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Foreword 

ISO !the International O·ganization for St3ndardization) and IEC (the lnta-­
natiooa. Electrotechnca Commission) f orm the specialized system for 
werldv.ide standardization. National bodies that are members of ISO or 
IEC participate h the development of lmemational Standards through 
technical committees established' bV the respedlve organizatiOn 'to deal 
with partb~ar fields of techncal activity. ISO and IEC technical com­
mittees collaborate in fields of mutual interest. Other international organ­
izations. governmental and non-gcvernmental, in liaiso(J Vvith ISO ar.d IEC, 
also take part ·n the work. · · 

It~ the field of informa!i0'1 technology, ISO a'1d IEC have established a pint 
technical committee, 'SO/I::C JTC 1. D·aft lnternation~l Standa!'Ps adopted 
by the joint te:hnical ccmmi:tee are drculated to national OOdies for vot­
ing. Publication as an International Standard requires·app·oval by at least 
75 o/o o: the national bodies casting a vote. 

International Standard ISO/IEC 11172-2 was prepared by Joint Technic:~l 
Committee lS0/1 ::c JTC 1. Information technology, Sub-Con'Ynittee SC 29. 
Codisd represenatiof'i· of ar.xio, peture, mlitimsdia 'and hypermedia infer-
matron. · · · · 

ISO! EC.11172 consists of the fdlowing parts, urder the·general title In­
formaton technology - Coding of movhg p'ctures 3nd associated avao 
fqr digiti!/ storage media ~t 4' !o sbout 1,5 Mbir/s: 

·-"- Part 1: Systems 

- Part 2: 'Video 

- Part 3: Audio 

- Part 4: Compliance teSting 

Annexes A. B and C fo·m an integral part of this part of ISO.t1EC 11172. 
Annexes D, E ard Fare fer information only. 
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Introduct ion 

Note -· Readers in~ in an Ol'oview of the MPEG Video uyer sboald read this lntrodactioo and then 
pro<:ea1 ro 3l~X D. before rewrning to clauses I md 2 

0.1 Purpose 

Thi1 partofJSO/IEC 11172 was de\el.oped io respo~se to the growing -.ecd for a common foonat ior 
repesenting compressed video ou various digital storage media sucll as CDs., DA Th, Windester disks and 
q>tical drives. This part of JSO/ffiC 11171 5pecifies a ooded represenlalion that cat be used for 
COD!pressin: video reCJ!ences 10 biuates around 1,5 MbitJs. The use of this part of ISOIIEC 1117?. means 
that motion videoc:n be manipulated as a fonnofcomputtr dau andean '00 tr3nSmitted and received over 
eK.i!itiog and fU.tue uenvorlcs. The coded represenration em be • sed wilh bOll 625-line and 515~ine 
television 3lld provides .fleXJl>ility fCI" use wilb worbtaliOD and persooal computer di1pbys. 

This part ofiSO/lEC 11172 W1lS de.;eloped to operate principally from ru>raBe media offering a continuous 
uamrer rate of about 1.5 MbitA. Nevertheless it can be used xrore widely thlUilbis lxaule tbeapproacb 
tH::eo is generic. 

o. 1.1 Coding parameters 

The ittelltiw io.4e~lopilg this part or ISO.'IB::: 1.1171 bas been to define as011rce codin: algorithm with a 
large degree of flexibiityt.bat ca.lJ be med in many differentapplicatioos. To acbeve this gml, a aumbec of 
~ pasamettrs defining the cbaraderisl:ics of co:led bitstremn.s and ~ aJe Q)ntained in.Lt)e bitstream 
itself, This alloVIS fur exflmple, the algorithm to be uSed for picnres witb a variety of siw: md aspect 
ratios and oa channels or devices ()pernting ~a wiJe mage of bitrates. 

Because of !be large range of ae characteristics or bitstreaau that ca1 be represented by this pan of ISO!IEC 
11172 a sub-set of these coding pmmetets known as tbe "Corutnined ParamettrsM bas bttn defined. 1he 
aim in defming the consllained pmmeten is to offer guidance a>out a widely useful range of pll'3llleten. 
Conforming to tllis set of constraints is oot a requirement of tbi.s part of JSOIIEC Ill i2. A flag in the 
llitstteam irdicates wb~ or DO( it is a Coastraiaed Parameters bitltfeam. 

Summary of tha Constrained Parameters: 

Horizontal 11icuue size Less thanoreooalto 768 pels 
Vertical picture size LeSs thanor.eaualto 5761ines 
PiciUre area ~ than or C(J.Jal to 396 ma:roblock.s 
Pel rate Less thmoreoual to 396x25 macroblocbls 
Picture rate l..es5 tmn or eaual to 30 liz 
Molion vec10r mllge Less ttM -64 to -+63,5 pels (using balf-pd veciOn) 

• [t'<IU<.wcU u_ f code am forward f cocJt <= -4 (see tableD.nl 
Input buffer size (in VB V DlOdel) Less ttM or equal w 327 680 bi~ 
Bitmte Less tbm or equal to I 856 000 bits/s (co•stant btnte) 

0. 2 Overview of t he algorithm 

The coded representaoon defined in this put or ISOIIEC 11172 achieves a b.igb ca:npression ratio while 
p-eserving &ood picrure quality. The agorillln is not k>ssle$5 as tleexact pel "aloes are not preserved 
during ceding. Thecboi ce of tile techniques is based on tlle need 10 balance a bigb prureqt.alily wd 
compressioa ratio witb tte requiremenl to make random occess to tbe coded bitstrean. Oblaini~ go<Xl 
picll.re quaity al tbe ntntes of interest demanrts a~ bigb compression raio. whic.h is notacllievable 
witi iAtrafrune coding <Wne . . De need for ra.r.dow access, however, is best "'tis fled witb p1.1e inoaframe 
ooding. This reqtircs a careful baance betweea it~ and iotrframecoding and bernecn recursive and 1101r 

reCIIJ"Sive tell}X)£"41 redundancy redlxtion. 
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A I1IIJI ba' of lecbn:ques are used to achieve a bigJl comprtSSioll ratio. The first. whlcb is almmt 
independent {rom tnis p111 ofiSOAEC 11172. is to select an ar.propriale ~ nsolulio• for the signaL 
The aJgori!lun !lEn us:s blod~tB.scd !ll()ti(lo comp;:malion to rt:dll.':e lbe te~ reduadmcy. MC>Oon 
ooopens.uion is used f01 causal prediction of the cuneot picture from a prevl>us pcnue, fur oon-cansal 
predid.ioo ol k CUTellt picture from a furue picture, or fcc- interpolm 'lie predictioo from past ood ftnJJe 
pi.cwes. Motion vee mrs rue defined for eocb 16-pel by 16-line regioo of lbe picture. The difference signal, 
the predictionenor. is fmrercanpressed asbg the ciscrete cosine tr.uufocm (DCf) 10removespU.ial 
mnelation before it is quarti.led in an irre\ef'UD!e process that discards t.be less iaportalt infunnatico. 
Fitully, lhe motion vectors are rom biDed will tk ocr infol'tJI.3DcD. aro coded usinz variab:e lengu CJ:Xks. 

Cl. 2.1 Temporal processing 

Because of tbe con11icting requisemerts of randan att.e$ and highly cff1cient compression, three main 
pcturl! cypes ~ dermed. htra-coded pictures (1-Pico.res) are coded ~it.tlo ... reference to other pictares. 
They provide aca:.ss pom to the coded~ wberedecocling canbegm, but are coded wit.b only a 
moderate compression nfiQ Predictire coded picbire> (P· Pictures) ate mded more efficient) 'S using notion 
compensated )rediaion from a past inn or predictive ro.1ed pictue and are generally ustd 1S a reference fcc 
futlerpredlctioo. Bldi.rccOOmlly-predictive coded pi cures (B-Pictures) provide the higllest degree of 
compression b.Jt require both pan and fi.tUie reference pct~res for motion compensa1i01. Bidi.I:Wiio-.ally­
Pfe(liclive cOOed pictwes are riever llseO as refumces Cor prediCtion The organisation of the three piaure 
types in a seqoooceis very flexible. 'lbccboice is left to the encoder and willdependonlbe lleqliremeatsof 
tbe application. Figure 1 illu.<Uaes tbe sebtioosbip between tbe three <lfferentpicnre types. 

Bi-directional 
Prediction 

Prediction 

Fi,ure 1 -- Example Dt temporal plc:twe structure 

The fotrth piciW'e type defmed ill this part ofiSOIIEC 11172, ue D-picture, is provided to aUow a 5imple, 
b•t limited quAliLy, fast-forward playback lllO<b. · 

0 . 2 . 2 Motion representation - nacroblocks 

The choice of 16 by 16 macrobla::Jcs for the IOO<:i:ln·<:Oflt>ellsatioo uuit is a result c:L the Lrnde-off between 
increasitl2 tlle coding efficiency provided by using motion infommlion and the ovCihead needed to store it 
Eac1J tmaobloc:kcan be one ofammberofdifferent typeS. For exarnrle. intra-coded, fcrward-predictive­
ccded, backwaJd-pmlicthe oodxl. aad bidi.ra::ti>oall!-pediai vc-axJed m.acrobbcks are permitted in 
bidireaionaJly-predCtive ocxJed piCIUJ'eS. Depending oo the type of the m.'lcrc:block, molio1 ~k>r 
information an4 «lbtt ~ide illfcm:.ation are~ with the mmpressed prediction enor s~nal in each 
ma~ock. The motion vectors are encoded differemiall y will respect 10 Ill e. last ~ motion vectDr, 
usin1 variable--length end~. Themaxim!Dlllengtb oftbe veders that may be represented caD be 
programmed, oo a pitn~re-by-picture basis, so that the most de:rmnding applications can be met without 
canpromising tbe p::ri>rmance of the system in more ooroal siiUOOalS. 

It is t.be n:sJX>n>iljlity of tbe eJ.coder to calculate a:ppJOpriale motion veclOI'S. Thh p3Jt of ISOIIEC l l t 71 
does net specify how thisslx>t.idbedooe. 

v 
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o. 2. 3 Spatial redundancy reduction 

Bolh ori' iDal pictwes airl predicti<m enor signals have high spatial re(hcdancy. This part of !SO/lEC 
11172 U$eSa .JOCk· based DCf melbOO witb visually t~eigllted quantization <Uld run-JtnglbCOOing. £acl8 
by 8 Hock of lbe origioal piaure for in Ira-Coded ma::roblocts or of lhe prediction error for preclictive-<:oded 
nacrd>locls is tmnsformed into lhe OCT domain where it is scaled before being quantized. Aflfr 
qtmtiz.alion nany of the ccefficiens are zero in value and so lwo-.dmeruional run-Jengtb and variable 
length coding is ustd 10 enc:ode he remaining coeffici::nts_ efficiently. 

0.3 Encoding 

This part of IS<Y.IF£ ll l 72 does rot specify an encoding process. It specifies tbe S)'llta:t and semantics of 
lbe bitStJeam and tke signal processing in tbe decoder. As a result, many optioi1S are left open 10 tn<X>ders 
k:l trade-off cost and speed against picuu-e quality and cod~ efficiency. This claJse i& a bref description of 
lbe functions that need 10 -be perfonned by an encoder. Fi~ure 2 sbows lhe main functicnal blocks 

Picmre 
lloc/ 
P~dor 

OCT is discrete cosine troosform 
ocr-tis inverse ili~~ire 113DSform 
Q is quantization 
Q" 1 is dequootizalion 
VLC is variable length co:liag 

Figure 2 - Shnplifie4 video encoder block diagram 

The i.Jplt video si~al ·must re digitized and represened as a kul.imnce and twO colour difference signals 
(Y, Cb. Cr). This may be followed by preprOCC$Siag and fonn.at conversim to &:lectan appropriate 
window. resolutioll ud input format. This~ of !SO/lEC 111 n requm that tbe colour diffe~eree 
; ignals (Cb and Cr> are suJ.sampled with ~t to tre lumina.n<:e l>y 2:1 i.J botll vertical andhoruomal 
diteclioos aml are refomatted, it necessay, as a 110*-interlarecl sigml. 

1be encoder nust choose 11bicb picn!re type 10 use for each picture. Havmg defined the pict:ue type:1, the 
: .DCO<lttestimates m<ltion rectOI'S for each 16b)' 16 macrd>lock in tbe picture. In P-Picwres onevectoc is 
needed Cor each non-intra n.aaoblcdcan::l in B-Hd!Jres one or two ve«ors are needed. 

It B-Pictures are used. some reoJdering (f !be pitture !e<}ueace is n~ before encodilg. Because B­
Pictures are coded usilg biilim:lioaal motion conpemated prediction, they can only be decoded aftu tle 
subsequent referellCe picnre (aD I oc J>-Picw.re) bas been decoded . . Therefo~e the pictures are reo«tered by tle 

vi. 
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enroderso thai me pictUJeS arrive at rre dtcodfr ii tt.e ordU fordeooding. Jbe conea dispay on:ler is 
rec:ovetal by fledecoder. 

The basic uoil of coding wkbm a pictue is lhe macroblodL Within each piclllR, macrd>lodcs ;we encoded 
in sequence, left to righ~ top to bolton Eadl truemblock coruists of ~x 8 ~Y 8 blocks: f001 blocks of 
luninance.o• e blockofCb chrcmilaxe, :ndooe bloclc ofCrc.bromir~See figu-e3 .Notetlut die 
picture area covered by lhe fou blocks of 1 tminaAoe is the sune as tJ:e area coyaed by eacb of the 
cbromillance blocks. This is due to smsampliag of the cllrominalcc in(onnatioo 10 lllaldl ~ semitivity of 
the human vi$!Jal syste01. 

lTI ITJ 

y Cb Cr 

Figure 3 -· 'Macroblock struct11re 

Fustly, for a given macroblodc, the codi11g mode is chOsen. It depends on the picture l)'I>C, lie . 
eff&tiveness of motion compensated predictim ., that loc.1J region, and tbe nature of the sigaal wihin the 
block.. Sea>odly, depending on ~cOOing RIOOe, a moo on oompensated prediclio• or rne CODI.ellS of the 
bloclc based 01 past aadlor ruture refe~ence pictures is formed . This predictic:n is subtracted from the actaal 
dala .il tlecurnnt mac:robJoct to forn aa error signal. Thirdly, tlis e nor si~nalls separated ink> 8 by 8 
b locks (4 JIIOlinmce aoc12 ch!oorinance blocks in each macrob1ock) aud a dis::.n:te CO$ine b'ap~form is 
perfCll'm:d on~ block.. Each reslllting 8 by 8 block of DCT ooetllcients is quantized and the two­
diJ\ensOnal bloclc is seamed in a zig-lag order to convert it ink) a Olle-di.mellsional suing (}f qumti:z.c:l ocr 
coefficienu. Frurthly, the sidc-nfomation for lie macrd>lock (mode, motion vectocs etc) and lhe 
qwnci.u:d coefficient data are encoded. For mat.imum efficieu cy, a nunbel ol variable len8$11 code lablesare 
defined rorthe dffereot tat\ elemel!ts. Run·lagdl OOdtOg is US«1 fortbe qoantm:d coefficientdaa.. 

A OOJSCqoence of using different pi:wre types and variable len&lh <XXJiAg is tnattbe overall data rae is 
variable. In ~cations that ill \'Clive a fJJte4-ntecbaltlleL a FIFO bttfer ruay be Uied ro matdl theeocoder 
OdpUt to tle chumel. The Statw or tlis buffer may be monitored 10 OQnttOl the DJmber a bits geoeraJtd 
by the encoder. Conro1li~ tbequanlizatioo ~s is ~e ~direct way of ooatrolling·the titnte. 1b6 
part oflSQIIEC 11172 specuesanab>tnctmodel <t'~e )U!felin& SJSUm (tlle VideoBuffiriig Verifier) in 
order to cons !rain lbe maximum variability iu the uamber o f bits lhal ase oS«l fora gi veo picture. This 
ensures tha a birsllea!n can be decOOed with a buffer of koo'IVD si2e. 

At this stage, the coded .rep-esentation of the picture has reeo ge.nemted. The final s tep in the encaler is to 
te&eoence 1-PiciJre..c; and P·Pictures by dec<Xling lhe da!a !'0 lha4 trey can be used as refereu:e pidme.s for­
subso:Juentenca:ling. ne quantized coeftidens aredt:quwlizcd and an invetse g by 8 OCT i~ pc:rformed on 
each block. 1be predicthn enor sipali produced is then added back 10 the p~diction signal and limited to 
the required range to give a <leco4hl reb'ence plctare. 

0 .4 Decoding 

DecOOiDg is the intet>e of tJle encooillg operatioo. It is cotuiderably simples than euoodi~ as there is ro 
ne:XIto perform motion estinu.tioo and the~ rue maDy fe\l'eroJtions. The decoding p-<>Ce$ is defiled by 
this part of JS01IEC 11172. The descriJtiat that follows is a \'ery bieC overview of 0t1e possible way of 
decoding a bitstream. Olha recooers with di.1Jerent anhilectur~ are possible. Fi~ure 4 slx>ws tbe main 
functioml blocks. 

vii 
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+ 
Reoomll\lcltd 
olllput pictwes 

Motion V ectoJS 

OCT' 1 is inverse dilaete cosine transfCJlll 

o-1 is dequanli.zmoo 
MUX-I' is demtlt.iplex.ing 
VlD is variable lenglh deaxling 

Figure 4 -- Basic video d eco der block diagram 

FOf" fhed-rate applications, tbe channel fills a FIFO buffer at a coostmt rate with the cooed bitstream. The 
decOdc:t reads Ibis baiier and decOOes tile data el.enellts in the bitSt~ean according ID tle defult'.d syttaJL 

As the decodet reads tbe bitstream, it identif.es the s1at1 or a code<l picture am tbea tile type of the picture. 
It decodes each maaoblock in the Jictnre in nm. Thenu.croblodc rrpe and the motion vectors, if present, 
a-e used 1o construct a prediction of tbe ctJtTeOtmacrobbck lased on past aud future refereace pictul"C$ that 

· .bave 1x!eD seored in lledeco:Jet. The crefficient data are deoOOed axJ deqlWitized. E:!cb 8 by 8 bJodc of 
roefficieDt da.IJl is t:rarufoon..'"<l by an inverse ocr (specified in ana ex A), and lh~ result is crtred to lbe 
prediction signal and J.mited to tbe defiled lliD~e. 

Aftu all tbe maaolllock! in the {iCOJre have been proces..<ed, tbe pic lUte has been re<:onstruC1ed. If it is m l­
pielure a a P-piawe i1 is a reference picture f<r sutnequent pictures and is siOted., repl.acq lbe oldest s!Ored 
ref ere-ace picture. Before the pic:Wres aJe displayed tlley may need 10 be re-oolered from lhe cOOed order co 
tlleir nall!ral display Older. Aflerreordrnng, die picllreS are availabC. in di9ital form, for post-processing 
aud display in any manner thai the application chooses. 

0 _ 5 Structure of t he coded video bitstream 

This part of ISOJIEC 11172 specifics a synlaX for a coded video bit.strean. 'Ibis synta~ contai.lls six layers, 
each of which either supports a signal processing or a system function: 

Layers or tb e syntax Function 

Se:Juen<e b.yer Raaoom access unit: conte>~t 
Group of pictures layet Randou access unit: video 

Picture layer PriJllary coding UDil 
Slice layer Re..~nch.rooiution u.nie. 

Macroblock layer- Motion compen;alioa wit 
Blockla)er ocr uou 

0.6 Features supported by the algorithm 

AppticaliOilS usiag conrre-~ video on digit2l Stonge media need D k able to ~dorm l namber of 
opetatiOIIS n addition to normal fortvard playback of rre seqaeoce. The coded biiSb'erult ~ bem designed 
10 support a numbet cf Ulese operalioas. 

riii 
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0 . 6 . 1 Random access 

R.ruldool ac::oeu is an ess:nial feamre fa "ideo on a ~e nedian. Rlmdcm access requiJes lint any 
picture can be de<xxJOO in a li:n1ed amomt of time. It implies the eli~ ol access points i:A tbe 
bilSltCam · Lba l> segnenu of ir.fonmr:ion that areidtnti.lable wd can be decoded wilhollt reference to Olher 
segtnents of dua. A ~g of two nndom axess poiits (btra-Pictures) per sectlld em be cdieved 
witboot signif~CSI~t loss of picnre qaility. 

0 . 6 .2 Fast search 

Depending oo tte storage mediiiD, it is possible to scaa the access pOintS in a COded bitSttea.m (with the 
help dan <4)plicatioo-speci.fic <irecwry or oflet knowledxe be :rood the S<lOpe of his part ofiSOIIEC 
11172) to ol>tain a rast-forwam and f~-re,·ene playtnct effect 

0. 6. 3 Reverse playback 

Some applicaliollS may Jec:juire lbe video siglla1to be pkyed in re\'ecse order. 1llis can be achieved in a 
deaxler by using meoocy 10 store mtire gro~s ofpicttrCS aft&. they have been decoded before being 
displayed ia reverse order. An encoder can make this reatureC$Ier by re<llcing tre k:ngth of groups of 
pic lUres. 

0 . 6 . 4 Error robustness 

Most ~gital stonge n ediaaiXI oomm.tricatioo dwloels are DOtetror-free. Appropriate channel rodint 
s:bemesshl>l1d beus.!darxt arebeyood tbe s::opeoftbls part of iSOIIEC 11172. Nevtttlleles$ the 
COOipesiioo scheme defired in this pan of ISO'IEC-111 n 6 robust to residual errors. The slice strlx:twe 
allow~ a cJoeodel to ro::over after a data ~ and ao resyochronize its decodi~. Therefore, bit tTI'OfS in the 
a>Dipressed data will C311St eliOIS in lbedfcojed p.aures k> k limited i'l area. Decalers may be able 10 use 
roooeililent strntepe> to dis!uise lheseerrors. 

0 . 6 .5 Editing 

There is a ronflia between t.be reqUmre:u for ligtl rodint dficieocy aod ~yedtilg. The ceding stnJCtul"! 
aod S)nt.ax bave notl:een designed with the primary aim Of ilinplifyin£ editing at any pi awe. NevellbeJess 
a n•mbet of featores bave hem included tbal eoab1t editing of coded dara.. 
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Information technology - Coding of moving 
pictures and associated audio for digital storage 
media at up to about 115 Mbit/s 

Part 2: 
Video 

Section 1: General 

1 .1 Scope 

This pan of ISCYJEC 11172 speci&s the coded ~boo of video for dip tal storage media and 
specifies Ire <!eaxling process. The representttioo supports normal S}leed forvrud playbact, as wei as 
spcciaJ functions such~ J3l<i>m aa:ess, fast focward play met. fasl reve~Se phybad:, normal speed revesse 
playblct, pause aDd still pictures. This part ofiSOIIEC 11172 is cc.mpali>le 'lll.itl! slandald 525- md 625-
line teJe•1isioo fom.ats. md it provides fi~ibility for use ~ person.u computer a1d worksution diij>b.ys. 

lSOIIEC 11172 is primwy applicable 10 digital s10rage me<ia wpport.itg a eoDtnuous tnmfer rate up to 
about 1.5 Mbh/s, sucll as Com~t Disc. Digital Au<io T~ 31<1 magnetic lwd o sks. Nevertheless item 
be used mere wilely th<n dW bc:cause of the &eaeric approoc._ liken. T~ stOrn~;e 11edia may be diredly 
ooanooled lo the decoder, or via ccmnooications means such as btls.c;es, LANs, or teltCXImmunicatious 
links. Thi~ panofiSO/iEC 11172 is in !ended for OOII· il'ILerllK:ed video {()f[ruiiS baviag appmtinalely 288 
lines of 352 pels aad picture rateS arou• d 24 Ht to 30 Hz. 

1 .2 Normative references 

The followin& InLem:a.tional Standard; rontain f"''Iisions "'hicb, llrougb reference in this te)t. consti tute 
provisions of this part cL ISO/IEC 11172. At the lime of publication. the editions indiatted were valid. 
All standaldsare s11bject to revisioo, md parties toa~cemeniS based oo lhis p.'Ut diSO/IEC 11172 are 
encouraged to investigate fle p<lSSibi6ty of applying lhe most receat editions of the sttnda«<s 'indicated 
below. Members of 1EC Md ISO maintain registers of curreatJy valid lnr.emational Standa'ds. 

lSOIIEC 11172-1: l993 ll!j)rmotion tedl1()f.ogy- Cot!inz lf mo\in: pictwres tJJU.f rusocitJJed audio [or digiJal 
rtorage mJdia 01 up 10 about 1,5 Mlit!J - Part I: System 

ISOIIEC 11172..3: 1993/l!j)nnation tecillclogy - Cot!irtllf TMling pictrres tJJU.f rusocitJJeJ a.u.tib [or t.hgiJaJ 
storaze mtdia 01 up 10 clx!ut 1,5 Mbllls - Part J Audo. 

CClR Recomnendalion 601-2 Encodin: par4melus ofdigilal televuzor.for JJudios. 

CCIR Report 624-4 Ch4ractt rirtics of systeJKS pr m.oMcl!r~ alld corJtu televisio•. 

CCJR Recommendation 648 Recording of aidio Jiglllls. 

CCIR Rep;>rt 955-Z Sound broadcutin~ by satelliJe jor porrcbll and 11Uibile receirerr, vtduding NUe.x fl' 
SUI7II'IIll)' kscription of Advanced Digital SJSttm If. 

CCITf Recommeadation 1.17 Prt-emphasisusedon SoUNi-Pt?grCUIJ'ne Ci~uils. 
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lSO/EC 11172-2: 19-s3 (E) Q ISO/IEC 

IEEE.rnati Slallda'd Pll80/D2 1990 Speci.ficcuion for lht iraplut.entatioll of 8r 8 i11verse discre~ oosiltf 
lTQ/JSjrJnlt ~. 

IEC publicati:>o 90S:1987 CD Ditital AuditJ Systent.. 
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SecUon 2: Technical elements 

2. 1 Definitions 

ISO/IEC 11172-2: 19m (E) 

For the pwposes or ISOfiEC 11172, ibe following defmilior:s apply If spedfi: 10 a pan. tbis is DOled in 
square brackets. 

2.1.1 ac coemclent lvldeo ]: Any ocr coefficient fa wbicb tbe rrc:qutncy in one or b()(h dimensions 
is non·u:ro. 

2.1 .! ac~~ •nit (system}: In the care of compressed Rudffi an ~s uoit is an audio acc:e$ mit. In 
lle case or comp;cssed video an acre$ unit is tre roded represen!rooo or a pictllJ'e. 

2.1.3 adaptive segmentation (audio]: A sulldlvisi.on of lbe d igilld repnsenution o f aa audio si!Dal 
i1 variable ~gmen1S of time. 

2.1 .~ adapUve bit allocation (audio ): The assigtm ent o f bits to smbba:ads in a time and freqaeucy 
varying fashion a::o:>rding t:1 a psych(Ba>ustic mQ<Jel. · 

2.1.5 adaptive noise allocatioo (audio!: The assigmner11 of coding noise to freqaency bands in a 
time and frcqu:ocy vaying faslii>n aa::adilg tO a ps)ClJoacoustic mcdel. 

2.1.6 alias (udio}: Mirr<red sigaal component resulting rrom suiH'i)'QtJi st sa.mpm g. 

2.1.7 aoal,-w Nterhu [andiol: Fik.elbaok in tbe ~ncoder that tnn!forms a broadband PCM aadio 
signal iniO a stt of subsanpled rutiY<md sanple5. 

2.1.8 audio access ~it [audio}: Foc-Layers 1 aod II an a.Jdio ace~ mit i> def111ed as the sm2llest 
partol die rocoded bitstmun wbicb cal be decoded b) it>elf, wheredecaled Illems ftfully recon&n.x:ffd 
sou•d•. Foe layec III an a1<1io aa:ess unit is part of tle btitream Out ~ decodable witb lbe usc of 
preYioosly 3CqlliJed mai.a iafcnmtion 

2.1.9 audio b11fkr [audio): A buffer in tbe sy>tan target decodu fo1 stonge of compressed audio da!a. 

2.1.10 au.dio sequence [audlol: A noo-intempted series of audio frames ~ whi:b tbe iollowillg 
parameterS are not cbanged: 

- ID 
- layer 
- Sampling nequcncy 
- For Layer I ru~ ll: Bitrare index 

2.1.11 backward motion ~ctor [vi•u): A motion vectOr Lhat is used for ~ol.ion ccmpensation 
f.lom a reference picture at a later time in d isplay order. 

2.1.1Z Baric (ru.di•): Un.it o{ critical band rate. The Baric ~ale is a non-linear mapping of the frequency 
sc:ab over tbe audio l"".,nge closely correspoodutg ~th Ill! freq uency selectivity of the human e3' across the 
1:8nd. 

2.1.13 llidinctionally predictive·coded pic ture; B-picf\u:e (video ]: A. pict.ure that is coded 
~ing m<ltim compensated pre<lli:tioo from a ~ Md'or ~we reference ric1w'e. 

2.1.14 bitnu: The rate <t vrb icb the compJeSSed bitstream isdeliveled from tbe ltora&e mediu.m to tle 
iApvt of a decoder. 

2.1.15 block cunpaoding [audio): Nonru.lizing of the dig il:al repr:stntatioo or an :mdio s igoll 
will in a cettain 6me perio4. 

2.1.16 tioc:k {\'Ideo): An 8·row by 8-coltntl cctho&oaal blodc of pds. 

21.17 bound (aullo): Tie IOW~t mbband ill vrbicb imeDSity Stereo codin& it. uc;ed . 
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~.1.18 byte a.lipflJ: A bit in a coded bitstream is by~e-ili,ned if iu position is a mllltiple of 8-bits 
ftolll !be rust bit m tte rtream. 

U.H •yte: Sequence of 8-bits. 

2..1.2t dl:;mnel: A d1g,ital xred.ium. that stores or lmlsports an ISOIIB: lll72 sueam. 

t.1.2l (bannel ( audiol: ne left 3ld ri&hl cbaanels of a stereo sig.al 

2..1.21 cbromluoc:e (component) [Tideo): A matrix, bloct cr single pel represeating one of the 
two colour differerc.esi:nals related 10 he pciJ:nal) col run in the manner defined in COR Rec 601. The 
symbols u~ for tle colour dfference si~ rue Cr and Cb. 

2.1.23 Cloded audio bitstream {.•udio]: A coded representation o f a<\ audio signal as ' pecifierl in 
ISO/IEC 11172-3. 

2..1.24 cooed Yldto bitstre.am [videol: A. c:odee representation of a serie' of one or more. pictures as 
specified .in this part of rso/IEC 1_1112._ 

2..1.25 a>ded ordtr (video]: The or4er in wbicb the pictm:s are stored and decoded. This order u not 
necessarily tbe same as the display order: 

:Z:.J-26 (Odec! represerC.ation: A data element as represc.nted in its encoded form. 

2.1.21 coding paramele" (ville.]: 1be set of user-definable parameters Wit cl!ancterize a coded video 
bictrtam. Bastreans are cbaracterised by coding paron~ Decoders are dlaractet'Sed by tte bitstreams 
tba1 t11ey are capable of de(o(Hng. 

2.1.21 colilpooent [vicleo ]: A matrix, block or ringle peL from one of the thr~ mrurices (lllminance 
and two cbomina.ct) tllattmke ll' a pcture. 

2.1.2~ compression: Redll<tioo in !he naoi>er rf bits used to represent 8D item of dati. 

2.1.30 constant bltrate coded video [video): A comp~ video bitstttalll with a roasunt 
a~bi!rale. 

2.1.3J c:oiiSbnt bitrate: Operatioo ~here tlle bitnte is constADt frcm start to finisb of be compressed 
biiStream. 

2.1.32 coastrained p arameters [video): Ibe values ct. the set of coding parameters defined in 
2 .... 3.2. 

2.1.33 corutraiaetl systean parameter stream (CSPS) [sysfem): An ISO/ffiC 11172. 
mal~lcxed stream for wblc• the coasttaints defined in 2.4.6 o f ISO.'IEC 11172,- 1 apply. 

