hex: 00000100

him!!! 0fl0UD000[Ifl0[DDDO0CO0U0] 00000000

hmnybepmmdadfiy mgrnnmbanfmus.

D.5.a.2 'lampnral rafelnnna

'lheTen:IpDIal Reference is 1 tr.-:1-hitnuinber which canbe new to defina the Drum in which. the plumes
musthc displayed. Ilmay be useful s'm:epi:1:ures are not I.mna:n‘1;tad in display ordcr, but rathcr in the

-miler whichlhe decodarneecls In decochmnm The!‘u-stpicuu'e. indispiay mdet. ‘n each_gl'0IIp Ennstllave
'1’6Ill1¢I!'-3113:‘-ftvetltlnfll III man: This is ‘ill!’-'-‘I-';»ll'l3l1L¢dhj one for eachpictue in thegtoup.

Some zxampk gnuups ofpictules with their Temporal it.efamnG: nmnbets an: given lielaw:

_Exa:Iqv1e{aJin I B I? E P
fisliaymder 0 1 2 3 4

Ex:amplc(a)in I I’ I} P 13
:bmdingr;rd.=:r 0 2 1 4 3

Exal:IflplI:(IJ} in B B [ B B P B B P B B P
Iiaaplayoider U 1 2 3 4 5 E 7 E 9 '10 Ill

Ex_amp]e(b}iI1-IBBPBBPBBIBB
nrluiudar 2 B 1 5 3 4 8 6 7 11 9 10

Exfl1llJl¢(fl)i1‘l B I B B B 3 F B I B [ I
Iiaplayonlsr (J 1 2 3 4 5 6 7 E 9 10 11 12

ExalJl1JlI:(c)in I B F E B B B I B I B B I
txxluzlmder 1 0 I5 2 3 4 5 B 7 11 9 10 12

Figure ILI9 --- Examples of groups of pictures and temporal refirenuzs

Hlinrc arena‘: lha11D'14pi1:'tun:sin 1 group. than the Ten1poraIRnfe:iemei$ resatln zaaroand than
incztlncnés mew. ‘mi: is iilustaued below:

.3 B I B B P ._. P B B P F B B P
D1Z345...l.022lD23fl1...4-72473474475

Figure. IL20 -- Example group nl pictures containing 1 500 piulunes
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Q ISCVIEC IBOVIEG 11172-2: 1993 E}

D.5.3.3 Pietura codlrlg type

A three hit nunlrrfollowsthe Iampcral rdien-me. This is an hdcx into Illa fallowingta1:nledcf'ming U1:
type of picnme.

 
'Ihevilimslyi:c:ofptcturE5aIedascn‘hadinD.Z.3. Ctdeslfllmmighlllmemervadirfismm
uziaarusiora ID u:isputoflSDfIEC 11172. Deon-clans should brecainhlc or dim-udhgaupimnm cltlls
type.ands::aI1fntll1a|oxl_picmasta1toodI:,3:-uapshncodeursequmtnshnmcb. Cadefltllvfllnievcrbe
Iuaclmavuiisanundaunulntim.

0.5.3.-I VBV delay

Forcmsum b'naueopention.vII=v_d:Ia3 mnbcnzda:tl1csm1o1d¢codingand:fto'aranduma:nussto
elsuemazmeaumct numlaerufluits has-..-s hem ad by lhedacvznierhsfuuethc fntpii.-mmisdiapiayod.

Tbebnfferfulhesslsmlspeuifiadixahiis lrulrflzllwhlnilsbftime. 'l‘haVl:v_,ddnyisal6+bilI!I.I:IbcI’
dclililigllletilienondndinuritsoill-}DDODstut1l1heiq:ntbnfietnl'lhe modeldanndmfimnananpty
sutctofliacarrausratcatmetamne specified inn: secpeuoc header.

Foruxampk:.,suppascIhe.vhv__dcla3.rlm!ade¢imalvalueof3lJEI}0.unnllletimcdalaywmldba:

D=II}H}0!90WII 1 I35

lithe channel Iiuan:-true Lzhdlitsmhunmsainnnlstxfthchuflarbatom Ilepicuucisdeuxbdwuulo
he:

B=12|J(1D00f3=400(I)0biIs

Ifth: thunder dmmnilled Ila! 'rL~;a:-_rual bufferfullnass diffued snglfifunfly fiom thisvnlue, than it wmld
havens adopt mm: slnlcgy fcr mgaining synchrmizailim-

'IIemeam|gd‘\hv_;l:hy istnchrnad fbrvariahlehink-.u1:enfion_

D.5.3.5 Full pol inrlnnl vacant

Tlisisaonebilflaggivhgmsplecisiuu oftlefouwarduntirilveciuls. Iii: lttasnmupmcisionufthe

vaclorsisinine5crpels,ifitisu:rotl1cu flaepmcisionishaifapal. ']‘).usi£u1eflag issutnoom the
vaclnrshave twice Iharalgenm thcydn itlheflagsct Inzem.

Thisfingis puesent only in theluaden ot P-picuuasandB—pictures. Itisahstinl-picnnesandb
pizules.

0.5.:-Ls Fouurll t-undo

'I1:isisa1tne-bitnmbuand,likeIhefi1l1pn3 fwwan1vac9;nflag.is;I':au1onIyintb¢lnaIersof?-
pdmnumdk-pdcnucs. Itpwoxichmfiamadonwadfprflwudingthawdadfiorwardvaauanndommhmc
nnaxjintmsheoflhe fl:-maid vectors. Ihacan be coded. It:-an take only values of! 1hn:mgl11':a valuaaf
zaemistorbiuflcn.

T1
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Ivaparamalmnsad In decoding the forwairlmoion voclxsare dexivedfitxn furwazd_1_uode. fnrv.'arcl_r_sizc
andfama1'd___f.

The fiaru.ran‘l_r_size lsune less Ilnanthe forw:ud_f_md: andsocan take values [1 through 6.

‘III: l‘nnvmd_f paxmictcr is given by time I16:

Table I16 -- f_l.'.|de.s

E

 
I
2
3
4
5
6
‘I

D.5.3.7 Full pel backward tractor

This is a one hi1 flag giving fllepmcisinn cf Ilmebankwm-d mafia-i veactms. ‘(fit is 1 man the precisiun of
flu‘: visclflrfi. is i11inlcgc:rpds,iI it is zen: {tenths precision ishalf 1 pt]. Thus if the flag is set tn one the
'vact£I:s'ha!a Lwiuethannge ban the} do if Llncflag-act In mm.

I‘_|'1is Bag is only picsenl in [ha heafilcls of B-lglicmres. Itis abscmin Ipiculrm, P-pictures a.'1dD 1:Iiclures.

11.5.3.8 Backward" f-node

This is a three--lit number ma. like the ruflpel backward vector flag, i5- pnesentonl-3* in th: hcailexs orn-
pidmns. It pnm.-ides itfurmalioll used for decoding the aided lmkwarfl vectors. [team take only value: at 1
th:oIgl1‘?;a value ofmm is forbidden.

Th‘: hackuamjpaamauis iflrived from Itu3badnvmI1_f__uode andis give-.u by table 13.6

D 5.3-9 Extra picture 1'nfarn1-atlun I

Extxa pizture infmnulcu is the next firm in me piulllrf: header. Any IlJIHb“'..J' of infnmalim by:-as may be
present An'inf:n1nalion byteispracaded by 1 fhgbit which is set to L Infonnaticn bytes are thenafma
genetally not byte-alignad. Thelazi ‘nlhrnation byieis followed by a zero bi. The smallestsize: of this
Edd is Iliereimb Dill‘.-bi], a [L Illa! hasm: inrformafionbylm. 111: largestsize is miruitad. The iolllzlwixg
exnnpll: has lfibits of mm informatiun denoted by E:

IEEEEEEEEIEEEEEEEEU

What E is mi alts. information bi.

Ibccxna irlformalion bytes in rc:4€a'vedfcr'liJ‘tIIecxlI:nsioI1stotl1is pa1tufISO:‘IEC1l1'!’.".. I‘h:meming
ofmesebytas iscarrunly undtfned. so enmdersmuslnut gcrmrat: such hy1es'an.d ciicodtrsmustbecqnble
ofdiscarfiingihenl. _

9.5.3.13 Extanslun data

‘This start was is hyu-.-aligned anclis 32. his lung. Its value is:

him: 00lJD{l1B5 _
binary: ooooooooomoomoot-00000119110101

It1m_Iy itulrecaded by anymimbnrafzaerns. Kit is pmsmt men it will be folkrwui byanunfldntmined
nnmbercofdala bytes Lea-miuabdby 1.hB'l:I}1ttSIB2I'I'.D(‘.lk1 These dalabytes arcreselvefl fbr fumre emensiuns
tothk partof1SOI[EC 11172. and shou]:l moth‘: gmeratad byemodets. MPEG video denoien mustbe
capahlcofaiscatclingmun
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D.5.3.1'l U53!‘ data

This stanwde is iryie-aligned and is 32.1:-its long: Ils value is

hex: 00000132

00D{IO0DD000C|D0fl0(lEIDO0D01 1011 D010

It-mayheprwededhyanynunbarofmms. lfitis11-esaitmunitwilbefaflouedbyanmdcternnned
nmnbaoftiambylnstclminand bytbcncxtstartcude. Iheseéalabylescmbensedby the-cunder focal)!
pu-pause. Ihsmly restricnion uitltedaiaisthal theycarmoteniularea startcode. evaiifmtby-10-aligned.
Oneway to prevent cmulatinn is u fora‘: Lhcmnsi significant bit ofalternatetryu-.3 to be :11. -

In closeduicader-decodersyslarisflaerhcodermaybeablelousetle dala. Inthemureganemlcase,
deoodetssiimldbecapablaofdismdingttmnudata

9.5.4 _ Slice

Pictures are divided um sfioesi Each site consists nfan integral mnaher of macmblncl-:5 in nsterscan

order. Slims cianbeofdilfcumt sizns wilhinapicturc. andthc civtsian in one-picmrcueednothc lhesalle
as thedfvisinu in any ofliarpiclure. Sliuaamiibeginmidetidatany mncmblockin apicmn-. subjectlu line
following restriclinis. The fir: slice must begin at flietop left nfme picture. and the. and of mu: last slice
milstbc Ihcboann iighl niacrclslock of tl:n:-picture. 'I‘h;-me can berm gapsbcl.wsc'.I1. sliI:I:s,nur czanslizes
twerlapi The minimum number ofslices in a picture is onanhe maatiuaim number is equal In themmber
ofmaciolhlocks.

Each sliceslam with aslitestatt oode.tl1ee:actva1n5 of which defines I12 ve.nic.a] pnsilinn of the slice.
‘Ibis is followed by a code that sets the quaniizatim may-size. M the start ofeach slice: ch: pnadictatsfur
tl:efcuud"fi::ientvahc.s andflwpuadictunftrtle vector dwodi1gan='aln:.seL 'I'hr.-.huriz:mI2I pasilicnof
the shut cf the slice is givanby the nauohlockaddrbss Dfthc f|rsIn'.acroi:rlack in lileslioe. The nasultaf
al Ihia is Ihal, wilhin apicmre, :1 slice can be dccodad wilimut hfunnaflun from llcprevinus slices.
 .ifa data fiICICI‘JcI1lS,d:Oll1il.g i:a1ht-.g'n again atlticsubsfiqlierll slice.

Iflhndalaalem I1‘. nsedin $1 EI1'I‘_|Tfi'GBE.'lVi1‘D‘n]]1l, rJ1enona1liceperpit:titemsyb'eappmpriitc- 1EIJ1e
elvimrmaut is noisy, than |E|I|CS]ii!t'r|1|l.'.'-1' row ofmacrnblocts may bemm_-edesirable, as shown in figure
D21.

 
Figure I131 -- Pnssil:-In Illrangunent of slices in n 3563191 picture

In this figure and ind1t.nt'zxI, aid strip is one macruhlock high, in. 115 pals high.
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Since mm 3110: Imadermquh-es 40 tits. lien is Sam: penalty for inchdtng mure than tl-mnirimum
n1m1ba' ofslioas. Porexanple. asequmoewich a veniu:a1'resol|Iion undo line: ended at 30 piclunesls
teqnites up‘;-roflmat:15r4vtIx30= 1 2130 ‘hiI:..¢s Fm the aim leaders using nneslicneper ptctltre. an.d40I:l.'Sx3U
= 13 Cflflbitsis withom slimperruw. anaéflilional ovum‘:-ad cf 16 800 bisfs. Th:-. calaulafinn is
apprmimalcald Llnflelcsltnnlzs the inlpact. silica the in1:Ilns-R31 of amine imposes additional requirements
manila uaunllackinundialnlyheiore the S1.iu‘.‘.'3 hsadcrbeauded. as well Esthetirstrrnaaubluckinthe
slice.

The oodingsuucumparmit: greatflaxityilityin dividing apicture up into dices.(}ne posila-leanangcment
is shown in figure .1122- '

 
Figure D32» - Possible arrangement of slices in 2 1561192 picture

This division into slices is given forilhlstafivc purposes only. [1 is not inlended as asuggastion on how to
divldea picnut isltu slim. '

D.5..4.'I ales header and stgrt code

Sliuzsslm wimaslceheacbr. Each slice beaitrslaru with a sic: stanoode. This ondeis byte-alignul
andis32hitsbng. The laslcightbits takconamngeofvalucs whichdefine flleveltiuflpusilion of
Ihesliee in Ihepicture. 'IhepermiI1ed slice smut codes are:

but: E11111. CDDOD101

to moonuuv _
mm: from mnommoomoounnoouummunonnl

lo CDDBHCXIIIIOCIJDOCFIJDOBBDUGI 10101111

Each alien-star! Dodema}'baprecale£l'lJy amynmnbanfmus.

The lmt 8 HlS0fl1I38fiCBSla1'{C0d£giVt:l.lI¢ slice vm.'caJ position. it: Ihcvertica] position title fint
macrtblflclcinltha aim in unils of macmblncks starting with posiliun 1 atthn top uflhe picure. A main]
vamiahle is nacmhlucir row. This is similar to Elia“: vexical position IatCEpll.l1atI'DW"U is :1! I1: Lopofflzc
picmra. Imus

slice»-a-tical position =:nacrob|ock row-+1

Foremnlpla, a slice startmdeuffltlllllol he: memslhal Iheflmmacrdslock inth:sI'1cei.¢. alverfiml
position I crnacmblnckruw IJ. i.c.a1Ihctop oflhepicule. A slice suncodeoftxllfhllzflhex means
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thalflaelimnaudilnuzk isalvnrtical pusiim Jzarllnctulzlock row 3l.i.'a.aLh=496I.l1r'a°wol pols. It
is possible F0: lwoormore slices lo have 111: sauna verical position.

Thcmaxhnun vnti::alpos'tiuuis17Snniis. Asltcewilbtlispusitimwmldmquirenuerlicalsizctlf
I75xl6=28fl0pal5.

nehuiwmlpasiimofhefimmaathbckinlhcslbcmn laecalculntadftmaitsmmmblodsaddmss
inctmiem. TIlJ.'§il’.'. pnsiicn h Ihepizmre be dclcrniledwitbolx rE.fErn'IIgioany previous slim or
naszuhluck. Thusacbcodcrmwdemdcanyslheinapicuxre wiumuthavlngcbczuded anyatlmrslic.-zinlm
samncpicur: Thisfeature ullausdemdarsm Ieuovcrfmu hltfi'l'0l'3b)'8£8.l'l2lt'I:'lgffl'I|l‘. next slim start
uxiamdlhcnreanlillgduuldilu.

lJ.5.4.2 lllllltlzer sflflfi

'D1cqua1iz:u'mleisafiVE—biti1l¢ga'wi1i£:|Iis Ixaedbytlic dacodsr Iucalualate tl:cD(.'I'mc1'fi:ienn mm
the Iransrnilted qnanlimd ooetfidents. A valiant‘ (I is forbidden so "the quantize: scale can have any value
betwnen I and 31 inclusive.

