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Foreword 

ISO rthe International O·ganiza1ion tor St3ndardization) and IEC (the lnter­
natiooa· Electrotechncal Commission) f ilrm the specialized system for 
worldwde stand-lrdizat lon. National bodies thai are members of ISO or 
I EC participate h the development of I n:emational Standards through 
technical commntees established. by the respe::i ive organizatiOn 'to deal 
with partbiar fields oi techn cal activhy. ISO and IEC technical com­
mittees collaborate in fields of mutual interest. 01her international organ­
izations. governmental ~d non-gcvernmental, in liaison vvith ISO ard IEC, 
also take part 'n the Vlork. · · 

In the field of informa'i01 'technology, ISO a1d IEC have established a pint 
technical committee, ·so/I::.C JTC 1. Doft l ntematon~l Standards adopted 
by the joi:lt te:::hnical ccmmi:t·ee are circulate:l1o national bodies for vot­
ing. Publication as an lntem~tional Standard requires· app"'val by at least 
75 % d tl\e national bodies castirg a vote. 

ln1ema1ional Standard ISQIIEC 11172-2 was prepared by Joint Teehnic::~l 
Convnittee iSOJI::C JTC 1, Informacion cecmology, Sub-CoJTYnittee SC 29. 
Coded represent3tiori·of a'.lclo, pcture, mt.itimedia and hvpermedia infcr­
matiOn. · · 

ISO/ EC 11 172 consists ol the following parts, urder the general title ln­
forrr.ati:Jn technology - · Coding of movng pictures 9nd associated auao 
for ciglt<!l storage media at t.p to stout 1.5 Mbir/s: 

- Part 1: Systems 

- Part. 2: ' Video 

- Part 3: Audio 

- Part 4 : Comp/i<nce testing 

Annexes A. 'Band C fo•m an integral part of this part of ISOftEC 11172. 
A nnexes D, E ard F are fer information only. 
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Introduction 

No~ -· Readers inleleSteC in an overview oftbe MPEG Video ltya sboald read this lntrodacnoo a»d tben 
JroCC(X1 ro a1rexD. before rewming ro cl.mses 1 md 2 

0. 1 Purpose 

'lhil pnofJSOI!EC 11172 was de\eloped in resJI(JIIse co the growing eero for a common fermat for 
repesentiDg oompressed video on varioos digital &ora~ media sucll as CDs. DA 1\, Wind~ dis~ and 
<lllical drives. This part of ISOIIEC 111 n specifies a coded represeutalioo lltar ca• be 11sed for 
COOJpressin! video ~1ences to biuates around 1.5 MbitJs. 'l1:e use of this part or ISOIIEC 1 11 72. means 
llat motion video em be lll.'\1\ipUlal.ed as a form of compucer data and can re transmitted and rccei ved over 
eKisliog and fi:nue re~()(kS. Tile coded repreg!llrallon can lle tsOO wil:h boll 625-lire 11nd 525-line 
television aad provides flellibility fa- use wilb wor!Qtatiou and personal coJnpuret dhpbys. 

lbis part ofTSO/lEC 11172 was developed to operate prillcipally from stora1:e media offerin~ a continuow 
IJall;rer rate or allout J .5 Mbit!s. Nevenleless it can be used 100re widely th!Ul Lbis l:ccauae lhe approach 
tak:eo is gelli:ric. 

0 .1.1 Cod ing parameters 

1be i.!xelltic:m m kYclopilg tills pan or ISO.'~ i 1171 bas been to 4efinc a sott<X! axlin! algorithm with a 
lu~ degree of ~xibility tbat ca11 be mQ! iD many different applicauoos. To achieve Ill is gml, a aumber of 
~ pammeursddiniog tlle dwacterist&':s of C0\1e(l bits~reaDU and ilecodm. we a>ntained i11-!be bitstream 
itself. This allo"s for exrunple.lbe algorithm tO be a sed for picnres witb a variety of ~izes and a.~ 
ratiOIS ·and oo cbalulds or devices Dperntiog at" a wile rallge of bitrales. 

Bea.~ of lbe large range of 0e clw'aeteristia of bitstreams that call be rep.estniW by this paJt of ISO!IEC 
11172 a su~set of lhese cocling panmeters lmoW!l as t1le "Comtr.l.ined Pru'ametttSM 1las been defined. The 
aim indcftniJ1g die oonstrained p<Jameters is to offer gtJichnco .-,OOuu widely useful range ofp..-:un~. 
Conforming tCI this set oC coostrainiS i~ not a requiruocnl or thls part of ISOIIEC lll i2. A fbg in the 
bii'Sirolm iruklms wb~or not fr is a Coa.~traiaed Paramctcts biWeam. 

Sum~nary of tha Constrained ParametC!rs: 

HoriZ<IIlb.l picwre size Lass tl1an or eQUal to 768 oels 
VerticalpiCIUre size Lass than or. equal to 576 lines 
Picture area L".& than orecJJalto 396 ma:roblocks 
PeJ mte L"'Sli thin or eQUal to 396x25 macrobloclcr/s 
Picruro rate Le.ss tban or eaual to 30 liz 
Motion vec10r mnge Les! tmn-M tD -+63,5 pels {uSinl! half-pel vectors) IJ)l 

I fbadcward f codearrl forward f code<=HzeetableD 
Input buffer size [iu VBV ID;ldel) Less tlml or e<lualto 327 6&1 bits 
Bilmte Less tbtn or equal to 1 856 000 bits/s (coast:\nl blr.te) 

0. 2 Overview of the algorithm 

The coded .eprerentation defined in thi; put of lSOJIEC 11172 achieves 2 htth conpressioo ratio while 
JXe$Crving 1ood piaure quality. Ibe agorilbn is not .bssle$5 as dleexact ptl "aloes rue not prescrved 
clumg coding. Thecboire of tile techniques is based on tile need to balance a higb pmreqwlity and 
oo111pressioa ntio witb tre requirement ro mak~ random aoctss ro th.e coded bitstrean. Obt\ini~ go<xi 
rkure quaity at the bilntes of i11terest dwJan1ts a very tigb compression roc.io. which is DOt achievable 
with iltrafrme axling abrlc . . Tie need for mroo10 aaess, h.o\1/ever, is besl ~tisled wilb pure intraframe 
ooding. This reqaires a careful balaroee between ntta- alld inErframe coding 2lld betv.een recursive and noo­
recursive tel'lportol redundancy reductioo. 
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A IUiba of h"flniques arc used 14) a:bieYe ~ b1gb compnssio• ratio. The firS.. whlcb is allnast 
il\dependelll iron tbis pu1 oOSOAEC 11 J7~ i5 to s.!lcct an awropnale ~ nscluliOI for !he sigm.l. 
'Ibe aJgolit/un t.!En uses block-based motion cmnpem.ation to rcdu::e tbe It~ reduadm<y. Mocioo 
wmpensation is used for Qll~ prediction oftbe cuom p1t."'.u1C froal a pn:vC>u; lictare, fur non-causal 
p-ediaion of lbe ctn'ttlt picrure fran a fullln! picu.e, or fer- intcrpol<ri w (ttlliction from pa& and !tWJe 
pc.llRS. MOOOII VCC!lm ate deli:ntd forea:b l(;.pel by l&line regiOil of lbepicnu-e. Thedilfet'CIIcesignal, 
lhe pn:dictioo cnoc. is fll'tllucanpressed asbg the dsae1e cosine tnnsform (DCf) to renovespatiaJ 
c:oneluian bel ore it is quantilcd in an irre\enible process that discards lh~ less ~t infunnalim. 
Finally. me motion vectors are 0001bioed wiu lle OCT infonn.ali<Xl. and tOded usio& variable leugtk cod¢S. 

0. 2 . 1 hm~oral proc6lssing 

Becau~e or Lbe oon.flicting req!Ai~im~eru of talld<Jn ao:ess and highly effiCient compression. tJirtt main 
pcture rwes ate defined. Ia~n-codtd pkbues (1-PicO.Cl) we coded v.ithol!. refErence to other pictlres. 
They provire access points to the coded ~ where da:oding can beg a , but are axled wilh only a 
moderue CQmpressioo talin Pm:litth·e coded picw~ (P-PictrJaS) are wc1:<J more efficientlJ "'~ molioo 
~to:l prediction fi'oiD a pastinh.orpndictlvecoded p!cttreard ~regrncrally used 15 a reference fer 
fliJtierpredlctioo. Bidi.ra:OO!L'llly-pml icti ve a:ldM piwre.~ (B-Pi ctures) JlfD vide l!le taghcst tlegJee of 
compres.sion but require bolh pan and fu.ule .efereace (icwres tor motion OOillJ:emaiiOL Blditu;liQially­
prodiclive coded pictures are never used as teft.rences for prediction. The orgmhation ot t1x: lhree picw~e 
t~ in a sequ:a;cis very Cleliblc. Theclloice is left to tre enaxter and will depend on the te<p1iremeatsof 
llle application. Figure 1 illu.~ the .ebtioustlip bctwun l:be threG dlfferattpicnre tytleS. 

Bi-di.rectionaJ 
Predjction 

PredictioD 

F,,ure 1 ·- E:umple of temporal picture strudurr 

The Coertb piclure typt d t tined i n dlis part oflSOIIEC 11172, t•e D-picture, is providetllo ~low a rimple, 
bn limlteAJ ~alit}', fast-forward playback~- · 

0 .2.2 Motion representation - hlacrobloeks 

The choire of 16 by 16 mACroblodcs for the mot:ion-CQil'{l(:aSat:i<>n unit 4 a resuh d r)le lJlde.o(fbetwet.o 
inCIU\SIIlg tlle coding efficimcy provided byuting moticn infonnallon and !he overhead nt~edcd Lo st«e iL 
EaciJ rmc:roblodc can re uue of a mmber of <lifferc.nt typeS. For example. il11n.-a>dtxl. fCl'Wdfd-predictive­
ccded. baclc'lllaJd--predi<Lhe axb:1 ud bi<linlcfun:tlly-pe4iaive<OOed n'UlCI"Oblocks are penniu.ed in 
billirectioDally-prcdi:ovec:ttled piC!Ul""..s. repending oo the typeofthe rMcrcbloclt, motioa \-t!CIOr 
inromutioo ancl ahcr ~ide itfCIUiatioo are stored wa.ll the rompres.'Cd predJCtion eaor sigml in c:acb 
lllilet~ock. The motion vectorS are encoded ditTerentia!ly will ~t to tbe last coded motion vectt>t, 
usi.n, Vl\riable-lecgth mdes. 1lle maxim~tm lmgtb of tbe veClDf's th.'ll may be represented coo~ 
programmed. on a pictl.tre-by-pic:twe baSs, so tb:u the most delmndiJ:lg appticat.ons tUJJ be met W1tbout 
ccmpmnisiag lhe peB>nnance of the system in more oomal sitW'Lioos 

It is the resp:>lb'ililif>' uf the e1codtr 10 c.nJcuhrr apptoJriare motion vecl.Of'S. lhis part ofiSOIIEC l ll7l 
does n« specify how this strud be dooc. 

v 
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o .2 . ~ Spatial redundancy raducti()n 

Boih origiml j)ictures am predicti<JU error $igna1s have lligb spalial re(itL,dmcy. This part of [S011EC 
l l112 uses a block-based DCT methoo· witll vimilly ,.,eiglited quantization and run-Jengtb coiing. Ead 8 
by 8 Hock of lbeorigiilal pQu.refor in!Fcreoded ma::roblocts or of lhep~iotionerrorfor pre<llCiive<oded 
nacr<blocls is transformed into the OCT domain where it is scaled before being qt.mltit.Cd. Afwr­
qUllltizalion many of the c<efficietts uezero iD value a11d so LWI)-cimen>iooa1 run-~ta and variable 
.lengtb coding is us«110 eni:Ode be remaining coeff.icients_ etflcicntly. 

0.3 Encoding 

This pa,rt of ISO!IEC 11172 doe.> not spec;ify an encoding pr~. It specifies the SYJl~ and sem1lllics of 
the biJStJeam md tle signal processing in the decoder. As tt res ult, many op!ioiiS are left open 10 enm<b"s 
k:> trade-off ccst and speed 1gainst picture qoaliLy a11d coding ellicieocy. This cla.Jse i~ a breftbcription of 
the functiolls l.bat reed ro-be penotmed ~Y an m:ode1. Fi!ute 2 shows the Illil.ii1 funaicoal blocks. 

Piclun: 
ao~ I 

14-_...--t 1'n::ftctor 

OCl' is discrete cosine I.Ialsfom.t 
OCT"" 1 is inven;e. rli:,;crece ca;ire transfOilll 
Q is quantization 

Q" 1 is dequootir.alioll 
VLC is variable length co:liag 

r----1 fteg.JlaiOr t------, 

Fig\lrt l - Si10plified viclec encoder block diagram 

The ap11t 'ideo sigPal must ~ digitized aod tep~esened as a bminanre lllld two colour difference si gna1s 
(Y, Cb, Ct}. This way be followed by preproces.siDg and fo.rmat converni(n to re.lectanappropri.ate 
window, resolution ud i.nput fOI'lDlU. This part of lSO/lEC 11172 requi"~ that the cotout dilfeten:e 
sigoals (Cb and Cr) are su~sampled with rtS}ttt to UJe Juninance by 2: l iJl botb vertical and ho:ri2ot1al. 
dirtctiocs and cue refoJDatted, if nere;swy, as a no1-inredared signa]. 

The eocootr mmt eboo~ "bich pictllre type to ose fot" each picrure. H.avmg defined tbe pictlll'e typet, lbe 
eDCOderestimatts motion vectors for each 16 bJ 16 matroblock in ·tte picwre. In P·Pictures one v~tci is 
Beeded !or each ooo-intra naaohlcckam in B-Ikturts one ot two veGtOTS are needed. 

(f:B-Pictures mu..<ed. son:ereotdering a llle piaure ~ueace. isnece~sary before enc:OOng. Becau>e B­
Picrures are cOOed usilg biditoctiollal motion COIDpeumtt.d prediction, they can only be decoded aftet be 
subsequent reference pittu-e (lUI I oc P.-~cture) bas been decoded. ~o~ the pictures are reordered by de 

vi 
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eoccxler so thal the pictures arrive at the dec.olh ill llle an:Jer i'or decoding. Jte mnect display order is 
rerovend ey fledeooder. 

Tbe basic unit o f coding within a picture is lbe macro block.. Witbin each ~tic run:, llll\CI'd>locl!:s are enc:o<ied 
in sequence. 1eft to righl. top to bottom. Eacb rnacroblock consisiS of si;o( 8 by 8 l>lO«lks: fow blocks of 
lmniDallce,oDe blockofCb cbromiumce, 31d ore block of Cr-cbromi11ance.See figllfe3. Notetlw Cbe 
picture~ covered by tbe four blocks oflumina~~ce is the same & !k: area. coyered by eacb r:f tbe 
cbrommance blocks. This is due to subsampling of th.e chromina.are irloTillatioo 10 mlll.C'.h the sensitivity of 
tbe blUrlan vi&~.tl systern. 

[UTI 
[ITIJ 

y 

[I] ITJ 

Cb Cr 

Figu.,e 3 - M•c:robloek structure 

Fitslly, fora given t~cmblod<:, the cod.iug rucde is chosen. It depel.lds Oll t1te picture l~, the . 
effectiveness of motion compemattd predictioo n thai local region, and the lla£UR ol the 9pal w1,hil the 
block. Sea:mdly, depending en b e corliDg 1node, a majon rompmsated p-edictioa of the contents of the 
block based oo past a11dlor ruu.u-e n:fecence pivlures is famed. This precliuim is subiJacted fmu tlJe actaa1 
da!a io dlecumnt ma<:roblod: to form aa error sign'\1. Thirdly. Ois enoc si~-nal is sq>arated into 8 by 8 
blocks (4 luminance and 2 \;brommance blocks in eath m&croblock) an<1 a diocrete cosine tJamfonn is 
pe!formed on eacb block. Eacb resulting 8 by 8 block of DCT cotfr.cien~ is qtJ.!U'Iti7..ed and IJte lwo­
dillension~ block ls scanned in a zig~~g Ofder to conven it inlo a Ot1e...iJ.imensiOll~ Slrillg 0, quantizetl DC'f 
coefficients. F'rurtllly. the side-infQnnaOOn for l:le ll:laCn:block (mode, motion vectoiS ec:c) aDd the 
quantiud coefficie~~t dala are en cod~. For mailinum effiCiency, a nunbe4 of variable length code cables are 
defined (or the dffereot data elements. RJ.m,le-gtb axling is use,d for the quantized coefficient d<n. 

A co.asequcnce of using r1 iffer&lt picture types and variable Jen,.r;tb cofuig is lllal tbe overall data ntt is 
variable ln '1>Jll.iettions rmt inwh-e a fi~tei-ratech.umel. a FIFO buffer IU3-Y ~ used to matdllbeencodet 
o~ul to Ue channel. The statu. of tkis buffer may be monitore<l to control tlle ntl1Jlbe;r d bits genetal.ed 
by tlle encoder. Controlling t:hequanlization pr~s is Ue ntost direct way of ootUrol.lin.g' the titnte. This 
pa!1 ofl')O/JEC 1 Jl?Z sp«if1es anabstnctmod~l of Ue lmtfaint system(tlle VicJeoB~r~rillg Verifier) ill 
order to cmslrnin lbe maximum variability in the number of bits tbl'll. are IJS(ld fora giv~n picture. This 
ensures tha a bi!sl.lealll can be dc.co:led -wi th a buffer of leo own si2e. 

Al this stage, the axied Iep'~latiou of the pict11rebas teen generared. The final step io lheenccxJer is to 
regerente J-Pict1res and P-Picrures by de.codlng lhe data~ that trey can h: wed as cefereoce pictures fO!­
sub86JUent eoocdmg. lle qumtlzed COefficielts aredequanlized 2nd an inverse 8 by 8 OCf i~ perf i>rmed O.D 
each block. Tbepredlctbnenor!'ign24 produced is 1ben added back 10 !he prediction signal aDd limil.t'tl lO 
the required range ID give a dec<xb;l reretenc.e picllre. 

0 .4 Decoding 

Decoorug is the ime~Se of !he ereooi.ng operatioo. 1t is considr.rdbly simple• thw encodillt as mere is no 
need to petfoiDl motion l'St:inatioo and there are m:u~y fe.,.ec optiots. The decoding p-ocess is defiled by 
tbl.'l part oi IS01IEC 11172. The dtscrip:iat tbal fOllows is a "ery brief overview of one possible way of 
rleooding a bitslrealli. Other decoders with diJlerentarchilectures are possible. Fiture 4 slx>ws tbe main 
funcliora.l blodls. 

Page 7 of 124 
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+ 
R~ 

oil pol pitrures 

Motion VertotS. 

OCT 1 is inversedis:retec:osine tmnsfCJlJl 
Q- l isdw.juanlizmoo 
MUX-1 is demtJtiplexing 
VI.D is variable lenglh decOOinB 

Figure 4 -- .Basic video dtCOcler blcc.k diagram 

For fi~ed-rntc appHcations, the cba.rmel fills a FIFO bulfer at a COOStult rate wilh lhe cooed bitstream.. The 
decoder reads Ibis bllfftr an<l dtcOOes tbe dal!\ elemoots in tbe bitstJeal'lliCO)rdi'Dg 10 tle deftned symu_ 

As the d«XX!et ream tbe bitstream, it identifies the start or a oode<i piorure am the& U.e type. of the picture. 
It decodes eacb maaoblQck in tbe pctDTe ill tlnl- Themu:roblodc type aad the rnouoo vecrors. if present. 
are used 10 tonstruct a prediction of !be CU1Ult rotar>blodc lased on past lind fwuc refereace pictures thai 
tlave beeD siOred in lled6:ocler. The <:<efficient d.ataare deccded 31d dequanliud &ell & by 8 block of 
coefficieDL data u rramfortned by an inverse OCT (specified in SllleJt A), :mel dl~ resull is oored ro tbe 
pmdiction StgJW and tmiled 1.0 the defined ran&e-

After all the macroblodc.:s in tbe pcture have been proces..«ed, t.be pick.lrt h\s been llXOnstructed If it is ln [­

picture or a P-picnue it is a refermce (t.Cllln! fa- sutnequent pictures .Uld is stored, replacing the oldest sr.otUI 
efereace picture_ Defore t.bo pi;tDres cue displayed tlley may Deed lO be te-Ordered from lhe ca:led order CJ> 

lbeir natt:ral display Older_ Afler reordui!g, tile pic lUteS are a"Yailab le. in di ~ita! Coma, for post-processing 
and disphy in aoy manner tbal t.be applicatil){l.cbooses. 

0 . 5 Structure of the coded video bitstream 

This part of JSOiiEC 11172 specifies a syntax ror a cod~ vidw bit:;trearn_ This iyntat contains six layers, 
ead1 of which either supports 1\ signal processing ora ~yst.em fuoctiol'!: 

L .aiVUS or tbe syntax Ftmdioa 

Se~ooxe b.yer Raadom actess unit: context 
Group of pictwes layer Randon aecess unic vic:Jco 

Plct:utt layer Primary codin~ uail 
Slice layer Reeyrchtooiution 11nit 

Maaoblocklaycr Motion rompeu;a.lioD mit 
Block la}ef ocr u11it 

o .6 Features supported by the algorithm 

Applicauoos usiag comJreSSe41 viclw on digi 121 stor:\ge media nec:d t1 k we 10 p!rfoorl a namber or 
operatiOIIS in OOdition to normal forward playback of~ lieq8er.ce. The coded bitst.reaDl br:s beEn deslgoed 
10 support a number rL ~ese operalioas_ 

.,iii 
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0 . 6 . I Random access 

R.aadcm a~ is an ess:ntial feature fa "ideo on a ~a~e me:lian. Rarldom atrelS IC:Qllircs thai any 
pic ture can be <kcOOed Q a linied amruot cf lime. [t implies the etisteoce ot acctS.<; points ill the 
bi~ -!hat I& ~enu of ir.foorutiim tllat are identif"able md can bedeooded witllotJt reference to Olber 
segmett.s of <hUI. A ~ng of two nndom .&CC~:SS points (lrtra-Pictures) per se:cood c:,n be 3Clicvc1 
wilhoat signifJant toss of pi clUe qwlity _ 

0 .6. ~ Fast $Oarch 

Depe11ding on tile storage medilllXI. il is p<lSSJble to scan tbe :u:.cess poiniS in a coded bllStream (wUh the 
help c:L an applicatioo-speci.fic cirectory m o b a knowled&e heyood the scope of Ibis part ofiSOIIEC 
11172) to olmln a fast-fonv:ud and fasl-fe\'~ playback effect 

0. 6 . 3 Reverse playback 

Some applicalioos may fe(]Uire the video signal tO be playe<l in rm·~ llrder. This um be achieved in a 
decoder by using memory 10 store en lire gro~s of pict~IeS aftet. they have btE.n decoded before bemg 
displayed in reverse Ofder. An wc:xtec can rnake this feature ea;.ier hy red.iang tre k.ngt.b Qf groups o( 
picrurcs. 

0 . 6. 4 Error robustness 

Most 4igit.al sroage media am commJrication cbant:eb are not error-Ucc. Appropriate chrumcl codnt 
9:be.mes sho~d be. u~d and ue beyood d:Je ~pe of this part of lSO'lEC 11172. Nevcttllel!!sS the 
compes,ioo scbexne definw in tbis pan c:K ISO'IEC-1) J 12 ii robusiiO residual errors. The slice siTUcture 
allows a decoder coro::ova afietadala enor and to rcsyochrcnizc itsdecodi~. Therefore, bit errors intbe 
compresled dal3 will cause eaors n thedecOOed p ct.Jres b be limited n uea.. Decoders may lie able _, 11se 
concealmeut strarepes to dis!Uisetheseerroxs. 

0 . 6 . 5 Editing 

There is a mnllict between lbe req1liru:lrnfoc l.igb mding eErlCieocy aodcasyedi tiflg. lhccodingstru~ 
and S)nWC have not teen designed witb tbe primary !lim of ~lifying editing at MY picture. Nev~less 
a nambef of featllres bave beEn inclured tbat ernlble ed~tiJI~; of Coded rum. 
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INTERNATIONAL STANDARD <0 50/IEC JSDIIEC 11172·2: 1993 (E) 

Information technology -Coding of moving 
pictures and associated audio for digital storage 
media at up to about 1,5 Mbit/s 

Part 2: 
Video 

Section 1: General 

1.1 Scope 

This pan ofiSorJEC llln specifus lbe coded reuereotatio11 or video for lligilal s10rage merliaand 
$J)(cili~ the <lecodins wocess. The representation supports normal speed forward playback, as wed as 
speci21 fJnctioos such M r.n<bfJ' aocess, fast forward playlllct, fasl reve~replaybad: , normal speed reverse 
playb1ct, pause. and still pictures. This plirt ofiSOIIEC 11172 ls COOJpati>le v.i tb stanilard 525- and 625-
tine tcleYi.sioo foruats, and it provides fl~ibility for use wilb personal computes- md worksution di!jplay~. 

lSOIIEC 11172 is prim<srily apJ!licable 10 digital s10nge meda supporting a contiauous cnmfer rare up to 
about 1,5 Mbit/s, such as COlllplCIDisc. Digital Audo T~ aad ~n:~gneti c llanl dsb. N~venhe~ ileal 
be used more wnely 1h<ll dill bccalse of t..be geaeric apprmcl lalc"en. Tile n.orat;e nedi!i may be diredly 
coanccltd 10 the dccaJer, or via carununications means such as busses, LANs, or telecarommicalious 
Jinks. Thi~ pan oflSDIIEC 11172 is in !ended for non-mterllX:e4 video formats having appTOi'ti.t.nately 288 
Jill~ of 352 pels aDd picture r<~tes arou•d 24 H t to 30 llz. 

1 .2 Normative references 

The followin& Intermtional Standanli contain fiO'Iisions which. ~rougtJ refl!rence in Ltlis text, constitute 
provisiros of this part r1 ISOIIEC 111 TL AI ti.Je lime of publicatloo, tl~,e editioos indicated were valid. 
All scandatds are subject to rnvisjoo, and par1ies to ap-er.lnents b.'\Sed on this p.'Vl c:f ISO'IEC 11171 are 
etlcourn:!,ed to invcstigrue b e.possibifity of applying lhe mosr receat editions of the st:mllards "indicated 
beJoyr_ M~mbers of JEC and ISO mai.nlai.D reghters of cun-e11ll)· valid lar.ernaticnal S~mdad$. 

ISOnEC 11172-1:1993/njJni'WliOtttecluwtogy - Codin: ~~w~irtz picl11rt.r an.d aJsocitJied audio{ordigilfll 
storage mulia at up 10 aboml ,5 MbiJIJ - Part r .- System. 

rso/IEC 11172·3: 19'J3 fnjmnntion reclllology- Coding t:f fr.Dl'ing p«:urts an.d associare.d autio fo r dlgiJal 
rroraze nudia 01 up 10 aboZJt 1.5 Mbdls- Part J Audio. 

CCIR Recomnmdatioo 601-2 Encodinz parill7le1Usofdigilolttlevl.SI.Ot:[ar swdi.os. 

CCIR Rcpi>n 614-4 Chttrccurirrics of system.s j:Jr nwnoc/lr~ cud colOur televiJio• . 

CCIR R.ecormnendal:ion C48 Recording oj auiio .sigwls. 

CCIR ~n 955-2 SowuJ broadciJstiTtg by satelliJe }or ponablt aut mob11e reuirers, 111dwling Alli!Lt N 
Sumraary kscriptioll of AdviU!Ced U gitalSJsum If. 

CCITr RecommeaW.liQn f.1 7 Pu-emphasis u.!ed on & uMI-PngrOJnnle Circuils. 
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IEEE Draft StallCWd Pll801D21fYJOSpecijicalionfor lht i f'4/)len.entalio11 of8r 8 invem discree cosine 
lTQ/ISjJ f7ll ~. 

lEC publication 90S:1987 CV Digital Audic Sys~en~. 
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«> ISO/IEC 

SecOon 2: Technical eleme-nts 

2.1 Definitions 

1SOI1EC 11 172-2: 1993 (E] 

For the JlWl)Oses of ISOfiEC 1 117'2, ibt following dt.finitious apply. (f spedfi::; to a put. ll!i~ is oo;ed in 
square bractets. 

2.1.1 ac coefflelent I video]: Any DCT coefficient fc:x whicb the frequency in one or both dimensions 
is non-zero. 

2.1 .~ acc,ess en it ls)Sl.em}: In the care of comp~ audw an access uoit is an audio acce&S an it. lo 
t11e case of compressed videoAAac:ce_'8 unit is lte roredreprt>Senl<tioo or a pictllre. 

2. t .J adaptive ie&mentation (audio): A mt:division of the digil.-tl repnse11tation of rua oodio si&na.l 
ia variable ~gments of 1in1e. 

:2.1 .~ adaptive bit aUoeation [audio!; The ~ignment of l:i ts to subballd~ in a lill\e and freque~~c~ 
varying fa&bion acconl ing 1o a IJlY<:boamustic model. 

2 1.5 adaptive nolst 31Jocation (audio}: The assignment of coding noi ~o to f req11cncy bands in a 
line and freqoeocy v~ing fastiiln acco:di\g to a ps)'Cboacoostic mcdd. 

2.1.0 alias [a1.1.dio]: M.irrcced sig:aal component resultiJJg rccm sub--Nyquist sunpliog. 

2.1.7 1uuJ)'Sis filterloaak [audio!: Fiketbmlc in tre encoder lbat ~forms ~ broadballd PCM aqdlo 
s ignal into a set of subsampled subbaud samples. 

21.8 •udio access w it £audio]; Foc-Layers 1 and nan audio a~ ulli. ii dertOed as ltae smillest 
parto( \tle rocoded bi!Slnam wbicbC3l be decoded by it>elf, wheredeocded neMS "fuUy reconstnJCtcd 
souad·. For layer 01 an au <flO access llllit is part or be bitstream 11\at is decodable willllbe u~ of 
pe~iwsly acquiaed IJ:ICW i:Dfonmlion. 

2.1.~ audio buffer [ 2udio}: A buffer in the sy;tem tal get decoder f<» stonge of a>mpressee audio daLa.. 

2.1.10 udi.o sequence fuudioJ: A non-inttmpleel series of nudic frames i'l \llbicb lbe iollowillg 
pararne~ers uenot dlmged: 

- ID 
- l.ayCf' 
- Sampling ITequf:IKY 
- f"Qr Ulyer I run ll; B itr<.~te index 

2.1.11 baclc:"ward motion vector (vi.teof: A motion vec tor lbal i s used for 11:aotion c a.npensatioq 
from a refere~~ce picll.lre at llater lime in display order. 

2.LU Buk [1n.Jio): Unit of critical band m e. The Blltk scale is a non-linear mapping of tbe freq ueocy 
scale over the audio rnn~ closely cone.<.pondin1l with the irequency selt.elivify of the buman ea- acr<6S tile 
OOnd. 

2.1 .13 bidinctionally predictive-coded pic ture; B-piclure (vide.oj; A. pic;ture lhaJ. is caied 
using motim c:ompen~tl:d prulictioo from a~ <nd!oc: fitwe reference picture. 

2.1.14 b itntt: The mte It vrbich tbe. compressed bitslream is dtlive1ed from tl:e slClfllte meditun to tle 
iapct of a decoder. 

2.1.15 blbdc cmnpancfmg [audio): Noonalli.ing of U1e dig rat repr>..senru.ioo of aa audio signM 
vriuin a ccrtam lime period. 

2.1.16 hlock l~deol : All &-row by 8-cohm• «tbor,onal b lodc or pels. 

2.1.17 boW\d l ~u4io j1 Tbe lowest mbband ia wb.icb ioceusily stereo codtn& i4 u;ed. 
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t .1.18 byt~ •ligntd: A bi iD ' coded biiSI.IUllll IS byec-ili,ncd if Its position ~ a m11ltiple of &~bits 
irom 1M fust bit bJ the unam. 

1.1.19 ~yte; Sequerce or 8-bits . 

.!.1.2t da:m11el: A d1gital medium that stoces or l:t'Msports an TSOiiOC 1l l72 streaD 

l.l-21 <hannel [uucliol: ne left andri&bl cba-nelso(a s~eo sgaal 

~.1.2~ cbtoh•iaat•ct (component) ['ri:deoJ: A mntrix, bl.x:l. or ringle pel rcpreseatiag ore of lbe 
two colour difference si!nals related 10 tie prin:w)· colwn in tht: 11la'\ner defined in COR Rec 501 The 
symbols us:c I for tlc colOur tiffert:l1re s~ rue Cr m4 Cb. 

~.1.23 codefl audio bi13otrum !audlo]: A coded repte$eruation o i an audio sitn21 as specified in 
ISO!IEC 11172-3. 

l .l.:U melee! vlch :o biL"trum l•ideol: A coded representation ot a series of erne or more. pkturos a.~ 
specifie4 in tb.is part of ISOIIEC l1172. 

Z.l.:ZS c:oded order !video): The order in wtlicb !be pictnC!I ere stored md decOOoo. 'This 01der b not 
aet:eSWily t.bc !WOO as lhe display or.Jea: 

2..1.20 coded represelltation: A daLa element as represented in irs eflc«fe.1 form. 

2 .1.27 <odlng parameten (vi• e.): Tbe set o f Ufoee·ddinable paralllCiel$ that cllan.cterize a eoded vidw 
bitstream. Dtstteansare <bataaelised \y coding IX'lram~ ~an darnoerised by dlebitstrea~na 
tba. they are capable of decodi.n&. 

2.1.23 wli:lpooenl [vid~): Amalrlx. bklck or W1g1e p!l frcm ore or the: thre: matrices (JilutiflUl(e 
aod two cbotninaact:) tAaJ Emk_e ~ & ptnue 

2.1.21» tOII'I(II'tiSinrc Re.ci}Ctioo in the nani>er a bits used to represent aJi iiCill of dal2. 

Z.1 .30 coi\Stant bltrate coded video [video]: A compressed vldoo hiutrtalll wilb a CODSI.IUl! 

ave:race biii'8Je. 

2.1.31 tOf\.'lt.nl bitrnte: Operation where the bit.rate is const.aot iretn sw1. to f'loisb cf lbe compre.~sed 
biiStream, 

2.] .32 CODStrained p aranaders ("Video): The values a tbt:. $Ot of C.odin& p:ll'aiDefCf'S defUJed lTt 
2.4.3.2. 

2.1.33 cowtrai•e• systean parannter s tream (CSPS) (sy~leml : Au ISOJtEC 11172 
ma.J~le"lted stream (()!' whid the couttaillts defined in 2.~.6 o f ISOIJFC t 1172,- 1 apply. 

2.1..34 CRC: Cycli( red1ndrulcy codt. 

2.1..35 critical band rau lndit]: Psychoacouslic fimctian r frequency. Al a gjven aadible 
frequency it is pr-opo:tionalro tben&.mh:t of critical baad6 below !hat freque11cy. The units of !he critical 
baod ere scale 2re1Wb. 

2.1..36 crtial band [aucUu): PsycboaCAJustic trea.IUIC in we spulml dom~ :vbick conesponds to lbe 
freque~y selectivity of tre hunao e.u-. Ibis selectivity is expre.>sed Wi B~tic 

1.137 •ata element An item of data~ re~ before encodillg and ait.cr d::codl:lg. 

2.1.38 dC·COellidel!t [ virl~:nJ• The OCT coetfideot ror wh.i('b the fJ"eqtJCUC! i; 7,UO in botll 
d immsi<lns. 

4 
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2.1.39 cJc:.cccJcd p icture; D-pic:ture [~ideo ); A picwrt. l.bat is eodt'tl osiog only infomu.tion from 
itself. Of !he DCT coefficiens in dle cxx1ed representation, only lbe dc-mcfficieats are prescnl 

2. L40 OCT c:oefficle•t: Tie ampl:itude of a specific cosioe basis finctioa. 

2.1.41 i ecoded stream: lbe dx<;lded rcconstrnclioa of a compressed bit.u.rcam. 

2-1.4Z decoier i.Dpa.t bufft"r fvideoj : 1)e first-in fi.rst-OUI (FIFO) buffer specified in lhe video 
buffering Tcrifia. 

2.1.43 l ecode.r lrtl\lt rs1te (v id~): The dau n.le specified in lhe Vldeo bulferin& ~rifia md ellccdcd 
in~ coded vid.oo bilStteam. 

2.1.44 llec.oc:ler. Ao embc.Jdimmt of a deoodint )l'ocess. 

2. 1.45 decoding (process): The l)tOCe>S defiued in ISO/lEC 11172 tint reads an i11put cored bitstrec:m 
arx:l producesdecodcrl pictures or au<lio samples. 

2.1.46 deco<ling ti1ne-starnp; DTS !system!: A field tbal Jllity b.: present lu a patlcet beailer that 
indicates the time tlat an access unit is decoded in tbesyslem t.arjetdecodet. 

2.1.47 de-emphasis J ;~ udiol~ Filtering applitXI to AA audio signal lifter stomgl! or transmission to undo 
a linear dhtortion \iu~: to emphasis. 

2.1.48 de41aantization lvidw ]: The process c:L cscaling tbe qu31ltlze.1 DCI coe(f'lcient> after their 
representation in lbe biutream bas bew decoded and before tbey a.re presented 10 lbe inve~SCDCT. 

2.1.49 d~ib~ storage media; DSM: A dig iial storage 0 1 uanunission revice or system. 

l.l .SO d~crett a)SRle tr.ai'ISform; DCT tvide•1: Eilbec lhe f~a.rd di~crete cosire tr.usform or the 
inveiSe discretecasiTe IJallsfonn. 'The DCT is 311 invertible, dlscrew on.'logonal uansiormaJ.im. The 
invei'Se DCris defined in anoex A 

2.1.51 display order Jvideo}: The order ln which the decoded pkwre; should be dsplayed. NOJtDally 
this i> tile same order in whim tbey were p-~rHed at tbe i11put a the etloodel:. 

l.t .Sl d ual r.bannel ,.ode [a•dio): A rnode, where two audio ch2lllJels v.itJ1 iDdcpemJUl( progra~m11e 
coo tent; (e.g. bili'ngWI)are enooded withi.- one biiStream. ~coding p1ocess is me sane as Cor lhe s1e.r00 
mode. 

2 .1.53 ediU11g: 'The process by wlsicll (lne or more compressed biiSlle.'lllls are ·manipulated to JrOduce a 
new com~cd bltslre31n . . Conformln& edit~;d bitstreaJns ll'IUStllle::l lbe requlre111ents defined in this Jlatt of 
lSO!IEC J 1172. 

2.1.54 tlermatary !ltrea., IS)Stt ml: A generic term for oae of the coded vidC<J, coded audio cr other 
cOOed bitSlrem\S. 

2.1.55 emphasis (awdio}: HJteriDg appl£d tO 3Jl aooio 1ign1lJ befoce Storage Or trAD~misslon (() 
improve the signal-to-noise n tio altrigb freqveocics. 

Z.t .56 encoder. An embodiment of an encoding process. 

2.L.57 toeodi~ (j)rocess) : A proctSs, rot specified n ISOIIEC 11172. tmt reads a s uea11 of input 
picrures or audio samples and p!Oduces a vtlid coded bi~tream 3.\ defined in ISOJtEC J 1172 

2 .L.58 entrq»y coding: Variable lellg1h lossless coding of !be digital represen~on of a stgnal to 
rccl.Jre reclmxlancy. 

2.1.59 fast for"ard plaJ'bac:k h ideol: The JIOteSS of disj)layiog a ~uence, or pan:.-; of a sequence, 
of pictures in display-order fa>ter llan real-Ume. 
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2.1.60 FfT: Fast Fourier Transfotmation. A fast algorithm for pc:rfolllling a discree fo~o- IT'.utsfom. 
{an ortlotoaal cransfonn). 

2.1.61 f"lltuban.k (aui.io): A set ot bmd-pass fillets co...ering the entre audio ftequeDC)' rmge. 

2.1.62 flld seg.mmtatton [audio}: l\ subdirisioll or the di:ilal !Cp;e.!£ntation of 3J\ auclio si:nal 
ill to filed segnoots of time. 

2.1.53 forbidden: The term "fOrbidden" when ilsed in tbec~uses tlefining the coded bitstre:un Mcaes 
that tbe valre ~all bever be u&d. This is usually 10 avoid emulation of srNt. codes. 

2.1.64 rorad updllting [vide(}): The process by whim macroblocts ue ittra-cootd from !ime,.(o-t.ime 
10 CllSIJCC lhat rusmatctJ CII'OIS between !he inveJSe OCT pfOI;CSSCS in enoxlers and decoders C<Unot build up 
ClCCCSSIVel y . 

.Z..UiS f(I'Yard motion vector {video]: A motion vector th3t is ased for motion C<liTipells~an ffOill 
a refmnre plcl.lft at an earlier ti&re in dspl.a y order. 

2. • . 66 fraJ~ lalldlol: A part of the audio ~ignallbat corr~poudi to audio PCM sam pi~ from an 
AudioAa:ess UlliL 

2.1.67 free loml8t (a1.1dio): Any titrate other dlaD lbe defined bltJates that is less thm the m(UimWll 
v.llitl biCTatefor e:dl layer. 

2.1.68 future rc:ferenu picture {dd~J: The futwe reC!:tmce pictu re b ~e reference piQwe lhat 
occars at a later tim~ ttnn the Cllfl'tllt picttre in display order. 

2.1.69 granules (J,ayt-r Ill (lludio}: The set t>f 3 cor.secutivt subbatld wnples from a1l 32 ~ubba:lds 
11atare coo..qdm:d together l>efure qaanizatioo. They ~JreSJX)JD 10 96 PCM s.arnpks. 

2.1.10 gnnulcs (Layer Ill} !audio]: 576 frequency lines that carry lhei.r owo ~de nformaliol . 

2.1.71 group of pictures ( yideo): A series of one OT more coded picrures in~nded W ~i;t tandOill 
access. The group <t'piciUte$ is ooeoftbe !.ayers m Cbe c<XIi11g syrou <Jtfiacd in lbls pan oClSO'IEC 
11172. 

21.72 lbno window faudio}: A lilnc f11nction applied san pie-by-sample to a block of aiJdio ~ples 
refore Fourier transronnruioo . 

.z..t.73 Huffman C()dingt A specific method fo( e!ltropy coding. 

:z.t.74 b,Jbrid filterbank Iautllel: A serial rombination of ~ul:t)and filt.efbank and MDCT. 

2.1.75 IMDCf (audit): Inverse Modified Discrete Cosine Transfom. 

21.76 intelt.Siry sttr eo laudiD): A method or exploili:n& stereo irrelevan~ oc redundallcy in 
steteopbauc alldjo p-o~mnmes b~ m retaining at high frequencies or•ly the eoergyenvelore of the right 
and left d311oels. 

2.1.77 interlace [video): The prl1perty of COTI\Ientional televi~ioo picwres wtlere altematiwg lines of 
lie piaure re~tdiffereDL iii.<~Laoces in time. 

2.1.78 intra codin g I rid~) : Coding of a ma~oblock or picture l1.al u~ infonnati011 only from lbaa 
ma.croblock or picblte. 

2.1.79 Intra-coded pidul'e; [-picture fv ideoJ: A pX:tt re coded using inform:~llon only from itsel[ 

6 
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l .1.8G ISOIIEC I J 17! (nwJtipJexctl) strum (system): A bitsutall\ composed or zero or more 
elementary streams conhirod in tbe mama- ret"lled in ISOIIEC 11172-l. 

2.1.!1 j41J:lt )tere• wding (udio]: Any medloo that expldts st:ceopbooic irrelevll.Dce ex 
~ered~y. 

l.l n jdbt $tereo node I lllldioJ: A !Jlode o( tile audio coding alg~rillam II S~g joinl Slelt() coding. 

2 .1.33lay4!r (llwJi•): One of tre Jevels in t.re ooding biemn:by ol the audio 6ystem defined io ISOflEC 
11172·3. 

2.1..14 l3yer (vi4~ and systems(; Ore uf !.be Ievell> In the dau bietarchy or dle yi)eo and sysJem 
spedficalions defined in lSOIIEC Jl172-1 anH bis pv1 oHSOI!EC 11172 

1.1.85 lumina oee (a>hlp~tnent) (vldtO): A ma~ris. block Of sintle pel represealing a monocht<me 
represenl.ltion oftbe signal and relar.e4 to lle primllty C(Jiours in the nanner llefioed ill COR Roc 601. T~e 
symbol med (or Jumimoce is Y. 

2.1.J6 macrol>l~k {video): The four ~ hy 8 bloclc& of luminmce t:lata and the two corresponding 8 by 
8 bluds. of cluoillinance dan coming from a L6 by J 6 sectioo tlf the Jwninanc:e conpooe11t of tlle picture. 
Macroblock is somctirna wed to refer to t.te pel daa w oomenmcs 10 tbe ..:oded ~~~on 0{ t}e pel 
wiU!S ani! other data dements derllled in tbe IlllC'rU>lod: laya a !be Syttat deftntJJ in tbl~ Jl&fl.OflSO/lEC 
11112. 1be usa~ Is dear 1rom rhe conexL 

z.t.J7 rnapp~ I MOdo!: Conv:-rsio11 of an 1udio sigml from tilne ro freqrenc.J oomain by subl:xuld 
filteri..og mcVor by MDCT. 

'2.1.88 muklmg taudlo~. A prq>en.y or tiJe !lum:Jl auditory system by wbiCIJ aa ;cu'io signal cannot be 
pcroei\edln the Jresen:eofamther audi[) sigMJ. 

2.1 .89 masking thn.sbohl (audio): A f~lQion in frequen..-y aoo t.iole belolll wb.tcb aa audo signal 
cannol be perceived b) tbe llllman auau.y S)'ltl:m. 

2j .94) MDCJ (autllel)! ~£Jed Discrete CO!>rne Traruf<nn.. 

2.J .tl motioll compensation [video}: The u.;e of D¥>tion vectol'l to improve lLe efficieo;;y o f the 
prediCll011 or p::l val.Jes. 1le prOOiCLiOn uses 110000 V~lOIS 10 J>rOYidC Of&CIS into tlle pa..~ and/or future 
reference pie~ures cotlf1i(jng pre\'iously decotl!d pel va.l res thu sre used to fonnlhe JXediclk>n error 9gnal. 

2.1.92 Ul\'JtloaJ ~timation IYideo]: Tbe process ot estimating motion vectors d•ring the euco<lillg 
process. 

2.1.93 melbti vec.lor (Tideo): A two-diolc•sioru.l vector escd ior molloo mmpensation that proVides 
an offset from tbe coonlinate {Dsitioo to lbe CIJJT'tol picture toW(: coo~iaalf:S in a reference picture. 

2..1.94 MS tle~o (audio]: A medJO<I o( c:xploili~ 5tereo irreleVJ.IlCC or red~a1da.ncy in sl.eseo}11Qlic 
IUJCJio rro&nmnes b\std on c:OOiag the sum ani cfltlerenc:e $1 gnaJ ir~la\d of Ire lett aro rigli.t chlllreh .. 