2.1.34 CRC: Cyclic red•ndancy code. 

2.1.35 critical band rate lawiN): Psychoacoustic function of frequency. At a lhen aldible 
frequency it is prq>ort:ioml to lhenumberofcriti<al ~d~ below that fiequency. The unjts oflbecritital 
bood ra1e scale are Barb. 

2.1.36 erkical band [a udio): Psycll<>icoustic measwe in the spectral doma.il wbid ronespoods to the 
frequency selectivity of the human eu. llis selectvity is expressed n .Bask. 

2.13'1 data dement An item of dala as rep-esetted before enc:OOing aud after decoding, 

2.1.38 dc-c:oemdent [video): The OCT coefficient for wbic:h lht f~eiiC! is zero ill both 
dimmsions. 

4 
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2 .1..39 de-coded picture; D-pkture [video)" A pictur6 that is cooed nsing ooly infon:ilation from 
itselC. Of the OCT coefficietts in dleccded represenw.ioo, ocly the do-cnefficieats are presenl 

2.1.40 OCT coefficleat: 1\e aJr4>litude of a specific cosille balis f\llClion. 

2.l .41 4ecoded stream: 1be d:coded reronstruclioa of a CQillpressed biutream. 

2.1.42 duo4u iAput buffEr [video): The f"mt-in flnt~ut (FIFO) buffer specified in t.be video 
buffering ,crifltt. 

:U.43 tecoder irt>ut rate (vidoo): 1re datA rate specified in the vickx> ~uCferin& ~er llld encoded 
in t.be coded video bitstream. 

2.1.44 liewder: An ernb<ldim.eot Of a <lecodin& (IOCCSS. 

2.1.4S •eeodlng (proc::ess): The proc~s defined in ISO/JEC 11172 !hit reads an input coded bitstream 
ani }Toducesdeco<led pictures cr audio samples. 

2.1.46 cleco<ling ti~ne.stamp; DTS lsysteml: A field !.hm may be prcsenL In a packet header that 
indicates the time flat an access w"it is decoded in 1hesystem tar&etdecoder. 

2 . l .47 de-empllasis (audiol: Filleting applied to an C'Aldio sign.'ll after stomge or transmission to undo 
a linear distortion due to emphasis. 

2.1.48 de,uaotlzatmo ["ideo): Tbe process a r:staling tre qumlized DCf coefficierm after tbeir 
represeotalioo in tfle biutream b<lS befn deooded and Wore they are presented to the invCISCDCT. 

2.1.49 difita.J st orage media; DSJrf: A digi&al s torage 01 t:tcuumission revice or syslelll. 

;u.so ci L~crd~ cosin f hansful"lll; OCT lvik.): Eilher lhe f()r.\.aroi discrete cosire t.ralSfonn or the 
inverse discrete cosir.e tr.usform. The ocr is an ilYert!ble, discrete omogollal tnmsfonrutioo. The 
invezse DCris defined in ua.e~ A 

2 . l.Sl display order {video}: The <rd er in wbi~ tie decoded pictureo sbouJd be cisplayed. N<l11l!ally 
this i& the same order in whidl tbey were 17esented at the ill put <1: tbe encoder 

2.1.52 dual ch annel ••ode [aadio]: A mode, where two audiO cMnnels v.itll iDdependeut prosramrte 
cootenu (e.g. bilingutil) are encoded wilhi.JJ one bil'>IP..am. The codin g p~ocess is the same as for the stereo 
mode. 

2.1.53 editing: The process by whicll on e or more compres~d biiSIJeams are maniJXJlated to (Ioduce l 

new compressed bitstream .. Conforrilin~ edittd biutrearns lrlt.t;t meet the requireJnents defined in this part of 
ISOJIEC 11172 

2.1.54 dmKntltry strean [systtml: A generic term for 011e of the coded video, cored audio or other 
ceded bitsremu. 

2 .1.55 tmpbasis (aadio) Rlteriag awlied tO an aJdio &igtW before Storage or tnnsmission to 
improve tbe signaJ.tcrnoise ratio at bigb frequencies. 

2.1.56 ~n~041er: An embodiment of aD en<:OOing prooess. 

2 .1.57 eocoiing (process): A process. ootspecifim II JSOIIEC 11172, that reads a suean of input 
picwres or audio samples 20d piOdrJCeS a valid cOOed bit..<tream as defined in ISOtfEC 11 172 

2.1.58 entr~y ceding: V:uiable lenglh lossJess co:ling or dle digill\1 representaion of l\ sagnal to 
mllce redundancy. 

2.1.59 fast forward playback 1 1ideol: Tbe JI'Ot.eSS <!f dis;> laying a $C<JUeDCe, or parts o f a sequence, 
of pictures induplay-oroer f~ter tlan real·time. 
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2.1.60 FIT: Fast Fourier Tmnsformatbn. A fast algorithm for perfonning a discrete Folrier transform 
(an ortlQloaal transform). 

2.1.61 filtubanlt [au4io): A set of band-pass filte.Js covering the entre audio fteqae11cy rmge. 

2.1.62 f"ud segmtntation [audio): A $Ubdivision of the di:itaJ representation of an audio Siptal 
into fixed segDCI!ts of tiDe. 

2.1.63 forbidden: The term .. forbidden" when used II the clwses defaniog the coded bitst.ream. indicaes 
that tbe value lball n~ be used. This is usually to avoid emulation of start codes. 

.2.1.64 forced updating [vide~]: The process by wbicb macroblocts u-e irtra-cod«< from time-tO-time 
to ensure that oisTJUttiJ errors between the inveiSe ocr proresses in encoders and decodrrs caAnot build up 
e~tccssively . 

.2.1.65 f«rward motion vector [video]: A motion vector th:at is •sed for motion compensation from 
a reference pict~re a1 an earlier time in <isplay order . 

.2.1.66 frame la11dio ): A part of the audio ~ignal that corr~ponds 10 audio PCM samples from an 
Audio Access Unit . 

.2.1.67 free format [a11dio]: Any bitnte other than the defined bitmtes lha! is less thm the maximum 
valid bitrntefot each layer . 

.2.1.68 future refereote pict111re {Tidee): The furute reference piCture iS Ole reference picture dlat 
occurs at a later time dan the current pict~re in display order. 

2.1.69 gnnules [Layer m (audio]: The set of 3 cor.secutive snbband samples from al 32 subboods 
tiatare con..qdered togemer before q.anizalion. They co~pooo to 96 PCM $3.Jllples. 

2.1.70 gnllules [Layer rrn (audio]: 576 frequency lines that~ their own side nfonnatio•. 

2.1.71 gJ>Ollp of pictures [video): 1\ series of one or more ceded pictures intended tCJ assist talldom 
access. The group oc pictures is ooe of the layers n llle coding· syrou defiaed in this pan oC ISom:C 
11172. 

2.1.721hnn window [audio}: A time fanction applied sanple-by·sample to a blocl:: of audio samples 
before Fourier ltllllsformauon . 

.2.1.73 Huffman coding: A specific method fo( efltropy coding . 

.2.1.74 b)'brid filterbank (tn.die): A serial rombiaation ct wbband filterbanlc aJld MDCI . 

.2.1.75 IMDCT [audi•): Inverse Modfied Discrete Cosine Transfonn . 

.2.1.76 inteasity stereo laiJ(:Uo): A me.tllod of exploilin! stereo inelevance a redundarlcy in 
stereoJ:booic aooio JI'O~mnm~ b.1sed w retaining at high frequencies only the energy envelop; of the rigflt 
and left c1la11Dds • 

.2.1.77 interlace (video]: The property of cooventioJUI 1eJevisio.1 pic wrts w here aJternati•g tires of 
tie picture represent different instances in time. 

2.1.18 intra coding (ndeo): Cooing of a ma.:rooloclc or picture t.bat u~s information only from :bat 
naaoblock or picwre . 

.2.1.79 intra-coded p icture; I-pictwe [video): A pi:::tue coded using information only from itseli. 
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2.1.80 ISO/IE<: 1117.2 (multiplexed) s tream [system): A bitstream composed or 2ero or more 
elemental)' streamsronbired in t.be oamc:r <E.fned in ISOIIEC 11172-1. 

2.1..&1 jold steree ooding (a•dlo ): Any method tJul ex plats sleeeophonic irrelevance a 
s~e redmdaney. 

Z.l.U jdnt stereo mode (auc!ioJ: A mode of lbe audio codin& algorithm usi:lgjcinl stereO coding. 

2.J.&3layer [awlie): Oneof tre levels in tbe coding •iemttby of lbeaudio sy~ deftned in [$0/lEC 
lll72·3. 

2.1.34 layer [vide• and syste111SI: One of tbe levels in the data hierarchy or dle vid~ and sys1em 
spedfiWOIIS de lined in lSOIIEC 11172-1 and this put ofiSOIIEC 11172 

2 .1.35 luminance (conapcment) [video}: A maaiJ, block or sin,le pel represeating a monochrcme 
representation oftbe signal and related to Ike prilnaty C(llours in tb~ manner defined in COR R.ec 601. Tie 
symDol u&ecl for lumimocei s Y. 

2.1..16 macrobl~l< (video]: The four g by 8 block' of luminmce data Md lhe two corresponding g lly 
8 blocks. of ctuominancedaa com.ing from a 16 by 16 sectioa of the luminance canpooeJJl oC lbe pictllre. 
Maadlock is sometimes used to refet to tre pel daaamf sometimes 10 lbe coded repre-~011 of tk pel 
values and otber data dements dellaed in the nacrcbloct layer d lbe ; y.tat defmed in lbi~ partofiSOITEC 
11172 The usage is dear from tbe conexL 

2.1.17 mappbtg (audio): Conversion of an audio sigml fi'Qm time to (teqJeDCJ <k>main by subbl\nd 
nltering cm<Vor by MDCf. 

l J.88 masking (audio~- A prq>e:rty of tbe blllll3l auditory S!SlWl by wbicb aJ wdio signa cannot be 
perceived in the p-ese.n:eofarotller audi() signal. 

2J.S9 masking tbresheld (audio]: A function in frequen...--y and Lime below which Ql au<io signal" 
caurot be perceived b} the hutna~ audtay syite:m. 

2J.90 MDCT [audio): Mo<ilJed Oisaele Cosir.e Tramfonn. 

2.J.n motion compensation (vldto): The use of motion vectors to improve tbe efficiency o f the 
prediction of pel vabes. Tre pre:Jiclion uses 110000 vectors k> provide offSets into the pa.q and!or ftJture 
reference pictureS contahin' previously deco<ed pel values that are u~ to fOIDl the ~iction error 9gnal 

2..1.92 motion estimation [Tideo): 1be process of estimating motion vectors daring the encoding 
process. 

2.1.93 meUcm vector [Tideo): A two-dimeuionaJ vector ased ior motion c01npen!alion that provides 
an offset from lbe coortlinate JX>sition in the ctm.nt picttre to tbe coordinaces in a reference picture.. 

2 .1.94 MS stereo (audie): A rretbod of exploil.i~ nereo irrelevance or redundancy in s tereopbmic 
audio programnes blsed oncodiag the stJIDaro difference signal insteadoftre leftru\1 right charnels. 

2.1.95 oon-lntr• codio' (v14eo): Codin!! of a macroblock or pic iUre ua1 use~ ioJo-maoon botl from 
it..~lf aDd from maaot>locks ruxJ picn.ues occ:urri11g at otber time$. 

2 .1.96 non·tonal component (audiol A DOise·lit:e ccmponent of an audio signal. 

2 .1.97 N)'qui~ sampling: SliJ1)lin~ at or above twice the maximuna bandwidth of a sipu). 

2.1.98 pack [system]: A pack mnsists of a padc header foUowed by one a mote packets. I t is a layer 
in lbe system coding S!DtaxdescribediniSO/lEC 11172- 1. 

2.1.99 paciGet data l~ste111): Cooliguous bytes cf data from an elementary strerun preseat in a packrt. 

7 
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.2.1.100 packet •ude(" 1system]: The data structure used to coa~ey infonnaioo about the elementary 
stream data COJltailrrl 0 tle packet data. 

2.1.101 packet [system]: A packet coosists c{ a header foloved by a wmber of coltif!uaJs b)t~ 
from ao eJemeatary dan stream. Jt is a layer in tbe system codir.g sylltall descrired in ISO/IEC 11112· 1. 

.2.1.10~ padding [audio]: A meflc:rltt> adjast the average l!ngth in tille of an aadb frame to the 
duration of lbecaresponding PCM samples, by conditionally addiag a sbt to the audio frame. 

2.1.10} past reference pkture [vld~J: The past reference picture is tlle reference pictu~ thai occurs 
a an earl let tiDe than the current picture in diSJby onJe~. 

2.1.104 pel a spect ratie (videCi}: The ratio of tbe nominal vertical heigbt of pel on the displ ay to its 
nominal borizootal width. 

2.1.105 pel [vl•e•): Pictue element. 

2.1.106 picture peried (video]: . The reciprocal of 1he picture nte. 

2.1.107 picture rate lvideo]: The nominal rae at which pictures ~hould be output from u e decoding 
proces.'l . 

1.1.108 picture lvllleo ]: Swrce, cc:rled (II; reconstructed image <Uta. A source or rcconscructed picture 
coru"isss of lbrre reaangular ma~ of 8-bitnumbers representing the hll:nir4'llCe and two chrominaore 
signals. The Piclllre layer js one of lbe layers in the coding syma.x ddired in this pan of ISO!IEC Il l 72. 
Note that the ttrm "picture" is always used in IS01IB:: 11172 in preference to the ttms field or frame. 

2.1.10C) polytJbase filterbank (acdio]: A set of eq..al bandwidth filters 1Vilb special phase 
interrelationsh ips, allo1Vilg for an eff'lCient iDplementatio• of tlle filterbank. 

1.1.110 prediction (~deol: The use of a p:-edictor to provide an estimate of the pel ~alue or data 
elemetl amen!ly being.deco;led. 

2.1.111 predictive-coded p ictwre; P -pidure (video); A picture tlla.t i s coded using tuotion 
compenssted predicliOII from the past reference pieture. 

l.l.lU prtdlction error (video): The difference between me actual value of a pel or data element and 
its predictor. 

2.1.113 predictor [video]: A linear combinatio n of previously decoded pel values or data elements. 

2.1.1)4 presentation t im e-stamp; PTS (s:rstem]: A field tbat may be present in a paclret beader 
that iroicates tile time that a preseotatiou 1nit is presenttd in lbe system wget decoder. 

1.1.115 presentation unit; PU (system): A decoded audio access unic or a dooodCd picture. 

2.1.116 psyc\~coustic model (audiol: A mat.hematical model of the masldr;g bebaTiwr of the 
humaa auditory system. 

1.1.117 quaotization matrill IYideol: A set of six.ty-fOUJ' 8-bit values used by tbe dequantizer. 

1.1.118 quantized OCT coefficient.! {video): OCT coefficients bet>re deq.Jantir.a.tion. A variable 
len&thcoded apresenution of quauized ocr coefficients is stored as part ci the comprcsse<l vlleo 
bi OO"eam. 

l .1 .119 quantizer scalefaetcr lvidee]: Ada!.'\ elementreprese•t.ed in tle bitstream and used by the 
decoding process to scale the deqoontiution. 
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2.1.120 r:aodon access: The process ofbeganing to read and decod.e tre coded biiStreaJn ·at m aztitrary 
pant 

2.1.Ul rd'erc11ce plctuc (videol: Reference pictw"es are tbe Deare$lldjacent 1- or P·piccures to !be 
current picwn: i.a display ol'def. 

2-1.122 reDrder buffer ("ideo]: A buffet in the system twget decoder for stor.Jge of a reconstr;~cted I­
picblre or a m:onstructed P-picnre. 

2.1.UJ rcqualltiDtion [audio] : Decoding of c~ subband Slllq)les in order to reco'"er the .;ilginal 
qwnliud ,'3].es., 

2.1.124 r~erved: The tenn "re..<erved" '*'ben used in !lie clauses defining the cored bitstream indcates 
that the v~e may be used in t.be ftame for ISO/IEC defmed ex1ensions. 

2.1.U5 reverse pl.aybac:k' [videoJ: The proeess cf dis playing the picture sequence in the reverse o f 
display orrer. 

2.1.1Z6 'scaleracwr ba11d (audio!: A set of frequency lines ln Layer ID which are scaled by one 
sca.lelact.or. 

2.1.127 scaleracter index (audio): A n1mericaJ code for a sca!e fac10r. 

2.1.128 sc:aJeract()r [ a.dio ): Fae10r by wbicb & set of values is scaled before quanti.Uitioo. 

2.1.129 sequence header (video~ A b[()('lc: of data in tbe cooed l:itSream containing tile cOOed 
represcntalion c:J a number of clara eleilents. 

2.1.130 s i<le inl'onnation: L1formaoorriu tbe bitstream necessary for COJtroUing the demder. 

2.1.131 s l:ipped mac:robloek [video): A matroblock for wbich no data are stored. 

2.1.132 s lice ['l'idto): A ~ries ofmacroblocks. 11 is one of !.be layers of ~e coding syntax defmed in 
this pan or JSO.'lEC 11172. 

2.1.133 slot [audio): A slot is an elementary part in tbe bitstream. Jn Layer I a slot equals four bytes, 
in Layers U and Ill one by~. 

2.l.U4 source stream: A single non-multiplexed stream of samples bef(lrc ccmpression. coding. 

2.1.135 spreadin& function (audio J: A function that \J~cribes the frequency spreld of masking. 

2.1.136 start codes (system aoo video): 32-bit codes embedded in that coded ti~eam tlat are 
unique. The)· rue userl for sevenl purposes inchrliDg i:SentifyiJg some of the layers in cbe co:ling syntax. 

2.1.137 St'D i11put buller (system): A first-in fmHlut buffer at lbe iq:>ut of the S}Stem target 
decOder for storageofCCl!llpl'e$sed diua fromelement.uy soeans before decoding. 

2.1.138 sttreo mode [audio]: Mc<le. where two ~udio channel~ which fo~n a stcroo ptir (left ani 
ritbt) are encoded witbi.a ooe bitstream. The codilgproas.s is tbe sa:ne as fer the dual cbannel mode. 

2.1.139 sCUfling (bits); stuffing (bytes) : Code-wordS tb~ may be inS!rled into !be compressed 
biiStr"..am tbat aJe disc:arde<l in tte reco<J.ing process. 1heir ))tli]lO$e is to increase the bitrae d the stream. 

2 .1.140 subh•d [3udio): Sutrli~ision of the audio frequency bllld. 

2.1.141 subbaDd filterbank [audio): A set of band filters covering tlle entire audio frequoocy raD!e. 
In ISOIIEC 11172· 3 tbe Slbband tllterbank is a polyphase filter bank. 

Page 19 of 124 
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2.1~42 IUbbaod samples (aadio~ The subband filterbank wit.iio the audio eooaler createl a filteted 
aod subsampled represtnlatil>n of the iiJpm audio SIJealll. The fill.eled samsjes are called subbmd samples. 
From 384 ti.Jrl<xonseative inpnaulio san pies, 12 Lime-oocscculive subbard samples arc generau:d within 
eacb of t.be 32 su bbmd>. 

2.1.143 ~word (audio]: A 11-bi t code en:be;ided in the aud:o bitstrean dlat i dettif"es the start d. a 
fiame. 

2.1.1.U synthesis filferbank [aulio]: Fd:ed>anJ.: in the decoder that reronstruct.s a PCM audio 
signal from subband sanples. 

2 .t.14s system header [S)'Slcm]: The system header is a data sttuctute defined in ISOIIEC 11172.--1 
thatcMies informalioo siiliiiClfisin& the system charad.eli.stics o f the ISO'IEC 11 l7'l mukiplexed strea:n .. 

2.1.146 systell target decoder, STO [system]: A hypolheticaJ reference model of a decoding 
proce.5> used ro desaibe the semantics of an ISOIIEC 11172 multiplelCed bi~am 

2 .1.147 tlrH-sbianp (sysum]: A tenn that indicates lhe time of a.a event. 

2.1.143 triplet (audio): A set of 3 comecutive subbaro sauples from oee subban d. A triplet from 
eacll of~ 32 subhwlds forms a wanule. 

2.1.149 tonal com pooeot (audio}: A sinasoid-like canponent of 11\ audio sigul 

2.1.150 variable bitnte: Or;eratioo wbere die bittae 'faries with tirle daring the decodilg o f a 
00~ bi!Stnam. 

2 1.151 ~ariable length coding; VLC: A r-vers1ble procedwe for coding lh1t as9gus shorter code· 
v.ttds 10 trequentevcnts a~d Io1gec ~woes ro less fieq.Jenl events. 

l .l -15% ddeo bllffering verifier; VBV (video): A hypotbetical recooer that is coacepmaBy 
cooaect~ to the output of the ClllCO<b. Ju ~is to pro~ide aconsTainton the variability of die da!a 
l'21e that an encoder or ed itin z prores:i Jli3y prodtx:e. 

2 .1.l5J video sequence ('rideo}: A se.ries of ore or more groups of pictures. It is one d. lbe layeiS of 
the codi.il' symax defined in lbis part of ISOIIEC ll17l. 

2.1.154 :rig-zag sc:.anni~ orllu (video): A specific sequen tiaJ orderiug of the DCT coefficientl from 
(app-oxhnattly) lbe low~t spa6Rl frequency to the highesL · 

10 
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2.2 Symbols and abbreviations 

The natbenaical operators used to descn'be til is lllteu'Utklnal Slalldard ~ si.mi.lar to tk»e used in the C 
progrmmiog language. However. integer dlvisioo widl truncation and rounding rue ~fically defi:led. 
ThG bitwise qM::taiO~ are defmed 3S$UI!lillg twos-oomplemenuepresettalim of ineger-s. Numlering aro 
COtllting loops &eiJerally begin from uro. 

2 . Z .1 Arithau1tic operators 

+ Addition. 

Subt.tactioo (as a bimry ~tor) or negation (as a umry operator). 

++ lnaement 

'· 

DecrunenL 

Multiplic;ation. 

Power. 

In1eger division with truocalioo of the resut toward zero. For example, 7J4 and -7/-4 are 
truncated 10 l cn<l-7/4 aro 7/-4 are tnncateilii> -1. 

If [nleger division with rounding to the reatest i11teger. ~-inttger value> are rounded avay 
from zao unless Olberwise specified. For exanple 3/12 is rounded to 2, and · 3/f2 is IOI!IIded 
to -2. 

orv l.n1eger<liTisi011 with Uuocation cf llle~U~Jlt towards -oo, 

I I Absdu~e value.. l x l =xwheu:x>O 
lxi=Owfleux=O 
I x I :::: -x vrben x < 0 

~ Modul us opeiC(O[. Deflredonlyfor rositive numbers. 

Sign( ) 'Si&n(x) = 1 
0 

-1 

:c > 0 
JC.=O 
X < 0 

NINT ( ) Nearest irteger operator. Returns the nearest integer value to the real-valued atRume-nt Hal{­
integer values we rotnded a~ay from zero. 

~in Sine. 

cos Cosine. 

exp E'llpooential. 

-I S<pare root. 

logl o Loglritbm to base ten. 

lo& Logaritlun to base 2. 

2 . 2 .2 Logical operators 

Logical OR. 

&.tt Logical AND. 

11 
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LogiCll NOT. 

2. 2.. 3 Relational operators 

> Greater lh<n. 

>- Grealer than or equal to. 

< ~than. 

<= Less than or equal to. 

~alto. 

!= Not equal to. 

max [,.-,] the maximum valve in the argument list 

rnin (, ... ,] the minimum value in the argument list-

2 . 2 .4 Bitwise operators 

A twos complemeat •umbt-r represectatioo is a..-;sumed where the bitwise ~tors are used. 

& AND. 

O'R. 

>> Shift ri!hl with sign exteasion. 

<< Shift left ...ilb 7.ero fill. 

2.2 .5 Assignment 

= Assipuoent operator. 

2 .2.6 Mnemonics 

<O ISOiiEC 

Tbe lolbwing mnemonics are defined ro desaite the diifesent data type$ used in the coded bit-steam. 

bslbf 

ncb 

gr 

mai.tubta 

main_data.J>¢g 

p..-t2_length 

12 
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Bit string, left bit ftrst, where "left" is the ordet in which bit strings are writJ.en in 
ISO/IEC 11172 Eit strings &e written as a string of l s aild Os within single q1oce 
marks, e.g. '1000 0001'. Blanks ~ithin a bit string are for ease of reading aiJd bave no 
significance. · 

Cbrumel. If ch has ue vakle 0, the left cbal111el of a stereo sigJJal or the first or two 
independent si!'11!Ui is indicaled. (!\u:lio) 

.. 

Nouber of chaBnds; equal to 1 for sin,gle_d.amel mode, 2 in otber m00e3. (Au<io) 

Granule or 3 * 32 subbtnd samples il audio Layer IJ, 18 • 3Z s.Jb-band samples in 
aooio layer ID. (Audio) 

The man_data polti(ID of tbe biiStream oonlains the s;alefactors, Hutrman en:oded 
data. and ancillill)' infoonation. (Audio) 

Tie locat.bn in tbe bits!re3Jll of the beginning of the maiiLdata for lbe frame. The 
locatio• is equal to tbe ending bcation o f the p-erious frame's main_d.ata pills ore bit 
It is calculal.ed from themam_mt.a._end value of Ole previousffW'W!. (Audio) 

lle ownterofmain_databils used for scaleCactors. (Audio) 
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sb 

sblimit 

sdsi 

Rcmai!Xler po~)!lQDil) coefficients, ngbest M2r lirsL (Au<io} 

Subband. (Audio) 

Tbe 11uml:er of the lowest sub-band for whid. ro bits are allocated ·(Audio) 

SO!lefacur selection infonnatim (Audio) 

Nlllli)er of sc:altfacUlr ba1XJ OODg btcckscalffact.or band) from 'Nbicb poirt 00 wdcw 
swit.cbing is used. (Audio) 

Nu:ni>er c:i scalefactor bani (Short bloct sc:alefa:wr taro) fran which JX>illt on window 

uimsbf 

vlclbf 

switching is ostd. (Audio) · 

Un.sign¢ imeger, m ost s ignificant lit rua 

Varilble length cede. lert bit fust, wllere "left" refers to Ole order in w.J:ic.b the VLC 
cod~ are ~Titten. 

N11mber c:i tlie acual time sbl in case of blcck_type:=2, 0 S wirxlow ~ 2. (Audio) 

ne byte order of multi-byte ~rds ls m<»t siglli6C4lllt byte fll'st. 

2.2.7 Constants 

1t 3,14159265358 ... 
e 2.718281tns45 ... 

2 . 3 Method of describing bitstream syntax 

The bit.stream reuieved by tile derorer is described in 2.4 2. Eac:IJ cl.\ta itml in the bttsream is in bdd type. 
lt is descn'bed by Its nane, its Jeoglb ill bits, and a ranemooic ror its type and ord:c of ll'lWlmission. 

The actioo caused by adeccrled c:hta&-..ment in a bit>trean deper.dSon tre \alae oflh2t data elemert 00<1 
on data elements previcusly decoded. The decaliag oC IDe dataelcmenlS mddcfirition of the staU: variables 
used in their decoding uedescrib.xl in 2.4.3. Thefdlowing cooswuctsan: used w express the oonditioas 
wbeD <htael.!ments are present, and are innotnal type: 

Note ttis sy.ta'l: tJse$ tle 'C'-code ccnvention taal a variable or eJpr:ssion evaluating ID a non-zero value is 
equivalent to a condition !bat i~ true. 

wbile ( c~ition ) ( 
dah_ eltment 

do{ 
data_ element 

} while ( coaditioo ) 

if ( oondiliOD) ( 
data_ element 

} 
else { 

data_elcment 
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If tlie oonditioa is true, tllen Ule group of d.'lta elements occurs next 
Ia u e data stream. This repeatS until the condition is not true. 

The data element always occuiS at leu once. 

The data element is repeated mtil tle coadl.io:t is wt tn.e. 

If the condition is true. t.ten tre first group of 4ata elements oa:w-s 
neJtt in the data. stream 

U the condition is I10l :ru~. thcn tbe seoo11d gJ'()U p of data e lem:nts 
~ next in the data suean. 

13 
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for (exJ)(l; expc2; etpr3) { uprl is an expression specifyDg tm iaitialiauion or tl!e Jc>op. Normally it 
• ata_eleneat ~~the initial stale of lbe coonler. expc2 i; a condt.ion 'pecifying a ttst 

!!lade before eacb itaalioa or tbe bop. The loop terminates wben lbe coo<Jition 
U not true. cxpr3 is an CJqmS$:011 tmt is performed allhC eod oC each il!:f'ltiOD 
af tbe loop, n<nmlly ir in<:relren~ a crurter. 

NOte tba1 the n ost COmDIOD ~ cf this ccoslruct is as t>Uows: 

for( i = 0; i < n; i++) 
•ata _elea•e.t 

1bt gro~ of data eJemeus ocrurs n tiaes. CoaditionaJ constcU:l5 
within the group of data eieaemt.s inay depend oo the value of 1M 
loop control variable i , w•idl is set ID zero for lbe fint OC(Uf'ICDCe, 

inoemeued 00 one foe tbe SCOODd ~and so fca1b. 

As noted. tile uoup of <lara elements may cootain nested condilioml constructS. For compactness, the {} 
may be omitted when only one dataelementfoUOlVS. 

data_ element I ) data_eiement 0 is an array of <b.ta. 1ben00\berofdala ele~nents is indicated by 
tllecontat. 

data_element [nl dan_ element [n] is lbe n+ 1 Ill elemelll of an army of data. 

•ata_element ( n )[ n) dab,_elemeiit fmln] is tlJe m+ J,n+ llh element of a two-dinensional anay of 
data. 

data_eJamnt (l)(m)[n] dlta_ele.met:Jt {l){n);n) is the l+l ,m+ l ,n+l tb element ofa t.hree-dinensional 
a-ray of data 

data_ element [m •• ll) is~ inclusive raJgJ! c:Lbits be!weea btl m and bit n in lhe data__elemenl. 

WbiJe the syntax is expressed in proc:edwal terms. ilsbou:d 110t be a5Sumed tbru 2.4.3 implemet:JtS a. 
wisfa::tory.~ p-ocedwe. ln particu~. it dcf"ues a c:orrea a:ld error-free inptt llitstreaDJ. Actual 
d~ mast inclu:le a me:ms to look for start codes in order tO begin decoding correaly, a'ld to identify 
errors. erasure> a insertion~ v.tlile decode g. The me tOO<!; to iderufy tbes: situltioru. and the actions to be 
taken, are DOt ~iud. 

Definition of bytaaligned fLJnction 

The fanc1ioo bytea.ligned 0 returas I if tile cunert. p:>siion is en a byte boundary, that is the nell bit in tbe 
bitstream is ~ first bit in a byte. Olberwis~: it rcwms 0. 

Definition of nextbits function 

The fanction 11extbf.s 0 permits comparioon of a bit string with the mxt bis to be decoded in tbe 
bitstream. 

Definition of next_start_eode function 

1b.e oexLstart...code ftnction removes any zero bit and zero byt:t Stiffing aad locates the llext staJt code. 

Syntax No. or bf.s 
nexaJWLaxkO { 

l 

whie { ! •yti:aligne<(} j 
t e ro_b it 

wb!Je ( nexlbitsO != '0000 000> 0000 0000 0000 00)1' ) 
:ero_b yte 8 

Mnemonic 

"10001000" 

This function ~becks whether the CUTCOt position is byle<iig.ned. If it is not, zefQ swffiag bits are present. 
After lhal 311Y num~r of r.ero bytes may re ~m before rhestart-code. ThereforeSWt-cocles are always 
byttaligned anll may be p-ece.ded by any nUIJber c:L zero sb.lffin& bis. 

14 
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2.4 Requirements 

2 . 4. t Coding structure and parameters 

VIdeo sequance 

A coded vi~ sequencec:anmenccs with a sequence header and is followed by one or Dl<X'e JJ"OI()$ 0( 
pictJtcs and is ended by a seqoence_rod_code. Tmmed.iately befoce eacb of tbe ~d. pcures tbae may 
be a sequence bcader. Wioin eacb sequeme, pictures sball be dtcodable c:onlinooasly. 