Nulbil arltitinu thatheqnmtizerxcalemsyhesel-aluiymatxublncat.

13.5.4.3 Exlrn ‘slice Information:

Earttasiim Information mtmsthe. lastfleldituheslicc heatlat. Any number of inmmation bytes may be
present. An infomnatiunbytcisprecaded bytflagbitwhizhisscltn 1. Infarmationhytns msrhm.-rose
gaaenilytlilt byb-aliyml. Tnelast hrommlon hm is followed byazetolir. 'l'hesmalestsin oftkis
l"ddi5.|lnIefcleuIe:biI,aD.Ih1llasnoi1li1'nnLhnbytes. Ttchrgcasizeisunliniled Tliefnllowing
txanplehaa24l:itsolenni|fu1matimd:nablb)rE:

1]-ZEEEEEEEIEEEEEEEE] EEEEEEEED

Thcextrallltornaationbytes me. reamed fur fumrcexlnnsinns tn lllispart at ISOHEC 1l.1?2. Thameaning,
afar.-aebyusiscmmflyumkflucd. suanazndmuusz mlgenancsumbywesmdfiemden mmdiscafil
them.

Thesliaeheadansloilowed bread: dcfiuinglhs urauublcclcs in IIIGIIIE6.

D.5.5 Macroblock

Shims"inlnmaanbtocholllix 16pnhI.Maaohlmks are oodndmilb ahnadulhamunlains
i1:Fomatitmonfl:r;naud:locta1dress.:nm:-ahloctlypc.a1dthsq:dn:rd qmnliurscale. Theheadetia
followedbydatraddiningeaclcfmesix bludtslnthenacmblock llisom-umiemtodiscnsma
nnuotlofliheaflcrfietnfiaflnufluinwhifiilheylmmdod-

D.5.5.1 Ilacrolaluck stuffing

Thetltstfield mnmuacruhIockheadatis‘macmIiucksufi1g'.1hisismopfionatfixl¢admayha
insatadumjmduhcdisauionmuzenmdur. Ifpresmilcaissu Dfmlymmfiefofll-Iitxhixags
wilmlnpauzrn "DQ300001 111'. This mnflhgculeisnsfllbylllzmmderloprevmtlnafluflow, andis
discarmclhyflacflaondnr. lII!nmcodarde:amiuuut:a:m1daflnwisaba:Imocnr.Iha1iunh1acnas'
many auifingcodcs inmthcfmfisldofflaamaudbloct teadeiitlilaas.

Mm uman encoder has ouasuaagimmpmvmtbufiu mdezflour. Itcau insutstnffing bits inznmziianely
helm-easattmde. It can mduuctheqianthursmlelninzrcass Ihenuntaemfccnndmeffidmm lunar:
slactaaewsliee.

D.5.5.2 Ilacrnhluelt addnss iI'I=I'Il'llIl'II and nuwobladi escape

Maunhlucks have an address which is the number afthemacrobluekin ratterscanorder. The Inplefl.
flflfiflhbckfilflviwflflhflflflmfiflfinneumemflengblhsadhssl andmnn. Ifflmearell
mmuhlncksi1api=nt=.ttnuIinhotunfighmaml:lockh:smam:c3sM-1
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Iheaamgggoraniannbhckisindiuimd bytralsnilling Iherfilfexanu: bcbweeriuic aiidlttssasofthc cunent

ma;mb1a.d; and meprwiomlycudad macmblmh This diffcmrice-isce_|lled‘tie maarohluct-address
iI1l:4'fl}'IBIL In!-picnmes,alJma::IJtia:|rs an. codetlnnd so the nacrtblock addmss incmnmt isnarly
always tune. 'Ther=is one exctsplion. Attila beginning ufeachsline the nacmblnczk address is set to thatof
therigln hand macmhlocl: ufllu: previous tow. mm: beginning of tie pictlne it is set in -L lfa slice
tiocslolstartat Lhnleit aigeoftmpimmmm Ilmmaaobtod: addnass incrementfnr the firstmacroblock
in the slice will be large: than one. For um-.amp1c. I515 pictum nf figure D-221138 16 mflcmblockspcr row.
At|:hes1a11oIslice21hen1a:::oh1ocUt lddrcss is scttn lfiwhichis the addmss ofhemncinliuckztfliettght

band edge ofthe Inpruw ofmacruhlocls. lflll-I3 firstslicc mntaiiled lfimacmblotlts. ID oflhemwonlrlhe
in tlicssecond mu, so the addrcssonhe firs! nznmnhlock in slice '2 would belfianrl Ihemacmblodc address
mcrzment would be 11.

usingIneVLCcotl.:s i:1ttBtablE«ilB.l.

It canbesecntlntihere 113:0 cudeun hticate anlatrohlockaddressincranmtofzum. Thisiswhy the
macmblncl: atidressisstim -1 1'aI;he:'|ha:1 neroatllclcspolapictme. Tllefirst matmblnckwili hiévem
increment ofuncmakingils mldirmequal Inmu;

Ibe Iaiacroblock ad?-_ress incranmts allow Imposition nftjemasmblock within the picture tube
denemined. Fm exampb. asannetha asliceneaaer has Illa star: code equal to C0 00 [I1 0Ahex,that 1111:
picmm widthis 256 pals. alifltllal a macrohlock address increlnentcocb fl0C'011I isin fliemanmlalock
header Ofthcfirstmacrdblnck in the dice. Apicuue width 013256 pelt impiics tI:at1hn-rean1:l6-

macrnblncltsperruwintliis |Jicl1.Il'&. Th: s1ic3_s1:a.rL code Iellsus that the slicevenin-at position in 10. and
so-thennnnuhloclnow is 9.'I‘hcsIiu: nude: ac.-is Ik: pnmaiousmanzzrobbck addn-.ss to the last matmlrlockon
rm; 8, whichhas addiess 143. Thcmauubbck address increment VLC leach tns.mac:'nbloc_:k.adtiess
'iuu=ement :,>fB, and sun the mmmblncl: afldiesh ofthe firs! macrohluckin an slice. is 143' + 3 = 131.

The I:nacmb1cI:lt row may be calculated fium the addicts:

nlacmflcdtizwr = mumbled: address I mtlttlfibhck '-fitlfll.

= I5 I I 16

= 9

11:. division symbul signifier: inxcgc-I trIrIt21l.'DI1._IioL rnunting.

‘Die maunbluckcdurmmayalsn becalmlalcd from theadtlrcssz

macrolal-:>el: taoimrln -= nauoblotzkaddress ‘Ia macrobbck widlh
151 95 I6

7

Columns Henlmbeted from the left ofiliepictue starting at E}.

'_m::ean:twcI specialoodewurds c.-scapcandstuffing.

Theescapecande nieans ‘add 33 to Ihefcilawingunaerublocksfldresa increment". 'I‘hisaIbws ingremenls
greaterflianflhohecodlsd. F01’?-3aIl|plB.lll h:u:retnlof4-0 wouldbc-codedas c.st_:a]:nplusan imzremenl
of}:

D000 D001 00000010

A11 incremailofffi wuuidhccodetlaa twoescapc codes followed by the t:oIIeforan'itI:rcI:I1ctIt0f4:

DCDGDODI 0000 (DC!) 0010 D000 11

The stiiflillg code istnchded sincethe daooa:r'mu:umb1e to nistiigiish it fiom inuemeu codes. his
Iisedbytheelcodertnpu-awanlimderfluwmldisdiscardedbyihe dtaoothr.
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D5.5.3 llacrohlock types

Ea:l1ofthe §i.¢IIIlI3l)|]:I6 I. P. and B. have tllcir own macmblntt typw. See; rmpectively, I163, 13.6.4.
am! 0.55 Iorlhe-ewes ma

D.5.£.-I {lotion horhontalhartical forwardlluackward coal-as

Ilnintupactationoflheaeoatkaiscnplainadia 11.5.2.3.

D.5.5..5 Ilatlnn -horlanntalhortlal Iotwlrdlbacliwaitl H

fireinlenynmfion uftl1eseuode£isexplai11ediIID.6.2.3.

D.s.s.a coded black pattern

This codcdcsu-ibeavahlchblonlrsuvfiuin Lhemactoblodc aenodadand Iransuitnad Theinln-prwanonur
thii aid: is explained h:1'J.6.«|-.2.

D.5.5.7 Emil of macwlllocli

'l'hisa:ade i used truly in D-picture: and In dtscdbed in I165.

D.5.E Block

A htxzlrisalianayuffibyfl mmponuupd vll1l.2s.IreaIedas : milandiipul |alheD1'scr1:t:CusiII:
'Ikamtum(l3C'i'}.Blm-ks of! by Hpclsaratrlnsforlnedlnln an-aysufs by I DCTmefrici¢:II.s uslns :1:
two Iinuuimaldfiaaeamhc Iran:-Eorln.

D.6 coding MPEG video

D.B-1 Hate control and adapliva qxantizallnn

meencodernustnunuul the bilranm Ilulflnenodeldemderiuputhuffuwnimet ovetflmusnnt
-Imfluflows. Sinccth: modal deooh‘I1:InovcaaI_1 the liilsassocifledwilh 3. giant: {mm the input hllfet
ianshutanaously. it is neuesmr; to annual tmlytha lulu numba ofbils pa pict_n|'e. The eactllasluuld
BIIDCIIBIIIB total mnbets nfbits mnonzlhe vuiuusl)-pea nfpicmessu Iialfimpmnived qlalityis

su1ta]I])rba_|I.EIuu1 The distribution will my with the scenaumzntand win uh: parsicnlt disuibuuon or
the three pncluetypm (1. Paint! lkpictlnm). -

Withinapictcrtlhcmcodcrdimlflaflmnlc the ma] mmhcr ufhilxavaillblc amnngllnmaatblcnkn an
maxinimlheviml qndity oflhepicture.

Onemelhcrlbywhiclanuicodnrdaumls Ihebilrancisuivargtieiiuaniizasgale, Tlistsmtineanhsliue
hcuhI.mdInmhe.seuIuobagimiI3ofmymaunHod:.givh1gmaencod:r excellantcmuolova-thebit
nnwilhinnpimlln.

D.fi.1.1 Baa uonlrul within a saquanca

Fa-atypicaleolingashcmcnprcsmud bythefnnowhggmupofpilflresindisplayarflfli

BIIIBBPBBPBBPIIBI’

itlasheaafaumfluugoodruulscanbcobtalnadbymachingue visuaIq::aIi;.rofIheIundP—picuras.
and Iiyadiuciigihemdnsh-.eofIlIel?rpicuntsmsa~rebiIsg7vi:ga ;5,e:::tallyIamrqnIil1turmeB-
picumas.

Tbehastaflocaflonofbksnnnnglhepimmtypesiegiaflsmlhesuaienollml. Wnltcflhe MPH}
video cwrlulitlnc suggests Illflallulting Pqiuutlesiamtz-3 Iimcsasnany hit: as B-piL‘lIl'BI. Indalotling
Lpicllres IIpII:I3 IIIIIES Iammybils asP-pictuts fives zoodaesults forlypicai nalllflscnnca. Ifdnt is
little motion orchange: in thewidaq, lhnagrantcryxupurliun oflhcbilb shotlldbc aloud In lb I-p'I:Iures..
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ISCMEG 11172.-2: $993 (El 0 BONES

lfrhu'eisn1oturmu;iunu*f:hang:,thenthcpI'cportionnflnttud ml-pcmn-sstumldbcreducadmdmuslot
tbesnvillgsglvlann-l:el’pIclur=s.

A cmcnalulecxmdnralgu-iltmism sun via: the rongnirtg estinatm. men rcallncalcbits cl3mamicaJJy

dupnulingnnllnnanrcofthe Vida).

0.5.1.2 llaln control within a pmuru

1N:IebIIfl'u' islelfilg fl:Mu1loveItlaw.Ilr.:q:muIh=nmhslIouldheincteas.Ed. lflifsaztiunis not
sulfldeullngmveuminapaxingsvanau munuahammmtmmducmu discard ligl ficqancf
DCTooal'lcien_Bmd1Immi1oul3 lav rrnqumcy anus. Aithmgh thisuoulclpmlnlaly pnince visible
alfifansinthetbcndud viIho.itwou.'|hI ilnznvny oonqmnbclhc Ididhyifth eoledluislrein-

IfIbeb1Ifl'eris1eadingIuwmt1m:du't‘b1e.fl:eqnanfizu'a:ah ihuuldbelulucel. Il'¢'1isisnuta:flehra.IlIa
emodetcan in.serlIn:I:I'IJblcIcl3lI|1fin; illlalhelilsileam. ualdhadiuguaustnstatcodwt

Uudflnumalciumualues, Ihecmothcalcllaicsand InnIi1or$th|:sI:l:ofIhcmo1i:|daoodarbnflu'aId
dimyastuc cpantiaarsmlenoavu-tbnthnvuflowand urndr.-iflowprobiisus.

Om simpln algorithm lhathdpi accnmpliah this is to Irlonitor the buffer filing. Assam: that lb: bits
lIavaheanulmasd':mmgth¢vuim:spicura131i=s.nndll1aia1:vu'agequan1ize:saa1:fuc':ad:piclnu3pe
hasbaulaatabliahul. Tleuxmlmflkflnhusumymaumhlockhapkmmcmtnmlwhtedmd
ounpandwiihlnanuniul fullim. in. Illa value Ihatwould beobtaine-iirthcbits wan: unifomly
disIlibI1k:daInnIgn]I1hI:nau'abIu:k: in tlapicurra. Iflhebutferfullnassis largarthanthenuuinal value.
Ihenltecpnmizcrscieshnuldtesethlghallanflnavunga. whaIeasifIh:bIfEerru1|neaLsisnnnllerlJu1
IhenoInh:fl,l:e¢;auiz:rscdashmflIt:a::lcrweItJ1vnIh:avmag:.

Iflaequ:1m':::ieishnplm1sI3ItuveI'I|:icun2.:heI. fwagivmntmherofwainghimmemtflman
sqnaumuufiheuaaedpicntewill all blaedoaelnhemininnm. I-h-we\H,llBVisInIappearance0f
mnstpicunescmbeinnuved by v:ryiagIhequa:Iim'9caleuvuIl:epicme,nnlc'm§ itsuullerln nah
Iflasofthspidmtandlarguilabltsymcas. Thitmhniqucredwcsfle visibiliignflalnckilessin smooth
Irusfimeexpms:d'huuwdqulIi2uimnoiaemlh¢hsymeaswhflI:hamvH.ilhmdnlwile
hllagcduiail.

Ihusagurlslgorilhm fowoluvlliagfliebiu-anawilfn a picmeadjuaslhequunizmstzlednpadlngnu

buth1hw;icula1e:dbur1*v:1'f|1lln¢-.sa andulllzetucal huagecunlmt Exanplcsuftcmiiguas I:lI'8BmIIId
anlqlalnaatimn nuybefmnl in [Tm].

D.B.‘i.3 Bnflnr iullness

'I‘og'veIhcb:stv'u.ud thaan-oudershnuld almost fillihc-.inputbufl':r lacfon-insuuminxtia deeodar
nonauieuoding,

D.6.2 Ilotion estimation and compensation

D.s.2.1 Ilotiou nompumsallon

P-picuncsusemutimoualnpcnsuimuuqahitmmpocalmamdmcyinunvideo. Domrlusmisrncn

PNd5¢|Bdfl9‘*UfP¢‘5'1l|!9l9h3PfWbIl5lYUmsll'tlfl1piclnI. Motion nr'r|hinttu:picuJ:es(e.g.a
pal)Im1aIlyinplie5fiuIiepclsintlcplcviulnpiuntwillbeinatiiliuultpcsiioufiunlhpelsinlh¢
ammulkmhmfltctfisphcanmuisgivelhynoimvecmtsenaokiinlhefiummn. Tlnyledictad
blwkisusuanyagomcsnmnotflxarnnblmhud itisnflmmecllicianln uansnitlheuoliuu
vectorplus.tImifi‘ntnnuh:t~w¢an hcpredined ilmkanaithct:-uuut blocl1:,thInl(JI1'II1$IIIilzI-it.‘-'.*Eli|I'l:|Ill'Jf
thecweutbloctbyilself.