2..1.,5 oCJ04 nLra codio~ [vile• J: Codine of a maaoblock o r picwrc: L~llt use! infccmatioo botJI from 
i~ :md fnm nucrob!ocks and piaures occurring at other time$. 

2.! .96 n ou·ton .. co~nponent [u dlol A 110i':e·like conponem of an ao<tio $ignal. 

2.1.97 N:Jq11i• mmpUng: SliJ1)Un1! al or above tt.'ice the ma;onrura b!llldwidth o f a s.iplal. 

2 .1.98 patk [syStem): A ptck roosist.s or a 'adc ~ Jollo\l'ed by ooe or mOte pa.ck-ets. l t is a layer 
in the syst:m coding 5Jillax desaibed in ISOIIEC 11172-1. 

2.1.9Sl paclatt data l~ste111): Comlguous b.)'tes of daa !rom an clemcntruy streaJn prt:SCIIt in a pac:kr-t.. 

7 
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:z.uoo packet lll~llder Jsydan): The dau strucLIJre used to con.vey infonnaion about tb-:: elemen.tary 
scream data oo'lltainat ill lle packet <h.ta. 

2.1.101 packet [system): A pact.et consists oC a header foDoved by :a number of c:oriiguoos bytes 
from an elemeotary ltatl ~~. lt is a layer in the system codillg syntaJc desaited 1n'ISO/lEC 11112-l . 

1.1 .10~ padding {audio]: A meflo:J to adja:;t the <~vera~ l~ngtb in time of 311 au.dio frame to tle 
9untiqn of ihecm-~ponding PCM sampfl!.~, by c()Dditiomlly addiag a sbt to the audio frame. 

:z.t.t03 past •eferenre picture [vJdeo): The past reference picrure i~ the referenre picmre that occurs 
t4 tm eadiet lime than tbe current picture in dispa }' 01der. 

2.1.104 pel atpect ratie [video}: The mtiD of 1be nominal verti~J reig'bt of pel on the display to ics 
OOJ1liual bori:tooW width. 

2.1.105 pel [ville•]: Plctllfe elemellL 

2.1.106 picture pcri•d (video]: Th(>, reciprocal of the picture rate. 

l-.1.107 pid~ rate ]video]: Tbe OOJTiillal ntc at whidl pictllres ~hoold ~ outpul from tle ;:Jei:oding 
p,oc:ess • 

.1.1.108 p•ctme (video]: Source, cooed ex «:eomtroctcd inugc. data A source or rcx:ousttuc.teil pic cure 
con>ists of lbne rect.l.lngular tmtrices of 8-bit ntllll'bers representing the IUlnin.-.lce. and t\YD cruomillllllce. 
signals. The Picture layer is one of the layers jn the coding synlaX ddired in tbis part of l SOIIEC lll72. 
Note tllat tbe !trot ''pid:Ure" is uways used in IS01IEC ill 72 in prefere11ce to lh~ tems Jietl or lraale. 

1.1 .109 polyphase fi!terbank rat~di&): A Sd of eqml band•Nidth filters 11lilh ,special pbase 
interrelationships. allowillg ior an efficient irnplemeotatio• of the ffiterl:xmk .. 

2.1 .110 predicti!)D I video~ The ~se of~ vedictono provide an estimate of The pel value or W!r.a 
elemeu cunenlly being.deroled. 

1.1.111 predictive-c&ded p icture; P-picture lvideo.f: A picture lltar is coded usint; tuotion 
00111pe~:Wted predidioll from the past reference piCtll.le. 

1.1.1 U prtdictillD error (video): The difference between ihe actulll value of a pel or data element and 
its predictor. 

2.1,113 prtdidcr [video}: A linear combination of previously decoded pel values or data elements. 

2.1.114 presentation time-~1amp; rTS (system): A field tbat mty be presenl in a pac.ket header 
tbal inlicat.es lbe lime llw( a presentation 1nit is presenttd in lhesystem wgeldecoder. 

2.1.115 presenbti~Jo unit; PU !system): A de..."'deO audio access uni.t or a decoded lliCiurt. 

'2.1.1)6 psydoaconstic. model (lludlol: A nalhenu.tical model of the mascilig behavimr of Ule 
humaa auditory syste.o . 

.2.1.117 quantization matri~ (Yideol: A ~et of six.ty-fQur &-bit values used by the dequantizer. 

2.1 .. 118 quantiucl DCT coefficients fvideo): DCT crefficients before deqJalltir.a.lion. A variable 
~n&lhcoded repr>..sentation of q~tiud DCT coefficients is stotW as part of the tOUlpressed vileo 
biiStrCalil . 

.2.1.119 quanl:iztr sealefador (videc. ]: A dal.~ elEmrnt represe11ted ill ' tie bicsuearn and used by the 
decoding process to scale the dcq111Dtiz4tion. 

8 
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2.1.UO r-o~Ddo .. a~XeSS: The proctS$ ofbegillning lo read :md decode the coded biiSIIeam :tt m arbitrary 
pcint 

:Z.l .l%1 rderellce pictue (videol: R~!fermce pictures aro tbc ,Deal"e$t adj1cent 1- or P-pictures Lo tiE 
current piaure i.a display older. 

2.1.12.2 r e1>rder buffer ("ideo): A bufteL in the S)'SIZID target decoder for slOr:Jgc of a reconsuucted 1-
p1cture or a reconstructed P-pii:bre. 

2.1.U3 requalltilAltion I audio] : Decoding of <1ored s\bband s.uq>IC! i1 order ID CUO'\'er the ~t!inaJ 
qwnlizcd \ru.es. 

2.1 •. 114 r~erved; Tbe le1lll "re!ened" wben used in llle cJtuses defining the coded b ilStream lnacate5 
tbaL lbe value may be used in lhe funne for lSOJIEC de filled cxlensioos.. 

2.I.IZS reverse playbacl' (video): The process of displaying lhe pi::ture sequ~nc:e in the reverse of 
display ormr_ 

2.1.1Z6 scal•fad o.- band (audio}: A sel of frequ"ncy lines iu Layer 1D which are scale() br one 
sale.factor. 

2.1.U7 smltfacter index Jaudiol: A nme.rical code for a ~ca!eCacLOr. 

2.1.128 scalefactor (awdioJ: Factor by wbicb a ~l of values i~ scaled b<!fou~ fJuantlzatien. 

2.1.JL9 sequence btader [videot A block of data i1 lhe ca1e.1 til9ream conll!.ining L'le cOOed 
representacion d anumherofdara eler~ents. 

2.1.130 s lole inCotmat ion: lnfam.ation it1 the biLqn;run recessat) for conrolling tre d~. 

2.1.131 skipped macrollloek (vidrol: A maaoblock for wbicb no data are slOred. 

2.1.132 s lice ['\'ideo]: A s::ries ofmacroblocks. 11 is one of abe layers of ~e coding syntax defined in 
this ran or ISOIIEC 11171. 

2.1.133 slot taudio): A slot is an elemen1ary p:~rt in tre biLStream. ln La!er l a slot equals rour llytes-, 
in Layers D and IJJ 011e bytt. 

2.1.U4 source stl'eam: A single r~on-muJrjpJexed slrellm of sample; oofClre c(llllpr.ession codilg. 

2.1.135 SJlre:adint function [audio): A function thRt i1eJcribes the frequeT¥:y spread of masking. 

2.1.136 star t codes [system aoo video}: 32-bit codes embedded lu !Mtcode!l bitstreaJl\ llat are 
unique. The)· are usen for seven! purposes includiDg oentifyilg some of Lhe layers itlheco:liag ~)lllta>. . 

2.1.137 Sl'D i11put bufftr [systtm): A first-iu fmt-Clut buffer u lhe input of t!Je S)Stem target 
decoder for smn~geof compressei dWI from elc:menury soea.ns befo~ (k(:oding. 

2.1.138 sureo mode [audio].: Mcde, Vibere two w dio chanuels "hicb fo:1n a stere<! ptir (left and 
ri£bt) are mcoded IYilhi• ooebit<itnam. The codi1gprocessis lhc s:me as for lbe dtm channel mode. 

2.1.139 stu.~ (bits); stuffing (bytes} : Ccde·words Lila may be lnrened inro Ire COlllpressed 
biiStr".au\ Lltaf aJe diSW'de<t in ll:e <bcodingprocess. Their purpose l$ to increase lbe biuae cf tile stn:am. 

2.1.140 n bl:lnd la11dio t SuldiYision of tbe audio frequency btnd. 

2.1.141 sobl!and filterbank {audio}: A $et of band filrers covenng we entire audio fre{j(leDC'f ran~e. 

In ISOIIEC 11172-3 the 500bUld filterbanl\ is a -polypbase filtcrbank. 

9 
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2t.14Z subbsnd samples [a11dio]: lbesubband fiherbank within the audio encooer aeates a ftltered 
aDd subsmnpled represenntion of the inpti aJdio stream. The fillered sam pi~ are called subbmd samples. 
From 3S4 time-conseative input atrlio san pies, 12 lime-ror.secutive subbani samples arc gencramd w.ithll 
ocb o[lbe 32subtmds. 

2l.l43 syncword [audio]: A 11-bi t code embedded in the audio biutcearn dlaJ idelt:if"es tbe start a a 
Dame. 

2.1.1~ l yllthesis filferbank [~udio]: Fil:etbank in the decoder tbat reconstructs il PCM audio 
signaJ fran subband samples. 

2.1.145 system J.eadtr [S)'Sbm): The sy1tem beader is a data structure defmed in ISOIIEC 11172- 1 
tbat C31ries infonn.aciou sumwisin& tbe $ystem dlaraCtenStlCS of the ISOOEC l Ji n multiplexed Streall. 

2 .1.146 systean targd. decoder, STD [system.]: A bwOlheticaJ refemnce model of a decoding 
proces) usee ro desaire tbe semantics of an ISOJIEC 11112 multiplex.ed bitSteam. 

2.1.147 thae-sbmp (s:ystem): A term that indicates lhe time of all cveot. 

2.1.143 triplet (audio): A set of l conrecutlve subbaod S3.01p1cs ftom ooe sobbana. A triple-t from 
ea.cl:l or r.re 32 mbhMds tonns a granu1e. 

2 .1.149 tonal c<>mpooemt (audio]: A sinusoid-like co:nponent ~ran audio signal. 

2.1.150 va.riable bitnte: {)p!ration where the bitrate taries with time duting the decodilg of a 
COtq,rtsStd biiSrn-aro. 

2.1.151 variable length codlng; VLC: A cvers!ble procedure lor coding lbtt ~igas shorter code­
v.ttds to frequentevc:n!S ald toager (()(b. wolds to less tieqoe!\l evwt!. 

:U.l52 \'Ideo b~nering nrifirr; VBV !video]: A hypolbetical decoder that 1s co11ceptua1ly 
coooected lO tile output of tbe ~. Ju purpose ~ to pro'ide a coos11'aint on the variability of the dara 
me ltw M enaxkr oc edilillg proces; may produce. 

2.1.153 ~ideo SaJuence [video): A series of oue or mote grouos of picLUreS. lt is one d the layers- qf 
lhe codin' syntaX defined in this part of ISO.'IEC 11171. 

2 .1.15.4 2ig-zag scan11ing ordu [video!: A sptcir1c sequential ordering of the DCT coefficienu from 
{apJrO:Umattly) llle lowe£t spatial frequeocy to the bigheSL 

1() 
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2. 2 Symbols and abbreviations 

The 01a~calDperators used to describe l!lis lllrernaional StaDdard are similar ID tio.se liSOO in the C 
progruDillilg language. lio \\levet. i:nt.egc:r division ;vi1b 1run.cat.i<.'on aod rounding 310 specific:!lly defiaed. 
The bit~ise ~n are defined iSSllllling Lwos-conplemenl£epnse.tatim of ilttgCJ"S. Numleringaxd 
COtDting loops &erJernlly begin from zero. 

2 . 2 .1 Arithmetic operators 

+ Addition. 

Sli>t.tactioo (aS a binary qx:rator) or mgation (as a 1lmlJ operalQf). 

++ lncrement 

'· 

Oocremenl 

M u ltiplic.'ltion. 

Powu. 

lntegerdi'fiS[on with t.nmcalicn of the resuk toward zero. Fa example; 7J4 and -7/-4 are 
truncated 10 1 Cl1d-114 aro 7/-4 are IJ'\Ilateil tt> -1. 

II fnte~ di vision with routtding to the rearesl i1teger. Half-inttger Talue• are rounded avay 
from zau umess ottx:rwi.se $J)fcified. fu exanple 3/12 is rounded to 2, and -3/f2 is rounrec 
lo -2 

DIY lntegerdhision "itb muratioll of lilcre~ulttowa.rds .-. 

I I A\solu1.e value. l xl:xwa~ l>O 
l xi =Owll~x= O 
I xI = - l when K < 0 

'1& Modolos oper<mt. Detimdo11.1y for r.oslti~e nwnben. 

Sign( ) Sitn(:x) :: 1 
0 
~1 

NINT ( ) Ne.'\rtSt irteger opemtor. Returns tbe meare~t mttger value to the real-valued argument. H.a.l(­
integer vain~ are mended away from tem. 

sin Sine. 

cos Cosine. 

lo~ Logaittlm ro tase e. 

lo& Logaridwlto base 2. 

%. 2.2 Logical operators 

Logical OR. 

&.ct. L<Jgicaf AND. 

11 
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Logical NOT. 

2 . 2.3 Relational operators 

> Greater tba:J. 

>- Gn:aer l.ban or tq11allo. 

< Less lbao. 

<:= Le~ than or tq~aJ 10. 

EqlallO. 

F. Nol equal ln. 

ooax [, ... ,] tbe maximum valve in tlte argumeutlitt. 

rni.n [ . ... ,] lhe minimum value in lhe ~wneutliSL 

Z .2 .4 Bitwise operators 

A twos complemeot 11mn~r represeotat;oo is asswned where the bitwise '1>C13tors are used. 

& AND. 

OR.. 

>> S hift ri!hl with sign e"Xteasi{JI\_ 

<< Sbiflleft vilb zero fill 

2 .2 .5 As signment 

2 .2 .6 Mnamonlcs 

Tbe fot:bwing mnemonics are refm.ed w desaite the diifeJeJU: d:tt.<• type~ used in tbe coded bit-stream, 

bSibf 

cb 

neil 

part2_l~ngth 

12 
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Bit strillg, left bit fim. wrere "let'!'' is the order in which bi t strings are wrill:etl ill 
ISO/IEC 11172. Bit stringS are written as a st:riog ofls <Wd Os within ~ingte q•oe 
marks, e.g. '1000 OOOl '. Bhmks v.itlll.n a bit string are foreaseofre~ingaJ1d bave no 
significance. · 

Cbamel. If cb has tle value 0, tb~ left chu11lel of a stereo sig11aJ ortbe firsl of two 
independent signal; is indicaled. (!\uJio) 

Notnber of chaands; equal to 1 for single_ct:anoel mode. 2 in otber m<Xles. (Audio) 

Granule of 3 • 32 subbmd samples in audio Layer 11, 18 • 32 rul>-baod samples io 
atiJio layer Ill. (Audio) 

The man_data pott:iw of 1be bi1Strt3ll contains th:: sra.Jefact.ors, HWftmr~ eax:o;!ed 

dat.'l. and m ciU:uy infOCirultion. (Audio) 

Tie (ocatbn in tbe bits !ream Of the beginA~ of ttleouin_data (Of lhe f.r:um. lbe 
IOC<\tio• h e~~uaJ to lhe ending bcillion of tbe p-enous frame's main_c:bta plus ore bit 
It is calrulated fro:n themain_data_md value of lhe pn:wi(IUS Crure. (Audio) 

ne oumter of msin_data biiS used for &caleCactors. (Audio) 
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cpcbcf 

sb 

RWlairrlet poi)DOIIli.11 ooefficien~. ugbest order fmL (Auoo)· 

StJbband. (Audio) 

sbumit 

switctu>ODLS 

llill1Sbf 

vlclbf 

wildow 

Tie mmtec of !be lowest sub-'llaro fur whicb ro bits ase alla:aled. <Audio) 

Smlefacu:r selectioninforinaicn. (.A.udio) 

Nmt>er of sc:alefil::klr lJaiX1 (loog bi<X:k scalefactor band) Crom wbicb poirt oo window 
s~·il.thing is used. (Audio) 

Number cj scalefacror barrl (Sbott blod: scalefa:tor trud) fran which f.OiDt on window 
switchiag is ustd. (Audio) 

Unsign~ imeger, most significant bit r~m. 

Variable length cod~ left bitfusL, whcte ''Jefi" refers to the order in wtic.h the VlC 
c.a:l~ are 1\'ritta\. 

Nmmbu' d tbe acroal time sbt io c:ue of block_cype=2. 0 ~ witrlow s; 1. (Audto) 

Tbe byr;. orderofmull.i-byte v.ords is m05t significant byte f'ir1l 

2.2.T Constants 

1C 3,1415926535&... 
e 2.7J8281Sl84S . . 

2 .3 Method of describing bitstream syntax 

The bitstream reiJie\l!d b:y- ue decockr is describal in 2.42. Eadl data ito:n io lh~ bitsr~ is in bdd type. 
It is desaibed by its mme, ils length ir1 bits, and a mnt~nooic for its t)'l)e ard orrec of lmlmU);sion 

'Ibe action caused by adcn:;ded !hta e lemenl in a bitstreall clepellcJs OJ\ tre \alae of that 11\ta element md 
Oil d1taelemcnLS previcosl y decoded The. decodiJg of the dala elements and defiri tion of the srue variables 
used in lbeirdecodiug 21:edescribed in 2A.3. 1hefollCMi iilgcoostrucls ~_re u~ed 1{1 e:xp ress tlle oonditions 
wbet data elementS are present, and are innorraaltype: 

N\lte this synta.{. use.t tle 'C'.code ccnvention tlial a variable or e~pres~ioll evl\luating IDa non-zero value is 
e<tujvalent 1.0 acondilion that is uue. 

while (condition } { 
data_element 

do{ 
data_ elt!ment 

} while ( couditioo ) 

if( OOOOi1iOR) ( 
data_ elcment 

) 
else { 

data_ elcment 
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If the conditioa is U\le, then t.he. group of data elemenu occurs next 
i• tile da~ ~trear». l'bis repealS uotillhe condition is not true. 

'The data element always occuJS aLI tall ooce. 

The data elemcnl is repeated llltil tle C011dl.ion i> oot tru:. 

If the oordition is 1rue. tten Ire first gtollp of data elements OCC\1"$ 
lle}{.l ill tre data. S!rea1ll. 

lf the oonditjon is not :rue, lhm me se<:Olld &roup or d1ta eleuents 
<lCCUt'S next in the data wean. 
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for (~xptl; expr2; expr3) ( exprl is an expression specifying th:> ilitialilalion of lbe bop. Nomally it 
ilata_clebe.Qt ~ifles tbe inliJal state of tile coun1et. expa ~ a croci lion specifying a tesr 

made before each iteration or the bop. The loop term.inates lolben lbe coodition 
i& not u-u;. e>ipr3 is an expression tml is periormed at tile end a eacb iterntion 
of the loop. ncnmlly it incremeniS a a;unt.er. 

Note t.bal the most col!Ullon tUage ()f this crnslnlct is as follows: 

for( i =0; i < n; it+) 
•ata_eleraellt 

The group Qf data el::metts occun n time$. CoadilionaJ ronstmcts 
witbin the gro11p of dat.l elenents may depend on the valoe o"f1he 
loop control vari(Jble i, wllicb is set to zero for tbe Mt ocrunence, 
incJemeaed to one fur tbe sa:ond OCn1rreDCe, and so forlb .. 

As noted, tke UOUP of data elemenu may coot.ain nested ronditiorul construCI.S. Fot compactness, lhe { ) 
may re om.lttoi when mlly Qne data element follows, 

4ala_element £1 ~e!eme11t 0 is llJi anay of data The nur.nber of dala eleme)ts is indi<;ated by 
the contl!X l 

clata_element [n l dab....eleme11t {nJ is dleu-+l tll element of an array of data. 

data_ element l m )( 11] dam_element [m Io) is tbe m+ l,n+ llb c!l:ment of a t'No-dimensional anay of 
mta 

tla1a_elemeof {l}(mJfn] dat:a_elemetJt {l)[lll](nl is the l+ l,m+l ,n+l til element of a. threc-dinensional 
3Tay of data 

data_ element ( m •• D.] ls tbe indusive range IX bitS belweea bit m and bitll in th e dat.a_elem~. 

Wbile the syntax is expressed in procedwal tenns, it sbt>uld not be assumed tbal 2 .4.3 i.mplellle.nts a. 
satisf"..cll:lry.d~ proced~.tre. In particular, it defines a correct and erTJr-tree i11p11t bitstteam. Ac1ual 
dcmrers must inchrle a means to loolc for sWt codes in order tcibegin decoding rorreclly, and to identify 
errors. ems are> CJ' insertion~ wb.il~ decocting. The mi\Lhods Lo identify U1es;: sttuation.£, and the actions to be 
taken, are not 9aDdard.ired. 

Definition of bytealigned f~Jnctlon 

The fmctirn bytealigned 0 retuns l il tlle curreut wsooo is c:n a byre bqunclary,lhat is t.he ne1t l>it in tbe 
bitstream is tlle first bit in a b!le. Otberw~e- it returns 0. 

Definition of nextbUs function 

The functioo 11extbis I) pemuts compa:iron of a bit string with the nex1 bits 10 1>e decoded in the 
bitstream. 

Definition of next_start_~ode function 

The next_start_code flnction removes any zerQbitand zero byte stllffio~ aod loca.tes the lle.l.l $1.alt. code. 

SYiitax No. of bis Mnemooic 
n~.uraru:o&O { 

wbie { !bytr.aligne«} ) 
:ero_bit 1 .. () .. 

while { nex!hiiSO != '0000 O<XXl 0000 0000 OOOOOOi)J ' ) 
:e.ro_byt~ 8 "tOilOilOOO" 

l 

This function checks ~.Vbetlter lhe Clf't'rot posioon is bylealigned. (fit ll not. teRJ stuffimg bi iS are present 
After 1bat 311Y number of tero bytes mar ~ ~nl befoce the stut-<Xlde. 1berefore start-codes are always 
bytealigred anti may be J)'eceded by an,y ~unw a rero sWfftn6 bits. 

14 
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2.4 Requirements 

2. ~ . t Coding str ucture and parameters 

VIdeo sequence 

A ended video sequeoce axnmences ffitb a B«JUCClC:C header and is follo"'ed by one or more wo•ps ol 
picurts and~ cndOO by a requence_end_codc. Cm:ncdiltdy bef/xc; eac.b of tbe CfOJfl> C)[ pctJn:s lbo"etn2y 
t:e 1 seqoencebeader. Wiliinea:bsequmt.e.piCUJres shaD bedooodablt conlinDO.sly. 

Io each of lb.ese reperued seq~ headas alJ o( k data elemCilts wilb lhc: pauibed eJCCeptioo of tlwse 
deul.iag the qaaJ~liJatim matrices (lood.Ja~ra...Q\Jani2er_matnx..load_nm.Jnn._quamht:t.JlWrix rmd 
optionally intJcLqlunliur_maaix and non_irua_qoantiw_malrix) sball.IBve tDe same values as in lhe first 
seq ocoee heoder. 1be quadizatioo awr:i::c; may be rcckfmed emil time Lila a scqt.a)Ce bcader e<:OJn io t:h:; 
biiSitearll_ Thus the da.tl elem:tts load_in~qoMtirer_marrlx. lwd_rw•_ irua_quanwe:cmatiU and 
cptlonally W11Ja...qLWIIiw:~ Clldnm_inta_quanli2er_maui.x may ba~~e any (oon-fo.J:bidden) ' "aloes. 

Rep!aling lbe SC(Jueuro hea:ler allows the dlta eleme11ts of lbe irjtial re:queace heoder to be repea~ in order 
that roodom access into lbe video seque.~ce is possible. In ad:lidoo tbe qu:mtlz.mim m.1lrices may k 
dwgtd mde tile "'deo ~lli?Jl('e ~ requltd. 

Sequence header 

A v.dm ~ beadercaxmeoo:s willl t ~-llcllrer_oc.deand is rollowcd by a sene:s of data 
deoeats, 

Group of pictures 

A gro11p df plclures is l 9eries of 011e or more c()()ed pidures inlerded to <~Ssist ra.dom a«.eSS into the 
seqtt:DCC. In lbesrored biuueam. til:~ fustc00e4 pccure i• a group c1 pctuRS IS Cltl i-Acrure. Tre order of 
3e pictures in lh~ ~ SbeaiD is ibeordet in whldl the decoder P'oc.esses tkm ill oonna ptayba:k. ... 
paricvlar, ~JCr:nt B-Picturesio the ccxbf sucam are in displayOftler. The last coded picr.re. in display 
(J'da, of a ,rrupof pictures u eitberan l-Pl~ cr a .P-Peture 

The following is an etample ofqroups ofpiaurestakeo frota Ue be&irningofa .,i@seqotDCe. Io thls 
cta111ple the fnt grovp of picuuescoomim ~vcn picnnes am rubsequcot gro~ or pict~ contain rune 
pictures. Toee ue t\1,0 B-t~icwres betwcet~ ~ive F-pctures aod aho two D· pctllt"CS between 
succes;i \"e 1- •ncl P"flil::t~J.re$. Picwre 'lr is used lO fonn a pn:.dicoon for piciUre '4P'. Pictues '.fP alld 'H 
are bolh as«J 10 fonn predictiOlU for pi~ '2B' 3'\<l '3B'. Therefore ere ord!r or pictures in tbe <XX:bd 
seq~eooe shall b¢ 'Jl', '4P', '2-s', '3B'. Howev~:r, the decoder should display 1hem 10 lhe Older '11', '2B', '3})', 
'4P', 

Attbe encoder input. 

2 l ... s 6 7 ~ f 9 10 I I 1'2 ll 14 1.5 16 11 7 · ~ 19 21> 21 22 23 2{ 
D 8 i' ll B p B "B J B 8 p B f} p Q a l B 8 p ) B 

1\1 tbe mcoder OUt>Ui. il thes t.un:d.i.tHttara, md atlte c1eaXkr ID(lUL 

I : 4 1 3 7 5 6 1'0 8 9 .3 11 12 16 14 1 s ~t ? 11 t8 22 20 H 25 2) 
p R D p B B I "B B p }I B p 3 .B I 9 B p B B r B 

where tbe ooublt vertical bars man tile group of plcnms boundari~ Nole tMll in this exzmple, the fim 
group of piaures is two pictures sooner chan subSt"quenr. !'fOIIp! of p1ctares, since at the beginning o(\"ideo 
codiug t&re are 110 8-pict.ures precedng me tirsll-Pterure. Howe va. in geneml. in <lisplay order. l'lere mt1y 
be B-Picwts precerliag tbe first 1-Pia.wc WI !be gmup C•f pieiUttS, even f(lf" 11\c tint poop of p£tares co be 
<bxxbl 

2.S 
p 

2 4 
B 

1.5 
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At t.be decoder output, 

1 .3 4 S 6 7 8 ~ 10 1 ~ 12 13 14 IS 16 1 1 18 19 20 2l ~2 21 2 4 25 

A !!rOIIp of pictue& may \e CJf any en~tJL A gr:>U? of pli:rures smll con cain me or more J..Ptctnres. 
Applications req•iring rautlm atctss. fast-ioJWlYti pJ~bad::. or rast a1d nama! reTerse playbct mar use 
rehthely shon voorn cf pictl'mS. Grwps of piuuJeS lll.\Y aJso be st.vttd at sctne cuts 01 other tas:s 
¥'bere motion compensation is indfective. 

The tuunbea of oon.secuti'e B-Piawes is variable. Neillu:r B· our P-Pil'tUJes od.l hi:: present. 

A video !eqllence of gJO~ of piclllreS th2t is mad by the dec()(1ct m:.Jy be different from the me at tbe 
o\COdu OUipUI d1e 10 edil.ing. 

Pietur• 

A sowceor recoostruc:too picture cmsists of dlrec rectrillgular ml\uiccs af el gh t·bit n11mbers; a luminance 
mari.x ('Y), and GVoclrommat~ce matrices (Cbard 0"). The Y-nntrix shall have an eveo oUJnberofrows 
IW1d coluams. and tbe Cb am Cr n<Uices smll be o11e half lle du ct c.bc Y -marix iD oolb boriz.ootal and 
'YCtli~ dime.nsims. 

lbc Y, Cb and 0 comp<JlCntsare related to tre primary (amlogu!) Red, Green aud Blue Signals {E'R. E" G 

md E'
9

) as described lo COR RreanmeDdation 601. These prinru)' signals are giUlli1U pre-ctlll"eCll. 1be 

assumed value of gWlllU! is not defined in Ibis part [)f ISOIIEC J I 1 12 bw may typically be :n the region 
opproximrutly 2,2 lo approximately2,&. App1icalicms wllich reqwe3C:Curatt O.'I('Ur reprodu:tionnuy 
choose to specifJ Ute vallle of gamma more aa:ur.ut.ly. b1t lhu i! oat<;lde tJ-e scope or 1his pan or lSOilEC 
J1 172. 

'Jbt htmilMCt and d\ronW\ncesa:npes are positioned as ~ow• 111 f~gLre 5. w!Ue · x" ma-h tbe ~ilinn 
of me lullioallCC (Y) samples m d ~o" !Wri:l the position oflbe cluuninancc (Cb aruJ Cr) saJnples: 

X 

0 0 0 
X X X ll 

1 X 1 X 

0 0 0 
1 X X 

1 X X X X 

0 0 0 
X X X l X 

Figar~ S -- Tbe position of hmln111nce a"d dlromlnAnce Sllltaples. 

There an~ four~ of coded piClUre frat use different c:odinz meUHl(t.<o. 

Au lntn-cockd p icture (1-pidure) is cOOed usiAg infonnat.101 only frf)ln lc.~ 

>. Pndiettve-c<J<led picture (P-picture) is a pict~ wbi:h is coded asing motion canpeusar.ed 
prt'rlictiCJil from l pasLT-Pia:ure or P-P'ictlul;. 

A Bl.irectionally precllcthe-.oode4 piduTe (E-piclun) is a picture whicb is coded using notion 
ootnpensattd pmJIGtion frcm ~ p.'IStandfor futurel-Pics~ or P.Plcmre 

A •c: code4 (D) pktan is codOO us:ng infoonAtion only (rom itsel( Or the O(,T coefficients oaly tbe 
lie ones ucprescnt The f).PcLIIrei sbli JUt be in 1 seq•ezteecauaining a~~y otherpic:lure ·~· 
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Slice 

A slice is a ~s of ao arbii:Jal)' mmber cf m.actd>locks ~ilh tbe order of IDJICJoliocks st.uUlg from tre 
upper-ten of the pict•e aod _pnx:eeding by mster-sca_o order from left to rigbt and top to bottom. The fast 
am last~ of a slice >hall not be skipped maaobt()C)u (tee 2.4.4.41. Every slice shall contain at 
last one matr(i)loek. Slices sball not oven.., and there sbll be no EllllS bet.,een slk~. The r:nsiticn of 
slices may cll~e from p ictllrC to pi~ The first slice mat start -will t.be fim macroblodc in the Jlictllre 
aiXI the tau sli co s.bal1 end with t.bt last macrobloclc in tle pictwe. 

Mac:roblock 

A macrobloclc contains a 16-pel by 16-JiDe secticn of luninmce comp<mont and !be spatially corresponding 8-pel by 
8-linesecliol of each cluani1ance~.at. A macrobl\Xt bas4 luminance bloclls and2 c:bJom.inanceblocks. Tbe 
tenn "1113Ql)\Jock' em re!tt 10 source OJ n:constnlcted data or to scaled, q uantlzed ooefftcients. 1be order of blocks m a 
macroblock is COp-left. top-riglt, ~ottom-lefl, botCOm-right blocks for Y. followed by Cl> and Cr. Fi:ure 6 shows !be 
arrangement of these bJods_ A skipped macroblock is one for whiclt no i11formation is s«re(l (see 2.4.4.4). 

[QI[J 
IIIIJ 

y Cb Cr 

Fig1n ·c ' - fbe aJTangemeot or blocks I• a macmblock. 

Block 

A b1oc:l is an crtllogor:W 8-pel by 8-Une ~tlort of a hAnirt?ll~ or chrQmjn3llCt. compcnenL 

ne 1em "blocl<" amre{e{eiflerto solute and reamtructed duaono tht correspoooing coded data 
elementS. 

Reserved. Forbiddea and MarkEr b it 

De lemS "reserved" and "fofbi,:lden" are u;ed in tbe description Of tOlllC values d 2 Vef'al f"e)d; i:ft lie coded 
bitstre.am. 

1\e term ·re&erVed" mdic:;tes tt<attJJe valo::: may bt used in Ire future for ISOJIEC-defintd ex~msioas. 

ne 1enn ·corbidden' indicates a valve ilat sllall neva ll! llsed (asually in. <Jrdet !0 avoidemulationofsta"t 
cede;). 

The rcrm ·mukel'_bi" indicates a one ~l field in whlcll tbc vahe uro is forbidden These marlci:r biti are 
introduced at several pointS in the ;yow: co avoid 'tart-code emdatioo. 

17 
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2. 4. 2 Specification of the coded video bitstream synta~ 

2.4.1.1 Start codes 

StaJt rodts are resetVed lit pan.crns lba oo rot otlerwise occuc in tbe video stream. All s tart codes are 
byttaligred. 

~3!ne He:udecimal value 
picnmut3Jt...c<Xle OOOCOlOO 
slice_sl2rt_codel (incluclng slice_ venic.al.__pooilionsl ()()()(1()101 

tlrougb 
OOOOOlAF 

~ 000('.())80 
rescnuJ OOOOOlBl 
IIser_ftalll..JUVL~ 00000182 
&eQJenaLbeack:r_role 00000183 
secpence_etror_mde 00000184 
exmsuioutaJLcode 00000185 
reservOO 00000186 
seqx:nc:x:_eod_ccde 00000187 
group_start_code 00000188 
iYstern strut cod(S (see U()(e) 00000189 

through 
OOOOOIFF 

NOTE - S)Sl.em stan codes are refined ill ISO'IEC lll 7'1-1. 

The ose of tbest2Jt codes is defined in the foDowmg s )OUX description with tbe e.tttption or the 
~oenoo_Cli'Or_mde. The sequeme_etroi_rode.h1s been allocated for use by !he digital stora~ media 
intef&le 10 indi~ wbef'e uACOTeCCat.le eaoo bYe l:eeo detfcted. 

2 . 4.2.t VIdeo sequence layer 

vtdeo_seq~~eDCe() I 
nexu la'\..CO(Ie() 
do{ 

l 

18 

!elQ1)eJlCe_be:adet(l 

dof 
group_of_pi~) 

) wbile ( uexlbitsO=- grollp_start_code) 
) while ( ne:xtbitsO = sequence_lleader_CO<le) 
sequence_e~d_code 
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2 . 4 . 2 . 3 Sequence h eader 

RIQ~Jeaic() ( 

} 

st~q ueot e_header _ rode 
borizo11bl _slze 
vertic:ll l_she 
pel_as pect_r lltlo 
pictur e_ rate 
blt_ rat.e 
au r ker_ blt 
'l'bv_bd(er _sl:te 
coastraioed_pana~neters_flag 
load_inlra_quaatiter _matrix 
if ( load_inlfa...qu~ti7.cr _rmtrix ) 

iofra_~U iltizer _matriX fl 
load:._n on_i•tra_qaantizer _matrix 
if ( load_nonjntrn_quarlti.ze.r_m.ttrix ) 

non_ intl-a_quantizEr _roatra (] 
a~s1aJLCOCIC() 
if (11ex.lbitsO = ellten:;ioo_s tcn_cOOe) ( 

e l(ten$jon_start_c:.ode 

I 

~hile ( oexbilS 0 l::c ·oooo 0000 0000 0000 0000 0001' ~ ( 
seq uettce_exlet~sion_data 

if (aotbits() = I!Ser_tlata._ruut_ax!e ) ( 
user _•a~_sfart_code 
while ( ntxlbiiS() != '0000 (1()00 0000 0000 0000 OOOJ') ( 

user_data 
) 
nexU tnrt...oodeO 
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Nu.of bits 

32 
12 
12 

4 
4 

18 
1 

10 
1 
1 

8'64 
l 

8*64 

32 

8 

Mnemonic 

bslbf 
uinubf 
ulauiJ! 
uhnsbr 
uimsbf 
uimsb t 
.. 1 .. 

u.ln:asbf 

bslbr 

bslhr 

19 
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Z.4.2.4 Gr.oup of picttltes layer 

gtoup_start_ cocle 
time_ code 
closed_gop 
broken_liuk 
nexLstart_coJe() 
if ( re~l>iiSO = eneasion_Stllrt_code) ~ 

extension_start_code 

} 

wbile ( uext.bl:s{J !=> '0()(0 0000 OQOO 1)()()() ()(X)() 000 1' ) { 
grou(t_ exteDSioo_data 

it( nexbiiSO= uset_dat.a ... start._ccde) ( 
llSer_d:ata_start_code 

} 
do { 

Wbile ( textbit.sQ !:: '()(){)(} 0000 0000 0000 ()(00 000 1' ) { 
user_tlata 

pico.Jre() 
J wkile ( ne11.bitsO = picll$_s:art_code ) 

} 

w 
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!5 

1 
1 

32 

8 

3.2 

8 
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Milemooic 
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bslbf 
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Z.4.2.5 Picture layer 

picl.lCC() ( 

\ 

plcture_start_ rode 
bmporal_re.lerence 
picture_ coding_ type 
vbv_dday 
it ( (picturc_codin!W~ = 2) I (pi<.."1W'e_codiog_L)'pe = 3i ) ( 

fuU_pd_forward_ vect!Jr 
forward_f_ code 

) . 
i.f ( ricrure_coding_type = 3) { 

full_pel_backwar4_ Yector 
b:.ckwarci_Lrode 

) 
wb.ile ( nextbiuO = 'l' ) ! 

extn_bit_ picture 
extr a_ info rmation_picture 

) 
extra_b lt_picture 
nexl.stan_c«<e() 

if (nexlbits()= exteosinn_stMLccde} ( 
extemsio•_dart_code 

} 

while ( ne:xLbitsO != '000000)() 0000000000000001") ( 
picture_exbnsion_data 

if ( relllbitsQ = ll)Ct_d\la_stiJ'L.cede) { 
u ser _dab_start_code 

} 
do { 

while ( nex LbitsO != 0000 001)0 0000 0000 0000 ooor ) 
• ser _data 

} 
neiLStrt_oode() 

Sl.iceO 
} wllilc ( n~tbils{) = slice_sl<'.rt_COile) 
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No of bits 

3l 
10 

16 

1 
8 

1 

Jl 

8 

32 

8 

Mnemonic 

bslbf 
ulmsbf 
uirnsbf 
uirnsbf 

uhnsbf 

uimsbf 

" I '' 

•·o·• 

bsllor 

bslbf 

21 
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2 . •. 2. 6 Slice layer 

Svnuu 
~ceO ( 

stice_ ,urt_code 
q1lallti1n Jc:alt 
whlle ( nextbilS() = '1' ) { 

extn_blt_s lice 
extr:a_informat!oa_ ;;lice 

c :~~:tra_bi t_sliu. 

do{ 
maaoblockO 

) while ( nextbiL'() !"' '000 0000 0000 0000 0000 0000' ) 
nexutart....cuJeO 

2.4.2.7 Macroblock layer 

Svnra:x 
maaobla:kQ { 

wbile ( ne:x.tbitsO = '0000 OOOl 1l J' ) 
m:acrolllod_stnffing 

while ( nextbitsQ = '0000 0001 OOfJ ) 
macro•lod;_ t sc:ape 

maaobloclt_address _in cranent 
macroblock_type 
if( oaaol>kx:lLQD.alll) 

quantber_.scale 
if ( macrobkrlc_IJ10t:ion_forward ) ( 

m•tion_ hori:rontal_lorwartl_ c.ode 

) 

if( ((orwaniJ !: 1) && 
(molion_bJrizontal_fotward_code != ()) ) 

molion_borizootal_ferward _r 
metion_ nrtica \_forward_ code 
lf( (forwardJ I= 1) && 

(motian_vertical_forward_cc:>OO != 0) ) 
motion_ vertical_f(JI'"'Ward_r 

if( nw:robloc.k_ntotioo_bad:wanl) { 
mot.ioo_horizontal_ t.ackwllfd_ code 

} 

if( (bactwardJ!= I)&& 
(LOOtioo...borizoltaLbadcward_code !=0)) 

motioo_borizontal_ backvard_r 
motiOI:L vertical_backward_codt 
lf ( (bactwilnl_f != I)&&. 

(IOOtioo_ vertic:albaclcw-d'd_code != 0)) 
motion_ vertical_bactward_r 

if( maao~:~JocJLpanem) 
coded_bloclc_pattu-a 

for r 1=0; i<1>; i-t+ ) 
blOCk( i ) 

if( pctUrt_mdlng_type ss 4) 
end_or_macrobto~k 

0150/IEC 

No. of bit$ Mnemouic 

32 bslb f 
s uhnsbf 

1 , .. 
8 

1 "0" 

No. of bi~ MremoMc 

ll vlclbf 

11 Yldbf 
1- 11 vlcl bf 
1-6 vldbf 

s IIi IDSbf 

1-11 'f'lclbf 

1-6 llinsbf 
1·11 vldbf 

1-6 lli111sbf 

1-ll Ylr.ll)f 

1 -6 11i10sbf 
1- 11 vldbf 

1-6 lliDsbf 

3-9 vldbf 

1 " 1 '' 
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2 . 4 .. 2 . 8 Blocll layer 

'lock( i ) { 

if ( J.llllttl1_mde{iJ ) { 
If ( macroblock_inlra) 

if ( i<4 ) ( 

' 

J 

d ct_dt_size_lumil)anu 
if(dc_sire_lutniaance != 0) 

dct_dc_differcofial 

dse( 
d et_dc_size_throll'linanae 
if(~ize_cJroutinaoce 1;<1) 

dct_ dc_d ifferential 

else ( 
dct_ c:oeff_f irst 

I 
If ( ~-ccdillg_type != 4 ) { 
~e { nexlbitsO != '1 0') 

dct_cClelf_ ned 
cnd _ of_block 
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No. of bits 

2- '7 

1-8 

1-8 

2 -28 

3 -2 8 
2 

Mremonic 

vlclbf 

u lmsbf 

vlc:Jbf 

u lmsbf 

v ldbf 

vlclbf 
vlclbr 
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2. 4 . 3 Semantics for tha video b itstream syntax 

2 .4. 3 .1 Vlde~o sequence layer 

seqllehC&_md_cod& -· Thesequenre_ end_oode is U.e bit strioE 000001B1 ill hexadecimal lt terminates a 
\oidcoseq~ . 

2 . 4 . 3. 2 Sequence header 

se<JLlence_ lleader_wde - The seqtence_beada_co:Je is the bit string 000001133 in •exarecmal_ It 
i<Jenti fies the beginning of a ~uence beade.-. 

borizenfDl_site - The borizontal_si;re is the width of lbe displayable pa-t of the hminance component 
ill ~Is. The widlb of the encoded lllltlinance componetJl in n aaoblo::k.s, mb_ width, is 
(borizont;~J_siW+-15~!16. Tle displayable part O[ the pid UJe i& 'Jefl•llligned in the enoode(.i picture. 

l'erlical_size ·" The vert!cal_size is tb! beight of the cispla yable part of ttle luminance compone11t in 
pels. The height oflhe eacoded lu.minance romponeot in ma::roblocls, mb_l£igbl is 
(v~rticaLsizet-1 5)/16. The displayable part of me picture is top-ali J:ncO in tbe encoded _pi:ruce. 

pel_asp<ect_ntl• -· 1his is a four-bit inteser defU1ed in the followill8 table. 

~l_asxa ratio heif(bifwidth e~eample 

0000 t"orbklln 
00()) 1.0000 VGActc. 
0010 0 .6735 
ron 0.7ffil 16:9, 62.'iline 
0100 0.7615 
OlOJ 0 .8055 . 

0110 0.8437 16:9, 515line 
0111 0.8935 
1000 0.9157 ·c C£R.601 , 625linc 
lOOl 0.9815 
1010 1.0255 
lOll 1.0695 
1100 l ,0950 CClR601, 5251ine 
1101 1,1575 
1110 1.2015 
uu rerervert 

picture_rate - This is a fou.r-bi.t il~er defined ill tl1e foltowtng lab 'e. 

J)clllnl_rate l)ictures -per w:ond 

0000 forbidren 
0001 13,!J76 
0010 2.4 
0011 25 
0100 29,97 
0101 30 
0110 .50 
0111 59.94 
1000 60 ... r.sav<d 
llll estTVro 

Application; and en::od~ sbould late into a;count Che fact tbat 23,916, 29,97 aDd 59,94 are rot exact 
repres::nlatiotu of tbe • om.iJJal picture rate. The exacL v.\lues are rould fr<XD Z4 000/1 001, 30 00011 001, 
and 60 00011 COl and can be derived from CCIR Repon 6244. 

:}4 
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bit_nte - This is an integer specifying tl;ie bitrate of the bitslrealn measured in llltits of 40i> brts!s, 
rOlln<led upwud;. Tie valte rem is fortiddea "fhe v~oe 3FfFF (ll 1111 1111 111111 11Hdentifies 
variable biJ me opaalioo. 

marier_bit - This is one bit that shall be set ID "1 ". 

vbv _bufler_si;;~e ·- This~ a 10-bit inttger defining the size of the VBV (VIdeo Buffering Veiifier, see 
annex 0 buffi:r needed to recooe tbe sequeoce. lt is defined as; 

1l = 16 * 1 024 * vlw_ bulfer __ size 

wbere B )s tbe nuimUII 'lBV tuffer sire in bHs required to de<.-o:le the seq~ence (see annex C). 

coo.straintd~aramel«rs_flag-This is a one-bit flag which may re set to "1' if tre hlhwing data 
eleruents meet the following consua.ints: 

horizontal_size<= 768pe!s, 
verU:aL.size-~ 576 pels, 
((llotizontal_si2e+l5)/15) "((vettical_sizet.l5)116) <>= 396, 
((llorizontal_si:ze+l5)/16) ¥((venicaLsi2e+ l5)/16))'"pictl.lre_rnte <:: 396'1<1.5, 
picrure_me <=30'J).ictures/s. 
fcrward_Ccale<= 4 (see 2.4.3.4) 
bacwdd_f_oode ¢= 4 (see 2.4.3.~) 

ff the coo.s111'00ed~s_tlag .Is .~t, then lhe vbv _buffer _size field shill iodi£At.e a VBV buffa sire less 
lhan or equal to327 680 bits (20*1024*16; i.e. 40 t:bytes). 