In eacb d these repea:ed sequence headers al1 of tile dat1 eleme~~ts wi!b the pc:na.iuedeliCeptioo of those 
defniag tile q~~a~~tilaoou matrices (load_inn_QIJatti:zer.J)Jii.1JlX.IoadJXD.Jnr"a...~Jilalrix aod 
optionally intJ;Lqwntizer...matrix and non_ittra_qDanliw_matrix) sbaJI have tile same values as in the fl!St 
seqoe~~ee header. The quattizatioo nutrices may be rcdefmed ea;b time that a seql.ttlee header OC01rS in tlle 
biiSirealll~ Thus the d&t.aelemetts load_intr.t.quanti2.eunalrix, lmd_oon_jrua,_quantizer.J)latrlxand 
<lptlonally in1Ja....qumtiz(7..,;nmix l'lld nro_inrn_quantizer-Jl)IUlix may ha-.:e any (ron-forbidden) ,·aloes. 

Re~ng lbe sequence hea:ler allows the dlta elements of the il'ldal sequeace header 10 be repeated in order 
that random access 1n10 lhe video requoce is possible. In rutlitiou tbe quantiz.aion matrices may be 
dlaaged i.ruide tlle ,.ideo sequence as reql.ircd. 

Sequence head er 

A video !eqUCOCC beaderca:nneoces wilh a seqt~:~Xe_llead:c_caJeand u followed by a senes ofcba 
demeMS. 

Group of pictures 

A group o1 plclures is a ~of oue or more coded pictures inteOOed ro asslstraadom access into the 
sequ:nce. In lhe stored bitstream, lhe fustco:Jed pccun ia a group d pdiX'CS is m 1-Actutc. The ordec of 
Oe pictures in the axkd StJea!ll is d:leooler in which the decoder p-ocesses Uem ill '00~ pla)back. Ia 
plt1icubr, aapceot B-PiroJ~es in the cored steam are in display order. The last coded picture. ill dispay 
ader, of a vc:upof pictures is either an 1-Pi~ a- a P·Picrure 

The following is an elample of groups of pictures W:eo t'Jom n e be&imiog of a Yi@ sequence. In this 
example the fnt group or picuues cootairu seven pictwes aro wbsequmt g lo"'s o f pi~ conlaio nine 
PcD.IJ'eS. Thee 2J"e t\\0 B-picnues between succ:essi ve P-p;ctures and al~ two B-)!ictures between 
succ:es;he 1- and P-picwrcs. Picture 'H is u~ to fonn a prtdictim for p aure '4P'. Pictiii'CS .,.,P' ud 'H 
are both Lsed to fonn predictions for piau.res 2B' ;r~d '3B'. Therefore the Mier or pictures in the axed 
seqaeacc sball be ' ll', '4P', '2B', '3B'. Howe~r. the de<Dder should display 1bem 1n lhe order 'Jr. '2B', '38', 
'4P'. 

Al lhe encoder inpur. 

2 3 ... 5 6 ~ II~ 9 l 0 I l 12 ll 14 15 1 6 ~1 7 18 19 2() 2 1 12 23 u 
B B p ll B B I B B P B B P B B I I! B p 'B B 

A t tbe encoder out>li, illbesrom:t -.i~treaa, and at tre deaxkr inpur. 

I ~ 4 2 3 7 5 fi 1 10 8 9 13 11 l! 16 14 15 ~ 19 I 7 18 21 20 ll 25 2 1 
p B B p B B I B B p B B P B B I B B p B B f B 

where the oouble vutical b.:m; mart IAe group of pictures boundaries Note Wu in this ex.anple, the ftr:>t 
group or pictures is two pi awes sbortec tlwl subseque« go~rps of p:cl.m'e:S, since at the beginning cf ,;deo 
coding there are no 8 -pictures precediog the ftrsl 1-Picture. However, in genetal, in display order, tlere may 
be B-Picll.lteS pru:ediag llle fust 1-Pictme il the group of pich.lres, even ror the lm t &roup of pictves to 'be 
deca:led. 

25 
p 

2 4 
B 
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At the dtcoder ootput. 

2 4 5 6 7 8 ~ 10 1! 12 13 14 15 16 11 18 19 2 0 21 22 23 24 25 

A group of picta.re' may k of any lenglll. A group of pictures sm.u contain me or more I-Pictures. 
Applkatiom reqliring tal<Dm accc:ss. fast-forw~ play bad, or [ast aJd n<nml revetSe playbact Ina! use 
relahel)' saort 1f0UPS cf pidures. Groups of pictmes nuy also be started at scene cuts 01 other cases 
vrbere motion co:npensatlon is inefuctive. 

The nm 1ber of oonsccatiYe B-Pictwes is van able. Neilhc:r B- noc P-Pict.wes nexl be present 

A video 5eQIJellct of gx>q>sofpicwres tJut is read by the deoodermay be different from the one at the 
encoder output d• e to editing. 

Picture 

A sowce or recoastruct.ed picture CCilSists of three rectMgular macrices of eight-bit nllmbers; a luminance 
mari:x (Y), and twochrominarlcemauices (Cbaro Cr). The Y-malrix shall bare an even nUJnber of rows 
ood coluams, md the Cb and Cr n<trices slRIJ be 011e half tle size d che Y -m<tri~ i ll boch borizoatal and 
vaticaJ cfurensiCilS. 

TheY, Cb m d Q compcnents are relaled to the primary (analogue) Red, Green 3lld Bl11e Signals (E' R' E' G 

ard E'
6

) as describal in COR Recanmeadation 601. These pcimaJ)' sigru.Ls are gamnu pre-oorreded. 1le 

assamed value oi gmuJl:j is not de·fined in this part of [SO/IEC 11112 but may typic:ally be m !be region 
app-oximattly 2). to appro:ximatdy2,&. AJ!Piicalions wllidl reqli.re accurate COI(.IUT reprcdl.CtiJn may 
choose to SpecifJ the valoeofgamma moreaa:watcly, h.lt Ibis i~ outside the scope of this pan of iSOiiEc 
11 172. 

The lumina!K:e and chronWUx::esa:ilp~ &e positioned as sbowa ia C~g..-e 5, 'IV here •xw marks tbe ~lion 
of the hminaoce (Y) samples and "0~ ma1a the position of lbe cllrominance (Cb and Cr) samples: 

X X X X 

0 0 0 
I X X X X X 

1 X X X X X 

0 0 0 
1 X I X X 

1 X X X X X 

0 0 0 
X X X I X 

F igare 5 -- The pos ition of laminance a nd chrom i nance saraples . 

There are four types of coded piCklre tlat use different codinf metllods. 

An lt~ tra~oded picture (!-picture) is ceded usiBg infonnatim only from itself 

A Prcdicl.lve·codcd picture (P-picture) is a picture 1o'hich is <Xlded asing motion canpeDSated 
prulicticn from 1 pasti-Picture or P-PictuR. 

A Bl.irectio nally preclicthe-code4 picture (JJ-pic ture) is a picture which is a>ded using notion 
COIOpen.~ttd predid.ion fran a past and/or fuwrei-Picwre or P-Pictue. 

A •c: c:oclc4 (J>) pictan is a>ded using infoomtion only from itself: Of the OCT coefficients ooy the 
lcooes are present The D-PCture.> s.kall n:>t be in 1 seq•enceccntaining aay otberpictwe typeS. 
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S lice 

A slice is a ~s of an arbitJary wmber cf maad>locks with tie ordec of macro blocks surt:ng from tbe 
upper-left of the pictue aod pro::ecding by rasrer-scao ordtt from left to right and top to bottom. The ftrst 
and last rnactONocks of a ~lice >hall not be skiwed macroblocks (see 2.4.4.4). Every slice shall contain at 
least one maCI"OOiocJc. Slices sball not oveil~ and there s~all be no gaps be~een slices. Tbe position of 
slw may clange from picttJrc to picture. The fmt slice ~ball start will llle first macroblock in the iJicture 
and the last slice sbaJl end with the lastmacroblock: in tile picnue. 

Macroblock 

A macroblock cootains a 16-pel by 16-line seCI.icn of bminanre component and tile spatially corresponding 8-pel by 
8-tine seclio• of eacb cb.rannance COJllX>!le•L Amacroblod bas4 luminance blocks and2 chrominance blocks.· Ire 
term "maaoblock' can refer to SOIJ"Ce or reconstructed data or to scaled, quantized coefficients. 1be order of blocks in a 
macrobloclc is top-left, top-rig)X. bottom-left, bottom-right blocks for Y, followed by Cb and 0. A:we 6 slows the 
arrangement of Cbese bloct:s. -A skipped macroblock is one for which no information is stc.red (see 2.4.4.4). 

[[]I] 
IIIIJ 

y 

ID £TI 

Cb Cr 

Figure ' ·• fhe arrangement of blocks ia a macroblock. 

Block 

A blod: is an uthogoml 8-pel by 8-libe seclion c:1 a hminaace or chroorinance oomponenL 

ne 1em 'block" canrefereiflerto soorceand recc.ns~ructed auaor rothe conespoo:ling coded data 
elementS. 

Rasarved, Forbiddeft and Martcer bit 

Tl&e 1enlS "reserved" and "forbidden" are used in tbe description of some values r:f. several felds in U.e coded 
bitstream. 

Tl&e 1etm ·reserved" in<li~tes that the valu~ t:aa)" be used in tre furu-e for ISO/IEC-definoo extensions. 

ne 1ecm ·rorbiclden • indicates a vaJt1e flaJ shall never re llsed (msually in ocdet to a. void emulation of start 
cede$}. 

1be teJJD •marker_bi" indicate$ a one bit field in which the valtl: :zero i3 forbidren. These marlc..-"T birs are 
introduced at several points in the >yatax to avoid $tart-code emulation. 

17 
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2 . 4. 2 Specification of the coded video bitstream syntax 

2.4.%.1 Start codas 

Stut axles are reserved bit patternS lba do notoU.eJWise occur in the video uream. All start codes are 
byCtallgre.d. 

~ame Hexadecimal vilue 
picrure_staJLcode OOOCOlOO 
slice_sl2.fLcodes (111Ciu<ing slice_ vef1icai_J)()Silions) OOOCOIOl 

tlrollgh 
OOOOOlAF 

restrvtd 00000180 
J"CSC:l"Vtd 00000181 
user_c~a~UWLrore 00000162 
JCqJCDCXLllcarer_cxxle 00000183 
~-axle 00000184 
exu:ndon_staJLcode OOOC01B5 
~ 00000166 
secpe:oo:_eud_code 00000167 
group_srut.rode OOOCQ1B8 
system &art codes (see note) 00000169 

through 
OOOOOlFF 

NOTE - S)'S(emstartcodesace retiled in lSO'IEC lll72-1. 

'lbe u!e or lbesi2Jt codes is d~ in the following S)llWt description wtlb the e:tceplion of the 
seqaence_CII'Ot_mdt. The reQlellCe_ernx-_rode lu.s beel 2llocaled for we by !be digilal stora~ media 
iDtert3:.e 10 mate wbett llllCCfr'eCW>k errors b-.e teen ~ 

2. 4. 2.2 Video soque-nce layer 

Svntax 
video_seqoooa:Q I 

ne.tLSla'Lcode() 
do( 

} 

18 

~~ 
do/ 

groop_of_picttre~) 
) while ( ucx()its()- group_start_code) 

} "'bile ( nextbitsO = se:juence_j)eader_cocle) 
sequence_eud_code 
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2.4.2. 3 Sequence header 

S yntax 
seq~Jtt~CejeOOet() ( 

l 

sequenee_header_ co de 
ilorizo 11tal_size 
ver tical_size 
pel_aspect_ratio 
pidure_rate 
bit_ rate 
marker_ bit 
Tb l' _bdfer _size 
'oastraioed_ para.-.eters_nag 
load_intra_q ua•th:er _matrix 
if ( loadJnlr.Lqaaati2er.,;mtrix ) 

intra_quntizer _matrix (] 
Joad~non_i.tra_qaantizer _mdrix 
if (load_non_inlra...quantizer_llU.ttilt ) 

non_intra_quantizcr _matrix (] 
D.aUta~Lcode() 
iC (ne~lbitsO = exrea;ion....stM_code) { 

exten51Gn_start_c:od~ 

J 

\\bile ( next>iiS 0 !• '0000 ()())() 0000 0000 0000 0001' } { 
seq uebc:•_ exteasion_data 

) 
nexUtUt,.code() 

iC (ael!tbitsO = uscr_data..._swt_core ) { 
user _dats_sfart_cotle 
wbile ( nexlbiiS() I= '0000 OOCO 0000 ()())() 0000 0001 ' ) { 

user_data 
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Ni>.ofbiu 

32 
12 
12 

4 
4 

18 
1 

10 
1 
l 

8'64 
1 

32 

8 

3 2 

8 

Mnemon.ic 

b slbf 
uimsbr 
uimsbr 
ulmsb r 
uimsbf 
uimsbr ..... 
uimsb f · 

uimsb f 

ulmsbt 

bslbf 

bslbf 
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2 .• . 2.4 Gr:oup of pictures layer 

group_start_colle 
timt_ c:ode 
closed_ gop 
broken_link 
next_st;rt_cale() 
if ( nexl>iiSO = extensioo_start....code) I 

extellsion_start_code 

} 

wbile ( nextbis() != ·ooco 0000 OQOO 0000 0000 0001') ( 
group_extension_data 

if(nexbitsO= user-_data_stut_cale) ( 
LlSer _dda_start_code 

} 
do { 

wbile ( 1e~its() I= '0000 0000 0000 0000 0000 0001' ) { 
user_data 

} 
ne.xutarLcode() 

piclure() 
} l wlile ( neitbilS() = picnm_$att_code) 

zo 
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2.4 .2 .5 Picture layer 

Svntat 
picamO ( 

plc ture_start_ code 
hmporal_refentxe 
picture_coding_type 
vbv_ delay 
il ( (pictwe_oocling_l.)'{e = 2) I (picture_coding_Lype = 3) ) ( 

full_pdJ o rward_ vectl) r 
rorwardJ _code 

) 
if ( picru.re_codi.ng_type = 3) { 

rull_pel_backwar4_ vector 
backwar•_r_code 

} 
while (nextbitsO = '1' ) ! 

extra_bit_ pictur e 
extra_ informatioll_ pictur e 

} 
extra_bl t_piet t~ rc 

ntXLSiart_ccde() 

if (mxlbilS() = extc.nsion_stMt_cc:de) ( 
exte11sio a_start_cod e 

} 

while ( nex tbitsl) != '0000 0000 0000 0000 0000 OCO 1') ( 
picture_nttnsioo_duta 

il ( rextbi!sO = lULdala..StUt.cede ) I 
u ser _data_start_cod~ 

} 
do ( 

while ( neiLbitsO != '0000 ()())() 0000 0000 0000 0001' ) { 
aser_data 

s}jce() 
} w!rile ( ne!ltbits{) = sllce_stm_code ) 
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No or bits 

3l 
10 

3 
16 

1 
3 

] 

3 

1 
8 

3l 

3l 

8 

Mnemonic 

bslbf 
uimsllf 
ulmsllf 
uimsbf 

uimsbf 

uims bf 

.. 1 .. 

"011 

bsll.f 

bslbf 
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2 . •. 2.6 Slice layer 

SVIItax 

sli~ { 
sBc:e_start_c:ode 
qua11tizer _scale 
while ( ncxtbilS() = '1') I 

extn_ bit_ slice 
extra_informatioa_sliee 

} 
extra_b it J iiec 
do{ 

macroblod:() 
} wllile ( nextbi~~ != '000 0000 0000 0000 0000 0000' ) 
nexut:ut..co:JeO 

'2.4.2.7 Macroblock layer 

Syntax 
maaoblcck () { 

wbile ( nexcbitsO = '0000 0001 111' ) 
macro llloc:l_ stuffing 

w bile ( nacbitsO = '0000 0001 000' ) 
macro•lock_ esc:ape 

~croblock_address_incrernent 
macroblock_type 
if ( oacrobkx:k_quant ) 

quanti.zer_~cale 
if ( macrobkx:k...)ll0tion_forward ) { 

metion_horizootal_forwucl_co4e 

} 

if( (forwatdJ != 1) && 
(moooo_lx>riz.ontal_forward_oode != 0)) 

molion_horizontal_forward_r 
metion_ vertic:al_forward_code 
if( (forward_f != 1) && 

(rootion_verticaUorward_~ !• 0)) 
motion_ vert1cal_forward_r 

if ( macrobloclc_motion_baclward) { 
motion__llorjzontal_'batk.,..ard_code 

} 

if( (baclward_f != 1)&& 
(motioo~bori2.onal_backward_code I= 0) ) 

molioo_borlzontal_backward_r 
motion_ vertical_backward_code 
if ( (baclward_f != 1) &&. 

(motioo_ vCJtica1_backwel!'d_code != 0)) 
molion_ vertical_backward_r 

if( macrobkdc_ptttem) 
coded_block:_pathra 

for ( i=O; k6; i++ ) 
blod( i ) 

if( P,clUre_mdinL type = 4 ) 
end_of_uacroblock 
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s 11iosbf 

1 ,. .. 
8 

. 1 ··o· 

No. of bits Mreraonic 

11 vhlbf 

11 vldbf 
1-11 vldbf 
1-6 vldl>f 

s 11iosbf 

1-lt vlclbf 

1-6 uinsbf 
1-11 vldbf 

1-6 ui111sbf 

1-11 vlclbf 

1-6 uimsbf 
1-11 y)dbf 

1-6 11iosbf 

J-9 Ylclllf 

1 lt J lt 
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Z.4 .2 .8 Block layer 

•• ock( i ) ( 

if ( r;attm_code[iJ ) { 
l f ( tnaaOblodUnlra) 

if(id){ 
d ct_dc_su e_ hamioana 
if{dc_sizeJum.inaoce != 0) 

dct_.c_differen•ial 
} 
dse ( 

det_dc_size_cbrominana: 
ifidc_size_clrommance I=<J) 

dcl_ dc_differential 

l 
e~ ( 

clc t_ ooeff _first 
l 
lf ( pictu'e_ccdiDg_type != 4 ) { 

Wile ( nexlbits() != '10") 
d ct_coeff_next 

en d_of_blo dc 
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No. of b:ts 

2- 7 

1-8 

2-8 

1-8 

2 -2 8 

3 -28 
2 

Mremonic 

v lclbf 

u lmsbf 

v lclbf 

u imsbf 

v lclbf 

v lclbf 
vlclbf 
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2 . 4 . 3 Scamantlc:s for the video bitstream syntax 

2.4 .3. 1 VIdeo sequence layer 

sequellc:e_md_code -- Thesequenre_encl_code is tke bit string 000001B7 ill hexadecimal lt ten:nimtes a 
"ideo seQ!JeiCe. 

2.4.3.2 Sequence header 

seqllence_header_cocle - The seqteoce__beadu_co.:ie is the bit string 000001B3 io •exadecinal. It 
identifies the beginning of a sequence headea". 

borizental_site - The llorizontal_size is the width of t.be displayable part of the hminance ccmponent 
in ~Is. The wid AI of the encoded luminance compone11t in nacrobl<X:ks, mb_ width, is 
(borizonta.l~si2e+15)/16. Tm displayable part of tbe picture is left-aligned in the encoded picture. 

~crtical_siu -• The vertical_size is the beight of the <isplayable part of the lumillance ccmpouent in 
pels. The heigbtoftbe e1coded ltnninance ootuponent in ma:roblocl:s, mb_height is 
(venjcaJ_sizei-15)/16. The displayable part of the picture is top-aligned in the encoded picr.ure. 

pel_asp«et_rati• -- This is a four-bit intej5er defined in the following table. 

rei ~ ratio bei~tlwidth exarr.ole 

0000 forbdbl 
0001 1.0000 VGAciC. 
0010 0.6735 
0011 0.7031 16:9, 6251ine 
0100 0.7615 
0101 0.8055 . 
0110 0.8437 16:9, 5251ine 
0111 0.8935 
1000 0.9157 ·CCI1l601 , 625line 
1001 0.9815 
1010 1.0255 
1011 1.0695 
1100 1.0950 CCI.R601, 525line 
1101 1.1575 
1110 1.2015 
llll reserved 

picture__.-a te - - This is a four-bit i:ueger <kfmed ia t.be following ttble. 

Jicture rate DiChJres rer second 
0000 furbidren 
0001 23,976 
0010 24 
0011 25 
0100 29,97 
0101 30 
0110 50 
0111 59,94 
I()(D 60 
.. - eservtd 
1111 eservtd 

Application; andeocoders should take into ~unt t.~e fact lbat 23.976,29,97 and 59,94 are not ex~t 
repres::ntatioru or lbe • ominal picture rate. The exact v.Uues are fouad from 24 00011 001,30 00011 001, 
and 60 00011 001 and can be derived from CCJR Repon6244. 

24 
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blt_rat. - This i s an integer specifying tht: bitnte of the bitstream m easured in IJllits of 400 bits's, 
roanded upward;. Tre ''3l•e r.ero is fortidden The value 3FFFF ( ll 1111 1111 1111 11 11) identifies 
variable bit rate ~oo. · 

marker_bit - This is ooe bit tbat sball be set to "1". 

vbv_buffer_she -- This is a 10-bit inttger defining tm size or the VBV (Video Buffering VerifJer, see 
anne1 0 buffzr ne.OOed to cb:ode the sequence. It Is defined as: 

ll = 16 *1 024 * vbv_buffer_.size 

wllere B i$ tbe niiimun VBV tuffersi:ze in bitsreQuirecl todeco:le me sequenc:e(see annex C). 

conslraintd_parametus_flag- This is a ooe-bit flag which may be set to "1' if t.be following data 
element> meet the following consuaints: 

horizolltal_size <= ?68 pels, 
verti:aLsize <= 516 pels, 
((horizont.al_si:ze+l5)/16) *((veltical_size+l5}116) <"" 396, 
({horizontal_si:ze+15Yl6) •((vert,ica1Jize+l5Y16))•picture_nu.e <= 396*25, 
picrure..rate <=30 p.CU!re$/s. 
faward_(...c.OOe<= 4 (see 2.43.4) 
ba:kwad_f_code <= 4 · (see 2.43.4) 

If lbe COlStrUled_parru:reterS_flag is set. thm tbe vbv _buffer_size field shall indicate a VBV buff~ s ir.e less 
than or eqllal to 31J 680 bits (20*1024*16; i .e. 40 t:byte;). 

If lbe cwstrained_parameterS_Oag is set. then tle bit_nte field shall nd.cae a. coded data rate Ie;s Clan or 
equal to l 356 COO'b~s. 

loadJ ntra_fiuantiur _m atdx --This is a one-bit flag wbicb is set to "1' if an intra. .. J juantizel_matrix 
foUows. U it is set to "0' tkn t.be refau1t values defined bell>w in raster-scan ocder, are used uruil tbenext 
occurmce of !be sequence beat:ler. 

g 16 19 22 26 27 Z) 34 
16 16 22 24 27 29 34 37 
19 22 26 27 29 34 34 38 
22 22 26 27 29 34 37 40 
22 26 'ZJ 29 32 35 4) 48 
26 27 29 32 35 40 48 58 
26 27 29 34 38 46 56 69 
27 29 35 38 46 56 (B &3 

intra_quantizer_matrix ·- This is a list of sixty-four 8-bil unsigned integers. The new values, stored in 
the zigzag >can11in' order mown in 2.4.4.1, replace the default values shown aoove. 1l1e value zero is 
folbidden. ne valle for intra_1J1ant[0][0] shall al·v;ays rea. The new values sball te in effect unlil !he 
ned oca.~rcnce r:i a sequence reader. 

load_non_illtra_ quantber _matrix - Thh is a one-bit flag which is set to "1" if a 
noo_intra,_quantiur_ma!rl.l. follow$. If it is set to "0" 1ben the default 11alues defined bdow we used tmtil 
the nextoccmence of !he sequcore reader. 

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 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_jotra_q unther_matrix -This is a list of sixcy-four 8-bit uasittled integers. The new values, 
stored in tbe zigzag scmnin& order shown in 2.4.4.1, repl.ace tbe defadt value; sllown·above. 'Ire yaJue 
:llero is fOibidden. The new -ralues sliall be in effect until tbe rext occtreoee of a sequeoce bea<lel-. 

exttosion_start_c:Clde -- ne exlensicn_start_code is the b~ string 000001B5 in betadedmal. I t 
ide11ti1ies the beginllint of e 1teosion dala The exteruioa data continue until receipt of aootbet start cOOe. 
It is a requirement to parse extensim daa correctly. 

user_. ata_start_code -- The uger_data,_start_co:le is the bit ruiag 000001B2 in beltadecimal. It 
identifies the beginning of u~r !Wa The user data continues uliil rea:ipt of at other start code: 

-user_411ata - The uger_data is defined by the U9efS fa ~ir specific applia;tiros." The user da!a shall not 
contain a strin& rl. 23 or more rem bits. 

2 . 4.3.3 Group of pictures layer 

gro11p_siart_code -- TOO ~roup_stut_code is the lit string 000001B8 in heKadecimal. It identifies !he 
beginnint c1 a group of picttlreS. 

time_wcle - This h a25-bit field o:mtliaing the folowing: drop_frame_Oag, Cime_eore_bours, 
time__code_minutes, marker_bil, time_code_seconds and time_ccde_picwres. The f"Jelds rorrespoad to the 
fields defincxl in tlle £EC stardard (Ptlblli:aliOil 461) fer wtime atd control codes for video Upe recorders" (see 
annex E). 1be ccxJe refen to tbe first picture in lhe &JOU)l of picmres that has a temporal _reference of :zero. 
The d.rop....{Jame_j1ag can be sa to either '0" or "r. It may be set to "1 " oaly if !be p iellJrerale is 
29,9711z. If it is ' 0" then pictures are counted asswning rouniing ~ lle nearest integralnWDber of pictures 
per sec:ond, for example 79,97 Hz would be roUllded 10 and counted as 30 Hz. If it is "1" tben piaure 
numbers 0 and 1 at t.be start·of each minute, except m.inutes 0, 10. 20. 30, 40. 50 are omitted from the 
oounL 

time c:o• e r3l ~e rl. value bits 

drop..Jnme_ftag 1 
ti.ne_cOOe__boUIS 0 -23 5 uimsbf 
ti.rle_code_minutes 0· 59 6 uinubf 
marker_bi: 1 1 "1" 
timCLcOOe~ 0- 59 6 uimsb f 
ti.me_code .Pictures 0 - 59 6 u imsbf 

dosed_gop -- This is a one-bit flag wfli.cl may be set to "1" if lhe group of pictures bas been e11coded 
without molioD vectors poi1ting to the previous group of pictures. 

'fbis bit is provided for use during any editint which occur~ after encodi11g. lf the previous groop of pictures 
is removed by editing, brokenJink may be set to "1" ro that a decoder may avoid displaying tile B­
Picures il:nmediately following tle f~t 1-PiCture of the group of pittures. However if the d ostd_gop 
bit ndicar.es that Glere are no J>lediction references to the previous group of pictures then the editor may 
cboose not to !let the broken_linl bit as tbese B~Picrures can be correctly decoded in this ~e. 

brokenJink - Thi> is a one-\tit flag. which shall be set to "0" during encoding. It is se1 to "l" iO indicate 
that the B-Pictues imnediatel:y following the rrst i-Picture of a group of pictllft'S eannot be comctly 
decoded becawe the otbet I~J>ictwe or P-Pictllre whicll is used fer pn:Ciction is not available (becaJse ci tlle 
oction of editing). 

A decoder may u..<e dlis flag to av(jd diiplayng piauJeS !bat can11ot be ccrrect1y decoded. 

extension_s tar1_code - Set 2.4 .3.2. 

grollp_extensioll_data - Reserved. 

user _data_start_wde - See 2.4.3.2 

user_411afa -- See 24.3.2 

26 
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2 .4 .3 . 4 Picture layer 

pichnjtart_code - The pictire_~code IS a suillg of32·bils baTing lie value 00000100 in 
bex3decimal. 

temporal_rercrena -· 1k l.emporal_reference is! 10-bituosigned nttger associlt.e:d vith eacb DJl.ll 
p icrure. It is incremented by one, modulo 1 C£24, for each inplt picture. For tbe eatliest picture rm duplay 
order) n eacll J10Upofpk:n.es. tk ~emporai_P...ferelal is~ to zero. 

ne tenpornl_nference is assigned (in set:;uence) 10 tbepic~ indisplayordel, ro ttmpcral_referec.cesbill 
b( olllite<lllom the sequence. 

plctun_mcin'-type- The piclllre._coding_type idet~tifies wbelher a picwre is an intra-cOOed picture(I), 
predicOve.axled ]icmre(P), bidirec:tionall:y prediclive-coded picture(B), or intra·ooded witboolydc 
coefficients pictwe(D) acoordiag to Cle following cable. D-piciURS m~l ne\er be inclooc:l in tbe same 
video sequence as the ether picture codng types. 

picture codinJt twe codin~ m~lhod 

()()() f!Xbid:Jell 
001 intta-cxxlxl (l) 
010 pro:lidjv~ (P) 
011 bili.ro;tionaty-predictivecOOed (B) 
100 de intta-(()(l:d (D) 
101 e;erved 

... ... 
111 ~ 

vbv _dda:y - The YbT_delay is a 16-bit WlSi:Dcd integer. For constant bitr'..te Op!ntion, the vbv_relay 
is used tO set the wtial occupancy of the decodtz's bJffer 1\l 1be sLUt of decoding lbepictue so that the 
deoodeis bol'e~ does not overfbv. or undt!rfiow. The vbv _delay r11easures the tine needed to fiB me VBV 
bttfer from an initially empty ~tale at the targe: blt rate, R. ID lbecorrectlevel immedWely before the 
curreot picmre 6 removed from tbe hlffer. 

The Yalooofvbv_delay is the DWllber of periods oflhe9<ktlz 1y~ dock lha the VBVsroud wait afttr 
receiving lbefi1al b)·teoft:be picture start code k may be caJrultted from oe stae of the VBV as fuU:>,,,s: 

where: 
n > O 

* B = V'B Y occupancy, m~ured in bits, inme:liately before removing picti.J'e o from tbe 
n 

b•ffer but after reatoving an:y group of picture layer data. sequence htarer data 
aad the pictllrc_start_code tmt irumedialdy precedes Cbe clara elements cf 
picruen. 

R = bitrate lrealund in bits/& The fuU p~ion of the bir~ rather than the romded 
value encoded by the bit_rate field in the sequence lleader shall be 11saJ by tbe 
enccder in the VBV mOOd. 

Foc roo-corutallt billate ope~atiorl vbv _delay skall blvc the yalueFFFF ill hex~decimal. 

rull_pcl.Jonr.lrd_ ftd or - u set to "1". thell the motion rector values decoded represent neger pel 
offse:s (ra1ber than balf·ptl unitS) as reflected il t:be eq.ations of 2.4.4.2. 

rorwardJ_rode - An unsigned integer taking valu~s 1 through 7. ne vallezerois rorbidden. The 
variables forwanJJJil..e aad rorwwdJ lsed in tile p.rocess of decodin& tk forwwd motion vectors :n derived 
rrom forwan:IJ..eoie as de5Ciibed in 2.4.4.2 

rulLpeLba(kYard_vtdor - If set to " I", theu the moliOD ~r v~ues decoded reprt.SO'lt in~~r pel 
offsetS (ralber t.llan bal.fpellititS) as reflea.ecl ia tlle eqaations of1.4.4-l. 
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ltadcvard_r_code - An umigned mteger ~g values 1 tbro•gb 7. The v~ue zuo is forbi!Jdeo. The 
Yariables 00clcv31d_r_siu and backw:ud_f used in lhe process of decodin, Ue badc..,-ard Ol()(iOII v«:IOrs are 
derived ll'on barkvard_f_co4e as de$cribed ill 2.4.43 . 

txtra_bit_picture -- A bit indicates tle presence of me folo~itg extra inforn:uion. If 
exua.J>iLPicture is set to "1". exrra._inf<mlltion_pil:l.lre wiU toUow il If it is set to "(]', !here are no data 
followin' it. 

extra_lnfornaation_ picture -- ~eserved. 

o:tenslon_start_code - See 2.4.3.2. 

plcture_exteaslon_data - Rererved. 

user_data_starl_tode - See 243.2. 

usu-_llata --See 2.43.2. 