Camidcnlc Foflnwinglyficd §D|lp0fp‘ii1l.Il'l:S.

vs
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HE]
_/5d‘\_/;-.\_.="§d‘*._/pt‘-._/E :‘'L/,\_/ \J’

F‘i;I|rt D13 — Group of piclnru in display umlur

'I'heJ-pimut, pictm 2. isthuuded wlthou roqnirhgaly notion wants. The IirsrP—pim|n:.1:1unhet 5.is
dmndedinhgmofimvecnnflwufichinlflhmodmmmpumfimisalbdmwadnnfim
c£mpeInaIiIJnsince'tisfm'wartli1 line. Motinuuacm1sIlelineIlIe|ul.ionofauacm!:luck.i.e. Ibo
motiunufa-ifixlfibbckttlmninanua pelsandlhaasaonialnd nhmahanneunpmeus. 'l‘ypicaIly.nua
mac:rub!oc1qsinnP-piclareuscmutlm campmastbn. Nam-nmmDt'bl1w:::InI'5ar:nannIittuI
ciiffaafidlywithretamcemthclaaunmnimd malim vecmr.

1‘h¢I-nnsznimndvcctmusmllyhaveapraaiaion nfhalfa pal. 'Ihema.xin1unra|1gBI:t'l.havBI:IDria suthy

the fi:nIaId_l'ptI‘Bnet¢r in the picurre lladet. 3oI1erli111es,,ifthemoIiu11isurnsua!y large, llnrangemly
bedouflenand rncaaznncy reduced In htegu-pelalw tbeml1_n=l_rorwnrd_vacnrbitinIhnpicum:heada-.

Apusilivcvalnu aftbclnociaumal aervefliml cumpumnmf the motion vacimrsigiiifiea natthn-ptelicion ix.
fumedfitunpels istetelmnmdpiuuewhid are spatiallymtherightmbaluw ihepclshehg pradicted.

Not all maxublotis In IF-piclnrencnmazily useunutiou cmnpenmtim. Snmemuxnbhrkaasdefimedby
Iineundmuuhluchwctsaeufle B.2b).maybci:na4:udad.-mdtheaeauereaautuuuctnd without

muliuntxmpmmfinn. Ful I:hm.ilsd:l'ming thcmuhodofdncoding Ileveanlsand-curununingthc
_ mmflfinfimh%.41

P-pimm. 81: figu1eD.B mesfoflmdmntim cuugnunfinnfinmphuuas. P-picumsnlwaystcse
forwudmatinncunparsalion Ii-on nah: umnmlundlor P-picmm.

B-picnuesmayuaemucion ouupusaliai lion ntpwvions Int?-piaum. Emunttunexttin display mun‘)!
nrP-pi¢:mra.or|JI1h;i.e.. frunrhe 181 two iiltlzdl (I IF-pictmraz.

Hadbfimkmlledmwmdfirafiu-unehmmchapiuuehmepstaniulbdbntwuiftdumwis
nndntizapicuneili lJcfu1I1re.FnreI:u1ple.B-pimna infigiuefllfiusesforwanlmuhn compensation
fnnnI—1nlc1urc2. andbackwardmoflmmnpnmulonn-unP-pianm5.B—pimrunayuscIomfiorwmflam
backwarclmflmcampcuaationatflavcragclhcmsul. This npualion is called inurpolativemoiicn
canpensafim.

All lame types of motion compensation are useful, and lylically 31: used In coding B-pictuacs.
hicrpnhnivemntion ccmpmmian has Ihaadvanmgeafaxenging any noise praeat. Forward or hadcwnnl
motion u:mpe-nsafluon may be. more metal near the edges nfpinures. or wine a furegrnmi ob_jacL is
pmshgin humor: fined orslow moving hackgmmd.

hlmelhatlaislndniqieufcodlng with hand B-«pitnnaslncrusastha coding emcimcy. B-piuutesc-am
havagnamrumnolraaasu-uclim nan lot?-piciunes umauserva mdingbE.lIl1sint3 they am not mad
aslmbasin-cumin: mnpensaflmfnrruluayiicums. lhescerrurs may be toleratnd.

D.B.2.: Ilutiu-I ntlnutlon

Mufioncxmnmminn in ndmafitksmmmnwmmbumfimuumfim wnimindudesdctnrminiugim-.
bestndimvecilalsaldwlich mus1l:pufunna11tymccaI:ulcr,1ItacIIsafumi¢lfl:k:eompIIal:imaI
clnllcngn.

Vuiousnntliodstaavaillhla In lheuloolim ficmm y iilnmsivaunllnth undnogivc
beltnrtnsnltstsu than is u-mantra benadein theennodezt computational power. Illdhmcecnsl, «nus
auclalvidaaqunlity.

7!
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ISOIIEC 11172-2: 1993 {E} D |$DJlEG

Using a search meg: the encode-raitempts tumsllch tttepels it a matzuzz-block with those in aprec-rims or
futuepictute. The veetrr conespottding to the best match is reported after the satch is completed.

D.E.2.2.‘l Blnclt matching criteria

In seeking atmt;cI:.,t1teenculerntustdecit1e wlntltetto usetlaedecodedpastandfittnre pictmres as the
t-efcrencc, urusetnc miginalpastmt mtmepicmses. FOI'IIItJt‘It'tl'l cst;unat.iou.t.tse oftk: decodbti picttres by
theaneotlet gives the smallesren-m in the -et1‘orpit:tttre,whereas use of daeutigiatal pictues gives the mast
acurratemntim teams. The chcice dc.-pends on whether the arlifactsofintsteased noise, or greater spuiaus

mnciott me’-judged ta be then1o:e_objectimahle. There is usually little or I'D diflerence in tpality bctttaeen
tlnetwo itedacds. Note thanhc decade: does l|Jl:pE.1f01InII1ol.ion estimation. ltperfctnns nation
eompettmtedjttetlictionattdinlegpoletiult using V4u:tu's calculated in Lheentroderanti finredintitebigtteam.
In tttoritzm cuuqztensaied p'ccich7nnat:tt:l inlet-polatiau, boll themmdrzr and decoder must use ltedeooded
picturvzsas thereiercnnes.

Several matching critet-it. areavailable. The rneatt square error If the difference betwzen the mt:ttiJn-
cotnpcnsamdtilocit andthecunemblndr. isannbvictuschoine. Anntharpossiflecnileriulis Ilemean
absalutn difl'er.:-nae he-tmaettlhe mofitott-ccmpensatadblock and thectrrent black

Fm ltalfpetsltifls. laepel VIJIJE-5 L-mldbe interpotated by sevtera} tnuhotils. Since Itetiewdentsesa sinmle
1it1t.at'iI11:xpoI.a.u'on, there islitflezeaem to usea mote 0DIII]Jbx_l:Il¢l.IDdiII the encoder. The lipear
itlerpolatim method given in this ;:artofISOf[EC 11 [T2 is equivalent to the fdllubwitg. Cottsiflcr four
pets. lmring values A. B,D-Intifial ahtwntn figure D24:

A. b. B
Y C

D _ E

Fgure [Lil -l- Interpolation nl half pel shifts

Ihevaltienfthebaizunlally intcrpolgmdpdis

n=<A+_B).t*2

where the dbmte division Sfillfbtilfltflatls t;li\‘i5'l‘.'1I with rounding tome nearest integex. Han’ integer vtlu.-s
metobcmunfled to the neattttigtervatue. Thus int =4and B =9 the-tt h=6.5 which is I‘.t;tt.nded.|.Iptt;tr7.

Insvalmufmevkaucauy intetpniaredpel is

'v={A+ D)JI2

Ihevaltaeofdleoeuhilintcrpolatedpel il-

t:=(A-t B-+D+_E]Jt'4

D.E.2.2.2 $0: rah rattga _ I

011233! hlflck ntatching crllaerion has-been salaried, some kind uf $83113! Slnlegy mustbeatiapted. This
mtntrecogniz: thelitnitationséafthe VLC tables used trtuode the ‘vectors. 'I‘hemaximunnu_geot'the
vectmdepmtlt upon t'otward__f_t:ndc or bacl:-wa:tfl_l.‘_::otIe. Themcttian vectorranges are given iuta'bleD.7.
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QIBOHEG ISDIIEG 11172-2: 1993 (E)

Tulle IIJ «-— Range Elf marlin: vector:

.256 no 255,5 -512 no 511

—5l2n:I‘.S1l5 -I 410 023

 
The rarmdqnends an -the va!ueoffi:l_pel_fcxwan|_u-azcnaror fi:l_pe1_bu£:kwaxtI_ve£:Inr in mepimm
header. ‘Inns mall the India: reams vale fnunrltohe Lfipels at less, the encu:lc:r uulla usually select
lm1t'pel.'i:I::.1Ey anda I:IrwaId_f_IDa:h I:I'EIu:kwi|'d_1’_;:udevalue 0I2.

Theseartimustbeaansuahaedmlaheplaeemrilnil Ihelrwudaries nflhedecxnairatermmpiz-an-e. Motion

vectors which refer to pal: outside the picmeaue notalhvred- My bimu'c.11'u whim refers to such pele dam

not conform to this pan -JFISCVIBC 11172.

D.5.2.2-.3 2-D search strategy

Theasa-enaanypossihie neflinds afaem-cliing anahear picure for ihebest match maeuarent flock, and:
few simplemes willbe described.

The simplest seven is 1 fulheat-ci- Within iiecht:-sen Search mige all pmsihledisphmmlenlsare
evaluated nstng the bloek matching I:l'iIB-rion.

The fi_|Jl.5carc;his cumpalainnaflyexpmsivc, and pmcticalencodezs may notbeabic In aflorfllhe time
l‘Ex]I1i1'BIIfill'l.fl.IH search-

A sitqie modification oftbe fulhexrci is In Sflrch using onlyintegerpel tlisplaoemanls. Once the best.
hzuegermamn has been found. the eightneighbouring Iazamimeger pel {_}ispIaceu1a1l.*. axe evdumed. and Ill:
bestune selenmcl as iluetmed below:

i it 1- 1 t y

‘ F S ‘I 3 y_|,l
+ + + y+1,5

in Ir 4, 4: + at t 3,4,2
-1- -e + y+2,5

¢ I 5 '4 1 543

* 2 In 1 S’
1 1+1 ' x+2 _ x+3 :44»

Figure D35" -- Integer ye] and half 11:] displaceunenls

Assume that the position x+2.y1.-2 gives the best image: dislaacemem matehirg using the seleuedbluck
matching crictiuu, Inn the encoder WOI.II-I evalmme Iheeight positions with hall pel displacemantsmuiced

by + sign: in figure I125. If one of them warm"; beltenmtdi then il would beontmellie motion vcanr,
oihenviselha union veciurwnnlil rennin Ihatofthe integer dispiacunent x+2.y-I-2-

Ifduring the inlcgexpel search. two ermcre positions have the same block matching value. the cnooda can
adopt a uinaislcntfie-hredring rule. '

Themodified full searcllalgurilhn isappioxjmateiy anonlernfmqgnltldesimplel thin the fI1Isea.n‘.:h_
Using mlyhmertisrlaaenenls rurthe Iirststageottlre ecmch reduces the number efevalnatiansby a
faclnrilfhir. Ilaadflitian, flieevziuafimsatesinplasince the peldiffereneea can becaluiatnd tlireacllyanl
dltmuthave tnbeinierpolxtcd.

_ 31
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Futsutneapplicaimsevm menndifiedfullsemfla may be naulime cnustmingmndzfasterseanchmeihod
maybe. Gtesuth method is Ibelogarillmic search.

D.5.2.2.4 Logarithmic Baarch

hIhissea'mdI1neI_hu:l.gri(tsaf9 ti:-'.]:lacen1eI1tsnree:uIn:i1:ed.antl theeeathcuninlndbasedma-smaller
grid centemdcn Ihnpnsifiou oftl1e'hesInnuin.Ifthegfidsare:adnned hsizeby afaI:mrof3al each step
lhel the seanch isnmimally efficient in Ihcsellsetlat any imegershiftbasaunique selection ].'JaIIH.0il.
Thisnethoiwfllfindthebcstnlatclunlyftrarzlhwlhxtiledsctufiniagatypcs. Attoretohustmeliodis
Iomdncettesizeoiflngridshyasmallerfa:.mra1mclsIap,e.g-byat‘acIornf2. Tleamlhigfacbtscan
a]5nbeadjtsI1:1InmalI:hli1escarchra11gd'uhlcD.?.

The method will beillustrated with an tuunnple. Consider the set ofintcger shifis in figure D26:

1:-u-nitrate:-Iu~++***+ Ititnsnl-Jolt-hint-an-Itloillt "I6!!!-Iii-I-fl-'I-It-ll‘-i'lI‘* -kiwi-I-I-111':--I-I-i-1«~r--llr-it we-«reuuthan-i«I-hriirit aa1eie-1¢-u:Hu.1|o1o-r~.I-1r¢-&-n1t- I‘-16!-It-Laluluaiti-I-h-1-if-E iii-‘lit-It-It-‘I-Idi~\|tI'r-Iifif iifiiiillll-iflffiiifi -H-5-Ii-I-4|-fifl-I-I-I-5-I-II-I-I -l-it-1§I-«I-II-9I-1I-II-i-II-I-I- -IL!-l-tab-lit--ti-I-Qn—l|-but vl-I-Iv-I-I-I-It-I-ll~ll-II-I 4I-I-I-IO-ll-I-I-Iliflilididl-4¢-I i‘¥l“*‘-'-‘*-fl>-'-‘-“-I-
Figure 0.26 - Lugarillnnit: searcl methnd for integer pal shifts

Thefimtgrid l$aspa::inguf-lpels. Thefirslstepcxamincspelsalstiftsoffl. 4.01-Ilpelsineach
directiont nmrlcerl 1 in figure 132:5, ‘Die baslposition is uaedasthe center pohtnf Ihe secmd grid.
Assnrnail is Ilnepelmuiadl: dirently to Ihelelt oftle Inetpal- The second gridhesaspacing oE2pe1-st

The seoandstqa examines pelsatshifls at 0.2. or —2pe1siI each: cirectianfrnnthe center or: Lhcnaw grij,
marked 2 in Ihzfigum. lhsbestpoaifinnis used as Ellecuite-1'pointofli)ethil'dgl'id,assumailis fine lowe:
agmplnrmesaemdgna. Iheumd-yiamsasparingoripei. Thellizd stepexanittespelsatshiflsof
0. 1. or -1 pa1s in each direcfiun from me centu of the me. mebeslpusiliun is usedasth: cemerpcimot
dlcfolnl grid. The fnurlh grid hasa spacing of lflpd. The fmmh step e:ul.nimes pclsatslifts 070; H2.
or -112 pelsin each flittcinn from fl:Iece_nIe:rot’the gridusing the same meihod as in lime modifiel full
search Whebestpasitiandeteaminesnemtnimveamt

Some possible guid spacings for various search ranges :I'B_gi\iEI:l in Ial>leD.8.