If (he COlStrained_pamuleters_fiag is s.!l, then lhe bil_ftlefield shall ndiat.e a coded dati Jill£ Ieos ilan (I'" 

eq~ to l ~56 <JOObisJs. 

loadj nt.-a_qu:tnCizu_matrix ·- Th.is is a one-bit flag whicb is s::t to "1' if an intr<~_quantitecma.trix 
follows. U it is &et to "0' l.ben ttE mfuult values oofined below lo raster-scan ooler, ~ us."..d tmtil tbe next 
occurmce (If lbe sequence bearlc:r, 

g 16 19 'l2 26 21 Z> lA 
16 16 72 ?.4 27 29 :w 37 
19 22 26 1.7 29 34 34 38 
22 22 26 1.7 29 34 37 40 
22 26 Tl 29 32 3~ <() .-»! 
26 27 'N n 35 40 48 58 
26 27 29 34 38 46 56 69 
'27 29 35 38 46 56 (J} &3 

lr•ta-a_()Uantizer _m.atrfx ~ 'This is a list of sixty-four 3-bit unsigned inlege.rs. The new values, stored in 
the zigzag >catmint ordt:rmmvn in2.k4.l, reJllar.e the default values sho""naoove. The value zero is 
folbidden. 'J\e valle for illtra_cpant['O][{}] shall alv.ays te 8. The new values shall te in effect unril the 
~t ocxurence d'. a seqlJI)ore l.rader. 

Joad_non_i.Jitra_l)uantizer_matrix - ".ll!U il a one-bit flag whicb is set to ''1" l.f a 
noo_intm,_qwmli.zer~mal:ri.l follow5. If it is set t~ "-()" then tile defauit values defined belo"" ae used unlil 
the next occwence of the sequence reader. 

16 16 16 l6 16 16 16 16 
16 u 16 16 16 16 16 16 
16 16 16 l6 16 16 16 16 
16 16 16 l6 16 16 16 16 
16 16 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 
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non_intt a_q uaDtizer_m a tra -- This is a list of sixcy-fou.r 8-bit u:asi&ned m~gers The new values, 
!tOted inlbe zigzag scanning order sbown in2.4.4.1,replace l.bedefa•lt value$ sbownabove. Tie \'3Jue 
zero is forbidden. The new ral«es sball be in effect until tbe ncx! O«:tJ"eDCC of a seque~.ce beadeT. 

vrtuuioo_start_c«fe -- ne exlenSicn_Sia't._code is lbe b!. siring OOOOOlB5 in lleudecima.l. It 
identifies the bcginlling or extension data. Toe exleruioo dau continue untJl ceceipl of aootber stanc.OOe. 
11: is a require:frenl to parse excensoo data oo~tl >'· 

seqllem:e_exU:ruion_data -· Resened. 

user_.ata_start_code - The user_dala_surt_ccxle is l.be bic ruiag 000001B2 in hexadecimal. lJ 
identifies the IY.:ginting of U$er daa. The usa da.la continues unlil receipt of ooothcr stan code. 

11Ser _4ata - The u!Cr_<tlta is deftned by !he users fer tleir specific applia~tiws. The user da!a !Jicil1lot 
contain a string of 23 or more rero bits, 

2 .4 . 3 . 3 Group of pic:tures layer 

grotap _s1art_rode - TI~ ~roup_sru-t_code is fbe tit string 000001BS iu heK~decin1al . It iclenl.it"£s the 
begimling d a group oC picttrreS. 

time_wde - This i& a25-bit field coolaia.ing the folowing: drop_fnme_Oag, tlme_eode_bot~rs, 
time_ code_lllinutes,marker_bit, timLc:OOe_seconds and time_ccde....Pictutes. The fJelds correspo .. d to the 
fields defined in the !EC statdatd (PllblicaliorJ 461) fa "time tlld control codes for video upe recorders· (s:::e 
amex E). The croerefen to i.be tirst pl:ture in the group of pic:tu.res lbat bas a tem(lOBI_re1eren<:e <lf 21Ct0. 

'lbe drop_Jr.une_flag can be set to either "0" or" 1 ... It may be set to" 1" OIIIY if l.be picrure rate ~ 
29,97Uz. II it is ·o· then pictures are counted ~Sllllling roun.img 10 lbenearest integ.ral nwn'ter ofpittures 
per secooo, for example 19,97 Hz would be rounded 10 and C(JUJJted as 30 Hz. If it is "1" then piaure 
oumbers 0 and I at !.be stan:-of eadl minute, except minutes 0. 10. 20. 30. 40. 50 are omitted frOIIl tbe 
munt. 

time co • e JalRe of value b its 

dJOp_~_flag 1 
tine_cOOe_boUIS 0 -23 5 u.imabf 
tmc_<Xlde_minotes 0· 59 6 uinubf 
tmtker_h« 1 1 ul fl 
time_ccxle_sa::onds 0-59 6 uirwbf 
tine CC<Iepictmes 0- 59 6 uinubf 

d osed_gop -- lbis is a ooe·bil flag wbid may be set ti> "1" if lbe group of pictures bas been eacoded 
williOul utOliOII ve.ciOr~ poillillg 1D the previous group of pict.ures. 

'.lbh bit is provided foro~ during any edilint wbitb OIXW'> after enctldiDg. lf lhe previous groop of pictures 
is removed by editing, brokenj ink may be.seL to " J" 50 that adecodertnay avoid di~;playin,~: tJJe B­
Picnres immediately following tie ru:st l ·Picture of the group of pirtures. l-loweverif Lbe closed_g•p 
bit ndicates that lbere are no prediction refer'tnces to fbe previous gro11p of pictures then tbe editor 1113) 

dloose not 10 set tile broken _link bit as tllese B-Picwres can be coneclly decoded in this c~e. 

broke1dink - 'This is aone-•it nag· Vliricb slull be set to "0" :luring encoding. It is set to "l" to indicate 
tbattlle B-Pictares i:nu.edialel) following the rrsti-PicwreoC a group of pictures cannot be correctly 
decoded becawe lbe otber I-?ict.ure <!f P-Picnue wbicb is used fer prediction is oot avatlable (b«:a.lse 0( !lie 
action of edlting). 

A decoder may u..ce Clisflag 10 avtid ai5playilg piaun::s that ana.Olbeco-rectly decoded. 

extensioo_star1_ code - Set 2.43.2. 

grollp_eltension_data - Reserved. 

user _ dllt.a_st.ut_ tode -- See 2.43.2 

user_4ata - See 2.4.3.2. 
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2 . 4 . 3.4 Picture layer 

pic:t•n_sbart_c.odc - The picture_l'iafLc()(je is a :smg or3Z-bits having lbe value 00000100 itt 
bexalletimaL 

temporal_refa-eJtce -- The tempotal_teference is a 10-bit unsigned int.ege: associa.tal 'IV ith eadl ilpul 
picture. It is incremented by OrlC, mcduJo 1024. for each in):l.lt picture. Fa: the eatliesl picture (in di,play 
onleo) il each frOUP ofpicnres, the telllpornl_refere.ce is reset to zero. 

n.e leD.pot:alftferenct is assigrurl (m sequence) 10 the pietwe! in display ordel. ro tempa"al_refereoce staiJ 
b( oni.Ud from tile leQOO)ce. 

picture_axin &-type --~ pictunu :oding_type idet1titi.es \\lltelher a pil:ltlre is an inlla..aided pid.ure(l), 
predCtive<:OOed Jicwe(P), bidim:tionallr predicli ve-cod.ed piCIUre(B ), or intra-rodeA:l witb (l(l]y de 
crefftcU1t.s Jlicture(D) accordiag to be following cable. D-pictureS $haD ne-.erbe inclooed in tlle same 
video seg11enceas the <tiler picture coding typel. 

lliciUre codinl!: trve codingm;:ltlod 

000 forbid1en 
001 ino:a-cod!d (1} 
010 prelittive--cxled (P) 
011 bidre:tirtruily-pre:dictiveroled (B) 
100 de ;ni:Ja..(O(Jed (D) 
10 1 re:scrvOO 
... . .. 

Ill ~ 

vlJv_deb•! - Tbe vb"l'_dell\y is a 16-bit UllSi&ned integer. For COilstant bitrn,te opmtion, the 'i>v_de1ay 
is oscd tO set the initial oo:upancy of the decoder's buffer at lbe st.mof decoding lbe picnre so tbat the 
decoder's lloJfer does not overflow Of umkrflow. The: vbv_delay t"De<lSure.s tbe tine needed to Ci1l lie VBV 
btfier frolu :Ill initially empty ~tale at the target bit rate, R to the correct level immedia.tely before the 
current picture 6 r-...moved from tre b.Jffer. 

The Yalueof vbv _delay is tbe number of -periods cf the 90c.Hz systen dock lh~ tbe VB v sboud wat after 
receiving tie frlaJ b yteoftbe piClllf"e start code. Jt DIR}" be ClllOJbted fro!ll tile ~tlte of lhe VBV as fuiJo~>.s: 

where: 

• vbv detay = 90 000 • 8 J R - n n 

II> 0 ,. 
B : VBV occupancy,me~ured in biG. innediat.ety llefore t-cmovingpict\rcn from the 

n 
buffer- bllt.afl.er renoving any groop oi picture layer data. sequence head:nJaia 
aad the pictu.r~_~rt_code th\1 inmediatdy precedes lhe data clements c:L 
pictnen. 

R = titnl.le measured in hitV& The full pred>ion of !he biltale rather tllan tbe JOWded 
vuo.! encoded hy lbe biCrale field m lhe sequence header shall be llsal by !he 
enccder iD lbe VBV model. 

Fa oon-corutaot billate ~ration vbv_dehi) sbll tuvc Lhe valueFFFF ill hexadecimal. 

rull__peL forwa.rd_ wct.or -· If set to "1", tben the motion 'I'CCWJ vi\Jtes decoded npresent integer pel 
offsetS (rather than balf-pt1l units) as teHect:ed m the eq~~ations of 2.4.4.2. 

rorwardJ_rode - An UllSigned integer laking valu:s 1 through 7. He value zero is forbi4den. The 
variables forwaro_r_siu aA<I f01Wad_f IISed i.a the process of decodi.ug tile for.vard a1otioo vectors a-e de!ived 
frcmforwan:l_f_code as descriOOd in 2 ... .4.2 

full_pet_backward_ vector -- If sel 10 "I", tbeu tbe moliou vec1or values 4eco<led represent i.n~ger pel 
offse<s (rather than b;ufpel wits) as retleau ill !he equllOOIJs orl.4.4J. 
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llackVllf"dJ_code - AJ1 unsigned integer taking values 1 througb 7. The v3ue zero is forbidden. 1bc 
variables ba:htanl_r_siu and bacn'ard_f used in the l)roCeSS ofdecodin1 tk baclc:ward mo«iorJ ~tors are 
derived tron badcward_f_oode as de$ciibed io 2A .4.3. 

extra_ bit _picture - A ~it indicates lbe preseoce of tile follo~itlg extra infonnatioo. U 
exua...biLPicture is set to "1". extra..infornut.ion_pict.t.l'e will fnllow it If it is set to ~0", there are no dala 
followin& i l. 

extra_ir~forDJation_pic:ture -- Reserved. 

IX'teh$loo_start_~ode - See 2..43.2. 

picture_exte.asion_dat& - R~rved. 

user_data_star t_,ode - See 2.43.2. 

user _bta -- See 2.4.3.2. 

2. 4. 3. 5 Slice layer 

slict.Jtart_code -- ne slice_slart_cooe is a string of32-bits. The tint 24-bits t,avc me value 000001 . 
iu hexadecimal and the l&;t &-bits are tfJe dice_verticalJl(ISiliou bavillg a 11alue in tle raa.ge 01 Otrougb AF 
lleJiadeciuui i11Cl1sive. 

slice_verUcaLposltl•n - This is givea by the last eight biu ot the slice_stm._<Xlde. I1 i~ aa. unsigred 
integer giving the v;:rtical posuoo in macro block units of the first m!lcroblodc ~ IQe slice. The 
slic _ ·tetticaL.poriition of the first row of tn.a:TOblocts is ooe. Some s)jtes may have the same 
~lice_venicaJ_posjtion. since slices may Starlaid fuisb anywbue. Note lllatlhe s"lce_ venicil_position is 
«1astnined by 2.4. I to define non-overlapping sli~ with no gaps betwtea lhern. The maxlmnm value of 
slice_ venica.lposition is 175. 

quaotizer_~le --All unsigned in&:ger illllenutge 1 L031 used tosQie lhc rCC<~n~on le"el oftbe 
recrieved ocrccemcientlevels. Tie recodec mall uselhls value Wllll aaolher quaatil.er_scale is 
enrounrered eilhu ac: £he slice layer or tile macrobloc:t: layer. The value zero is forbidren. 

~xtra_bit_slice •• A bit iodicuts the presence of the foDowrng extra infonnalion. If en-a_bit~slic:e is 
set to "1", ~XtrcLil)fonnatiOJLslire wiD follow iL tr it is scl to "(J', tl\erc: arc no data fcilowiog it. 

utra_infClr .. allon_slice - Reserved. 

2 . -4 . 3 . 6 Macroblock fayer 

•mcroblodc .... stt~ffing -- Titis is a fixed bit string "OOCO 0001 111" wbicb L1Ul be inserted by the encoder 
to iocll!&e lhebitrdi.C to dlat rcqwm (]{the su:r.tge or uansmis~ioa rnediw.o. It is discarded l>y tbe de.cOOer. 

macrob.loc!Lescape - The macrobJock_escaJle is a ficed bll·~tring "0000 0001 COO" wtlicb i6 used 
wbeo the diffc~CnCebetweenmac:roblock:_~s au:JpreviousJJtacroblook_~ is grtater lh.'UJ 33.lr. 
causes the vall!e ofmacrobtock_adcbess .... iacrarertlto be 33 gre<rer lhullhe value that wiD be decoded by 
subsequent lruDllblock_~ and the mac.robbctJ{Idress_increnlett codeword<;. 

For eJCample. if tren a.! t.wo macroblock...e&ape codeword;; preceding the ua.crollloek,ad:lress_jn::rea.urut, 
meo 65 i$ acld«J 10 tbe valueindicacei by macroblock_address_increment 

naccoblock_addre.ss_iacrenaer~t- This is a varimle length coded ir.te&er coded liS per table B.l vbicb 
iDdicares tbe dlftm~ee between Imeroblodc_address and previous_macroolock..address. The maximum 
Yaile of m.acroblock:_a1dres~_iooenett. is 33. Values ~tel Lban lbis can be encoded using the 
macrobl cdc_escape c:.oWwonl.. 

The macroblodc_adl:lress is a v.uiabe defiling t 1eabsolute posiliou oF tre t-urrellmaaoblock. ne 
maatlblock_a4dless or tre cop-left macroblock is zero. 
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The previrus_maciObl~addnss is 1 variab~ defi.oi11g fie abw\tlf posilioa oi tbe bs1 non->Jcipped 
auaobloc< (>ee 2.4.4.4 fiX tbe k!mjLioa cf si..itped macroblcxts) txcep4 at the stan o:asli~ At the sen 
of a slice, pret.tious~maaoblodt_addrcss is ~ .as folbws: 

Tile spaial position ~, mncrobloct- units of a na.."TOOIQClc in t:h! pcru:re (mb_row, mb_colun:;n) can toe 
conputcd fran ~roacroblodc_lddre$s as toUows: 

mb_row = macrobloc:k_addrtss I mb_ wid t.b 
mb_C()lwnn =Dllttoblocl:_addresa ~ ub_widc.h 

\We:e mb_widtb is thenwnberofmacroblocks in one row oflhepcwre. 

mllcroblock_t)pe -- Variable lu •glb t.:Oded imitator which lotlicates lhe meLhod of co;ling m d conn:o1 of 
the maaobloclcaccorrling 1o 1be1aNes 9 .2:1 OU'ough B.2cl 

oncrobloc:t_mtti<J:Lbadcw:vd - Oerived f10111 ~lodr_ty)!e, 

aucrobloc.C...patl.en ·• Derived flom macrot>tock_l}'}'e­

aucrobloci;.JQua - Deri~ from ~lo:k: ... type .. 

qunther scale - Ao ansigned irae,er- in Lhe .-.nse l w 31 used to ~e IAe reconstrudiou lc:vd d the 
reuievoo DCr ooefficiett levels The value U'I'O is forbidden. The reoxier shall use tbis \alue llDill maher 
quanlizuJ(:ale i.s cncomttred eilher u tk. sfice byer Of" tbeoUlCrobloct tayo-. The pre:eooe of 
quantiur_s<:alets detem.i.ned fran truerebl~t~ 

motion_boraootaiJorwarcL code -- motiOLbOri7J>nla.l..Jo rwa.nt_axle u decoded J~Xordint; 10 tlhlo 
B.4. Tbe decoded value is required (along "\Villi fon~.ru-(_f- ree 2.4.42) to decide "ba.bu <'I" rot 
motion_bai2ootat_ f()rwa{d_r ~in the bilstream. 

motion_h()r l:t01abl_forwar4_r - An on~igae<l inte&er (ci forwMl_r_siz.e bits- btel.4..42) used tn the 
process of decoding !OrwMI moliou vecrors as described in 1.4.4 .:!.. 

JDDtlon_vtrflc.JILforward_rode - rnotioo_ vctticaJ_forwatd_cude Is deca:!e~ accor<!iog to ~ble ll.4. 
The decoded value is requued (along wil.li forwMIJ -~ 2.4.42} to decide wl~ cr DOL 
motion_vaticaJJOtWnrdJ awc.m in llle bitstrelrn. 

motion verllc~l rorwar•_r - An unsigned int.eger(of fon\ard_r~siz.e bils · see 2.4.42) used m the 
pliXlCSS of decoding forward molioa vectors as desailxd in 2.4.4.2. 

motloo_bortrontal_backward_~t - motion_boli.z(Jillal_backward_code is decoded accordiDg to 
table B.~. The decDded value i.s ~ (ahng with blcl<ward_f - see 2.4.4.2) to ck:cide wltelller 01 oo1 

motiOI'Lba'"UnOial.J>ackwardJ aJ>JEarS in tbebiGtrtam. 

malioo_l»rb:4lnhLbackwar<Lr- All unsigred integer (of badward_r_size bitS - see 2..4 .<4.2) u.~ i1 
the proress oi deccdi• n oodc:wam molloo vecrors as described iD !.4.4.1. 

Ull)tlon_vu-tical_b:u:kll'ard_code - notimt_~cial_backw.u"d_c:ode ~ decoded a~01diag 10 cable 0 .... 
ne decoded vakle is ~ilCd (abo& witb b~_O 10 decidf v.b.elbef c:w not mofioL \-etticai_~'AALJ 
awears in tbe bltslrealn 

mo~n_vtrtial_bru:kward.J - All uasigned int.eg« (ofbadcwaJd_r_,siu b:ts) used iJI tJr. process of 
dcx:oding bac:lcWdl"d motion vtnors as descnbed in 24.43 
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~oded_block_patttrn - coded_blodc_pa.ttrrn is a variable lengl.b axle lJ!.at is usro 10 detive 100 Yariatie 
cbp according to uuJe 8.3. If macroblock_i•tra is zero, cbp=(}. Tben tbe patleni_CX>d::(i] for FO to 5 is 
denvoo from cbp usins t.be i:>lbwin~ 

panem_caie(i) = 0: 
if( cbp&(l<<(S-i))) patttJ'ILcodeliJ = 1; 
if( aacroblock_iw:a) pauenu:ode{i] = l : 

patlenl_ooOO[OJ - l i 1, tbeo tm upper l::fr limiaaJlce btod. i.s to be received io this m.acroblocl:.. 

JJatJerft...Co<l![ J] -If 1, then l.he upper right 111 nnoanre block as to lie receivoo in this oaaoblcclc 

pattera_rock:(2] - Ii 1, then the lower Wl.luniaavce blodc is to be received in l.his macrobloclc. 

pat~en_code[3] -If 1, tren tbt lower ngbt l11mininre block is ll:J te 1ec:£i ved i11 U1i.~ oacrobla:k.. 

patlerLcode[4) - If l. Ulen the d.r~minance bk><'.t Cb .is til oo received m this rr.acroblodc. 

pat1em_ code(!i] - If 1, then the clmniiUlllce blOck Cristo be receivt'd in this macroblock. 

~nd_or_macroblock - This i s a bit whicl is .sel 10 ·r aJd ~xi&IS only in D·Piclures. 

2.4.3 .7 Block layer 

dct_dc_size_ luruinance - The n .. nter of bits in lbe follo'.viDg !lcuJt:_differcn1iaJ ~ 
dc_size_Jnlllimnce, is derived acooro~ to lbe VLC table B..Sa No~ tbat tbio: data element is u$Cd h1 iniTa 
coded blocks. 

dct_d c_4itt_ch.rominance- The nllllberofbiiS n the following dCl_dc_clifTerentiaJ axle, 
dc_sile_cwot:lli.nluxe, is derived acconling to tbe VLCtableD.5b. J\otc t.halthis dua elimle~ is used in 
inaa coded bfocla. 

dct_dc_d.ifTerential - A vllrilble length ua>i~•ed integer. If dc_si2e_lutail'l8.lll.:e ordc_ske_c.brominance 
(as apprqrilt.e) u uro, then dct_clc_dilferenlial is noc presenl in !be bitslrCW'I. dct_p. 0 is the array ol 
quootiz.ed DCT coefficietJts in r:\g-ug scanning order. dct_.n[i) for i.::0 . .63 shall be set to zero mt.ially. lf 
dc_sizt_l.u:uilWlce or dc_sizt_c!J.roo.inmce (as apprquia.t.e) is grear:rtha:l zero., mea dct.J.210] is co-r~patro 
as follows frun dct_dc_diferemi(lj: 

For lulllinanceblock.s: 
If ( <kLdc_differential & ( 1 « (dc_si2iL]uninfUlce~l})) d~t zz[O) "' dct.dc_diffem~tru : 
el~ d::Lzz[O] = ( ( -t) << (Cic.;ize_liiDlimmce)) I (dcu:lc_difrermtial-+ J); 

Forctrotnluarcc blocks: 
if ( clcLdc_dirferential &( 1 « (dc_si1eJhmrnin.mce-1})} dcuztOJ = dct_dc_ differeotial ; 
el:;e ct:Lzz:OJ = ( (-1) « (dc_size_cllromilance) ) I (dcLdc_dffcrcolial+l) ; 

Note that l.his dati element is used in inua c<rled blocks 

e1mple for de si'ze luminance = 3 
dct_dc_dHetttial dct z:zf01 

000 -7 
001 -6 
010 -5 
011 -4 
100 4 
101 5 
110 6 
Ill 7 

dct_coefT....Jint - A variable lengtb co:le~rdi•g to tables B5c through B.5t for the lint coefficient. 
The variablts run and level are !~eli ved ?.CCOrdillg to trese utlles. TI~e 1.i gmg-suuwed q~anti2ed ocr 
ooefficieat ist is updated as follows. 
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i = nm : 
if \ s = 0) ~zz[i] =Jerel: 
if ( s =- 1 ) ck;Lz.z[i] =- level ; 

ISO/IEC 1 11 12·2; 1300 (E) 

The ternu d:LCu:ll_fi~t and dc:_(.l){!ff..J)exl are 1\Jl'l· Jength enca:led md dtt_u.O ). i>=O sh~ll be seJ ID zero 
Uilhlly. A vllriablo lengtb caie acccroing to tables D.Sc lhrou: b S.5f is used 10 rcpr~ tk nJn- lenA;tb 
ariCJ level Of lbe OCT coefficients. Notethillllis d.\ta ek!aienf is u~ iD non-intrct<Xded ht()C.ks. 

dct_eoeff_aoe'lt - A variable lengfl code acco.cding to tables B.Sc tiroogll B.Sf for eooflicieillS roBowing 
l1e Lml retrie'ed The varitb~ run and level M derived 80COI'din! to there rables. The zigug~Ded 
<J.18Dlil.ed OCT ooe!ru:ieoL iist is ur<lared cu follows. 

1 = i + nm+l : 
tf ( s = 0) dclJ.lii]= te'eJ; 
If ( s =- 1 ) ct:LZ2(i] =- level ~ 

11 macrobla:Llnllll = 1 tlieu tbe cenn i s.llnJl be set to rero refore tJ:e firS( <lcl-ca:ff ~xt of tile block. 
The decoding of dcu~x~ff.Jlelt shl!ll no I cause i LOCXOCtd 63. 

entl_of_block •• This symbol is always used LO lnJic:ue t.IUILno adc.Wonal oot.-zt'ro coelJcietls art 
pleSent. 11 is used even ii deLz.z.. 63) is ooo-uro. li.s value is the IXH tring •to• ~ dtfioed in Ulble l).S.:. 
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2 . 4.4 Tbe video decoding process 

Compliance nquiremmts fCT recooers are ccntained in 1SOIIEC 11172-4. 

2. 4. 4.1 lntra-<:oded raacrob locks 

In 1-pJCt.Ures aD tn.aef"Oblocla rue int.Ja-<J>ded and stored. I.o P -picturesan\1 B-picwres, some tru;crobiOcts 
may l:e inlB-<X>ded as idcntiid by macroblock_type. Thus, nacrroloc.k_intta irentifies tJe iwa·cOOed 
JDaC:f'(lbloct.c;. 

The v.uilibles mtuow and mb_coh.omlocate cbe mtcroblock. in tk plaure. Trey are def11ed o 24.3.6. 
The defalrom of dc.l._dc_dilferential, and dd_coeff_uexl alSo have deftncd tleziv.ag-s.:a.uled qumtiwl ocr 
coefficient list. dct_zz(). Eat:b deuz{] is lOOltt'd in the rnacroblod. as defiDed by paa.em_code(]. 

Deflllb dct...leeOll[m][ll] to l:e ttle matti~ of recmstnmled ocr meffic:ienlS of the b'bcl:. where the first IDdex 
Jdeotifia tlle 10-w a1d tbe second ib e cclumnofthe Ulatrlx. DeFnedcU.t....Y_pa.<;t. dct...dc_d>_pastand 
dct_dc_a_past robe Uedct;_recoo[O)[O) oftl•e most ltX:Cntly decoded U\tta-coded Y, Cb andCa bli>Cl:s 
respectivel y. l'be p-ediciOrs <kUic_y_pa$4 dct_dc:_cb...,pasl3lddcLdc_~..-r_pa.;t mall all \e reset allhe &IM 
of a. slice aad tl •on-inlta-<:oded macroolodcs (includin& sk:ipped m.1aoblocks) to the valtJe 1 024 (1~8). 

Defme iltn_q~ant(m)(n} to be tbe intra q1Wlti2er matri.l that is 'pecified in t.be sequeoce header. 

Nae ll:JIIl lblnL<JUMl[O)lO] is •sed in the dequantiwr CG!clllations for s implicity of dacnption, but the result 
is <Jverwrit~o by tOO sa~ent calcul!ltion for the de weffici~L 

De.f'ile &:a~(Dl][aJ 10 l:e them~trn defuiltg !bezig:ug ~gscquc;nre ~ follaws: 

0 1 5 6 14 15 Ti 28 
2 4 7 13 16 26 29 42 
3 8 12 17 15 30 41 43 
9 11 18 24 31 40 44 53 
10 19 23 3l 39 45 52 54 
20 22 33 38 46 51 55 (J) 

21 34 3i 4 7 so 56 59 61 
35 36 48 4\> S7 58 62 63 

W\ere n is tbe boril'.oltal lnde& aod m is lbe vfrtical iudeJ: . 

Define pBSLl.n!I1Laddtess as the macroblock_address of the most receatl)' retrieved intr.t...coded macrob1oct 
wiLhia tbe slice. II shill be reset to -2 at the beginning of eacll sl ice 

Tbeo dcLreoon(rnJ[nJ sball beccmputed by any means equiVcllent to tl1c foUowlll.g procedure for lhe first 
lumimnce bloc.lc 

for (n:::;(); m <8; m++) ( 

) 

for m--o; n<8; n-++) { 
i=scan{mj[n] ; 
dct.n:coo(n][u] = (2 • o;t_a.[ij • q1Jallti2er_scale * inlnl_IJlWil[rn](n] ) ll6 ; 
if ( ( dct_recoo[m](ll] & 1) =0) 

dct.ftC()Jfm}[u] = dcuecon[rr:][o) - Sign(dclJ'eCOn[nJinJ) ; 
iC (dct_cecoo[m][a] > 2 O•m dct_rooJn[mJrnl = 2 047 ; 
if (dct.recoo{m][nJ < -2 048) dcueooa[n J[a] ::o -! <»8 ; 

dcuecon~JIOJ = dct,_22{0] * 8 ; 
if( (macroblodc_address · {)2St_intra..addtess> l) ) 

dcuecOJ(0)[0]=(118 • 8> +dc1..Jecoo[OJ{OJ ; 
else 

<t:uecoo[OJOJ = dcLdc_y_rast + dcu eron[OJ[OJ ; 
dct_dc_y _pall=< dct_eam[O)(()] : 

Noo: tha lllis proce..~ di.<-allows even val•ed a umbels. This has beer1 fwoo 1(1 p-event acamul:tim of 
miSIGIJdl errors. 

32 
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For lbesubseqtEot lmninance blodcs in the macroblock, io the onkr of tbe list dtfmed by the anay 
patt.enu:ode(): 

for (m..O; m<8; 11)++) r 

} 

for (n=O; 0<8; n+-+-) { 
i = scan[m][11] ; 
dct_recon(m][nj = ( 2 * deLu[iJ * qlBlltizet_scale * it~IIa_qumtfm][n)) /16_; 
if( ( dct_recon(m]n) & J ) = 0) 

d:Uec:oo[mJrnJ = dcUea:lll/m)fnJ- Sign(ocuecoo[mJinD; 
if(deUeam[m][n);. 2 047) d<:Lrccon[m][nJ = 2 047; 
if(deUOO>n[m)foJ < -2 04&) dct_reconfmlfo) = -2 048 ; 

d::l_re0011[0)(01 '"'dcf._dc_y _pa~ + (¢L~Ol " &) : 
d::t.dc_y_past = clcLreootl[OJ[OJ ; 

For tbe cbr-ominaDCC Cb block,; 

for {m:::O: at<8; llt++-) { 
for (~ n<8; m-+) { 

I 

i = sc:an[m)[o] ; 
ocueconlml(nl =( 2 ., dct_zz[il * quantiur_scale • intnt_ qW!llt[m l[nl ) /16 ; 
if( (dct_recon{mJn] & 1) =0) 

ret._reroo[m][nJ = dct..Jeooo[lnlfnl · Sign(dcuu:cn[m][n]); 
if(dcuea:n:(m)(Jl] > 2047) dccrecon[m][n~ =2 041 ; 
if(dct_recon[ml(n) < -2 048) dct_rca>r(m)[ll] = -2 048: 

kre«~~~(O)[O) = d<X-lZ(O] " 8; 
if ( ( rnaaob1ock_~ - past_inua_addtess ) > 1 ) 

!Jct.recm[O](O] = (IU *8)+dclJtlCOO[QJ[OJ: 

!JcLrt(:(Jlf0)[0] = dct_dc_clt.p&l + dc:U"':oo[O]{O] ; 
OCl.dc_cb...]la.'t = dcl.ft;c::oo(l)J{tl) : 

For tbe cbro111inance Cr b lock, : 

fQr (m~ o.<8; JIH+) ( 

) 

for (n=(); n<8; nt+) l 
i ::: scall(Ill)[ll) ; 

1 

dcuemn:mJ(nJ = ( 2 "'da,_2Z[ij * qtlalllizuJQI!e • iotra_q~•l[u•J [nJ )./16 : 
if( ( dct.Jecon(m](JJ) & 1) = 0) 

clct.ftOOil[m][u) :::. dcuecoo[mJLn) - Sign(dct_ rtcm[Ilj(nj) ; 
if(dcuecm(mJ[n) > 2 00) dct_recon(m)[n) =2 047 : 
if(di:Uecoll[mj(nj < ·2 018) dct_recon(m](ll) = -2 048; 

dct.J'C«>n{OI[OJ ""dct_zz[O) * 8; 
if ( ( macroblock_address - past_intsa_address ) > 1 ) 

~[0)(0] = OU •8) + dct .. J«nl[O][O) ; 
else 

dct_rcccn[O][O] = <kt_dc_cr..J>ilSt+ ~[0][0] ; 
clcl.~a_pasl = lkt_rocoo[O)[O] ; 

Alta all tbe blocks ill the macrobJocl are pn:lCC$5Cd: 

J:'ISLilltra._OOdre$ = macrobtodLJ\ddre;s ; 

Values in the coded data elemeus leroiag 1.0 dct.recw[OJ[OJ < 0 or dct_recon!OJ [OJ;. 2 047 are R)t pennitted 

Q\CG the OCT coeffiCients rue recomtructed, the iaverse DCT tnnsform dd"ux:.d in annex A shall be ~plied 
to obtai{1 the inveJSe transformed pel valu~ in the range [-2.56, 255] . These pet values shill be linited"to 
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!he range [0. 255] and placed in tho llllllinooce a1<:1 cb-oa\illaJICe matrices in tile po~i tioro M~ b)' 
mb_row~ mb_c()ltJDlll. and the istdeftned hy the array pattern_oodeO. 

2.4.4,2 Predic tive-coded macroblocks in P-pic:tures 

Predicth·e-roded maaoblocb ill P -Pictrrcs are decodt.d in two steps. 

rn'St, the value o( lbe forward motion Vee (Dr for tlle macrobJCCk iS reconstrucled and a preQiCUQD 
ma:roblod: u formed, a~ retailed be}()w. . 

Second. the DCT c:oofficient lnfortnalion SIOred rot sane or an cf die blockS i~ doc,oded, de:juantize<J, imeroe 
DCT lnrl.OOrmed, and added to !be ptedttio.n nucrobll>dc 

Let ree•n_right_ for and recon_.own_for be the recorutrvcred bori2ootal alld vertical ctmpo•ents of 
the mottm vccwr be the current maLmblodc.. and recon~rigbLfor_prev and recm_do~r _prev be Ire 
reamstrucled motion vecta for tbe previous predia.i vo.,.,-coCed macroblodc. If the current macrobloclc is lhe 
first macroblock in tre slice, oc If 1he last macroolock tbat was decOded containEd no motion ~ 
informatioa (citllerbecause it was skip(X(I or macrobbc.{_motion_f(){Ward was zero), then 
reoJllJighLfur_prev and TeCOO_doWI._for_prev !ihltll beset tQ zem 

If oo forw<l'd motion vecta tfata etists for the curent ml:lCil)b!ock (either becaus! it was skipped or 
ma;robbcl_noooo_forward = ()), tie motion vect:as shall be seLID zero. 

If ftntard majon vector data exists for the current n:w::roblock, thtn rmy mems ecpimltnt to the following 
procei:lure $ball be used to reron;IJ1JC1 tbe m<>!iou vecJor borimntaJ and Terti cal componen~S. 

forwaro_z:_siz.e and forwardJ'are derived from forward_f_ccde as follows: 

f<rwarQJ_size = furwatd_t_codll - 1 
f<rw.UtlJ'= l «forward_r_sizt 

if ( (ful'\vard._f = 1) U (motion_.horizoota_torwrud_ca:le = OJ) I 
comj)lemmlboriwntal_forwanU =0; 

} else{ 

) 
if ( (f<>N'aed_f = 1) A (motkm_ ~caUorwrud_co:Je = 0)) 

canplement_ verticaVomard_r = 0; 
)else( 

ccmpletnent_ vefticaJ_fornani_r =-forwud_f- 1- J'JO!iou_veniC3J_fOIWard_r, 

rigbt_lillle = motion_•orizontll_forw~d_code * forwmf_f; 
if (rigbUittle = 0) { 

) else { 

34 

ritbLbig =- 0; 

if(righUitUe > 0) { 

) else { 

rigbt.]ittle:::: righLHttle - complement_borizontalJmwwd_r: 
rigbt_biiJ = right_little- (32 * forward..J); 

right_little: righUittle + COOJpleUient_Jlorizont1.1_forwtrd_r; 
rigflt_bi~ = rigbt_little-+ (32 * forward.J); 
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ooWl\_little = motioo_ ver1ic8l_forward_cxx)e * forwa.<d_f; 
i!(do~itlle =0) ( 

1else{ 
down_ big = 0; 

if (4o?f11Jjale >0) { 

) el;e{ 

OOw._little = do~littlc • COdlploncuLvencal_forward_r ; 
dowu_ hig: .k)'tVl\Jiltle- (32. f01WudJ); 

dcwuJit&= doWll_GttJc + COOlpltmenL\'CrUaiJocward_r; 
dOWll_big = dovn_littJe + (32 • rawarcur. 

VA! \a or forwar<Lf, motion....boritotlca.Uorwant.;:ode and 11 piCSUIL motX>'LbonwataJJ:>nvardJ shall U! 
such that rigbUitl.le is not equal10 forNa'dJ • 16. 

Vakesortbrwaro_E, motion_v~anCoode and if present, motiolLvtttX:aU. rw:udJshaD l:eSU<D 
tl'lllt cloovn_liuJe is not equal to forwanl_f ... 16. 

max= ( 16* forwardJ)- 1; 
min =( -16* iOtW~_f ) ; 

lt:\\_ wctor= retOll_ngllt.Jor_p~ev + righUi llJe : 
if ( (new_ vcctt>r o= max) &&. (uew _ \'ed:OJ >= min) ) 

reooo_ right..Jor= teOJOJigbLlor_prev + rigbUittle; 

recouJ]gllUor = n:o:m_rigblJDr"_ptev + rigbt_big ; 
mc:m_righLftt_prev .. rtoeaUighU"or; 

if ( full_Jlel._fcrward_ vcaot) recocui&lrL.:Oc" = rtaon_rig~br « 1 : 
rew_ -.ector = rewo_dowl_f<X_Jlfe\' + dOWI_liuJ.: ; 
if ( (OCW.:vector <:=max) &/l. (new_Ytdllr >= mnJ ) 

else 
reoon_ dowoJ01 = reoorubwnJor_prey + doWIL.iuk ; 

recon_down_fOt • reoorutl~n_fOt.....pev +~llig; 
RCOILdown_for_pnw "' ltC(Jn_<loMLfur ; 
il (full~JJorward_ vector) rea>l'LdO\\t\,.{or e recon_d>wn...for « J ; 

The 1000m vedoJs iu wbole pel uni iS for the maaoblock, right_for ana cl>"\Ol_for, &ud tJx: hal.r ~ llD!C 
flags, tig.bUlalUor wd down_halfJ or, are compulfl:l as follows: 

for llllllirmce fOf chromina..ct. 
IigbLfor== recon_righ(Joc» 1 ; rigbL for = ( rea:m.JighUor I 2) » I ; 
downJor = rccoo_downJor >> 1 ; d01vn_for"' ( recon_dovrn_foc /2 ) » 1 : 
rigbt .....baJUor = reooxuigbUor - (2*rigl\Lfoc) ; rigln_half_for = recoo_ rigllL(()((Z - (2-DglLfor) ; 
OOMt bal[ for:remo down for-_R•down for)· dolVIl half fer= recm. down forfl. ~J?.•down forl· 

Motioo ~ttrs !ea:tiag to ref~ outside a reference picture's boUDdaries an:: ott allowed. 

A positive Vliuc of tlle ~ea>rutruc~ bori.mcual motion vet-tor (rigit_ror) iii<IU:es Uu.t lhen:fereoc:ed aeaof 
dle pMtreference picture is c lbeti~ oftJ~e m.'\a'o~tockin lhe coded pictllre.. 

A positive value of~ n:c.orutncltd ve.rU<al motion vector (down_fcr) ndi~ that the rcfetett:ed ~of 
lbe p3St reference pictllre is ~low lbc ma~lcx:Jt in the coded pictUie.. 

Deeming ~L.pasl()O as tie ,:eJ v&Des ~ tle past picture rtferellc:e:l by !he fOIWard motion vector, aii1 
peJ00 as l!lepndicWrs for Ulepel values of tbe bloc\ being decoded, lien: 

if C ll rigllr_j).al_ fOI" )ct&. (I down .. JwfJor}) 
pe{i]Jj = pel J>tSt(i+down__for](jffighLfor) ; 
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if ( (! ri&htJlalf_for) &.& down ... balf_for) 
pd[iJGJ = ( {d._past{i+«lwo_for](jt-n ghuod + 

pc:1_past(i+do~for+ ll[jtrigbLfor]) R 2: 

if( rigllr_hai_for &&: 0 cbwn.._bal(_for)) 
pelfil[i] = ( pel_past(i+OOv.n_for](j+righLfor) + 

tx-1..past(it-dov.nJof1U+righLf1lr-+l J) If 2 ; 

if ( ligbt_balf_for && oow._blf_fur ) 
pelf~[j) = ( p!~t[i+<lown_fOJ][j+right_for) + pel~til:tdownJor+l]ij+rigbt_forj + 
peiJ35t[i +down_forf[}+-ritht_fOf"+l] + peLp:iSt(;+downJ a +IJfi+rigbUor+ 11 ) 1/4: 

Define noo.Jnn...q•antfm]fD} to be tbenon-ilt:ta quaoateruwrix tbaJ is specified ia tile ~ce header. 

The ocr coett:k.ienl.s forcacb block presentin lhe tmeroblodc sball be reconsrrucllld by any means 
eqlivalcat a>~ foUowiog Jlforedure: 

Cot ( m=CY. m<8; m++) ( 
for (o=O; n<S;·n++) ( 

i= scan[ml[n] ; 
ocuecoofmJ[nJ = { ( (2,. dcuz[iJ) + Sigll(dcLtzOl)) • 

quantizcc_scale ... mn_illtra_quaJII.[IIl)[o) ) /16; 
if ( ( dct_rccon(m)(n] & I )= 0 ) 

·:Jct..ncoa[mJtnJ = O;t_..eron(mJ[n] - SigJI(dci....J'tC(ll[m]fnD ; 
if (dct.reoc:rnfm][aJ > 2047) dct..recm(m)Jn) = 2047 ; 
if (dcLrecon[mJ[n] < -204&) dcUecoo[mlfo) = -2048; 
if ( dct_zz{iJ= 0 ) 

dct_rocon[mJ(oJ = 0 ; 

dct_rccon(m)[!l) :: 0 for aRm, D a skipped iDaaobJocla aJid 111!en paueroli] = 0. 

Once ihe ocr coefficients a-e reconsU'UGied, lbe ioverse ocr tnnsform defined in lllDOX A stlall be awl.ied 
to obtain the i11verse unns(mned pel values in the i.l1terval [-256. l55). The inverse DCf pel values shall 
be added to lbe c;el[i](]J whictl were canpuled above using tbe Olctioo vecion. The result of !he OOdilion 
shall be limited 10 !be interval [0,255). The location of !.repels is dclernti:\cd from ob_row, mb~colrum 
:and tre pltteliL.code lis t 

2 . 4 . 4 .3 Predictive-coded macroblocks in B-plct ur es 

Predi~ ve-coc£d m.acroblocls in 'S-l>icr.ure.s are de<:ol:kd in four steps. 

First. the value of tJJe fomrud motion vec101 roc tbe maaoblock. is remnst:roctcd from !.be retrieved forwald 
motion ..ea.or informatioo, and tbe forward motion vecbr reconslrUcled for we previrus rrucmbk>dc. Qstng 
tbe same proad11J'eas fOf calcnlating the forward mwoo '<ector i.ll P-piCiures. Ho~ver. for B-p~t.ute£ tl'le 
previous recoostiucted motion vectiJfS shall be reset only for tbe first macro block in a slice. or wben tlae 
laSt tmCJOtioek lhat was decoded was :m n iTri-<Oded macrobloct. lfoo forwarcl mOiioo vednr \lata exists for 
lbecurrent macrobJoct , f.Jcmotion vectors shall te obuinedby: 

reooQJigtt .. Jnr = rearnJiEl!Lfoc_Jrev, 
recot:L<b\WUor= IOOXl_down_foc_prc.v .. 

Setorn, the valu~ of tle badcward motion vector for the macJOblodc shall be JeO>ostneted from tlle 
retrie-red backw!fli mction w.ctor infonnatioo., md the tactward moti()n vector recoosl"lltred foT lhe 
previousmacroblodc I!Siag tbesameproct4creasfor calc•la.Ji.n& tJ:e fOA'ard cnooon -.ecu>rin B-pictwes 
In Ibis procedve. d!e 'ariablesneeded to fmd the back"'ard motion vtcror are subsliuled for d!e •ariaties 
needed ID flod tbe fo.rwaro notion vect.or. The 1ariab!es am <:t><Jed <Uua detneiiiS used to calculate tbe 
backvoard mollon vector are: 

recon_ri!;b t_bock_prev, recoJLdo~_prev, bOCkward_f_coct., ful i_JJeLbaclcwrud_vecror 
motioo_bcrirontal_bockward_ccde, 100tioa_boizootal_bockward_r, 

motion_ vemcal_~t.wa-d_ca.fe, motion... vecticaJ_backwardJ, 
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badcwardJ _szze ani badcw.lf'!Uare deri\ed from !)adcwanU_codt as follows: 

backw31ll.J..siu= brl=Mud_t_mre -I 
bac.kwa-d_f: 1 « backwatl.JJize 

Tbe folbwin& varittblesreswtmnnapplywg the algorithm inl.44.2. modiiled ru ()escn"\edin me 
previous paragl'2flhs ill this claus:: 

rigbt_i>c riP,t_.balf...fur 
.rig.bt_badc rigbt_half_back 

'They define tbe inttgral md half pel value ~the rigblVmrd and down wa-d oomponenu d the forward mocioo 
vector (which references the past picture in oisplay order) and the bactward IOOtion vecta ( whicb references 
tbe. [uture piCIUI'e ill dtsplay Older). 

Third. ~-pmlictors of the 'pel vtlues of cbe block bein& decoded, pel on. are ca\culflted. II O'IJJ y folWard 
modm Y«XlOf infonnation w.u ret.revrd fortbc n~acroblock., tbeo pelOO ol ~ doo:>ded pld:ule !hill te 
calculawlaccording 10 the fonnaL'\.~ ill 2AA.2. If only bllCkwatd m<X.ioo \'~r information wru retriilved 
for the maaobklck. then pe!OO of the r:Je£oded piclure shall be calculated occordin,& oo the formula~ in tbe 
predictive-ooded macroblock claase. witb "bact" replacing "tor•, and pel_fitu-eQ 0 rcplaci~ ~l_pastOO. 11 
both fOfWard and baclcwud motion vutors ilfoJIDation are retrieved, then lcL pel_forOO be the value 
calculau:d from thcp:1St picture by use of the recooslnlcted forward motion veciOr, and let peLbackOO be 
the- value al.rulat.ed from IJle futne picture by use of the zecooSlruCted bade ward motion vector. ' 1\e.o tbe 
valucotpeiUD ~ball be calculatal by: 

pelOD = { peUorOO + pei_ba~O ) II 2 ; 

Def'me IIOIJ_iatn__quant[m)[n] tobetre ron-imra q •.w llixer matrix that is specified in lbe sequroce belnel. 