2.4.3.5 Slice lav• · 

s1ice_Jt.art_C()de - 1\e slice_st21t_cooe is a string of 32-bks. The tlrst 24-bits have the value 000001 
io bexadecima1 and the last &-bits are tile dire_vert.ical_JXJSiliOn bt.ving a vaJue in dletaDge OL thougl:t AF 
.l!exadecim~ iJ1cl•sive. 

~ice_vert~aLpositien - This is givea by the last eigbt biu of tile slice_stut_code. It is a. unsigned 
integer giving t:be vertical pos&ioo in JllaCCOblock units of the first miiCTObk>dc in tbe slice. The 
~lic:_vettical...po5ition of t.be ftrSl row or ma::roblocts is one. Some slices may have t.be same 
~Hc:e_vellical~tion. since slices may sean a.d finish tul~bere. Note tbt the slice_ ver1ical_position is 
wDStnine(J by 2.4. J to dtfine non-oveliappillg slic~ with no gaps betweea Ulem. The maxin:l1m. value of 
&ic:e_·,ertical~iton is 175. 

quaotizer ....sale --An unsigned in~ger il tbe r.uge 1 to 31 used to scale t.be reconstruction level of tbe 
retrievedOCTccefJicient leve~. 1'1'£ decoder :ball use this value ~atlil ano:her (Jlaltner_,scale is 
enrountered eilber at the slice layer Of" tile macrobll>Ct layer. 10e v~ue 2et0 is fabidren. 

cxtra_bit_sli«: ·- A bit indicates the presence ri tbe ronowing ~xtra infonnalioD. If tJttra_biL~ is 
set to •t•, extra_infonnati<ln_slice will follow it. U it is set to "CJ', there iU'C no data fdlowiDg it. 

extrajllfc rnation_slice -- Reserved. 

2 . 4 .3 . 6 Macroblock layer 

JDacroblock_sttJffing -- This is a fixed bit string "0000 0001 11 L" whicb c:m be inserted by tbe encoder 
to iocleale !be bit rae tO !bat req!Kred of tbe &torage or tran~1lli~ioa medium. It is discarded by the decoder. 

macroblock_e.sape - The macroblocl<_escape is a fixed b iHtring "0000 0001 COO" which is used 
wbeu tbediifaencebetweeomacroblock_~s mdpreviow_macroblock.....addressis greater than 33. It 
cau>es the valre of nattob'klck_addes~.J:acrememto be 33 grellert.hm the value trot will oo decoded by 
subsequent ma:z'd>lock__~ and lbe macrobbc:t_;ddressj\cremett code words. 

Forexample, if !ben ae IP!o maaoblock.....cscape codeword~ prettdilg tbe macroblocl(_address_iiX::remen~ 
lhea 66 is added 1> tbe valueindicaltXI by macroblock....addtess_increment 

macroblock_address_iacrenent - This is a variable length code4 i.Jiteser coded as per t.at>le B.l "'bicb 
roica:es tbe dlfereace berwten miCIOblodc._address m d pevX>us_ll!.liCid>lcdc_address. The maximum 
yaJae of ma::rci>locLa1dress_noenea is 33. Values~ tban this can be encoded using the 
~hlcdc._es:ape ~word.. 

The tmcroblodc_adllress is a variable defming tleabsolut.e positioa of tbe currett maaoblock. ne 
JOaa'Oblock_acldress of tbe top-left macroblod:: is zero. 
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Tte ptevi(JJs..)Jl3CJObJC>dtcadrlnss is l vvisbk refinillg tleabiolute posilio1 oi tbe las! non~>kipped 
auat>block (see 2.4.4.4 roc tbe 4efmi1io• ct stiwed macroblo;ks) except at the stan oi a slice. At the start 
ora slice, previous_maaoblock_ad:lress is resc:t as fol.bv.'S: 

pevioUS..J'll<D'obloc:LaXfress=(slice_ venicaJ...PQ>iOOD-1 ~Dib_widlb- 1 ; 

Tbe 51>alial posilio:t in macroblocl: units of a na.."TOOiock in tre picture (mbJ(7.V. mb_cohmm) can be 
COO'I}llltro from lhemacroblock_addre$5 as follows: 

mb_row = maaoblock....address/ mb_wid~ 
mb_colmnn = lllllCroblod:_a:ldress ~ mb_ width 

\Were mb_ widtb is t.lte number of macrobtocl::s in one row of lhe picLtJre. 

NOTE - 1k slice_ verticaLI)Osition differs fran mbJOw by ooe. 

macroblock_type -- Variable lmgth coded imitator wh;cb indicates lhe method of cooiag and contwt of 
tbt maaoblock: according to the tables B.2a l.hrougb B.2d 

nucroblocl:_qoant-- I>.::rived fiom macroblod<_type. 

nucroblocurooo_fOIWa'd ·- Derived from uncroblockJy~. 

oucroblod:_llttiCJ:l_badrnard- n:rived fJom macrot!IOde_ty])e. 

macroblocLpaaem - Derived flom macroblock_type. 

maaoblocLintJa- Derived from maac:*kx:k..,type. 

qunther _sale - An nruigned ir.te,er in the nnt;e I to 31 used to s.:ale the reconsln!ctiOo levd of the 
re:rieved ocr ooeificieat levels. The value uro is iorbidden. The Ceo>dtr mall use this ,a]ue llnlil ancdlcr 
qmntiur_;cale is encounltred either tt t.t.e d ice layer or tlle macrobloct layer. The ~of 
qmntizer_ae is detuoined fran ma:rd>l~type. 

IJll)tion_horizonulJorward_rode -- motim...boriwutal_forwar<La:xle is decoded acceding to cable 
B.4. Tbe recooed value is required(along ..:.tit.\ forwar-_f- 5ee2.-4.42) 10 decide "hetber or not 
motion_h<rizontal_forward_t ~in the bl.stream. 

motion_horizClObl_forward_r -· An unsiped inte,er (ct forwastlJ_size bits- see 2.4.42) used in the 
process of decoding forwa«J motion v~tors as described in 1.4.4.2. 

motion_vertical_forward_codc - motioo_verticaf_forwa.rd_code i.s decoded according to table B.4. 
The decoded value is re<juired (along with forwardJ- ree 2.4.42) to decide whether or rot 
m otion_ ven.icalJ<XWardJ awe.vs in the biiStrean. 

motion_verticalJorwar•_ r -·An unsig11ed itteger (of forward_t_siz.e bits · see 2.4.42) used in the 
process o f deooding forward moti01 v~ti)J'S as described in 2.4.4 .2. 

motion_ h ortzontaLbackward_c.de - motion_borizcnlll_backwaJdJX)de is !Jecoded according to 
table B.4. 1be c1eoJded valle is req.riJed (along with backward_f · see 2.4.4.2) to decile wb.etb.er or not 
m otion_horizontal_backwardJ appears n the bi~mam. 

rmtion_boriwntaLbackward_r - All ~integer (o f bacl,w¥d_r_size bits -see 2.4 .<&.2) usecl i1 
lhe p!OreS$ o f de<xldilag badcward molioo vectors as described o 2.4.4.2. 

rmtlon_verdcal_backll'ard_codc - o.otioll_ -.ertal_ badcwald_code ~decoded aCCO«lug 10 table B.4. 
ne decoded valle is reqnred (abo& with backwa"d_f) 10 decide v.beCber or not molioa_ \'CtticaL~J 
awears in the hitstream. 

IJll>tion_verfical_backwllrd_r - All u-signed integer (ofbatkwaKIJ_stz.e b:ts) used in the process of 
<kroding l:ackward motion vex:tors as described in 24.43. 
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rod~d_block_patUrn - coded_block_pu.tt.rn is a Yariable length code tl'.at is IISm 10 derive the variaH e 
cbp according to ta•le 8 .3. II mat:nlbloct_iltn is zero, cbp=O. Tlleo th: pauua_CX>d:(ij for i=O to 5 is 
denved frorn cbp usint the t>lbv.·in~ 

pattern_ca1e[i] = (t; 
if( cbp&(l«\5-1))) JRUU'D_code[i] = 1; 
ifE macroblcx:kj ara) pauen_CXlde{i] = 1 ; 

pauero.._oore[OJ - Ii 1, tbco the upper WtlUDiAaoce bloct is to be received in this llU!croblock. 

pauen_core[J] -If 1, lien tbe upper right luminance bl<Xk is co be received in Ill is r:a.acroblcck. 

pauen_code(2] -If 1, then the lower eft luniL'Ulce block is to be received in lttis macrobloct. 

pauen_code[3) - U 1, then the lower right luminan<:e block is t> te Je~ivtd in th is ruaobla:k.. 

pauen .... code[4) - Ir 1, tren the cuaninance bbct Cb is l() oo received in lhis macrobl<Xk. 

patlen_code[5] -If 1, tren the c.hraninance bbd: Cr is to be .recelvoo i\ lhis macro block. 

en d_of_rnacroblock -- This is a bit whicl is set ro "1" Md exi$1S 011l y in D·Pictures. 

2. 4. 3.7 Block layer 

dcl_de_size_lurainanc~ - The mmtec of bits n the followiag dcu:t:_ differential code. 
dcJ i2e.]umiJ'llJXe, is derived according 10 tbe VLC table B.5a Noo uaubis data element is used in intra 
(.()(bd bklcks. 

dct_d e_size_chrominance - The m.mber of bits n !he follo·.viag dcu:Jc_difTecen'al cede. 
dcJi2e_duomin.\oce, is derived aaoo1i~ to !be VLC table B .5b. 1\olt that this dua elm1elt is ured in 
inua coded blocks. 

dct_dc_ difTerential - A variabe length unsipted mteget. If dc_si.ze_tuuinance ordc_size_cJJrominance 
(as apprqxiate) is uco, then dcLdc_differenlial is tl(X prerent in t.be bit.slream. ocu:z 0 is theanay of 
quattiwl OCT coeffidents in tig-zag scanrmg or.Jet. dctJ;Z(i) ftt i.:.Q • .6J Shall be S(t to UTO mlWJy. If 
dc_sm _ hmilUllce oc dc_sm_ch.romirwlre (as appropriate) is greater thai zero, thea &t_zziOJ is oonp:.ted 
as follows fron dct_dc_diferential: 

For luminance b locks: 
If ( da...dc_differential & ( 1 « (dc_size.JLn"A.inance-1))) <l:Lzz.[OJ = dct._dc_differenti\1 ; 
else <l:LzzfO) = ( (-l ) <<: (dc~ze_luminmce)) I (dcuJc_ differwtial-+J) ; 

Forctromiaaoce blocks: 
if ( dcLdc_dilferenlial & ( 1 « (dc.....si:ze_chrominmc:e-1)1 ) dct....u.(O] = dct_dc_diffe:reotial ; 
else <l:LZz.O] ::: ( (-1) «: (dc~~cllcominance)) I (dcLdc_liffercntiaJ+I) ; 

Noce that this clats demeut i> used in intra caled H<Xks. 

elaiiPie for de size luminance = 3 
dct_dc dlfereraial dcl...nroJ 

oro -7 
001 .{) 

010 -5 
011 4 
100 4 
101 5 
llO 6 
lll 7 

dct_c:oefT_Ji.rst - A variable lengtbcodeacoordilg to ra.hlesB.5ctJrough B.5f for ue rmt coefficienL 
The vsriook:s runand level are !lerivcd &ceordinx to these ui>les. 1b! zigzag-saw.1ed qJ3.1iti2edDCT 
ooefficieat fi st is updated as fonows. 

30 
Page 40 of 124 



C ISCYIEC 

i = nm : 
if ( s = 0) dcl_zz[i] = le'rel ; 
if ( s = 1 ) dct_ufi] =- leveJ ; 

ISO/IEC 11172·2: 1993 (E) 

1be terms a:u:oefJ_flfSt and dc1_cneif_lle.Illiren.m-Eilgmacaled Mddct_u{i), i>=Oshall beset to uro 
ilitially. A vlriable length cale accud~g to tables B.5c lhrou1b B.Sf is used o ~nl tbe ru11-lengtb 
aDd level of lbe OCT coefficients. Note thllllis d.lta element is u5ed in non-intra caled lllodcs. 

dct_coeff_ mext - A variable lengta code aaordiLg to tables B.Sc tlrougb B.5f for coefficients roD.owing 
the nm retrle-.ed. 1be varlabks run aod level are derived aocordinl to ue:se tab'es The 2.igug-sanaerl 
quantir.e<l ocr coefficient list is UJXIaled aJ follows. 

i = i +-run +I ; 
if ( s =-0 ) dct_z.z{i) = te,e l; 
1f ( s = 1 ) ctLzz(i) =- level ; 

11 maaoblock_illtta = l then the term i shall be set to 2ero before tro first dcL<:~fLnexl of tJJe block. 
'!be decoding of dcU:oerf_oet t sh211 no1 c:;use ito exceed 63. 

eod_or_block --This symbol is always used to indicate t.lu\t no addition11l non-zero cceficieas are 
presenL It is used even i1 dcLz.z ~63) is non-zero lis value is the biL-Striug "10" as defi11ed in table B.SC. 
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2.4. 4 The v ldao decoding process 

Complianct IUiuirements fer <Ecoders are C()Dtained in lSOIIEC 1117L-4. 

2. 4.4 .1 Intra-coded nacroblocks 

In 1-pictures an macrobloclcs are intra-<l)(Jed and siOred. In P-pieturesaoo B-pctures. SOllie mocroblocts 
may te intra-a>ded as identird by maaobloc:k_type. Thus, lll&."l''OlocJUntra idenlif"aes lbe intra-cxxJed 
macroblocls. 

The variables mb_row and mb_a~lliillllocate the macroblock in tk picture. T hey an: defined a 24.3.6. 
The defmitiotu of dcLdc_dilferential, and dd_coeff_t~ext alSo have defmed Qlezjgzag-!Callmd quaJtized DCr 
coeffiCient lisl dCU:Z.O . Eacb dcuz(] is located in the macroblod as defined by patteriL.code(]. 

Define dcVeeoo[m)[ll] to te the matrix of recc.nstructed DCr roefficie11ts of the block, where the first index 
identifies the row a.d lhe second lhe cclumnofl.he matrix. DefnedCLd:_y.....,past. dct._dc_:cb_pastaod 
dct_dc_a_past to be tile dct...recoo[O)[O] c:l. the most teeently decoded intra-coded Y, Cb ood Cr blocks 
respectively. The p-ediCIOrs dct_dc_y_past, dct_dc_cb_prut md dct_dc_cr_J)ast sball all 'be reset at the stat 
of a slice a•d tt • on-intnt-coded macroolodcs (ind udin' skipped macroblocks) to the value 1 024 (128*8). 

Define hltn._quant[mJ[n) to 0e the intra qllallti.2er aunix tlaat is specified in the sequence header. 

Nae lbal intrL(JJant[O)[O) is used in tbe dequantizer C<ilclllat.ions for simplicity of description, but the result 
is overwrit~o by t1e snbseq.Jent cal:ulatioo fot ~ de roefficieaL 

Deru-e scan[m][a] 10 be theoutrix defning the zigzag ~ning sequenre as follows: 

0 1 5 6 14 15 2J 28 
2 4 7 13 16 26 29 42 
3 8 12 17 25 30 41 43 
9 11 18 24 31 40 44 53 
10 19 23 32 39 45 52 54 
20 22 33 38 46 51 55 (JJ 

21 34 31 47 50 56 59 61 
35 36 48 -® H 58 62 63 

Mere n is the borizostal inde~ and m is the vtnical ind~:. 

Define pasLintnLa.1dteS$ & the macroblock_address of the OX)SI rewatl y retrieved intra-coded macroblocl: 
wilhlu tlle slice. It shall be reset to -2 at the beginning of each slice. 

Then dcvccon(mJ[nJ shall be ronputtd by any means equivalent to the following procedure for tbc first 
lumimnce block: 

for (n=O; m<8; m++) { 

} 

(()r (n..-Q; n<8; n++) { 
i =scan[m)[n) ; 
dctJttOO[n][n] = (2 • da_tz(i] • q iJalltizer_scale • intra_qlWll[m](n] ) 116 ; 
l" (( d:t_reeoo[m)[a] &. 1) = 0 ) 

dct_recru[m)[nj = dctJecon[m][D] - S ign(dcl....fecOn(n)[n]) ; 
l" (dct.recon[m) [11] > 2 &7) dct_ recon[m)(nl = 2 047 ; 
l" (dct._recon[m][n] < -2 048) dct_recoa[n](l] = -2 048 ; 

dcLrecoo~)[OJ = dct_z:z{O] * & ; 
if( (maaoblodUdc!ress · past_intra_address> L) ) 

d::Veooi(O)[O] = (128 "8) +daJecon[O){O) ; 
ehe 

d:U'ecor{OIOJ = dct._.dc_.J_past + clctftC00[0)[0) ; 
dct._dc_y __pas:= dct._I!COO(O] ({)] ; 

Note tha: tllis process disalbws even val1ed numbers. This has bee11 fc:und to ):l'eYeot. accamulaioo of 
mismatcb errors. 
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For tbe subseqlEnt hm inance blodcs in the maao~lock, in t.be order of lbe list refmed by tbe array 
poo.em_.code(]: 

for (m =O; m<8; m++) { 

} 

for (n:::O; n<8; n++) { 
i = scaD[m](n] ; 
dctJecon(m][n) =( 2 * dct_ufil • qumlizcr_scale • intra_quant(m][n)) 116.; 
if( ( dct_recon[mJn) & 1 ) = 0) 

d::t...recoo[m)[n) = dcvemnfm){n) • Sign(dcuecoo{m){n]); 
if(dd ..... rea:m[m)[n) > 2047) dc;Uecon[m][n) =2 047; 
if(dd_recon[m.J[nJ < -2 048) dcvea:m[m)[n) "'-2 048 ; 

cb,_tecon[O][OJ =dd_dc_y_pasH (d:cufO) * &) ; 
c:bLdc_y _past = <lcLreooll[OI[OI ; 

F or the cbromiuance Cb block,: 

for (m=O: m<8; m++) ( 

} 

for (JJ:;(); n<8; n ++) { 
i = scan[m)(n) ; 
dcUCCOn(m][nl = ( 2 • dcU z[il * qmntiur_scale • intnLquanl[m i n l ) /16 ; 
if ( ( dct_recon[m}n] & 1 ) = 0 ) 

d::t_retOtJ[m][n) = dcLremn[m )[nl - Sisn(<ktft.OOl[m)(n)) ; 
if(<lcvecoi(m)[n) > 2047) da_ IeCOO[m)[n> 2 047; 
if(dct_reconfm)[n) < -2 048) dct_rec:on[m)[n] = -2 048 ; 

d:t.Jecoo[O][O) =da.....zz{O] " 8; 
if ( ( nacroblock_addte& - past_intJa.....address ) > 1 ) 

dcUecm[O)[O) = (L28 *8)+ dct...recoo(O][O]; 
dse 

dct....rean[O](O] ::: ~dc_cb....JBSI+dcU"tCOO[O][O] ; 
<k:t_dc_cb~ =dct ..... recon[O)[[l) : 

For lbe chrolllillailce Cr block. : 

f<>r (m=O; n<3; m++) ( 

} 

fo1 (~ IKS; n++) { 
i = sca:n(m)[11} ; 
dcvea:m:ml[nJ = (! • da..._zz[iJ * qwntizecscaJe • K1ua_quanl(m][nl·) /16 : 
if ( ( da_recon(m)(n) & 1 ) = 0 ) 

<lct__re::oll[rn][n) = dcveoon[m)fn) - Sign(dcuecn,(mlfn]) ; 
if(dcr_reroi(m][n} > 2 047) dcuecon(m)[nJ = 2 047 ; 
if(dct_re<:OD(m)[n) < -2 Q.J8) dct_ft.(()(l(m][r~) = -2 ~8 ; 

dcUecon[OI[OJ = dct_zz(O] • 8; 
if ( ( maaobloc"k_addreS$ - pasUntr.Laddress ) > 1 ) 

dct_recm(O}[O] = (128 * 8) + dCLrtCOl[O][O] ; 

dct . .reccn[0]£0] = d:t.dc_cr_past+ dct_recon[O)[O] ; 
deL de_ a _past== dct_recoo(O] (0) ; 

AitJ::t all the blocks in the macrobloct are processed: 

J:aSL.illtrLOOdress = macxobloctc.addre$8 ; 

Values inl.be cockd data eleme~le:OOmg to dct.J'eCOO[O][OJ < Oordct_reconJO)[OJ > 2 047 are rot permit:tOO. 

Olu tile OCT coeffiCients are reconstructed, the iaverse OCT tnmform defined in annex A shall be applied 
tc obtain the inverse transformed pel val~ in the range [·256, Z55). These pel values shall be linite<J"to 
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tbe range(!), 255] and plattd in the luninalce mctronilallcematrlces in oo posiroru oof"ned by 
mb_row. llb_coliiiU, md the i stddinOO by the array panet~LoodeO. 

2.4.4.2 Predictive-coded macroblocts ia P-pictures 

Predicti'e-coded UIBICfONcda in P-Petues are decoded in two s;ep;_ 

First, the value of be faward motion vcctM for the Dl3Crobloclc is I'C('()nstruck:d aJXl a p:-edictiou 
macrobloct is formed. a; reWkd below. 

Seoond, the OCT coef'ficient informalion sk>ml for scme or all tt tbe blocks is docoded. de.:{uantiud. in'erse 
ocr trmsformerl, and added to !be predi:U>n macroblo<k. 

Let recen_rfght_for and reeo•-•own_for beth: reconstructed hori2011tallUld vertical conpoaentsof 
the D'!Olbn vecror t>r the current macroblock, and recon_rigbLfor _prev and recoo d~_for ...J)rev be the 
reconsttucced motion vecta: for lbe previous )JI"edicti V"...-<O<ied macroblodc. If the CUTCnl macrobloclc is tbe 
fmt maaoblock in the slice, or if lbe last macroblock t.lnt was decoded contained ao motion vector 
lnfnnruuioa (eltlerbccause it was skipped or macrobbclun<llroJorward was zero), tllen 
rec:ooJighU't>r_prev an1 recoo_dow._for_prev shill be set to zero. 

[{DO forwll'd motion Vecta dlta exiStS for the arrent macroblock (ei!ha because il was Skipped OJ 

lll3Cf0bbc:Uttion_rocward= ()), tlemocion vecttts shall beset ICI zero. 

If foo.iard maion vector data exisiS for lhe C\IITCntmscroblock, then any oeans eqlivalent to tbe following 
procedure sball be used to reamsiJUCt the motio• ...ed0rbori2ontal and tecical component>. 

focwant..csize= forwald_r_~ - 1 
forwarcU= I « forwa-dJJize 

t.f ( (to~aniJ = 1) 1 (motioo_rorizoota_Jorvaro_caJe= OJ> 1 
complemenLh~tal_forward_r =0; 

I else { 
canplemenLborizontal_forvanU = Corwat'd...f- 1 - ll<Xion....lloriz.onta.U 'orward_r, 

I 
tf ( (forwardJ = I) A (motioo_ ve:r1ical_furwald_co.1e = 0)) \ 

canplemcnL verticalJorwaniJ = 0; 
I else{ 

righUiUle = motiou_l orizont'l.l_forwacd_codc • fOIWardJ; 
if (rigbUittle= Q) { 

Ieise{ 

34 

ri&hLbig = 0; 

if(righU itlle > 0) { 

} else { 

rigllt,JiUie = righL[iule- complemenLborizont.al_forwa-d_r ; 
righL.big = right_li!ll.e- (32 • forward.J); 

tight_lillle = rigJat,..Jittle + compl~zontal_forwtrd_r; 

tigllt...big = righLliale + (32. • forwart_f); 
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doWILiitde = mOilOrL ~cal_forward_cxxie * rorwaro_r; 
if(do'ML)it.de = 0) { 

} else { 
dowo_big = 0; 

iC ( llovnJjtt)e > 0) { 

} else { 

dow»_Iittle = dowa_little- compkmeot..venicaUbrwald_r ; 
dowLbig= OO'W'~t.lillle- 02 * fotw2td_f); 

dowDJittle = down_little + complemenL ,'Cf1.icaJ_forwar:dJ ; 
down_big = iloWJl)ittJe + (32 • fcxwaTdJ); 

VahesorcorwardJ, Ol()tioo...boriwJltal_forward_code and if pa:scol moti:m_boriroatal_furward_r sball be 
sucb that rigbUittle is not equal 10 fotward_f * 16. 

V a.Joos of fOJwa.rd_f, motion_ verU:al..Jorvrard_code a.od if present, 100tbn ... verticalJorward_r sllaD be sudl 
that do1Vll_lillle is not equal to forward_f * 16. 

max ... ( 16 * t>rward_f)- 1 ; . 
naln = ( -16* iorward_f); 

new_ vec!or = recon_riglltjoc_pmv + rigbLli lle ; 
if ( {new_ vector<= maxi && (new_ \"edol >= mio) ) 

recoo_rigllL(or== recon_rigbUor_prev + rigbUittle; 
else. 

reMIL.rigbtJor= reron_rigbL(or_pev+ right_big; 
rcan_right_fa_prev • rtem_rigb.Lfa ; 

if ( full.JlelJav.':lrd_ vectot) recoo_ rigbUor= reoon_rigt.._br << 1 ; 
new_'teCIOr= re:<X)O,_<Jov,o_for__pre> +dow._lluk; 
if ( (new ..:Vector <= maxj &&. (new_ vectoc >= rrin) ) 

recoiUD'AnJor = recotUD\\n_for_ptev + down_ittk ; 

remn...oowo_for = reoon_oo'An_for_pev + dow11_ big; 
recor.uJOWIL.for_prev = recmt_dowJLfCJr ; 
if ( fuD__pel_fawanl_,ec:tor) recon...do\\fLfOr =recon_down_for << 1 ; 

The n<Xi<n veams in whole pel units fortbe maaoblock. righUor and do\Ul_for, and the half pelllDit 
flags, ri3bLbalUor and down_ba!Uor. are compulf:d as blbws: 

for luminance · for chromina.ce 

rigbLfor:::: remn...fighLfor » 1; rigllLfor = ( rea:m_righUor I 2) » 1 ; 
down.Jor = recoo_oownJa » I ; down_( or "' ( reooi'L.down_for /2 ) » 1 ; 
rigbl_balUor= recoll)'igbUor - (Z*rigllVor); rigbl_haiCfor =recoi'L.righUorl2 • (l*rig. Lfor) ; 
dov.n balf for- reron down for- (l*down for)· down half fer = I'CCOl down.. forn. - (2*down fori· 

Motion veetas leaJug to re~ outside a reference picture'' boundaries are oct allowe:J. 

A P<l$itive vlioe of tlle reronmuc.Jed borizoniAI motion vector (righLfor) inderues that the referenced a.ea of 
the p3Strefereoce picture is to tbe rigbt oftbe maaoblo::lcin tbe coded piaure. 

A positive value of tlle remwtracted vertical motion vector (down_fcr) indicaes tm1 lhe refete«:ed area of 
the past re[c:renoe pi awe is below tbe ~lock in tbe cOOed pi awe. 

Oerming relpastf]O as tre reJ va:ues a the past piciUre referenced by !he faward motion vcctO£, and 
peiOO <5 I!Je prcdictms for the pel values of lhe block beiog decoded, tren: 

if ( (! rigbL)lal'J or)&& (! dOMLb.ill_f()T)) 
pe{i]J] = pel_plSt[i+dowuJor](j+rlgbl.for) ; 
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If ( (! righUwf_for) &.& dovn_hiliJor) 
pd[iJ[j) = ( J:cl_pa)t[H-OOv.u_for]ij+-righL forJ + 

pel_pastf»-<io\WLCOr+ l l(j+righLfor]) H 2; 

if ( rig~l_bd_for &&. (l cbv.n_half_ fol}) 
pd[il(j) =( pel_pastft+<bwn_fOI)[i+rigbLfor) + 

pel_pasl(i+doMLfor1U+rigbLfor+ 1) ) If 2; 

if ( rigbt_balf_for &&. dow._~_for ) 
pel[il(Jl = ( J:cl_pasl{i+down_for][j+righl_for) + pel...,ptstf\+<SoMUor+l ][j+rigbVor] + 
pel_past{i+down_forj(j+ri&flLfoc+l] + pel...,past[i+downJor+l JG+rig.bUor+·l l ) //4 : 

Defmc non.Jn~qeant[m][n] to be the ncn-ilua quaotir.ermatrix thai isspeci[ie.:J ia oo sequence header. 

The ocr coellkierts for each block present in tbe macro block shal be rec:OnstnJctcd by any mCMS 
eqli.valeat l> cllc folowing proce<lure: 

for ( ~n=O; m<8; mH· ) ( 
for ( n:O; n<8;n++) { 

i= scan[mJrn]: . 

}. 

<kuecoo[m)[ll] = ( ( (2 * dcL:u[i]) + Sign(dtU:z[i))) * 
qlmllizer_scale • J'()lLiillra_cpnot(Dt)(n)) /16; 

if ( ( dct_rccon{m)(n) & 1 ) = 0) 
dctftcon(mJtn) = d:t,Jecor:(mJ[n) - Si&n(dct_recoo[m)[n]) ; 

if (dctft.::oli.fn)[a] > 2047) dcU~CO'l[~]Jn) = 2047; 
if (dcLrecoo{n)[a] < -2048) dct_rcx:oo[m)(n) = -2048; 
if { dcLzz[i] = 0) 

dcl..Rcon[mJ[a] = 0: 

clcLrCCO!I[m)[:l] = 0 for all-m, n ill skipped xa.acrobl~ ud wh:n pauem[i] = 0. 

Once the OCT coefficients we reconst:rucled, the iaverse ocr transform defined in anAeX A stall be a)lptied 
10 obtain the iaverse txansformed pel val~ in the interval [ -256, 255). Tbe ill verse ocr pel values shall 
be added to the pel[t)GJ whicb wereconputed above using tJie moooo vec:ors. The result of the addition 
shall be limited 10 lhe inter;al [0,255). The IOtation of ere {Els is deleroti'lcd fJom nb.J(>IV, mb_colann 
an<1 1:00 pattenullde List. 

2.4.4.3 Predictive-coded macroblocks in B-plctures 

Preditti-.e~ nucroblocl:s in '8-Pictures are.derored in four step>. 

Fmt, the value of tl1e forwrud motioll vec10r for tbe maaoblock is leCOnstructed from !herelricved forward 
motion ...eaor infonnalion, md the forward motiOB veccr reconsU'Ucled for tbe pre virus macroblodc, using 
1be same proadureas for c;;JcuJating the forward mooon \eCtor in P-piaures. Ho\\ever, for B-pclures the 
previousrooonstiuaed motion vecUlrs slulll>eresetonly for the firslmacroblock in a slice, or 'When the 
last maooHodc. bat was decoded was m iura~ macrobloct. If no forward motioo vector data exUits for 
lheCU'Imtmac:tObkx:t, tlemotion VectOrS ffiaiJ l:e ObWredby: 

recoo.Jigtt •. Jnr = reconJiJ!bVor__pev, 
rec.oo_<kr.wLfor= Jea)C\_dowll_fur_prev. 

secorn. the vaJ. ue c:i tte badcward notion v(ctllr for tbe tmCIOillodc shall be Jee01l5tnetcd from the 
retrie-red backwr.d motioo vCA:tor infonnalion, :md the bu:tward Ull)bOO vector recons~ct.ed for lhe 
previoos IDaCmb!odc. usiag tbe same procedcre as for calcdalin& tle for-.tatd W~ruon \eCtOr in B 1'ictwes. 
In lhis proc:edue. tbe \ariab!es needed to fmd the badcv.arcl molion vtctnr are subsliuled for tile ~es 
needed to fmd the forward notion vector. Tbe Tariables am wd1:d data derneats used 10 calcubte the 
ba~ard motJon vector are: 

roconJi~t_back_pcev, n:con_down._~_prev, ba:kward_f_core, full_peLbatiNa.Jd_ vector 
motion.Jlori200!al_backward_ code, motion_bai2ootal_baclcwardJ, 

motion_ verticaLOOckwad_code, motion... vertical_backw<roJ, 
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backwa'd_r_size = badavatd_f_c:oOO - 1 
baclcwa"dJ = 1 « bad"W3'dJ_size 

The folbwin' variables result from applying tbe algorithm in 2.4.4.1, modified as descrilled in the 
previous paragnpm in this clause: 

right.Joc riBbLbalf_for down_f<r dowajal(Jor 
rigbLbadc riBbLbalf_back down_bd do~f_badc 

1bey ddine the inttgral md half pel value cJ. the rigbtward and down wa-d componenu d the forward mtticn 
vector (wbicb references the past picture in display ordtr) and tbe toc.tward m>tion vuta (which references 
the future pic!Ure iii display order). 