Table I33 -- Grid spacings fur logarithmic starches

C’._

 16 3-42 I 1.02

FuwP-pictures only iunvanil search?-sate performed. but ll-picmra require bulhforward and Backward
makes. Nut alllhe vectursaiullazed during uesearctannecrcsarfly used. InB~pItnneseiu;aerf¢r-ward
at mckmrd motion cumptmation nigtuhe: used instead of intu-palaledmoliun mtlpcmaliun. and in bath
Pandfl-pilnmm hcanydunigfit decidethalabloclcis hettercodedas ‘mum, inwlficl ctseno vuztnrsara
Iramtnittetl. ' -

D.E.2.2.5 Tulncnpic search

Even with thefaI:1e1*met|nd.$itfthemu1i1iad full SGUCII, CI.” tlelugarihmic sI:u'ch,I:hescarchmightbe

quite expensive. Ftrexanplajflxeeneoderdecidestousc amuimmnsearch range of‘! pelsper picture

82
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inlan.-i.uId iftlaereane-dB-pirtnresptuming aP-picnna, than Incfull seanrhrange for the?-piczurcwonld
11:35;-.13. Tlislargesesudn mueniw exceed Iheeanahiliiics ofthe annular.

Onewayormdncmglhesunhnnaeisbneaclgsuopiclcatfitedniqua Thisisbeslaaplainedbg
ilumaiugwiiaancnn.-pie. Crnsitlerlbcgloupofpicures 'nligIreD,2‘T.

IBBFPBHHPBBBP
D123456'I89I|Ill2

Fguru 13.1’! - Einnplu grain: of picture: in display order

Iimenmflernflghpmcacdusmgimsahdndflocknuchhguiwimanflflscarctsnamgy. 1'-‘ateu;hP~
pimnemflhepmmdhgfipicnmsillistmhniamaflihefmwarflwedmsmumhlhletam the
bmtwani vectors. Thcfilsl set nfpinuncsconsism ufpicules Dltumgh-t

Ibmlclflzmmemmpleteaadfwwmflueuomiheunmaflmtuialamsdlmefirwmdwumfiun
pictlreflhopittme I ustngaz-Dseatd1sua1e;y:::IteI'edunm-ndispJac:n1egL Iucncalualuaallme
fcrumlivficlflnfiomllictlnfltbpictllre1IniIl31.2-Dsmlthsltalsegyuanierednniiacdisplflanfllti
czlcnlmfiuriheourespunding blockofpicmre 1. Itneucalculnesdlmefmuwflvectbrsfiuuugiuueu,
mpi:umc3usi1gn1-Dsurchsnascgycmmmdnnhetfisplacanmscalculansd lfbrltlemnespulllinghloclt
ofpictm-.2. Finally. itcalcula.B:.II.I lhcfimwandveclursfinm p5::I.umU in pictur-:4 using at-Dsmmn
Sflfim IBIIIHHI Pmlhn cfisglmeneatscahulated lbrihe eonespundizgblacltofpiclzne 3.

Thcalmlacmcmuvkinsadhactwudvacmta Ihaanmderfnrnalufluesaflmetnckwmflvectmsfrun
pichue4npiqme3|nh1ga2»Daard1s:ua;yocntaredmzundispia:=mmL Iuaatcnlculntesdlthc
hd:wuuvmmmfiumpkIu¢4uflmm2I1§n;a2-Dseathsunbgycmluedmmedsglaummm
calcflaadfnrflneunlsgxndingilockofpicurei. Finaly,itcah1IaI:saIlfll¢hII_dtwa1'dvecIorsn'cIn
pi:1rc4npidnn]mingnZDsclmhtu1ny¢ammdonthedhpla:uwnwcdcmnwdRrflc
murnspudhghhdxofpttuez

Fnrthauetlodsnfnctimcsumafiouucgis-eabyHeIravaimdH:sleIl[1].

DLE23 coding of motion vectors

The motion '.=ectnr'd‘amacrabloI:k. Iem.smbewellt:rI'mndwihl1IevI:cu1ruf1hcpn=:viu1s nacrahloct.
For ncample, inapmillvcclotswouldbcnotglllythemc. Molinnvcansanzcodul usingaDI’CM
taflniqsemmakrmeofmk cimelatlnn.

In?-pimrea lhcnoticn voctorumdrc: DPCM. marnndicuuu vectnr,isseItuaa13auIn-.auno(nd1 sitc-
nmi ueuhixuu-Hodadmmounck. None unlmmmblocts which ammcbdupcodicfivcbm vrhichlnvann
-Imtiau vaclmalsu senhep-adluiun vecnormm-n.

InB-pictuesthavcmelwnnntinu vectors. fiurwaI13aIIdhackvi'a1'd.Ead3vec1orisc:)duadmlati\amliIe

pnadtcmdveacrcilhennetype. Bothnntionvectorsavesettozerontlimslaiufcachnlicenndaleach
Ema-oudulnmmhincls. Hucthapmdtclivcmanubluch-which have Imlyafawanl mmrdonmatfaa.
tlnmlucotflacpuuliczadhackvarclvectot. Simi}arf3r.yrcdiaivemacrcbloclawhi::l:havcon1yabactwam
vecnrfimnmafiutfievflmdficptdicndfuumflvocmr.

'I'h_:ra.meofIl|e weann ismbymoparanaus. 'Iheml._peLforwanl_veumand

fdLpd_hckwmd_\eummgsmnuptcmtImnm-tmumhcwhcmmhcvecmrsamdefincdm halt-polar

Asmnndpnratuw.-r. farwaI11_l’_oothnr laI:l:wanI__E__eode, isrehmd Io thenumlnml bits appended to the
VI.Ccodea'n flnlcbj.
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Table D3 -- Difleluntial Inntlon node.

00000011001
00000011011
00000011101
00000011111
00000100001

00000100011

0000010011
0010010101
0000010111

00000111
00001001
00001011
000011
00011
0011
011
1
010
0010
00010
0000110
00001010
00101000
00300110

0030010110

0010010100
0000010010 -
00000100010 '
00100100000 .

00000011110 =_
00000011100 '

00000011010
00000011000 -

5GH$§5Eww4muhmH~aLhfi#hbaht
Alivmlage is talcum! the fact that Itacrangcof displanenctl wnctorvalues is 0011.-.I:rain1:d. ‘Each VLC
repreaentsa pail or difference valuas. Only one 0f I110 pairwill yicicl a. motion wcinr falling within 11:10
permitted mnge.

The tang: oflhe vector is limited 111 I10 values si10wn':n tab]cD.7. The values obtaimd bydeooding Ilzlc
diferfifltial VIIIJBS mvstbekept willaia thisrange by adding orsdilracling a modulus which depends on the
rmuuwmmmmmum

Table D.]I| -~ Modulus for muitlon 1-‘actors
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memes ISOHEG 11172-2:1993(E)

‘nae Iseoflhe ntodultls. Whichtefele only In Iaenunben i1tab'lesD.3 through H.111. vi! be illustrated
byanexample. Asswnetbat aslice has the following veczttmeapressad in the ulitssetby Iaefufl pel
fig.

3 10 30 30-14 »1fi 2? 24

The range is such that an f valueofz can-beused. The iuitial prelicticm is zero. so the ufifierenlial vaiuesE

3 F20 G-44-243-3

Ihe Iilierentiai values ale tedwedh lherange-fl tn +3117; adding ursubuai:tinglhe_nodulns6-4
:uItespcm11n_gtulJ:Ie'forwa1t1_Lu3deof2. '

3 I 20 (120-2.-2] -3

Tocrcate theeodewottl, tmvd 1- {sigI1(mvd)"(fcIward_f-1)} Jis diviufledlry i7orwanl_£ The n'gnet1 quotient of
this division in men In filda Variafle 'leI:gth-mdewud fl'n-m'I!aIb1eI)9. Then the :iJ5nIIl:e value Dfltht‘.
remainder E usetlln genflaieafixedEn1ghwdeflnLisDa1:ImmBdwifl1hevaiai1Ielengfl1uK1e.Tln
mbsgexmnmdbythisumnple areshovm Ive-low

VI-C" Code

  
D..5.3 ceding I-pictures

In coding I-pictures. the eneoderhas we maiudecisaons to make that are nuunandated hythis panut‘
ISOJIE-I.‘ 11172- These are: haw to diviée the picture up into slices, and how to setthe qusntizerseala.

D.5.:!.1 Slices in I-piciulaa

Division 01 the picture inn slice: is descritnd in D.5.-rl.

D.E.:I.: llaemblucks in I-pictures

D.E.3.2.1 Mal: rohloek types In I-«pictures

TI1I‘::I'ean'.: twat}-pesef masmhlock in I-pictures. Both useintraceding. 011-. uses dzectmuuqtmnlizer
5u;]e.whermstI1euIher¢ieflnesanewvalJeftxtt1:q1anfi1er9c:Je. The/a:-eitietilzified inliaeeuded
bimn-am by IheVLCoudes given in table DJ1.

Table [L1] -- Mnemlllock type 171.8 for I-pictures {table Baa.)

Ifi":i.1fI'5!I3}E_ ‘ _____r._.._ _ _
‘nun-Ii

r: 1 _

1‘he typeszrerefiamdtonalnes intlaisannex. Intra-d isthedefault typewhere the quamiaerstaleisnot
changed hm-qseta Ilequaniizcramle.

 

[I1 ordertoalbvr for possiblefume extension to IHIPEG video. the VLC for irma-q is 01 rather [Jul] 0.
Additiulaltypes cmtld be addetltn this table vfithou interfering with the existing entries. The ‘VLC able is
thus open fiarfuum aflditicns,a11d lotclused. Apoiicy ufnaking lie coding tables open in this way was

edoptedbyindeveiopins this part CCISOIIEC EH71. I11: advantage offuture extension wasjuilgecl Io he
wu-thth: digiltcoding inefficiency.
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Isozl EC: 111122: 1 993 (E) e Iscmlsc

D.6_.3.2.2 Guarltlzm scale

lftliemaeltlzlocktypeis Hana-glleaflnemacmbloclhcanjereolminsafive-hé1i;1tegeru.hich definesthe
quaminecsmle 1]1isisuse1Ih5.'flnedeeoderIm:1ilu1]a£e.LheDCTeoeflicien1s fioultheuansnfiiedqurfized
coefficients. Avalleoffl isfmbiaimgsatheqnanther scale canlmre any valuebetwmnl and 3]
inchsive.

Nae thatalso lhequanlizersmle is zetinasliceheader.

It't_]1e Ialocktype E irum-d, men no-q1_1a11I:izerscaIeis lralsmitled and the dlecoderuses 1heprevinusIy set
value. For adiscussim on strategies eaicnders llightuse to set the qtnnlizer 3:316, see 116.1.

Noe-tlialthc wslof lnnsmitingnnew qlmtizerscale is sixbilsz one for Iheexlra lengli of 1111:
macroblozk type code. and five tn define ihevalue. Aldiough this is nmmally asmall l'nc1ion of the bits
allucand lneoding each mm_:'ol1lock.tln extender shouldexertise sane tau-aint andaveidmakhga large
number chief: snail dnnges-

D.!L3.3 DOT transform

The DCT is illllsrand infigure D33.

11, incI'ea.sI'ng

horizontal frequency

    
III...-I IIIIIIII
-IIIIIII II-I--II
I-IIIIII IIIIIIII
IIIIIIII IIIIIIII
IIII-I-I -III‘...

IIIIIIII II...-II
I-I.---I -II-I..-
IIIIIIII -III.-II

3 " V, increasing
varicalfrequemv

ta) Pals (Iv) DCTCoefiicienrs

Figure D38 -- 'h'ansl'ormatluII if pels to uaeffieimts

Thepels :1-eshtwrn in raster mi under, wlnreaslhemefiiduls areammged in fneqeencyudeaz Thump left
coefficient is lie dcteml and is pmporflnnal In Iheaverage value ofuie eomponctntpd values. The tube:
coefiicientsaine called an <:oefl'1cienI:-. The aemefflchnls to me right of the dc eoafficiem represent
intneasiiig hnrizoltal frequencies, whams ac cucmfficients below mac euefficientreptesent incneaslng
vcnical fieqiencies. ‘I111: remaiiing ll: coefficients cu:ItaiII both Ilutizontal and ve11it'al'fi'u1LIency
components. Note than 31 image cmtairiing only venfical inns curtains only horizontal Irequmcies.

Th.BO0Bl’fiI::i.‘IlIfll't!l.]' eumains allflieinitn-maxim aftlepelaxmyani Ihepelaxray cmbeexncfly
recianslzlmlnd iron mecoefficientatragg emeptfm infunmtim loetbyflse useoi finite alitlnmelic precision.

Tlhetwo-ditlersioml DCTis defined as

7 7 I

r(.,v1=§Eo 2 f£x.y)cns{11[‘211:+1)u1'15)1.:u5(zztigrelh-£16)F0
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9 JSCVIEC Iscmscmwz-2 1353 {E}

with: 1I.v.:ILy=IJ,l,2,-.-‘?
wtm: x,y=spaIidmnrtEiaresinthcpcl:lmnin

u.v'=uocIdnatesin lheltusfonndanain

C(11) =1!-ifzfnru-—-O

Ctv} =1f1f2fa‘v=D
= 1 otherwise

Tl1i:ua:nat'orm.is asparabie, Le. a one-dimcnsiauul DCT tr-ansfoammny be applied firat in the horizontal
fireutiunand ha: in flievatii-aldirectlun. Tbefurumlafor neon: dirnenslonal uansfurn is:

7

l'(II =§ cm 2 f(x)cns(:c{2x+l)-116)
an-0

ecu) =iHz ton-=0
=1 otherwise

Pam DCT uansfoms r:xisI;,analu-gout to fast Fourier trarlsfonna. Sec mfnunuc [3].

'Ihein:Iu1pel vanes havaaraigefron 0 Io1S5. giviiga dyIamic_rarig-. fnrthadccuefficientfrmnfl to
2040. Themaximluudymmiclzingc fotan) at mefficicnt is about-1DI1I}Io I 000; .’~IuwlhaIfnrPand
B-pictlns thcuunpouuupalsrcpesentdiflhmrlccvallnslndnngefiotn-255M155. Thisgivesa
mxinnlmdymnictaugefaruurmefliciuatofahom -21'.lDlJIn2DO}. Theuinndcrmaythus iegrnsentuie
cneficialtsuaing 12bit: \ll|C€I:‘V&1vll38 range [mm -2048102 347.

0.6.3.4 Quantization

Enchartay af_Ihy8coel!ic‘mis1xnduoad byihe DCI’trar-storm ope:-axiom isquaxttiaadtoptodncean may 3
array cfcpaaued naemciemm Normanr die numbcrofmn-rem qumtizcl cuefficientsisqtitesmall, and
Izhisis one of Iietruinrmsons why the eompressionsclcmeworks as wt.-.lla.s.’1dJe.s.

The ac:-.m¢:i=I'Its il'¢(]l.|fllI2i2fld.1'J‘ittI£l.lIflifOl|'l‘I qinnlmr. The charaizirrisic 0.! dis quanlizer. anly fc|'I-
blocks, is shown below:

l|'H.'IE‘.(

fignra D39. -— Unlhrrn qnnnlimr fiaractalsflna

Thcvatw-oflhccpelficimtigdirhhdbythaipmdaaslapsimmdmudedblientamstwiohnimharin
pmhc: Ihaqimlncdcmfliuml. llalfinnar valinsnny hetmndndup IIdown.wi1huutdi:nlyafi‘ect'II:
inageqmlily. lluweieizmnxlilgiovardsaeruuelds iugivell1:flnaIlesl¢odesizeandsoispuefu'rad.Fu
cxmpIe.w!Ihastqs1meol lfidleodlizimu will: talumbanvaenlfiatadolnchisivve wnudgivu
qnamizadcucfiicicrtufz .

57
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IsoIlEc 11172-2: 1996 (E) 0 ‘$01150

Thequaxrizzi-smcpsiznis fluivud from lliequantintiorl mil:-ix and the quantizarscale- Item: tbusbe
difliarult fur cliffcreltouetfidents. andmay chamgebetweian mactohkmdca '.I‘hcunly cxncpfirm is the dc
uoefficiertt which is lleatlad differcntly.