Fourth, tile DCl coefficielV.S for each block present in the macrotioc.k 1hall be roconstrucltd by any m~ 
cqu:ivaknt 1.0 tbe following procedure: 

ra (In={); m<S; mH ) ( 
.for ( n::{); n<8; n++ ) ( 

i = scan(m](n) ; 
clctJtC(Il[nJloj = ( ( (2 ~ acuz{i)) +- Sign(dcu::cfi))) t 

qi.131ti2er_scale'* notl_intr<Lqumt{mj[n) ) { 16 ; 
If ( ( lcLrecon(m](n} & 1 ) = 0 ) 

dct_IOO>n[mln] = dcLnoron[m](n) • Sign(dct....Je(:()n[mln.D ; 
If (dcUt.Q)D[m](n) > '! rn7} OOt_teeOil(IDJ(ll) = 2047 ; 
if (dcuwm[M)[n) < -2 048) <Jcc_recoo(m](n) = -2 048; 
1£ (dtt_;.z[i) = o) 

tlct_recon(JnJnJ = 0 ; 

dcUea>n{DlJ[n]= 0 for ill m,n m skipped macrcblocks and wben prttlemjj] = 0. 

Once \be OCT coetficieuts are ra:QJIStructed, tle inver~ DCT trails form defilled in :une~~ A sbaJ be appled 
to obtai" tJle 1n-.eNe transformed pel vaJaes tn tre n.n~e [-256, 255) The inve~seDCTpel w.lues shall be 
added to pdOO. wkicb -.vere c::omp~Ud abo\'e from ltlemotion veaors. 1bt: result of the a(lditioa skall be 
Lil1itcd tO tle inlerval [0,255). The location of the pels is detemtined from mb_row, mb_column md the 
paiiem_oode lisL 

2.4 .4 .4 Skipped macroblocks 

Fa some mambklclls there me no calell data, that is oeil.ber motion vector lnfonnatioo nor OCT 
l.n.bnnatiOD is a tailable ~ lbe decoder. 'These raaaobl~ aJC called ;kipped OUD'oblod:s and ate ooi::ated 
wi!Cn tbe maaobloclc..JI(ldnss_illaement is greater tbiD 1. 

ln J-pcures, aU macroblodcs >hall be coded aCid there $hal be 110 >kip peel macroblocl.s. 

Page 47 of 124 
37 



ISO/IEC 11172-2: 1993 (E) © ISO'IEC 

ln P~Ji~. !be skipped macroblod: is defioro to rea :maaoblock widla rcconstru .. :tt.d moli011 v.:ck>c 
eqi.C\l to zero and no ocr coefficients. 

ln B-pjctlltcs, lb~ skipped macrobloclc is defined to bave tie same ma:robloct_ r.ype (forwa'11. ba::Jcward, or 
bolb uotion veck>rs) as the pri:>rmacrob)od{, differential motion ve<:t<n equal to zao, andno DCT 
coefficients. In a B·picure. a skipped macroblocl shall not follow aa iat.n-roded macrobbct. 

2 .(.( .5 Forced updating 

This function is achie~ by forcing lbe use of an iotsa-coded macroblcr:k. The update par.em is m t 
defmed. Fa oootrol or accumulal.ioo cl IDCT misomcb error, each ltl3:1"ob1oct sbal be i11tn-mded at least 
onm per every B2 times il is coded in a P-picrure mlbout an inr:.erveniug ! -picture. 

38 
Page 48 of 124 



e lSO'IEC 

Annex A 
(normative) 

JSOIIEC 1 t 172-2: 1993 (E) 

8 by 8 Inverse discrete cosine transform 

The 8 by g inverse dscrele cosine traniform f<l' I-pie~ alld P-pictuP...s stml collfcrm ro DillE l>r.lft 
SlaOOard. Pllli0/D2. l!lly IS, l990. For B-picrures lbi~ Jpec;ilication may also be appied butiJIJIY be 
UDDtcc:ssmly WingenL N~th& dause2J o P1 180102 ·consideral..ions :>fSpecifyin8 IDCr M ismatcb 
Errors" requireo tle specifJCUion of periodic: irum-ccding ill order to CCJltml !be accmralaJioo cf mismatch 
erroJS. 1le tnaltimtm ~ period requirement fey u is p;n of lliOIIEC 1 I 172 sball be 132 inllli-<."OOOd 
pct:l!JU a Jredictive-codcd p~CU~te~i ~ statfd i> 1.445, w•i<:b u tlel31lle~ iodicau:d ia Pll8<YD21or 
visual t:lepbony according to CCl1T Rerommendalion 11.251 [5J. 
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Int roduction 

Annex B 
(normal iva) 

Variable length code tables 

rJ ISOIEC 

rbis amex. 0011tains the variable lm&th ca1e tab~ for mattO~Ictt a<tlressmg. macro block type. 
lll'XIcrobloclc pattern, rrotioo vectcrs, and ocr coefficients. 

B .1 Macro block addressing 

Table 8 .1. ·- Variable leoct11 codes fDr m•croblod : ad4rus_hc:remeDt. 

oaacbkdc ... address_ iocsement. nlaCTOOlock;...,address_ iiiCRDIWL 
in<:rem ent VLC o:><.1i! ~ruue increme.rit VLC ca:le value 

1 1 0000 0101 10 11 
011 2 moo 0101 01 18 
010 3 0000 0101 co 19 
0011 4 OJ()() 0100 11 20 
0010 5 OJ()() 0100 10 21 

00011 6 moo 01 oo 011 22 
0001 0 '1 0000 0100010 23 
0000 11 1 8 oJOO moo 001 24 
0000 llO 9 moo 01 oo roo 2S 
()()()() 1011 }() 0000 0011 lll 26 

0000 1010 11 0000 00 11 11 0 27 
0000 1001 12 0000 0011 101 28 
0000 1000 13 O:x>O 0011 100 29 
()()()() 0111 14 O)()() oo 11 m 1 30 
00000110 15 o:>OO OOll 010 31 

00000101 11 16 moo OOH 001 32 
0000 00 1l 000 33 
0.')()() 000 L 11 L ur.acroblock...stuffmg 
QIOO 000 l 000 •n.tcmbiOt:k -tS£a1't_ 
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B. 2 Macrob loclc. type 

Table B .Za, ·- Varlablt' length codes r.r mucroblocli_ type in utra-eo4e4 
plctun~~ O·.pic:tu.res). 

macro block_ macroblock_ macroblc:ck_ macrobl~ m.1aoblcx:k,_ maaoolock... 
l)peVl..C code quant thOiioo_ motioll_ ~ intra 

fflf\\13111 tAct:wW 

1 0 0 0 0 1 
01 l 0 0 () 1 

Table B.n . ·· Varia,Je len&th co4es f llr nauoblock_ type in predictive-cod td 
p ictures (P·piduns). 

maooblock._ maaoblocl(_ Dlacrol>lcx:k_ ma.crobloclc._ mac:rOOiock:.... tnacroblock_ 
cypc:VLC oodc Quant o.olio._ motioa_ ratl:nl iotra 

forvtml mc:twm:l 
1 0 1 0 1 0 
01 0 0 0 1 0 
001 0 1 0 0 0 

1ooon 0 (} 0 0 I 
00010 1 1 0 l 0 
00001 1 0 0 1 0 

I OOOCOl 1 0 0 0 1 

Table B.Zc. ·• Varla'le Jeo &t h co•e.s for I!UtU'obiock._t:ype in bidi.ncliooally 
p redic:ti,.e-coded p ict • r •s (ll-pidures). 

UJOJCJOliodc_ macTObl~ oacroblcdc macroblcdc_ mac:rohloctL macroblock_ 
typeVLC code quaM motion_ motio._ paten irrtn 

forw.mS l:9ctward 
10 0 1 1 0 0 
11 u 1 J 1 0 
010 u 0 1 0 0 
011 0 0 J 1 0 
0010 0 1 0 0 0 
0011 0 1 !) 1 0 
00011 0 (J 0 0 J 
00010 1 1 1 I 0 
000011 1 1 0 1 0 
000010 t 0 1 1 0 
()()()(()) J 0 0 0 1 

Table B.2d. - Var i.able ltnglh codes ror macro•Jock_t ype In de ibtra ·coded 
p ictures (O·pktuu). 

maaoblod:._ m.acroola:k... naaoblcx:.k_ maaoblcx:.k_ Dlacroblcc.k... ~lock_ 
t)1JCVLC ..:ode qwnt n otlo•_ motioa_ paru:nJ t.1tta 

fmmrd tadwzd 
1 I o 0 0 0 1 
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.6 .3 Macroblock paUern 

Table. B .J. - Variable le a'lglh codes for coded_block_pattern. 

coded_blocl\_pattem cocJcxLblo::k,...pattem 
VLC CAX.le cbp Y.L.Ccode cbp 

lll 60 0001 HOO 35 
1101 4 00011011 13 
1100 8 0001 1010 49 
lOll 16 OOOl lOOl 21 
1010 32 0001 1000 41 

lOOJ 1 12 0001 Olll H 
1001 0 48 0001 OllO 50 
1000 1 20 0001 OlOl :n 
1000 0 40 0001 OlOO 42 
0111 1 28 0001 0011 15 

OlllO 44 0001 001 0 51 
0110 1 52 0001 OOOt 23 
0110 0 56 0001 0000 43 
0101 1 1 0000 ll·H 2S 
0 101 0 61 0000 1110 37 

-
0100 1 2 0000 llOl 2h 
OlOOO 62 00001100 38 
0011 11 24 0000 lOll 29 
0011 10 36 00001010 45 
0011 Ol '3 0000 1001 53 

001 1 00 63 00001000 57 
0010 lll 5 0000 Olll 30 
0010 no 9 ooooouo 46 
0010101 17 00000101 54. 
0010 100 33 ()()()() 0100 5& 

0010 011 6 oooooou 1 31 
0010 010 10 OOOOOOH 0 47 
0010 001 1& 00000010 I 55 
0010 000 3~ 00000010 0 59 
0001 llll 7 0000 0001 l 27 

0001 1110 1l 0000 Q')()l 0 39 
0001 1101 19 
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B .4 Motion vectors 

Page 53 of 124 

T.ble 8 .4 . ·- Variable lfngtb codes for motion_b orizontal_rorwanl_code, 
mGtlon_~ert.icalJo~""~Vard_c:ode, notion_b ori&ontaLbad:ward_code, and 

111otion_ vertical_badt vard _code. 

motion 
VLCcode cole 

0000 0011 001 -16 
0000 0011 011 -15 
00000011 101 ·H 
0000 0011 111 -13 
00000100001 -12 
00000100011 -11 
0000010011 -10 
0000010101 -9 
00000101 11 -8 
OOOOOUl -7 
00001001 -6 
00001011 ·5 
0000111 4 
00011 -3 
0011 -2 
011 · 1 
l 0 
010 1 
0010 2 
0001 0 3 
0000110 4 
00001010 ~ 
0000 l())() IS 
00000110 7 
0000 010110 g 
0000 010100 9 
0000 0100 10 10 
0000 0100010 11 
0000 0100 000 12 
0000 00 ll 110 l3 
00000011100 14 
0000 0011010 15 
0000 IXJi l 000 16 
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8 .5 OCT coefficients 

Table B.Sa - · Y ari~ble leagtb wdes for dd_ 4c_slze_hlminanee. 

VLCroci: <let <k siz.e hmi!Wice 

JOO 0 
()() 1 
01 2 
101 3 
110 4 
1110 5 
11110 6 
111110 i 
1111110 8 

TnlJle B.S\. - - V ariable length codes for dc t_d c_size_chromin ance. 

VLCcore dct de size chroJniii(I]'ICe 
()() 0 
01 1 
10 2 
110 3 
1110 4 
11110 ~ 
111ll0 6 
1111110 j 

HJ11110 & 

44 
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Table B..5<. -· V11riable lent!tb cudes fer dct_coeff_first and dd_<oel'f_naL 

d.ct_ccetr_tirstand <b_cocff_next 
vatiable lell!!th coclt (NOTEl) run leve l 

10 end_c{_bl0¢k 
1 8 (NOTE2) 0 1 
lls (NOTE3) 0 1 
011 s I 1 
0100 ~ 0 2 
0101 s 2 1 
00101 s (}. 3 
0011 I & 3 1 
0011 0 s 4 1 
0001 lOs l 2 
0001 ll s 5 1 
000101 s 6 1 
000100 s 7 1 
oooo nos 0 4 
0000 100 s 2 2 
0000 l1 I s 8 1 
0000101 s () 1 
0000 01 CSC.lpe 
0010 01 lOs 0 5 
0010 0001 s 0 6 
0010 0101 s l 3 
0010 OHlOs 3 2 
0010 01 11 s tO 1 
0010 0011 s 11 1 
0010 0010s 12 l 
0010 0000s 13 I 
0000 0010 1 0 s 0 7 
0000 0011 00 s l 4 
0000 0010 11 s 2 3 
00000011 lls .. 2 
0000 0010 01 s 5 2 
0000 0011 10 s l4 1 
0000 oou 01 s l5 1 
0000 OOLO 00 s l6 1 

NOTES 
1 - ne last bit ';,' denotes 1be sign of fie level, '(J for positive 

'1 ' fcc negative. 
1- Thiscale -shall be used fordc<_roeff_fint. 
3 - 'Thi£code shall be used fordcu <>eff :aexL 
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Table B.5d. -- Variable. length codes for dct_(oe-ff_first und dct_c.,etf_oed. 

dcLcoef(Jint ao.d dct...coeff_rext 
vaiable lenglh code INOTE) mn tevel 

000000011101 s 0 g 
eooo ooo 1 1 ooo s 0 9 
0000 0001 0011 s 0 10 
0000 0001 0000 s 0 11 
OOOOOOOllOIJ s 1 5 
0000 0001 0100 s 2 4 
0000 0001 1100 s 3 3 
000000010010 s 4 3 
000000011110 s 6 2 
OOXHXJO 1 0101 s 7 2 
0000 ()(.)(} 1 0001 s 8 2 
0000 ()(()I 1111 s 17 1 
00000001 101(} s 18 1 
0000 (l(i()l 1001 s 19 1 
00000oo1 0111 s 20 1 
00000001 OliOs 21 1 
000000001101 Os 0 12 
0000 ocoo 1100 1 s 0 13 
0000 0000 1100 0 s 0 14 
ooooocoo 1011·1 s e 15 
000000001011 Os l 6 
000000001010 1 s 1 7 
00000000 lOlOOs 2 5 
ooooocoo 1001 1 s 3 4 
000000001001 Os 5 3 
0000 0000 1000 1 s '9 2 
0000 0000 1000 0 s 10 2 
0000 0000 1111 l s 22 ] 

0000 0000 1111 0 s 23 ] 

00000000 lllO 1 s 24 l 
OOOOOCOQ tno os 2.5 1 
0000 0000 11011s 26 J 

NO'ffi ~ The !rut tit 'f denotts lbe si~n of ilie I eve~ '(] for positive, 
'1' fcc lle~mtive. 
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Table B.5e. •• Variable length code~ for dct_ coeff_first and 4cc_coeff_n•xt (concluded). 

dcl_coeff_ft.nt anddct_coeff_oe~t 
v;lti:ble lenRtb code <NOTE) run level 

0000 0000 0111 11 s 0 16 
0000 0000 0111 10 s 0 17 
0000 0000 Olll 01 s 0 18 
0000 0000 0111 00 1 0 19 
0000 0000 0110 11 1 0 20 
0000 0000 0110 10 $ 0 21 
oooooooo 0110 m 5 0 22 
0000 0000 0110 00 s 0 23 
0000 0000 OJ Ol 11 & (j 24 
00000000 0101 10 s 0 25 
0000 0000 010 l 01 5 0 26 
0000 0000 010 l 00 s 0 27 
0000 0000 0100 11 ~ 0 28 
0000 ()()()() 0100 10 s 0 29 
00000000 0100 01 s 0 30 
0000 0000 OJ 00 00 s 0 31 
oooo oooo oon roo s 0 3! 
00000000 0010 Ill s 0 33 
oooooooo 0010 no s 0 ~ 
()()()(){)()()() 0010 101 s 0 35 
0000 0000 0010 100 s 0 36 
0000 0000 001 o Oil s 0 37 
00000000 0010 OlO s 0 38 
00000000 0010 OOis 0 39 
0000 0000 0010 000 s 0 40 
0000 ocOO 0011 111 s 1 8 
00000000 0011 UOs 1 9. 
00000000 0011 101 s 1 10 
0000 0000 ()() 11 100 s 1 ll 
0000 0000 ()() 11 011 s 1 12 
00000000 0011 OlO s 1 13 
00000000 0011 001 s 1 14 
0000 0000 0001 OJ11 s 1 15 
0000 0000 0001 0010 s 1 16 
00000000 0001 ())()( s 1 17 
0000 0000 0001 ())()(} s 1 18 
00000000 0001 0100 s 6 3 
00000000 00011010 s 11 2 
0000 0000 000 I 100 I s 12 2 
0000 0000 0001 1 000 s 13 2 
0000 0000 0001 Oll t s 14 2 
0000 0000 0001 0110 s 15 2 
0000 0000 000 l 0101 s 16 2 
0000 0000 0001 11 11 s 27 1 
0000 0000 0001 lll 0 s 28 1 
0000 0000 0001 ll 0 I s 29 1 
0000 0000 0001 1100 s 30 1 
0000 0000 000 I 1011 s 31 1 

NO'TE - Toe last tit's' deootes the sign or lhe level, '0' for pDSitive, 
'1' fer 11egative. 
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Table ll.Sl. - EacDdin« •f run and level fo llovlng an escape eo4e either as 2 14-bit 
fixe4 length code (·127 <= level <= 127) or as a 2Z·b!t rbed lengtll code 

(-255 <= level <= .tzs, 128 <= l evel <= 255). 
(No~ • Tills yields total escape cole lengths ef 20-bits and 28-biti req>tctlvely). 

fixed len~ co<le rm fL~ed leo rob code leve! 

0000 00 0 (<Jbiddc:n -256 
()()()() 01 1 1000 ()()()() 0000 0001 -255 
()()()() 1[) 2 1000 0000 0000 0010 -254 
• 0 Ooo .. 0 

00 00 0 1000 0000 0111 llll -129 
00 O•O 1000 0000 100) 0000 -128 
oOo --· 1000 0001 -127 
Oo o o o o 1 ()()() 00 10 ·126 
... o0 0 oO> ... 
I ll l 11 63 111) 1110 ~2 

ll'lJ 1111 -1 
fcrbiJdc:n () 

0000 0001 1 
0 0 0 000 

Otlllllt 127 
0000 <XlOO 1000 0000 128 
0000 0000 1000 0001 129 
000 

0000 0000 1111 II ll 255 
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(normative) 

VIdeo buffering verifier 
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Coosratt rctecodod video bitstrcams shal ou:et.con..~nts U:tposcd tlrough a Video Buffering Verifier 
(VBV) defined in d.auseC.I. · 

The vnv is a bypdbetical decoder whic.b is cax:eplllally c.ol\JleCted b t1c output c:i an cnQ.lder. Coded dau 
are placed in the input baffcr of be modd d:coder at tbe oonsmt billale that is being used. Co~ klta is 
realove4 from Ule buffer as defmed in C.IA below. lt is il requirement of the eaCQder (or cdilor) tliat the 
bitstream il pro<luces will rot cause tb¢ VDV inp~t buffer to either OYertlow or wdaflow. 

C. 1 Video buffering verifier 

C.l.l The VBV aJld !he video e<~code.r- have ~e same clock frequency as well a<; tlc same pictuc rate, and 
are oper.ued syncluonou&l y. 

C.l.l The VBV b.\s all in]lul bllff('f of !ize B . ""bete B is Biven in lhc vbv_buifcr_size f'cld i,n 11)1: 

sequence bearer. 

C.l ..J The VBY iDp•t buffer is initially empty. After filling tle input buffer with <ill the:, <ht.a that 
precede$ die fin;t piCtUre stan rode and the picture sM CClde i~relf. tlle ilpnt buffer is filled from tht 
bitstream fur tb~ lilne s~ed by lbe vbv _deny field io the vi~ bitSiream. 

C.t.4 All of the p:cture data for tbe piCtUre t1at bas been in the buffer lO'Ogest is in>tMtmeously 
removed. Ymn afer eam sub;equeot picture interval 4ll of dle picture d:\1:\ for \be picture wbich at tl»t 
time h<b beaJ in the MfedOGgeSt is inSia.llareWSiy remo..ed. 

For h epuposes a !lis annex picture daa illdures any StqL>t:l'l:e header Md groop or p ic tare l ay& 
data that i.Jnmediafel)' precede tbe picwe srutcodeas w(n as all1he picOJre data elements and ooy 
truling staffing bits or byt':s. F()r the first coded picrure in lbe video sequellce, any zero bit or 
byte statling innncdi.arety prereding the setJ.Jence hcad!r is &!so inchded in t!le picture data. 

The VB V buiiCJ is examined in•nectiately oofcre removing my pieture data Md immediately after this 
l'icrure data i& removed. Eacb Lill1elbe VB V is e1aained its oa:upancy shall lie belv.een :rero b its and B 
bitS where, B is tllesire of lbe VBVbuffer hdicaledby vbv_buffer_si.zc in IJle scquercebeadec. 

'Ibis is a m}uiremmt for too entire video biiStream. 

To mee1 tb~ requi.rcmenu tlle 11umber or bits fa Ue (r.l+ l}'th c.OOed picMt tl 1 shall satisfy 
II+ 
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d I > B +-(2RIP} - B n+ n 

ll 1 <=B +(RIP) 
n+ 1\ 

11 >=0 
B :: VB V f'eceiving buffec size given by vbv _buffer _she " 16 384 bts 
B = tbe buffe< occupoocy (measured in bits) just after time t 

n D 
R == bilrate measl!Ced ia litsJs. The full precision of !be bitrate railer than the rou:Iided 

valleeo:OOed by tbe bit_r.ite field in the sequence beOOct shall be used by Ule 
~coder In lbe VBVm.:xlel. 

P = n<milal nunbel of p~ per seooncl 
l = t.re lime "When llle n·~ coded pi<llirn is mnov«< frOifl tle VBV buffer 
D 
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Fig..-~ C.l -- VBV baffer occupa11cy 
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D .1 Introduction 

Annex D 
(informative) 

Guide to encoding v ideo 

LSO/EC 11172·2: 1993 (E) 

This anneJt provides l»lcl:groUAd a:taterial to belp rctlders 1mdc:slmd UJII(I ialplemenL this part o( ISOIIEC 
11172. The normative cause~ of this part af lSOII.EC I 11 n do not specify tte design of adeoodet. They 
provide evet l~infomu.tion abouteoc:oders; tbey \to not specifj V\tlat qoritbtm eoc.odcrsslxxid UltJ:I Ioy 
in ada" to p-oduee a valid bitstrcam.. The o:xw:ull.ive material is vdt.en i11 a ccncisc fcrm aad con~ few 
exmnples: consequen~ i; not easy to !mdelstand. nus annex auempG to &1clre.ss this problenl by 
exphining codln£ mea ods. gi ~ f:ICa:lllllles. and dlrotJSS!ll@ ~ceding and d&:»ding altoritJms "bicb are 
OOl direcdy oovOiedby this part oflSOIIEC 11172. 

The ncrn.aw c clauros sp::clfy the bitstrem1lo sucb a way lhat lt is ralrly strnitlllf'Otwan1 to desicn 11 
complaol dec<x'ler. 0ecOOers nay differ COI.lSidembJy in arclliteCtunl aod mpJCinCIIlaUOn delails, !IIJlbaYe 
very few Cboio:.o; during lhe decoding p-ocess: !he m:tl1ods and lhc resttltsoflhe d~ding pro<x:SSan d06Ciy 
speafltd. Decoders du J'li\ve sOJre freet:km io methods of postprocessing and tf~lay. b" the results d 
sucb post ptt)Ccssing cannot be used iu subsequca clx:odiug S!Cp~. 

Thesil!Jation h qJitc ditlereol for ac~Xkfi . This put of ISOIIEC I 1172dces 0<t spedf'J tnw to design or 
impleoer.tm eococ1;r wbicll Jroducesgood qt.ality vidcc. Thjs 2IU'lCJI dCYO!es a ~oc p21t lO discussing 
enocder algaidun.'l. 

Thi s p:rt of lSO/lEC 11 rn was devebped by ISO&EC ITC1i'SC29/WGI1 whidlis widelJ known a' 
MPEG(Moving Piames EJpen Group). This part of rSO/JEC 11172 w~ de,·eloped in response ro 
industry needs for a.a efficient way d S!Ofing aAd retrieving audiOruXI Yldco intol'llalion oo digilal SIOrlS!t 
media (DSM). CD ROM is an inexpeiSive mediarn \\IJ~h caa d:Hvcr d.lta at awroxmaely 1.2 Mbhs/~ 
:w:l this~ oC LSOIIEC 11172 was aimed at apptoximatclythis data nte The "con>trainedpam~Ildm 
bitstrcan•, a s•"'<et ora11 pernUssiok biu~Ra~"~s tha u ~pcced to be widdy uscd..is limited to da!a rates 
up to 1 8S6 000 bil!ls.. However, it should be noted lhru LIJis pa;t or JSOIIEC 11112 is DO! limil.ed to this 
value ;~~d may be used athigberdata raes. 

Two otbCI rdevaJlt InternAtional Slall<lmU were teillg developed during the w<rlt of~ MPF.O videu 
commiltc.t: ~t.l61 by ccrrr aimcdattelecormn"nications applicai oos 15], 3.Dd ISO/JEC 10918 by r.h~ 
JSOIIEC ITC LISC29 QPEG) rommillee ~imed at rile coding or ~till pictures [6]. Elements of bolh or 
these ~laDdards were i~ irw tbis pari of TSOJIH:: l 1 172., butsutlsequ:ut devel~ntell wok by the 
c<llllrniltec res11l1td ln coding ele11ents th11t are now totbis pattof ISO'IEC 11172. Le Glll (2) gives an 
accw01 of Ole mc.1Jtod by wll.ich ISOfiEC JTCl/SCl9/WG ll (MP&i) developed lllis part <lf ISOITF.C 
I I 112, am a slllilDUry of tbis part of ISOIIEC 11172 itself. 

D. 2 Overview 

D. 2. 1 Video concepts 

Tl.is p:n of ISO/IEC lll72defux:s a fom\81 for compressed digiw video. This annex describes 1.0mc ways 
in wllidl JW&Ctic:al etX:OiJeJs liiXI decoders misht be im ple~ret~~ed. 

A itbougb lhis prut or ISOIIEC 11172 i> ~i1e fle~ble. the bAsi: rJgorilbms bave been UD1eclt0 "-Oft ~o~el 
at daa rateS t.lffttxlu 1 Ill L.5 M biuts. at SJ13tial ~olutillTU d ~t 350 feb borUottaiJy by aboot 150 
J)'ls vcrtkaJiy, 3M l'icmre rates CJf oowt 24 10 30 pi:ttzreS/s. Th.e use ur lbe <M>rd "pia.ue" as oJII)OSedto 
"frame' is dtlibente This pan ofl~ITEC ! 1171 codes progresslvdy-&carulCdir.aECSauS does not 
reco:niz.e ltle concqt cC b.tfrl~£e. l11terlaced source viko 1'11USt be convettoo to a DOO-interl.oced format 
bdo~ toding. Alter decOOing, t.bl: decOOcr may optiomlly produa: iJI illt1'lca:d formal fa <liSfllay. 

'Ibis pill oflSOIIEC 11172 is desig11ed !() pcrnit sevcrnl lnelhoili of vicv.ing mdtd videxl whjch cue 
normally a.s.'iOclaltd wilh VCIU s ecb all fa-ward pla)b.tt, treeu piaute, L'\.~t fon4'lllll, rast rev~ ~ld slow 
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lorward. In addition. random acce.o;sm~y be possible. The abili1y of !be decoder to implement l.bese tJ:lOCks 
defen(l,s to wme ex lent Oil the nature ot t.te digilal storage medium on waidl the coded v!dro is stored. 

ru overall process or encoding aad decoding is illos1raed below: 

Souroe 

Decoding 

Storage 
and/or 

TrMsmissic-n 

Pos:processing 

Figure D.l -- Coding .lllld decoding pnc•ss 

Ercoding 

l:hplay 

Figure D. I sbcwt atypical re<penreofope111l.ions lint must be pelfon:ned before moving plctuces can be 
seen by a vieV!er. 1be uaeo:;ojed ~uree may exist in maay fortnS. St.Jch as the CaR 601 foimal. CluJ .. ~ 
D.3 describes now sucb a soorce A'Jay be ~wened into t:be 3Jlpr!lpriaJe resolulioa for mbSe~tuent encoding. 
ln tlleeoroding s1.ep, tlJe enoxJer must beawareoflhe decOOer buffer caJBcity,aro t!leoecd of tbedlx;:odeJ to 
matcb the rateof !be: media to lhe roce of iilling the piclllre biller wilb eacil suceesshe pictur~. To lhis 
end, a model cf"ae decoOOr buffer aad its overfbw and mderllow JI01>lem ;s inlrodaced irt 0.4, and rate 
cootrol is desaibed in D.6.1 The s1rooweofan lSOIIEC 1117~2 bitstearn is covered in D.S, as aretbe 
coding operations tllatccm]lress the video. FoUowi11g dle encoding process, the bitStleam may be coped to 
:a. slorage mediua. To view tbe mo"ing pictm>.S, lbe decoder ~eg !be ISOIIEC 1 J 171.-2 bitstram, aad 
deaxles it as rescribed in D .7 _ PostpJ'OCe$SiJlg for dispLty is described in 0.8. 

0 .2 .2 NPEG video compression techniques 

Video is ~ented as a suocess1on of individual picmres, and eadl piclllrc is treated as a tw<HlimellSion@ 
artay of pidun: elemellts (pels}. The cclwr rerresentation fer each ~I oonsists Of tbree comp::ments: Y 
{ium.illallce), ood two chromilunre c.ornpooeot.s, Cb wd Cr. 

Co111Jl005si~n of di~itized vneo col.tes from lbe use of several1echn¥Jues: subs.:unplillg of the ch.rcminance 
infoonation 10 match the ~mitivity of the ht.mrul vi5ual sy1tem (HVS), qa3Jltitation, motion 
rompensalion (Mq to exploit temporal redundancy, fnq•ellcy transComatioo lty dis;rete cosine lr11Il)fonn 
(DC1) to expJoitsfl.ltialiedllDdancy. variable length coding (VLC). aad picture inrerpolatioo. 

0.2.2.1 Subsampling of chromlnance information 

1be HVS is most sensitive to !he resoluoon of an image's lumina~~ce oomponellt, so theY pel values are 
en£JOded at full nsolutioll. 1l•e HVS is le.ss ~mitive to the dlroninance. infornution. Sabsarapling reduce$ 
lbe m.anber of pel val\JeS by systanttically combi.nit;g lhem with a type of averagillg pr<lCCSs. 'I'Iili reluces 
lhe anounl of inJonn.aljon to be compressed by otbet tecbaiques.ne lnteroaliona1 Starldu(J retains one set 
or tbrominance pel$ for eacll2x2 ueigbbcurllood of luminance pel$. 

0.2.2.2 Qua"tlzatlon 

Qu:mtizalioo .reptelents a range 11 values by a single value in tbe range. For example, cooverting a real 
nUIIlber r> ttle 1\e.\CeSt, btt.gc:r- is a foiDl of quantzatioa. Tbe quar;tizedrange <31 be roJ\cireJy represented as 
an integer code, wblch can lx: used to rtc()ver tile qumtir.ed value during deo.::oding. The differe~~re betwee~~ 
1he actual vahe and the ~Wed value is called tke q~W~tization noire. Under some d rctmsla:lces, tbe 
H\IS is less seosithe r> qu.'lltiz.alio• noise so rucb roise can be allowed to be large, lbu1 increasing CQding 
etfi:knty. 

s~ 
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0 .2.2.3 Predictive codlag 

Pr.dictlve codi~ i; a cochciq.e to improve~ compression dUo~ stAtistial redamdar.cy. &sed on values 
of pels pre•lirusly docoded. bodJ t.be eDCCdet aid decxxErm. eW.m.qse a predicttbe vahJe ofll pel ~10 be 
erx:oded ordecoied. ThediifeJax:e belwt:m II" pn:dc:lcd ant! aa:uaJ v.llues is CllCDded. ThsdiJfercnce vahl.els 
tbt. predicooo ezror v.bicb tJe decoder ca1 use to to1rect tbe pmlid.ian. Most enor values will be small a.od 
claslU aroatld tle vaJueO &ince peJ v3locs lyplcally dG notllave large dlanges vi !bill asmaU spal.BJ 
ocighba.u1ood. The probability di.slribulicn of tbe p-ediai<n aror is skewed and 0011pltS~eS better t.l!an llul 
duuibulio• of Oe pel v~ucs lbeusehes. Addiional iofonnatioo can be discuded by q11aotizing the 
prediction enor. rn this tDtemational S talld.1rd prnl.ic.ti ve codiDl u alc;o used for tbe dl:-valoes ot su:cessive 
luninarlccorclrominanco blocks and in tbe cJooding or DloUcn 'eaors. 

0 .2 .2.4 Motion compensation and interframe coding 

Motion COIIlpensatlon (MC) p'e4icts lbe values of a bbcl: pels in a picture by relocaling a block d 
n eighb<lumgpet v.Uues from a tnowa plctlllt'. The: motion is ttesaibed as a two-di:mCASional madoo 
va:ta chat specifies where to retrieve a ~ock of pel values from a previJudy PecOOed picture that s lliCd to 
predk.t pel values of tbe current block. The simpleEt et31nflle is a sc.eoe wbue tbe camera is Ml movll'lg. 
am no object; in t}e scene art rnoviog. Ire pel values al each illa.ge location remail'l the sane. aad tbe 
motion vector for cam blodr: •s 0. In geoc:ml llowever, tl~ encoder may ccammit a tTK>tlon vector foreacll 
macrob!ock_ Tile translated block fiOQ'I cbe km\\1l picture becomes a prediclion for tile block in tre picture 
oobe~ed. The ltCIWquerd.icl 011 t.be faa .that wi!hia ;~shortsequcnre of pictures of lhesamegeneral 
SCtDe, mary objeciS ICID!\in io die sarae looltion while olhers move only :a sllort disunre. 

0 .2.2 .5 Frequency transformation 

Tl.e discree cosine tramfam (1)CT) co11vcrts an 8 by 8 blrelc of pel values to an 8 by K cuc:rix o{ 
boizooml and \e1lical spalial freqlelll:y coenkic:nl!. An 3 by 8 biOct .:X pel values an be IOO)IlStnlc.cec.t by 
pcrformin' tbe ilvme d~ cosme rnnsfonn (1DCT) en lbe sp1tial frequency roeffiaents.ln gmcral, 
mostortbe energy is COICCntxaltd in lhe low frequency coefficients. w!Ucb arc ooovenOOmlly "Vrrit£o i.o tre 
uwer left come:- or llle ttansfomed cnattix. Compressbn is actieved b! aqtBDtiWI(ltl !ICJ', where lhe 
qmotiz.atim inln'Vals arc idcttiflCd by an irde.I. Since tbeencoJe1 id:ntilics !he in!Cf'\'al ~ r.oc. the ct.att 
value within !be interval tlre pel values d tk blcx:lc recorstruct:d by th! [[)(L ba•e Jedloed ac.cuncy 

n.e ocr c:oeflccieot in location (0,0) (upper l.c.ft) of the block rep~ IS lhe zero ~onz.ootal md uro 
vertical frequenty and is called the 4lc c:oeffrient. The de oodficient is propo-.iooal to the we rage ~1 va\Jc 
ofcbe 8by 8 block, aad lldditional OOlllpressio•il proVic.lcd lhrru~ rre(Jictivecodil•gsince th: diffe«noe ia 
the avefage value of 11eigh'bouring 8 by 8 blocks teJXJs to berelltively smaJl.lloe otb!r coeffi::i.ents 
represent a:..e or more ncm~ro hori2ootal or ncn:tero vertical spatial ~cies, and are caled ac 
ca:Uicieots. 1l1e quaatllaoonlevel of the coefficientS c:orrespoodlng to the bigber $pOOID fJequeacies tavoo; 
the creaioo of m ac cocffaclcnt of 0 by thoos1n8 a quwtlm.ion &ep sire such Ill~ the HVS Is 1Jll1lcely to 
pe-Cfive lie bss of tlle particldllt spatial rrcquency unltss tie roefflciel1t va.lue .6es al'O\e cbe partirular 
qwnliza.ticn level. The ~tistica.l encooing of lllecJ~pecced runsofconsecutiv~ 7-Cro·valuedcocmctenll or 
hig.ber-<~rder coefficients 8CCOJOIS fur OOilSider'llb1e COlli pression gain. To cluster nmzero coefficieniS Cll(ly in 
tbe series and eliCO!e as 11Wly zero coefficienrs lU possible follov.ins the last nm:zero ooefficiem illllle 
ofiJcring, t.lle axf.frir.nt sequence is sped.fied o be a zlg-ttg oroering; ree fi~e 0.30. The orderillg 
()Oflcr::Dtrat.es the higbest spati!l rreq.a.encies 1\l lhe end of the series. 

0 .2 .2.6 Vulable-length codihg 

V Wblc-lcn~tb coding Mr.) IS a stalistd codilg tecluique lhal assiplS ccdewcrdl to VJJues 10 ~ 
en:.oded. Valoeaofbl&b Crequrocy or oa:umuce :ueassiglled sh:m axicw<rm, and lhcseof illtequent 
oc:cwre.ce ate a;signod long ~wonJ.s. On a'\e'r.sge. tile 11101e frequent 5ba1fr codewords c1oolina!C. such 
thst tbe role string is sl'nner lh:n the origil\..1.1 daa. 

0 .2 .2.7 Pk:tur. Interpolation 

H !he decoder ru:onsiru<ts a picwre from the plSl am a pictru'e fmn !be futwe, lhO\ ttlc lOIUIIledia!e 
picturescao be tee()nstnle~d by the t«blliqueofinccrpobtion. orbidirectiomJ prtiJictioo. Blocks in die 
inlenlledia'e piaures can be fawsrd ud bacl:wanl pct:(lired and trnnsla•ed by m::au oh.~euoct ~Ill'$. The 
decoder uuy rec:oanrucl pel values bdooging ro a given Node as !III avuage of value; nom Ulc pa9. and 
fuum pct1tts. 
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0.2.3' Bitstream hierarchy 

The JS()J[EC 11172-2 ooding scbt:me is aaa~igef in hyers COiteSpOitdlng to a llie'atct~Cal SlruCtwe. A 
seqttencc is the top layer of the codmg hitta-dy and cons isiS of ahea.dec and some lltmbcr of groups· 
or-piduRS{GOPs). The sequence keader intialiA.eS the state of the de<:odet .This allow& Oxoders to 
decode 811)" se<JJenCe wilhoulbeint affected by past decofutg hisklr)'. 

A GOP is a random areas point. i.e itis the sma.Jest o:>ding urtitlbal.can be inde~lleutJ:r·decCJded 
witlin a ~ence, 3ld coosistE of a beader and some numbet of pittllres. The GOP beader C<ln~ns tmo 
andedting m{onnation. 

A picture m.rresponds to a single friiiDe of motion video, or 1o a movie rrame. There uc !au-picture 
types: 1-pictures, or intra ccrltd picturts, wltidl are coded without reference 10 my olher pictures; P­
pictures, or predict.ve coded pictflTfS, wbicb rue cod;:d using motion COmJ:em;atioc frorn a previous I or P­
picmre; B-pic:tllres, or bidinctionaljy J:rediclive coded pictwes, wllidl we coded uaing motioa 
mmpensation from a previo.s wd a future lor P-piclure, and D pictures, o r D picmres, ~bleb are illtetlded 
only for a fast forwa-d searcb mode. A typical coding sdlemecmtaim a milt of I. P, and B-piaures. 
Typic ell y, an l ·picllre may OCOJI iWeJY half a secood, to ~ive~onably fast modom JICCess, vritll two B­
pic.:tures insert~ between eacb pair of l or P-yic!wcs. 

Ftgu~ O.l •• Dependency r elatiotasllip between J, I, and P ·picbsns 

Figue D 2 ilu>tntes a oUIJ\ber of pitcnres in dupb.y ordet". n e arrows show the dependency .elatioos~ip of 
!be p.redicthe 3ld bidiRcllollillly predictive cOOed )X!lJres. 

Note tlalbecauseof the Jicture dependencies. l1le hitst.ream order, ie. tbe order i1 which piwues are 
IJaD.Smitt.ed, stae4, or retrieved, is n<1 tbe display crder, bnl ralber t.be order wlJicll tbe deaxltr rt:(Jlires IDem 
to decOOe tbe titstream.. An~le of a SC'Jucnce of pictures, it display order, mi,bl be: 

( B B p B ·a p B B p B B I B B p :n B p 
0 l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 L6 17 18 

Figure D.3 -- Typial ie~uence or pictures irl display order 

wb~. tbe bitstrean order 1\lould be as shown l>elo" ; 

( p B "8 p B B p B 1l 1 B B p 8 B p B B 
() 3 1 2 6 4 5 9 7 8 12 10 11 15 13 14 l8 16 L/ 

Fig11o 0.4 - Typical seq11e•ct Clf p ithJres In blts tream order 

Because tbe B-picruresdepead oo 1be foDowing (IJl display order) 1 or P-pic.tute, lbe ( or P-(Xcture-trusl be 
uammillftl and decoded before be deperident B-pic:llnS. 

Pictures consist of a bead!r and one or more sD:es. The p£ture .be3du contains time.. pid:IJ'e lYfe, and 
ending infonnstion. 

A sica provides some iumuniry 10 dau. cnrruptioo. Should tbe bitstrtam tecome unreadable within a 
pcture. Uac deco<Ersboult te able to recove~ by wailin& for tbene~t dice, wilha.Jt having ro drop :m entire 
.............. ........... ~· . 
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SlicesaxlStstofa 'c:lda llld one or more macroblod.s. At tbeswtofea:h sllcc all of t1.c predittcLs., 
for de values md trotion vttto~ are reseL The slice belder com.ails positicn and qua.nllur ~c 
iafonna.ti>n. "Ibu u st ffident for recovery from local o.>crupion. 

A OIBU'(lblocll is the ba>ic tait for motion compcn.~<tllt)u 3l'd quantizer scale cboogcs 

Eacl:l macr()biO(k couslsts of a bearer ana six component 8 by 8 b!oc:ks: fiJur blodcs of lumin:mce. one 
NOde of Cb cl:iroal.ilance, and oae block of 0 cbrooinanre. See 6gue D.5. n e mta'Obkx:k beater 
comaias quanlizcr scale and motiOJa compensation lnfof11131im. 

IIJ liJ 

Cb Cs 

F ir;ure 1).5 •• Macroblock structure 

A maa-obJoct a>nt."tins a 16•pel by L6-line rectioo of lumioaoce canpooent a11d llle ~patially 
correspoooiog8-pcl by &-line section of each cbromiJILIJlOOCOOlp<>mellL A sldJll)Cdmrw.:roblodc ls one for 
\\hicb oo iAfonl'latJorJ is s10re~ [see 2.4.4 .4). 

Note dlatthe picti.I.R area covered by be four bloclcs of •.unirunce is tbe same ;u Ll:e an::la>v~ by eacb of 
llle c:hro!1imnce blncls. This is du:: ttl sutmunpling of Cbe cbroaliaa.c.e infnomoon 

:Blodc! are lbt bJSic co<ing ooil. :KlQ the DCT is ~litd at lbis blodc level. Ectdl block ccntai.ns 6( 
co~t pels amnged ii an & by 8 array~ EllOWI iJ figure D.6. 

Figure ll. 6 - BJC)C]c sbuclure 
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0 .2. 4 Decoder overview 

A simp lUted bklcf.:: diagraDl of a ~sible dlco<Jer implementation is IDOWll below: 

IqJu; VLC 
h;V~ZC 

lllY'inC ~ ~ ~ ~g-;ng& ~ Dt.ffc::- ~ tJuutll2.cf OCT 

~ .. Previous - Fav.'Utl 

Picture MC AdJo-
Dhpby 
~ ,.. ... Btmr 

Slort 

L ~ 

Intt;rpolllled 
1--

~ MC 

Furure r-... Pictur.: -Oadtwanl 
Store MC 

f-

[)oc(c:lc;J Vjt)c) 

Figarc 0 .7 - Silnplifi~• decotl~r block diagrant 

lt is instructi\e 10 folk>w tile D'letbod wblcb !.he~ JSCS ll c:1eo:ld! a bl.sue.w 1X>11t:lining the scqaeace 
of pictures given in Fig D.4. anj display lbe1R i1 tleOC"der g,ven in Fig 0.3. The following description ~ 
sinlp6fied for clarity. 

The inpQt bjtstream h accumuttted in lh: lop.rt Buffer LIIti O!bied. The Vanablet.cnglh Cnle(VU:) 
Decoder decOOes the header of tbe first piaure, p1aore (1. md detennile$ t.liaJ. i l is a• 1-p;aore. 1bt VLC 
Oeco:Jel proWces quUIUUd coefficientsc:mespoodiog 1.0 l)e quanozd OCf roefficienlS Theseatt 
as~ubled for eacl\8 by 8 block of pels ln the ima:e by inve~Sezi(-ng sanning. The ·n .. ent> Qua.rDzcr 
produces 1Jieac1uaJ OCf coefficieats using tre QUaltil.a!iO. Slep Site. The~fiic:ieots UC Ulcn trarlSJorma:J 
into pel values by the Tuverse DC1 traruforrrer a.ud stored in !he Pre•ious Pittw-e Store aDd lbeO:splay 
Bit" fer. The picture mar be disJl layed at the ~propri;\le time. 

1be VLC Decoder docodes tl1e •eacter of tlle • ext picture, picture 3, and detennirleS tlml it is a P.pleure. 
For each blodc., tile VLC Decodu d~ motion v~>..crcrs givin,& the di~l~cement from the store(! previou; 
pkture. and q.Jallt.i:ted coefficierns COO'"~ding to Ole (jUMtir.ed ocr a>effidents of !.be difference blod:.. 
1'b:!se QU:IIItUedccefficienls areioveJSe qoa.nti7.00 10 prcxluce IIIC actual DCf cocfficiCJ.lt~. The Coeffidcnts 
are tren UC!Ilsfonned nro pel difference \aloes rul(J lidded to 1M p-edicled bl o<:k prOduced by applying 1be 
motion vectors 10 blocks irl the~ pre'(iOIJS pictwe. The resultant block is stortxi in tlle Future Picture 
Stcrcar:d lbeDisplay BuCfur. Thi~ pi::turecannot ~displayed until B-pictures 1 Md2 have beat acceived, 
OtxOO!d. and d ispl.ayed. 

The VLC Deoodecdec:od~ tbe kOOcr ot the lle.llt pcture, pi ell~ 1. ud de~emil~ thnt ,tis a n .piett..-e. 
For eadl blo<k !be VLC decoder demdts a-~Ction \ettoJS giving tlle aisplacernent from the stored previous 
or future pichres a botk, and ql3llli2Cd coefficiens wnespoodng to !be (JiaJWed OCT coeffidents of lhe 
difference block Thcsequm!U.ed coefficienu aJe i:lvt.ne 1JJA11t.iu:d lO prodJce tile actual OCf coefficients. 
The a>e!Ttcieots are l.ben invcsetr.lnsfonned i110 ctff~ pel taloe.£and died 10tbe p-edicledblocl: 
produod by applying the lll<ti<ll 'enocs m tllest.ored paures. Theresul~o.-u•t blotk Is ~eu scored in the 
Ditplay Buffer. It may be displayed a( tteawropriae lime. 