Third, tie-predictors of the ·pel values of tbe block bein' decoded, pel OIJ. are calculftted. Ii only forward 
molim veaor infotmation was retrieved fortbe macroblock. then pelOO of tbe deo:>ded pia:we shall te 
calculated accoroilig to the formtlas i.o 2A.4.2. If only backward mooon \'ector information was retrieved 
for the macroblock, tben pel00 of the decoded picture shall be calculated accoidint to tlle fOrmulas in the 
predictive-ooded maaOO!ock clallse, with "bact:" repladng "for", and pel__fllnreOO replacillt t:eLpa>tOO. 11 
both forwrud and backward motion vectors ilfonnation arc n;trieved, thro let peUor[][] be the value 
calcu.Lat.ed fr<m the p~t pictwe by use of the recoostructe4 forward motion vector, and let pel_backQ 0 be 
the value calculated from t.be futve picture by use of the reconstruCted badcward motion vector.· n en ttJe 
value o f pd00 ~ball be calculated by.:. 

pelOO = ( pel_for1JO + peLbadcCO ) II 2; 

Deflne IIOtl_iatn_quant[m][n] lObe ere ron· intra quanliur natrix that is specified in lbe sequence bea:ler. 

Fourth. the OCT coefficietts foreacb block present in the tm.croljock shal l be recorutructtd by any m~ 
eqllivaJent to tbe following procedure: 

fa ( m=O; m~; m+t- ) { 
.for ( n=O; n<8: n++ ) { 

i =scan[m][n] ; 
ocueca~[n)(o] = ( ( (2. ~ dcU:z[iJ) + Sign(dcu:zfi))) ~ 

quaati.zer_scale • non.....intnLquant{m)[n) ) 116 ; 
if ( ( dcu-econ[mJ[nJ & 1 ) = 0 ) 

clct.._recQn[mJ:n] = dcU-econ[m][n] - Sign(dc:Uecon[mJnD ; 
. if (clcuecon[m][n] > 2 Ot7j ocvecon[m] [n] = 2 047 ; 
if (dcuecOn[m)[n] < -2 048) dcuecoo(m](n] = -2 048; 
if ( da:_zz[i] = 0 ) 

dcuecon[mJu] = 0 ; 

dct._rec.on[mJ(n] = 0 for ill m, n in skipped macrcblocks and wberJ patternli) = 0. 

Once the OCT coeffiderJts are nrollstru<:te<l, ~e inver~ DCT trails form defiood in ameK A sbal be appied 
to obuull tlle inver~ trallsfonne4 pel values in tre nn,e [-2.')6, 255]. The inve~se ocr pel values shall be 
added to pel [)I), w•icb were aJUlpued abo\e from the motion vectors. 1be result of the 3(Jdilio• s.rut be 
liDit.ed to h e interval [0,255]. The locaciou of the pels is delennined from mb_row, mb_column md the 
pattem_code list 

2.4.4 .4 Skipped macroblocks 

Fa some maad>locks there ae no cOOed data. that is neilber molion vector infonnalioo nor OCT 
inbnnali011 is aTaihble 10 tbe decoder. These ma<robl~ are called ;kipped llllO'Oblocb and are ooicaled 
when tre macroblodc_address_ii:aementis greater tna. 1. 

In 1-Jicures, all macrobbcks shall be code<! and there sbal.l be 'IO skipped macroblr.x:ks. 
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In P-Jictures, tbe skipped macro block is defined t> te a mactoblock with ~ reconstructerl molio. vec~r 
eqllll to zero and no OCT coelfidents. 

In B-pictures, lbe skipped ma.ctoblock is defined to have tke a:ne mocrobJocl:_ type (forwatd, ~ard,or 
both motion voct>rs) as the prbrmlCTOblodc. differential motion ~tocs equal to uro, and noDCi 
coefficien~ In a B·picnre. a skipped ma::roblod shalloot follow aa iatn-coded macrobloct. 

2 ... . .. 5 Forced updating 

This function is achie..ed b)' forcing the use of an inlra-caled macroblcx:k. The update pat.em is rot 
defmed. Fer ronlrol of accumulaioo cl IDCT mi>mltcb·erroc, eacb rna:roblocl: shal be intn-mded at least 
onre per every 132 times it is coded in a P-picture without an intervening 1-picwre. 

38 
Page 48 of 1_24 



e ISO'IEC 

Annex A 
(normative) 

ISO/IEC 11172-2: 1993 (E) 

8 by 8 Inverse discrete cosine transform 

'The 8 by g ill verse dscrete cosine tr:lruform fer 1-pittues aJd P-pictur..s shall ooU'crm to IEEE Draft 
Slandard. Pl Ui0/D2, Jol)' 18, L990. fur B-pictures Ibis specification my also be ap~ied bot maybe 
wmeceswily Slringent N~ that daose 2.3 tt Pl1801D2 ·considtral.ions of Specifying IDCT Mismatch 
Errors" ta~uirei lle specification of periodic intra-ceding in order lo 001trollhe acctmula!ioo of mis:natcll 
erroJS. U e max.imum refresh period requirement for ~is~ of lSO/IEC 111 n sbal be 132 intfHO(led 
pctures or .(l'edictive-coded pictures as stated n 2.4.4.5, whi<:b is t.lte san~e as indicated in Pll8<YD2 for 
visual ~lephony according 10 CQTI Reoommendalion 11.261 [5). 
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Intr oduction 

Annex B 
(rotlllaiva) 

Variable length code tables 

QISOilEC 

1hll mnexcontains the variable length croetabl~ for macrol>lccka"'ressing. macro block type. 
lll3crobloc'k pattern, motion vecttrs, am DCT coefficients. 

B .1 Macro block addressing 

Table 8.1. •• Variable lenxtb codes for maa-oblod: ad4rESS_ilcremenL 

oacrd>lcx:k_address_ inaement tnac:roblock.,.addre$s_ iocnment 
increment VLC cod! "Yalue increment v LC cale valnt; 

1 1 0000 0101 10 17 
011 2 0)00 0101 01 18 
010 3 0)00010100 19 
0011 4 0)00 010011 20 
0010 5 0)00 010010 21 

00011 6 moo 01 oo on 22 
0001 0 7 0)00 0100 Ol 0 23 
()()()() 11 1 8 0)()0 0100 00 1 24 
0000110 9 0)00 0100 coo 25 
0000 1011 10 moo oo 11 111 26 

00001010 11 moo oo u no 21 
00001001 12 0)()0 0011 101 28 
00001000 13 moo oo 11 100 29 
0000 0111 14 0)()0 0011 (ill 30 
0000 0110 15 O)()O OOll 010 31 

0000010111 16 moo oo 11 oo 1 32 
moo oo 11 ooo 33 
moo ooo 1 111 maaotiock...stuffmg 
0)()() 0001 coo oocroblock ... cscane 
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B.2 Macroblock type 

The properties of \he macroblock ue deteml.neJ by me macrobbcX type VLC aocotdins to these tables. 

Table B .2a. ·• Variable ltngth codes fer maa-oblocll_ lype In iatsa-co4e4 
pictures (1-ph:toreJ). 

macrobloclc_ maaooloclc_ macrot.loclc_ mac:rob l<X:k_ IIUII:I'Obla:k.... maaobl~ 
t)t)CVLC code quant motion_ motion_ pll1!n inua 

fiXW'dl1i ~ 
1 0 0 0 0 I 
01 1 0 0 0 1 

Table B.n. ·· Varia.le Jen&th .:odes for naacroblock_ type In predictive-cod~d 
pictures (P-pict11res). 

maoobloclc_ macrool<JCk_ Ilacroblcx:lc_ macrobl oclt._ tJJ.acrOOI<JCI<.. macroblock.._ 
tweVLCcode quant n otion_ motioa_ JA'llenl intrn 

f~ mctward 

1 0 1 0 1 0 
01 0 0 0 1 0 
001 0 1 0 0 0 
ooon 0 (} 0 0 I 
00010 1 1 0 1 0 
00001 1 0 0 1 0 
000C()1 1 0 0 0 1 

Table B.2c.. ·• Varia•le len &tb co•es for llUicroblock_type io bicl irectionally 
predicth·e-c:othd pichres (11-plctures). 

maaobloclc_ macroblock.... nacroblcx;k_ macrobla:k;_ IMCtObl<JCk..... rn."'Crrbloclc_ 
tweVLC code quant n otion_ molio1_ flllerrl intn 

for-.mnf l:actwvd 

10 0 1 I 0 0 
11 0 1 1 1 0 
010 0 0 1 0 0 
011 0 0 1 1 0 
0010 0 1 0 0 0 
0011 0 1 0 1 0 
00011 0 0 0 0 1 
00010 1 1 1 1 0 
000011 1 1 0 1 0 
000010 1 0 1 1 0 
OOOCOl 1 0 0 0 1 

Table B.24!. ·• Variable lt ngth codes for macroltlock_t ype in de intra -coded 
p ic tures (D-plctues ) . 

maaotiock..... maaobla:k.... nacrobloclc_ macroblock_ o acrobl<JCI<.. rnacroblcclc_ 
typeVLC code quant n otio1.... motioa_ pwen! intra 

f~ l:adwW 

1 0 0 0 0 1 
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.6.3 Macroblock pa1tern 

Tallie B .3. -· Variable le11g th codes for coded_bloclc_pattern. 

coded_block_p<;.ttem c:oded_blcdc_panem 
VLCcode cbp VLCcode cjlp 

Ill 60 OOOlllOO 35 
1101 4 00011011 13 
1100 8 0001 1010 49 
lOll 16 ()()() 1 1001 21 
1010 32 0001 1000 41 

1001 1 12 0001 Olll 14 
1001 0 48 0001 OliO 50 
1 (I()() 1 20 0001 0101 22 
1000 0 40 00010100 42 
0111 1 2& 0001 ()c)ll 15 

0111 0 44 00010010 51 
0110 1 52 0001 OOOt 23 
OLIOO 56 0001 0000 43 
OlOJ 1 1 0000 1Hl 25 
OlOJ 0 61 0000 1110 37 

-
0100 1 2 0000 JIO! 26 
01000 62 00001100 38 
0011 11 24 0000 lOll 29 
0011 10 36 0000 1010 45 
0011 01 3 ()()()() 1001 53 

0011 00 63 ()()()() 1000 57 
0010 111 5 ()()()() 0111 30 
0010 110 9 0000 OllO 46 
0010 101 17 0000 OlOL 54-
0010 100 33 ()()()() 0100 58 

0010 011 6 0000 0011 1 31 
0010 010 10 0000 OOlL 0 47 
0010 001 18 0000 0010 J 55 
0010 000 34 00000010 0 59 
0001 llll 7 0000 O:x>l 1 27 

0001 1110 lL oooo o::xn o 39 
00011101 19 
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B . .C Motion vectors 
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Table B.4. ·· Variable length codes fo r motlon_borizoablJorwanl_code, 
motion_ ftrticaiJonvard_code, ootlon_b orltontaLb ad . ward_code, and 

u oti•n_ vedia~l_bac:kward_code. 

motion 
VLCcode code 

0000 0011 ()() 1 - 16 
0000 0011 011 -15 
0000 0011101 - 1-4 
0000 0011 111 -13 
0000 0100 001 -11 
00000100011 -11 
0000010011 -10 
00000101 OJ -9 
0000010111 -8 
00000111 -7 
0000 1001 -6 
0000 l Oll -5 
()()()() 111 -4 
00011 -3 
0011 -2 
011 -1 
1 0 
010 1 
0010 2 
00010 3 
()()()() 110 4 
0000 1010 5 
0000 1()')0 6 
0000 0110 7 
0000 ()101 10 s 
0000 ()1 01 00 9 
0000 0100 10 10 
0000 0100010 l1 
0000 D l 00 000 12 
0000 DOll 110 13 
0000 0011 100 14 
0000 0011010 15 
0000 {}() 11 000 16 
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B.S OCT coefficients 

Teble B.Sa - · Variable leagtb codtS for dct_ 4c_s lze_lumlnance. 

VLC<X>t:E <lct_dc site llminallce 
)()(o ' (j 

00 ] 

01 2 
101 3 
110 4 
J110 5 
11110 6 
111110 j 

1111110 8 

Table B.Sh. -- Variable length codes for dct_dc__si:.re_chrominance. 

VLCcore II dct de size chrolllinance 
00 0 
01 ] 

10 2 
110 3 
1110 4 
11110 5 
111110 6 
l111 110 7 
11111110 8 
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Table B.Sc. -· V.riable length rodes fer d ct_coeff_f"&rst anti dct_coeff_ntxt 

dcU::ceff_ft'stand d:t_coeff_next 
varia tie lengtl code (N01El) run level 

10 end.._cf_block 
1 s (NOTE2) 0 1 
U s (NOTE3) 0 1 
011 s 1 1 
0100' 0 2 
0101 s 2 1 
0010 l s 0. 3 
0011 l s 3 1 
0011 0 s 4 1 
0001 LO s l 2 
0001 ll s : 5 1 
0001 01 s 6 1 
0001 00s 7 1 
0000 n os .. 0 4 
0000 100 s 2 2 
0000 111 s 8 1 
0000 f.Ol s 9 1 
0000 01 escape 
0010 OliO s 0 5 
0010 0001 s 0 6 
0010 0101 s 1 3 
0010 OHIOs 3 2 
0010 0111 s 10 1 
0010 0011 s 11 1 
0010 0010 s 12 1 
0010 0000s 13 1 
0000 0010 lOs 0 7 
()()()(} ()() 11 00 s l 4 
()()()(} ()() 10 11 s 2 3 
0000 00 II 11 s 4 2 
()()()(} 0010 01 s 5 2 
0000 OOlllOs 14 1 
0000 OOll 01 s 15 1 
0000 0010 00 s 16 1 

N01T:.S 
I - The last bil 's' denotts tile sign of lbc level, '0' for positive 

'1' foc regati•te. 
2- Thiscc:xJe shall l>e used fordci_a:>eff_fmt.. 
3- This cc:xJe shall be used for dct roeff DCJ\t. 
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Table B5d. ·- Variable. length codes for dct_codr_n rst and dct_coetr_ne.tt. 

dd._meflJ111t 3lld dct....coeff_JJeXt I 
vaiable len 21ft code cNO'IE) run level 

0000 0001 1101 s 0 8 
eooo ooo 1 1 ooo s 0 9 
0000 0001 00 11 s 0 10 
0000 0001 0000 s 0 11 
0000 0001 1011 s 1 5 
0000 0001 0100 s 2 4 
0000 0001 1100 s 3 3 
000000010010 s 4 3 
OOOOOOOllllOs 6 2 
000000010101 s 7 -2 
0000 0001 0001 s 8 2 
000000011111 s 17 1 
0000 ()()() 1 1010 s 18 1 
0000 0001 1001 s 19 1 
00000oo1 0111 s 20 1 
00000001 ones 21 1 
0000 0000 l iOl 0 s 0 12 
0000 0000 1100 1 s 0 13 
0000 0000 1100 0 s 0 14 
0000 0000 1011-1 s 0 15 
00000000 1011 0 s 1 6 
000000001010 1 s 1 7 
0000 00001010 0 s 2 5 
0000 OCOO 1001 I s 3 -4 
0000 ocoo 1001 0 s 5 3 
0000 ocoo 1000 1 s "9 2 
OOOOOCOO 10000s 10 2 
00000000 11111 s 22 ] 

0000 ocoo lJ 11 0 s 23 J 
00000000 lJ 10 1 s 24 1 
000000001110 Os 25 1 
00000000 11011 s Ui 1 

NO'IE · The last tit .,. denotts the si~n of the I eve~ ·a for positive, 
'1' fcc ne~ti ve. 
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Table B.Se. -- Variable le~tb co:les for dct_toeff_first aocl 4ct_coeff_no:d (concluded). 

dct_coeff_fint atd dct_coeff_oext 
varimle lenJ!(h code <NarE) run level 

0000 0000 0111 11 s 0 16 
0000 0000 011L 10 s 0 17 
0000 0000 0111 01 s 0 18 
0000 0000 Olll 00 s 0 19 
0000 0000 011 () 11 s 0 20 
00000000 0111) 10 s 0 21 
oooo oooo ono or s 0 '12 
0000 0000 0110 00 s (j 23 
0000 0000 010 I 11 s (j 7A 
0000 0000 010 I 10 s 0 25 
0000 0000 0101 01 s 0 26 
0000 0000 010 I 00 s 0 27 
0000 0000 0100 11 s 0 28 

.00000000 0100 10 s 0 29 
oooo oooo 0100 m s 0 30 
0000 0000 Ol 00 00 s 0 31 
0000 0000 OOlt 000 s 0 32 
00000000 0010 111 s 0 33 
00000000 0010 110 s 0 34 
00000000 0010 101 s 0 35 
00000000 0010 100 s 0 36 
0000 0000 0010 011 s 0 37 
0000 0000 0010 010 s 0 3& 
OO:>o 0000 0010 001 s 0 39 
0000 (XI()() 0010 000 s 0 40 
[)())() ocoo 0011 Ill s 1 8 
()()()() ()(()() ()() 11 ll 0 s 1 9. 
0000 0000 0011 101 s 1 10 
0000 0000 0011 1 {)() s 1 11 
0000 0000 0011 011 s 1 11 
{)()()() 0000 0011 010 s 1 13 
00000000 0011 001 s 1 14 
0000 0000 0001 0011 s 1 15 
0000 0000 0001 0010 s 1 16 
0000 0000 ()()() 1 0001 s 1 11 
0000 0000 0001 0000 s i 18 
0000 0000 0001 0100 s 6 3 
000000000001 1010 s 1l 2 
0000 0000 000 I 100 I s 12 2 
0000 0000 0001 1 000 s 13 2 
0000 0000 000 I 0 Ill s 14 2 
0000 0000 0001 0110 s 15 2 
0000 0000 000 I 0101 s 16 2 
0000 0000 000 I 1111 s 27 1 
0000 0000 000 I lll 0 s 28 1 
0000 0000 000 I llO 1 s 29 1 
0000 0000 000 I ltOO s 30 1 
00000000 0001 1011 s 31 1 

NOTE - The l~t ot 's' denotes !be sign of the e vel. '0' fo r pDSili\e, 
'1' fa rlelli\tive. 
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Table ll.sr. -- Eoce»din& •f run and le \·el follovlng an escap e co4e e ither as 2 14·bit 
ru ei length code (·127 <= level <= 127) or as a 2Z·bit fixed Jengt• code 

(-255 <= level <= ·128, lUI <= level <= 255). 
(Note - T ills yie lds total escape code lengths • f 20-blts and 28-blts re$p~lvely). 

fixed lmroh code nn fL"ted len~th code leve! 

()()()() 00 0 [abiddcn -256 
()()()() Ol 1 1000 ()()()() 0000 0001 -255 
()()()() } [) 2 1000 ()()()() 0000 0010 -254 
. .. . .. ... 
... . .. 1000 0000 0111.1111 -129 
.. . ... 1 ()()(I ())()() 1003 0000 -128 
... ... 1000 000 I -127 
... . .. 1 ()()(I 00 10 -126 .. ... ... . .. . .. 
Ill ! 11 63 1111 1110 -2 

1111 llll -1 
fabi<ldcn 0 
()()()() 0001 I 
... . .. 
Olll 1111 127 
0000 0000 1000 0000 128 
()()()() 0000 1000 0001 129 
... 
0000 0000 11 11 1111 255 
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Annex C 
(normative) 

Video buffering verifier 

Consrart rntecoded video bi~ shal oeet con$tnl.ints imposed tvough a Video Buffering Veriliu 
(VBV) defined in dauseC.l. 

The VBV is a byp<Xbetical decoder wbicb is ccncepblally connected D lbe output of an encoder. Coded data 
are placed in \be input bllffer of tbe modd de«lder at t.be constmt bitrate that is being used. Coded 4ata is 
ruaoved from tlle buffer as definedinC.l.4, below. It is a requiremmtofthc eacoder (or editOr) Ulattbe 
bitstream it pro<luces wiD oot cause the VDV input buffer to either OTertlOW or anderflow. 

C. 1 Video buffering verifier 

C.l.l The VB V and the video eo coder have Llle saDJe clock frequency as wdl C1S the same pictoce rate, and 
art opemted synchronously. · 

C.1.2 The VBV bas an input buffer of size B . where B is given in the vbv_buifer_si.ze i.eld in the 
sequence .tx:arer. 

C.l.J The VBV iDplt buffer is initially empty. After filling tle input buffer with a1 the <hta that 
precede; the first p icture s tart code md tlle pictw-e stv1 code itself, the input buffer is tilled from the 
bitstream for roo timespecifial by tbe vbv_det\yfieldin the video bits ~ream. 

C.1.4 All of the p:Ctore data-for tbe picture tlathas been in the buffer lon~t is irutantmeously 
rt210ved. Then after each sutrequeolpicture interval all of dle picture dat\ for the pictae wbicb at that 
time lla5 beeo in the boffer loogest is inst.aa.areously remo\oed. 

For tle purposes a !lis annex picture ruta indudes any sequence Deader :wi group oC p ictare layer 
data that immediately precede tbe picllre sll!.rtcodeas well as all1he picture dala demeDtsand any 
tniling stlffmg bits or bytes. F()r lh.e ftrSt coded pictl!re in the video sequer~ce. any zero bit or 
b yte s tllffing immedi1tely preceding tbe se<p~ence bearer is also included in tlle pictute data. 

The VBV buffer is examined mmecliate1y befcreremoving my picture data alld immediately after this 
picrure data i~ removed. Each time the VB V is exanined its oa:upa.ncy shall lie between :zero bits and B 
biiS where, B is !he size of be VB V biJffec iJ1dicatedby vbv _b uffer_sizc in the sc:queoceheader. 

This is a requirement for tbe entre video bitStream. 

To meet these requirements tJJe number of bits foc tle (n+ l }'tb coded pictured 
1 

s.hall satisfy 
11+ 

d I > B + (2RIP) - B n+ n 

~eal-\'alued arithmetic is used in these inequalide$. 

I] ;>; 0 
B = VB V receiving buffec size given by vbv _buffer _ size * 16 384 bis. 
B = tlle buffer occupmcy (n easured in b :ts)just afcer timet 

n n 
R = bilrate meas\lred ia titsJs. The fuU precision of tbe bitTate railer !.ban the rounded 

valle eocoded b:r !be bit_nte field in tlle seq uenre hea:lct shall be used b y the 
wcorer in !he VBVOX>del. 
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Sequence & GOP bits 
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Figwre C.l -- VBV baffer oc:cupa11cy 
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D. 1 Introduction 

·Annex D 
(infamative) 

Guide to encoding v ideo 

This annex provides bacl:grouad 111.3eria1 to help re<oders WldetStald and Implement this put of ISOIIEC 
11172. The normative cbu~ of tlis part. cfiSOIIEC 11172 do not specify~ design of adeooder. They 
pro .. ide eveu less information aboutencodets; they do not specif)" what atorithms encoders slx>uld employ 
in order to puduce a valid biL<:tteam. The mrnative material is vri.ten m aC()neise form aad conti.m few 
examples; coruequently is rot easy 10 tmdefStand. This annex auemptS to address this problem by 
ex pruning oodin~; metlaods, giving examples, and di>eussing eacoding and decoding algoritJms "'bich are 
not dlrecdycovered by this pM oflSOIIEC 11172. 

The oomative claures specify the bitso:eam in sucb a way lhat it is fairly sttaigbtforward to design a. 
cotq>liaol decOOer. Oec<XIess may differ coosiderably in archittctare 3lld inplemenution deta.i.ls, but have 
very few choices dwing cbe decoding p-ocess: lhe rredlods md the results or tbe dxo<lir.lg process are d<>!ely 
specified. DeaxJers do hwe sorre freedcm in methoru of postprocessin~ and display, bt.t tbe results Clf 
sucb pos tprocessing cannot be used in sd>stquent <b:oding s r.eps.. 

Thesitualion is quite different for eacoders. This partofiSO/IEC 11172does n<:t spedft oovr to design or 
impJemenc I'll el~C'()(b" whic• puduces good quality video. This annex devotes a m .. or p-.rt to discussing 
CDCCder algorittuns. 

This part otiSOIIEC 11172 was devet>ped by ISOIIEC ITC11'SC29/WGI1 wbidl is wirely known as 
MPEG (Uoving Pi<twes E7pot Group). This pat or lSO/IEC ntn was de\'eloped in respoose to 
indusuy needs for 3.11 efficieat vay c:L stOiing aJid retrieving wdioand Tideo infomalion oo digital SIOnge 
Ul!dia (DSM). CD-ROM· is an irexpeusivemediUill which caa reliver data at awro.Um.tely 1.2 Mbir.sl5-, 
and this patt of ISOIIEC 11172 was aimed at approximately Ibis data nte. 1l1e Mcon;trained paramttm 
brstream' , a Slbset of all peflll.i~ible l>itstreaos l.h2.l is el(pectulto be widely used, is lim.ittd to data rates 
up to 1 856 000 biw's. However, it sbould be noted thai tllis part or JSOIIEC 11112 is oot limiJ.e(l to this 
valu~ llld may be us<:d at higher data ~es. 

TwoOibet reJevallt International SlalldmJs were being deTeloped durinl the w<rlc: of the MPF.G video 
committee: II.26J by CCITT aimed at telecommanications applicalioDS (5), aad ISO/IEC 10918 by t.be 
JSO/(EC ITCl!SC29 (JPEG) committee aimed at t.be coding of !tiU ptct.ures [6). Benents of both of 
tlcse slalldardS were incorporared ino Ibis part or ISOJ.IEr: 11 172, buLsubseqt.£oL develq>mert vrodc by the 
committee resulted in coding ·clenents tbi\t are new t.O tbis part of ISO'IEC 11 172. Le Gill (2) gives an 
acca.mt of the method by which JSOIIECJTCl/SC29/WGll (1\{PEG)developed l.hs paJt. of ISOIIEC 
11172, am a Sllll¥JW)' of Ulis part of ISOIIEC 11112 itself. 

0.2 

0.2.1 

Overview 

VIdeo concepts 

Dis~ of JSOIIEC 11172 deflreS a format for COOl pressed digial video. Thi; annex describes some way~ 
in wtUcb p-ad..ical ea:odets and decoders mi~tbe i.mpletnellled. 

Altbougb this part of ISOIIEC 11172 i; <pi~ Oe1.ible. the hlsic algorilhms ba·1e been tu.ted to Mit wei . 
at~ raes ofabcm too 1.5 M bits/s. ar spatiall"e$ol.Jtiow c:L ax>ut 350 pels horitoataly by al>oat 250 
pc;ls venically,am1 picwre rues ofOO<l.lt M to30 pict11res!s. The use of lbe word ~piaue· as opposed to 
"frame• is delitJcrute. This part of JroiiEC 11 172 codes progreMivdy..scanned i~es am does DOt 
reco:nize tbe cooc:ept of interloc.e. IDtetlaced soun:e video must be converted to a non-intwl:ud fotm.al 
before coding. Alter decOOing, tbe dOC:Oder may optionally pudure oo nlft1ac:ed formal fa diSillay. 

Uis p:n oflSOIIEC 11172 is de$igaed to pem.it several methods of viewing md.!d video whicb are 
normally assodalc:d wilh VCRs s•cb as £award pia )back, fite:ze piaure, fast forward. fast reverse, !lldslow 
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fon.tard. In acHilioo, random access may be possible. The ability of tle decoder to implemenc tbese modes 
depmds to WDe exl:Dl on the oature of the digital stornge medium ou whid:l tbe coded video is stored. 

The overall process of encoding aad decoding is illusrat:d below: 

SouJCe 

Dtcoding 

Preprocessing 

Storage 
andlcr 

Trmsmlssion 

Pos:processing 

Figure D.l ·• Coding end de<oding process 

Ercodi1'9 

CXsplay 

Figure D.l shows a typical ~nee of operuions th\t must be performed be fat moving picturts can be 
seen by a viewer. 1be u•ea:ojed source may exi>t in many fonru, sucb ru the COR 6Gl fonnat. Clause 
0 .3 describes bow ruch a SQJI'ce JOay be oonverted i11to the appropriate resolutio• for $ubsequentencoding. 
1D dle eoco41:ng s~ep, l.be ena>dec must te aware of the deccdet boffer caplCity. a.rx1 lbe need of llle decode~ to 
1113lcb the mteof t.m media to the nwe of fillin!! tbe pic ture b11ffer wilh eacll successive picture. To this 
end. a model cf t1e decoder buffer aad ~ overfbw and mderfiow Jll'oblem is introdacro m 0 .4, and rart 
eootrol is described in D.6.1 1bestrue1Ure cfan lSO/IEC 11112-2 bitsuemt is CO\'ered in D.5, as are the 
coding operati;ms tlla1 canrress 1be video. Following lbeeD\."'ding ))COCeSS. lhe bitslleam may te copied to 
asr>ngetrediwL To view tile mo,ing pictares, tie~er~eo the ISOIIEC tnn-2 otstream, cud 
deaxles it as rescribed in D.7. PostpJ'OCe$Sbig fordiqJlly is 4~bed in 0.8. 

0.2 .2 NPEG video compression techniques 

Video is reprerented as a succession of individual pictures, and eacll picture is treated as a tw~imeasionsl 
amy Gf picture elemeDts (pels). The colour repr~JJtatloo fa each p:l consists of tbree components: ¥ 
(lumi1ance), Md two chrominmre oompooeots, Cb and Cr. 

Compression of digitized video comes from the use of several tlchnques: subsampling of the chroomarice 
information 10 match the sensitivity or tlte h~man visual system (HVS), quantir.ation, motion 
compensation (MCi to exploit tempornl redUIKlancy, fnq1ency transfonnatioo by di&:Tete cosine tran;fonn 
(OCO to ClpiGitspltial redundancy, variable length coding (VLC}, aad picture interpOlatioo. 

0.2.2.1 Subsampling of chromlnance Information 

lbe HVS is most sensitive to the resolution of an inlage's lUID.inance ccmponent, so theY pel values are 
CDCO<kd at full resolution. 1he HVS is less ~usitive to tbe cbrun.ioance infonn~tion. S ab$anpling reduces 
tbenumberofpel values by systematically combiniLg diem 'IVith a type of averaging process. This reduces 
lbe amount of infonnation to be compressed by Othe~ tedlAiques. n e [ntetnational Stl¥ldard retains one set 
of ehromirunce peb for eacll2x2 neigbbourllood of lwninanee pels. 