'l'hee.5'eis quit: semiliveto large arm.l:I:umrs,an:1solheann:ra.c;- ufmdinglhc devalue. is fixul.
Theqlaflizuxmpsimfmdn dc coefficienlsanfttu: lunjnma: and chromitnnceoomponenlsisfuedat
gin; Tlledc qllmlizellcDBfl'1fienli$0blEiIhaibydifidinglh€G?floGffidflEbVEighl£nd1umdhIgm me
neamatwhulc lumber- Thiseflectivalyquauizcs Ibcavetagcdcvalucto one pmtinflsfifotthe

I-‘omxainpllz, adv: cuafiicieaat ufizl is qllanfimdtna valueuffl, indnpmldanloffle value ofthequamizar
scab.

Th: an cocfiicimts 8l'IH.]lifll'IIiZfld using the inuraqmn1i.zaI:ion matrix. Th: qflantizndocxfficicut i[u,v] is
pmlluoed by qugmizing the ooefiic-lent c[u,v] fill‘ I-«blacks. One nqtiatitmis givenby the fcmnda;

i[u,v] = 8 " c[11,-V] I! {q "‘ uI[Il.vl)

Whe.rE;mIu,v] '5 the DDI1'E:spCl'IGJ1g- elearlentof the ihtla qmntimtion nun-Ix, anrl q is the. quanttzerscale ‘The
quanfizad cocifident is liniiultoths range -255 to +255.

The tlitraquacnfization matrix might be the default malriz, or it might Iavehem downloaded in the sequence
bah’. .

B'.§.3.5 Coding 131' quanrznd cnelfblents.

_'Ehe-up leficoeEt'u:ientinfig1.nt13I.2£bis mlladmedc mcfl'ici'eI1.. theremairadararetzilell a::(ne.fficieIts.
Thad: cncffitzientiscurelauaduirith thud: mefficienl nf'Eh:pmn=d'II1g.blucL and advanmcktalnen ofthis
in coding. Thea:-oucfl‘|cianlsmznmwelluorrelatetl,anlam¢odedix|dependenfly.

After 1hedc.oueflici:n1 of ablackhashaen quantized it is codedlusslcssly by-a DPCM tuzlmique. Coding
of thelulniname blocks ivilhin a macrabloclt Follow: [I18 tasersunn oifctoffigurc I15. U103- 'I11I:I$1he
dc value at-‘blocks becomes the ct: pi-edictwfor block 0 at Iiuafollowing maemblocilr. The devalue ofeach
(:lII1llIiIIfl1I:B limit is I1]d3dlm'IIg1hBdI3 value nfihecurrexpunding bloc’: ufflie [l'B\Fi0l.lSl:|ZI‘r1Cl'D]J10ck as 1
pmdidur. Al Iaebegimingofaach sliu'.:,a]lthre::da prcdiamsfor Y, (ID anfifh‘, arestmin 1 (I24 (I298).

dz xaluesthts gmeluted are categurizecla|:::mdiJ1g to Ilia’: 11.159111: value as shown in table
DJ2.

Tabla D512. - Dlflel-eniial dc size 11-xi VLC

DIFF£11ENr1A1.Dc W vwcone "V1.1: CODE-. -.~ his value luminance} chrominance

o no
1 01   
 

  
  
 

  
 

Hit}
00
01 1'0
101 I 10
1 II} 1110W"Inl'U'|U'|-P-hHhl""§

‘I11.-:sizeisInnsn1itII:dnsln3aVI.C. ‘Ibis VL.Cisdiffaem1‘or Iuminanceand chromiaancesimc lie
smlisficsaredffercnt

T11: size defines ilellllllllefflfalidiliotlil bit: reqlired to defnethe level uniquely. Tlusasiu cffi is
fiaddilicmai bits. ltesnhisdefine ate bvclii order, from low ll]-l'iigIl.TI1I.ISIIIII¢ fistofthese

extra luus.g1vc: the sign: I) fut negttivennd 1 ft: pu:si1.iw.. Asizenf zero mqnims no additiuml tits.

Theanclifimalocde: am" flivfilliill lablE.D.13.
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9 Isonrsc ISDHEC 11172-.2:1QQ3(E)

Table DJ3. -- Dilferentill dc additional mic

(Il0ClJI]J0l011]1111
|JJDDl]}UtoDll1'I11
flflflflflfltofllllll
Dlllflllnflllll

{)I]0I}toD11.1
fiflflto OII
D0100]

I}

1

ifltoll
10010111

1D09to11l1
10001191111]
lDD000toI1l1ll

1DCD{l)0t0 1111111
10D0(]00(lI;o 1111111]

 
8
7
6
5
4

3
2
1

D
1

2
3
4
5

5
'3'
3

For example, 2 Imninmcodc changcof 10 would beoodefl as 1101010- table [L12 shows that the fist
I.ln'oebiB1lflincIiIato Iha1I1I:sizeis4. Thisnieans Ihatfooraddiimalbisrtmrequh-al mdefinelheaxact
vain: The out bit is a1.aIId 1ab}e.D.l3 shows thatthc differential rlc vaiue inastbc somewherebetwoeo
8 and 15 inchsive. The. 1tsttl1IeetIits.Ul0, show Lhatthe exact value is 10.

I11: demdcr reconstructs dc quantized ouelfiolemz hyfollmving 1lIE.inN'BfSE]JfD(I3dl.lI:.

'I‘l1:acquznli:oI1 anefiicientsareondcd usinganmlenglh andlevelteclmiqm-.. 'l}1equaI1im.'loo:fficicntsa'e
first scanned-in the zigag order shown ‘oi tignrt D31).

lncrasing Horizontal Frequency

  
Figure D30. -- Qmnthed coellicjelit block in zfgng scan unlu-

'I'l:esca;ning mflcrstaxtsatl, paasesthu1gI12,3 etc ‘nord:r,ew'enoally nzachingfidinthc bottom: rig]:

corner. Thelcaigth ofaruni: me mnnberofzao qmnlizad uoeificienu skipped mrer. For e.xmnp1e,ur.
quazlizadocefficimts in figure D31 pmdmc tic list ofrun lengths and levels it mh1eD.1-4.

Page 99 of 124 39

Petitioners HTC & LG — Exhibit 1004, p. 99



Petitioners HTC & LG - Exhibit 1004, p. 100

ISDJIEC ‘H172-2:1993'l'_E] Cb ISUIEO

1 0 0 O 0 I3 0 0 G
2 -3 0 0 0 D 0 0 G

d -5 III I] 0 D {II 0 0
1 I] U 130 0 D U 0 0

II D D 0 0 D 0 0 0
0 Cl 0 0 0 D U 0 ii
{I D O 0 0 D 0 0 E
0 D 0 0 9 D 0 0 I}

Figure I131. -- I-Ixnmple qulllzinil codthienk

Table D14. -- Example run kagtlw nu! leuls

 
The scan slarls :1 position 2. since Ibctop lcftquamizad cocfflcimtismded scparamly as Ihedcqlnalumd
coeftlcietu.

Ushgazigm sxannthntlhaaaraslerscanismurcefficiutasigivesfawarmlsandbemlodwith
shuu:rVI.CtI)dBs.

I‘hclistofrI1nlu:ghsandleselsisuuiedusi:gu1.HeD.15 Notallpcasialecnuimiutinnsornmlength
.ami1eveiaIei1lmelal:le:.aIl:rt|cII(IecoInInonuIes. Forconbiaalions nol.inth.=:I:ahles,nI:e:c.q:pe
seqnenmisnsetlln uhlellls. theh:nit's'dc:oI:sIhcs$nom1n:lcvelmntansapoaithrelewclanl 1
nnan:anc;afivcIev:l.'lhcm:\p¢codcisr.-mi fotlouulbythcmnlcnglh clu-ivedfi~ou1tablcD.l6a:dthec.
illele-vdfrumtfl:leD.l?.
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D JSUIEC

Table 1115. -— Colnlxlnalion code In

DC!‘ quantized uleffizicnls.
pasitiva level, 5 = 1 for negative Iwel

Page 101 of124

0000 D000 DH! Hill
0000 D000 Dl.l1 Oll

ODGOUOBGDLIIOUK
OHIO DOOGDIID II:
0060 EIOBIIOIIO I0:
0000 Illflflollflflls
EHO DDWOIIBDCB
0000 00000101 ll:
000000000101 I0:

ooooooooolonols
aooooonoolol on:
0000DD00lJlDIJlls

0000 DOIODIBO lflt

_0OIJO DOI0 01000]:
0000 DOI0l}1DDOGt
0000 00000011000:

ioooo uonoomo ms
IIOCID D000 0010 H0;
0000 0000 0010 Hill:
0000 0000 0010 1005

' 0000 0000 0010 Oils

n=Ilot

 

Isomsc-11172-2: 1993 (E)

0000 MW D091 10103
0010 mm 5
0000 I00!!! 000] lflllt
(I310 {III} 5
0000 III!) Mil 1030:
MINI 1101! [05
B000 Wm 0001 0111.!
0000 {I311 Ill:
0000 tom DIN! 01.10:

2
2
2
2
5
5
3
3
4
I
4
3
5
5
6
E
G
1
7
B
8
9
9
U
{I
I
I
2

12
I3
13
14
[II
15
15
16
I6
17
l3
I9
20
11
22
23
14
25
26
37
23
29
30
31

E
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ISOIIEC 11172-.2; 1-993 (E) 9 *-‘-‘MEG

Table DJ6. - Earn run length codes

Using tabla ms mmugn 11.17 wean. derive an 1.1:: ends: 531- the -example If ub|:D.1d.:

Table 0.13. -- Example run lengths, 1p'lu:,. and VLC‘. macs

 
The firstthreecndetin N31: lllfialc Ethel timed) Emil $11: 1115. TI: mxtcmleiszbsived ind3l'ml:|y
sinoetabielllfi doasnnu:nuinanu:u'yoomspnua!ingnar1m13agtt:nI3 alllalevclufs. lnslnadtha.
nsaapcoodeflflfltfli lsused. Thisisfallawulby Ilacsix-l:itoode(III)l1fremtabbD.16i:dc:limarm
lmgth 0T3. Ialiflythaaghl-bit and: from uhbD.1?(l11ll0l1 viuiiralhgaicwal uf-5)isappnda:l.

Aflerltelastuonlfiienthasbaanoaietanfitli codeisuaedtoinfumthedacndmlnlhcremammcn

quantizaclcncfficientsinflmccurremflbyfihlnck. Tinisfiflfiwacisusedeveuiftlnlustquanized
oneH'::lunis:LI1ebutnumrigl':1ufLheb|ac1L

'l1v.-mam nrncodes for1hcO,1 run length. luval mmhinafiom. as indicalodiulahla-.D.l5. lnuahlock
codingalwaystunthefzutqnanflaedeaefiicinzlu thedc qumfizedmeficienuomdusinglhsdcsiunmhod.
.C-uuseqmntlyinrablocks away: me me code 113 tn denote a nu: lengI11.1:-.vel cunhh-m1unof0.l. It win
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e Isoaec: ISOJIEG 11172-2: l993{E)

be su;nIaIeI'tmpredi«cfivaJyoodedl:lod:scudeu1c dc qimljzedoceificis-Itttfiffereafly. mdtiuy usclhe
shanermfle.

['.|.5'.-I coding P-pictures

As in I-pictures, each P-pintrre isdividedupinte-one DI‘ more stiecs. which iI'B,il2I1'.|.ll'l'.l, divided inan
mauublodcs. Curling is none conphx than for Lplctmes, since motion-compensated nzaaolplacks maybe
oonau1.I::Iet1. Tlcdifierclacehelweenlhctholion compensatedmacloblockand Ilecunemmacrniloclcis
Innsfomned with 3 two-diznensioml DC‘l"gi1-ixg an array at E by 8 transform ooefficziems. The coeflicients
an qnmflaed tn pmuime asex ofquanfizedmefficimm Tmcpnnlizedcueflieiams aletlierncncocbdusinga
n1n—IenglJ1 valun mdmique.

As in I-pium-.-1. the encudetnaadzs to stunIhedecndedP-goicnn-esilwe Ihistnaybeusedasihe smfing point
for motion mnzpensalinn, Theinefore. llaemcnder will reconstruct Ihcimaafl fltnn the quanlized cneffnimts.

Incodinsgl‘?-piaules. theenmder hsmure dccisimslonukethanin thecaseafl-picuuzs.
are: now D divide Ihapiciure l|'.'Iil1lO slices. delerninebebestmctim reaousto usefiacide wnethertu

wdceaflimacmblbckas ilJIIaor_m.'.dicted. anclhow to with: qlraltizer scale.

D.E.I.1 slices" in P-pictures

P-picureaare divided into shoes in thesame way as [—pietures.. The sane Dolsiflelatiuns as to we best.
method of dividing a picurc inn slices apply, see D.S.4.

D._E.-L2 Macrnblncks in F-pictures

Slices are-divinbd into maerctolocls ii the same any as furl-picnmbs. The major diffuenee is the
cnmplexily iltloduced bymolinn compensation.

Tbemmmhlock header nnyemminsmfimg The position ii the ma::roblo::k is dntennjnud by the
nneroblock add-reis. Whereas Illemzcmbloct adI.’rws increment withina dice for Lpiclms is reslxicied to
_one, it may he hrgex fa‘ Any mamihlocls thus skipped ever am called "skipped man-ublocks".

1hem hum theplwiols pictun into the cnrmatpidare. Skimail nlaunblqdrs areas
predicted maenbhcks with a zamnminn water for which no aclditimai correctim is asailable. Tile;
require very few bits to l:I:nsnI.iL

Thenettfield in Ibenncrobbckheader defmesfln-. mecxohloaktype.

D.E.-1.2.1 Macruhinck types In P-pictures

Thee aueeighttypes of macrublo-:1: in P-pictmes:

Table 11.19 -- Macrohlnck type vLc for I-—pim.m (table nu.)

IDRWARD PATTERNT
pad-mt: I 1 '
pad: 0:

1
1
0
o

1
I
0
 

Nut allpossflalc amlbinatioms of motion mmpensalinn. ending, quantizalinn, and tuna ending occur. For
example, witlm ‘nuaeoded mmmblocks. intra-cl mud inm-q,motiun vev:tars are net uausniillcd.

Skigppeclmatiuhlcrjss Invent) VLC code. Instead Ihey aeeodm bybavi11g1henanub1ockacIdrom
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ISCVLEC 11172-2: 19513 ®IS'.]flEC

D.E.4.2.2 Ouantlzar seals

Ifmcmacmbbck Igypcis prod-moq.pmd—<:q orinlrvq, i.c..i.fIhcQUANT column in tabla DJ9 has :11,
he: nquanizar scaleisu-ansniund. Iflaeznactolioclzq.-3:esarep:1ed—mc,p:ven1-cur inml-d, til theDCT
corr=4;11cn '5 cadedusing th: previously established wine for lhequantizu- male.

I).S.-4.2.3 llution vectors

Iftlemaarubbck Ly-psi: prad-an, pred-mc: orpra:'l- , in. If heMUI'IONf-DRWARDcdumnimable
121.19 hasa 1. mm horimntal and venical forward mcuien vauurs are transmiucsd in succession...

D.6-4.2.d -coded hiocit pathrn

Ifliemacrnhlnck type isplad-c,pmd-mc,1:te4I-cqorprai-met], Le. iflhe CODE-I) PAI'IEENcohn1u1 in
labia D.‘l9has al, Lhenamdedblock pattemistnnsaniLted.Ttish1fumsfl1edw0derwhichoithe§x
hlocltsin tn: mamlblodi alacndecl. ix.-. have. Irarlsnlitl;-nDCTquanfi2ndcticf11cicnls, Ind whim are not

coded, i.t:. hmem additional uurrectiunafharnotim compcnmxian.