The VLC Decoder d~ tbe ~~or tbe aen picture, piCllrt 1. rod delemil~ tklt it is a B-pictae. l t 
is decod:d u:ing tbe s.ame method as fo1 picttre 1. Afl.fr dcmdin~ piclttre 2. pict~ 0, whid is i.o tbe 
Previous Piclllre St>re, is m longer neered rud may re discarded.. 

The YLC Deroderdec~ the ~eater of the a~t pictwt, piciUre 6. 8lld detemines that it is a P•pK:t.ure. 
lba pidWt i• llle Fuuut FiclJrt Store iJ ropied i11o the Previot s Picture Sta-e, then docodit.g p~ a\ 
fcrpictllre3. PK:ture 6 $11(lUI!I mt.bedi.WI.ayed tmlil pictures 4 and 5 have been received :lMt d l~played . 
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Ue VLC Deroder decaJe$ Ule llealer of lle ~xt pioon, piclllre 4, and d.ettnnil1es that il is a B-piaurc. It 
is decoded u1in& the $81lle method a.s f~ picture 1. 

ne VLC Dcroder deco:les the ILea:iet of lle teAt pici\Jre, picll.lre 5. and delennines that il is a B-piaure. It 
i s decoded usin& tie $3Ule medlod as for pic:Utre 1. 

1\e VI...C Decoder dtc.OOe; lie beader r:f tbe next picture., pict~re 9, aDd determines that it u a P-pi<ll.ue. lt 
then prooeeds as fo1 picwre 6. 

ne VI...C Decoder decOOe.s tk beadet of lle tell pict~re, pic:tul1l 7, and derennires that. il i£ a B-picture. Jt 
is decoded using tbe iamemethod as for picrure 1. 

The VLC Decodec decode.~ Ue. he3def dUe. nci'.t pic1Ure, pictuct 8, and detennir.es. that it iS a B-pia:me.. ll 
is decoded using die 33Jne metbod as for picture 1. 

The VLC Decoder dtcode£ llc !leader rL Ue. next picture, pidurt ll, and dc:temlines lbat it is an I-piclllre. It 
is deooded ming the sa.1e metbod as for picl:llfe 0. 'Ibis process is repeated for the subsequent picture~. 

0 .3 Preprocessing 

The wuce material may exist in D'lany forms, e.g. compu\er fiks or CClR ~f)) format, but ia general, it 
must be proces..<ed before being encoded. Thi! dause disc.usses SOtte l\SJeCIS of prtprOCtSSilg, 

For a given data nte and 9:)U"Ct material, lhe-e is an opimum pic tire rnte and spatial remlution at which In 
COde iftbe beStpo-ceived qlalit:y is desim:l. Iflhe n:so1ution is too tigk, thea too mauy bas will:e 
eJtpended OD the Ovt:!bead aswcialed with each blocldeaviag lOO few lO code b e vaues Of each jd 
accura1ely. lf lle terol•tion ls 100 low, the pel ~all~ Will berer.dered ~ltrnlely, bulhi~h treqUe:IJCY cJet.ril 
will be lost 100 opli.mum resolulion represents a lmleoifbetwcen tbe Tarioos tOOin& artifaas (e.g. ooise 
and blockineis) and lbe pen;dved resal utioo m d st.aspness of the ~ This lradcofr is fllltber complicated 
by tte mknowas of lhe fiaal vkwini condition'-. e.g. saeeo bOgbmeos and tJ\e distance of the viewa from 
lbe screen. 

Al dAta rates of 1 LO 1,5 Mbits/s, n:a..<omble choices are: pict11re rates of 24, 25 and 30 picturesls. a 
borilontal re;obtion of between 250 and 400 pels, and a vertica fCSduaon of between 200 aad 300 lines. 
Nore tbat these values are not normative a.d other picture mtes and resoluoons ae valid. 

D. 3.1 Conversion from CCIR 601 video 1o MPEG SIF 

The two widely used scanning !t<Udards for c;olour television are 525arxl625liaesat29,97 and 25 fr:amts/s 
respectively. The niiDlbet of lines contaiJlil\& picture infonmtion in Lhe traosmitterl sigaal is 484 for the 
525-line syslem and 576 fur tbe 615-liue systeiJI.. Both use inledared scanning wilh two fields perpieture. 

CClR. RecotnJDendati~ 601 defines stmdatds for tbe digit\1 coding of colour television s.iEJ~aiS in 
compouent tbrm. Of Liese the 4:2:2 stan<hrd haS OOColne. wire!)' adopted; tbe sampling ~ucocy wed for 
ll£ liJillin:uu:e signal, Y, is 13,~ MHz <l!ld the two co!ow<!iffcmlce sigws, Cb or D-V and Q <.r R-Y, are 
both s.'Y.llpled at 6. 7~ MHt. The number 11f luminance samples in the digilal acthe line is 720 but only 
about 702 will be used in prnctice by tre walogue acti-.e line. 

The outnber of picture elemcnb in the beit;btaro widtb of the pi::Wre, in the Slalld."Vtls def"ued above. are 
too large for effective codingatdal.a rates between l lUld 1,5 Mbitls. Mae appropriate values are obtained 
by ~easi~ lbe ruolution in both directions 10 a twf. Th~ reduces ll1e pel ra1e by a factor of four. 
Intetta.ce ~d be avoided as it iDcrea$es Lbe difficulies in ach.ievilg IO'.v dau ntm. 

Ole way to redlce tle vertical resolution is 10 useooly !be odd or tbe c•en field). If !be olhe1 field is 
simpJy di$C81"dcd, spatw aliasing will be iatnxloced, and !tis may produce visibk. and objecticnable 
arti.Cacts. More sq>bistica~d rretbods cl tatecooversio11 require more computatioml power, but can 
perceptibly redoce tbe 2liasing 2ltifaas. 

The horizontal and ..erticaJ (bS(IlulioJS may te llalved by filttring md s•bsarnplmg. Con.~ldera picture il 
the 4:2:2 formaL See tleCCIR 6)1 sanpling p:.tem offigllfCD.8(a). Sacl1 a sampling patlern may be 
convened ro the SIFsanJllirlg pauern ct ~g~re D.8(b) a; follows. Tile odd field oaly may beexl{aC{fd, 
redocing the nlllllber oflioes b~ two, at~d then a boriz.onlal dccillaLiOR filte.r used on the remaining lines-to 
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reduce dle wrtzontal resolllion by~ fl!ctor of two. fn addition the clraninanct vallES may be venkaJly 
decimat£d. Tbc filters fcx l.miuaoce and cbrominance have 10 be chosen caretul.ly siAcc particularaucotion 
.bas to be giveo to die location of lbe samples n the re..<ptctive lntenlatJoml St.audards. The tempol'al 
relatimuip betv.eea laminance md dromaarice must abo be correct. 

0 0 0 0 

0 0 D D 

0 0 0 0 

0 0 

0 0 0 0 

0 0 0 D 
0 0 0 0 

{a) Sm-~pli•g pattern for 4:2:2 (CCIR. 601) {b) Sampling pattern f01 MPEG tSIF) 
Cilcles represemlumill3IlCe; Boxes f'e{ll"eselt Chrooi081re 

Figure ns - Coav~rsio11 of CCIR 611 to Slf 

The fallowing 7-t.'lp FIR filler has been rour..d 10 pve good resi.I IS in decimating tile lumill!lllce: 

I -29 I 0 I gg I L18 I S8 I 0 I ·29 I /1 256 

Figure D.9 •• LJ"'inance subsamplillg filt•r up weiglt l$ 

Use of a paver ot two for tJle div1Sor allows a$ io1ple tnrdware implcmen~ation. 

Thechroooia.rulce-samples have llj awear in the lx:tweet~ lbe luminance samples both I)Qrixmlally md 
vetti®ly. 'Ibo following linear filter witb apkase sbift or haifa pel ma.y bcfo11nil useful 

I 1 I 3 I 3 I 1 I '' s 
Figure D.10 ·- c •r•rninance subsampliDg filter tap wdghtg 

To recover d1e sanple' consistent v.i l.b t1e COR 601 grid of figtre D.8(a), the proctss of iru.etpolation is 
used. 1ne i:aterpolatioa filter applied to a cero-pa<kierl signal ca11 be chosen m ~ eq\W 10 thede...--ination 
filfr employed for IDe luni.Dalx:e ani The CWO cbf'01llin:wce r.\ltle$ in tJ:& enaxJer. 

Note that these filre.s :.e not pMtofthe Intematima! Stalldard,ard aber fil~rs may be used. 

At the et1d of lhe li~ some ~ tedinique sud! as reoormali.z.ing tbe filter or replicating the last pel, 
must be adopted. The following example snows a bo;izontalline of 16 luminance pels .m4 t:he same J.i:ae 
after filterin~ md sli>sampling. Jn this example tle data in tie Line is reflected at elldl end. 

JO 1:0 l O 3 0 35 15 19 l l 11 19 J6 45 •o 9o 92 90 
12 12 23 9 12 49 95 92 

Figu~ D.lt -- Example of filtering a11d subsa111pllng of a line of pm 
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The result of llis f"tltering and subsanpling is a soUJce input fonnai (SIF) wllkb bas a lumiDance 
resolutioo of 360 x 240 or 300 :L 28&, and a cl1.romina~~ce res<Jlulio ll whi:h is bali :hat of tie lwnimmco a 
eocll clmension. 

720 

CCIR 601 Y 

36::l 

484 

CCIR601 1576 
U,V 

Scle:::t 
1· Field 

4S4 
lfi16 

Select 
1 Field 

360 

Odd 
Field 

720 

QXl Reid 
Only 

300 

~~_sa_______ 242 242 G 
Horilo ntal /2SB 

L----------' Fli er alld 

SubsalflPe 

(a) Lllll1inance 

242 
/28& 

Horizontal 
Filter and 

le Subsarrp 

(b) Chro minanre 

Figure D.U ·- Connrsion from CCIJI. 601 Into S l"F 

The SIFis not qwrecptimml forpnx:essingbyMPEG video CCII:Er~. MPEG video divides llle luminance 
COlllpooent imo IJQCJtlblocks of l6xl6 pds. The boooontal resdulio•. 360, is 1lOt dii isib1e by 16. The 
same is true f:llhe venical resolution, 242, in the case of 525-line systellls. A bet.ttr Jl'll\l.d is obtaned in 
tbe borim olal direction bydi~ding tre 4 pels attb~ wdofevery line of 1.00 subsamJiled J)iclln:. Care 
mu'l be taken that this ~ulu in tile CQJTCC.t &Onfi,u£tti>n or hnliumce and dtroTn.iouce suoples in tbo 
rnacrd>lock- 'Ib! r<'...maiaing pid.we is called the signifieaDt pel are." and ttlrresponds ID thed<n area il 
figllreD.13: 
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4 

2 

352 

LLITiinance 

176 

c, a Cb 

4 

2 

0 1SOIIEC 

240 
or 

288 

120 
Of 

144 

Fi:ure 0 .13 - Sourc.r iq1ut witb signirlcant pd area s h de41 dark 

1le oonversion proce.s IS sunrrorized ia t:~ble 0.1. 

Table D.l -- Convcrs iou (lr sOCJrcc formats 

Picrure Rate Oiz) 29,97 25 
Picture Asoea Ratio (width:bei~ht) 4:3 4:3 
Lwninance (Y) 

CCCR. Sample Re~olutioo 7'}[) I 484 720 x 576 
SIF 3(:0 X 242 J60 X 288 
Si11nitiau1t !lei Area 352 l. 240 352 X 2&8 

Cluomioonce (Cb Cr) 
CCIR Sample Resolution 300 x484 360 x5i6 
SIF tro x 121 18Q X 144 
Slmlfiautt Pel Area 176 X 120 176 X 144 

112 preproc:e$Sillg in10 the SIF fum at is not nonnative. ()lOOr processing step~ aJd otller raolut.iQru may 
be used. The picture sizt rEed oot even be a m~pe of 16.. 111 this case m MPEG video coder adds 
paddmg pds to lhe ri&btor b<Uc.rn edgC$ oi a picru;e in or<kr ro bring the uansmiued re.col•tion up 10 a 
moltipleof 16, Md lbe decoder <iscards ilae afta decodn!l the piCIW't. For euunple, a b(lciwltal 
resolulim of 360 pel~coold be coded by adding S padding ¢s to the rigtt e:ige of eack horiro•lal row 
bringing tb! IOta ~ lD N pds. 23 maaoblocks wodd CJe coded in each row. ·111e decoder wou kl disaud 
lhe extra paddin& p>Js a&r decocl~. &i vint a ftnal derocled bomortal rao.lutiou of3(i) ~ls. 

0 .3.2 Conversion f rom fi lm 

If film o aruilll can be digitiud 81 24 pictwesfs, tbro it forms an excela~t source fer an JSOIJEC 111 n-1 
bitst.rea.m. It 11'\ay re digltlzed at the desired spatial resolution. ne pi<twe_rntt [JCJ4 ln the v:i&o SCA!UCDre 

!leader, see2.4.2.3,allows Lhe pk:rurer:ne of14 piawesis to be speciftedexao.Jy. 
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Scmetim~ the ~ou-ce material available for co~rcssion COlSis~ of film material which haS been 
coovcrud 10 vitb>alsoneoth!trrue. The erux:l<b may detect Lb.is andrecode at the origil:al film mJ.e. For 
exa01>k, 24 pictuns/o fim matuial may have been di:itized alld co11vertfd to a 30 frniDe/> sys~ by the 
tccllniqte of 3:2 pulldowiL In this modedigitiwJ picmres ~ $OOWI altemalely for 3 aadfor 2c~visi{lll 
field tiDes. 'Tl:tS.altcrl\aim may nnl beexactsiAcethel'&tllal rrane r.x.e might be 29,97 frames/sand oot 
the 30 frame9s Lba tbe 3:2 pel !down tecbnique :ives. Io additioo Ue pull down timilg trigllt have been 
chanted by editing :ml spli:ing after !be coaversl>n A sopbistlcaed f:lJCOOer ui g)t detect the duplicaed 
fieJru. average mem to reduce digilizatioo r.oise, and rode t..be result at tbeorigiaal24 p!ctmes/srare. nis 
sbouJd &ive a significmt iaprovemenr in quality over rodin& at30 picllll'CS JV second. oia:e climct coding 
at30 pieturesfs desuoys the 3:2 pufidoWJJ tiJnillg and give; ajelk) appeara1ce 1D lie fmal decodild video. 

0 . 4 Nodel decoder 

0.4.1 Need fC)r a decC)der mC)del 

A coded btstrean contains differenl l)'J>O> r:l pic~ and eocb type ile:ill! require> adilrerert number or 
bhs tD encode. [n addition, the .,-ideo may "ll1Y in CI)UJpltJlity wib time.. and an eac<Jdcr rna)· wisb to 
devote 100re coding. bits to ore pari of a s~oenee thao 10 aliotller, JU constmc birate coding, vruyi:ng fbe 
tumberofbits allocak!d to each pictm:e reqllires tllat ue docoder llave ruf!ering ro sure tbe b~ !lot needed 
to decode tleirmnediatepictur~ Theexrcrt.to which m ~ncpdercall vary~ oomberoflilts~ted 1D 
eacb picture dep!nds on the amoont of this buffering. [f !he amount o'f lhc b1fferiAg is large an enrodtt caa 
use gre.ttei v:uialions. increasing rre pico.lre q.a1ity, bat at u e cost of iocrwill& tbe dcooding delay. 
EllcQders reed co know fbe si:ze of the amount of the dcco:ler's buffering i.n OTder to dctennine to wlatexl:ellt. 
they caa vuy tl:e distrib:Jtionofcodiog bits MIOflg the picture' In tbe seq11ace 

The modeJ dccajer i! defined to save l~o probkDb. It ronstlair.s Llle variability in tbe n1mbet olbits 11ut 
may be allocated to different pictures and it allo\\'s a deccder to initialiw i ts buffering "'hen the system is 
suned. lt shoutll:e aoted that Part 1 of !his lntemation.al S tllldard aldresses the hitialisalion of bilffers aoo 
the maiD~ of S)ncbroniiationduri(Jg playb.ack in lbe case \Mlea t-...oormoreelcmenlarJ SlremlS (foe 
example one au&joand one viieo streml} a.re multiplexed wgetle:. The tools dtfi11ed in IS01IEC l l 172-l 
for lbe namtenmce cC synchrooisatioa slotJld be used by de:coders when multiplexed streans are rein g. 
played. 

0 .4.2 Decoder model 

AJanc.x C <xmtains tbe defmition of a }W<meteri?..ed model decaler for this pl!rpOS(. k is known as a Vidx> 
B Lifer Y erifier IVBV). The parameter; usee by a patticular encodtT <.re defined ill be bi1stream. This really 
defines a model decoder that is neered if en corers are to be ass wed tbitt lbe cocled bitstreanu trey prod ace 
wilJ be clecodable. The ~nooel decoc:Jer looks lice this: 

~ tm>..u1 f.i&lW. [!eroded 

fJitS!ream ~ Qecod;:r Pictures 

Mod§l Qecod~! 

Figt.tre D.H - M()del dtcoder 

A fixecf.raJe cbaorel is assumed top~ bits at ~rorutrutt rate: irto tlle Inptt Buffer. At regal:r iAte:vals, set 
by tlE picture nt.e, em Pictm Decoder inslaruareously removes all tbt bts for IDe rext picture from tile 
Inpu1 Bllflu. Ir tbere are r>ofeo;v bits in the lnptt Buffer, i.e. ill tile bits foc the te"tl picure bavenot beea 
received, tlle11 the ln)llt Brlferunderflows 2nd t:lllre is an uOOediCtw mor. If, dming the time between 
picture starts, tre capaciry of lbe Input Bafft.r is exceeded then there is an o~rtlow e!TU'. 

Pmcocal recoders differ from dis model in several impoi'Clllt W:l)'S. 1ley may iqllementlbeirbltfcring at 
a different point in Lhe recoder, or-distribute it tbroogooul tbe decoder. They may OOl reirove au 1be bits 
requred lo decalea pi~ fiom llroe fup.~tBuffer ilsl.mtaJleOusly, L.bey may na. re able oo control !be slart 
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of dcaxling vay precisely as require(J by tbe buffer fuDmss parameter in lbe piccwe beaiCJ, Md they take a 
mite tine to decode They may alsobea}je 10 delaydecodin& forashon time to reduce lbecbances O( 
underft>w occuring. But tiles! ditfermces depend in regree aro kind OJ1 Ue eu::t melbod of implementaioo.. 
To sathfy rcqurcmau., of different implementalio.s, tbe MPEG vidoo corotnittec (lSOIIEC ITC 1 
SC29/\VG11) cht»e a very silllpfe model for tbedeoodec. Practial implementotions of decoders must 
ellstre Chat tiey can derore tbe bitstrtam constrained by this model. In many cases thi£ will beachlevro by 
tcing at Input "Buffer tba.t is brtertban !he miniml.lll required ud by using a decodn& delay ll\at is laJga 
than the value l:krived from tlte vbv_ delay paraimtel'. The designer mU£t compensate for diftcreoces betvecu 
tbe actaal design md lhe modeJ in onier 1o ~arantre tbatthe decocler can baadle ;my bitstream lbal satislie\ 
dlemodet 

Encoders monitor lbe status of lbemodel to ronroJ tiE encoder Sl that o~cflollJ l>f'OOlems-do llOt 
occtJr. 11e ca1cu1ated h.tffeT fu1lness is taasnin=d at U1e swt of ea'b picture so that the decoder can 
maintain syncbrooiztticn. 

0.4.3 Buffer size and delay 

For COtlstantbitrate opcrnlion ClCh pir:ttre header contains t vbv _del a) paramCitll' IO enAble doooders to scat 
l.lleir decodi~~g corrMJy. This puamcter ddines the timeoeedOO to nil the lllput .Buffer offigwe D.14 from 
aa emp.y uat.c ~ the CoiTcct level itmnedlatel 'I before tbe Picture [)c.ccder removes all tho bis fOI" the 
picture. Thi10 time is lblJs a delay md is measured iri unu of 1/90 000 s. 'This nu.mbel was chosen because 
it is almo~t an exact multiple of Ule }\iCIUre duratioos: 1/2.4, ) i25, 1(29, 9'? and l/30, atld becatU it ~ 
comp;uable iD duration roan audio sanpJc. 

The delay is gheo by 
D ::: tbT_cielay I 90 000 s 

For example. if vbv _delay were 9 000, tJen tbe delay would be 0.1 sec. This 11'\eans tbat at the start of a 
piCOJJe~ hpll. Buffer of the model dOO>Cef sbould coolai11 exactly 0,1 swonh of data from the input 
b iiStreml. 

1be bil rrue. R, is def'med in tie sequence heaiier. Til~ number of bitS in the lflllll Buffer at die begi11nilg 
of the picrnre is t.bus giV"eu by: 

B = 0 • R = vbv_dela) • "R I 90 000 bits 

For example. ifvbv_delay were 9 000 and R were 1,2 Mbitsls, tkn tbe number of bits in tbe Input Buffer 
\Wuld be 120 000. 

The C<mStraioed paruneter bitsu-eam requires t.bat U1e lllpot Buffer Juve a capacity of 327 680 bits, and B 
s~d nevere:xreed this value. 

D.S MPEG video bitstream syntax 

This clllu~ <lescribe5 tre \'ideo bitstrew m ato]>-<kl\\.U fils Ilion. A seq11ence is 1M tOp level of vidoo codillg. 
It begills with a sequence lx:adel' wbich d!fiues impcrt.lnt pruametcrs needed by t.hede.codef. The sequence 
bearer is follo-wed by one or more groups of pk1ures. Groups of pictures. as tbe uame suggests, consist of 
ooe or more mdviduaJ picwres. ~ seqoe11cemay CODtailWditional sequeoce !leaders. A sequence is 
tc:nninated by a sequence_end_CO<t. lSOIIEC 111 12-l alows <XJnsiderable fle"<.i t:ility m ~"ify.ing 
appl1caion parone(m; such as bit rae. picture ~ ptnre rerolution, aud piclllre aspa:t ratio. Trese 
pnmeters are~ in tbe sequence lleaJer. 

lt tb~ parameteR, and some otbetS, fall withince:rtaln imits, then the b:tstreml is ca1led a COllSuained 
paramererbilstream. 

0.5-1 Sequence 

A video sequence COIIlillef1CeS v.i tb a se<peoc.e lleaW' :mel is followoo ey ane at more gJOUj)S of pictures and 
is~ by 3 SO}ucnce_end_ro<k. A<kliional5eGuetlCC bcack!~ l1'l\Y appea- within the seqlCllCe. Ill each 
sucbrcpeate4 sequen::ebe'\M", all oflhedata cl011ents witb the p!t"Dlit£dexception oflbose defumg 
qaaoti:~tion matrices (load....iDtn_qumtiJ..er_matrix. load_noo..inlnUIU.1ntizer_ tnaru and optionally 
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inlta....quaailier_mru.rix anllllOILilatra.._qmtiu:t..J:aauix> Sllall bave the ~e ~ & ~ r~ req~ 
beadeT. Repeating «he !eq.Jena beaeet-wilb Its~ clC'lJ\Cflts malas rar.dan l.CteS$ iatoth~ ~doG .equenc:.e. 
poSSible. Tht <pa1tizalioc rnanices may be reddined as nquired vri~ ex::tl repeated st.t}wencebeat:Er~ 

The encoder may ~t o; ocfl para11e1en a.s tho picture Size acd asf.CC! rntic in the SlJC!ueroo bearer. to ddiDe lhe 
rewu.rces tba ada:Odef ffX}uires. rn addltbo. userdaa may be included 

0 .5 .1 .1 Scaquence hctader code 

A coded sequenccbeg.ios ..-itl a ~quence~and Ole header~ ~tb the scqueruswtcode.Its value 
is: 

llex: 00 00 01 B3 
binary: 0000 OOOJ ()()(() 0000 0000 0001 I 0 11 0011 

This i.s ll unique string of ~2 bits tbat cannot be emulated anyv.tlere else iJ the t>il\trc.am, artd is byte­
aligned, ~ are all 1tart codes. To actje,e byl! aligJU.aerJL ihe ~ncodcrnlay precw~; cJ1e 1\«Juenre.san code 
w.itb any nwnber of 2cro \its. 'ibese c:,l-1 IJa~ a secoodary ruoctioo of Jlf'CYCilling dooxler input buffer 
uooertlow. 1111~ J)(<>re1,11Jre is called biHlU.{fillg, aucl may te performed before nay stM cocle, The swffiag 
bils must all be zero. J)ledeccder disc.ttds all mch d uffing bil$. 

1'be sequellCt stut code, like all video start <Odes, begins wilh a siring of 23 zeros. ·n,tl codi-Ig sd:leme 
ensures lJJat sucb a string of CODsa;utive zeros tallllr;t be produced b/ "'Y othe1 tniLibi.t.atioo ol codes. l.e. it 
CMDI)t be emulatm by other codes iJ! tJ-e •ideo bits~re<-un. This string of~' C8ll o~ly be producxl by a 
SW1 Cl)dc.orby Sklff"mg bitspteeedingaarut CX)(Jz.. 

0 .5 .1.2 Horizontal size 

This is l ~bilnumbel represmtmg tre widdl of tht plcum iJ ~ it. the boriwotal n:sdutioa. IL is an 
ui\Signed integer with the mostsjgnillcant bi first. A ~aJue of zero Is oOtaJIO\Wod (10 r.void start code 
eroui.Won) so Ole le'al range is Crom I to 4 095. Jn pracrice values are u9J.'))Iy a multiple of16. Al1,5. 
MbiWs. a pq>~ar b<lrirollt&l rtsOiutioll is 3S2 pels. The value 352 is derived fran balf I:JcCCI:R (OJ 
baizontal rcwluli>n of 720, ro1nded dov.u co the nc;ue.c;t mul tiple o i 16 p:.Js. Otrer.vise the encodet. must 
fw out tbe pi::llln3 on tbe tigbt to ihe next higher W~utiple of 16 so that the last few j'els ~n be coded in .t 
macrobkxX. 'Thedoeodershoukl di~d tbes:exua peh ~credi<pl~y. 

Fer dfieienl eodi~ of dJe extra pels, the encodu ihruld aJd pet Vi\Jues W I rcrloce tie Dumbu of biu 
generated in lbc tlaJUf<XDled block . Replictli11g the last column of JlCh is u~utlly ~u(llrior to fiUing in lbe 
rell\.1inin8 pels ~ilh • gra! leveL 

0 .5 . 1.3 Vertical size 

His Is a 12--~it 1u.mber representing the l!Citbt or Lhe picture in peb. i.e. Ule verdclll resolution. It is !\11 
unsigne4 iJlttget with the ~nostsignllicantbit ltrSl A vahre of zero Is aotal1o\>led (to avoid start code 
emulati(ltl) so tbe legal ratge is from 1 to 4 095. In practice values (j(C us\Jally a multiple of 16. Note lb.u 
t:be maxbrun valoe o( slice_ vcrtical_posi lion is 'I 75 (di'.cirull), wlliC'll corte.'{IOOW 10 a picttre helgbt of 
2 800 lines. At l5 Mmts's, a popular vertical rcsoiJtion is 1AO 10 :!88 pels. Val lit!& of 240 pels M(. 

convt11ie01 f<!r interfacing to 525-line Z...ISC syuerns, and values of188 pels are e»oe apjYO;>riatf fa 6~­
lire PAl,. ;nd SECAM system..~ 

lf !be verU:al res<llulioa is nota mulip e of 16lilles. lie :ocodenlltlsl tiD out !be piC1Ure ru tbe bottOm to 
the! oexthiglm multiple or 16 so drat the last few ines car1 be coded in a rancroblcele. The de(xxlu ~ould 
dis:anltbcse extra lines before display. 

rOf efficient coding, replicating t.t.e lasl line of pels is •sually beuertmn fillinr. in tberealaiJUngpels wilb 
a f!ICY level. 

0 .5.1 .4 Pel asp•ct ratio 

This IS a fOllr•bit rumber whlcb dcfincs tbe S.'lape of the peJ oo lbc. vn:winl scrcCJL This ii a:eded Stt:>a. the 
hOIUJlnL'\1 and veltical piCllJU S1ZeS by lbe~..es do oot specify d)e sh.,J>f or lle displ:JYed rktua... 

lbe J!el aspect r.tliO does IIOtgivelhe ~ape di:rocdy, bUl i~ an iu~ll to tbc followio~ look up !able: 

Page 73 of 124 63 



ISO/IEC 1 1172·2: 1993 (E) ~ ISO/IEC 

Table 0.2 -- Pel :o.sped ratio 

CODE HEIGliTIWIDTii (X)MMafl' 

0000 and!fined Fortri:kleo 
0001 1,0 sqaart pels 
0010 0.6735 
0011 0,7031 16:9 625-line 
0100 0,7515 
0101 0,81)55 
0110 0,8437 16;9 525-line 
0111 0,8935 
1000 0,9157 702xS75 al 4:3 = 0,915i 
1001 0,9S15 
1010 I,OZ55 
1011 1.~?5 
1100 1,0050 7 llx487 at 4:3 = 1.0950 
1101 1,1575 
1110 1,2Dl5 
1111 ~ ~ 

The codt 0000 is fcrbidden Lo avoid start code emulc;tioo. 'The code 0001 lk'\S S'}lare pch. Tilis is 
app'Oprinte for many computer gr.qbics ~ystems. l b e code 1000 is ~ui table ror dhpl11ying pictures on tlle 
625-line 5<JfzlY systetn (u:e CCJR Rerornmendalion601). 

lleigbt I widtb = 0,75 ~ 702/ 575 "" 09157 

The code 1100 is suitable for displaying picture~ on the. 525-line 60Hz TY syst.en (~e CCIR 
Rec:<munelXWio• 6)1). 

lleigbt I width = 0,75 ~ 711 /487 a 1,0950 

The rode: 1111 i~ nservcd for possible future extensiou; to tlLis part of ISO/IEC 11172. 

The mnaininB pouts in lbe table were lllled in by interpolating between the~ two points I QOO-wd 1100 
using 1J1e foi'Oiub : 

~ct rruo = 0,58.55 ~ 0,044N 

wb~re N is lilt v.tlw of the code in &able D.2. Tht$e adlllionalpel aspecl ralios migbt be useful for tiDTV 
where ratios of 16:9 and 5:3 have been proposed. 

!Lis eviderlt tml tlle sJ)edflcation does nocallow al1 possible pel aspect131.i0S to be specified. We !herefore 
presume that a <X\1'l:\in deg{te of tolerance is allowable.. Enccders wiD comerl tre actual pel aspect ratio 10 
the nearest va.lle in the table, and decoders will di5ph y lhe decoded vllues to the nearest pel a!(>ett ratio of 
whiclJ u~ey are ~le. 

0.5.1 .5 Picture rate 

This is a four-bit ineflef which is aa ittdex. to the (ollowir;g labte: 
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COOE P1CIURES PER SECOND 
0000 Forbiddell 
0001 23,976 
0010 24' 
0011 25 
0100 ';S,97 
0101 l) 

0110 ~ 
0111 59,94 
1(00 (I) 

1001 Rescned 

1111 
;_ .... 

T~ allowed picture rates are COOIIllonly a\'ailable rourocs or analog or digilal se<]uences. Oneadvaat.age in 
not ~.lowing greater fleKibiliry in picture rates is that stmdard tecbni~e·s may be 1.15ed to comert to tbe 
display rare of tbe OOcodes-if it doe. not matcl:l the oored rnle. · · 

0 .5.1.6 Bit rate 

Tbc bi t ra!e is an 18-bil integergivillg the bit nteoftbe data channel in uniu ol 400 b its/s. The bit rate h 
assul'\0.1 to be const2nt for tbeeotireseqoenre. Tbe lCtOal b iL rate is rounded up 10 tle rearestmulliple of 
400 biWs. For exaD1pl~ a bit rate of 830 100 bitsls wooJd be rouaded up to 83[) 400 bits/s gj.ving a coded 
b• rate o f 2 076 uni iS. 

lfalJ 18 bits a.K 1 thCII th.e bilstream is mtcnd:.d for vari:tbb bit rate opetation The value UIO is forbidden _ 

For c:oDStantbit r.u op<:raim. the bt rate is ase<J by the decoder in conjuoclion wilb the vbv _delay 
parulC'.ct' in the pictute hearer tO lllainl'liJl s)ncbrouitation of tbc decoder with a cous!al'l n te data cbanreJ. 
If the. slre.un is mol~lexed using ISO/lE.C 11172-1. the tiroe-s~ aro syslell clodc: refereoce 
iJt'olDiation l1efined in ISO/IEC 11112-1 rrovire a more app10priate tOOl for J)Clformilg tlis flm:tion 

0 .5.1.7 Marker bit 

'The bit rate is fu11owed by a sillgle reserved bit which ii Plwa~ set to 1. Thts bitpre.vmu e~ulation of 
start codes. 

0.5.1.B VBV buffer size 

The buffer size is a 10-bit integer givin& tlle lllini111Um required size« ti.e input bl{fer in the model deccde:­
in u11i~ of 16 384 bits (2 ()48 byres). For example, a btJffer siu of 21) would require an input baffer of W 
x 16 384 = 327 680 bit>(= 40 960 i}ytcs). Decoders may provii1e morc nlemory lhat1 this, bu£ if lheJ 
pa>vlde less lbey will proba~y run into buffer 011erflow probkms while the S«)IJ!Ilce is being deooded. 

0.5.1.9 Constrained Parameter flag 

If certain pa:tamettr.> SJ~ldfied iu llle b ilStleain fall wilhio prejetincd limits, lJ\enlbe bi~Stm:UD is caJe.1 a 
constrained ~ltr bitstream. Thus lbe CQnSrained parameter bitstrean is ;a slan.lard of performance 
giving &u-iddines to cncodm aad deCO<len to facilita1e the exi:baoge of bitsi:Te:uns. 

The bilrale )!atameta allows values op 10 aboul 100 MbitYs. bt.t a C(ll]slfained ~tcr bitsream must 
have a bit rae of 1.856 MbitSis or less. 1ba; the bit rae pMame ter tnusl be 3 712 or less. 

The picture rate pmmete:r a1ows pict.uro rateS up 10 60 pictuJesis, but a coesll'ained pi\13llletel' biLstrem~ 
DlUSl bave a pictwe rare of ::0 piclures/S cr less. 

The l"e8)1ation of tbe coded picrun: is also specifif'A:J in !.be sequence header. Rorizoutll resolliioos up to 
4 095 pels are allowed by the syntax, btn in a constrained parameter biUtrc:am the resolution is imitcd l O 

768 pels or l!ss. Vertical resolution~ up lO 4 095 pels are allowed. but bat iDa constrained JW'&nelfr 
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bltstreatn is limited 10 576 pels or le$. In a eonstr.Uned p.Tai!leterbitstreaDl, !he total nllllber of 
macrolllock.s pu pict.ure is mvted to 396~ 'This sets a imit on lhe m;uimum area of lhe picture wllicb is 
only abolll me q uaner or !be area of a n0x576 pel picllJ[e. ID a cooserained par.mrter bitstrcan, the pet 
ntcis limited n 2 534 400 peWs. fora given pictu.re r.ue, chis sets another limit on the-maximum area 
of the picrure. [f lhepid.ure bas tt.e naximum area of 396 macroblocls, tben the pict\Jre rare is restricted to 
25 pic~~tresl& or less. If tre picnue ro11e 11& tt.e matiouD con;tnired value or 30 plcnu-es/s t.te max.inilllll 
area is limited 10 $30 maaobloclcs. 

A constrained panme1er bltstrean can be recoded by 1 model deco<tT witJ a btltrer 9z.e of 3:!.7 680 tits 
witbotl overflowing or undelflowmg during tbedetoding process. Ire raaximwn bufler si:e t1atcoo te 
specified for a c.onstJalned parameterbi~ is 20 unics_ 

A coo strained parami!lel bitsmun uses a fr!fWafd'_f_code or backward_(_code lesS I.OOn or equal to.4~ This 
ronstrains lbe mai.imwn rante of motioo \'ectoo that can be repre..<ttnled in the bitstream (see !able D. 1). 

11 all t.llese cooditioni are met. then d!e bii.Slrellnl Is calslrained and the ccnstraincd_pMIJJiettrs_flag In the 
seqvence heAder sboold be Stlt to 1. lf any paramerea- is excooded, U;e flag s~ll be set to 0 to infonn 
de<Xlders lbaL more l11an a millilllum capabilitY is required 10 decode t:be seJ.Juence. 

0.5 .1.1 0 load Intra qua ntJze r matri;x 

This is a nne~bil fta~. If it is set to 1, sixty-four 8-bil iJU:&ers fQUow. ibeie define M 8 by 8 set of 
'llo'Ci&hu v.'hicb are u~ IQ quantize tre ocr ooefficients. They ~e transmitted in the zigzag scm order 
show in Dgua D30. Nooe oflheseweigbtscan. te zero. 'Ibe first \\eightmllstbeeigbrwhicb nar.cbes 
the fixed qu.anlll.ati011 levcl of tbe de coefficient. 

lf tbe llag i s set to zero. the iolra quaJti.taiion ma.tri.x must be resetLo tbe following de!alllt value; 

8 16 19 22 26 17 29 34 
16 16 ?.2 2-t 27 19 34 37 
1922 26 27 29 34 ~ 38 
2222 26 27 29 34 37 4{) 

2226 2.7 29 32 35 40 48 
26 27 !9 3l 35 40 48 58 
16 27 29 3~ 38 46 56 69 
T1 29 l5 38 46 56 69 83 

Figur e D.l S -- Default iotra quantization m atrix 

Thedefatllt ttuantizal.ion matrix is b~ed cu worlc pet-formed by ISO/IECJTCl SC29/WG10 (JP.EG} (6] . 
&perit.nce lias shown lhaL itgiv~ good results overt "'ide ran~ of video mal.erial. ForresoJtJtions close 
10 3501~ dlero should ntmM.Uy be no need to redefine Ire in lea quaati1.ation uutrix. If the rtcrure 
resolution depa:ts signiicanlly from this noBioaJ resoh.rion, then ~llle other matriK may give perceptibly 
bettt1 rest lu. 

The weights u1cr-ease lO llle rightmd dowll. ·fbis reflec1S lbe bLman yisaa1 system wllicl Is less sensilivt 
to qoantization noise at hi~bcr fieqlcncies. 

0.5.1.11 Load nora-intra quantilei matrix 

This Is a one-b1t Oag. lf il. i.s set to 1, sixly-fous 8-bil integers follow in zigzag SCC\JI order. None of tt.ese 
i.ale&en an be zero. 

lJ tbe. flag is set w zero. me non-ir,~ra quantizatbn matri.t must te reset to t!le folowing default vaJoe 
wbicb consists of an 16s. 
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16 16 16 16 16 15 16 16 
16 16 16 16 16 15 16 16 
16 16 16 16 16 l5 16 16 
16 Hi 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 
16 16 16 16 16 16 16 16 

Figue D.l6 -- Vm 1Jit Mn-intra q1Jalt.italioo matrix 

Ths flat (..efJ.Ul 9Jantit.alio11 matrix -,vas adoplt.d fr(IID H26l which uses a flat matrix forti•~ O.fUlvaleut of 
P-plcll.lt'eS [5). Llnle wort: bas bocn performed to d~termine 1re optlmllm non~1ra matrbt for MJ>OO video 
oodlng, b•L evidence s•ggests tba it is more depatdcot 011 video material t:han is Lht lntra m:ttri 'X. The 
O(JU11\Ulll oon-inLr.t marix may be somewbere between~ flat dcfault oo11-lnua t»alrix lllld the sL'Qltgly 
freque&~y-depeodcnl values of lbedefaalt intra Jnatrix. 

0 .5.1 .12 Exten'sion data 

Tllis stan code is byte-aligned and h 32 bits loog. Its yaJuc is 

~e~: 00 00 01 B5 
bimrJ: 0000 0000 0000 0000 ()()()() 000 l 10 II OLO l 

lt mt~y be preceded by aDJ nru:nber c:l :aros. l ric IS pre.;ent lbea it will be followed by ~n undetc:miaed 
OIJDbea Of &:13 b~ tenninaLed by lbencx( sta.1 cOOe. n ese daU bytfS ;re resecved for futtJme.densions 
1.0 Lb.Js par. oflSO'IEC Ill~ and should [I(( te JJCD:taled bye~ MJ£G vidro 4foc.odcn sllouJd have 
!he caplbititJ to dlSCa.nl a.y ~tc:a;im thn fouact 

0 .5 .1.13 User data 

A user dan saut c:nd! may follow tbe q>ti>nal ex~ruioo d.aU.. This sta't code is byt.e>-lt13led 3ld is 32 bits 
loa g. Its v:We is 

•ell: 00 00 01 B2 
binary: 0000 0000 0000 0000 0000 0001 1011 001 0 

lL may be p~ed by an)' number of zeros. lfh is prerent tben it will be fol o"'ed tJy m undctenn.i.led 
utlllber of data bytes termitiAted by t/le oe.\l $1M code. n ese <lau bylfS OlD be u.,_<et~ b) W:: enaxter- ror any 
purpose. Tbe m ly restriction (lll lhe data is lJ-« ticy cannot emulate a sl3t code. e~.en if not byte.-aligned. 
This means !hat a sllin& 11"23 comsecutive urns must not occur. One way to preveat. emulllticm is 10 fon:e 
the DIO~l sigai f ICaDl bj t of allematc by IllS to be a I . 

In closed euroder--deooder systaru tle decodtr nay te able to U)e tile data. Ia lbe ll'l<re genemJ case, 
decocletS s!tou.kl be capable cl dlscudn& l.be ISO' data 

0.5.2 Group of pictures 

Two dil-tiootpictwe on:letl.ngs exist. !be display order :ud lbe bitstrean ocdcr(as t.bey &ppcariotbe video 
hitslream) A tfOup of pictures (&op) is a set of p cll.lres "'biClJ are coOliguous in duplay ordeL ~ u oop of 
pictures oust con Clio at least Ole I -picwre. This req!lired p icrure may ~ followed by :ny nmila of I and 
P·pictures Any nlmlber CJf ll -p elu'cS may be loeuspersed ret\1/een each p;Ut of l or P-pi<:lUllc:s, ud may 
aL<o precede thf fJtSt r-Jlicture. 

Property 1. A ,roup of pictan:s, in bit..<ttean <rder, rnust start witb an 1-picnm Md may be followed 'Y 
any DumberoH P or B-pi<:tures ilooy ooler. 

Property 2. Anot.bec property d. a group af pjctures is lbal it trust be gil, 10 display order, wi tb a. I or a B­
picture., and must end vritl oo I or a P-picture. n,e nnallest group of l'i<:runs roasiscs of a single I -picture, 
w~~er-..as lhe Jar:est size iS urlimi~-
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U1e. ociglna concert of a gTuup of pclllres was a set Of pictures tbat could te c.oOOd aruf cisl'lat cd 
independel1ly of any C)ther-group.. lo !he final vets ion of this port ofiSOIIEC 11172 this is oo« always 
tue, and any :B-pctll.res preceding (ill display order) lbe fi!Sl 1-plclure in~ group may seq11ire the last px!ll.re 
in the previous gJQ!4> jo ordec ~ be de~<t Nevertllel:s~ e11co:lets can sti.l OOJIStruCl groups of piclUJes 
which are iJdependentof ore another. One way to <h this is to omit m)' B-picwres preceding the fustl­
pictwe. ADotlec way is ro allow such B-pi®res, but to code diem using only ba.ctwar(] motion 
COillpei!Sl.tiOO. 

Property 3. From ~ cooing point of view, a concisely 5tated property is tbat a group of pictures begi•s 
willl a group c:f pctures .!leader, and eithec ends aJ.Lbe nex.tgroup of pictures header or at \be next sequen~ 
be<der or a1 the end of sequence, whichever comes f.ust. 

Some examples of tronps of pictures are given belmv: 

l 
1 p p 
1 B p B p 
B B ( B p B p 
:B B ( B B p B B , B B I' 
:B l B B B B p B l B B I I 

F igare D.17 ·t Examples CJf grDups of pictures iTI display order 

These Cl\amp1es iUustrare what is possible, and do not conHitute a su1gestion for structure~ of groups of 
pictures. 

GrolJp of pictures start code 

The group of pictures header Slans wi tl Lhe Group or PiCillreS start code. This rode is b)'te·aliglOO anil is 
:32 bits long. Jls vaJue i$ 

bex: 000001 B8 
binary: 0000 0000 0000 0000 0000 0001 lOll 1 000 

It may be preo:ded by a.uy llWllber ()f :r.ero.s. Tile eorockr a1ay tnve inserted wme zeros 10 ,et byte 
.alitnJ!lenl, and may have inserted additiooal r.eros ro prevent buJfec uuderflow. Art editor m1y have insened 
z.eros in orderto matcl tbe vbv _delay pammerer of tile fmt picb.m~ in the l!f011)). 

Tf~ne, code 

A fime C'.O<b <:i 25 bits immediately foDows lJJe group of pictlll'eS slart code. This encodes the same 
informatioa at the SMP'fE ti.metode 14) 

The time codtJ can be brokeo dowo into six fields as shown in tab.le D.4. 

Table 0.4 - Time code field!! 

FlEID :BLTS V.ALUES 
lXop fm.me flag l 
Hours s () lO 23 
'MJnotes 6 () l() 59 
Fixed 1 l 
Seocncl.\ 6 0 tl.> 59 
Pictarenumber 6 0 to(£) 

The time code refecs ro !be frnt J)iciurc in 1..00 group in display order, i.e. the~ pi.cture wilb a r.emporal. 
reference of um The; SMPTE time code is iru:luded lO ptovide a video time identification to applications. 
[l may oo Qisconlilll.lous. The presentation lime-stamp In tbe Sysrem layer (Pan 1) has a auch .bigbet 
pt"I!CWo~ and identifies !be time of pr'~e11tation of tlJe piciUre. 

Q8 
Page 78 of 124 



@ISO/iEC ISCYIEC 1 11 72-2~ 1993 (E} 

Closed GOP 

A one bit nag follows lhe time ewe. II dmotes wbetber dle group ct (ictures is open or dosed. Closed 
groups caa be 4etXMEd w ithout using deaxled pjctures of tbe previous gro.up for motion CCllllpensatien, 
w~ open groups require such picbm:s b te available. 

A typic.U txanple of a closed groL4> i.'> s!.IO\Vtl in figure D.l8a 

I B B r B B p B B p B B p 

0 l 2 J 4 5 6 7 g 9 10 11 12 

(a)closai ~oup 

B B I B B p B B r 'B 8 p B B , 
0 1 2 3 4 5 6 7 g 9 10 11 12 13 14 

(b) open or do&XJ group 

Flgurr D.1 8 -- Example groups ef pichres In d isptay •a-4er 

A less typical example of a closed group is soown WI fignreD.l8b. ln tbis exW)'Iple, lhc £-pictures which 
precede tbe fi.I'SI I-pictwe must ase brl'Ward motioo compensation onl-y, i.e. a11y mctioo compensation 
must be baso:l only oo picture number 2 in the group. 