0.2 .2 .2 Quantl:zatlo11 

Qumtizatioo ep~niS a 1'3lge d values by a single value in ere range. For e:xample. coov-...rting a re2l 
number k> !be nearest ilteger is a foan of quantiz.atiOD. The qoaJitizedrange can be rorcisely represented as 
an integer code. wbichcan reused t> ncover tte QIJ3lt:ired value during decoding. The differe~~eebetwi!ell 
lheadua val~ and the <J.1811ti2.ed value is called tie quantization noise. Under some circunslalCeS, the 
H\'S is less sensiti'Ye _, qumtizalio• noise so ruch roise can be allowed to be large, tbus incr-..asing coding 
efficiency. 
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0 .2.2.3 Predictive codiag 

Predictivecodi~ i> areclmiqwe to improvetbe compressioo tblougb sWistical redundancy. Based on values 
of pels previOOS:y decoded, bolhlheeliCOOer cod decoQ:r call euimate a- pred.ic1tte val11e of a pcl :>et to be 
ea::ocled ocdeco:led lbediffeJeD:e belv.1:m tbe predicted and aa:ual-v.llues is enaxlod. nisdilf'acnce value ts 
tbe prediCilon earor wb.icb tie decode.c an use to COiteCt lbe prediction. Most enor valut:S viii be small and 
clast.cr uoJn• .. e vakJeO since pel values I)'Jicallyd<l nol bave large <baDges ..-idlill a small spatial 
oeighbow11ood. The probability disln"bulion of tbe pediclioa error jssl!ewcdand compresses better than the 
dblributiot or tk: pel ~ues tbensdves. Addiiooal infornul.ioo can be disarded by quamizing the 
pttdiclion e:rmr. In tbis Tntt:mttional Standard predictive codio& is also used forlhe<Jv.valaesofso.::cessive 
lwninanceor clrominance blocks an<J in the encoding of motion YedOCS. 

0 .2 .2.4 Motion compensation and interframe coding 

Motion compensation (MC) rre4icts tbe values of a bbcl retsina picture by relocating a b lock a 
neighl>a.lmg pel values from a tnown picture. The motion is described ~ a two-di:meosional mOtiou 
vi!CtQ" chat S)lOCifies where to retrieve a block of pel values from a previoudy Pecoded picture that 6 used to 
predict pel values of lbe current block. The simple..q: exrunple is a scene vrbere tbe camera is D()t moving, 
ant 110 ob~IS in tk scene are moving. The J:el vaJues at each image location remain lbesane. ;ud the 
motion vector for each block is 0. In genernl llowever, the encoder may uammlt a mot.lon vector for each 
macrobl<>ck. T.be transhted block from tbe kro\\1\ picture becomes a predicaon for tile block in tie Jlictnre 
co be cnco4ed. The ttdnique rel.ie$ on tbe fact that wi!bi• a short sequence of pic lures of the same general 
scene, mary objects teu:ain in tbe sane locatioo while odlers move only :a silort dis bllce. 

0 .2.2.5 Frequency transformation 

The discrete cosine traiUfam (DCT) converts an 8 by 8 block of pel values 10 an 8 by 8 nat:JU of 
b<rizooral and \el1ical spalial freqt.eney coeflkicn~. An S by 8 bt>ct: a pel value$ em be reconstructed by 
pcrfoonini tbe imrse dsaelt msile llal.Sfonn (IOCT) on lbe SJQtial frequency a>efficients. In general, 
most of tbe eae~gy is COAantJattd in tbe low frequency coelficients. wiUcb ae CODvemiomlly vrrittu in tbe 
uwer lef1 comet of tbe transformed mattix. Compres.si:>n is act.ieved by aqUlllliution ~. wbere the 
quanlizatim intervals are idellified by an ilxJe.l. Since lbe encOOel id::.ntifies the in:erral anJ 00t the exact 
vaue wilhin the inlelVal. the pel vaJlJ(S a the block reconstruced by t.h:: IDCT have JedJced aauncy. 

The ocr coeffiCient in Jocatkm (0,0) (upper left) of Ire block represents tbe wo ~onzalUl md zero 
vertical frequency and is called the de coeffiCient The de coefficient is rropoltiooal to the ave.age ~~ vakJe 
ofl!le 8 by 8 block, aad additional coopressio• is p10Vided lbmlgh p-edictive codingsioce the diff~ce u 
tbe avCLage value of neigbbooting 8 by 8 bloclcs teros to be re h tively small. The otbu coeffcients 
represeDt me or m ore nooz.ero bori2.0dal or noouro vertical spatial frequeacies, and are caled ac 
coefficients. The qu:nti2a.tion JeYel of lbe coefficientS corresponding to the higher s~ fequeacies favors 
tbe cre.:tio11 of m ac coefficient of 0 by choosing a quantiution &ep size sucb \bat t.be HYS is u.n1ilcely to 
perceive t.re bss of the pan.icalar spalial frequency unless tie coefficiettt value lies al:ove lbe particular 
qtmltization ~vel. The statistical eoco1ing of tile expected runs of consecutiVe zero-valuedcoefflcien~ of 
hi&ber-()rder coefficiotiS accouoiS for cooslderable cornpl'tSsion gain. To cluster noozero coefficeniS early i!l 
the series and enccdeas OWJY zero coefficients lU po~ible following tile lasl ncnzero coefficient ill tJle 
ortlering, tile coetrcient sequ~ is specified b be a zig-lag on:lerin g; see figure D.30. The orderi11g 
(IOOCCDITaUS tbe highest spatial frequeocies at the em of che serles. 

0 .2 .2.6 Variable-length coding 

V ariable-lcngth codi.ng (VLQ is a slaist!cal cOOing tecbmque lbat assip15 ccdew<r'd5 to values lO be 
m:oded. ValDeS of high li'equmcy of oc:currence are as.sigDed slxlrt ax1ewam, and t.lx.\C;e o f inttquent 
occwreaccate assigned long axL.~ On a~e. tre more frequent water codewonls c'.oalinale. such 
that the code string is sb:>l1ec lhal the original d<m 

0 .2.2.7 Picture Interpolation 

If lbe dcCOOet rECODS1ructs a pctiJre from tbe (9St and a picrure fn:rn tbe fU.we, then tbe iolennediate 
pictures em be recorutnlcted by the tcclml~eofinlelpObtion, or bid.i.tcctiom1 predictioo. Bb<Xs in !be 
int:nnediare plCb..lreS tall be faward lUd backwan:l pre.Oict!d and b3DSia:ed by m::aas of neiion vec«x'S. The 
decoder may reconsiJUCI pel values betonging to a given Node as an average of vl\luC$ fioo tile pall and 
ful.lm pimres. 
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0.2.3" Bitstream hierarchy 

The ISOJIEC 11172-2 coding scheme is aaar.ged in hyers couesponding to a hietarcbi:al structure. A 
seqtaen« is the top layeroftbe codingbiera"dy :md consists of a~ and some litmbec of groups· 
of-pidures(GOPs). The sequence kader iniliilizes the state of t.be decOOer.lllis allows OOcoders 10 
decode 3llY $C(JlCilCe v.ilhout bein~ affecte.i by J651 deco:ling histocy. 

A GOP' is a rand001 a~ point, i.e. it is the smalest coding ullit tbal can be inde~dentlrdecoded 
winin a seq.Jence, md cmsists of a header and some number of pictures. The GOP beader C<lntains tee 
andedting informalion. 

A picture <X>tn:sponds to a single frame of JliOtion video, octo a movie rrame. There ace f(lll'picture 
types: 1-pictures, 01 intra C(J(]i!d picums, which are coded without reference to any olha pictures; P­
picfuRs, or predictive coded picJures,. wbicb are a:><bJ using motion compmsatioo from a previous I or P­
picture; 'B-pictures, or bidirtctior.al/y predictive coded pictures, wlli~ we coded using motioa 
rornpmsation from a pre\iows and a futttre I or P-piclure, and 0 pictures, o r D picnres, -which are intended 
only for a fast forw~rd searcb more. A typical <X>ding scheme contains a mix of L P., and B-pictures. 
Typical1y, an 1-pictue may ocrur every half a second, to give reasOnably fast mndom access, vitb two B­
pictures inserted between ea.cb pair of I or P-picturcs. 

Figure D.l •• Depelldency relatioosllip between I , •• and P-pittnes 

Rg-.reD2 iUunn tes anmnberofpictures indisplly order. ne arrows soow the dependency .elatiwsllipof 
tbe predicthe mel bidirectionally predictive coded pcrures. 

Note tbtbecauseof the pctare dependencies. the biUtreaiJl order, ie. the order ia which piC1Ules are 
transu:itted, stcre4. or retrieved, is net tbe display Cl'der, but ratber the on:i!r wllicb !be deaxler l"e(JJires them 
to decode the ti'tstream An example of a se<juence oC pictures, il <lisp lay order-, lili&bt be 

[ B B P B B P B B P B B I B B P B B P 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 l6 17 18 

Figure 0 .3 -· Typical se.uence of pictures in display order 

wbereas tbe bitstrean order 1VOUid be as sbown bel()w: 

I P B B P B B P B B I B B P B B P B B 
0 3 1 2 6 4 . 5 9 7 8 12 10 11 15 13 14 l8 16 1 i 

Fig11rt 0 .4 - Typical seq11uce CJf pictures in blts tream order 

Becawe tbe B-picturesdepeld on the foUowilg (ill d isplay order) I or P-piaure, lhe I or P-pcture JWSI be 
tmrumiruxl an<Jdeoo()ed before tledepeOOellt B-pict.tres. 

Pictures consist oC a headec md ooe or moresl.ice:s. The picture~ contains t:ime, pictll"e t)'lle, and 
rodlng information. 

A sic. provides some immunity 10 data. a>rruptioo. Should the bitstream become unreadable within a 
picture, ~ deco<krsboukl te able to recover by v;aiting foe tbene;(t slice, withwt having 10 drop w entire 
picture. 
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SU~ coo.slst of a ~eader ald oneormore·macroblocts. At tlleswt of each slice aU of the predictas, 
roc de values md moti:>n va:ton, are reset. Tneslicebeldu <OIJWls positioa and quantiz.er QC 
iafo-mal011. lbi~ is sUficient for recovery from local <»nuliion. 

A nacrobloclc i> the baiic umt for motioo compcosatioo am quant.iz.er scale cbznges. 

Each macro block coosists of a hea<b" and six ronpo11e1.1t 8 by 8 b locks: li>ur blocks of llllDin.ance, one 
block of Cb chrom.Xla.'lce, and o•e block of 0 cbroutnmce. See 6gU'C 05. ne ma::robkx:k: bea1er 
contahs quanliz.er !Cale and moti.ob rompensation info~on. 

ITI ITJ 

y Cb Cr 

Fl,ure D.S -· Macroblock stn cture 

A maaoblod: ooliains a 16-pel by 16-line sectioo of lumillancecanponent and tile $patially 
comsl!Ollding 8-pel by 8-line section of eacb cbrominance oonpone11t A skipped macroblodc Is one for 
.,.,hich no inf<rmation isstort~ (St:e 2.4.4.4). 

Note dial. lhe pictue a'l:a cQvereJ by me four blocks of ltmin.:wce is me same as tre area rover«! by each of 
the cb.J:ou.i.mnce blocl:s. This is due to subsampliog of tbe cbrominaact i11foonation 

Blodc! are l.be basic CD<ing uoil, ood tile DCT is appljtd at tbi$ blodc level. Eacb block coolains 64 
coo.,ooent pels arrange4 ia an 3 by 8 MaY <'.S iliowa ia figtn: 0.6. 

· Figure D.6 -· Block structure 
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0 .2.4 Decoder overview 

A $Unplified block <liagtam fL a possble decoder imple.:nentat.ion is mowa bclQ\11: 

(rpw VLC 
Inve!Se 

Inw:se 
~ ~ ~ zig-ug& ~ Btft"c- L'ec::cdCI' Ruwtller ocr 

Fawutt --!-.. Previous .. 
Picture MC Ad1a 

Oi;phy 
~ ,.. .. BI!I~ 

Store 
~ 

lnt.erpol31ed 
f--__...... MC 

Furure r--.. 
Pictur.. .. Badcwanl 
Store MC 

f---

():ocded Video 

Figttrc D.7 - Smpli6d decoder block diagnua 

It is instnJc1he 10 follow tile method wbicb the decoder uses b deoode a btstJeam oo•taining the seqae~~ee 
of pictures given i!l Fig 0 .4 , an!l display the8l m be ocde~ gJVen m Fig 0 .3. The following description i> 
simplified for clarty. 

The input bit.stteam is 3CCWlulaed ill tbe Input Buffer mti oeeded. The Vanable Lmgt.b CcxJe (\'LC) 
Dcx:oder decOOes the header of the fust piaure. picture 0. ood dete:nnil~ tU1 it is 31 l-JictDre. The \ILC 
Decodet podJces quUltizelJ roetficients a:rrespooding to tk qumoze:J ocr ooefficierus. These are 
ass:nbled for each 8 by 8 block of pels in the ima&e by invetSe zi&-zag scuming. The Invene QUCI!iiztr 
produces the ac1ual DCT coefficie•tsusing the qUMlitaliOI Slep siz.e. The~flicieots 2re then transbnned 
into pel values by the liNerse OCT uamfortrer and stored in the Pre•ious Picture Storeaoo (beDisplaJ 
B~fer. The picture ma!' be disphL'/ed at the ~p-opriate time. 

Tbe YLC Decoder decodel the •eac~er of tile aelll pic lure, picture 3, and determines tbat it is a P-pictl.le. 
For each blodc, the VLC Decoder decores motion vectcx's givin& tile displacement from the stored pceviow 
pi awe, and cpantized coefficients COIJ'~ding lO lhe (jUMtir;ed OCT a>efft<ientsofthe differenct bJod:.. 
These qua~~tizedccefficienls areinveJSe quantized to pro:luoo the actual DCT cocfficiellt.5. The coefficients 
are then tranSformed mto pel difference \alaes and added tO the p-edicled block p oduced by applying the 
motion vectors to blocks iJl the stored previOIJS picture. 'Ibe resu ltant block is stored in the Future Picture 
Swre aaJ cbe Display Buffet. Thi~ picture cannot be displayed until B-piccures 1 and 2 have M:en received, 
decoded, aDd displayed. 

The VLC Decoder decod~ tbe t.eOOer of the oext picture, piCl.Jre 1. md detemi•es that it is a B-picn.e. 
For each blodc, the VLC decoder decodes ma.iou ~ectoJS ~ving the displacement from lbe stored previous 
or future picnres <r lx>ti, md qaanti2f:d ooefticient> ronespoodilg totbe cpa• tiled ocr coeffi<ients of the 
difference block These qmntized ooefficienu aJe inveo;e (Jlalltir.ed to prodJce ~actual OCT coeffiCients. 
~ a>eifieientsare tbeo inverset:ransformed it to difference pel-miDeS and added to the pedioodbloct 
produce:l by applying the m<lim -.ea.ors to t.!Je stored pdurtS. "The resultant block is tben stored in the 
Display Buffer. It may be displayed at fleawropriae time. 

The VLC DeroderdecocSe$ the •eader oi the aextJ=ielm. pietirt 2. md dtiennu es tllat it is a B-p icture. It 
is cleco<td usin& the lallle tnethOO as fo• pictue 1. After decodinf picture 2, picn.re 0, wbd is in tile 
Previous Pictllre SIOre, is no lon~et neecbi am may be discarded. 

The VLC Deoodadecocles tbe keadcr of the aeJCr pickm, piellre 6, aad del.erullaes Ula.t it is a P-picture. 
'lbe picture i1 tile Future Picl.lre Sto~e i ' mpied.itto the Previa-s Pi<twe Store, then decodi£g pl"(!(X.e(h as 
forplcrure3 . Paure6 sbould rot be displayed 111161 pidures 4 and 5 have been received a.ddispb yed. 
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ne VLC De::oder decroes tile hea:let or tle 1ext pick.U'e, J)icture 4, and detetmines that it is a B-piaure. It 
is decoded usin! the same medlod as fOf. picture 1. 

Ue VLC Decoder dec<XIes the bea:let or tie 1ext J)icture, picture 5, and determines that it is a B-picture. It 
is decoded us in! tile same method as fot picwre 1. 

ne VI..C Decodet dtc(XIes tlle header c$ tJ1e nett picture, pi ew-e 9, aDd delmllines tbat it is a P-piaure. It 
then pro<.:ee<t as for piel.ure 6. 

ne VI.C Decoder decooes tJie header of tle •e,;t picllre, pidi.U'e 7, and detumines that it is a B-pictme. It 
is decoded us in! the ;ame method as for picnlre 1. 

The VI..C Decodec decooes tbe header of tlle next pic'-lre, picture 8, and detennir.es that it is a B-picture. It 
is decoded us in' tile same methOO as for picture 1. 

The VI.C Decoder dee<Jdes tie beader a tie ne~t picture, picture 12, and detetmines tbat it is an 1-pictnre. It 
is decoded using the same metbod as for plcture 0. This process is repeated for the subsequent pictures. 

0 . 3 Preprocessi ng 

The &au ce material may exist in na11y form;, e.g. computer flles or CC[R 601 format, but i• general, it 
lDlSI be proces...c:ed before being encoded. This clause discusses SOIJe aspects of preprocessilg. 

For a given data rate and sowce material, there is an opli~rum pic tare rnte and spatial resolution at which lO 
code if tbe best perceived quality is desired. If the resoiulion is too l»gk, tben too mmy bks wil 1:e 
expended on the overbead associated with eacb block leavi•g too few to c00e 1hc values of each ~ 
accwately. lfUe res:>l•tion is tx>low, the pel >;ahes will berudered aocuralel!, butbi&hfrequeocy detail 
will be lost. 1be optimum resolution represents a tmJeoffbetween tbe Tarious rodin' artifacts (e.g. noise 
and blockiness) and Cbe pm:clved resGlutioo and starpness o f tht ima&e. nus tnldooff is further complicated 
by the mknow.s of the fiaaJ viewini! conditions. e.g. screen brigblle.>s and the diSllUleeofthe viewer from 
~~ . 

A! data ratesofl to 1.5 Mbitsls, rea..~nable chcices are: pictuerales of24, 25 and 30 pictu.res/s, a 
horilontal resobtkmot between 250and 400 pels, and a vertica resduaon of between 200 a:ad 300 lines. 
~I.e tbat lbese values are not normative aJ.d other picture rates and resolut.l>ns <re valid. 

0. 3 .1 Conversion from CCIR 601 video 1o MPEG SIF 

The two wirely used scanning ~lalldards for colour television are 525 am 62.5 li1es at29,97 aud 25 frames/s 
respectively. The numbe1 ot lines contaiJlin& picture infonnation in the transmitted sig•al is 4&4 for the 
525-line syslem and 576 fbi" the 6!5-line sysletl . Both use in ted aced scanning with two ftelds per picture. 

<kiR Recommendatio1 601 defines stmdards for the digilal coding of rolour television signals in 
compooent form. Oft.rese the4:2:2 st.andmlbas recorre wi<kly adopted; IDe sampling frequency used for 
tbe luminmce signal, Y, is 13,5 MHz and me two colour difference slg-.als, CborB-Y and C.. a R-Y, are 
both sampled at 6, 7S MJU. The number of luminance samples in the digital active line is 720 but only 
about 702 will be used in pl""ciCtice by~ malogue active line. 

The number of picture elemen~ in the bei!htam width of the picture, in the SlaJidNds def'uedabove, are 
too large toreflective <Xlding at data rates benveen 1 and 1,5 Mbitls. Ma-e appropriate va1ues are obtained 
by decrea.Sillt tbe ~olution in bolh direction<; 1:1 a bait. This reduces !be pel rate by a factor of follt. 
11ltedace mruld be avoided as it i:ncreases the difficunes in acllievilg lo·.v data rates. 

Ole way to red.tce tile vertiau resolution is to useooly the odd or the eTen fields. If the olher f.eld is 
simply discarded, spat.W aliasillg will be iitroducerl, and tl;is may prrouce visible a:ld objectiorut>le 
artifact$. More sq>histicated melllods of rate cmversio• require more compulat.ioml po111er, rut can 
perceptibly reduce tre aliasing artifacts. 

The borizontal and vet1ical resolutio'IS may 1:e kalved by filtering and s•bsarnpling. Consider a picwre iA 
the 4:2:2 Format. See lle CCIR <ill sanpling patem of fig•re D.8(a). S•ch a sampli11g pattern may be 
comened to the SIFS<mpling panem c1figtre D.&(b) as folloM. The odd field olllymaybeextracted, 
reducillg the number ofliues b! two, and then a horiwntal decillation filter used on the remaining lines to 
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reduce the lloriumW resolllioo by 1 fuctor of two. In tddifuln the dranmaoce valLeS may be vertically 
decimated. Tbe rtJLC:rS for lun.inax:e and cb:uoimnre have 10 be cboscn cartC 11Jy siacc particularautntion 
has to be givea to tfle location of the samples ~ tile re~peahe lnternatiom.l SW~dards. The temporal 
relal.ioos•ip betv.eea hmman~ md cl:ll:llllDar.cemiiStaho be .::orrect. 

tp 0 ~ 0 ~ 0 0 

tp 0 qJ 0 OJ D 0 

{]> 0 q} 0 u 0 0 

{} 0 qJ 0 qJ 

tp 0 q} 0 q} 0 0 

tp 0 ~ 0 u D D 

CP 0 4} 0 0 0 0 

{a) Samplilg pattern for 4:2:2 (COR 601) (b) Sampling pattern for MPEG (Slf) 
Citcles represeotlu:niDance; Boxes repruert Chromi03lre 

Figure D.8 - Co•vusion of CCJR 611 to Sll' 

The following 7-~ap FlR £i11er ruu been four.d 10 five goa1 res~u in deciJrul.ing me llllllilance: 

I -29 I o I 88 I 138 I 88 I o I -29 I 11256 

Figure D.9 -- Lalllinance subsampling filttr tap weights 

Use of a power of two for tile divisor allows a si.mple hardware it11plem::ntation. 

1be chroniaru1ce sampl~ have LO appear in the between tbe lumimoce samples both horizonlally and 
vertically. The following linear filter with a pkase sllift cL hl\lf a pel may be found useful. 

I 1 I 3 I 3 I • I If& 

Figure D.tO ·• c •r•rrinance subsa.111pli11g filter tap wtighb 

To rea>ver dlesanples comistmt with the COR 601 gricl or fig.xe D.8(a), lbe pcoctss of int.etpOiation is 
used. The iaterpolati011 fiter app~ 1.0 a zero-padded sigaalcaa re cha>el 1.0 be equal k) tbede..."imation 
filff' employed for lbe lumi.a.oceam the two cbrominance r.\JtJe$ in the wmder. 

N()(t that these filt.ecs a-e oot p3rtofthe lntematiooal Standard, ard a.ber fil ters may be used. 

At 1be end of lht liD~ sotre special technique su~ a; renormaizing tm filter or replicating the last pel, 
mu!l be adopted. The fdlawing example shows a llorizoDialline <Jf 16 lumir:ance pds and the same li1e 
afl.ef fil~ mKI st.Osmlpli:lg. In this example lk data in tle line is retlected lt eacb end. 

10 12 :10 3 0 35 I S 19 I I l l 19 16 4S &0 90 92 90 
12 )2 23 9 l2 49 95 92 

Fignt )).11 -- Examplt of filtering and subsampllng of a line d pels 
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The result of tlis f"tltering ard subsanpling is a soutce i•pat ronnai (SIF') whicb has a l uminance 
resolutioo of 360 x 240 or 3ffi x 288, and ad!rominallce resolution whi;h is half :bat of tle lmninance iA 
each cimension. 

720 

720 360 
434 242 
/576 Q:Jd Field 1288 0242 CCIR601 Y Only /268 Select Hotilontal 
1 Field R l er and 

Subsampe 

(a) Luminance 

36J 

484 360 180 
242 242 180 

CCIR601 1576 Odd /286 /238 ~1?1 
U,V 

Select 
Field Horizonlal Vertical 

/1-44 

1· Field Filter and Filer and 
Subsarrple Subsample 

(b) Ctuominance 

Figure D.12 •• Connrsion rrom CCIIl 601 into SlF 

The SIF is DOl qllire optimiDl for processing by MPEG video corers. MPEG video divides the l llD'.inance 

conpooent into macroblodcs of 16xl6 pds. The hocizontal resolulio1, 36(), 6 oot divisible by 16. The 
same is true d the vertical resotution, 242, in lhe case of 525-line systeaus. A betttr llll\1Cl is obtained in 
the bcrizontal direction by discarding t1e 4 pels at lb~ end of every line of tre subsaropled picttJ.re. Care 
must be taken that Ibis ~ults in tbe cozrcct confi~wati>nof h.1ninallce andcbromincuce sunples in the 
macrcblock. The rm~ai.aing pict.wi is called the significaDt pel area. and eorresponoo to thed<rt: area n 
fig.re D.13: 

,. 
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2 

LliTlinance 

176 2 

~ ISOIIEC 

240 
()( 

288 

120 
or 
144 

Fi,ure 0 .13 - Seur~e iq>ut wilb signirl(:ant pd area s • ded dark 

The oonveJSion process is sun.mariu.:d ia uble D. l . 

Table 0.1 -- Conversion cr SOII r Ce rcrmats 

Picrure Rate (llz) 2997 2.5 

Picture As..:ea Rat.io (widtlrheiRhO 4 :3 -4:3 
Lulllinaoce (Y) 

CCIR. Sample Resolution 7'1fJ X 484 720 lt 5i6 
SIF 36) X 242 360 X 2S8 
Siltllificant Pel Area 3521240 352 X 2~8 

Cluomlnance (Cb Cr) 
CCIR Sample Resolution 36) 1484 360 X 5i6 
SIF 180 X 121 180 X }44 
Sismificant Pel Area 176 X 120 176 X 144 

1"1£ preproce~ing into tbe SIF fonnat is not normati'te, other processing steps a»d otller resolut.ions may 
be used. The pidute siu nee4 not even be a mukipe of 16. Ill this e&e an MPEG video coder addl! 
paddmg pels to the ri&btor b<I:I.On edges o: a picrure in orrer to bring the tsansmitted ~lttion up to a 
multiple of 16, and the decoda dscards ree after deoodng the piCIUrt. For examp!e, a borizootal 
resoluticn of 360 pelscoold be coded by adding 8 pldding ~to the rigtt edged cac• boril.o•ta! row 
bringing tbe total ~ to 368 pels. 23 maaobl~ \\()(jd be ooded in e:~Cb row. The deco4er woukt di.staJd 
tbe extra paddin' pels afler decoding, gi vin& a ftml decoded bomottal rewlution of3B) rels. 

0 .3.2 Conversion f rom fi lm 

If film material can be digil.i.z.ed at 24 pictures!s, then it. fonns an excelesJt nuce fer an JSOIJEC 11112-2 
bitnream. It may re digitiJ.edatthe desired spati:\1 resolution. ne pi<twe_rate flcl4 in the vidoo~ueoce 
!leader, see 2.4.2.3, allows the picture nue or 24 pictu~eSIS to be ~Jed exac11y. 
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Same tim~ the ~Otrce uattrial available for coiq>ression coosists of film material wbicb haS been 
converted to video at soneotkerrare. The encod:r may detect this and recode at the origmaJ film Jllle. For 
exaiJllle, 24 picturts/~ tim material may bave been d i:itized a11d coaverted to a 30 fraDleJ> systmt by tile 
rochoiq•e of 3:2 pulldovril. In t.bis mode digitized pictures ~ soo~ alternately for 3 and for 2 teltvisi<JD 
field tines. This alt.emtlirn may not be exact siJace the a:tual fnme rae tnigbt be 29,CJ7 frames/sand oot 
tbe 30 frane9s tha the 3:2 pelldown tedmique :ives. In additioa tle puldown timing mght bave beeJl 
cban&ec! b:y editing ant l;pli:illg after the coaversbn. A sopbisticaed encoder aiglt dettcltbe dupllClled 
fteld.\ avemge them to reduce digitization noise, and a>de lhe result at ltle origina124 picturesls rare. nis 
siiDuJd pve a sip1ificant iuprovement in quality over codin& at 30 pictares per $00>rul. 5ince direct coding 
at30 piaures/s de!UO)'s tbe 3:2 pulloown tim.iBg and gives ajertc:y 3J)pearalce tone fmal decoded video. 

D. 4 1\Aodel decoder 

0.4.1 Need for a decoder model 

A coded bistrean contains different t)pes a pictnreA, and each type ileallt requires a ditTerert Dlll11ber of. 
bits ID m code. (n addition, tJJe ~ideo may vary in O)mplexity wih tlme, and an etccder may wisb to 
devote more coding bits to ore Jlar1 or a sequenee than toailotller. for constutt bmte coding, vaJying lhe 
111mberofbits alloc~ to each p1~ req11ires that t1e decoder have oofreriug to st.cre the bis not needed 
to decode he immediate picture:. The extert .to whim m ~na:xler call. vary ~ oom ber of liits allocated to 
eacb picture de..-ends on the ainrunt of this buffering. [f the .amount of the b•fferiag is large an encoder caa 
use greater variations. incnasing tre picrure qaality, bt.t at tile co$t of increasing the.deooding delay. 
&coders need to know d:Jesi2e of tbe amount of the deco:Jer's buffering in orc.ler to determine to wbte:xtent 
they caa vary tJ:e distribution of coding bits among Lbe pictures in the seque1ce. 

The m<Xkl dec<Xlet is defined to solve two prpbleiru. It ronstlaills the variability in the n•mber of bits tha 
nuy be a110C3ted to different pictures and it allovrs a decaler to initialhe its buffering wben the sy~tem 6 
started. It shoukl be •oted that Part 1 of this IntemaLional S tandard a:ldresses the i.'ljtiaJisaJion of b11ffer's alld 
llle mainteaa.ce of S)lldlrooiialion ElllriTJg playb.ld: in l.be case 'Wbea two ormoreelemenWJ Slrean$ (for · 
example one audio and one vileo stream) are multiplexed togefler. The too4 defined in ISOIIEC 1 U 7_2- l 
for tbe nailtenaoce d s ync.brooisatio• s•ould be used byde::oden when muiipl~ed streams are ~...ing 
pbym. 

0 .4 . 2 Decoder model 

Amex C COfllains !be definition of a pvaneterized model dc:ccder for this purpose. II. is known as a Vireo 
Btffer Verifier (VBV). The parameter> u sed by a particular encoder 3'e defmed in fle bi1Stream. This really 
dcfmes a model decoder tbat is Deeded if encoders are to be assured that lhe ccxJed bitsiJeauts trey prod•ce 
wilJ be ~ecodable. The nalel decOOer looks lice th~: · 

~ J.nJUJ1 fkUft Decoded 
Bitstream .6.Yifill: Qecod~[ Pictures 

Mod~l D~od~l 

Fig&JR D.U ·- M()dtl dtcodtt 

A fvced·rale clwmel is assumed top~ bits at a constant late irto the Inptt Buffer. At regular iJatervals, set 
by tre piclllre nte, Ole Pictue Decoder instmtareOusly rerroves all the bits for the rext pictllre from £be 
Input Bull:r. ll ~are oofew bits in tbe lnp•tlluffer, i.e. allllae bits for lhe ~xt pictuebaven<i beeD 
received. thea t.be lnp1t Bt~'fer undtrflov.:s and trure is au wldelflow enor. If, during the time between 
picture starts, tJ:e capacity of lhe Input B llffer ~ exceeded then tbere is an o~tflow erroc. 

Pmclical d:coders diffe r from !lis maJel in seve 131 importrult ways. 1\ey may inylement their b!Ifering at 
a different point in tbe recooer, or distribute it throug.Ix:mt the decoder. They may ntt reroove all tbe bits 
requi'ed to deoodea picrure from llle Input Buffer ilswitaneously, they may net re oole 00 control tbe Slal1 
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of decaJing very precisely as requi.te(J by tbe buffer fullness pMlDieter in tbe pi awe header, aod they take a 
&lite tine to de<Xlde. They may also be alie 10 delay decodin& for a shon time to reduce tle cbances of 
undertbw occuring. But tllele ditfermces defend in regree and kiDd oal.lle elUICl method of implementaticn. 
To satisfy requrements ot different impementalioas, t.be MPEG vidoo committee (ISOIIEC JTCJ 
SC2>/WG11) chose a very simple model for the deooder. ~tical implementations of decodets must 
a sl.l'e tbat tky C2!l decore the bi~tream constrained by this model. In many cases. this ~u be achieved by 
using an Input 'Buffer tba.t is hr&er tban lhe minirru.m required. and by using a dcoodin& delay that is laJger 
than the value derived from the vbv_delay pataJD:t.ef. The designer must compensate for differences between 
tbe actaal design Md the model in order to guaranrre tllattbe decoder can lwdle lilY bitstnaln thai satisfies 
tbe model 

Encoders moni10r lhe sruus of tbemodel to con1r01 the enroder ro that ovelflow proolems·do not 
occur. Tm calculated hitler fuDness is rcDsmitled at the start of each pictw'e so that the decoder can 
maintain sytlChronization. 