The coded blmkpatcanisamnlbflfinnlflmfil Lhalindicates which onl1e1il0-:ksaveeot1ed,i.c.havcal:
I:a5I:metrmsm.ittnd mefiidmnmflwhichmmtcodal Tuunflezstnnddnartcnuaoftheccadedblack

paucn, wereferto figuxe D.5a11d introduce me variables PNmindicatc'U:e status offianh nfth: six Irlucks.
Ifbloclcfli oocbdll1cnPN hastl1:valm:one,iiitisnutcndedI:|:en PNiszem. 'I‘hecu:led blockpamarn is
dcfimdhylaneqmlim:

C]3P= 32*Pfl + 16*P1 + EPVP2 + 4*P3 + 2='P4 +H

is equivalent I1 Ihcdefinciftin glue: in 2.4.3.6.

Foraxanpls, if limtnp twalumilance bhclsand theCIJ block acceded, andihe other dlmean Int,t!1m
H]: l,P1=-1,P2=0.P3=D.P4=l,andP5 =0. Thccud:dh1ncIrpanorni.s:

CBP=.32""l -i lI5"l+B*fl+4"0+2"l+D=5D

Cenafilpanentsamnueounmm LhanoIJ1nn.Advantag¢isnkmuf1hisfacnni1ueasetheonnfling
efficiency and uansmita VLC reyrtsemting the coded bloc]: patltz-n. natherthan the coded block paced:
itself. 'I‘haV'LCcu:IesaegiveninuhleD.2(l.

Table I}.1l} - VLC tafile fl!’ co-duzl block pnttarl

 
P2198941 04 of 124

Petitioners HTC & LG — Exhibit 1004, p. 104



Petitioners HTC & LG - Exhibit 1004, p. 105

 

G ISOIED ISDIIEC-11172-2: 1993 {E}

Tlnstlz mdedbloct |nlI:moffl:eprevinus eamlph, S0.w1:-uld hempumhd by thec:ode"0D01011lJ".

bhnthaLmaeiammdemp:anmgIksnnhwni¢umcofmchhchucmdul.|wtbdbbdp1un
equate-zcru. 1thsae.ad.flnu|a1ni:i:udi:::I2dbytl:maud:!ocllypn

1"-'otmmrobloch;in1—picmres.nnd fa-ilttruufladmanohlovzlu inPandB~picunI:s.Ih:emdodblocipaunn
iSflI1tIIIfliI!Ilttnd.bIti:munndIt:haveavaI:eof63. igafldaaiiludmintlnamauuhloclaueooded.

‘De usonfcodad b]n(:kpattern_s instead nflmnsmiflingerd ofblotknbdeafurall bltxhliillufis ihcprauiuc
iIlC.T-U'I'Rw0mmm£hlimI-1251.

D.s.4.s Salecliun of rmcrobloclu: typu

Anmeudcrhsdrnifliuitttaslcufdaoosinghetvaaunua fiflemmtnrmdnacrnhlmls.

Anexlumtiveniauaotiismuy mdingammtnbbd: toIhesan1ed:gmeeofaccntaL)rusingea:htype,tha:
chuuaclhslypcuatruquirestheleaeinnbernfeariugtils

Asinpletnretlod. and one that iacmzpulaimallylcsseaqnensive, istomake asariesofdacisinns. Um:

‘W3ylD(l'dfi'Ihéal:flflCiEi|]I5i$: _

1: motion nompansaliol crno motion coup-an-anion, Le. is-,_a nclion vecnur uansmiundot
Isitasunnedmheuro.

2 inn'aornnninh'aeoding.i.e..tsthcmacrobknktypcirlramiaitpmtficledmingflm
mulinn uraztnr found in Iliep 1.

3: 'ifhemucIo1:lock1y1:e is mu-imra, is iwndadarnolcodai. Le. isthamsidunl an-nrlazge
anoughmbecnrlel Isixrgm-.DCTtnmrorm

4: dedflaifmcqcmlhaimlehsaffidnayummflbechanged

‘I‘bue:ht:BioI1sm:annmar:‘v.elinf‘qmeDJ2.

‘Aw-__ 'i['._IlII-I

ND Eli '1;'r_g-|
_*-I_I ;

‘z .‘."..'o'_'."1..'. Iii"-'1' '
Hal

Oil.-_IJ I "‘ '
“III.

. 0 '.L..i! !I I1.

. I‘_:_I_- ‘gnu Ill‘-I

N0 ' mu ‘qr:
'1'] E

Notooded -um!5| 2

Cu-J [mm
kl mu -.n.- -

Figure 0.32 - selutinn of lnlcmblock types in P-picture

I'Inbu-cbcision nepcam discnsnedinthe mu fourclnuses.

D.B.-I.:l.1 Ilotion camp:-nsatlun decision

I'hca1md:rtnsa:qJtiuwheI:eI'InIran1ml1mocim wcmrurmtfurpuedkniva-mdad uamblncks. If
Ilnmtalion vecnrisnaullmsuneooiumaybcsnmdbynomaasaniaing uuunlbnvectms Thlfl one
Ilgorilhllisbsearchfutfiebdstmunhndmmpmtbcmmofflnepiedicledblucknifllthufflrmodwitn
nerauwor. Ftlamafion~mmpm:mdblockimlysfighflylntkrhathemmnpeuaIedbhct,|si:g
msclecmiblmkmucflinguisfiimxfiulllnmmiefinrmightbemdimflwmdingbim.
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ISOIEG 111722. was as) msonsc

Analguitmusedin IhedevelapnunmlmhCCI'lTR I-L?;61and tlaispatoflsollfic
1117-2 wuasfbtlnws.

Ihefluic-mahztfingcn-ituinn B Iheslm ofabmltmdilfelencesofali flnlmliuancepelsinammrubhck.
wltncumpau-ad win]: themotinn-uulnpamatad masmbloctlmesmu ismbm 
block. andzfiarlhcwnwscmr. Ihan thadecismotwtclaatournkeuae-ofmcnaisliunvacurisdeand by
Iiigure 1133.

T

6
5

I

3

2

1

il- 
Flgure 0.3 .. Cbaracterlui: Memo MC

Point: on Iheline dividing Ihchlu MC (no-ncIionconp¢tIsation.i.c. zero vcrtnrl. from Ihe.MC (Inndon
wufamalion) n:gbn:,.:re1egarIledauhnImIgmgwIhcmnn&on compeasaticn region.

lt(:anhE,saea1lhaIiflhBBlmI'issIJfiicaeIIJyIaw,Ihu1Iom1lion aonpmsatimsh-.mid5en9ut. Thus:
way usgueadupahedetfistosuisleazaninnthezcuuveuntfinstallddaddeifflisgooduoigl.

Tl1cfurquinga]gmithnwadmi5mdfuttelemumInx:':afioussat|ueacesiI which 1lu:c:u_aerawas fixedmnd
in wlich any movcutuuofthebaclcymnd caused by the 'dngalmg::fi'eu' ufnmhy I:l0\'il1gd}jfl‘.Il. an
very ulajacliunafle. (haunt: wastalaen Ioreduoe ma spwioxsnotimmadrhis aomuntsfnrtlneuxiols
shape or the lmmdary batman: the two ugtnn: in figum 11-33-

D.E.l-.3.2 Intra!non—Intra coding -decision

Afienln mcodarhudetemumd u1:l:c.surnci:mvu:ur.i|:isin apusitimtodmidcwhuhzrto nseinot
flisreganl ilenfinly and code ttueuucrohludu nsintra. ‘flu :_xbvi-ms way to do thisis I3 coda Iieblnckai
lnllmand umpane thetuflumlberuf bilsraquired when mdedasumfinnmmpmmlnd plus wrxulion with
Ihcmnc qnantimrscalc. Thcmclhad using 111:: favo-est bits may be used.

This my I: toonampmflmdly azpansim farthe encoderto do, amiafasler algoriunnnnybc required.
One such algarilm, mud in the sinulatiut model during the developrnenl at this paJ_ld'IS0fl1EC 1-IITZ.
wsslnasedanlhe varimcenfmelunirnrmecoupomutofthemaa-ohlock. 'I'hevai-lmceoitheumt-.m

mauobloct and at Ihedificxencemaanbhcl; (unreal. —mo:inr:-oompensmd pmvims} isoampauad. It is
cahulaud nsinglhemellod tqmsentul by Ihetdlowingcprogmnftagauum Notethatin calculating ma
vafiannentfl:edtfi'uencemnauHock.fl1ea\engevaluaisassumedmbe2:m.
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in ISOAEI: Isonsc 11172-2: 199:; (E)

inl.pclp[l6_[lE]: I‘ Pelvaluusii Iialfiaviuus namblantanamolioneunpusadmfl
'i1|t;:I&li:[]I5I16]; P hi vines ‘II Ilcflummumanfloxi '1'
lmgfif; F Difianmbemrwrnmnplvaluafl
lbngsumz Fsuln ofthcurunlpelvalnns *1’
long vard; P Viliflllifl ol'I‘.lJI: Dilfuuicc Imlniblock ‘I
long vars; Fvarinnne nflha Gnmntnnanfloek '1
int In); F can-drains‘!

sun =0:
ward =0:
van: =0:

fir (:r—~0:a'<1fi::~+) I
for (1=£]‘.x<1I5:x+-+3 (

sIflII= Hm + Pclctyllxl: _
we-= van: + (pele[yI[xI*ye1c[:¢l[xD:

1W='1J¢l¢|)fl[II]- WIFE’! Ex]:
Vania rand + (difidif);

}
I
wui=vard!256; J'*tssum:.sIn=a:iet:bsetnzem*!

var:=(van:l'256)-({st|n!25E)'(s:|r|l256)):

'l1etiecisimastnwhc1hermuod¢mhmoInouinnishulbasu1DnfigureD34.

 
Fgnre 11.34 -- Eluaruterktie intralnnn-intra

Paint: on the line dividing the nun-intra fmm the inure, rcgizms. amereganded as belonging to the nun-inin
‘Wim-

I:I.6.4.5.B codadinut sudnd decision

Tlecholeedcadedornotooded k araullafqianlitafion: when an coefficiausarezabthenablock isnnt
coded. Amacsuhbckhmtcnledifnobbctin ilisoodad, ciseitiscodafl.

n.a.4.s.a| ouantlzlrfno quantizur dncislnrl

Genaalh'IheqnaIti.'me1'sc|lcischm;edbased in local mieeonncni totnapruvelhegicmn-e quality, andun
Ilnehlwmlnessotthcmodzl Iluxrdnrmprcvmlovafbwandmuletflow.

IJ.E4l.I DET Iranufonn

coeaideaaarinnanmciuueummimaimquauimamctficamninunsanewaymamnywueru
intrablodsial-pi-.-urn. Ptuliuutiuuottlaedcco-efEt:iauuiilIans,huwe\I~et. 'I‘l:edcpnnedictedval1nsareall
satin1024fl23*B)l’oIi:uabbclsn1PmuB—picuu5.unlesstheprcsiolsblmlrwasinvaeoded. |

Cuelfldenlsofnnn-inualiodcaanm:bdin:sinflarway.1hennh1d'fl'aeaae islhuluwuefficients to

he.u'anst'o:-medzegu-eseI1ItIfl‘arInc¢sheuvaanpaI valiesramaflnnthe :21 values thanselw-.5. ‘The
dflfeatwaaeobnimdbgslhauilgbemodm-wnpmmudpelvfiuwhmlhepmvbmflmnfmm
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Iscuisc 111722: 1993 (E) on Iscnec

mepelvalmsin thecIn‘.ren1;mu:1ob|ock. Since the. coding is ufdtfferencemthueisnuspafial preclidiuuuf
thazdctmtn.

D.ll.aI.5 G Llantizatian nf P-pictures

Inuamacrnblorks in Patna B-picures arequamized using thesarnc methods: dlsciihnd for I-victims.

Hm-inuamarmblodcsin Pand B-pictueaare quantized using Ilieqinntizer acaleand tJ1EtLm1-intm
qumlizaliullmauix. Botldnalidflicacmelfidammtquanirnflmesmicway.

The fullawisg quanllzauun fitmnnlawls dazivad lyyinverting the remnsuucion formula givtnin 1.11.42.
Ncnc Ijiaiitr. divisor indicates trnncalim Inwmfls mm.

intcuaflntig: P‘ miginw cnefficient *9’
1'ntcue.fl’qa1t; 1* qmmimdwnffidmtfl
intcocfflec: *turdconflident *1‘
Jntniqnnutx: P‘ rum-inlra quantization matrix ‘J
intquantacale. P qmmizm male ‘I

me.f£qa:i.= (8 " ouc.lfnrig;)I(I:1I1an1scale * nlqmauixk

niqrnauix 16 16 16 16 16
quanlsule In 10 10 I0 10
uaefinrig —39—-?J.‘.| -19-19 2I}~39 40-49 60-3’?
cncfltjalt .1 III 1 '2 3
onemfic -29 CI 29 £9 69

'11n:Iastlinn showsthexacunsmactedcueificientwallea The fiolluwiigdingmm slnrwstheizlatacmiclics of
II|isqu:mI:izae.r. The Flatspolamuld zen-givas this type oiquallizaritsluunet admfl-zxzneqmlltizar.

 
Figure D35 -- Dead tune quantinr characteristic

I:.s.4.a Coding oi quantized caamcients 7

05.4.6.1 Coding DI‘ lI1II‘a blocks

Intia blocks in P-pictums are coded the samcway as inlxa blocks in I-picures. The ails. uififietenoc Benin
the ptedimion of the dc coeflict. The dcpredicaarl value is 123. unless Ihe ptevious block was inn
mm.

98
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4:1 Isomsc ISDHEG 111r2—2 1993 {E}

0.6.-4.6.2 Coding of nuI—lrItla blocks

Tlnewdedblocipulunistlmnnuund incicaIilgwIIic.hbln¢l:a'hwaouel'icien1dnIn. Tinmacmdndha
infill‘wa3IolM¢IIlIillgDl'iI1!1l._hlD(isExmplIflfledcurificiflilfluhdinihesameurayulheu
mcflicimu

D.B-.5 coding B-pictures

As in IandP-piuwus. cacltll-picture isdividedup hlwonaormm-csliccs, whidaa:-c, inmm. cliritlad iuln
marmulocks. Dodingismmacumplexthan TDBP-piCtl.I¢3.l'.n£el¢VflIH3fpEBOftlIDti0l1Cu1Ipei1satEd
mau1ublocknnybe¢onwu:Ied:hrward.hckward.mdi:IapohIcd. Theflflanmhawmficmofim
mnpalsaeednmmbbckaadlhaumaeumanblonkisuansrommd nrituwo-dinenaicn:alDCI‘givingan
maynfabyauuufcrmaaefliciens. Thcecmcilnsatqnanflzuimproduxnaetotqzauimd
uaeficiauts flxquufla-evdcnc1!iciensuuu:ne:I:I1iaiIsh1garuI-laxglll \II'I¢ nctnsqua.

demand B-pianmssincclhuzywillnnlhrnsedfu-moiu
uznpensanon

Inuudinsfi-pictures.tbeencodu‘hasmaredecisionstom1lceI11aninIhamne::fP-picturm. These
tbdsionsmmhowmdividc mcpicmmminbsfimadntunfimmcbeamofimiemommmqdmflc
uhdhcrhmfommflcrtadmardm-inmpomedmflonmmmsafimwtocodeuhaumaudtowmmt
Ilequmflzumalla. '

D.B.5.1 Sites: In B-pictures

B-picmruuediuidedinnslioasi1|bcsanewguslndP-piunn-.9. Slnnna-picmresmmllsadasn
nfiuummruodmqmuxmsafiommushn-picmxuuefliglnflyhssimprmmmhlmv-pimma
CwsauIIn:1lly.llII'Iini1'he ammpriam Inmnievetsliccsfnrfl-piclmus.

D.E. 5.2 hlacruhluuks in B-p Ilzlurn

Slioesmtdividedhmnflcnbbtkh in1l:cuI:IewayuifurI—pidur=s.