If the cbstd_gop Oa~ is Stt to 0 then the grOU? i.~ opell. The rrst 8 -pictures th1l precede the first [-picture 
in tlle group may l:Jave reeo mc..xled using the last pittwe in Ue previous group for mctioo compen..'3tioo. 

B rokan link 

A OO! bit fia& follows tile closed~\lp flag. It OO.otes whett:er the "B·pi::n.-c:s which precede lbe f"ust [­
picture in dleOOPcan be com:d.fydeco:ied. Tfi: isstt to 1, trese pictures onnotbecorrectJy decnded 
becaose tb: I-picnreor P-picmre from the previous group p cmres tlal is required to form lhe IIUiclions is 
not available (presumably because \be preceding groupo( pic~ h.as been n:moved by edi tiug). The 
deoodet will probably cloose net oo display these B,pictuces. 

Iflbc seq~£nee is edited so thM fheongital group of picta:re~ no longer precedes ~e cwreDt group of 
pict:ure5 tren thls flag oonn.aJly will be ~t to l by the editor. However, If t.he clo;OO...!OSJ fbg for tbe 
ctn-ent group or plci.'UreS h set. 1hen the edil01 should not set t.be brokm_link flag. Decause the g~oup o! 
pictures is closed, lbefust B-pictures ~f W!) can still be deo>ded co.rrec1Jy. 

Extens ion da1a 

Tllis st2rt code is byre.-al.igned md is ·32 hils long. Its vaue is 

hex: 00 00 01 B~ 
binary: 000) 0000 0000 0000 0000 0001 1011 0101 

It may be preceded by any number oC zeros. If il is present lbeo it will be followed by m •ndetcrmined 
numberofdaa byles terminated by~ nexLstartCO\Ie. Tbe$e datil bytes KC reSU\-edfoc fature exti:JUions 
to tllis par1 of ISO.ffiC 111n. and should rot be geucmted t>y encoders. MPEG vidCQ decoders should bave 
the C'lpabilicy to di$C31d any extension data round 

Usar data 

A user dat:l start code Imy follow lbeoJXional exteasion daUl. 'This start code is byte-aliped ad is 32 bits 
long. Its Talue is 

bcx: 00 00 01 BZ 
binary: 000) OOCO 0000 0000 0000 000 l 1011 00 I 0 

lunay be preceded by anyn1n1becofuros. 1fitispreselt lbeo i l will befollowed by an undet.emU.m:d 
nliiilber of dala byt:.s tenninaled by tbe rext swt code. These data bytes om be u~ by the encoder for lDJ 
purpose. The only restriction o• tbe 4312. is tlla1 tbey cann01 emulate a start code. even if not by1e-aligmd. 
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This means that~ sring of !3 cooseclllive zeros nUSt aot occu-. O(jc way (!) &:revent emulation is tD for~ 
IDe most sisnificanr bit d alll!rrule bY'.es to be a 1. 

m d~ encoo.fer-dcc<xk:r systems tbe deroret- may be w~ to use !be da:a In !be more gereral case. 
<lecoders sbouti l'e capab!e of distanliog tbe ostr dUa. 

0.5.3 Picture 

1be picturelayerconUJiru aD die coded irlomutioo for ore Jlicrure. The tcader: id~llil'ies the temp:ml 
rerereace oflhe pcrure. tile picture cOOing type, tle del.ty in 1be vide() buffer vertfler NB V) Md. if 
appropriate, lhe mnge ofrnotim vectots csed. 

0 .5.3.1 Picture header and start code 

A picture bt-gins will a p1cture header. The header Slalt$ wi lh a picl.ure sL'Irt code. 'J bis code is by~aligoed 
aod is 32 bils lotJg. Iu value is: 

bee 00 00 01 00 
bi~ 0000 0000 (lX)() 0000 0000 0001 0000 0000 

lt may be preceded by any nomber of zero;. 

0 .5.3.2 lemporal re ference 

The Tempo.al Rderence is :1 reo-bit number w~idl can be uSi!d to define t.be orcb in whid tbe pictures 
mu..<t be displayed. lt may be useful sincep~ are notlrullilllUed in <ispla! Ofder, but J7.1ber in the 
~ "hich Lhe decoder needs to decode them. Tbe fu-!l picture. ii displa) OTder, in EaCh group must !lave 
Temporal ~ferellce equal to urc .. This is iocremented by one for each picnre in the group. 

Some ex2mple groups of pictures with their Temp.:>nl Reference uwa bers are giVen ~w: 

F.x:mple (a) in I B ~ B P 
disPay older 0 1 2. 3 4 

Ex001ple(a) in r P ll r n 
reroding onr:r 0 2 1 4 3 

Example (b) io B B ( B B P B D P B B P 
aspayOider 0 1 2. 3 4 5 6 7 8 9 10 11 

Example (b) In l l3 B I' B B I' .B B l B B 
cndtxl mier 2 0 1 5 g 4 8 6 7 11 9 10 

Examp1e(c) in B l B B B B P D [ B B I I 
(~spa)' Older 0 1 2. 3 4 5 6 7 S 9 10 11 12 

Example (c) in I B P B B B B I B l B 8 1 
cOOed erda' l 0 6 2 3 4 5 8 7 11 9 10 .12 

F igure D.19 -- ElCamJies [)f grollp! of p ich :res and temporal r t ferenCl!S 

lf ~rc rue ~ae th:n 1024 pictures in a gr011p, then Lhe 'lUnpornl Refe.-ence is reset 10 r.ero m d t.ben 
iacr"..ments mew. This is illuslraled bdo...,: 

B 8 l B B P -- P B B P P B B P dispa>'~ 
() J l 3 4 5 - · 1022 1023 0 1 412 473 4i4 475 

Ficure D.2G •• Example groop of pictures contain ing l 500 pictures 
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0 .5.3.3 Picture coding type 

A tbret fj t ROW'lberfollowslbl! temp<n) reference "Jbj:; u an iJdex llltD tbcfollowing~ledefiJljng u~e 
type of p:crure. 

Table 0.5 -- Piclure t)'P.as 

CODE PlcrtJR.E n'l'E 
000 Fodliddm 
001 J.pclllre 
010 p -Jiictu.re 
Oll B-picnue 
100 D Picture 
101 ~ed 
110 ll~ed 
111 R~ 

The variws IYJleS of p:crures are described in 1).?..3. COOI!l 101 through 11 L an- reserved fot" fuu.u-e 
ctensi)m m tbls pa11 or lSOilEC 11 172. DecodeJS should b:! Olp.'lhlc nr dl~>Ca•clb g au pictl!res of tllis 
cype. and scan for ttJe eed picklre stan code. _gro11p sbrtcode or se~~uena! st. '\It c:c!Cb. Co:Je OCO will rever be 
u~ to avoi:i !>lad ax1e cmalaticn. 

0.5.3.4 VB\1 d e lay 

Por coaswll ~ rate oreration, vllv _dda~ C:Ul be us::cl l1l the star1 of de<Xldi•g no;J etta a random~ to 
eastre that lllec:area oumter of bits ba\e bem rt:::d by tbedtcojer before lbe firSt pictl!fe is dl'i>l&ycd. 

'The buffer Culness is M l spec.i.f"ltdiu bits buc rat.hu in on its of time. The vbv_dda) is a 16-bil 1auber 
defiling lbelinenc:dt.d in uniiS oflOOOOO ' to fill lbe ifllOL bufb ofcJ1e •oodcl dero:Jet !rota an empty 
state to tbt com::a. start a1. tbe bit rdle spe;ilied in r:tJe seq..ence beadet. 

For CX21Jll>le, !iUP\)OSe tbe VbV_delay Jnd 3 deciJllaJ value Of 31)())(), tren tbe time wJay WOUld ~: 

If the cba.Dnel •it m~ .... oe l.2 Mbi1sh t1£n I& ~!LeniS or the bJffur be Cor.! tie picrure is decoded wouiO 
be: 

B = 1 2()0. ()()() I 3 = 400 000 bits 

lft.lle decoder detennir.ed rrot its ao:u;!ll)u frer fullness differed slgrtine..t~~tly from this value. !bell it 'iAIOtid 
bave to adopt mme stnlqly for regainin}; sync!Jmniz<rticn. 

n e me:ann, d: -Alv_delay is wdefioo1 fbr variallle bit n.r.e opntio!L 

0 .5 .3 .5 Full pel forwucl vactor 

Ths is a one bit flag giving the pnrision of tle forward moli:>n ve~:rv• s. If a is 1 then lhc precision of Ole 
vectors is in i llle~jet pels, if it is tem then !be precision is haJf :J pel. nu~ if l.be fill& is set to one th.c 
vec(l)rs bave twice lbe ra• ge tll311 tbey do U the nag ser to zero. 

Tiis fll\g is pre.~rt only in dle header; of ?-picuue.s and B-pic:turcs. IL is abient in I-pietw.es aACl D 
picu.res. 

0 .5.3.& Forward f-code 

Tbis is a ~it numt>er 3Jid, like the fuU pel rorward "'eooc 01g. is pru.cm ooly in tbc beade.s of p. 
pi~ a.d B-pl<:rwcs. It pro\i&s in6:mn.alion tsed for decodin' Ole coded forward \'eCtorS Md C«lbOls tte 
maximum size or me forwaJd vectors til<' can be cOOed. It can lAke only va.Juesofllhrough 7: a value of 
zero is Corbiddm. 
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1\Jo p3J3.1llCtm m;cd lu decoding Ire forw<ltd moion vecus are O!lived Cloro forward_)_ code, rorwarrt_r_siU: 
and fcn.acd_f. 

Tre fimvaidJJ ize is ore les$ lbantbe forwanU: __ ~ msoCIIl take valt£S 0 WOO!Ib 6. 

The rorw:uUparame~er is given by table 0.6: 

Table D.6 -- f_cedes 

folw~ frode forwanll~aro J 
1 1 
2 2 
3 4 
.4 8 
5. 16 
6 32 
7 64 

0.5.9.7 Full pet backward vector 

Tbis is a ooe bil flag giving the precision Cif the back"'ard motion vectors. 1f it is 1 tllen tre precision of 
Ole vee~ is in io!eger pels, if lt is zero ll!en tJ.E precision js half a ~1 . Thu> ir Ole lla& h set tn one tbe 
vecta:s lmve twice the nnge lball tDeJ do if Lhe flag seL 10 rero. 

Ibis l1ag is only pJeSeDI in l.be beaLleTS of B-pictures. It is absent iflli)ictu.res, P-pci.Ure$ aad D pittures. 

0.5.3.8 Backward f·code 

Ibis is a t.htee- tit 11umbet and, hke tre fuU pel bad-wud vector fiat. is present or' I y in the healers or .B­
pitrures I t pro,ides W\formation wed fr.- decoding tbe coded haclcwanl 'tedOn. h can take ~Y value$ ri 1 
lluot4tb 7 ; a \'alue of rem is forbidden. 

The backwant_fp;rdiiie leris derived fran lhe badcYJard_t_code atd is given by table 0 .6 

0 .5 .3.9 Elltra picture information 

Extra pi::rure iofonnaioo is die 11ext fieta in the pictille header. Any liUJOb::r of int'onnaJiOJ bylfS may be 
present An infonnatioo byte is p:receded by ;a. fbg bit which is ~t to L lnfonnaticn by~<:& are t:hel'efae 
ge!temlly not b:yte,aligned. The la>t ioforna.aon byte is followed by :a u:ro biL Tbe smallesLsi2e of lhis 
field is lbcrero:re Olle bit, a 0. tlt.'tt has no .infQflUat.ion byteS. The Jargcst si.tc is unlmited. Tbe following 
example bas 16 bils of ex.tra infonnat.ion denoted byE: 

lEEEEEEEEl EEEE EEEEO 

Wbere E is M e:xtn inf(1nnation bi. 

The exua informariob bytes ore resened f(lf future exle11sions to Lhis part of ISO,'J[<: 11172.. The meaning 
oftbese b)teS is currently unde&ed, so encoders must not ~ereraro sucb byteS and decoders must beClplble 
of discarding them. 

0.5.3.10 Extension data 

This start code is byte-aligned and is 32 bhs long. lts value is: 

heJt: 00 0001 BS 
biwy: 0000 0000 ()()()(} 0000 ()(()() 0001 1011 0101 

[t may re pre::eded b y any number of zeros. 1f il is presentt:heo 1t will be followed by an undetermined 
mmtuof dala bytt;S renninaed by tfle rex.t start.ook. Tbcse dala. bytts Me ~rveJ for future eueasions 
totb.ls pmofiSOIIEC 11172. a:nd sbou};j not be generated byencodezs. MPEG vidcodecot.en must be 
capable of di.sc.Willg than. 
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0 .5.3.11 User data 

This stltt code is D)'IC-ali&ned ami is 32 bits to~: lts -.'3lue is 

hex: 000001 B2 
lJiJwy. 0000 0000 0000 0000 0000 0001 I 011 0010 

It may be prcccde4 by any ntmber of zeros. lf it is pesenl t.ben it wiD re followed b)' an undetennJ.nC:d 
mamber o f data byteS terminated by lbe next $trt code. These dala byres C3l be aS«! by dlc: cocode; for ooy 
plliJX>Se. 1be ool! restrie~io11 <n the data is thai they cannot emlllate a start code, even if rot byte-ali pled. 
Ole way 10 prevent emulation is 10 force Lbe troSI sign1ficam bit of altunate byte$ to be a 1. 

In closed encoder-decodersy~tems the decoder rna! be able t.o use tlle data. In me more general case, 
deoo:Jers rolld be cap:IDle or discanilng tt:e usa c:bta 

0.5.4 Sl ice 

PJctures are diVided mto slices. Each sli~ con$sts <X an integral ntJDber of marrobtocks in nster scan 
order. Slice$ can beofdiffe~ett sizes v;itbi.na pielure, 211d tle division iu oo~ picturena:dn<:t be 11\esame 
as the division in an~ other picme. Slice~ can be&in and end at a11y Jnaeroblocl: in a picrure subject to the 
following restrictk>ns. Tile fint slice n~ust begin at Jhe top left of the p1cture. and lhe end ofthe last slice 
mu$1 be tbe boUoll rigbt mam:block of tte picture. ll'ert c:m be no gaps baween slices, ncr can sli;.es 
O"'erlap. Tile minimum n11mber of slices in a pcture is or,e, tbe IJlaJUIDlm nllJTiber is eqwl tD the nu:nber 
of tmeroblcxks. 

,&cb slice starts wit.b a slice start code, th~ exact val•e of whicb deCmcs tbt -.enical )lOSition of tb.e slice. 
This is follovtd b)' a code tbatsers thequmlizatim step-stze. At lbesurt ofeacbsllce lhe predictorS for 
tbe ck c:odficie~tt ~ and the predicton for tile Yeetor dtcodiag areal re...et. The 00rizoo181 positi<n of 
the start d ~e slice is !iven by the nacroblocJcadd~ of the flJ'St nncroblock in lhe s lioe. The result of 
aJ this is that. withial a picture, a slire can bt decoded without ilfonnalion fro111 lie previous slices. 
Therefore. if a dal1 eau occus. dt.c<Xlillg ca.~. be gil~ 11.t lbesubsequem slice. 

Iftbe data ae to re used in a:J error free ea.vimnmmt. then one slice per pi cure m~">y be llpprq>riate. If llle 
1:11virormen1 is nasy, lbe11 one slice per rowofmacroblodcs IDllY beworedesinble, iiS shown in figure 
D.2J. 

1 begin end 1 

2 begin ehd2 

3 begin end3 

4 begin end 4 

5 begin endS 

6 begin endS 

7 begin end7 

8 begin endS 

9 begin end9 

10 begn end 10 

11 begn end11 

12 begn end12 

13 begn end 13 

Fisure D.21 ·- PClssible an-angerae11t of slices iJJ JJ 156xl9l pid ure 

In this figure and in tile nex1, ead strip is one macroblock higJI, ie. 1 <i pels bi%h. 
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Since cacll slice he3ler requires 40 )its, d!en is somt pen~.lty fa- incudlng more than the 11Urimum 
oumbc:r of slices. R>r eumple, aW)umre Yi£h a vertical ~~l1ti00 of 240 lines codtd u 30 piaures.S 
requ.ires ap.,rotimaely40x30 -= 1 200 'bits/s for the sli!X b::ader.; using one s lice per picrue, 3lld 40d5x30 
= 18 000 bil.s/s wi!b Olle dire pet row, an adiitional overhead a 16 roQ bits/s. The calculation is 
fiPP'Oiimart ad unrleteStimates me impatt. since the inclusioo of a slice imposes additional requirements 
cballhe ma<:r~loc:k irrmedllte{y before llle slic: leadCTbe c«<erl., as well as lbe ftm maaoblock in the 
slice. 

The coding suuciUre permits great flexibility in dividiot a picture •P into slices. Ooe po~ibleacrangement 
is sho\llll io fi3we D.22. 

' begin 

end 11 2 begin 

end 213 begin end sr 4 begin 

e rd 415 begin 

end 5 

6 begin 

end 6f7 begin 

end~8 ~ 9 begin end 911 o begn 

end 10 

Figure D.2Z. · - Possible arTangeme nt of slices in a 256d92 picture 

Thl& division i11to slices is gjvco ror illlJstrative pnrposcs only. rt is oot inten4ed as a suggestion oa bo~' to 
divide a picture i11ro stw. · 

0 .5.4.1 Sllca h~acter and start code 

Slires stat wilb a slice header. Each slice lle..'\ret starts wi!h a slice slru:t. c:OOe. Thi5 code is byte·allgncd 
and is 32 bits Jong. Tile Jasl eight birs call tllke on a rar.ge of value.'> wbtcb dcfme ihe vertical pc.siliofl of 
the slice in lhe picrure. The pennitt.«l ~lire stan codes 2re: 

bex: from 
to 

binary: from 
to 

00 00 OJ 01 
OOOOOlAF 
moo oooo oooo oooo oooo ooo 1 oooo ooo 1 
moo oooo oooo oooo oooo ooo 1 1 01 o 111 t 

Eadl slice star1 code IDly be prt.a:ded by any number of zeros 

1lx last 8 mts oftbe slice start code give lhe sli~ vertbi posilioa, ie lhe verticaJ posilio• a tle firn. 
macrd>lcck in the slice iu units of macroblcda s w ting with posilioo l ~t the top of the picure. A u;eful 
l'ariabie is 1\aCrobJock row. Ths is siailar 10 ~ic: \eli cal JX>S!tion except that row 0 is a t tre U>p of tlle 
pidure. Thus 

sl ice vertical pcsi (JOD = macrobkx:k mw + 1 

For example, 2 sli~ stut oocJe of 00000101 hex mealS that che firrt tnarn:lbloclc in the sliet i.! at vertic:al 
position l ex macroblook row 0. le. at lbe (()p Qf tbe picttie. A slice surt code of0000)120 tle1. means 
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tllat tbe fint rnacrd>lock is a1 venic.al positiro l2ormacwblock. row 3l.t.e. atllle496tll row o f pds. It 
b possible for two or- more slictS 10 kave the same ~cal posttion. 

The maxlllllfl vertical position is 17'5 unils. A slice witb this positbo would require a ver1ical size of 
175x 16 = 2 800 pels. 

Thehorizolltal position of be rust tniCI'I)bloc:t iD \Oes&ecan be caleu.lnttd frocn iLS ouernblodc addmis 
illCJCUleot. Tbus tu pos'tiCD m tbe picrurecm lie dCICf'lliaed v.itiJO~ referring to any prcvio~ slice or 
aaaobloclc. ThiS a d!co<.kr Bl:1Y demde any slke in a picture wi tbout having ~"'ded lillY Oilier slice in tle 
&nre pia ure. This feature allO\\s decoders to recover f1001 bit errors by scnttbing fer the next slice !tart 
rode and eben resuming demdin!. 

D.S.4.2 Ouaatlzer scala 

'IheqtJanizer scale is a five-bit integer whidl is used by the d!coder 10 calculate tile ocr coefficients from 
1hc lrdllSmitted quru~Lhed coefficie.tllS. A val~ of 0 is f« bidden. so tbe quantize,- scale c:.u1 have any value: 
between I and 31 ilclusive . 

Note iJ a:t(itino that tbe qnan1izer- scale may be se1 al aJly m.acroblnck. 

D.5.4.3 Extra clica Information 

Extra slice lufonnauon fonus lbe last field in llle slice ~er . ..\ny tUJIJ1hi:¥ ofioforalation bytes rn:~y be 
presenL 1\n information b)teis preceded by t flag bil which is sel la l . hfonna11on bytes~ lllerefoJe 
gener.tly not bye-aligned. 'fbe l:ut ilfol"OlaJiOII byte if foUcwtd by a zero bit The smaDe..q size of tl.is 
field~ l~f~one bil a O, lbu bs no ufcnmoon bytes. Tbe lar&es siu is ullliniled. The followin1 
example lias 24 bits o f extn ilfamatioo den~ byE: 

lEE E E E E EEl EEEEEEE El EEEE ~EEEO 

lbeelltra information b)1.~ are res::n-ed for futllre~tensians to th is part of ISO/IEC 11172. The mean.Ulg 
Of ttJese bytts l.S CUilell[l}' Ullde[IIIC!d, s:> en<JJdus must DOl tenentes \d) b)teS 3Jid decodel\ BU!t discariJ 
them. 

The Slk:e baidtr Is foUovcd by core defining the tUUoblocks ia tile 1Uce. 

0 . 5.5 Nacroblock 

Suces are divided into mlaObloeks or 16 x 16 pels. Maaoblocks arc eodeci '.\itll a hcadc.r !bas. conlaiu 
infonn.:ttino on tbe macnf>lock address. matrObtoct lypt, md the cptioml quml.iztr !Calc. The beadet is 
folJowed by data dd'ilio, ~cl <f lbem blocks lo the o aaol>Jcclc 11 is coo\&ielll ID discuss the 
maaobloekheadu Jiclts in the ordtt in wlJich IIley lllt cod<:d. 

0.5.5.1 Macrotllock stuffing 

The ftnt field lJ\ tile m'1C!O~Ioclcbeader ls 'IJ\liCfOljodc.ul.ffmg' . This i ; an opaoll3l field, aad may be 
iliSerted or ollllued at thecfuoe.tion ollbe ellC.'XXb'. Ifpresem itcoos:sts of anynumbetof E-tjt strings 
witb tbe ,..atten "0000 00011 11". llis mtfrmg calc is ascd by tre O)codtt 10 prevatlunt\erflow, and is 
disa.rckd hy tl:e deooaer. 11 Ill: encore,- detmniues tt.:u mrlerOow is aboul to occur. Ibm ll em insen w 
many 6tulfilg CX>dc$ illto me fJtSl th l d of tbe lll8Cf'llbloct reader it lllces. 

N>tD tb:Uan CJlcodo" IDs oticrstraegies tO prevent buffer andesflow. 11 CM iosert sLaffinl:l bits immediately 
before a SUlJt code. It can rettucethe (JJalllil.er SCile tc i.ocrta.'\! we nwnbetofcooeJ coeffioent& k can~ 
start a nev slice. 

0.5.5.2 Macroblock address increment end macroblock escape 

Maaoblocb mve lll address whicb is U1e tlu.mber of the n:Rcrobloek ill ra.crer scau otder. 'Ire mp l eft 
macroblock in a picture ll."\S ~ 0, tte uext one 10 tre ngJll ms ~dSress l and so ou. 1f tb..'"rt are U 
rmaoblocks a a picture, liDo tre bottOfll right maaoolod. Ills an atU.n:ss M-1 
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The 311dress of a macrobbck is iiJdicatt.d by trmsni~ tbe dilfereoce betwren the addresses of tbe CUTI'efl~ 
cruuoblcd M<llbe previously aJded macroblock This difference is ca1Je4 lle macroblock ad~ 
inaemeat In 1-piCIUres, all maCJOtloclcs em coded and so the macrd>lock address ilD'Uilent is nearly 
ahfa)S one. iberejs one exceptioo. Attbe beginnint of each slice tbe mac.roblcck address is set to that or 
tberigbtluud tOOCIDblock of the previous row. At the beginnin~ of tlle pictwe it is set tt> -1. lfa slice 
does eot start at tho left edae cf the pitture, tben the maCJob!odc adat.ss increnent for lbe f"ustmacroblcd: 
in lbe slice wiiJ be lasget than oae. For ~ample. the picture (If figure D22 bas 16 macroblocks per row. 
At Lbe s tart of slice2 tbemaaoblock address is set to 15wbicb i1 tlle addre!s of lbelilllCIOHock ~t1beri~bt 
baDd edge of lobe top row ohna.C!Obloclcs. If tlle fint ~lire a:mtaincd 26 macro blocks, 10 oflbem would be 
in lbe secoad ro..,, so tbe aildres.sof the flfSt macroliock 1n ~lire 1 would 'oe 26 arxJ tbe macroblock llddress 
i.ocreJDcnl ..,ould be 11. 

M~bloct cndres~ iD.cremen!S arero!le4 ~Bing llle VLCcooes in tre tllbJe. it :B. L 

It can be seen thl t tbere is 110 code to -ildicate 11 macroblocka<lJress incremenlofwro. 11usis why the 
macrobloc.t address i~ set to ~1 rather !ban rem a tile top of a picture. The fl1lil lllll.croolock will !lave an 
increB"Jent or on.e making its adcbess equal to zero. 

'fre IDaLTOblock address inCrttn«<l.5 allOW lbepositiOtl Of the ma£roblOCk witbtn !be pi::ture to be 
deletlllilled. For exampk. ssame·rbat .aslicebeader lias the start code equal to 00 ()() 01 OA hex, that !be 
picrure Widl.b is 256 pels, and that a t1\1CfObiOdC address incremeat core 0000111 iS in the macrolJloclc 
beader of the first macrcblock in me slice. A piclwe IVidiJl of 2.56 pels ill'lplie$ lhatthere are 16 
macrobl.ocks per row in tb.is piCJUrt. '~'be slice srart code t.eUs us lbat the sllce venical position is 10, and 
so the macroblo:k.rmv u 9. The slice header sets de pre vioos rmcrobbdc: aidress to tne last macroblo:k on 
row B, wbieh bas addresl143. TheiW'noblod: :ddress increment VLC lead; to a mllCI"Oblodc addre-."5 
illcrement or 8, llJ1d so lbe moc:robloct addres• of tbe lint macroblock in t.OO slice is 143 + 8 = l~L 

lbe macroblock row W\ay be calculated from tle address: 

= 15 l I 16 

9 

Tbe division symbol signifies inte&er truncalbn, not rounding. 

1be mac:roblock cc;iulllll mayal.<n be calculated from the address: 

l:J'lncroblock oolliilln "' oaaoblock. address % rnacrobbd widlb 
e 151 ~ 16 
:: 7 

Column; ae numbered from the left of ibe pictoe starting at 1). 

ll:ere are two S)JeciaJ code'IVords: ~ iUld stuffing. 

Theesape code means 'add 33 to tbefoUowiDg ~mcrobloct aid~ mcremenl'' . Tiis albVIS in~e11ts 
greater than 33 1o be coded. Fore~~ample, an mcremeat of 40 woold be coded as escap: plu~ an illCJX.menl 
of7: 

0000 0001 0000 0010 

Ali iocrem~t of 70 wotJd be coded as two~ <Xld.!s foUo'"'ed by 1le code for an iocremmt of 4 : 

OCOOOOOJ 0000 0000 0010 000011 

'Ibe stuffing code is ioclJded since the decoder mun be able to dsooguisb il from incren:erx rodes. It is 
used by the ellcOOei to prevenc UDde:rflow, a.d is discanjed by the cle:axb'. 
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0.5.5.3 thcroblock types 

Each oftbe pcture twes I, P. and B. ba.,e lbcir own naaobla:k typeS. See, respeCLvely, D.6 .3, 0 .6.4, 
an<l 0 .6 5 for the codes ood !heir de;.cxfpooo.<~. 

0 .5.5.4 Motion hori2ontal/¥ertical forward/backward codES 

'!be inlapetation of lbeSe codes is eiiPiaiucd :n 0.6.2.3. 

0 .5 .5.5 Motion horizontal/vertical 1orwardlbatlnrard R 

Tbe interpetatiGn of these codes is ~Jaintrl in 0.6.2.3. 

0.5.5.6 Coded bJock paHern 

1bis code desc:riDes wblcb blocks wiUin lbe macroblodc 1re coded and transmired The inletpm.atioo or 
this ~ is explained in 0.6.4.2 

0.5.5.7 End of macroblock 

This code is used ool:r ill 0-picturc' artd Is described in 0.6.6. 

0.5.6 Block 

A block is an army or 8 by 8 component pel values, rnart.d as a mil alld inJ)JI 10 the Oiserc~ Cosllll! 
Trarmooo (DCT). Blod:s or & by 8 ptls are tnnsformed tnm arrays of8 by 8 OCT rocffide1ts usJng tbe 
(W() dimetuiooal droete COStae ~CPrm. 

0. 6 Coding MPEG video 

0 .6. 1 Rate control and adap1ive quantization 

1be ena>der nust cootrol ~e t>it rae s:> thai the raodeJ docoderinputooffcneil.l\er o•erllows oor 
underflow~. Since tbc model decoder removes aJJ ~bits associaled with :t plct.~.~n: from fbe in pot buifer 
in.staDialloously, il is Deces~ to coo!rol onl ytre total n11mber ofb1ts pe1 plCbJre. Tht e.caJer ~ould 
alloctle UJe lolal ntlli>eiS of bits mno!lg the v.uious types of picture& so tlat the perrei.,ed qaality is 
sultab1 y balanced. n~: distribuiJoo w1JI vary wilh tlie scroe content and will t1le pattictl:r- dlsuibt~tioo 1>f 
tbe tllJu p ictare types (1. P a.nd ll· (:iclllres). 

Within a piclll.tt: t.be tslcodcr litould alloou.e tbe 10tal ram;ber of 1:l ts available among IJ~ miiCT'OOI~ to 
maxilnil.e the visual quality of the pict'I.ITe. 

()ne ll'lcthaJ \ly whid 30 encoder OOn!roiS lbe bit rate is lO . \at}' tile quantizer seale. ni.s IS set in ea<:h slice 
headu, and Ill&)' be Stt tt 111El beginni~ of any mac:roblodc. gjvin& t1\e encoder u(elb tL conttol over the bit 
rale within a piatlre. 

0.6.1 .1 Rata c::ontre»l within a sequence 

Fa a t)'j!ie&J codinl SthcmG tq>tt:mlltd by the following group of pewees io dlsp!ay order. 

8Bl8BPBBPBBPB BP 

it bs beeo foonll 001 good ~uls G3ll be obtan\Ed by matclriDJ tile •isual quality of lhe I and P·p~t:r~ 
aJllJ by educilg the COde. si1.eofche 8-Pictures to save brtS j1iv1nga 'enerall)' lower C)lality f!J" 1.1\e a­
p ictures. 

The best allocatiOn or bils Mrong tile pittu:Je types de]Jen:fs o n the scere LOtlttll. Wort d t.be MPEG 
video couuniuee s•ggt:SIS that allotting P-Jictares aboot z.j limes a3 naaoy bit.s as 8-piclera. and aDouing 
l ·pictures tp to 3 times ts mMy bits~ P.pictures gives good ~esultl for typical nttl.rnl scenes.. lflhM: is 
little motion or chan£C i11 IDe video, lien a greater proportion of tbe bits sbould be allo ncd to l.OO J..picl.tlret. 
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If Lbcre is a lot of motion c.- change, Qel) die prqxxtion allotted to 1-pcmres should be reduced ood most oC 
tb~ savmgs gi.wo 10 lbe P-piaures. 

A reasonable ea:odet algorit.tm is to «.an vltb tlle roegoi(1g cstinates, tlleo reallocate bits tlynamjcalJy 
~ing oo the oarureoftbe vtdc:o. 

0.6.1..2 Rate control within a pl,ture 

Jr t.be buffer i; be:adiog roward O'IC:Iflcw,lh:! quantize~ scaJesbotjd beincre3.St!d. lflhis actioo is llol 
suflldel!t co prevea. oo illlpeo1ing oV((ft)w tben. :u a la'l rcsat. tilL emax~er couk! diScartl higt fleqoeacy 
OCT ~ffic:leniS ood tno.smi1 ooly low frt:quz:ncy OOc.\. Altbou&b thi& would probably p-Odua: .-isiblt 
artii~ in the d?Jcodt.d •JO!lo. it would i.a m way coJquvm.se lhe validity d 0e coded bctte:ut. 

If lbe buffer is .beading toward underfbw, the quanliz.cr ~ lihoutd be reduced. rr Ibis is oot Slffi~ol. tbe 
encode.rcan insert mactoblod stuffant iatD lbe orstream. or add leatli~g teros 10 stat codes. 

Urider normal circulrutaaccs. l.be Ct'ICO\Iel ~calates and rnoaitors Lbe swe of the naodcf deooda buffer llld 
cban1es tb.e qua11 ti:zet' scale to a vert bctJl overflow and uroelflow problems. 

One si.ll!ple alg(11itllrn diat belps accanpli~b Lh~ is to monito r u e buffer f'all11ess. Assume Utat the bits 
have betn allocated a.100g the various picttre types, and that <11 avernse qtJantv..ef scale for eadl picture t~ 
has beel1 ~lablib:d. 'I1le &aDa1 buffer fulln~s aa1y ma.cmblodc in a picture can te ca.Jcubt.ed a1d 
con-pared with 1bencmil:ll fulllle$, io. the vJ.Iue !hat "'uld t>coblaioed if Ill! bits wen: uniform1y 
distribu~ amo .. g all the maaoblu:lo ill lle picture. If tbe buffer fu I loess is larJf!f' than tbe noninaJ ralue, 
lhcn lbeqlanl.izef :!Cale mould te tiel ~tbcr WlJ1 tk. avt'nl~ wl!en:as if the b1ffc:r fullness is Slllllller tban 
lhe oomioa1, tlequan;iza saie sbou1d be tel lo..,cr t1Bn r.hc avemge. 

lf lbeq uaOOz.er scale is kept mnsk""llt over 1 pc111re, tbea, for a ~ven numrer of COiling bi~ lbe total mean 
sqaare enu of lbe coded pic tare will te'!d b be drue 10 be mD:Umwn. Ho'ol'e~. tre visual nppearance of 
most pictwes caJ tJe improve1 by VMYing tbe qncni?U scale over tbe pictlJTe, rrolcma it sn".aller In smOClh 
areas of the pictare ami larger in busy atea.t. This tclCimique n:di:Ge$ tle vi5ibili(J ()( blodciJiess ia sz.uoolh 
areas at !he expense d 0~ quaD.ization DO'-Se in the bus)' area; Where, however, it is oaacc4 by be 
ilmge demi.l 

Thus a goal algorithm for coatroUOg the bitnlewidlil a pitnrreadJullS tbe quaromrscale~dlng on 
botb lbe calculaled buffer fulln~'l and CNJ tbe locAl iru.ge content Examples of tcct:niques bt ~ ro~~rol 
an4 CJ.I31Waticm OIJly be foun. ia (7]('8) . 

0.6.1.$ Buffer fUllness 

To give the best vuual ~it), tlle enc.odersbould almost fill the input buffer before inscruc.in& tlac OOcodClr 
to start <lecoding. 

0.6.2 Motion estimation and compensation 

0 .6.2. 1 Motion compensation 

P-pictwes 11se a:otX>o oompeuaLion co c~tp!oil teropoBl redmdaDcy in~ ' 'idro. Decoders ccns .-uct t 
p~ictt:d block: of pels fnm peh ia apn:vCusly umsmittell JliClUre. Motion Mtbin the p•ctures (eg.a 
paa) llsualJy m plies lhat llc pels in tie previow picure will be in a cilkmlt posi6oa fn>o tk. pels in tile 
cwrent.lock, aut ~ d.itptaoonall is grvea by notoo vectors ellco:led ia ~ l>iutrtam. ~ Jlrodie1ed 
l>loclc is uS(laDy a tocxl estimtle of the wnert blodt. ao!l it is urually more etr~ell kl lt'allSAit the mouon 
voctor plus the <ift'utDCG between lle pn:di;tc:d •lock and tk current block, thAn to U111S!nir a dc...<cfC>ciJn of 
tbe ciTI'tllt block by itself. 

Cmsidef tle foUowi.og tyf)ca groap of pi<111reS. 
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Ficure. D.Z:l - Group or picfllft.s ill display order 

D eJ-plctare, pictllre 2. i.s demde<l ~ithoot reqttirTigany notion \eCtor'>. The first P-picture, ntanber 5. i$ 
dtx:ooed wing Jl\OUOO VCC10rs fton picture 2. ni.s motion COOl pensaooo is called f~anf IOOI.ioa 
caupensaLioo since 1t u forward il time:. Motion ve«.ors cle6oe the Rla.ion of a macroblo<:k, ic. tbe 
motion ofa-16xl6 bbclc oc luminmKe peh and the wsociar.ed clran.ilaoce COIIl>OOeDIS. Typicallr. mon 
macrobl~ in a P-pidure use mtXion coolpeo$Lion. Non..zero motion vet:«lrsan: trcUUJJlittal 
differert.ially wilb refenmce to lbe last trromniuld moc.icn vector. 

Tbe lralsmitted vectors usually have a p«cisiOll of b.\lfa pel. The maximum rMge cl llto v«lOf is su by 
the forwaroJ pamneter ill the piclure t£adef. Sometimes, if the 1r.otion is unu&;~aDy large, t.be range may 
be dctJtjed aad rM amncy reduced 10 integer JeiS. by rile fllll$L!OJWard_ vee or bit in the picbm: headcc. 

A positive v~ue rL t.be horizonlal en- vertical comporon1 of 11Jc motion vec10r si&nifi~ tlat the tn4iction is 
fonned from pels m lherek:reueed picure wbi~ are spaially ID lhe n gbt 01 below lhe ptls lx:Wlg fl(W !Cled. 

Not aH lDacTObloct:.s In a Jl.pictue ~ssari.ly use motion wmperualion. S001e m~crobhclcs, as defined by 
tbe tr:uumiatd lla!:roblad t)pc (see l3tk SJ.b). maybeiJtta-caied. md I:J)ese a.-e rea>nuncttd witlloot 
mor:iao com~on. Fill detr.ilsddir.iag tbe D"'etbo<l of decodin' t.be vectors Uld cons&rucling t.bc; 
motion-com~ m~odc 2reg_ivea ill2.4,4.2 

P-pictwe 8 i• f'~gtut: 0 .23 uses forw;I'(J motiM ~o from pictllfC 5. P"i)i~ aJways use 
forwud Dl()ti)n ca:npensati011 (Com t.be l:alil tr.munttcd I or P-picttre. 

B-pictwes III3.y use mocioll ~oo from lbe previous J or P-piawe, fran the nc~t (Ia do splay onJct') ( 
or P·picture, or bdb; i.e., rran the l$ t Lwo ttansmitl!:d I oc P-p:ctarts. 

Prediction is called f<rwnrd if reference is mMC '> a pict\re ID the past aM CAlled ~if rd'eJe.O:e i$ 
tmde Ul a pictwe in lbe furu~. Fer exwnplc, B-pieure 3 in figli'C 0 .23 uses forward motiou comperuabon 
from J-piclUr~ 2. 3lld bacln.>ard motioo comp<nsWon fran P-picture 5. B-pictW'e& oay ~ k>Cll lorwatd Mil 
tm:natd m<~ticn compcwation am avcmr;c tbercsul.. This operation is called interpolathe motioo 
canpeosatioll. 

All Ulree twe• of anotion compcnsetion ar¢ useful, ancl typically are used 11 codill& S·picture~~. 
Interpolative motion ccm~lioo b.1s lhoadvanlllgeofavcngirtgany noise presc.aL F(ln\'ard <.- oockward 
motion canpecsalloo may be more werolne:\1' lhe e!lges of pictll"es, or where a fcrcgm.u-.:1 object ;, 
pa;si.ng in froru of a filled or slew moving backtrwnd. 

Notel.IW.cbi~ ~eofooctillg 'IViltl P and B-pillllJeS lncn:ases Lllecodin g cft1cimcy. B-plaorescan 
bave ~ uro.rs of rteclllSil'UCti<D IbM 1 oe-P-pietwes ID conserve ending b~. b\f. since me, tue Dot used 
as the blsis cf n o601 co~~ tim ror ruture piCllres., these enors 01:\J be tolerated. 

0 .6 .2.2 Motioa o stim•tlon 

Motion compematiOII d a del::.t*rl.s Straiihtforwwd. but mofion estirnaliOI \l'llictl incloile& detemliniD.g the 
best llOlioo '\'CCIDB ood w~cb must re pctfOTtned by lheeocafer, ~a formidable rompatatiooal 
cballeoge. 

Variousmetbo& lW'OAvaib.b~ 1.0 the encod~. 'IhemorecunpulatiDrully i:nu:nsive 1Dtth001 tend tO give 
bencr results, so tben i5 tn.deofr to be nade in tbe encoder. compUI3Liona.l po"er, and bmce mst, 'vtus 
<XXIe4 vidro qualil~. 
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UsW1g a sea-cb sra~gy tle encoder atttf"ll)ts to nutdl the pels ill a troC10block w11b lllose in a preno•s DT 
fulue picture. lhe vec;tor cotn:spOII(fulg 10 lhe best e1ateb is reponed after the scazcb is completGd. 

D.f,2.2.1 Block matching eritena 

In ree~ a match, lhe enealet DlUSl ckcide wl::etrer to use 'the decoded past and future p~ as tile 
reference, or u;e the original p.15taro future pictures. For motion estJmatioo, u~ cllk decoCed pictu'es by 
tbeerx:oclet give1 lbe snallesc error in lhe es:toT picnre, wbereas ll~ of lbe original pict\l'e$ gives tbe most 
acmntemotioo -.ectors. Tre cboict d.e:pen<h oo whether the rutifaciSofi~ noi;e, or greater sp\rious 
motion are judged m re the more ot;erumable. There is usually I ittle or no di.rference ill CJ.Jali () bef.\l.een 
\be twO metbals. Note Chat tbe decoder doe> rot perfonn motion estJm;ttion. It penorms DlotiO!l 
oompeosatt:d jli"Cdia:ion ~ inlerpol;uion IJsiug ve..-ttrs calcubted in tlle encocler and stored in tbe bi,stream. 
In moti01.1 ~ predction ard interpolalioa. boll lk encoder m d de<XX!er musr use lbe dccodoo 
piCIUreS as lherefereoces. 

Several matcll~g criteria are available. The mean !quare error d. lbe difference bet\\-een lhe moton­
compensa~d block 3lld the currenL block ls an obvious cboice. Another pO$Sible critericll is tle mean 
abroltite diffetence between the motion<ompensaled b1 ock a:t1d the clf'reot block 

Fot llalf pel shift$, lbe pel vali£S rol.ld be interpolated by se~eraJ metho:ls. Silu:e lbc decoder US-}S a si.lqlle 
linear inlecpOlation, thete is l iUle ~oo to use a more complex. ioerhod in the eliCOder. The linear 
inttrpol.atim melhcd given in thi~ part of ISOIIEC n 172 is equiVillelllto the followW1g Consider four 
pels ba.ving values A. B, D anti Ii ru sbown tn figure 0.24: 

A 
'I' 

D 

b 
c 

B 

E 

Figure 1>.2* -- Interpolation o l hlltr pel sh ifts 

The value of the baizoota!Jy int.ttpob_ued pd u 

b ;:; (A+B)//2 

)llllere tbe dcni>le division symbd n1eans ~hision witb roanding to tlie ·~ integer. Half integer values 
are to be rounded to die D,Clltllig!let value. Thus if A = 4 an4 D = 9 dlcn h = 6.~ wbicb is 10~4ed up to 7. 

The value of the vertically interpolated pel is 

V'= (A+ 0)//2 

The value of tllecentnl inte[J)Olaled pel i$ 

c = (A ... B + D + E) If 4 

0.&.2.2.2 Se11rch range 

Ooce~ block macbiox criterion hasbeeo selected, sotre kind or search ~tnt.egy m11stbead:J)Xed. This 
mllit recognize tile l imiutimsof tb~ \.LC tables ased t1 code lbe vectors. 'Themaxinum ra-ge of tbe 
veclOt depends upo.1 forwaroJ_code or b.V::kward_f_code. The motioo ,·ector ranges :.regive~~ in tableD.7. 
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J altle D.7 -- Range of motio• vector s 

rOfWllll_Ccode oc Molio., \U10f ran2e 
l'akward { code faD J)el={) fllll oeJ=l 

1 -8 lO 7,5 -16to 15 
2 -16 lO 15,.5 -32to31 
3 -:~2 !0 31.5 -64to63 
4 --64 lO 63.5 - 1Z8 to 127 
5 -128 to 127.5 -256to255 
6 -256 !0 255.5 -512to511 
7 -512 to 511 5 - I 024 to 1 023 

The mngedepends on the \'alueoffull_pel_f(TWafd_,'eC!OrorfuD....,pel_.bn'Waro_vector in tbepiaue 
bearer. Thus i r alll)e mmcn vettors were foood to be 15pels ()I" less. theCilCOder 'M>tild usually select 
balf pel aa::umcy aod a forvard_f_Cod:: tr" t:adwt~r<l_(._CCJde value of 2. 

lbe search raust be OOilSinined to talre place withi.l !be bouudai"Cs oflbe decoded refereace picnre. Moli011 
vectors whim m er to peh outside tbe ]liclUre are not albwed. A.ny hiiSITt:aJn Wt'tidl refers to such pels doe; 
not coJJfonn to this part of JSOIIEC 11172. 

0 .6 .2 .2.3 2-0 s earch s trategy 

There are ou.ny possible oetbo:ls ()f ~ aoa.bcr piclUre for tbc best eutcb to a current •locJc, ad a. 
few simple CJl~ "ill be described. 

The sinplest searcb is a Ml-se<irc.ll. Wttbln ne ctDsen !>eal'cb nn~e all possible disptlc.t.ments are 
evaJaa~ using tre block: matching aiterion. 

The full search is computaionally expe:1sive, and practical encodeJS n1ay not be able 10 afford lhe lim~ 
M!uire4 for t full ~~~-

A simple m«<if!CWon of lbe. full-leard is to search using only integer pel di>pku:eireniS. Once the be..q 
inlegermafell bas beUl found. tbc eigbtoelgttx>uring balf-integer p!.l d~taccments ate evaluated,~ ere 
best one scla:tal as illf!trated ~low. 

• .l ,. .. y 

.. ~ • ~ l y-tl 

+ .. + y+1,5 .. + .. + " .. y-+2 
~ .. + y+2,5 

• ,. '3 y+3 

* 
,. ,. f yt4 

X x+l X+2 ll.+3 X:t4 

Figwe D.25 ·- ll'lt eger pel and hlr pel dlsplacem~n Is 

Assume !hat tbe position H2.y+2 gives l.lle ~integer displacernelll rnac.cbA'lg u~n~: tbe ~leaed block 
matcbing cdenon. tbea the ellCOCEr woolcl evaloate lheei~ht positions with bait pel displacemeatsmariced 
by + signs ia f~gure D.25. If one of tbetn were a berter match thea il would become U\e roolioo vt:CLOt", 
Olherwisetle lllolioa -vectofwould remalll tl1atoftbe itlte,erdiqilacemenl x+2,y-t2. 

lld uri11g the integer pel sear.-:b, two or mere pmioons have t1e 1:tmebloclc matChing value, tt;e eni'Odef caa 
ad~t a con9stem tie--brealcing mle. 