0 .4.3 . Buffer size and delay 

FOI' COllSillnt bit rate operalion each pi:tu'e !leader contains a vbv _delay Par-ameter to enltble decoders to stat . 
t.beir decoding rorrectl y. This par.meter defines lhe time needed. to fill the laput Buffer of fig we D .14 from 
all el:lpy' state k> lhe correct level iuunedla:ely before the Pic hire D<:Coder ttmoves all the birs roc lbe 
picture. This time is tb\JS a delay and is measured hi 11nis of 1190 ()()(! s. This numbeJ was cmsen because 
it is almost an exact multiple of the picllltt duratioos: l/24, 1125. lf29, 9? and 1/30, and because it is 
compa.table in duration 10 an audio sanple. 

The delay is given by 
D = vbv _delay I 90 000 s 

For example. if vbv _delay were 9 000. lben the delay wouJd be 0,1 sec.. fljs 10eans that at the start of a 
piCOll'e the hp~ Buffer of the model decoder should contain exacdy 0,1 s wonb of <hta from the-input 
bitstream. 

1Debil rate, R, is defined in tie sequence hea:Jer. The number of bits in the I~ut Buffer at the beginnng 
of the picture is thus giveo by: 

B = D • R = vbv _dda)' " R I 90 000 bits 

For example. ifvbv_delay were 9 000 and R were 1,2 Mbitsls, oon tbe number ofbits in the Input Buffer 
\\()Uid be 120 000. 

The COilS !rained parameter bitslreaiD requires that tbe lDput Buffer have a capacity of 317 68) bits, and B 
sbo~d never exceed this value. 

D.S MPEG video bltstream syntax 

1bis clause descri~ tbe video bitstrean iD a to)Hlo'Ml fashion. A seqtsence is the top level of •rideo coding. 
It begins with asequence lx:adecwbicb <kfmes impc-rtalt pal3lliCtcrs needed by the decoder. The sequence 
header is followed by ooe or more groups of pictures. Groups of pictures, as tbe name suggesu, co mist of 
ooe or more io<lvidual pictures. TOO sequence may con tan &dditional sequence beadcrs. A sequence is 
tenninated by a sequence_end_core. ISOIIEC 11172-1 alowsOOlSiderableOe"<it:ility D ~ifying 
applicaion parameters such as bit rate, rictw-e rate, pi::tu'e rerolution, and piCIUre aspc:Ct ra.tio.1bese 
parameters are~ in the sequence f!ea:let. 

If tbesc parameter-.;. and some olhers, faJl vri thin cenain imits, tben tbe b:tstrean is called a constmined 
paramaer bitstream. 

0.5.1 Sequence 

A video sequence cotuneoces v.ith a secpeoce header and is followed by ooe or mi)re gJOUj)S of pictures and 
iseroel by a sequence_end_core. A<lditiooal sequence btaders xmy appea- within the seq~ence. m each 
such repeated sequerce header, all of the data elements with tbe ~rmioed exception of (bose defmilg 
qwmti2a.tion matrices Ooad_intn,_qumtizer_matrix, l~d_ncn_intra..Jiumtizer_tnall"bl and oplionaiJy 
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iDir.Lqaaatiu:r_;natrix and DOil_iAtra_quan~ stlall have the saBe ~ ru Ike il.t'$l seqaeace 
beader. Repealmg tte seq.Jence header with tts daia elemrots malas rardan access illlo the video ~moe 
possible. The qJa.'ltiz.alioo mallices may be redefined a<; required \fill ~repeated seq•ence header. 

The enc00er may set strll poome~en as the picture size and lSp!:CI r-...tio in the Sbqueoce ~lb-. to define lbe 
resources !hatadero:lel aquircs. ln additiJn. werd<ra may be included 

0 .5.1 .1 Saquence header code 

A cOOed stquertee begins ~ita a sequence headEr and the bender starts v.itb the sequcn::e start code. Its value 
is: 

be.t: 00 00 01 B3 
billary: 0000 0000 ooco 0000 0000 0001 1011 0011 

This is a unique s1rillg of 32 bitS Chat cannot be emulated any~ere else iA t.be bil3trtam, and is byte­
aligned, as ate llll start oodes. To tctieve bye aligumeJJt the eocodermty preco:le che sequence start code 
wilb any nuiober of 1ero bits. These am bavt a sec(ndary function of JTCYenting decoder illput buffer 
urdel'flow. This procedure is called bit stuffillg, aiXl may be performed before any start code. The sUJffing 
bits must all be zero. lhedecc:xler discards all such stu(fing bits. 

1be seqJCace Sial\ code, like: al video start codes, begins with a string of 23 wos. The codiig smeme 
ensures thu sud:l t string of OODsecutive zeros camct be proiluced by aay othez combicafuo of codes, i.e. it 
cannot be emulated by otbercodes in tlle '(ireo bitstream. Thissttinl <izeros can o11lybe produc:dby a 
Start code, or by Stiffing bits preceding a salt axe. 

0 .5.1.2 Hor izontal size 

This is a 12-bitnumber tepresendng tbe widch of che p:iccure ia ~ls, i .e. the horit.ontal resolulioa. It is an 
unsigracd integer with tbewostsignifteantbl. flfSt A ,·alue of :zero IS aoc.al~ed (m &void start code 
ez~~ ulatiooj SO Ue letaJ range is from ! to 4 095. ln practice values are u~al ly a O'lul tiple of 16. At 1.S 
Mbits/s, a pq>tiar borizontal resolution is 352 pels. The value 352 is derived fra:n b.alf tle CCIR 601 
hcrizontal resotttiJn of720, ro:mded down to the nearest mal tiple oi 16 pels. Ot.rervise fie encoder must 
flll out the picnreon the rigb.t to i.be next hither multiple oC16 so that the last few pels can be coded in a 
macroblodc:. 'llle decorer should discard these extta pels befcredi.~play. 

Fer efficieot cocling of 1be extra pels, the encoder ~hoo ld a:td pel values that red•ce the numbec of bits 
generated in tbe transfc:rmed blodc . ~plicttillg the last column of pels ~ llSlally su~rior to filling in the 
re10aining pels wilh a f!a! leveL 

0 .5. 1.3 Vertical slza 

Ths is a. 12-bitmmber representing the hci&ht oC the picture in pels, i.e. the vertical resolution. It is an 
unsigned illteger with Ue lllOSt significmtbit tii"Sl A value ofrero is notalloYted (to avcid start cocle 
err1ulatioo) so the legal ratge is from 1 to 4 095. h1 pm:lice values are ustlaDy a multiple of 16. Note th11 
the ma.xiiruo value of s1ice_vertical_posilion is 175 (dednal), wbicb corresponds to apicture heigllt of 
2 800 l ines. At 1.5 Mbitsfs. a popular venicaJ resoi:Jtlon is 240 k> 288 pels. VaJoes of 2W pels are 
coovcnieut for iDt.erl'acing to 525-line NfSC systems, and values of 288 pels are oOJe awopriate fer 625-
line PAL and SECAM systems. 

lf lbc vertical resolutio1 is not arnu1Liple of 16lilles. th.e encoder must ftll out the pellrt & the bottom to 
t.be next higbee multiple or 16 so that the llSt fe~ iues can be cOOed in ilrL'\aoblcck. The decoder lbruld 
dis:an:l these exrra llres beC 01e display. 

For efficient coding, replicatin~ the hst tiDe of pds is •sually better tbln filling in tile rel\aining pels with 
il ,.ey level. 

0 .5.1.4 Pel as pect ratio 

This is a four·bt rumbcr which defines the sllape of the pel ool.be vievring SCrt:ell Thjs i3 needec1 since !be 
horizontal and \ettlcal picture sizes by tbemseh es do not specify the shape of tt.e displayed picturt. 

The pel aspect Iatio does notgivetbe shape direcdy, but is an index to the following look up tabl~: 
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Table 0.2 •• Pel 2sped ratio 

CODE HEJGJIT!WiDTil. COMMENT 
0000 ~ Fcxbidden 
0001 1,0 sqaare~ls 
0010 0,6735 
0011 0,7031 16:9 62Hlne 
0100 0,7615 
0101 0,8055 
OliO 0,8437 16:9 525-line 
0111 0,8935 
1000 0,9157 702x575 aL4:3 = 0,915i 
1001 0,9S15 
1010 1,0255 
1011 1,0695 
1100 1,0050 711x487 aL 4:3 = 1.0950 
1101 1,1575 
1110 1,2015 
1111 oorefued ~ 

The code 0000 is fc:rbidden to avoid start code emulatioo.. The code 0001 has SCf.tare peb. This is 
appropri1te for many computer gra.Jilics eys~ms. Th.e code I 000 ·is sui tab le fordi~pl:\ying pictures on tlle 
62.5-l ine 5<lfzTV system (~eeCCIR. Remmrnendation601). 

higbt I width = 0,75 ,. 702/ 575 = 0,9157 

The code 1100 is suitable for displaying picture$> on the 525-line 60Hz TV systen (see CCIR 
Reoommetrlatioa 6)1). 

higbt I width= ~.75 "711/ -487 = 1,0950 

The rode 1111 is nserved for po~ible future extensions 10 th is part of ISOIIEC 111 n . 

The remaining points in the table were ftlled in by interpolatin2 becv.een lhese two poinTS 100Q-md UOO 
using the foJDlub: 

asfect rcrlo = 0,5855 -+ 0,044N 

where N istht valle of !he code in ~able D.2. Theseaalilional·pel rupect ratios migbt be useful for JIDTV 
where r.Jtios of 16:9 alld 5:3 have been proposed. 

lL is evident tmt llle s}lecification dces n« allow all Jl(lSSibie pel aspect moos to be sp::cified. We tberefore 
presume that a certain degn:c of tolerance is allowable. &coders will comer1 the actual pel &pect ratio 10 
lhe nearest val1e in the table, Mdde:oders will displty Lbedecoded values to the nearest pel aspect mtio of 
which they are c.ap<Jble. 

0 .5.1.5 Picture ra1e 

This is a four-bit itteger which is a. index to the following table: 
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Ta.le D.3 -· l'icture rate 

COOE PICIURES PER SECOND 

0000 Forbiddel! 
0001 23,976 
0010 24" 
0011 2S 
0100 'N,97 
0101 D 
OliO .i) 

0111 59,94 
1000 d) 

1001 Reserved 

1111 Resened 

n e allowed picture rates arecoounonly a\ai.lable wurces of analog or digital sequences. Oneadvntage in 
not alowing greater rledbility in picture rates is tllatstrodard technique> may be used 1£1 convert 1£1 tbe 
display ra1e of the decoder if it <loe$ oot match the coded rat::. · · 

0 .5.1 .6 Bit rate 

The bit raJe is an 18-bit integer giving· the bit rate of the data chamel in units~ 400 bits/s. The bit rate is 
assumed tore constmt fOf the entiresequenre. The actual bit rate is romckd up to the ~est multiple of 
400 bits/s. FOf"example, a bit rate of 830100 bitsls would b.! rouaded up 10 830 400bilsls giving a ooded 
b._ rate of 2 076 uni tS. 

Ifal1 18 bits ace 1 then the bitstream is iltended fOf variable bit rate opetation. The value zero is forbidden. 

For coostant bit r.u o~oo. the bit nte is used by the d~er in coojuoct.ion with the vbv _delay 
paraneter in the picture hea<kr to nainain synchronizatiou of th: decoder with a COJ\Statt rate dala channel 
lfthe streun is mol~lexed usiag lSOIIEC ll172-l , the timo-s~s ani sys1et11 ckx:k: refereace 
idormation defined in ISOIIEC 11112-1 provire a more appwopriare 1001 for J)Clformilg t.lis tm:oon. 

0 .5.1 .7 Marker bit 

The bit rate is Collowed by a single reserved bit which is always set to 1. This bit prevents emulation of 
start. codes. 

0.5.1.8 VBV buffer size 

'The buffer size is a 10-bitimeger giving die mininmm rtquired 'iie c:l Ike inPJtbtifer in the model decoder 
in uni~ of 16 384 bits (2 048 byteS). For exiD!ple, a buffer size of 20 woulcl require an input baffer of W 
x 16 384 = !27 680 bit> (= 40 960 bytes). Decoders may provide more memory than this, b ut if they 
p10vide less they will p robatly run into btfier ()l.lerflow prob"Ems while the seq~V~ce is being decoded. 

0.5.1.9 Constrained Parameter fl ag 

If certain pammeters Sittified in tbe bit5tream fall wilbin prejefincd limits, tl\eulbe bitstrtam is <31e:l a 
constrained parameter bitstream. Thus lbecoos.-ained parameter bitstrean is a standard of perionrumce 
giving gulde{ines to mcorel1! aJJ.d decxxlers to f~litale the excbange of bitstrenms. 

1he bilrate )fartmeter allows values up tO about 100 Mbitsls, but a eotstrained pa.ta~ret.er bil!tteaDI must 
lave a bit nle of 1.856 Mbitsls or less. Thus tbe bit rae parameter must be 3 712 or less. 

The picture rate pmmeter allows pictl.lre rates up oc) 60 piamesls, bm a coesuained paraneter bi!S.-eam 
UlUSl have a picture rate of 3) pictures/;; or less. 

The re!Oiatioo of lbe codei pi.crure is~ specifi,ed in the set~uence header. Hori.zonlll resollticns up to 
4 095 pels are allowed by the syntax, but in a constrained parameter bitstrcam the resolution is limited to 
768 pels or less. Vertical resolutions up to 4095 pels are allowed, but tlat ir. a constrained puameter 
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bitstream is limited 10 576 pels or le$. In a constrained parame4et bilStreaJII, the total mmber of 
macroblocks per picture is limited to 396 This sets a limit on tbe maximum area of lhe picture which is 
only about me quarter oftbearnt oh 'n0x576 pel pi:wre. In a constrained paranec.er bitstrea:n, the ~I 
nteis limited o 2 534400 peWs. foca given picture mte, dlis sets mother limit on the mamnum area 
of the piCII.lre. [f the picture has the naximum area of 396 macroblocts, then the picture rare is restricted to 
25 )licbJresls 01 less. If the piciUre rate llas tlle matimun corstrained value or 30 plcrures/s the maximum 
area is limited 10 S30 maaoblocb. 

A constrained parameler bitsttml can be IEcoded by a model dec.o<t.r witt a bllffer 9u or 327 680 llts 
witbout ovedlo.vittg Of" undettlowmg during the decoding process. The naximum buffer si22 tllat C3l te 
specified for a 'oostlained parameter bi1Stream is 20 unil3. 

A coo strained para.tneler bits.-eam uses a fc.rnrud_f_code <X backward_f_oode less than or equal to4. This 
constrains t.be maximum ran~e of motioo vectoo that can be represenled in the bitstream (see table D./). 

If all tllese conditions are met. then t.be bit!ilrealll is coostrakled and the constrained_paramettrs_flag in the 
sequence !leader- should be set to 1. If any parameter is exceeded, tile fl.a8 s1a.ll be set to 0 to infonn 
decoders Cbat roore Ulan a minimum capability is required to decode tb.e sequence. 

0 .5.1.1 0 load Intra quantlzer matrix 

Tb.is is a one~bit flaK. If it is set to 1, sixty-four 8-bit itte~ecs follow. 1bese define M 8 by 8 set of 
wei&JlG which are used to quantize. tile DCf coefficients. 'They a-e transmilled in tbe zigzag scm order 
shown in figure 0 3 0. None of lbese weights can te zero. 1be firSt weight must be eigbl which natebes 
the fixed qumt.itation level of the de coefficienL 

JJ rre flag is set to zero, tbe intJa qurotizati.on matrix m'"st be reset to the feU owing default value: 

8 16 19 22 26 17 29 34 
16 16 22 24 27 19 34 37 
19 22 26 27 29 34 :H 38 
2222 16 27 29 34 37 40 
2226 !7 29 32 35 <W 48 
26 21 29 32 35 40 48 58 
26 21 29 34 38 46 56 69 
T7 29 35 38 46 56 6? 83 

Figure D.lS ·- Default intra quantization matrix 

The default qwmtizalion matrix is bcsed oo work performed by ISOIIEC JTC ! SC29/WG 10 (JPEG) ( 6]. 
Experience lias shown dlat it gives good results overt wide range of video material. For resolutions close 
to 350x2~ !here should normally benone.ed to redefine t.re inlnl. quanli7.ation matrix. If the pcrure 
resolution depa-t.s signiicantly from this noninal resolwoo, then some otl~er matrix. may give perceptibly 
lx!U.er resalts. 

The weights increase to tbe right and down. Tlis reflectS 1be hllllan visual syst.em whid is less sensilive 
to qWlti2ation noise at hi&ber freq.eocies. 

0.5.1.11 Load noA- In tra quantlzer matrix 

Tb.is is a one-bit flag. If it is set to 1. sixty-four 8-bit integers follow in z:igzag scan order. None of tbere 
gte,en em be zero. 

If em flag is set to zero. tile non-ir,cra q•antizatbn mat.rix must te reset to Cle folowing default value 
wbicb coosists of all 16s. 
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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 10 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 

Fig art 0.16 -- Default non-intra quaatitatioD matrix 

llis flat defwl (Jiantil.alioa matrix was adopted frCJm H261 which uses a flat matrix for the equivalemt of 
P-pictures [5J. Little wolt: bas bren pafonned w determlne tte optim11m non-Uura matrbt for MPID video 
cooing, bat evldeoce suggests lba it is more depenrent on video matcrialrhan is lbt intra matri.x. The 
optimum BOo-intra manx may be somewbere betwren the flat default noa-intta raalrix and lhe strongly 
frtqueocy-dependenl values of !be defaa1t inua malri.x. 

0 .5.1 .12 Ext en'sion data 

This st.art code is byte-aligned and is 3:l bits loog. 1ts value is 

kex: 00 00 01 85 
bi.mJ!: 0000 ().)()()<XXX> 0000 00)() 0001 1011 OlOl 

It !JUly be preceded by any number r:l :a::ros. If it is preietlt lbea it will be foUowed by an undelem.iled 
ntmber O( data b)tes terolina.ted by tbe ned Sta't code. D ese data byteS WC reset'YeO for future em::nsioN 
10 t.bls pan tX ISOfiEC 1 1172. and sbould net re gerernted by encod~n MffiG video deooden si ould have 
tbe capabilitJ to discard ally exleDSirn data: fotnd. 

0 .5.1.13 User data 

A user dan srart c:ode may foUow the q>ti>nal ex~mioo clat't. This sta't code is bytt...ali~ 3ld is 32 bits 
too g. Ds vabe is · 

iex: 00 00 01 82 
binary: 0000 0000 (XXX) 0000 0000 0001 l Oll 0010 

It may be preceded by any number of uros. II it is present the~~ it will be folo"'ed by an undeletm.i.Jed 
numbero(databytes ten:ninate4 by tb.eneu statt code. nese data bytes can be ure.d by tre enCX>der ror any 
purpose. The ml! restrlctioll ClJ\ lhedata is lhat lke)· cwnotemolate a sta't code, even ifnol byte-aligned. 
This mea11s lhaT. a s lrin& d. 23 cOIISeculive zeros mu;t DOl occur. One way 10 preveu em~Jation is 10 for.:e 
the 111ost sig.ifJCallt bit or all.emate bytes to be a 1. 

In dosed enrorer-deoodet systems tre decoder nay be able to u;e ihe data. Ia the mae general case, 
decoders s!lould be capable ol' dJscarcln& lbe user ltlla 

0 .5. 2 Group of pictures 

Two diMirct picture orderings exist, !be dispay ordes aJd !be bitslrelm order (as tky appc:ar in tbe video 
biiStream). A group of pictures (&op) is a set of p cturcs "bich are collliguous in dilplay ordec.. .\ VOUP of 
pictures oust contlin at least oae 1-Jicture. This req11ired picrure may be followed by any number of I and 
P-piaures Any DWllbel' cl B-piclues may be interspersed relWeen eac.b ,rut of l or P-plawes, a.ad may 
also prere4e !be fitstl-piccure. 

Property 1. A ,roup of pictares. in bitscreao a-dec. must start wilh an l-pcOJre 3lld may be foUowed \y 
any numbec of I. P or B-pictves in aoy order. 

Property 2. Anotbec property of a group of pk:tw-es is lhal it IOOSI be gil, Ill display on!ec witb aa I oc a 8-
picture,alld must end ~ilk M I or a P-picture. The nna11est group of rictuns coasists of a s~le I -picture. 
w•er-..as die tar,est size is unlimired. 
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The origina cooooJX of a group of pctures was a set of pictures tbal could te (.()(i!d an£f displayed 
indepcodeitly of any other ·group. Jn the final version of this part ofiSOIJEC 111 n this i; rot alwa:::;s 
rue, and any ll-pctures preceding (ill display order) lbe fust J-p icture in~ groap may JCqum tie last pictllre 
n tbe previous gro~ in orda «> be decoded. Nevertbel~ encaiels am stil oonstruct groups of pictwes 
1Ybich are adepe!IC£ntof one anelber. Ooe way to <b this is to oxmt any B-pictures preceding tre first 1-
piCilJ.re. Anot)er way is ro aJJow such 8 -pictures, but to code ~m using only backward motion 
comperuation. 

Prcperty 3. From a. coding point o f v~, a concisely dated property is tllat a group of pictures begias 
with a group apctures .beader, and either ends at tbe next group ofpcures heaecr or at lhe nextsequena: 
healer or at tbe end of sequ~. whichever oomes fust 

Some examples of El'OOP> of pictllres are given belmv: 

I 
I p p 
J B p B p 
ll B ( B p B p 
ll B ( B B p B B p B B p 
B I B B B B p B I B B I I 

F igure D.17 -,- ExanpJes of groups or pictures ill display order 

These e~a.mpks illustrate what is JlOS&ible, and do n ot constitute a su&gestion for structurei rX gro11ps of 
pictures. 

Group of pictures start code 

The group of pictwes heada starts wi!) lie Group of Pictures start (X)(:! e. This GO<Ie i~ b)te-align:d an!! is 
32 bits long. Its value is 

bex.: 00 00 01 B8 
binazy: 0000 0000 0000 0000 0000 0001 1011 1000 

It may be ~ed by any number of z..~. 'The encoder may lnve ioserted some 2el'OS «> &et byte 
alitnment, and may have ioser1ed additiooal reros to prevent buffer underflow. An editor may have insened 
zeros in order to matcl the vbv_ delay par.uneter of the ftrSt piclllre ill t.be gro1p. 

Thne, code 

A time c.ode a 25 bits immediately ronows the group or picwrcs start oode. This encooos the same 
informatioa a1 the SMP1E tUlle code 14). 

The time code can be broken down into six fields as sbo\\0 in table D.4. 

Table 0.4 - Time cDde fields 

FIEID BITS VALUES 
IXop frame flag 1 
Hours 5 0 to 23 
Minutes 6 0 to ~ 
Fixed 1 I 
Secoods 6 0 to~ 
Pictue number 6 0 to 6l 

The time code refers to tbe fmt pidure in tbe group in display order, i.e. the i'int pic lllre witb a lelDporal 
refennce of zero. Tbe SMPT.E time e<de is included to provide a video time idrotification to applications. 
It may be disoottinuoos. The pnsentatian time-stamp in tbe SysiWI layer (Pan 1) bas a tJucb •i~er 
preci.sio• and identifies the time of pre.entalioD of tbe pic ture. 
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C losed GOP 

A o~ bit nag follows the time code. It denotes whether the group r:L pclnres is open or closed. Closed 
groups caD be decoded without using demded pictures of tbe previous gta.up for motion compensatioo, 
wltereas Operl groups require sucb piciURS t) te availai>le. 

A typical exanpleofa closed groq> is stlown in figure D.18a. 

I B B p B B p B B p B B p 

0 1 2 3 4 5 6 7 8 9 10 11 12 

(a) closed !10UP 

B B I B B p B B p B B p B B p 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

(b) open a dolEd group 

Figure 0.18 -- Example groups of pithres in d ispl3'y order 

A less typical ex.ample of a clo500 group is shown in figureD.18b. In this exrunple, the ll-pictures which 
precede tbe f!rs1 1-pictwe must 1se backward motion compensation only, i.e. ally mcxioo compensation 
IDIJSt be b~ only oo picture number 2 in tbe group. 

lftbe cbsed_gop flag is Sd to Othen the grou;J i~ opea. The f.-st B-pictures th.1t precede the first [-picture 
in tbe groop may bave been encoded using the ~t picture in tlle previous gJOup for motioo compen..<ation. 

Broken link 

A one bit nag follows tbe close(! _gop flag. It deaotts whett:er the B·pi~ which p~ the fust (. 
picture in lhe GOPcan be correcd ydecOOed. If it is set to 1, these pictures cannot be correctly decodtd 
becaust ~ I -picuxe or P -picture flom tlle previous group pctures tlat is required to foon the J:re<iiclions is 
n« available (presumably because tbe preceding group o f pictlrC$ h2s bero removed by e<iiting). The 
decoder will probably cloose ntt to display these B-pictures. 

Jf the SGquence is edited so that the origiaal group of pictur~ no longer prece-des tle mrteDt 8f'OUP of 
pictures then tb!S flag nonnally will be set to l by lheeditor. However, if the cla;ed_gop flag for the 
clJITCilt group or pictures is set, lhen the editor should n01 set t.be broken_link flag. Because tbe g~oup of 
pictures is closed, tbefust B-pictures [rl' aD!) can s till be deoodedco~tly. 

Extension data 

11is s tllrt rode is byte-aligned atd is·32 bits long. Its v;tuc is 

hex: 00 00 01 B.5 
binary: 0000 ooco 0000 0000 0000 0001 10110101 

It may be preceded by any n umber of zeros. If it is presentlhen it will be f oDowed by a1 •ndetamined 
number of~ bytes terminated by the next start code. The$e data bytes are re5a'-ed for future ell. tensions 
to lim pan of. ISOJtEC 11172. and mould rot be geD.Crated by encoders. MPEG video decoders shou1d have 
the C.'q)abilicy to discard any extension data found. 

User data 

A u ser dati start code may follow cbeo(tional elteJ.sion clala. This stln rode is byte-aliped aad is 32 bits 
long. Its Yalue is 

hex: 00 00 01 B2 
binary: oooo ooco oooo oooo oooo oro 1 1011 001 o 

It may be preceded by anym.mbecofzetos. Ir itis present then it will be followed by an undetmnined 
numbet ofdata bytes tenninaledbydle next start code. These daca bytes can beure.d by the encoder for any 
purpose. The only restriction 01 tlle data is tint they cann01 emulate a start code. even if oot byte-aligned. 
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This means thaL a sring of 23 coosecwve <eroS .,ustnot occoc. One 'llfflY ID p-event emRla!ion is to force 
lbemost sipill'JCa.nt bit d alretmte bytes to be a 1 . 

In d0$Cdencodt:~-decaler systems !be deco<b' may be abe to use lbedaa. In lh: more ~ea:ral case. 
deaxla"s sboutile caplble of discarding tbe user <bta 

0 .5.3 Picture 

The picture layer contains all tke coded irtormation for ore picure. The ~d.er i<bltifie.s lbe temJX)nl 
rerereace oC t.be pclll~ the pictwe coding ()pe. t.re delly in tle vii1e0 buCfer venner (VB V) ald. if 
appropriate, the range ofmoti<n vectoiS used. 

0.5.3.'1 Pictu re header and start c oda 

A pi.clllre begins will a p icture header. The header stans wilh a picture s trut code. 'Ibis code is byte-aligned 
and is 32 biss lo11g. Its val11e is: 

bex: 00 00 Gl 00 
binary: 0000 0000 0000 0000 0000 0001 00000000 

It tmy be preceded by any nuni>er of uroo. 

0 .5.3.2 Te mpora l reference 

The Tanpol31 Reference is a tm-bit numbu w•ich can be used to define lbc ord.:r in whid the pictures 
mug_ be displayed. It may be tSeful sillce pictures are aot transmited in <ispla! order, but raber in the 
on:Jer which tbe decoder" needs to decore them. 'Tbe fm:t pcture. ;. disPa) order. in each grotp must ba•1e 
TeuJXW3) Rzference equal to z.ero: This is i.a-..mented by 011e [Of each picttre in !be group. 

Sooe txmlple groups of pictues with tbeir Temp>nl Refe.rmce ow• beTs are g1ven l>elaw: 

Exanple(a) in I B p B p 
dis(iay OJdef 0 1 2 3 4 

Exanple(a) in I p B p 8 
<kcoding ora:.r 0 2 l 4 3 

Example (b) in B B [ B B p B B p B B p 
cispay Older 0 I 2. 3 4 5 6 7 8 9 10 11 

Example (b) in I B B p B B p B B r B B 
mdcdMb' 2 0 I 5 3 4 8 6 7 11 9 10 

Example (c) in B I B B B B p B I B B ( I 
dsPayOider 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 I B B I 
CXldcd order I 0 6 2 3 4 5 8 7 11 9 10 12 

Figure 0 .19 -- Eumples of g roup! of pictnes and tempora l refer ences 

If dJerc rue 10cre trum 1024 pictures in a groep .• then tbe 1't.tqxlra) Reference is reset to zero and tben 
iatr..ments anew. This is illusnled belo,: 

B B l B B p ... p B B p p B B p dlspay Ofdet 
0 I l 3 4 5 ... 1022 1023 0 1 412 473 4i4 475 

Fi&ure D.2() ·- Example g roup of pictu res containing l 500 pictures 
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0 .5.3.3 Picture coding type 

A three bit ntmrer fonows the temp<ra] refesence. l'b.ii u an index into the following table defining the 
tnx or plctl.JrC. 

Table D5 •• Pictur~ types 

CODE Jt PICI'UR.E TYPE 
000 FOibiddcn 
001 J..picture 
010 P-pici!Ue 
011 B-pictuce 
100 DPicture 
101 Re.<ened 
llO Rerencd 
111 R~ed 

The v<Yioostypes of pictures are described in D.2.3. Codes 101 through 111 are reservtxl forfinure 
extensbns to this partofiSOIIEC 11172 DerodeJS ~Jid be capable of discruding nll pictures of this 
l)pe. and scan for tile ~~eJ~l picllre Sian code. Eroup start code or sequence ~lrut core. Cooe (Xl) will never be 
tued lO a\'Oirl start <::()(k emulatioo. 

0 .5.3.4 VBV delay 

For coas unl bit rateorention. vbv _dela! em be used ar. the stlrt of decodiag anif afur a random ac:cA:SS to 
U Sll"elhat lbecarect ownberofbiJs ba\e been real by lhedeca:ler befocelbe rii"Stpictureis d~layed. 

The btt'fer ful~ess is 11.01 sperif'ed in bitS but rather in onils of time. The vbv_de!ay is a lti-bit rut~ bet" 
defiaiog lhe time needed in ut:its of 100000 s tom the iqx~t bufb of UJe model decoder from an empty 
sate to lht rorrea Slate at tbe 'it rate spe;i.liecl in t:be seq..en~ beader. 

For exrmple, suppose the vbv _delay bad a decimal v~ue of 30000, tben the tim e c:k:lay wwld be: 

D= 30000/90000• l /3 s 

If the cbaanel"trate were 1,2MbitS/s tam the rontentsofthe buffer before tie picture is decoded would 
be: 

B = 1 200.000 /3 = 400 000 bits 

If the decoder detennilled !bat its actual buffe.-fullness d iffered signifu:antly from th.is value. tben i t ~~d 
bave t.o adopt s:JIDe strategy roc regaining syncbroni7A~tion. 

'ne tneanint; IX wv _delay is mdef"med for variable bit nteOJ:C.rntion. 

0 .6 .3 .5 Full pel forward vector 

1\.is is a one bit !lag giving tre precision or ue rorwa.rd motbn vectors. lf it i1 I then tbe precision of the 
vectors is in i~eEer pels, if it is r.ero tlen 1he p~ion is hal' a pel. 'nu$ il tbe flat is set 10 one ue 
vectors have nvire the mge tllan tiley do if the flag set '> zero. 