1hemnnuhlod:hcu1u'uavonutaiutuIflng."I1epouitimot:|1e merublockiscummnadbyflne
macrolnloctaddresa. Wheaaasthenauubbchaddlesshmmnxwitflnadicnhtl-piuncsismcniuelm
une.itm:yhelnrma'farB-picnmes. Any nauomoch ibnssfigaxluverauuitbd ":k'q:pedmacaul:lo:hs".
Ski1pednnnbhI1sinB-pimn=sdI‘faflontipednatnh|ottsh:P-picnnas. Whtam1nP-pimnes
skippedmmcblockshwnnofiol vecnteqnaimmninfl-piuuu: ddppedmaunhludshwrelhesula:
motimvecbraiuflmsamemaanblacklypeaslhepreviansmacmbhck, 1|!l1i¢III3ilI1|I3I'hei:nl1'E£:)dcd. as
mmhmaddithnuncrraieuiomtbeytequkewryfiewbflamtrmmit

111en¢atlflddinlhen1aanbluckheada-defimslaeinicxeialock type.

99
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ISOIIE-C 11112-2: ‘I993 D ISUHEC

D. -5.2.1 Ihcroblnck typos in B-plctllrts

ihueaxe 111-was afmacmbtm:kinB—pimn=s:

[Jed-i
WM

Tabb D.21 -- Man-nblock type VLC for B-pictures (table E11}

_ FORWARD BACICWARD PATTERNii
10 1
11

  
  

  
   

  
  

|—|«§§%|—1§I$$$$$ 55:-,-In-I-Eta-In-‘AGG-I Efilfil-I512!-"'9-4|-"-‘ e-—-—-—-'.:-—-a'.-«-—-::.--a=- I-----1--¢:'a£:-e:e:«-:s:u=I
Calnpared with F-picnn'e.:. mete areextra typesdue In the iI1£!*oduc1icnn cf the backward motion =v':-I::|or. If
only aftxwalflnnfianvectur ispresaln, then the motion mm umk isoutslmcled In-ma
11mv'inuspint1re,as1'nP-picmms- It only :1 backward motion vector i.s.;n'escIII,. Iben lhnmntion-
nunlpensatcd naacmbluzlcis uonslnlctad Erulna futlrepiunntm. Ifbuh farwml anllhaclwantl motion vaucrs
arc pI'I:sem, than muimanpmsdal mamnhlocks are constmcbd from both pmvionsanf. mnmpictnta,
and the rrsult E aver.-igadtn [mm the "inI;::rpola1t=d‘ notion-mmpensamd .

D.$.5.2I2 Ouantizer ac-ate

If the mambhtitype is pred-icq, pied-fcq, prad-bcq, or inn-a—q. Le. if [In QUANT column ‘mtal:leD.2.l
has a-1, than aquamizer scale is tmnsmittad. For lherenaining-mamuhloct types, the DB1‘ correction is
ooczladusing Ihapreviously mtdflished value forth: qaantizerscale.

D.6.5.2.3 Ilutiorl .1lBl:‘tflf8

lfl:heMO'lTON FERWARI) culumn in Iah‘|eD.2l ms: L lhen hnrizonalanil vertical Iunmfl muflm

vectotsaneuarlsuiugdinsuncesaiun. ]fIhcM0'I1CN BACEWARD column in mbleD.'.!1 has: I. then
horlzcntal and valicalbatlnvard mcxiom veclun an Imrssmitted in successiomlfbufll typasan-. prasenl than
four umiponant Yl.‘.CtDl'5 are sransmiledin the fnllawhgmvdat

Inimta1fcr1.mrtl
u-.nicaI firm-an:
hriaontalbaclrwazi
vetficallnckwafl

D.6.5.2.4 Coded blank pattern

I1’ I18 DDDED PATTERN column in tlbh I121 hasa 1. than acniled lJlock_1IatIBI'JI is transmitted. This
informs tnetlecoder w'hidu:fthe sixblucks 'll memactnbhck are c0ded.i.:*..1a_\=e Iransn11tIndDC'l'
qualltiwi 00-Bfiiciellis. and which are not coded, i.c. have no additional correccionanermntion.
ccnpcnsatian.

D.E.5.3 Selection at macrtabloclt typo

The encoder has mmstypesofmaaublodr to choose tram inn-piwn-es, Lhanin P-piclmcs, and
consequently ixjoh isafilfle harden .

For 111: simulaim model ufiduing development qf mg pm, of ISOIIEC 11172, the. folluwiig sequmlial
incision algofllm was used:
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ma Iscmsc _ Isonlsc 11172-2:. 1993-05)

1: iejsfmwardorbm-kwafl or lnl-.3:-_nola1:Ivem'aicn
 mbest? Wlnlofthevuctar vain? .

5!: intraurnoninu1mding,i.n:.isdncrmcxotiocktypehuaarisixmocioncmipensalcd
ushgnmdemdflievccmrsfoumhstep 1!

3: lfhemaaoflodctypeisnm-inn‘isitcndodornotoodac1i.e.isIhcresidualemotlauge
Enough to becoulecl using the.DCTtransEonn_

4: deem: iftln qnmthm smlsissatisramry II-shonldbe I:.'h.'mg-ad..

Themdedsionsmesmmarizedinflnfotbwirigtiagran:

 
Forwancl MC

A

Backward MIG

lnlerpnlaiecl MB A

Quart Prad-"'
Coded G"

 
 

Non-Intra

Fred-" or Shipped

"=i.l.IH'b

Figure I136 -- Selection Ii macroblnck type in B-pictures

‘I-‘he fourcbcisionstqnsare discussedin Iha-naxl ftjuI'cl£lISE8.

D.E.5.3.1 salncting motion-cnlnpansatlan made

An mcodershuuld attempt lucnig I3-picmres using skipped mam-nbhcks ifpamible. Illis suggests Ihal
lb‘:-Elltnder shraulil firsl cmuim I11: case wheat" 11:: IDIJIiDI oollpcrlsaliull is mcsame asfnr Lie pram-inns

mauubloclc. Iflhe pnavious macmblocl: was nurrintra. and if the najm-comppnaamd block is gaod
enough. th:=n:u:il1berIuaddilinnaiDC.'I' mrrecliuntequitehmd lheblndccanbemdedmdcippui.

ms: macroblnckcannntbecodedasslsipyed, than me tolmingprooadnennyberuluwea.

Furtlesimliatinn model, the slemionofarnotion cumpaisation rnodefuzatnamoblockwns lnsudonthu
n|in'In.iz:Inio| ofaeust fi.mctinn. The custfunclim was Ill: 1151-‘. :11‘ lht: lmninancc diffezrencebetwcen the

nntinn-compensawd mnuuhlucl: and un qmettmaunblock. Theencudarcalclflaled the I:e.s:moIiu:n-

cnmpcnsfled thacroblock forfawardmotionoanpensaiml. [I then calculated the beslnuliun-conqiensated
fllauiflilotk forbackwardzrmtian uoznpensatlon by asimilar method. finally itawraged. the ma motion-
oompcnsmed nncrohlocks toptoduccthe interpolated rmcrc-block. Itlhcn selccicdthe one Ihatlndthe
males: mean square difieraace betwom E and the I:In'¢ntn1aI:rI)blo-dL In thccvent ofa tie. htarpnlativa
Inodcvasdaosen.
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ISOJIE-G ‘I 1 fl 72-2: 1 993 (E) IQ BUIIEC

lJ.Ii-5.3.2 IlIl|‘Nl'Il.':l‘I—'iI'ItI'fl coding clecisian

Bast-.dun'tha smzileatll-ISE,a.t1ecision is made henvnanthcbestofthe lhmc puss1'b_1=.'_. [a'edi_t1‘.im mndmand
the [nramodn The calaiiatiunissimilai ti:-Iimnf F—]:it:mres.I‘he\rai'ianue:sCIf!hr:tiff:rt:1t:c1n$:ulilu:Ir_ -
vantl, andofme curteiiimacroblotk. ram. IIBCT-llctialiiid.

In the sitluhtionmadcl the Fun] tiecisilimwas liasadonsimply Iheuxacantioek lyp: with llicsniallsst
vtuiince. Iflhe two vatimutas were equa.I,norI-intra coiling was chtisen.

D.8.5.3.3 CoI:leI:IJnot—ccId9d decision

"1111: clinic: of ended ornotctiticd ls ariisliltcfquantizatiotz, aha‘: ill mefticienlsare mthena lilmkis not
mdcd. Anrnaczohlockisnotoodadiiuobkickin iliscoded, else itisooded.

D.li.5.aI ncr Iransfnrm

Caveffiuienis ofhlncksue transformed ‘mo qnantinadouafficienis in the same why that they an: for lzlocltsin
I’-pictlireit. .

fl.E.5.5 Quantization of B-pictures

Bionic:-. in B-picture: an qiautizetl intiiu.-. same wayas fur P-pici:u:1-.-3.

D.E.5.B Gatling quanlillnl caafficiants

Bloch-. inB~picIJJres arr: coded the same wayasbluclis in P-piclxru.

D.5.B coding D-piciures

D picmres cnmain (1113 low frequency infonnaiimi. ‘They axeinenfled tuba used for fastvisihle search
modes. Itis intends! Ema] the law finquetcyilllhrmafion they amtainissufficient Inrlhe l.lSfll' Loluzan-. the

Dpicmces at ended the dc coefficierntsoiblocks. There isabittrailsllilled fur Ihcmscrublock type,
althmigh only one macro!-lock lyjlfi exists. In afldiliflfl then: *5 abitdimoliitg end oftmcroblorlt.

D.6.7 coding at lower picture rates

This partot”ISO.:'lE(i 11-H2 dons nol allow pictures In be‘: dropped at me znoodcn. ‘This dilifersfmm the case
of CCITT ReotmnendatiunH261 [5] where leinparitl sub-sslnpling may lie done by otriuitgcodad
pit-.t.u1es~1ion IlIs5e:quct=..Ihis pan aifrsonzac 11 l';'2reqniresl.lI.at all nourtx picnm mus‘: te encoded
and thataodedpietnresmnstbe imencd into I116 bislream nominally at the rain dafinai by the
picium___1-ale field in the sequence header.

Despilz this requirement 1 is pussibla for E[llDI1‘.l'S to operate at. a. Iowa: effective picture rats than we fine
defiseil in the teqimue heath’ by using Ppinurea nrB-piciutes that consist entirely of Ituctnlalocks that an:
copied from a mghbmring reference giciure with no DCT lufmnialiuu. This creates a flaxible method at’.
tetnporaisub-sampliiigand picuire tcpetitiintlm may be inipletneitiea in the wonder by Enserfing adefinad
block ofdaia Fur atanpit-.,to encode at an clft-divcialfl of 12.5 Hz in a 25 Hz hitstrean, Ii]te|"nal1'.pii:lJ.lB5
heoqfisdiom lhepmceding pitzum: by ins.*::1in_g lbs block ofdalain table 121.21’.
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Tabla IL13 -u Example 0! the cadnd data tlemenls needad lo gelernle

nauublu:k_1ype -

noIiDl1,_InrizIJn ;_ - Jude
' nodon_amioal_br«rard_code

00000001000 (3. ll) mnn'ubl£rJur_esmpe (:11)
0000 D01 1 C01 r|acrnhlo:'k.aIiIIess_incI'uneu|
001 naunblo:l:_Ivp¢

 fl_ 

::lliI:Jt:_\|ud¢2l_fiIvaI1_00ie

DJ Decoding MPEG video

D.'l.i Decoding a sequence

D.1:l.!I Decoding for toward pinyin».-I:

fitflnheginfingtfasujlmnqmeubmdgwflldmnfleflm sequsemehenderinchdiagflnsaqnelcc
paanctmi Irapaxmncaaraxcorm Ihucapahi1it)'of1huOau1ier.mc:thnde'uock:rshunki:eponu1is. mm
da::oclerdeIeunin¢sdIaLi:candeuudaIiebiIsu'aIn1,111eIIitwfllselflpilsplflflfilifsflifilfilclliofibdflfltfld
inthc sequence hacker. "Ibis wfllinclufltlha horiznnnlal and venir.-11 remlulinns andgpect ratio, Ihebi
raIc.and1hequanliu1ian marinas.

Nutmc:hm¢rwmdamdeflnympnfpimmshmdmhdudingheckao1_gopuflhohm,Enk
inftu|nali¢:n,anllakca.nyfiJ|I1Ip:ialea:Iian. I:wi1ld:‘:cnleIhefirstpie1|nehuIh'in|hegI'oupo!picIm'es
aiatlnealllevirnlachyfidd. Hdmhcodnusn:Itcvhv_dchyitnb|wIJcnmsIarHx5n1:mdhgrmhalhnI
th:iIf<rmaIbninttca)rstun§tfim1flSOflECIlI1Z-l)fla Imus: delay displayingpicnm milaflara
Iimedenennincdhy Lbs vIw__achyiuiu1ndlon mda tnorwletgenfthn th¢:uder'san:l:itedme.

Inna closacl-gap flag is 0. indicating thallhe group is open. and hebmkaruink flag is 1. than any B-
picnrcapmcodhgfiadisplayudu-) hefixstl-plcmreinmgrunpmnnotlaedeoodzsd. 'l1bedecodcmay
aibptoneolsa-veal Struqies. Izmaydisplaythclirsil-gicnut duningiha Iimthatthcu:nd¢ca:labloB-
picnics wnuta beduplnyud. ilhisstmegy mainmns. audio symhrunizalian andhuflerfulness. Howevu it
islikalythatlhclxokanfinkhmuruedhuaancnfpou-wding a:litln;.inw|1i:hcasa:andiemayhe
disculthlllss. Annlflldivemmyniglubcmdkmrddnfl-1iumusm&dy,miIkJayluncEngunI—
piclIlB|l1IiItII£IIlflBl'fl:IlI!!Bi.11VilIl1fl|ZiJIi|3.

Hplnymnkhyns fmmazamlnmpuiminthsbilalmnn. Ihcdcmdashould discznlallthc-lilsuntilitfimls

asaquenuesm-mode, agmup ufpicmrasstm oode,ora picunusxanmdewhich inlilodltesflfll-]fiDlI.l1'l:.
Tlicslicnsancl mactdalochsin Ih.epic1ure amdazuclad andwlmenlntn "a display buffer. and perhaps inn:
anm:Irerb1lfu'.'I‘lIcdfl.Dcbdpicn1rcamay hepostprmcsscdmddlspllycll In Itu;2aufl::rdeflned by me
tampon! refaunceantucpicurexsicdeirned lnllmseqnemcheaflca‘.
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Suhsequantpicuresamprofiedalthnapyrnpimcfincetoamilbufier nvnflwxmduudaflcw.

D.7.1-.2 Decoding tar fast playback

Fast funuranfl mnhesup}u'Iedhy Dpicurea- II'..canalso be-supportul ‘by aIH|l5P|"31J1'laIc.' spacing of}-
pict1m:s.in asequence. Ean'c.-zmrqyla, ilI«pi¢i1ueswu*cspncadiegular]ye1ae1'y 1D'picures.IlieI'u.dwnder
rnigtuheabletnpiayhicbflatequaiaeatlflfinies Ibancwnnlspcedbjdacndialgmid displaying u_nlytheI-
pictures. Thissimngiecmcnqitplacesmmideraale-budmsmtnemaiiaandthedecoda. Tlmmediamnsz
becapalale nfspeuebdlnguipandnizflvtring lflthncsunuhuraqmadnwdwmmlbempabbofmcapfing
IJi:higherdala1aIeand'tle¢n¢ing Ila]-pictures. Since I-picnnes typically requin: signlficaniymure bits-to
wdeIhanP_oIB-picunes,lhmlnmdm-wilhm1:mdacodesigrificaI1lyun1tthanl0%nfthzct§la,£7veniIlt
:ansarchfcIpicnu:_sta:tuJd=su1ddisc:rd1tm1uafu'PandB-picture.