The modified full searcb algori!hna i5 approXllllllJeiy an order of m~.Unde si!npla than lbt f•ll search. 
Using only ilceger d.sJiaceuents f01 1.00 fi.tst Stage oC l.he seardl redteei llJe number of evalul tions by a 
factor of fou'. Tn additi:>n, the evauali<lns are smplcr since the pel differences an be caJcdaltd directly ant 
do not !lave to be interpobte:l. 
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For some appiJc<tioos even lhe modified full search may te too time collSuming, and 1 faster ~arch metllod 
may re reqlliry:d. Ole such method Is tbelogaritbnic search. 

0.6.2.2.4 logarithmic search 

1n this seardl metbOO, grids of 9 displacemems t.re examined, and tle ~cl:t continued base4 oo a smaJle .. 
grid centered co lboposiliOIJ of the ·rest maldl. l.t the grids are red aced in size by a factor of 3 at eatb $lep 
IMI the searcb is maximally efficieat in the sense that any imeger sbi.ft b~ a unique selection path to it 
This method wiii .fiDd lbe bestmatda ollly fQ' a .-alher limited set Qf 1mage l~. A more robust mwod is 
to red nee tre size of tre grids by a smaller f~ at mel slep, e.g. by a factor of2. ne scaling factors can 
also be adjuste:l to matcb the search cm1ges d. table D.7. 

The metbod wiD be illustrated wilh an e'llmtple. Cousidet 111e set of illteger shifts in fig ere 0.26: 

"' ~ * '*' * * * * • • • • ~ " • 
* ~ * * * * • * • • * ~ • • ~ 

* * • *' * * * * * * * "' • * ~ 

* * * 
,.. 

* 1 • ... • • • ~ 

* ~ * * * * * * * * * .. • ~ ~ 

* 2 * 2 * 2 * • * * • " 11 ' • 
* * * * * * * .. • • ... .. i • 
* 1 * l * 2 * l * • • l ~ * >I 

* 3 * * 3 3 3 * * * * • .. * .. 
... 2 * 2 3 2 3 "' * * • <t" .. • ... 

* * 
,.. 3 3 3 * * * * • .. * ;j 

* * 1 "' * * • • • .. t ~ 

• * 
,.. 

* * * * * * ... .. * * " 
* • * "' * * * * • * * • * ~ 

* * * * * * * * * * • * * ~ 

Fi,ure D.26 - LcgariChml~.: ~ear ell methDd ror inte~er pel sbifts 

The first grid has a spocin.g or 4 peh. The first step examines ~ls at sti.1ts of 0, 4 , or -4 pels in each 
directi.:>n, marl:ed 1 in figun:. 0.26. Ibe best JXlSitiou is used as the a:titer poinr of lhe secrnd grid. 
Assume ·it is t1Je ~I muted 1 direct! y ~ the left ~ tle telltet pel. n,e recond grid has a spacing of 2 pels. 
Tbe second sl:l.'p exam.iles pels at shifts of 0. 2, or-2 pels II eadl <irection from the center of Lbenew gril. 
IDalked 2m the figure. 'Jbe best position is (~Sed as !he center point of the lhirdgrid.assomeil i~ tlle lowet 
right tel of the second grid. The third grid bas a ~acing f!f 1 pel. The third Step examines pels u thifts of 
0, 1. a -1 te1s in each Clirection rrom the center or tile grid. Th~ best position i~ used as the c;emer pont of 
the follrt.h grid The fCJUrtb gri(J has a ~ac~ng of l/2pel.. Tbe fourth SIJW elUllnines pels atsbifu of o; 1/2, 
or -112 pels in~ iJ~ction from tbecente.rofthe grid using tJe SC~IX~e method~ in lhe a;1Qdified full 
rearch The best positioo <tetenn.ites tie moticn ~ 

Some possible grid sp;;cings for v.Jri>us Starch ra:nges we given in tableD..&. 

Tabl~t D.8 -· Grid spacings fer Jogaritltmic searches 

forwaJ1J f aJde RANGE I STEPS GRID SPACil\GS 
1 ±7,5 4 4 2 11/Z 
2 -!.15,S 5 8 4 2 1 V2 
3 +31, $ 6 16 84 2 11/2 

For P-9ic;:ture.c; only forward ~earcbes are perfarrned. but ) -pictures require both forward ani baclcward 
searcbe$. Not all the vtaors calculared dllring !be sea-ell are ~sarily nsed. In B'{lktwes eilber f(lrwanl 
Qr backward moLion c(J(llpensat.iOD. migll.t be used ins!eM of iaterpolated motiou COJRperuation, and in both 
P aad .B-picturts lbe CllCOder mi.g.l:it decide tbat a blodc is better coded as intrci, in wbid. case no vectors are 
trallSlllittod. 

0.6.2.2.5 Telescopic search 

Even will\ the frurer melbods c:L tile mooified fuU sel.l'cb, or tie logarithmic seardl. the scareh tnigbl be 
quil1 expensive. For e~ple, if the encodet decides to use a tnuimum searcb range of 1 pels per J:iicture 
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interval, a.oG if there are 4 O..pic.:t.ue$ preadn£ a P-?icr.we.. Lbtn tie full starch ra1ge for the P-pic:ture would 
be 3S pels. This ~e seardJ range 1nay exceed lbc capabUi!ies of IJie encocJer. 

One way or reducing lhe seudl ranee is 10 ase a rd:.<;(X)Jtc ~ ~ue. Tbi$ i> 00s! m.pl.Uned by 
illustrair.g witl W example. Cmsilet" t.be group of ptCilJTeS i\ tig1re 0.27. 

I BBB P BBBP BBll P 
0 1 2 3 4 .5 6 7 8 9 )() 11 12 

Figllrto D.l7 - UJimplc group of pietuu in display order 

The encoder Dligllt proceed using its sded.ed ~ock all.lldliuJ ail.erioo ancJ D seart:b sua.trgy. For ea;b p. 
pictnre and lbepltCt.ding B·pic:ntts, il first c:ak:ulates all the forwam \eCIQn. then calrula.tes all the 
bacl:ward vectOrs. T.be fli'SI set vf pC1Ures coasuts ofpicttres 0 tluougb 4 . 

Th calcuhte tbe (l)lllplete set rt forw:ud 'lo'ed'Ors, the erx:oder fir&t calallates alllbe forward ~ from 
picnre 0 lO piaure l ~inRt 2-D seardJ StratefY c:ettered on zuo d1S]Xacemen.. IL acxt calculllleS all lhe 
forv.'Mi ~n fium picl.ltt 010 picture 2 1.6illg a 2·0 sea.rdl ~uote~y ce~~rered 011 the displacemmu 
calca I :ted for tbe caresponding \lock of picture l. It ncA t cakulata; iii the forwiiTd vectOrs from pic:ure 0 . 
tc pi::rure3 asing a 2-D seart:b suategy cmteretl on llectisplaccmmts calcuJ.ued fvr !be corresponding b1odc 
of pictare2. RBally, i t calOJlales aD the fcuward vectors Crnm pic[UreO 10 pictll.r.} 4 usi~ a 2-D ~ 
strategy ce.o1tnd :>n the displare:De~~ts cabtlattd for the oorrespoodiog block of piclllre 3. 

To calrulue the complete set of l»ckwud vectors. the.eoooder Unt calculates <~.1 lbe badcward vectors rron 
pi':nlre4 10 piawe 3 uting a 2·0seudl s.Jaegy ceatercd oa W1l disp!acemc:uL. h ac~t calculates ttl tbe 
baclcward vectors from pictll'e 4 ~ pl<:mt 2 usin~ a 2-D 5e3'Cb svategy cmued on tbe ~llreoe:nts 
aJcaJ~ed for tbe cxm :spooding •lor..kofpicturt: 3. Fmaly. itcakula&es all tbe bactward vectors from 
pbt:re4 to picture I using a 2,D searoh SllXefY temeted oo the displa:ements calculaled for~ 
correspordilg biQCk of paure 2. 

Fa.rthel metbods of maim est~~~Ulion are giveo by Netravai 3ld ~£11 f l). 

0 .6.2.3 Coding o f motion vectors 

Tbe motion vecror r:l a mi\CfOblOdc le.nds to be well CO!l"dated wib Lbt vector of \he preVloos l"'a;:robJod'. 
For example. ia a pan all vectors would be mughly lhe S2IIlc. Motioo vectm ;u-e codtd using a DPCM 
te::bnique to make use of this correlation. 

In P-pictJ.re~ the 11ot.im vcxtor med fer DPCM~ the predictJon veclOr, is SCI to zero at lilt SW\ or e.tCil slice 
and al each intm-«>dedmaaoliock. Note that macroblods whicb are «><kd as pnxli:tivc but whicb have ll() 
motion vector. al'iO set the )ndid ion vector 10 '/..fro. 

In B.picu.res tllcre arc IW\l ootjoll vectors, forward smd l:>ackWard. Each ..,.e(;IOris coded reW.ive 1:11 tre 
prodlctt.d veoor c:l Lbe SlUl'le type. Both n otion vteton are M!t to zero -.t the stwt of each ~lice and at eadl 
intra-coded macrdlloc~. Nu.e tblt predictive macroblocla v.bich taave only a f<JI'Wari wc:10rdo net !!ft'cx:.t 
tre val•e of the pJCd1etcd ooch'atd vcctot Si.rniJAI'ly, predicthe macrcblodQ~ wh£h have only a backvratd 
vectar do not affect \be voluc: of ttc rredictc:d fc:J"w.ll'd vee(!)(. 

Ue l'al1gC or the vectors {, u t by two p.mmetefS. 'The fui_J!el_f()('WAI\l_ vea.ot a.d 
full.peltackward_ \ 'eaOr flags in ~picture btatt:r delenni•e wretber tbt veaoo are detinc::d in ball-pel or 
in!c~·pcl units. 

A seoo11d parame~er. forw:udJ_ tod! or badcvaniJ_code, is rebted 10 the mmber of bits appeJded 10 the 
VLC codes m t!ble D.9. 
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T able 0 .9 -- Differential meUon code. 

VLCCXldc Va ue 

0000 0011 001 -16 
00000011 011 -15 
0000 0011 1 01 -14 
0000 0011 1 11 -13 
0000 0100 001 -12 
00000100011 -11 
0000010011 -10 
0000 0101 01 -9 
0000010111 -8 
0000 011 1 ·1 
0000 1001 -6 
0000 101 1 -5 
0000 11 4 
00011 ·3 
0011 ·2 
011 . ] 

1 0 
{)1() 1 
OOlO 2 
00)1 0 3 
0000110 4 
oo:xn mo 5 
00)(} 1000 6 
OOJOOUO 1 
OOJOiliOl 10 8 
[)())() 010 I 00 9 
()())() OJOO 10 10 
00000100010 11 
00)0 0100 ()()() 12 
0000 001 1 110 13 
0();)0 0011 100 14 
0000 0011 010 15 
oooo om 1 ooo 16 

Advat:1t.age is talen or tre fa~ mat !he range of disp acemert vector values i> constrained. E.'lcll vLC 
represeDts a pair of difference values. Only one oflbe pili w iU yield a lllotiorl vector raJ lin~ wiilifi the 
permitted mnge. 

1be mnge of the vee LOr is lim ted ID the values shown in tableD 7. ne values obtainro by decoJing l.be 
differential values must be kept withill this range by adding or sl:btmcting a modulus which depelds 011 the 
f vaJ~~e as shown m table D. lO. 

Table D.Hl ·- M oduJus f<Jr motion uctors 

t.rlvald_Lrode MOOOLUS 
or bad.'Vial'd_(_CXlde 

J 32 
2 64 
3 128 
4 256 
5 512 
6 1 024 
7 2 048 
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Tbo useoflhe n odulus, wllicll n:f'ers only 10 Cbentmben ia tables D.8 tllrou~ 0.10, wil be ill1utnted 
by an C)aJDple. Assume dDt 1. slice bas tbe following vectas, oxprcsscd in the ~ajrs set by be full pel 
!lag. 

3 10 30 30-14 -16 27 24 

The ran&e is roch t!lat an f vahteof2 can be used 1be i!Itial pre4ic..ion u zero, so £be differential values 
iJie 

:3 7 !0 0 -44 -2 43 ·3 

The <ifferential val~tes are red11ced to lbera.oge-32 to +31 b}' adding ()J' Subl!4Cting Lbe moduiiiS 64 
~pending lo tbe ·corwam_Laxle of 2. ' 

3 7 !0 0 20 -2-21 ·3 

To create die codeword, tmvd +- {sign(mvcl)~f<NW'<!_f.l)) )is divided by forward_ f . The .signed quotient or 
tbis division is t~ to find a \'3.Jiable 'length codeword from tableD9. 'Ill en the absohm value ofdle 
reanalnder is used 1.0 generate a fued length rode 1hat is COlCatenat:d with tbe voooole. lenglh code. Tre 
oodes gtnetated by this c:xample are sfxlv.n bel(IW: 

Value VLC Code 

3 0)100 
7 00001100 

20 O.:JOO moo 101 
0 1 

2() oooomoo 101 
-2 0111 
-21 ())()() moo o 110 
-3 ().)11 0 

0 .6 . 3 Coding 1-pictures 

ln coding l ·pi.cu.res, tbeenc.oderbas two maindecis;ons to nake hal rue notmanuued by tim plll.Of 
[SO/IEC 11112. These are: how to divire tbe picture •P into sllces, and bow to set the quantizer s~. 

0.6.3.1 Slices in !-pictures 

Divisiotl of the picture iaro slice; is descritcd in D .S.4. 

0 .6.3.2 Macroblocks in !-pictures 

0.5.3.2.1 Macroblock tvpes in !-pictures 

The.re are two type$ of macrotlocl:: in !-pictures. Botb use iotra cooing. Ole uses the current qU!Ulli.ze.r 
.>eale. wbe.reas tile (lther defines a ne.v value fot Ue (JJalltitec scolle They are ldentilied in tlle coded 
bitst.rcam by a1e VLC c:<JCb given in table D.ll. 

Table. D.ll •· MacrobJock t)'pe VLC for f-pictures (table 1).2a.) 

TYPE QUANT' VLC 
inua-<l 1 
intm-<l 1 01 

ll~ cypes a-e refened to nanes in this anaex. lntra-d is lhe defaull)pe wbere tile quanriw scale is not 
changed htD-<J sets lbe quanti.zec' sea£. 

ln ordertoalbw for possible iuwn: exteasion to MPEG \ideo, the YLC for inua-q is Ol raih:r Lbal 0. 
Addilioaal types could l:e achEd to this table witlJoli mterferin& Vl itll tJ;e exiniog eooies. 'Ire VLC table is 
thus open for future additicns, and Jot closed. A policy of making tle coding W>les open in this way W9S 

adoptnd by ill devebping tllis part c:t IS01EC 11172. The advan~e of fuuue rxteosioa was judged 10 be 
watb the slight coding ioelficiellcy. 

Page 95 of 124 
85 



ISO/I EC 11172-2: 1993 (E) 0 LSO/IEC 

0 .6.3.2.2 Ouantl:zer scale 

If t.be nacrd>lock type is intJa-1}, lben the ma."roblod header coatains a five-bit in~r v.tlich defines 1be 
quantir.ec scale. This is used by tk: Cecockr co calwlare !be OCT crefficentS from tbe trai\Sflioed qlaltized 
coeffideats. A valte oCO isfotbiddtn,sothe qoantUl:t scale c:a• have avy value between 1 and 31 
iDCb sive 

Noc tbatalso dlequantizer loCale is ~tin a slicebcaeer. 

If tbe bled rype is iBtra~ dlell no quaJilizer scale is lr.Uism.ited and tbe dca>€2ruses !be p reviously set 
"a! ..e. For a discu~ioa on stralegies encoders Wligb tuse to set tbeqwntizer ~c. see D.6.1. 

Note tbat the rosl of transmitting a oow q~Ja~~ti.2er scaJe is silt bi!S: one fOf" tbe exlr3 Jeng(h of lbe 
matrobloclc type code, and five to defioo lbe value. Altlloug• this is [I.Omlally a so1all fnctio11 of the bi~ 
allc:x:ated to coding eacll macroblock, the encoder sllotld exercise sane restrai.~ and av()id malcing a large 
number ~ -very sa:1all d.langes. 

0 .6.3.3 OCT transfor(f.l 

'Tbe DCT is illusnled in Hgute D.28. 

y 

(a) Pels 

X 

v, increasirg 
ve~l freQuency 

u, ina-easing 
horizon! at frequency 

(b) DCTCoefficielliS 

Fig11re D.28 •• Tra11s(ormatton of pels to ooerficicnb 

'Jbe pels :tre sho"'n in ms~ tcan order. whereas the coeiDcietts atea.rmnge.t iu f req 11ency order. The top left 
ooefficieat is ~ dctefln and is prop;>rtlooal to the aven.ge value of llle romponcntpel vaJ~.es. The otbe1 
ooeftlcielltsare called ac coefficients. 1beaccoofficieuts to the right of the de creflicientrq>reselll 
illcre~uint borir.oatal freqlellCies. wtr.rms ac coefficients bt10w tledc coe[ficieot represent Increasing 
~erocal fie<JJeDCie&. The remailing ac codfickJtts a:J"Jtain bolb ho~Uontal and V01ical freqLeDCy 
COOlp<ments. NO{e that 8I image co•taining only vetticlllines rortains only horizontal frequencies. 

The e<.efficienl array conll\ins cill lbe inionnation ct ue peJ amy and lhe pel arr'.ly can be encay 
recoll.Sinlctm fron lbe ~fficientarray, C!Ccept for illfomatioo lost by t.be liSe o f filii!£ ari thmttic precision.. 

l 7 7 
F(•. v) =- I. L r (x.y) cos (1t(2x+l)u/ 16)cO! (J;(:i.y..:.J)v/16) 

4~ rQ 

·I 
I 
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C(u ) 
C(v) 
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u. v. x_ y = 0, I , 4 ... 7 
x, y = $J)!Ili~ roord~a::es in lhe JX:l dc.main 
u, v = roordnare~ in ll!e tnlaSfonn domrun 
= lfv2fau = 0 
- I ( v2 fa II =0 
= 1 otherwise 

Tb.is transfQrnl is ~pan~ble. i.e. a ore-dimensional OCT transform may be apptied first ia tbe hcrizol!tal 
«ira:t.ioo and Ia en in cbe vertical directioo. TDefonoola for 100 ore dimensiooal transform is: 

C(u) : lr/2 for u = 0 
= 1 olherwise 

F-ast OCT tsnnsforras eti;L, analogou~ to fast Pourer tr&~sfonos. See ref ere!~ (3'1, 

"lll.e in(>ut pel values have a ratge fro11 0 to 2S5. gtvinga dyaamic range fort.he de roeffieient fromO to 
2040. The maximum dj'JUinicra:nge for 2.11) ac coefficient is about -1 000 to 1 000. ~otelhatforP and 
B-pictares tbeca:npollClll rels repnsentdifferonce values and nnte from 2.S5 to l.SS. lbis gh-es a 
lllaJ(imum dymmic range for any roefficieol ot allOUI -2 000 to 2 0()), TI.e enct.ldet m'y thas represent tile 
cocfficica ts u~ing 12 bits wh~ v-..:toes ratlge from -2 ~to 2 )47. 

0.6.3.4 Qeantlzatlon 

Each array of & by 8 coeftideats produced by the ocr vru:sfom ~bOD is quanti2Cd to produce an 8 by 8 
anay a ~atit.ed roefllcieJtts. Normally tbeni.IDlberofOO'l-uro qumtize4 ooefficie.ntsis qlitesmall, and 
this is ooe cf lbc m:lin reasoru ~by tile compression sdeme worlcs as well as il <be~. 

11.e creffiti!nls ~ quaJXized wtth a 11Jlifoan quant.iuc. The dlaracttru& of tms q uantizer, onJy for 1-
blodc.s, is ~own below: 

Index 

Coefficent 

Toe value oft.bc codfi:imtis ilin<blby the qoantizet sr,pshe and rounded 1o lbeoearestwwt: ounbcc 10 
prodtct lbeqwntiud coefficieol Jialfituqc: valtr.stmy bero:mded up CJ' clown witboutdiJeoly~g 
it!'la,equallty. Howe\tt, m.uxJiAg towards uroce.~ to givetre smallest COIJesile and so is prefcrnd. For 
example, wit.ba ~ep size of 16 aJ eoetn;ient.l "illi val~ oo.weea ~ md 40 lnclusivt ~tid giTe l 
qwuti1ed coofficient of 2. 
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The quarliu otep size is derived fn:xn !he quamization matth 8Dd !be qllarCizu scale. It can thus be 
cliff ;:;rent for di!Ierent C<)dficients, anl may c~ge betweea maaoblocks The ooly exception is the de 
coefficient which is lreated differently. 

The e)'e is lpit: sensitive lo large area l111I1inmce a:rors, and lO lbo acruracy of coding the de \aloo is fixed. 
The q•aruzer step size roc the de coe.fficients-ofl.be II.mioal<% and chroainance components i~ rued at 
eight. The de qU2ntized roeflident i5 obtaned by dividing the de coeCfioent. b'( eigllt md rounding 10 tne 
m:;aresa. whole IIUJI\b::r. Thiseffecti~lyquan.i:z:es the a~gedc value to OllC prut. iJ. 256for tlle 
reconstructed ~~-

Foe example, a de coefficient of 21 i~ qua1.1tized to a "Value of 3, independent of tre valtJe of the qwmiztr 
9::31e. 

The ac coofficic:ots are quantized using the inlra qmnlization matrix. The quantiwd coefflcieol if u. vJ is 
produced by q8811tizing tlle roefficient cf u, v] for I -bbcts. One cquatioo is given by tile fonnula: 

i[ll,Y) = 8 * clu,v) // (q * ID[Il,vl) 

wberemlu, v)IS we co~pondlnJ! ekmlentof ll'.e intta <Jlantizarioo natnx, ami q is the q(Jaatizer-scale. 1be 
quootired coefficient i! limited to the ranJ:'Il -Z5S to +2.'i:l . 

T!K i.ntca quani.ization matrix might be lbe defaalt matrix, or it migJit kave beet\ downloaded in Ue seque.JCe 
header. 

D.E.3.5 Coding of quant~ed coefficients 

The tq> left codfLCitntio figure D..28b is called t:b6 de coeffioett, the rem.aiDOOI" are called oc ooefficielts. 
The de coefficient is cunlatl:d witb tbedc coeffic~nl oftre prereding. bloct:. and advan~e is taken oftbls 
in coding. Thcaccoefficialts 2re001 wcl.l correlated, an• are coded ~tldeltlJ. 

Altu lbedc ~!dent of a block bas reen qlJ3Jitized i1 is «>dedlo~lesslybya DPCM tochoique. Coding 
of tlle lumilla.x:e blocks within a macroblock roUow5 l.IJe mster SCJ!Jl order of figure D.5, 0 to 3. Thus tre 
de value of block 3 becomes lht de Jiedictor for block 0 of Ire following tmaoblock. T ke de value of each 
cb.rominance ljodc is ~using the de valoe of the corresponding block C!f tbe previous macro block as a 
predidOr. At tbe lxgilning or eatb slice, all three de predictors for Y, Cb and Cr, are set to 1 02~ (l28 .. 8). 

The dilferemtial de values tlus genent:ed are categori2ed accordillg to their rbsolue value as shown in cable 
0 .12. 

bbh: 0 .'12. -- Oinerential de slle and VLC 

DIFF.ERENTIAL OC SIZE VLCCODE VLCCODE 
(absobre value) (ltJnina»ce) (dlrOmlnmce) 

0 0 100 00 
1 1 00 Ot 
!to 3 2 01 10 
4to 7 3 101 ltO 
3 to I S 4 JIO lllO 
1610 31 s 1110 lll l 0 
32 10 63 6 lll1 0 l ll l 10 
64to 127 7 1111 10 ll ll 110 
JU to 255 g 1111110 ll l l 1110 

The size is tr.usmilled using a VLC. This VLC is differelll for kuninance and cbromnoce snce W! 
Slati.sllcs are diffete11t 

The size dermcs lbenllllbef"ofadditioml l>its require! to defme the level tiniquely. Tbusa s~ ci'6 is 
follo~ed by 6 additoml biu. 1bi:se bits define the evel iJ <Jtder, from lo w ([) bigh. Thus tbe first of these 
ClllJa bits gives tile sign: 0 for ne~tive and 1 fer "jl)Sitive. A size CJf zero requires no additional •its. 

Tbe additional ccxle) are {ivc.rt in lable D.l3. 

88.. 
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Table D.JJ. -· Differeml.ial de addllloM I ,o4e 

DIFFERENTIAL DC S!Z.E ADOmCNALCODE. 
-255 to -128 8 ()()()(()00() to 01111111 
-12.7 to-M 7 0000000 to 0111111 
-63 ID -32 6 000000 to 011111 
-31 to -16 5 00000 to 01111 
-15 ID-& 4 0000 to OJ 11 
-7 to-4 3 000 to 011 
3to -2 2 00 to OJ 
-1 1 0 

: 0 0 
1 1 l 
2to3 2 ·10 to 11 
4to7 3 100 to lll 
8 to 15 4 1000 tD 1111 
16 to 3l 5 l COOO to 11111 
32 to 63 6 l 00000 to 11llll 
64 to 127 7 1000000 to 1111111 
U8 t.o 2.55 8 1 ()()()()()()() to 11111 '111 

For e11.anple, a lum.iiJaocedccbangeotlO would oero:led as llffiOJO. table. 0.12 showstbatlhe tnt 
lhreebiiS 110 iooicate that the size is4. This means lilat four addiiooal bits arerequlrerltn define~ e.xa::t 
value. The nex1 bit is a 1. arrlt1ble D .13 mows that the differmtial de value JOOSt be somewhere betWeen· 
8 an<115 inclusive. The hst three bts. 010, show tbat tbe exact -ralue is 10. 

The decoder recomtncts d::: qumtired coefficieus by following lbe inverse ptocedi.J'e. 

1lXl ac quootized roefficieatsare coded using a nm lenglb aod level teclmiqJe. Thcqual1iudcocf:ficients ~ 
fmt M::nned·in !be z.ig2ag or!ler ~own in figure 0.30. 

lncreasng Hori2or.tal Fre~ency 

1- 7. 6 --+-'1 

/ I'/ 
15 l 6 2 8 29 

~/ S/ 8 1< 17 n Ju -43 

4 9 l3 H 26 11 'l l 44 
; 

J1 
10 12 19 25 32 \l 45 !:4 

11 20 l 4 3 3 40 1 6 5J ~5 

21 23 34 3~ 47 32 56 f-1 

Increasing 
2 2 35 38 48 £1 57 60 62 Vertical 

Frequen~ 
3 E 37 ~9 So ~8 59 63 ~4 

Fig..are 0.30. -- Qaantized coefficient block in z:igDg sc.an order 

Tie IC3lotn! order smns at 1, ta~ l.lrwgb l, 3 e1e il onkr, evemoall) cucbing 64 in lbe bottDDl rigtx 
COllet. Tbe le11gtb of a nm is the number of zero quanized coefficienu skipped over. For t:llample, tbe 
quarozedca:fficieniS io 6gu-e 031 pro<lJce de liSI of run lenglhs md levels in table D.14 . 
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1 0 0 0 0 () 0 0 ( 

z - 3 0 0 0 0 0 0 ( 

• -5 0 0 0 0 0 0 G 

: 0 0 130 u ~ 0 0 (! 

0 0 0 0 0 0 0 0 0 
Q 0 0 0 0 l> 0 0 (j 

0 0 0 0 0 ~ 0 0 (! 

0 0 0 0 0 i) 0 0 0 

Figure. l>.:n. -- £nmple quant.i:red cotf(Jdtn ts 

Table D.14. -- Eumple ran l~n@lhi and le•els 

RUN-l.EI'GJH l.EYa 
1 2 
0 4 
0 ~ 
~ -5 
0 1 

H 130 
end 

The scan slat1S a posi t.ion 2. stnce tbe top left quamized cocfficieul is coded sepuaeJy a; tbe de qli:IJ'Il.izOO 

eocfflcicllL 

Usn g a :ig ~ scaD nthcr tbal a r.,st6: scan i.5 more efficieat 11S it gtvcs fu~ runs and em be coded \\1lb 
shmo- \ILC c:xxles. 

The list of ruo tcnglhs 8lld le-.els i$ cOOed l>siJig oaNe DJ 5 Not all possible combnat.iolls cf run tengm 
and level rue io flese ratles, mJy tbe lllO'ecommoa mes. For combillntions aot io ~ tablts, an ~ 
~ce is used. b table O.JS. the lan bit's' de.ots the sjgn of tile level; 0 Peans a positive leYel mxl l 
ne:ans a Delative level. 1be esc:ape code IS t:Sed follu~ by~ run lellgth rerived from table 0 . 16 ald tren 
lbe level from table D. l1. 
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Table 0 .15. ~- Combinat iou c.otleJ lor 
DCT quantized coefficients. & : t ror 
positive level, s = 1 for n r.gative level 

!tUN LEVEL VLCCODE 
EOB tO 

0 1 ts lF h t COEFF 
0 l 1 b NO'f tn C:OEFF 
0 2 0100 s 
0 3 OOLO l s 
o· 4 0000 110:. 
0 5 OOLO 0110 s 
0 6 0010 0001 s 
0 i 0000 0010 l Os 
0 8 0000 0001 I IOJ s 
0 y 0000 000 1 1 000 6 
0 1 0 0000 0011 1 0011 s 
0 ll •)00() 0001 0000 8 

0 \2 ()()00 0000 1101 Os 
() 13 0000 0000 1100 Is 
0 \ <I 0000 0000 1100 Os 
0 15 0000 0000 l Ot t Is 
0 l6 0000 0000 0 Ill l is 
0 17 0000 0000 0 L 1.1 I Os 
0 18 0000 0000 OU I Ols 
0 19 0000 0000 0 lll 00s 
0 2(i OOGO 0000 011 () lis 
0 2 1 0000 0000 0 11 0 I OR 
0 22 0000 0000 0110 Ols 
0 23 0000 0000 0 II 0 OOs 
0 2 4 0000 0000 0101 Us 
0 2!1 0000 0000 0101 Hls 
0 26 oooo oooo o 101 ots 
0 27 0000 0000 0 II> I 00s 
0 28 0000 0000 0 100 l ls 
0 29 0000 0000 0 100 lOs 
0 . 30 0000 DODO 0100 Ols 
0 3 1 0000 0000 0 I DO 00s 
0 32 0000 ~ 0011 OOOs 
0 33 0000 0000 0010 Ill s 
0 3 4 0000 0000 0010 !lOs 
0 35 0000 0000 0010 lO is 
0 36 0000 0000 0010 !OOs 
0 37 0000 0000 00\0 Oils 
0 38 0000 0000 0010 OlOs 
0 39 OOC() 0000 0010 OOts 
0 40 0000 0000 0010 OOOs 
I 1 Oi l ,; 
1 2 OON lOs 
1 3 0010 0101 ~ 
I 4 0000 OO; I OOl 
I 5 0000 000 I lOll s 
I 6 0000 0000 lOll Os 
I 7 0000 0000 1010 I s 
1 8 0000 0000 001 t I Us 
1 9 0000 0000 ()01 t 110$ 
1 10 0000 0000 001 1 lOis 
l ll 0000 0000 0011 1 00s 
I 1 2 0000 0000 OOll Olls 
1 13 0000 0000 0011 0 lOs 
1 14 0000 0000 001 l ()()) s 
J 15 0000 0000 000 l OQ lls 
l 16 0000 0000 0001 001~ 
1 l7 0000 0000 000 I 000 ls 
1 18 0000 0000 ()()!)l 00001 
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RUN l.E\I.El. VLCCODE 
l I 0101 ~ 
1 2 0000 lOOs 
~ . 3 0000 0010 t l• 
1 4 0000 0001 OtOO s 
2 5 moo oooo toto 0s . 
~ I 001 1 ts 
3 2 mm oHio ~ 

3 3 oooo ooo t It eo s 
~. 4 0000 0000 1001 ts 
4 l 0011 0:; 
4 2 0000 001 I lts 
<I 3 0000 0001 001 0 $ 

! I COOl t h 
s 2 0000 0010 ()h 
~ 3 0000 0000 t OOl Os 

! ( 1 0001 Ob 
f 2 0000 0001 1110 s 
6 3 0000 0000 0001 0100• 
7 1 OOOL OOs 
7 2 0000 0001 0101 s 
8 1 0000 IllS 
8 2 0000 0001 000 1 s 
9 1 0000 tOls 
9 2 0000 0000 1000 ls 

10 I ()) 10 (1111 f 

10 2 ())00 0000 1000 os 
It I ()')LO 00t1 r 

I I 2 oooo oooo 0001 101 o; 
l 'l 1 0010 0010 • 
12 2 O:>oo 0000 0001 l OO h 
13 1 OHO 0000 > 
t J 2 ()1)00 0000 000 l 1 OOOs 
14 t 0000 0011 LOs 
14 2 0000 1)000 0001 011 h 
15 1 0000 00 ll 0 b 
15 2 0000 (()()() 000 I 0 ll Os 
16 1 0{)()0 00 tO 00! 
l 6 2 000 0000 000 I 0101 8 
17 t 0000 0001 ' Ill ~ 
I 8 1 0000 COOl :010 Q 

19 I Of)OO (()OJ : 001 £ 

20 t 0000 COOl 0111 ~ 
21 1 0000 COOl 0110 • 
22 1 0000 COOO J ill ls 
23 l 0000 0000 llll Os 
24 I 0000 0000 l l 10 l s 
25 ) 0000 cooo ; 110 ()s 

26 I 0000 0000 i 101 ls 
27 1 0000 (()(X) 000 1 1 tl h 
28 1 0000 0000 000 l 1 \1 o, 
29 1 0000 0000 0001 l l Oh 
30 I 0000 G'OOO 0001 11001 
31 1 0000 0000 0001 101 \a 

fSCt\1'1~ 0000 01 
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Table 0.16. - ~ro ran length udts 

RUN-I...ENGTI I CODE 
0 000000 . 000001 
2 ()()()() lO 

6Z 1111 10 
63 IH111 

Tabl~ D.17 . •• Levtl c.odes for DCT i"fllantJu:cl cot£rtdto's 

lEVEL <DDE 

-256 FORBIDDEN 
-255 1000 oooo oom 0001 
-254 1000 ()')00 0000 0010 

. 
-12.9 1000 0000 0111 1 t 11 
- 12A 1000 0000 1000 0000 
- 127 10000001 
- 126 1000 COlO 

. 
-2 1111 1110 
- l llJl 1111 
0 fORBIDDEN 
1 0000 COOl 
2 0000 COlO 

126 Olll llJO 
127 munu 
128 moo cooo 1om oooo 
~~ (X)()) (()00 1000 0001 

. 
2:54 woo 0000 1111 1110 
2'i5 00()) oooo n u 11 n 

Using tables 0 .15 through 0.17 wecaA derive the VLC codes for the e.l'alllple cf ube D.J4: 

T11ble 0.18. •· Example r .-11 JeDgtbs, Y~l11es, and V LC codes 

RUN VALUE VLCaJDE COMMENT 
1 2 0001 tOO 
0 4 ()()()() 1100 
0 ·3 0010 l l 
3 -~ 0000 0 100 0011 1J ll lOll esc seq 
0 1 110 

14 110 0000 0 100 1110 0000 0000 1000 0010 esc seq 
F.OB 10 

The f.-sl tbreecxdea in tOOk 0.18 are <bivcd <i.reGdy fiora ut>le 0.15. The next cak is derived tnoirecdy 
since !able 0 .15 does not cmwn an eJJtry COO'eSJX)n:Jing o a ron lenzth or 3 and a level ofS. Instead tht 
e&ape rode 000001 is ~ed 'JbU is f<ilowed by tbesix-bit rode moou from ob~ 0 .16 iod~ arm 
lcngtb of3. l.a.sdy lbc cigbt-blt!X¢ from table 0.17 (L HI 1011 - iooic.alilg a level of ·5) isappcodat. 

After the last coefficient h.'\S been ooJe4. m £08 core is u;cd to inform 1he decXxJel tbat lhere ate no o:nc 
quantized CDelficieats in the current 8 by 8 block. nis EOB code IS ased even if the lastquru:tiz«i 
tod.fdalt is ~tile lxitom rigbl oflbe bluck.. 

There are two cedes for 1be 0,1 run lelllth, level oombinalior •• as iJidlcaled in table 0 .15 lntta block 
codinz always bas the fun CJ.Wltl:tcd ooeff.&eien~ tJ\e de q~Wltized coefficient. c<Xk:d using the de Size melllod. 
CoD.SequenUy intra blOCks always usc the code 11s to denote a rull length, level canbination ofO,l . It will 
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be seen laTer ilial prediaively ~ tlocks co:Je lbe <t: quantized ccefflcientditfetelltly, 11\dmay use the 
sborer co.1e. 

0.6. 4 Coding P-pictures 

As ill '£.pictures, each P-pictue is dirided up into one or more sli~. wkicb are, in tum, divlred into 
macroblock..\. Coding is mo~e oomph tbm f01 I-pklwes, since motion-compensated rnac:r<>block$ maybe 
consuu::ted. ne difference betwrenlhe notion c<:.mpecsated macrobCod( 3D(! too. cunen1 ntacrobloc.k: is 
transformed with a twCH:limensionaJ DCT giving an array of 8 by 8 transform coeffici:nts. Tle c.ocfficients 
ae quMtized to prom~ a set of quantized coefficients. The quant.Ued coofticiems 2re then ~ u.Sing a 
nnl-lengdl value ~ique. 

lis ill I·picnres. the entoderne:et4to stxn tbe dewded P-picture si.uce tllismaybeusedastbe slat1int point 
for molio• rotqlensatioa Therefore. tile. encoder will reconSiruCt lhe image from tbe quanliztd cpeff'JLient!. 

Ill coding P-plttrues, lhe enmder 1aas tnon: decisicns 10 !ru!ke than in the caseofl-pictuns. Tllese decision> 
rue: how to divide Ule picture 1.(1 inm slices. delernioe _,e best mctioo ~ectOI'S rouse, decide whether to 
code eoch macroblodc.as intra or tredicted, and bOIV to set the quax:tizec scale. 

0 .6 ,4.1 SliaEts In P·pictures 

P-pictlre5 are ()lvidcd into slictS In the same way as [-pictuces. The 53Die oo-.sideiatiom as to tbe ~t 
meth.oo of dividing a pictate into >lices apply. see D.5.4. 

0.6,4.2 Macroblocks in P~pictures 

Slices are divided into ma..t()blocls .il the same way as for 1-picruteS. The major diff~eoce is the 
complexity introduced by motion COII'lpensatiorJ. 

The macro block hetder may cmtain stuffing. The posili011 cr the nla:robloct i~ dcwrmroed by tl1t: 
macroliock addre;s. Whereas tbem~.croblock roctess increment within a slice for 1-picrues is restricted to 
one, il may be lar~et tbr P-.pictlr'ei. Ally mac:robll)cl:s thus sldpped over are cal ted "sk.ippro macroblocks". 
The decoder cq>ies. 1bem from the previous picture i11to tbe CQCI'tut picn:re. Sldppt'd mru:roblocks are as 
predicted macrobbdcs with 1 z:ero motion vectcr fur whicll no additicna correctiot is a\ailable. TbeJ 
require very few biU tD transmit-

'The next field io the macrobloclc reader delmes the 1llacroblock tylle. 

0.6.4.2.1 Macroblock types in P-pic:tutes 

Th~ areeir;bt~ of macroblodc In P-pictures: 

Tahl~ D.l9 -- Macroblock type VLC for P-pictures (tabl~ ) .lb ) 

TYPE YLC INTRA M01JCN (l)DED QUi\ NT 
FORWARD ?ATTERN 

pled-me 1 0 1 1 0 
Pf.:J(k 01 0 0 j 0 
~-m 001 0 1 0 0 
ima-d 00011 1 0 0 Q 

Jl!lfd-ma:J 00010 0 1 l l 
ped<XJ 00001 0 0 l l 
irlr.H) 000001 J 0 () I 
sltiooed N/A 

Not all possible combinaliolls of molioo compensation, coding, quaotUati•l~ a~~d ioua ooding occur. For 
exampJe, wllb ntracoded macrobll>cl:s, inlrcHJ l!JldjJJira-q,motiou ve..'t.U"s are not trausmiued. 

Skiwe:J mal;l'Oblo:kb have no VLC <X>de. In.<.tead !hey are coded br having tbe mauublock a.ddrfSS 
increment code skip over· tbnn . 
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0 .6.4.2.2 Quantfur scale 

lftbe mr.crobbdc type is pred-mcq pred-<:q <rilltn-q, i.e. iflbeQUANr m lumn in tabi! D.l91\as a 1, 
tlen a q\lall.izec scale is uansmilr.e(1. If lbeiD3ClotiocK. typ!Sare pred-mc, pred~ or intr~ tllea theDCT 
correaioo is alded using Ire previously established value for t)eqmntiza scale. 

0 .6 .4.2.3 Motion vectors 

1f tle macrobbck type i5 pred-m, p-ed-rnc or pred-mq, i.e. 1f l!leMOTION FORWARD cdumn in table 
D.l9 bsa 1. lhm hori:zmuaJ md vertical fornard motioo \OC!Ors are u-ansmitted in sucression .. 

0 .6.4.2.4 Coded block pattern 

1f tlc mac:roblod: type is pted-c, pred-mc, pred-<:q or prro-mcq. i.e. if the CX>DED P ATIERN column ill 
table D.191w a 1, tbm a cOOed block pattern is t:msmilt.ed. llis iofom s the decoder whicb o( the siJl 
blocks In the maaoblodc are coded. Le. !lave ll:aiiSmilled ocr quantized ccefficieniS, ltOd wl:rldJ are not 
coded, i.e. have DO additional 001rectioo a.ftennctioo <:ompensatino. 

The coded blockpatremis 1 number from 0 w 6J that indicates wbicll ortlle blocb me codetl. i.e. nave at 
~t ooe ll'llllsm.itred coeifkient. and wbich are not coded To unrlelstmd tle stru:tlll'e of tbe coded block 
paden, were.fer to figure 0.5 and ini.J'O<lJct the variables PN to indicate tbe smtus of eacb oftflc six ~lcclcs. 
lfblock ~ r; coded lhen PN has the value one, if it is not coded th61 PN is 1.ero. Theoo.:led blocJcp-.urem is 
deflfled by 1be ecpallot.: 

CBP = 32*PO + 16*Pl + S•P2 + 4"'P3 + 2•P4 + P5 

Thu is equivale~~t to taedetinilion give. D. 2.4.3.6. 

For example, iftbetop two luminance bbct.s an~ tbeCb blocX are coded, and tbe otber three an: rot, tren 
PO= I, Pl = 1, 1'2 = 0, P3 = 0. P4= 1, and P5 = 0. The coded block pattern is: 

CBP = 32*1 -t 1~1-+ 8*0 + 4*0 -t 2"1 + 0 .. 50 

Certain panc.ms are ncre cc:mmc:n lhan otren.. Advantage is uken of this faa. tD increase the coding 
efficiency and uansmit a Vl.C rcpresenticg the coded block pa.tl!:nl, ratler than tm coded block pattern 
itself. Tho VLC COOe; <regiven in rable 0.20. 

Table 0.20 -- VLC ta•re fu coded block patten 

CBP .VLCCODE CliP VLCCOOE CEP VLCCODE 

50 Ill 5 uno 111 51 0001 0010 
4 1101 9 0010 110 23 0001 0001 
8 1100 17 0010 101 43 O:JOl 0000 

16 1011 33 0010 100 25 ().JO() 1111 
32 1010 6 0010 011 37 00001110 
12 1001 [ 10 0010 010 26 0000 1101 
4-8 1001 0 18 0010001 38 ())00 llOO 
zo lOCO l }4 0010000 29 ())00 1011 
40 10COO 7 0001 1111 45 0)()() 1010 
~ Ollll l1 00011110 53 00001001 
44 01 110 19 0001 1101 57 0000 1000 
52 OllOl 35 00011100 30 OJOO 0111 
56 0110 0 13 0001 1011 46 ().)00 0110 

L 0101 l 49 0001 1010 54 0000 0101 
61 0101 0 21 0001 1001 58 0000 0100 
2 0100 l n 0001 1000 31 ())()() (011 l 

62 0100 0 14 0001 0111 41 ():>00 con o 
1A 0011 ll 50 0001 0110 55 0000 COlO I 
36 oon 10 22 0001 0101 59 OJOO COlO 0 
3 001101 42 0001 0100 21 ().)()() 0001 I 

63 0011 ()() 15 0001 0011 39 0)00 0001 0 
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n~» tre roded bloct pa.tlrnl of tile previous e.xansp~. 50 woo!d be represelltetl by tbe code "00010110". 

Note t.ballbere is ooocxfefei)n:sentiag the s~ in w.licb eoae or lhe blocls are ceded,~ axkdblocl plltcm 
equal to zero. Jnst.ero.. thS state is indicated by the oaad>Jocll)pe. 

For II\3Cf'Ctblocts in 1-pictllreS, and for intra coded macrobloctu ill P and a~p;cturcs, tbe axted bloci p1Utm 
is 001 tmoiUUI.lr.d, bat is 3SSlii.Ded to bavea valoe oftl\ i e . an the bJoclcs in the Olaa'Obloclt are codee. 

ne !1St of codtd hlock plitterns instead of tmnsmitting erd of bloclc cod~ f()f all blod:s foUows ~~ce 
io ccrrr RCC()l]liDc;ll<htion H.26I. 

0 .6A .a SelecUon of rnacroblock typ• 

AA encodtT has c:be cftffi~lt tast <Jf dloosing between !lie diffetem t}'J)eS c:l macroblocks. 

A a aa~usth'e method is to try COding a maoroblock to the same degree of aa:uracy asir~g eacb type, tbell 
c!Dose l.be type that requires Lbe 1~ rumber or rocfhu ars. 

A smpler mel)od, and one that is compotltiooally Jess expeDSive, is to malce a .series of rledslollS. One: 
way lO onlertbese dtcisions i~: 

1: motion COIIItJen<;alioe ex r.o mOtlC1n oo111p:n~lio• , ic. is a 1nQ.iou vc:((Qr oansmittro Of 
is it asswned to be r.ero. 

2 incra or non inn oodug, i.e. IS lhc m~taoblo:k type il'llra or i b it pfedicled wing !be 
motion ~ecltr fo111d in ~lep 1. 

3; if tle macmbloctr tYPe fi r.oo-ir•tn. is it coded or 110 1 caled. i.e. is tbe residta.l error lruge 
enou&b to be cOOed using fleD.... I tmrufO!Ul 

4· decide if tre quantize- scale is satisfactory or should be cllaD.gtd.. 

Tbcst ~onsare Sl.IBIDatize4 ia figwc o.n. 

Ultra 

&gin 

COOed 
Non-f 

Not coded ~kio d 

Intra 

Figure 0.32 - Selectien of macroblock typu In r -plrtures 

The li:>ur d!cisioo 1teps are discussed in lhe ocxt fouccbu~. 

0..6.4.3. 1 Motion compensation decision 

ll~e ~r tw aa <:pOOo wbelhef to tr.uumtt moioo -.eaon oc rot f01 pl!diCtivC>CUded lll3Croblocls. If 
lbt mooo[l vector is zeto 111m rome code may be sa~ by nottmlsmillng lllemooon v('Ctors. Th•s one 
al'orilbm tS 10 ~ foe t.e bcsl malcb ud compm tt.e error of the JWCd:cttd block witb that formed with 
a 2CfO \tt!Or If lk motioo-oompensared bi()Ct i5 oaly sllglJtly bttltr lbru1 tbe ulli:omperuated block. asing 
111c stlecled blockmalCbiug criterion. tllen llle 2el"O 'IOO".Qrmigbt be 11.\ed m save axkt..& b:rs. 
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AD algorittm used in !be ikvdopmt.nt of balt CCriT Re.:ommeroauoa H.26 1 and this pat of lSOIIEC 
111 n was as ronows. 

Tbe Hodc-matcling aiter:ioo is tbe SUBl of ~bSl>h.l.e dilferences of alllbe ltrminlllCe pels in a rrucnbbc:t. 
wben compared wllh lbe motiooo{;()lllperuattd m<crobloct. U lbe ~Ulll isM (~ !be motim-collperuattd 
block. 3lld Z for !he zero vector, then the decis;on of w~etler 10 make u~ of lbe Dli>tUm vectcr u refined by 
figure 0 .33. 

7 

6 

5 

4 

0 

y;M/256 

t\'oMC ./. • 
y:=ltl1,~ • . . · . · . · .•. 

~--·.·.·.'.·.· . · . ·.· 
2/ r. · ... ·. · ... · .·. · ... ·. ·. · ... 

' . .. .... 4 • ••• • •• 

1 ,~ ·-·. · . · . · . · . · oc- .·.·.·. · .·. 

0 5 ~- .. :-:. :.:.: .: . :-:.:.:. :- :-:-:- :- : .:-: 

3 6 

FIJtw~ 0.33 -- CbaracterhtJc MC/No MC 

7 

Pom11 on tbe lire dividiag the No MC (no mauoo rompmss.tion. Le. 7.ero vec10r), from the M C (motion 
OO&Ip;:nsalioa> region~, are regarded as belO:l&lL\& to the tn n.ocioll compeasatim region. 

It can be seen thaJ i f the error is sufficiently low,lhcn ao motion com~lion s b:>Uld be used. Thus a 
way co speed 1p the decision ii to e13Dline tbezeso Yea~ fustand decli:leif it is good eaoagl. 

The f()f'egolng aJgorittm wz desigred for. te:ecomnumi::atiocs SXJueoces i• v.bicb lhe ~er.~ was futtd,and 
in wljcb any movement of lbe boclc.grourd caU>etl by the 'drag alwg e1Tea" of nea1>1 moYing c::bjec~ was 
very objeclioooble. Gcat care was taken 10redure lhis SJ!urioUS notion, :nd lhls acc:ou•tSfcr t.be cuJioll.'> 
shape Of Ule OOU!Idt\ry between 1J1e IWO rtgioru in figure 0 .33. 

0 .6.-4.3.2 lntrafnon-lntra coding decision 

After tbe encoder bas dei.Cnniood lhe tesL motion vc.::ta. it is in a po:;ition to decide wbtlhu Lo nse it, Ot 

disresanl it ent.mly and code lbemacroblock as utr.l. ~obvious way to do this is 10 wde lheblock as 
lnlr3.. and comp~re lbe totaJ numter of bi!S nquirtrl wben coded as motion com~snttd plus correruoo witb 
lhc same quantizcr scale. The mclloo using tile fewest. !;>its may l» used. 

'Ibis wuy re too CO!DPJUiionally eJIPeDsivc ror the encoder to <b, md afa$ter algorithm mAy he requited. 
One rucb alg<Jrilllm. used ia lle &itlnlation 111Cldel during tbe developn:~nt or tllis part ~ ISO/IEC 11172. 
wao; based on !be vari.mce of the lum.imnce component of the rnacroblock. The variaacc or t.be rurrent 
macroblod aad of lbedi.tference maaobbct (c.wrwr.- moti<ln-compcnsnted provirus) is CllJJlpar.xl. 11 is 
caL"'Uiated using llle tnetlod rqmsentaJ by the followi11g C prqvam fnlguerrt. Ncte that in calculating lhe 
var:iuceof the differe~~oe ~ock. the a'~e value is assumed to be uro. 
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in.t pefp[i6Jl6); 
int pelc(J6Il6J; 
loogM; 
long sum: 
loor; vMll; 
long varc; 
illt ll,); 

SUD = 0; 
\'81'11 = 0: 
,att .,O; 

ISO/IEC 11172-2: 1993 (E) 

~ Pel values in lbe Previou~ macroblock after motion cnnpemati011 */ 
,. Pel v41fues w1 lb.e Ounnt uucn>blodc •1 
I* ();ffe~~:nce between rna reJ values •1 
I* Sum cfthecarreut pel val~ •1 
I* V wiaoct or ttc Dilfettnce macnSbloct • ; 
/*Varianr:.e oflbe Ouu:nt rmcrobloek •! 
,. coadinaiCS .. , 

Cor (y=O;y<l6;y-t+) ( 

} 

fot (l!,..(J-,x<16;x++) ( 
sum= 5Wtl -t pelqyl[xl; 
varc= yare -t (pelcfy!rxl*pei'[Y)[xl); 

dif =pel ely llx)- pelpfYI (x]; 
~rd= yanj .. (dif'l'dil); 

\o3nl = va'IJI2.•i6; I* assllmes mca.a i~ close to zero * I 
'arc= ( Yan;/256) - ( {sumi256)•(SIIll"256) ) ; 

'The deciSloo as to wbelber to rode & i~tra or non ioo-a is lben based em fil)ure 0.34. 

varc 

~ ~--------------------------~ Ncn-flfra ~-. 
~~ ~-------------------=.-~~~ 

~-:. :-:-:-:.:-: 
1~ ~----------~~~~~~~~~ 
~. -. - .-:.: -:-:-: k>tra . •• ·: · 

~ ~======1:-::- :~-:=--=-· ~: :::: -=:-=:=:-=:=- :=- :=-:=-:=-:=-:=·~: 0 W 123 I~ 256 

va!d 

Figure D.34 •• Ouracteristic inlra/non-intm 

Poiru..c; oorhe U•e dividing Uc 11()n-iutrn ('ItlDl t.be intJa re~•lS. are regarded as tlelons;iog to t.k llOil·inlrn 
regioo. 

0.6.4 .3.3 Coded/not coded decisicn 

lbe choice d cooed or no: ax:ted is a resull c'l ()Jam.izatioo: ~hen all coerrcients aro tcro then a block ts not 
c:odcd. A macrobloclc 6 mt code<! ifll() blOck: io il is coded, else it is cOOe<l. 

0 .6 .4 .3.C Quantlza r/no quantinr decision 

Generally rhe Q11311li7ersaleiscbVI!cd ba.seJ m .kx;.\] ~e cootmt to tmprovelbe picture qualily, 9.11<'1 on 
lbe tuiJet fulness of tbe a:~ tSccodcr to prevent overfbw 3.lld underflow. 

D.6A.& OCT transform 

CoclfidCilts of tntJa blocks arc traJSforrned ilto quanized coeffricnu in tre SlBC way that they were f01 
intra blocks ill-pciU'CS. Pmlictioo of the de coefficielll. differs, however .. The de predicted valtes an aD 
set to 1 024 (128•&) fOt inrn bbcls m J> ;md B-picnres. unless the pre\iOliS blrelc was inlr.l coded 

Coeffidents of oon-iDt.ra blocks are a'll:ed in a similar way. The mtin difTereact is that ••ecooffici.eots to 
be tnn~ormed represent differences betwt'en pel val res raJber thantht ~~-,at~ tfleDsdves. 'The 
diffeteoces n obtained b1 sablraa.i~ tlemolioo-ro11pemaled pel values from !l1e pteYJOI5 piCllln from 
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tbe.pcl values in thecurrentmacmb!O<k. Sioce the coding is of di.fferences, there is 110 ~tiill predi<tiQD Qf 
tb.edc teml. 

0 .6.4.5 Quantization of P·pictures 

Iutm maaoblock:~ ill Pam B-pictures arequantiztd osirag tbtl same method as descrired for 1-f)ic.twes.. 

N011-intta macroblocks in P and 'B-piclllreS ae qua."ltized using lhe quantizcr $Cale and Uie non-intrn 
qUllltizaliol1 matrix. Boll de and the ae ooeffidents are quaiii7..ed the S<~~De way 

The following quantization follilala was derived by inverting the reconstruclion fornuh {l;ven i.n :?..~.42. 
No1e that the divisor indica~tS tnlllCalion IOwards zero. 

int coeffurig~ 
int coeffqa.t; 
int coeffrec; 
int niqootrix; 
int quanfSCale: 

t• original coefficie~~t *I 
I* q\l3Jllized coefficient ~1 
.. reronstrucled coefficient*'/ 
t• mm..jntmquantiz.atioo matri>: •J 
t• quatltiu.r &;eate •1 

coeffqatt = (8 * ooeffori~) I (q..aantscale * niqmalrix); 

The proa:ss is ilJUsttaled bdow: 

niqmaabt 16 16 16 
quantscale 10 10 10 
cretJorig -l9-2D -19- 19 20-39 
creffqa:at -1 0 1 
~ -19 0 29 

16 16 
10 10 

40-59 6}-19 
':2 3 
t 9 69 

The last line sbows the reconSinli:ted coefficieu tal•es. 1lle following diagram shows the d~tics of 
tbis qtt31lti7.er. The flru. spo1 around z.etO gives this type of quanh:ec its name: a dead-zooe quantizer. 

OtJanti~ed Coeff 

Coelficert 

Figure 0.35 ·- Dud zoo~ quan1izc.r cburuderistic 

0.6.4.6 Coding of quantized coefficients 

0.6.4.6.1 Coding of Intra blocks 

Inua lllock:s in P-pictures are coded the same wcry as intra blocks m 1-pictu:es. The Clll1 differe!lce lies in 
the predioOOn of the de coefficient 1be de predicted value js 128, unlrus lbe previous block was lotm 
<OO!d. 
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0 .6.4.6.2 coding of noo-lntra blocks 

The coded bloc.t p.Uull is tnmlnl!Ud mdjcatiag wbici bJoclcs bave ooetr!CieAtdata. 1\es:. areccda:l in a 
similar v-a~ to lbc (:()ling of in!Ta btocts elt<q~t lbal ~e de ccefficm is ax1ed in the same vzt as the ac 
cocff"Jcie;l cs. 

0 .6.5 Coding 8-pictures 

As in 1 and P-picturcs, each B-picture is divided u, into oae or more slices, wh\eb ate, 10 tum. dhided inlo 
m.at:robJod.s. Oxlin! is more complex than ror P-pict\J'es, since se\tnl tYJleS of motion ccxnpeJlS3le(J 
.macrobi(ICic ~be <XJos&nned: forward, blckward. ana iJtcrpotatccl. ThediCferencc betw<:ea the IOOticm­
ooopotS3kd ln3.ll'llbloc:k aDd the CUI:Ted oacrobi()C.k is tran5formcd wiG:! a tvo-clmcns!omJ ocr givDg an 
;nay or 3 by 8 tmnsfc:rm C()e[l]cients. Thecoillici!nl$ ~qoantiu.d to prod.ce a iet of qulllt.UOO 
ooefticieots. 'J'he q11311tized coofiidecrs are lbcn er.caJcd l.f>ing ~ nro~englb vaJ•e tedlmque.. 

lbe enc.00er roes OOl DeeiJ (0 &tore~ decoded B~pid.ult& since tbey will nnt ~ used fa mo6011 
compmsation 

In codinR D-p~etures , tbe enccdfr bas more decisioos torruke t.han in tbe ms.e d P-pictues. 'Ibe.ce 
d::cisjon~ are: bow to divide lbe pitrure up inlo sli<es, determine tbe ~ motion 't'OCtoJS to use, dtci!Je 
'lll'bethcr 10 use forward or hlckvrard or inttJpOI.atOO motion CQ~ns<llioo or to cocle as intm, and •ow to ll}( 
lk quantizu s:ale. 

0 .6.5.1 Slices In 9- pietures 

B-picmn::s arccfivided lro> slite$ iulbc same""~ u I 81d P-piaures. Sirxc B·pictun:s are not ased 35 & 
TtfM:~~a! for- a101ioo oompmsat:oo, emn in B-picturesate sfiglltl:y less illlJX>rtAAt lharl in I or P-pic:tures 
CoosequmOy, It migh. re ~riate 10 use fevrer shces for B-pictwes 

0 .6.5.2 Macrobloclts in B-plc:tures 

Slices Ot'G divided iltoDIOCJOblo;Jo ill tile sane way as fOf"l-pictures. 

'JbemaaollJoclc beldc:r ~Y co11tam ro..affillg. Ue pontion ot ~ macrobloc.k is (Jd.erm:n.OO by the 
tnaerobi<X'lc oddre:ss. ~ tbe macroblock addles$ iaatmCDt \\oit.t:il'l a slice be r -piQ.UtS is .resriuect to 
ooe. ill:nay be latg_er for B-pic:tures. A.DY raaaohlods tbus skiwe-J over are c:illed "$~mx:toblocks". 
SlOpped IUD1)bJocls in B-j)ktures differ ltom skipped ncuoblocts in P-plawes. Wbemls in P-pi<tureS 
stiwed .cnacrd>locks ka,·e a mo0o1 vectoreq.u\1 to~ in .S...picurcs sk.ipped ma:roblod:s ba .. e Lbc sarne 
motion vector and 1be same macroblcdc type as the previous macrobbclc, whlcb cannot be illtta mded, As 
lllere b no OOditivnal DCr correction lbey requite very few l>iU to tr.uumit. 

The ni!XLI1cld in tbc macro block beadef' defines the macroblocl:. lYJ'C. 
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0 .6.5.2.1 Macroblock types in 8-pic;tur-s 

Thereare ll t)pes cfaacrobkrlcinB-pi~ 

Table ().U -- Macreblock type VLC for B-pictures (tnble B.2l) 

1YPE VLC INTRA M01l0N MOTIO~ CODED 
FORWARD BACKWARD PATTERN 

~i 10 0 1 1 0 
~k 11 0 1 1 1 
prtd-b 010 0 0 1 0 
pul-b: 011 0 0 1 1 
pOO-C 0010 0 1 0 6 
~c 0011 0 1 0 1 
iatn.,O 0001 1 ] 0 0 0 
pcd-icq 0001 0 0 l J 1 
ped.foq ·oooo u 0 1- 0 l 
pOO-baJ 0000 10 0 0 1 l 
i.uiJa-q 0000 01 ] 0 0 0 
ski~ N/A -

QJANT 

0 
0 
0 
0 
0 
0 
0 
l 
1 
l 
l 

Com~»ted witb P-picttll'e&, lbere areextra types due 10 t!le uuroduction cf t!le backward molioo V"..delr. If 
only a Corwa.rd motbn vector u present, then w motion compellsated-tm.Lmblock is coostr11Cied from a 
previous picture, as in P-pidlueS. If 01ly a backward o.otioll vector is. present. lbeo the motion­
cnl.II.JlCnsatcd ma~.TOblo::k: is co»Struded from a futare pjctlp'e. lfbctb forw1nl and ooctward JOOtiDn vectns 
2repnsent, tbro mooon~pensata:l macroblccla are constructed from txxh previous am rowe pic~ 
md the result~ averaged to [orm l.bf. ftinterpolaled' notion-o~mpePsaledmacrotJlodc. 

0.6.5.2:2 Quantizer scale 

lC u e lllliCr(lbloclt)pe is pred-icq, pred-[tll, p~cq. or i.nU"a-q. i.e. if Llle QUANT OOWIUl in tahleD.2.1 
lias a 1. tben aquaillizer- scale is fransuljted.For lheremainiag-maccoblod: types, the OCT comction is 
cored using the JreTioosly estroli>bed -rallle for the CJ18.1fuerSC2.le. 

0 .6.5.2.3 Notion . \lectors 

Jf the MOTION FORWARD rolumn il table 0.21 tru a 1. lbeu oorizottal and venlca.l folwartl motioo 
'Yectocs are tnAnsmitt.cd in succession. If the MOTIO'l BACI:W ARD colum11 i.n ulblo D.2l hilS a r. tben 
llorizontt\1 and vertic:ll bocl....,.,ard uu:tlon vec10n rue lrallSmitted in succe&Sion. Jfb<Xfllyr,e.c:arc p;esen11he,n 
four coulp(Xleat vectoli are transaniued in the followilg order: 

IDriwllt.al fOlWllrd 
~cal f(lf'WaJ'(! 
ll:>ril.ootal backwlro 
\er1ical l»ckwa:d 

0.6.6.2.4 Coded block pattern 

If ue CODED PATTERN colwnn ia table D.21 basal, tbe11 a COiled block parrern is U1Uisroitted llis 
nfonns lbedecodet Which cftbe six blocts illbemactoblock are coded, I.e. h\e tranmittlxl DCT 
qutmtited coeffider~ts.and ~ich are not coded, i.e.lnvt OD additional comctiooaf~ermotion 
compensation. 

0 .6.5.3 Selection of m acrobloc:k type 

The ~cr tns m~¥C types of oucroblodc to clloose from in B -pictures. than in P-pictures, aad 
consequently is job is a fittle harder. 

For 1.00 slmulwoo model u..<aJ<tt.ing de\oelcpment vf lhis J>ll'l of JSO/IEC 11171., lhe followilg sequential 
decision algori)m Wll! used: 
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motion compensation mxle, le. ls forward or backM:wd or lnt:rpolathe m<tim 
OOliiJ:Ciliaboa best? What oftbe vector~? 
in1ra or 1100 intra coding. i.e. is the tmcroblock type iltta Cl" is it motion canpeDsat~ 
usiug mode aKJ tbe ~room il Sle(ll! 
if tle auao~ock type u non· intra, is it coded or oot codx1 i.e. is lbe re~idaal error large 
enougb to be COiled using lheDCTttmsfoan. 
deci~ if tbe qua:uilet scale is ~sfaoory a slloald be ctla~ed. 

Fot'\'Jard MC 
A 

Begin Backward MC 
A 

Interpolated MC 
L---~----------- A 

Non-Intra 

OLBI'lt 
Coded 
~----of: No QUant L--------------------

Pred·*cq 

Pred-•c 

Not Coded Pred-* or Skipped 

Q~:ant lntra-q 
lrtra 

L----------1
1 

No Quant 
L---------------------

.. = i, t, orb 

Fllure 0.3fi ·- Seler.t ion c1 macrobJock type In B-pict11res 

'The fo11r dedsionsc.epsatt d~~in tbe mxl fourcl~. 

0 .6 .5.3. t Sel•cting motion- compensat[on mode 

An enmder should attempt to code 13-piclllreS usmg skipped macroblocks if JlOSSibJe. Ibis suggestS tb:u 
llle ~ncoder $b<Juld Cirsc examine tlle case where t.te motioa coupens:ation is lbe same as fa t)e previom 
.macmblodc. If the previous macrobloclc was non-inlt'a, and iF llie 1100on-compematcd blcck i s good 
ellougb. tllere willbeoo additional ocr ccrrectionrequiret and tlle bloclc cmbCcoded $ !kifPCd. 

1fthe umatiblo::kcannot be coded as skipped, tbeD tbe followinf procedure tmy be fdlowed. 

For tle simdati011 model, tbe relection of a motion cornpen~1tion mode fa a m'lCJ'ObiOdc: wm lnsed on the 
minimizati01 of a C<JSt function. The cost fuuclioa was the MSE af tbe luminance difference betweea tbe 
motion-canpensaled lmCJot:iodc an<! t.re CUTJeli macroblock. The encoder calculaled the rest motion­
com~ macroblock for f<rw.Ud motion canpensaioa. U Clle• alculated lbe best notioo~ed 
maCJObloclr for backward motion comp;!n >atlor. by a si.Jnilar metbod. Flll1'41 y it av-...cag.ed tile two molioa­
co~ macroblocks topmdoce tlie ilterpolated macrobl<Xk. It tben sele~ tbe one lba tnd tbe 
SU\81CS. mean ~uare difference between i! aad ~ carrent maaoblod<. [n the event of a lie, interpJlative 
mode "'as dlosen. 
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0 .6.5.3.2 Intra/non- intra coding decision 

.Based on (be smallest MSE. a decision IS made betwteo tbe besr of me U!ree po~ibe pre4lmoo modes and 
the lD~a mode. Tk ca.lOJ1ation i$ similat to lbat of P. pellJnS. The variances of !he dffcrcoc.e UJaCJ"'block. 
,-ard, and o f me CUIT"..ntmacroblodc. vase, ace calculated. 

In tbe simulaJjon mode! lbe final decision was based on simply the ~mCJObloclc lype with !he smallest 
"amnce. lll.be two vari.'\1\Ct:S wee eqUIIl, non-intra mding was c~ 

0.6.5.3.3 Coded/not-coded decision 

·lbe c.boice of coded or not coded Is a result of quantization. v.ben :tl coefficients are ~ro tbeo a blcck is not 
coded. A mac.10blodc is DOLccxled i1 no block in it isco:Jed, else it is coded. 

0 .6.5.4 VCT transform 

Coefficier1t.s of blucl::; are tr.JJ\Sfonned into quantiZed coefficients ill tJ1e smc wi\y tllat they un fot blocks in 
P-pich1res. 

0 .6.5.5 Ouantl2atlon of 8-pictures 

Bloc:lo in B-pictnres ~ quantired in tbe san'e way M fet P-p iclllfCS. 

0 .6.5 .6 Coding quantized coefficients 

1J loc:lo in B·pictures are ooded tbe same way as blocks in P..picllltes. 

D. S.6 Coding 0-pictures 

D pictures Q)Oiaia only lew fcequwcy information They ue in~nded to be uSC(! f<r fast visible search 
modes. 11 is inendaf that tf-.J! l()w frequency ink>nnal:ion they e«~tain is s ufficient for the user to locate tle 
cksml vi1eo. 

D pictures 3'e coded a~ lhe de coeffieie.,tsofblocks. Tbere is a bittransmilted ror them~Jock type, 
altbouV1 ooly one oocroblock type exists. II addiliro there is a bit denoting end of rnacrootock. 

0.6 .7 COding at lower plctute rates 

This pan ofJSO/JEC 11172 d~...s DOl allow picture> to re dropptd al llle enco<ler. This differs from the case 
of CCJTT Recommendation H 26l f5) ·.vbere temporal su~npliog rnay oo dol'c by omiu:ilg cOOed 
piclures fro.m the ~ucnce. This pari of lSOIIEC lll72requires OW aJ I &ource p ctures nust te enmded 
Md tba l cored pictures must be inserted into tbe bits lream ooniJial ly ~t tbe rtllil oormett by lhe 
picfure_ rate tield ill the sequence header. 

D~ite lbis requremen it. is possible for maxtrs to op:rate ala. lower effectivepicu.re rae t/JarJ tire one 
defiled i• tile reqJei\te.beader by using P-pictures Ot'B-pictures th.'lt ooosist eDtirely of J.OOCTol:locks Ibn are 
copied from a 11eigbbowing reference pcture witb no OCT iofom1ation. This creates 1\ flexible meL'JOd of 
temporal sub-sampling and picrure repetili:Jo that may be implemetlled ill tlle eoOJder by lns:rting a defined 
block: of clala. F~ exuaple, to encode at an effective rrue of 12,5 Hz 10 a 25 1 fz bit:strcan. al~mll:e pictures 
can becqlied from the p rea;dillg picture by inserting tre block or data in uble 0 .22. 

102 
Page 112 of 124 



OJSO'IEC ISO/JEC 11172·2: 1993 (E) 

Table D.lZ ·• & arnple of Ule c.ochd fhta t letmots n~dtd to cue rate 
repU!kd pictures 

Val ue (hit.) ]\.f I!CIDOO ic Lenj!tll (bits) 

0000 {)(XX) 0000 0000 pict.RJW\._mde 32 bits 
0000 OOOJ 0000 0000 
ltX.U XUX lU ttu~l_rcfamc:e 10 bits 
010 Jllce~re_axlmg_type 3 bits 
ICXU ;uxx XUl JU.n vbv_dclay 16 bits 
0 ti.all.pe~_ccde 1 bit 
OOL fonr.udJ_o;lde 3 \its 
0000000 51Uffi~ 7 bits 
0000 0000 00()0 0000 slioe_~_rom 32 bits 
0000 0001 0000 0001 
0000 1 <Jl311Wer..sc&le s bits 
I aaaobloclulddress_illcrtmtltl 1 bit 
001 nacmblreluypc 3 biu 
0 nocion_ooriz.ontal..:.brward.J:,OOc I bit 
0 lliOiiOII_ WJtiaLfon.oatd_cOOc 1 bit 
0000 0001 000 (x I I) tarurobkrlc_es:apc (x 1 1) 121 bits 
0000 OOJJ 001 rnaaoblock..il(lliess_i.nc:rtmcnt 11 bits 
001 l'll.aO'OllJcx;l{_type 3 bits 
0 I'"IIO(jOil__torilootaL,bnvwd_::odc 1 bil 
0 IDOIIOC_ venicai...Jnrv.ud_code l bil 
0000 S!Ufi:ine, .. llit! 

Yo• a I 256 biu 

0 .7 Decoding MPEG video 

D. 7 . 1 Decoding a sequence 

0 .7 .1 .1 Dtcoding for forward ptavba~k 

At tre beginning of asc:Jumce, !.be~ v ill dcco:Jcthe sequen:e be:adcr fnclodtng t.le seqJJeacc 
pnneten: lf a parmneler e~~ l.be cap;thllhy of lbo decroer. mea IJie deoorer sbou1d rept>rt thiS. IC lhe 
decoder dtU.'Ill\ll1CS tnar. j [C3J dOOJde tie ])itslrtam, th en it Will .$« UJ) it.<; (11\N.Irelf tS tO IWilciiJIOse de{IO()d 
in !.be seqllt!llCt! bcact>.r. 1his will include the horirontnl a:1d vertical remlutlom nnd 1\Spccl. mtio, lbebi. 
rare. and the quanbZJ!I.ion mllrices. 

Next tbe ~r will decode ~group of pktures bmder, indu::liJtg lbe cJoscd_gop and bmnn_Link 
informatkm, aJld take any awroPrlatt action. It will decode Lhe flfSt picw:c beader in the groug or pcnm.s 
aro reaJ tk vbv delay fidd. ll tbe OOc:odcr use; me vbv_deby inbnn.'l.ioo to Slan·op <b:::odng ralher Llw 
lbe ilfamali>o iJl tte ~ys:em stream (150/IEC 11172-1) then it muse c!el2y di~layiogpicures until after a 
time de~ermine<l by lhe vbv_de\ly infonnalioD <tld a hlowledge of Ute IW>der's architeanre. 

Jf Lbe clo~·gop Rag is 0. illdicalint lbar lbe groap is open, and tie blt>ken_litk rtas i> l. 11en any B­
pictu'eS prcccdmg (i.a dispay oo:Er) lle first I-pcmre in tte llfO"P cannot re dea:x1e<:l. The tlectX1c1 may 
acbpt ooeofsevma! stntegies. It may 4isplay the fust l.pcrure during the dm( tbatt:be uadecxrlahlo S.. 
picnres ~Ia be displayed. This strategy mainoim atdi> S)'ldlrOiliz.atim w buller fullness. nowevet it 
is likely thallbe \xokeu liaK ba; a::cved becalr,.e of pot;t. cocling e:liliJl:, in wbcb case au die may be 
di.scc:J'lti:uJOOS. AA ~ve St!leg,Y mi&fltbc to discard the ll•piClllrts mlft:ly, an• relay llcrodi.u& tbe 1-
pictt.re unlit tb e b!ffec fttlness is wilbln lin its. 

If pbyba.clc regjns from a random p<lint in l1e bitstream, the dc:cod~ should discard all Ute ti\S ur.tll if fm:ts 
a ~enct stvt code, a groop or pictures stat code, ora picl~m: S!M code wbicb inl.n:>dJ~ nn 1-picuue. 
Tbe ' llcesand tnaa"d>lodts in lbepicttlfe aredecoiJed and written lnCD a disptl,yb\Jffer, and ~haf$ int.o 
anot.ber buffir. Tbc decoded pi<:tures ~ be po;t processed and dlsplaycd In tile order ootmect bY lbc 
temporal tefcreoceattbe p ctJJrf rate4efined in lhesequto<elle:det. 
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Subsequent pittu'eS are p:ocessed a1 tie apprQpriate tim~ to avoit b11ffer overlJovr and underll<Jw, 

0.7.1.2 ()ecoding for fa~ playback 

Fast fonwanJ caiJ be SllJlp:ll"led by D pi.ctliret. It can also be >Opported by an appropria.le spacing d ~· 
pictures illaseqllence. fur~le, ill-pictmes were spaced regularly every lO'pictutes, then adt:eoder 
ni&ht be able to play\l3cl:· the $e(Juence al 10 1imes lhe nonnal speed by d~i)lg arrl displaying only tbe 1-
pictures. This simple CORcept places comider.lbJe bllfckns on the mroia and the decoder. The media must 
be capable of speeding up aoddeliverug 10 times tre data.~. the decoder must be capable of ~piing 
tlis higher data ..are and lleto<in! lie 1-plctores. Silce 1-pi<tures typically require signi.ficanlymore bits lo 
code lhan P OJ B-pictures. tbedeooderwill ba.,e tn rerode signii'ic:wtly nx>re wan 10% of the data. eve!l if it 
caD searcb for picture start. axles wd discm:J the data fer P ~ » -pi cures. 

For etaraple, !l sequence migbt be (X)ded as follows: 

IBI'BPBPBPBIBPBl'BPBPBl ... 

Assume that the average croe ~ize per picture Lo; C. ilJat eacb 8-picture requires 0,3C, that eacb P-pi.ct.ule 
requi.Je$1.5(:, and that each (-picture requires ?..5C. then tbel-picturcs require :25% of the code foa ttcir 10% 
of me di~play time. 

A.s10tJ\er way to adlieve .fal.t. folVIard in a constaJlt bit rate appliC$!tion, is for the media itself to s<rt. out tbe 
T-pictures and tnnsm.i1 aem. This wotlld allow the d3UI rata to remai11 con.WmL Since tkis selection 
process caD be made to pudure a valid ISO.'IEC 11172-2 bits~am. the decctfer slloold be able to ()eco(le it 
If every [-pctJre of the prec:edng e:mmple were ~lectcd, then one I -picture W'OJI.Id be tranrulittcd every 2..5 
piCture ]:lCriods, and the speedup rate would be ton,s~ ~times. The decoder might be al>le to d~phy the 
!-pic~ at exactly ZS periOI;ts, ()( illlligblallel,llale displays ~l ! and 3 periods. 

If at.ematel-pi~ of1he precedillg eJWI'Iple were sdea:ed. tben oue 1-pctllre would agai.n be tralsmittal 
evecy 2,5 picture periods, llutthe speed up rate would be 20/2,5 === 8 lililes. 

If one inN [ -pidurcs of tb~ precwi11g eXJJDJPle were selecll:d., ihen the ~.Jll'ed up rate woul<l be lON/2.5 = 4N 
times. 

0.7.1.3 Decodi119 for pause and step modes 

Decod.ii\g fur pansereqwe~ dle <1ecoder to be able to o:>ntrol IJJ:: mcuning bitstreatn, am Cisplay a<Jccoded 
pictwe wit1out decodin~J a~~y s.ddltk>naJ p\ctures. lf the decOOer bas full cowdl over tJ.e bitstream, lheB it 
raJ~ be sw:>Jt)ed for pause and resumed wren playback res!lmeS. lf the decoder bas le~s contrQl, as m tbe case 
of a CD ROM, tlle~~ there may be a delay before playback can be resumed. 

o .. r.i .4 Decoding for reYerse playback 

Todeoode 11. bitstream arxl playbockinreveroe, the decoder mu~ reeode eocb group c:L pictures in tie forwanl 
direction. store the <SeooCed pictu:es, then di~ay tbem in reverse ocder. This plares severe storage 
fe<!UUements {In the decoder ia addltioo to any prob1ens in &aiaing acce~ to lbe ~ bilstrealll in the 
COtf'C(;t mJer. 

To reduce deco<ler memory raJuin:ments, gro•ps ot pictures sboold be small. There is no mecbaJiiSJrl in t!Je 
srnuu for tte eoooder to state whatc.be dec()()er requirements are ¢1 ordi2' 10 pJaybacll ill reverse. 

The amoWll d dis}iay-biiffer storage may re redoced by reordering !be pic:wres. citrer by bavilg the storage 
unit read a11d trd!ll>"lTlit lbcm in 3DDther order, ot by reordering Ue coded piclllreS in a decoder buffer. To 
illllst.tilte llle savings, coosider f.lie follo'Wing typical group of pjctures: 

~~ 
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B B I B B p B B p B B r pcll!re$ in di>playonfer 
0 1 2 3 4 5 6 7 8 9 10 11 tem~ rcl'ererce 

J B B r B- a p B B p B B p~ in co:led c:rdfr 
2 0 1 j 3 4 8 6 1 11 9 10 lemJX>C".!l P..ferertt 

I p p p B B B B B B B n picrures in new onier 
2 5 8 11 10 ? 7 6 .. 3 1 0 teuq:oral r.J ercJlCC 

Figure 0 .:37 •• &ample group of picture• 

Tbe deco<kr woul!l decode the pictu-es ill tbe hew order, and display dlcro in tbe reverse oi tbe normal 
display order. Since tht B-pictllre3 are aol dec:OOell wtil tlley are ready ro ~ displsyed. the- diSplay buffer 
storage is alinimized. The filsl twO B-piclllrt.S, 0 wd 1, would remain st.ore.d in tbe input buffer until tlle 
Wt l,l-piCt'llf'C in the previOliS troop Of pictures is decoded 

D. 8 Post processing 

0.8. 1 Editing 

Editing of a video ~uence is best petfoanw before compn:ssion, but situnJ.iom arise wbere only the coded 
bitSttea:tn i> available. One-possible nlethod ~uld be 10 4erode tile i>il$lream, perform tbe required ei1\tmg, 
ard recode the bitstream. This usually learls ro a loss in video quali\y , and it is better, if possiNe, to edit 
tbe cooed bitw~ itself. 

AllllOUSh editing nay take several fo~. the following discus>ioo ,11erlAios Ollly to edilin& at tlte pia ure 
level: deletioa of coded video llUtf:rial fro111 a bitslnlara, msation of coded video maerial into a b itsuea.t, 
orrearnnge111eflt of a>dt.d vi<Eamaterial within a b~tream. 

lf editing 6 oo.tici:pattd. e .f . dip video is provided arujogOtlS ~ clip art for ~11 pictures, thea the vireo ca:1 

beencode4 witll well defired eating poiniS. lbeseet(ting ;><>ints are placesatwb.icb l)e biutreau aay be 
broken aput or joined. Each curling point thou ld b: followed by 11 dcr.ed ~ of pictures. This allows 
smooth pl2yback.: after editing. 

Aa editor lllUSl take can to easure lbat tbe bitSt.ream it prodlces is a legal bil.sttean. In pan.icular it must 
eoowe ttmr the De VI' bitstreun canJllies wit) me reqlli.rements of the vidoo baffcring verifier. This is a 
ditficu It ta>k and in genera it wiU oo1 be poss.ible to edit m:e ther atbltrary recliollS or biurreams dlat 
ccnrply with Ibis pan of ISO/IEC 11172 to prodllC(. anol.het birsu·ewn that also complies wilh this turtof 
ISOIJEC l1172(see for example figure D.38), 

ongns ~~~~-A~~~~~~-B~--~~-----c--~ 
Edited A I c I 

Figtre D.38 •• s~que.ces 

It may bo weyer be possible lO mlibemtely ;:ru:ode \litS:teams iA a manner that :~llows soma editing to occur_ 
Fqr instance, if s.ll Groups of Pictwes bad tbe same own bet of piau res iWd \1\'ete e.'lcoded 'lil!llbe same 
numberofbi1S, then 111any ofthe problemsofcomplyilg wm tbe vileo buffering verilier would be solfed. 

1le casiesl. e~Utin~ task is 10 cut auhe beginning of gro~s of pictures. Ir ue grl:-up of pict.l:.res foDowing 
the cut is cpc:n, wllidl c;;n be delecred by exSDining the do~...,8op fJag in t.be group of pi:tures ~. 
then tbe editor nust set tbt brolen_linlc bit to l 10 indicale to lbe decoder that lhe previous WOilJ' of 
pictures cmnot be used ~rdeooding any B-plcrures. 
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D . B.2 Resampling 

Thedeoo:!ed bit.wemuruy not match !he p iicb!reraJe or lbespilial resolutioo of the di..<play device. In thi<; 
q.»ce frequenl siruali>n. the decodtd video must beresrunpled or scaled. 

One e7.aap1t, considered under preproc::essing, i5 the~ where !he dccOOed 'rideo bru SCF resolutioo and 
lllll5t be converted to CCIR 601 resolulioo. 

0.8.2.1 Conversfon o f MPEG SIF to CCIR 601 format 

A SlF is coovened to iu oonespollding CCIR 601 (()rmaf by spatial upsampli11g. A line..- phase FlR 
filter i ' applied after tbe insertion ofzera:s between samples. A fl.lter- !Jut tan be usEXI for upsampin& lle 
lminance i~ sbown in fi'we D.39: 

I -t 2 I o I 140 ! 2-'6 J 140 I o I -t 2 I 112~6 
l'igure 0 .39 - Upsampliag filter fer Juminan<:e 

At tile eod of tbe lires some SJCcial tedmiq11e, such as replicating the last pel, muu \e adoped. 

According to CCIR Rec. 601 the chroninance samples need to be co-sited wi U.11le lllDlinanre samples 1. 
3. 5, ... 1n order to achieve the prq>er locat.ioo. the upsanpling fil ter sboold have ao even number of taps,as 
sbown in fi&ure D.40. 

It 13 I 3 I t ' '' 4 

Figure 0.40 -- Upsamp&ng filter for c.hronainance 

'The SF may be .recon..'tntctcd by adding 1our blacX pes to ~b e·ad of !he horizontal lumina!lce lines iD die 
decoded bitmap, and two gray pe~ t1> ea.d e;XJ of !be hori?..OOtal cllrominance lil~. The lllDlJDllllce SIF 
o.ay tben be up_~pled tnriwn1311y aJXJ vemcilly. I'le dlrominaDce SIF s!DU!d be ~pled ooce 
)Jo(WII.all y and twil:e vertically. This process is illasttalt.d by lhe followins d iagram: 

720 

360 240 
720 

240 

SIF 
/288 /2!38 

CCI=t {)01 Y 
Horizontal Vorti:al 
Upsarrping Ups<\rrpli~g 
Fih.er Fite• 

(a) Luma 360 

1:20 
1 BO 

2 40 
360 

240 180 
/H4 /288 /288 CCIR601 480 

Vertical HorizoRtal Vertical 
U,V 1576 

Upsarnpling 4:>sarrpling Upsafll)li~ 

Fit er Filter Filer 

(b) Cbrona 

Fig rare D.41 •• Sinapified decoder b lock d iagram 

0.8.2.2 Temporal resampling 

Since lhc pi;ture ra1es an: Jinited to tbose o:munonly used ill lie le.levisicn ind1.1s1ry. the sane techniques 
may l» applied. For example, calversi011 fiODl 24 picltns/s to 60 tieldsl' may be achieved by the 
technique of 3:2 pul down. 
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Video coded al 2S piCAJJreS/s OlD be coavertfd 10 50 fields/s by dispbyiog the original de<:odcd lines in the 
odd CCm 6Jl fields, md tbe ilau:rpoblted Ullt;3 in tbe even lields. \'ideo coded at 29,97 or 30 pict.uresfs 
may be, conTeru:d to a field m~ twice as b.r&e aU!g tlle ~ method. 

Video coded a123,976 or 24 picl.IJWs may beeut~ to 50 fieldS/s by speeding it up by about 4% wd 
doccdittg it as i" it had been eruoded at25 picure:Ws. The decoded p ictares coukJ be displayed ira the odd 
fields.lUld iAt.erpolatedpict.urei i1 !he even fields Th.eaudiD must be namtained insynchnmttalion, either 
by ix;reruing !be pitch, o- by l peed\(}t it up witboll. a pitcll cla.Qge. 

Vidto eoded at2J.976or24 pictare>/smaybeccn\'Cf1Cd Lo59,94 or6l f:eldsl• mmg tbeeuhli«JJe ot3:2. 
p11U dOWil.. 
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1be user'~ atct:tion is calkd to the JX>SSibillly lbl\1 - forsune or t1le pr~es specified in this pan ci 
ISOJIEC 11172 - compliaDce \\ith Ibis lnttm\uonAI St.'l..~d mi\y ~uire •se or :u inventioo covered by 
patent rigtlts. 

By publicat.ion of t.bis part of ISO'IEC 111 72.. no po;ioon is i.ate4l 111ith rcsJP.c1 to me val!Cfi!y of dU$ 
cla.i.tn a of any pateat rig•ts in connecrionlherewltb However. eactl compa.y lisied in this annex has moo 
with the Information Ttclmolo&y Tadc Porce (t£1F) a na~men1. of willingness to gr:mt a license wd!J 
such rights that they hold on re3Sonable arid aotldl~crimulOtory mnnsand coruliiJOCS to ~JijcaniS desiring 
to obtain such a license. 

luformatiou regarding such patents cw ~obtained frora; 

AT&T 
3! Avenu~ c1 the Amen~ 
NcwYort 
NY 10013-2412 
USA 

A were 
1 Memorial Drive 
Dmbroge 
02142 Massachusetts 
USA 

Bel.kore 
290 W Mouat J'Je<lWlt A ·~nUl" 
Livjngston 
NJ 07039 
USA 

The British "Brood~ting Corp<ntl(m 
BIOOJcasting How:e 
Loodoo 
WlA l AA 
United Kingdom 

British reJCCXlUUJJUOICf~OIS pic 
lntellcaual Property Uait 
13th Floor 
151 Gower I.J:'eet 
laldon 
WCIE6BA 
Unittd Kingbn 

CCETI 
4 Rlt du Clus·C~Iftl 
BP .59 
F-3SSIZ 
Cesson-Sevi,Jle Qda 
FJance 
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CNET 
38-40 R~ du General Lccl.erc 
F-92131 Issy-les-Moulineaux 
France 

Coopression Labs, locorporated 
28<D Jun::tiDn A venue 
San Jose 
CA9H34 
USA 

CSE.LT 
Via C. ~eis' Romoli 174 
J-101118 Torino 
ltnly 

ColllpllSonlcs Corp:>ralion 
PODox. 61017 
Palo Alto 
CA9430l 
USA 

Dairo~ Ben AG 
PO Dox 800 230 
Epplestr.IS.Se 225 
D-iOCO S ll1tJ!ilft 80 
Gemuny 

DomierGmbb 
Ander Duodes.<;~ 31 
D-/900 Friedncmha"en 1 
C'..ennany 

Frnanlmrer Gesselschafr zurFoerden~ng cl!£ Angerwmdten Fof!(:bung e. V . 
Lemrodstrasse 54 
8000 Muencb<n1 19 
Gennany 

H.iuchi Lat 
6 Kanda-Surugacru 4 d:IOtne 
Chiyooa, ~ru 
To\.yo 101 
J:lpan 

Instii.Ut filr Rllndiunkttchnik Gn~h 
Florianmilllls l1'aJle 60 
8000 MUncben 45 
Geunany 

bu .. ematiooal Business M'\Cilims Cm-por:ll.im 
AnnOJlk 
Ne" York 10504 
USA 

toO Caponll.ioo 
l-3-2 Nisbishinjllku 
Sbmjmrku 
Totyo 
.lapUl 
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U~1tia Pntent-V erwallUIIgs-Gmbh 
Il:eod0G'-Sem-K~ &· 
D-6000 FI3I\kfvt 70 
Germany 

M~<adluseus h1-<Urure of TedllllJlcg)· 
20 Ames S~rtel 
Cambrilige 
Massadluiens 02l39 
USA 

Mit.slJSilim Becll'lc Industrial Co. Lu:l 
10060aza..K.'ldoma 
Krooou · 
()W(aH1 
Japa11 

Mitsubtsbi Elecllic Corporncjon 
2-3 Marunoucl!i 
2-Cbome 
Oiyod•-Ku 
Tok)·o 
100 Jalk"l.D 

NEC O>rpoation 
7-J Sbiba 5-Cbome 
Mioato-lcu 
Tok)o 
Japan 

Nippon Hoso Kyokai 
2-2-1 Jro-aa.'l 
S•ibuya-lu 
Tok"YO 150-01 
J~l 

~ilips Electronics ~y 
C'JrOenewoueseweg 1 
5621 BA Eindhoven 
Tbe Necbc:rla.ods 

Pioneer Elewon.ic Corpolllljon 
4-1 Meguro 1-Cltmne 
'Me gum-leu 
Tokyo 153 
J~ 

Ricob Co, tld 
1-3-6 Nakanu~gome 
Ob~-l<u 
Tolcyo 143 
J~ 

SchaNUtt Engiaee:riag & Dcsit,n 
15 BuckL1nd Coon 
San Otrlns, CA 9-W7!l 
LSA 
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Souy Caporatioo 
~ 7 ·3 S I<itashina:ga'IVa 
Shinagawa·l..'"ll 
Totyo 141 
Japm 

S )'11\bionic;; 
St Jobn's IDnovrom Centre 
Cowley Road 
Cambridge 
CB44WS 
Uruted J<.ingdom 

'felefunlenFemseh und Rundfunk GmbH 
Gouiager Ch~ussee 
D-3000 Hamover91 
Germany 

Thomson Co»sum.:r Electronics 
!)', Place do; Vosge;; 
LaDCfeRse 5 
!)2400 Courbcvoie 
France 

't"opp.tn Printing Co.. W 
1-5-1 TaiLO 
Taito·ku 
Totyo 110 
181M 

Totbiba Corpontion 
l-1 Slliban.J 1-0lome 
Mmato--ku 
Tokyo 105 
fapao 

Victor Company of Japm Ltd 
12 Moriya-cbo 3 chome 
Kanapwa-t:u 
Yokobama 
Kanagawa 221 
Japan 
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UDC 681.3.04(084.14) 
Descriptors: dDta procetslllj, moving :>lct.lres, vide<; d~ta. vdeo reccrdng, data stCirB96 de-Ac es, di9U ~. txldoed 
reprts~nta:ion, cocing (cbta cowersonl 
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