For exanph, 3 stequelneuligfl be’: (mind as follows:

' lBPBPBPBPBIBPBPBPBPBIm

Assummthatthcavczrageoodcsize pm-picture [SQ that each B-p't:l1n:1'equires0,3C, tints:-..-:hP-piuine-.
recpix.s1.5l‘.‘.,a:tnr1 Ihatmcll I-pimmemquinss 1.512. than Ihel-piunns naquireflfifii of Ihecude-.£t'n Itlais 10%
cf tlnedkphy time.

.!mflterwaytonclficvcfaafnrwardi1aoonuamhit1atcappBcafi£n,is Forthemediaitselfmsutmltfln
I-picuircrsazdtranaxlitlena. This Imauld allowlhedalaralat-3 mcmain cmmtant- Sinceliisseiection
pmce;s:anhemad:w];rufluu:avalidlS0.'[E211171-2hilstr:an1. rhevcboontarshouldbeahlctatlemdeit
Ifevcry [-picuntoflhcprecccing cmmplcwuts:lacIcd.1hmme1-pictmewonldbeuanmtincd eva'y2.5
picuneperiods, mdihespeedupme would be 10115:-ttimas. ‘flue dccodcrrrlightbeabletudisphylbe
I—pictur§a1 uracil: z5patinds.otiIn1ixhLaliernatadispl=a:ts at2and3 minds.

Ifsliflnfl-.cI-piclulxs oftlleplwetling minlple wcteseletxeacl, men one I-picttme would again betramlnitteid
c\n:ry2.,5 piI:lIn1:p:ri-Dds, hutth: speed up rate wIJuldbe:20.r'2,5 = 3 lines.

If one inNI-picnms of tlmprecafling exnnple wan selettfld. than the speed up ratcwouldh: IGNIZS =aIN
times.

D.T.1..3 Decoding bl‘ pause: and step modes

Deoodingforpanserequiru tlaedouadcno be able totmiu-oltl::in:otni1_1gbitsuaatrI.aI:l displayadeaoded
pictuse witloltdecudingany additional flames. Iflhe deooderhasfull mllral over tlu:l>iuu'ean, then it
canheslomeil thrpauseand iBSImBdWIJBl1pI1yba£klf.'.S1JI!E:B.JI thcdeooderhasleiscuntrql, as in Ibccase

C_lf&CDROLi, than thercnayhcadclaybeforc playback can be manned.

D.?.‘l.4 Decoding for reverse playback

Todtacodetl:I'tsIIeana1flp1ajbackinreWeI$B.tlIe dwodernutéeode eschgrnupcfpicuues inlle fmwad
flireciun. stun-. medamdedpictues, thendisplaythemiiireveisecxder. 'I'hi-zplacasseveresinrage
reqiiimmmtsonthedacndcrinailclfifim Inallyprablensingaining acccsnu theuodzdbitsuean inthe
oonectcrdfi.

Tureducedeuodarmunory requirements; gnJIpsoIpit:lI.Ltes siuuldbesmal. Theltisnuuuchartisll in line
symu: for hueznudertustuewhattbedcaoderreqliimnmts arch urdaruzr playback inrwease.

The anuumcf dis]:Ia3r'bLIflte1' sliurage may he reduced by raurdcring l.hepi3‘I;l.tl'E1., eitherbyhaving Lhcstoragr.
unit read and transmitthuninanothe:-urder. urby mmrlering flecodedficmfi in adouoderbifler. To
illustme the savings. mnsitlet the following typical gnoup ofpicmras:

nu
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BBI]!BF‘EBPBBPpk:tttt'esimdisplayon1e:
U1'z34367t9I011II==1tnI=Ilref==r=mfl

'lIaBr'B»Bt-Bt3PBnpicn:e.sinuudedorder
2'lJ153486?1l9l0teI!tpDtaJ1?.l.’ht'ettm

IPPP.B]?.BBBBBBpiclaJII:sinttewerder
2s3111o9764310tmupontre:aenoe

Figure [L37 -- Example group of tIid:tlt't3.-s

The decoder would decode the-pictures in the new order, and display them in the re-vet'ee of the notmttl
display order. Since the B-pimtret are to! decode! tlttil Iiteyate ready to be tlisplayed, the display buffer

swntgeisminitnizeti ‘mt: fitsttwo B-pieturesfi 1l]|1L_ would remain stored i.l_]li2I.’- input buffiar until the
hat P~piI::tutei:n the p1'B\ti0l5 zrtllpofpichtresisdetladcd.

D. 8 Post processing

D.-3.1 Editing

Editingofa video sequence isbtet petfotmvd'ltefot'e eumprasittn. bttt;sitt_mIitmt arise udteu-. only the aotled
bitslreatn ii atmilaltle. Utteptttsstble method would be to tleoecb the bilslream. pet-‘forte the teqttiretl ediltittg.
an! rccode the bilstream. This ttsually leatis to a lots in video quality, and it is bathe", if possitie. to azlit
the ended ltit,sI:t'ea:It itself.

Although editing may takesevetal room. the following discussion pertains only to editing at the picture
level: deletion ct‘ coded trideomateria] from abitstt-tan, ittsmionof coded video material into abilsuealt.
orreamrtgenettt of mded tritha'm:tterial witttit I. bitstream.

Ifeditirg is a1tit:r'rpttt:ed,e.g. clip video is provided znflt:-goes to elipaxt for stillpictltres, then the vidaoem
he ettetztded ‘i'l‘i=lII well defititd etntittg poinlti. Tbesectntittg poitts are places at which the i'.|il3lIBaII.1llii)' he
hm-lceti apart orjoitted; Each cutting poirtt thoultl he fullttwed hya closed group of piett.ttes.Titis allows
ttnttxtthplttylnek after editing.

All editor mttsttakecaxe tneitstmelhaltlte bitstream itptodtccsis a legalhitsttean. Illpalfit‘-ula.riI.I'IIusE

ensure that the new bilsteameunplits with the tequireo-tents of the video buffering vetifier. This isa
tiifficoll tmkaml in ganmi it will not be possible to edit togetltez arbitrary sextiotts tlf bitttrttams that
comply win this mo :1: ISDIIEC 11172 topmduee ttttotitet bilsttettn that also cuntplies with this put of
ISDIIEJC 111?: (see for exatnple figure 13.38‘).

‘W KKK

WZ
Flgtre IL33 -~ Sequences

.1: may low-‘:\'£=' be possible to deliteramty mitotic bitttleams in mmmter um allows same editing to oocur.
Feri1tstanee,ira1lE'imups ufPit:tues had the same nttnthe: Dfpicttttes and we": e:tended with the same

Jttttttlter ofbits, than many ofIhe problems of eomplyitg with the video buffering verifier woufl be solved.

The easiest ezliting task is to tulatthfltegittniog of groups ofpicttues. If the grmpoi pictures Ittflowing
the cut is open, wltieh can he tlelectetlby exatttinlng the doted_gop flag in the gran;-ofpir.'.I;ures header,
them tlteeditttrnttstsettlte brIJ1te11_lin|tbittulIo itdicate lotitedecodcrthtttlhepmvititus group of
pictures mnmtbe used tnrctemtling any 13-picmms-.
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|J.B.2 Rasampling

ThB(h‘.(.'d£.d Iitsliaaln maynat tllanth 1hE'.pic:mrc ml: at lhcspatial resolution of the display device. Inthis
(pit:-. Ereqientsimalcion. the: decoded vidaomuslberesanpfledorscaieti.

0neexanplB,mnsideredun1de:pmI:pru¢ns:ing, i: live camwharertnedecaded video imsslll-7resolu1im and
must. be converted to CCLRGUI lesuluim. '

D.B.2.1 cnnvorsian of IIPEG SIF to CCIR 601 format

A S1]? is converted to its mrnespondingflcrk 601 t'm:I:na£b1r spatial npsampiiug. A linear phase FIR
flllcrisappfiedafiertlic 'E[|8Cl150lJ0fRl’Cfi51’Id‘i\"0fl1Sal1lplfl._. Afillfiflmtcainhcused for upuuaping tie
luxinance is sbownin figure D39:

EEIIEIEEBIIEE #256

Figure D39 — Upsampling filter for luminance

Al {humid nftbelincs some s1:ccia]tetImique,such asmpiicaliag mt: laslzpcl. manic adopbd.

Acaoniing in lI1lR'Rac. 501 the cluonimnce samplesnaedtnbv.-.cu-sited with the Iumimmce samphs 1,
3, 5.... In ordecr to achieve the pruperlocalim. the tlrsallpling filler slmuld laws: in even numbar of1aps.as
shown in figure D.-40.

1EC[— H4

Figtn-e D.-«I0 --- Upsnmpling filter [or nlu-nninance

TheSlFmay' he nacnrnslructnd byadding 1011 black pels no each End Dflhe hm-imonta] lulninanca linesin file
tbcodedhimap, and twogny pet to each endofthe hnuiaantal clrominancnljles. ‘[11: luminance SIP
nag thenbeupsanpleflhzwizmtallyam vertically. I'1echmminanccSIFstI3uldbe upsampled once
huriamuilyand twine vmitally. ‘liiispmcess isillnslmnd bylhe following diagmm:

"F20

(E1?! 8111 Y 
(33 L““'3 350

Hnrizn Ital

I-haarrvfins
I-‘ilter
 

(l!)Chn:ma

Figure DJ] -- Sinpifiad demdur Huck diagram

D.8.2.2 Temporal rasampllng

Sims Ihcp'::u.trcIaIesan-. Iinited to those connnonly used in the televisirzzn inaiusty, the sane tachniqus
may be applied. For example, ccnversion Eton. 24 picturesls In 60 fields}: may be athieved by the
technique of 3:2 puldown.
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Vidmmdedaflligimntslsmnhemlsrerted Iosflfieldsfsbycfisphyimglheociginaldeaudedlineshz tbs
onil(xIltfiUltie.kiI.a1:dtt|:iuerpol1IbdlimslnItneevI:tflens. \'idaocn(lcia:29.Eflor3D|JicLmes's
nnyheummwdmafielduaetwinemhqensingthtsnmmehnd.

Vndeomda3m23,976ur24pion:1aafsnnyhecmwmdw50fifln!sIsbyspea1ingitupbyahomma and
doca:lingi1_asi’i1had beaummdaduzspimnsls. Thcdenoledpictutsomnlabcdiaplayeain mum
fiB'_$-lfl4|l‘fi'P°13|fldp't:tmesiI Ilaeevau fields 'l11eaIdiomnslben.amtainedinsynchrtniraIian. either
by1:c:n:a_si1g IhcpiIdI.u'l1y:peeding lsupuithouapinchclange.

Vi‘?-.9 ended :11 23.976nr24 pictnreslsmayhecmvm-Iedto59.94 orfifl ficlisls wing Ilciedtlitlle 013:2pl! fllfilwlfl.
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Annex F

linbrrnative)

List of patent holders

'ITI:nse1".5ate1atioI1 is calbfl tolhe passlliljty um - Ibrsaneulllaeprmems specifiaclinlhispm of
ISOJ[EC11172-cuupiianoe wilhuais Imnnntiuml Smnclmlmay require nscotan invaitizncomed by
painnt rights;

Bypuliicafionormjs pnrtaflsflflfic 11172. nopasilion istnkau withrespatzttnltneualidily nffllin
claim Cl‘ afanypatclt tight: in cnrmacnon urea-with. Howev:r.e.u:!1 company Iisied inmis annex has lilal
withthe InEcnrIa6onT¢:chnc:lugy Task Force (l.'lf'l1-‘)3 flalzaezlafwflinglcssm gtanla Iicalsc Ind!

suchfighls thattheyhuld on reasnuahleand uondiscfiniinawry Iezrmsanrl mmtlifiolis to applicants desiring
lnolnainstich aliacnse-

Inflonnatimregxitngstimpaunucmheublairted from:

«RTE?
31 Avemmf the Atleaica
Ii'.!wYuIt
NY lN13—2412
USA

Aware

1 MuI_|or'nl Drive

Cauabriige
02142 liassachmefls
USA

Balloon

290 W Mnull Plsasant Araw:
Livingston
NJ 07039
USA

The British Broadcasting Coupcratitm
Brmdcxtingflouse
Imfim
WM IAA

Unitnd Kingdom

British Ifliacunnnniialiulsplc
lnlelteuual Pmpmy Unit
11th Fbor
151 Gown’ Sheet

1mdn_n
‘WCIE EBA

United Kingdom

CCETT

4 Run: du Clans-Ctaunui
BE’ 53

F-35512

Ccsmn—Scvl;nc Chdeac
France-
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CNET

38-10Ru.: clu Genera] Luzlut:

.'F~92131 Isay-has-Maulinrzaux
I-‘name

Comprcmim Labs, Incorporated
Ifldiluncmn Mamie
Saniose
CA9$l3II

USA

CSELT
via G Russ Rumofi 274
1- mus Tuino

III-Ir

Conpusunicz Cnnznratinu
PO Box 6101‘!
Palo Aim
CA943[I5
USA

Daimbrflunzfifi
P01101300!!!)

Ep]Ileslnsse225
D-7000 Sultpnsfl
(icmany

Domiu Gmhh
an den’ Bundessnasa: 31
D-7993 Friedricl:IshafenI

Gfllllill)‘

 

@ ISCJWED

Fmunhuler Gesseilsahaft mrFoenl_eII1I1g at Angexwandtsn Farscfnmg av-
I 5-I
Eflflflhflnnshcn I9

Gelrmny

Hilmlli Lu!

6 Kanflwsuugathi -I chnme

Tokyo-101
hp-n

Ilsflhstlirklmdfaniktechllikflnijh
Fluianmiitdstrafie 60
8000 Mfindaen 45

Gemnny

lnlarnational Business lwahims Cttrporzlicu
Arrnank
New York 10504
USA

HID Capantim
I-3-2 Nishishinjnkn
Slliljlku-kn

Tobi!
Japan
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Liccmia Patent-Vnrwaltmigs-t'3mhh
' 11:noi1or—SlBn1-Kai E‘:-

D-EODDF-Iarulcflrflfl

Germany

N[II.S-Féldl-llsfitrs Institute ofTz:d1noIog)‘
20 Arms Sueel

Cauihridgn
Masmctlusetts 112139
USA

Mam-shim Electric Industrial Co. Ltd
ltflfimza-Kaclmrra
Ksflum '

Mitsubishi Electric Cm-pwation
2-3 Malmollclii
2-Ctnme

Cii_vod.1-In
Tokyo

10} lawn

NEC Cbrpmatiml
7-1 Shiba 5-Cinema
Minaxo-kn

'I’uk3u
Japan

Nippon H080 Kyukni
2-1-'1 Jin-nan

Slibuya-tu

'I'ok_va 133-01
Japan

Philipsfilectmnics NV
C‘:-oenaewoudseweg 1
5621 BA Eindhmen
The Nelhcrlmd-E

Pioneer Electrruiic Cnrponlzim
4-1 Mcgum 1-Clmmc
Megunrltu
Tokyo 153
Japan

Riouh Co, Ltd
L3-6 Nakmmagume
Ohla.-ku

Tokyo 143
I31:31

Schauarlz Engineering &. Dcsign
15 Bucklaml Cum

SanCnrias, CA 94070
USA
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Sony Ccrporalicn
IS-7-35 Kilzahirlizgawa
Shinagawa-kn
Tokyo 141
Japan

Synhionics
St JDlIn's Innovatim Cane

Cmrlny Road
Cambridge
CB4 5W3

United Kiillgdonl

Teleflnlteu Fernseh lmd Rnnclfunk Gmhfl
Gtlllilgtl’ Claanssfifi
I)—3000 Hannover 91

{Seaman}

Thmlsun Cnlsumcr Electronics

9», Plaoedes Vosgns
La Defense 5

91F40I‘.i Cumbcvoie
France

Foppan Pn‘nt.'mg Ca, Lu!
[-5-] Thitu
Tainan-kn

Tokyo 110
fapan

Tosl1iI:a'Corporatian
I41 Shibaru l—ChotnI=.
Minaloe-ru

Tokyo 105
Iapan

Victor Comping uflapan Ltd
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