Uis fbg is present ooly in the headers of P-pictwes and Bi)ictures. It is absent in 1-pictwes aDd D 
pictures. 

0 .5.3.& Forward f -c:ode 

This is a tbtecXlit number aDd, like the full pel forward Tector flag, is prestntoll.ly in the ~ezs of P­
pictlre$ atod BiJiCtwes. It pro'ides infunnation usec1 for decoding u,e oodcd forward~ 8.1d cootroh tte 
maximum size of the forwrud vectors lhll can be ceded. It can take ooly vtluesoct throu!h 7;a value of 
zero is forbidden. 
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Jvo parameterS used in decoding tre forwanJ mOlioD vociOfS are derived froro fornard_t_code, forward..Lsi.ze 
and forv.:ard_f. 

Ibe forwrudJ_siu is one Jess than tbe forwanJ_L~ ~so C3l take vallES 0 through 6. 

Ibe forwardj par211leter is given by table D.6: 

Table D.6 -- f_cedes 

forward.badcwan:l f mde fOIWardJbackwatf J 
1 1 
2 2 
3 4 
4 8 \ 

5 16 
6 32 
7 64 

0.5.3.7 Full .Pel backward vector 

Ibis is a ooe bit flag giving the precision of the backward motion vectors. I fit is l then tre precision of 
U1e vectors is in iote~ pels, if it is uro then the precision is half a ~1. TI1Us if t.lle fla& is set to one tbe 
vectas have twice tbe rmge dlan tbey do) if the flag set to zero. 

'Ibis flag is only presen1 in the bearers of B-pictllres. It is absent if, I -pictures, P-pictures aadD picrures. 

0 .5 .3.8 Backward f-code 

This is a three-tit number and, like the fuU pel bacl"Ward vector flag, is present only i.n the beaters of B­
picrures. It pl'O\ ides nfonnation used for decoding the coded bac~Naro ...ectors. h can take only values oC 1 
thro14th 7; a value of teiO is fortidden. 

1b! backward_f parame~eris derived !ron lh.e badcward_f_code end is given by table 0 .6 

0.5.3.9 Extra picture information 

Exu-a picwre infonnalcn is the next field in the picture header. Any auJOber of infonnaJiOl bytes may be 
present. An infonnation byte is precOOed by a flag bit wbicb is set to l. Information bytes are the.ref<re 
generally not b yte-aligned. The last infomation byte is followed by a zero bit. · The smallest si2e of dli~ 
field is therefore one bit, a 0, that bas no infoonation bytes. The largest site is unimited. The following 
example bns l6 biiS of cxiJa information denoted byE: 

lE EE EEEE ElE EEE EEEEO 

Where E is rut e:xua i11fonnation bi. 

The exua information bytes we resened for futtre extensions to this part of ISO!IEC 11172. The meaning 
of these b)teS is etrrently undefmed, ~ encoders musl not generate such byleS and recoders must be~le 
of discarding them. 

0 .5.3.10 Extension data 

This start rode is byte-aligned mel is 32 bitS b ng. Its value is: 

hex: 000001 B5 
bilary: 0000 0000 0000 0000 OCOO 0001 1011 G 101 

It may te prereded b! anynumberofzeros. 1f it is present then it \'fill be followed by an undetermined 
mmber of dala b)'ll:S tezminated by the rext slart co:le. 1bese da!a byteS are reserved for future e:xteasions 
to thi> put of ISO/IEC 11172. and should not be gmemt.ed by encoders. MPEG video de corers must be 
capable of d~ing lhem. 

72 
Page 82 of 124 



lei&>AEC ISOIIEC 11172-2: 1993 (E) 

0.5.3.11 User data 

This start code is byle-ali!ued and is 32 bits loug: Its value is 

hex: 000001 B2 
binary. 0000 0000 0000 0000 0000 0001 1011 0010 

It may be pnceded by any niiDber of zero>. lf it is present then it wil re followed by aD undetennined 
nllllba o f data bytes terminated by tbe next start code. These dala byLes C3l be used by ibe eocoder for ooy 
purp:>sc. 'The ool:-- restridio• en the data is thai !.bey cannot emulate a start code, even i[ rot byte-alitJled. 
One way 10 prevent emul:ltion ls 10 force the rrost sigmfic~ bit of alternate b)'tes to be a 1. 

In closed cncoder-decodersy>tems the decoder ma~ be able to use ue data. In the moce general case, 
decOOers !bould be ~le of discarding t.be uset data. 

0.5.4 Slice 

Pictures are divided into slices. Ea.ch slice consists d. an integral rulllber of macroblocl<s in nster scat 
order. Slice3 can beofdiffe~ett sizes within a picture, wd tre division iu ooe picture need net re the same 
as the division in anr other pictJre. Slices can be~n and end at any macroblocl< ill a piclllre subject to the 
following restrictions. The lint slice mull begin at 1be top left of the picture, and the end of the last slice 
must be the bouom rigbt macrcblock of the picture. 1rere can be no gaps between slices, ncr can sli::es 
overlap. The minimum nlliDber or slices in a pctllre is or.e,- tbe maximlm nlllJlbec is equal to the nWlber 
of llll\CToblodcs. 

Eacb slice starts with a slice stllrt code, the exact valae of wbicb defiues the venical position of lbe slice. 
This is folloved by a code tbatsets tbe qwntizatim step-s ize. At cbe start of each slice !be predic tors fa 
tbe <k: coefficient vabes and the predicton fa the vecta decodillg are 'al reset. The lvrizcntal positim of 
the start <:1 fie dice is given by the nacrohlock address of the fnt macrobloc.k in the slice. The result <Jf 
al this is that. withiD a picture, a slice can be decoded without infonnalion from tlle previous slicrs. 
TherefClre, if a data erra occnrs, decaiDg caJl be gil again at lbesubst.quent slice. 

If the data ate tore used in ro error free eniroliDlent, tbeD oue slice perpic.tlre ~Y be apprq>rnte. lf tlle 
e.virorment is n<isy, tbea one slice per row ofmacroblodcs may be IJ}()re desirable, as sbown in figure 
D .21. 

1 begin end 1 

2 begin end2 

3 begin end3 

4 begin end 4 

5 begin endS 

6 begin endS 

7 begin end7 

8 begin end8 

9 begin end9 

10 begn end 10 

11 begn end 11 

12 begn end 12 

13 begn end 13 

FiJ!urc: D.21 •• PCJssible aJTange111c:11t o f s li ces in a 156x19l picture 

In"tl:Jis figure and in tbe next, ~cl strip is o11e mocrobloct lligll, i.e. Hi pels bitb. 
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Since each ,uce hea1et requires 40 \its, then is some penalty for incuding 100re tban the mirimum 
11wnber of slices. For enmpte, a sequence vith a verticat~lalion of 240 lint:$ coded at 30 piaures.ls 
reqWre.s apJroximately 40x30 = I 200 biWs for Lbe slice ~ders using one slice per pictare, a.'ld 40x 15x30. 
= 18 OOObils/s witbone dice per row, anad:litional overhead c:L 16 roo bilsls. The caJoolation is 
approximate aad unrJerestimal:cs tbe impact. since the inclusion of a s1ice imposes additional m:tuirements 
tbal tbe ~lock irrmediatcty before the sl.i~ reader be coded. as well as tlle fu-s. maaoblock in the 
slice. 

The coding siJUClUrc permits greM fleltlbility in dividint a picture 1p into slices. One possible arrangement 
is sbown in fi1ure D.22. 

1 begin 

end 112 begin 

end 213 begin end 3(4 begin 

erd 415 begin 

end 5 

6 begin 

end 6J7 begin 

end 7j 8 819 begin end sJ1 o begn 

end 10 

Figure D.22 •• P•ssible arrangemeDt of slius in a 256xl92 picture 

1b.is divi3ion into slices is given forilluslrative purposes only. lt is not intended as asuggescion on bow to 
divide a picture i.Bto slk:e$. · 

0 .5.4.1 Slice haa<ter and start code 

Slires sm wilb a slice header. Each slice header starts wi.tb a slice start ro:le. This code is byte-aligned 
aDd is 32 bits bng. Tbe last eigh[ b its Call take on a ra~~ge of va1ues which defme the vatical position of 
the slice in the picture. The permitted slice start codes are: 

be:t: from 
to 

binary: from 
lO 

00000101 
00 0001AF 
0000 COO) 0000 0000 0000 ()()() 1 0000 ()()() 1 
0000 0000 0000 0000 0000 0001 1010 1111 

Ead:l slice Sla11 code may be preceded by any number of zeros 

The last 8 bits of the sli~ SM c00e give the slice verti:al posili011, i e lhe venical posieioa c:L t}e ftnt 
macroolock in the !ilice in units oC macro blocks starting v.itb position 1 at tbe top of the pictue. A u;eful 
Yariatie is llll.Cr'OOiock row. This is sinilar 10 slice veri em JX>Sition exrepl tll3t ro,.,. 0 is at tre top of the 
picture. Th:Js 

slice vertical position = macroblock row+ 1 

For example, 2 slice startoocleof00000101 hex mea:~s tlutlheflnt macrobloclc in the slice u at vertical 
J!Osltion I <r macroblock row 0. ie. at the cop of lbe picttre. A slice startcodeofOOOOOlWilex means 
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that tbc fin.t maad>lock is at vcrtical position 32ortmeroblock row 31, i.e. at t.he496tb row or pets. ll. 
is p>ssible for two oc more slices 10 uve tbe same vertical position. 

The maxirrun veri<:a position is 175 IIDils. A slice mtb this posit.i:>u would I"C(jUire a venical size of 
175x16 = 2 800peis. 

lbeboriloJital position of fle fllSt aucroblod: in the slice can be calculakd from its nucroblodc address 
iDcJeulent. nus its posilim in tbe pcwre em be 4Cietillaed "'ilbout referring to any previous slice or 
nacroblc:x:lc. ThiS a c:kco<krJruJj decode any slice ina picture witlouthaving <b»dcd any other slice in tle 
same picture. This feature illi.O\\'s dea>decs to recover frona bit errors by search Wig for tbe next slice ~tart 
code aDd tbeo resuming deoxling. 

0 .5.4.2 Quantlzer scale 

The quamzec scale is a five-bit integer which is used by the OOcoder k> calculate t.OO DCr coefficients from 
the lnlllsmitted quaali:zed coefficients. A valLe Clf 0 is fetb1dden. so the qua.nlizer sx:ale carl have aay value 
between I C!lld 31 iaclusive. 

Note ia a:Jdtion that Lbe quanlizer $C3le may be se1 ai 3Jly macrobloct. 

0.5.4.3 Extra slice lnfonnation 

Extra slice information f()nns the last field in the slice reader. May number of infom.at.ion bytes may be 
presenL t\n information b)'te is preceded by t flag b il wbicb is sel to 1. hfonnation bytes we tbecefore 
genemly not 'byt--tligned . The hut il.formatio11 byte i ~ followed by a zero biL 1he smalleSt size of tlis 
Fdd is treref<lreone bit, a 0, that 1aas no ilfcnoatioo bytes. The Jar,es siu is uDlimiiOd. The followin& 
exa11ple bas 24 bits of extn. iufamatioo dencte4 by E: 

1EE EEEEEE I EEEEEEEE1EEEEEEEEO 

The extra information bytes are re&:ned f<X" fulllree.J~tensiom to lhisi)Nt of ISOIIEC 11172 The meaning 
Of tflese bytts IS currerJtly Ulldefllled, SO fllCOCbsllUSl DOl &enentesucb b)tes and deco4efi DUll discard 
tllem. 

The sl.ieebeader Is followed by code defining the maaobloclcs iJ dle stice. 

0.5.5 Macroblock 

Slicxs are divide(! into maaoblodcs ot 16 x 16 pels. Maaoblocla are COded v.idJ a beader lhat conlails 
infOitllation on the macccblock address, macrobloct type, md the cptional quanliur ~. The beader is 
followed by data definin1 eacl of tbesh blodcs in the r.aacroblock II is ccnvenient to diSCU$ tbe 
macrobl ockheader llelJs in tbe order in wh.icb they are coded. 

0.5.5.1 ~lac roblock stuffing 

Thefust field tn the macroblockbmdec is ·m.aao'Hoclc su«mg'. ThG is an oplion..'\.1 field, a.d way be 
illSerted a omiued at lbedisaetion o f lbe e~. If present il ccns:su of anynumJ,e.rof ll-tit strings 
mtb tbe pauern "00000001111 ' . Tlis md'fl!lg caleis used by the encoder Lo prevmtuooerflow, and is 
disctrcEd by the deoodec. If tbe encoder detem.ln~ lt.at un:ierllow is aboul to occur, lhen it can insen as 
many ~ullhg codes into the fll'St fi~ld of t.be macrcbloct header it likes. 

~that an ucoder I:D.soUer straegies to prevent buffer mdetflow. ltcm ilsert.staff.nfl bits in:mediatdy 
before a start axle. It can redll:e the cpan tiier scale to i.ra'tase tle ntmrer of ca:Jej ooefficientS. 1t can even 
start a oew slice. 

0.5.5.2 Macroblock address increment and macroblock escape 

Macroblcx:ks mve :n addre$s wtich is the •umber of tbe tmaONoclc in ralUt scan order. Tbe t>p left 
macroblock in a picture bas~ 0, t.be ne:n cne to the ngllt ms adlress 1 and so on. H trere are M 
macroblocb ia apic:ture, then Ue bottom right macrd>lock bas anad:lressM-1. 

Page 85 of 124 
75 



ISO/EC 11172~2· 1993 (E) 1D ISO/IEC 

The address of a macrobbck h iiXlicatt.d by l:talsnilli~ tbe ditrereoce between me aJdresses of the current 
ma7obloclc Md the previously oodcd macrol>loc.k.. Th4 diffc;,reace is callectOe m.acroblock ad~ 
incremeat In I-piCIUrCS, all OUCJOl:iodcs are coded and so the macn:bloclc addnss ircrement is nearly 
dways cne.. There ls one excc:ptioa. Atlbe begiomn~ of each slice tre oacroblcck address is set tO lhatof 
tberiJbt hmd ~meroblockoflhe previous row. At the tegillJlio~ of tie pictwe it u set. to -1. lfa slice 
does 'DOtsurtat !he left edge cftbepiaure, then lhemaaoblock ad~ r.cre:meu for the fl!'Stouaoblock. 
in lbe sLice will be larget than 011e. For exanple.. tile pi awe C!f figure 012 has 16 macrobbcks pel row. 
Atlbe stuto( slice2 tbemaaobloc:k tddtess is set to 15 which is the address of lhemaaoblock at tle ri~bt 
baDd edge oflhe top row of macroblocks. lf the fint ~licemnta.ined 25 maaol>loclcs, 10 of them would be 
irr tbesecotd row, so lhc address of lbe flfS1 maaoHock in ~lice 1 would be26aro tbem.ac:mblock address 
incremeot wouJ<I be 11 . 

Ma;robloct aidres> ncrements are coded u;ing tbe VLC cedes i11 tre table n B. t 

It can be seen t.ba..t tlere is ao code to ndicae a oaaoblock a<tJress increment of zero. This is why the 
maczoblocl address is set to -1 ralbet than rero a tlle lOP of a pictwe. Tbe l'i~t macroolock will !lave an 
inaemeot of one makin~ its addiCS$ equal t () zero. 

Tbe macroblock acklress increments allow lbe positio11 of tre matroolock within lhe picture to be 
delelmined. FOI e'llample, as~me d-lat a slicebeltder .bas the start code equal to 00 00 01 OA hex, that the 
picture width is 256 pels. and that a maaoblock lddress inctemeot code 0000111 is in the macroblock 
beader of tile f'tm macr<lbloclc in tile slice. A picrure width of256 peb impia t.llat there are 16 
macroblocks per row in tills picrure. The stice stan code tells us th3t lbe slice vertical position is 10, and 
ro the macroblock.row is 9. The slice badc:r sets the !!feVious macroblock adc:lre$ to tile last maaoblock o n 
row 8, which bas address 143. The OU!Cfobbck a.1dress ilcmnent VLC lead> tD a macroblod:: ad<tess 
'i!lo:einent ()f S, and so the ma:robloct address of the first rnacrobloclc io tre slice is 143 + 8 = 151. 

The m.acrol>lock: row nay be cakulated from ~e address: 

151 I 16 

9 

11le divtSion synoot signifi~ inte&ertnncaOO!l, not roiJilding. 

Ibe macroblockcdunnmay also be calculated from the address: 

macroblock oolliDin = rnaaoblock address % macrobbct width 
= 151 9f 16 
= 7 

Column; we numbered from lhe left of the pict\l'e starting at 0. 

There are two SJeCial codewOJds: escape and stuffing. 

1be escape code means 'add 33 to the following maaobloct aldress increment". nis aft>ws incremeats 
gnater lhan 33 k.l be coded. Forexarr1ple, an incremeat of 40 would be coded as escape plus an iDcreme:Dl 
of 7: 

0000 00)1 00000010 

Aa illCremeol or 70 woUd be coded as two~ rores foUowed by Ue code for an iJXmllcnt of 4: 

()(()(} 0001 0000 0000 0010 ()()()() 11 

Tbe stuffing code is iDcbded since tbe OOcodei must be tble to d slilgui5b ic. flom inaerr.ett codes. It is 
used by lbe e.ccJder to pre\ellt Ulderflow, aad is discarded by tbe 4ec:nd!r. 
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0.5.5.3 M•croblock types 

Ea:b oftbe picture t)'J)eS I, P, and B, tlave their own maaobla;k typeS. See respectively, 0 .6.3, D.6.4, 
an<l 0 .6 5 for the codes ood thein:le.ai.ptioos. 

0.5.5.4 MotJon horizontal/vertical forward/backward codes 

The interptetation of these co<les is explained in 0 .6.2.3. 

0 .5.5.5 Motion horizontal/vertical torwardlbac:kward R 

The interpretation of lbese co<1es is explained in 0 .6.2.3. 

0.5.5.6 Coded block pattern 

This code descril>es which blocks witlin tbe mactoblock ae coded and traDsmit£<1. The int.erp.relatioo of 
t.bS ~ is explained in 0.6.4.2 

0.5.5.7 Enct of macrobloclc 

This code io; used ooly in D-pictures and is describeit In 0 .6.6. 

0 .5.6 Block 

A block is an array of 8 by 8 component pel values, treated as a wit and nput 10 lhe Discrete Cosine 
Trans!Of1D (DCf). Blocl:s of & by 8 pels are tnruformtd into arrays of8 by & OCT coeffieieats using the 
twD dilrensiooal disaetE. cosiae traDStonn. 

0 . 6 Coding MPEG video 

0 .6.1 Rate control and a·dap1ive quantization 

The encoder must 0011trol U.e l>itrate s:> thallb~ 111odel decoder input buffer neither o,.erllows oor 
underflow~. Since tbe model <leco<b" removes all the bits 3$0Cialed with a pc:tuTe from the inpat buffef 
i~taatanC<lusly, it is neceswy to Q)lltrol only the total nrnnber of bits per picture.. The e.a:xler slould 
allodte the total ntxxbers of bits runong the various types of pictlll"e$ so tiat the ~ivecl qaality is 
suitably balanced. The disuibution will vary with l}e scene content and will the partie~Ja- distribution of 
lbe three picnret~ (1. PantJ B-pic tures) . 

Wilbin a pictve the encoder &loold aD ocate the total rurr.ber d ljts available among the macrdllodcs to 
maxilnir.e tbe visual quality of tile picture. 

One ll'letbal by wbicl a. eoco<k:r rolllrols the bit rate is to · 'iaty tile quantizet s~le. This is set in each slice 
header, and may be set~ tile begilllling of auy macroblock, givinz: ll1e enc:oder excelknl control O\'er tbe biL 
rate within a picture. 

0.6.1.1 Rate control within a seqllence 

Fa a typical coding scheme represmted by tbe followWig group of pictures in display order. 

BBIBBPBBPBB PB BP 

it bs been foun<l 00! good rauls ca11 be obtained by malehin& tile Yisual quality of lhe I and P·pictl!l'e$., 
and by Jeducng the a>de size o f the B-pk~ to save bits giving a generall) lower ~tJ roc lbe 8 -
p ictures. 

The best aDoeation of bits am>ng tile piawe typeS clepen;ls on the scere conenL Wort d the MPEG 
video couuniuee s•&&esiS that allotting P-Jictures aboot 2-5 times a> lllally bits as B-piclll"e$, and alloning 
1-picl\JRS •P 10 3 times as mooy bits cs P-p ctllreS gives good Jes!llts for typical nlhral scenes. If tberc is 
little motion or change in the video, tkn a greater proporti<JD of tbe bits should be alorted to the 1-picblre$. 
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H there is a Jot of mOiion <r cb3li&C. Oell tte prqxrtion allotttd 10 1-pctarcs sbould be reduced md mos1 of 
l.be savogs giVED 10 1be P-pia:ures. 

A reasonable enooder algoritbn is to uan wilD lhe f01egoing estinata. Ill eo reallocate bits dynamically 
depeeding oo the narureofl.be video. 

0.6.1.2 Rate control within a pi~ture 

If !be buffer is reading tl>ward Otmflcw, the quanliz..er scale sbotjd be ioaes.sed. lf this actioo is oot 
s uffidCill to pever:t Cll impending ovecfbw dlen, as a W! resat. 1ht e~~ooder couH discard hi~ fleqleacy 
OCT ooefficleniS md trmsmit only low frequency ones. Allbou&h thl' would probably po4uce riSible 
anifacts in the decodfd •ideo. it would Boo wa)' C0111'rom1se lbe validity c:f lle coded bistre:m. 

If !be buffer is reading toward IDlderfbw, tbe quantizer scale snoukJ be n:duced. If Ibis is not suffi<±nt.lhe 
eooodercan insen macroblocl: sluffm& mto the bitstream. or add leading reros to s1a1 rodes. 

Urder TI()I"J'JUI) circwulalces, lbe eoc.odet cilcllaleS and molritors lhe srue of 1he TDodel decoder buffer lDd 
cba.n1es t.be quanti:zer SOlie to avert bah overflow and uooetflow problems. 

One simple algorithm that helps acccmplisb this is to mo~itor tie buffer f•lln~. Alsume that l.be lXts 
have bee"o allooned amoog tbe varioUS pictlre typeS. aoO t.bat Cll averase quantlz.er Scale for· eadl J)iCIUre type 
bas been e$l.abli$bed. Tbe acbal buffet fullness at a:ly IJ11CIOblock in a pictllrecan 00 calculated and 
conpared wilh lbenomilal falliless, ie. the value flat ~uld be obtained H tre bh.s wert) UD.ifonnly 
d.istribuled amoag all l.be oaaobloclo a tte piaure. H tile buffer fullness Is W"&er than the notriml mlue, 
lben tbequanl.izer scale Jhoultl be~ lligher Will the average, whenas if the blffer rullness is smaller lbao 
lbe nominal. lle quantittl" scae sbould be ~lowe~ tbm lbe ave.age. 

(f 1be quantizer scae is kept oot1St3lt over a j:icture, lhea, for a given number of coding bits, the lOCal mean 
5q1are cna- or tbe co4ed pictue willleiXJ o te cl<»e 10 lle mini11um. Ho\fever. ~ visual appeaance or 
most pi«wescm be improved by r.wyillg tbe quar:t.izu scale over lbe picture, making it smaller in sa:ouh 
areas of the pictuTe and larger in busy~ This ttclm.ique reduces tle visibility oC blodcDe.$ m smoolh 
areas at the expense c:L maeased q.amxatioo noiSe in the busy area> wbere, however. it u oaSrei by lbe 
image ddail. 

Thus a goal algorithm for C011troUiog the bitnte wilb.io a pittlll"e adjuS:S tbe qtmli2er scale depending on 
both tbe calculaled buffer fullness and oa tile locaJ inage oootenl Examples oC tcdmiques brale cottrol 
an4 (JJ31ti7ation may be founl m ml:8l 

0.5.1.3 Buffer fullness 

To give 1.be best vuu:ll c,aality, the encoder should aJmo~ fill tbe input buffer before instructinz tJae decoder 
to start decoding. 

0 .6.2 Motion estimation and compensation 

D-5.2.1 Motion compensation 

P-picwres use o:oti>o CClDlpei.Sation to eq>loit temporal redundancy in the ~ideo . .()c(:oders cmsruct a 
predicted blodc of pels from peb i:a a previously tnnsmiued pic lUre. Motion wilbin lhe pictures (e.g . a 
paa) usually mplies lhal tJae pels in t1e previous plctare will 1>e in a cif~nnt posilioo fron lle pels in the 
cwrent \lock, ru:d k dilpbcane.tu is givea by n04ion vectors e&1CXded i• the biutream. The predicta! 
block is usaally a good estimate of tht cuner:t b!odc. ant! il is urually more efficie.tiO t.ransmit lbe lll()tion 
vector plus tile dffcreoce bet.,..een lle pred aoo •~oct: an;l tk curteDt block. tban to UCilSillit a ~ti>n or 
the cvrentbloct by itsdf. 

Cmsider tJae folklwing tyJjca group of pi<tures. 
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Ficure 0.23 - Group of pic tures ia displ•y ordu 

ne ]-picture, pictnre 2, is decoded ~itllout requimg any noli on vectoo. Tlx: ftrSt PiJicture. nmnber 5, is 
decoded using motion veciOf'S fron picture 2. Tlis motion compensation is called forwanl m01i011 
canpensal.ion since t. is forward o lime. Motion vectors clefine l.be m01.ion of a macroblock. i.e. the 
motion of a-16x 16 bbck cL ltiiilinance pels and c.he cusocilrt.ed cm.milaocc: coiJ"C)Oileats. Ty)Jicall y. moo 
macrob~ in a P-p.icture use mttion e001penmtion. Non-zero motion vectors are transmitted 
differemally witb reference to tbe last transmitt.ed molim vector. 

ne Wlllsmltted vectors usually have a precision of b:l.lf a pel. lbe maxim 11m rmge cL the v~tor is set by 
t.be forwatdJ para:nc:ter in tbe piclUre hea!Jef. Somelimes. iftbe motion is unusually large, tbe r.mge may 
be doubled aod the acancy reduced to integer ~ls, by tbe fulLJ:dJorward_ vect>r bit in lhc: picture header. 

A positive value oC t.be borizomal or vertical comporent or tile motion vecaor slp~ifie£ tlat the prediction is 
formed from pels m lhe referenced pictu'e wbia are spaially to the right Of below lhe pcls bemg predicted. 

Not all macroblocts in a P-pjctare~y use motion compen..<ati:m. Somemacrobbclcs,asdefined by 
t.be tr.uuu»tud nacroblod: t)pe (see ralie B .1b ). Tl'.ay be irua-coded., md tllese are reamsb'lctc:d witboot 
motiou com~on. Ful details deeming tbe medlod of decodin, tbe vectofs md constru:ting the 
motiou-<:<m.,eosai:d miiCIOblock u-e gio'ea ill 2.4.-4.2. 

Pi)ictwe & Ia f~gure 0.23 uses fotw3'd motiM COfl~twuion from pictt:re 5. P-pic:tures always use 
forward IIIOli:mconpem;a!ion from me last tranunucd I or P·picnre. 

B·pictures may use notion co~on from lt\e previol.l') I or Pi)ictwe, fum lbe next (m display order) I 
or P-picture, or bttb; i.e .• fran the last two csansmittt:d I cc P-p.otarcs. 

Prediction is called fcrward if reference is made t> a picttre in the ~t and caJied baclciJ'arlt if refererre is 
made 1.0 a pi<:twe in tie future. Fer example, B-pic:ture 3 in figure 0.23 uses forward motion oonpeo.satioo 
from 1-picture 2, and backward molioo compensation fran P-picture 5. B-pictv.lu ma)' use~ forward and 
ba:k.lvard molioo compen~tion all1 avera,e tberesu.l. Ibis operalion is called intc:rpolathe motioo 
ccmpensatioil. 

All dlree types of m otion compensation are 11sefu l, and typical ly are used ia coding B-pictures. 
Interpolative motion ccmpensatioD has IJle advantage of a-yeragirag any noise preseaL Forward or backward 
motion canpensatioa may be more useful near the edges of pjctures, or where a faregrnmd object h 
passing in front of a futed or sl<JW moving backgrwoo. 

Notedu.t Ibis tecbl.iqJeofcal.ing vilb P and B-pictmes in~ the coding effiCiency. B-picturescan 
have greatu errors of ~tim dla.-1 I or P-pictwes to coo serve axling bils, ~since they are DOt used 
as the basis a mo6011 coiJ1)CilSatlm for fuiUJ'e piCllrtS. these enon may be tolerated. 

0 .6.2.2 Motloa estimation 

M otion com~01 ia a decoder is stiaishtfotw:r'd, btlt motion estimatioa vrhicb includes dttetmining tbe 
best 100000 \'C:Ctof'S ood w~cb mus. re perl()f(J}fd by tbeeocalel, preselllS a formidable compatal.ional 
cbalknge. 

Various xredlc:d> en available to ue encoder. The more C(JID.J)Utaliooa1ly mtensive metMds tmd ro give 
better res~ts, so tbere is tradeoff to be nade in tbe encoder. computational pow,oer, 3ld bence a>st, ~us 
caJe4 vkkD quality. 

Page 89 of 124 
79 



ISO/IEC 11172·2 : 1993 (E) Q ISO/IEC 

Using a seacll stra~gy the encoder atttlq)ts to lll3tch the pels in a tmaoblock wilb IDose in a preYioas or 
futue pi<:ture. The v~tor correspondillg tO the best natcb is reported aJter the searcb is completed .. 

0.,.2.2.1 Btock matching criteria 

In ~ a match, the enccder IDUS( decide wbether to use ·~ decoded pa.!t and future picture$ as tbe 
reference. oc tse the original past am future pictutes. For motion esllmation, use of tk decoded picures by 
tbeencoder gives f.lle snallesrerror in !he error picnre, wbereas me of lbe original picures gives the most 
aca.irat.e moticn "Yectocs. Tie choice depends oo whether the artifacts of increascl roi$C, or greater sptrious 
llloUOII 3:e judged t!) re the more.oqectiwable. There is USually little or J10 difference iD (J.Jality betv.een 
tbe twO melbcds. Note tha1 the decoder d()e) rot perfonn motion estimation. It perfonns D1otion 
compensated prediction cmd inleryolillion llsing vectors calcuhled in the encoder and stored in the bi,stream. 
In notion 0>1Jl>CDS2ted p-edctioo and intttpolalioa, boll ~ enooder md dcccder must use lbede:::od~ 
piaures as ihe references. 

SeYera1 rruttclli!}g criteria are available. The mean square error d the difference between lbe mooon­
compensattd block ud tbe currem block is an obvious clloice. Another possible crlteriw is dle mean 
abrohJte difference between the motion-<:Ompensa~ block and the cliTCnt block. 

Fot half pel sllifts, dle pel vll~s ooald be interpolated by several meth6ds. Since tbe decoder uses a ~le 
iinear inletpOlation, tbere is little reason to use a more complex_ inethod in the e:ncoder. The linear 
interpolatiw method given in Ibis JWtofiSOJIEC 11172 is equivalent to the followng . Consider four 
pels mving values A.. B, D and E ru sllown in figure D.2A: 

A 
y 

D 

b 
c 

B 

E 

Interpol~ion of ball pel shifts 

The val~ of tbe borizon1alJy interpo~ted pel is 

h=(A +B)//2 

wb~ tbe dolble division symbol means dhision wi11l roanding to tile ·~ integer. Half integer values 
are to be rounded to tile uel!t hlgller value. Thus if A = 4 and B = 9 then b = 6J which is ro\.llded up to 7. 

lbe valle of lll.e verucally interpolated pel is 

v = (A+ D)//2 

lbe value of the centnl interpol.a!ed pel is 

c ::: (A -+ B +. D + E) II 4 

0.6.2.2.2 Search range 

Ooce.lllliOCk matclling crlterioo has been selected. so.re kind of search stntegy mustbeaoopred This 
mmt recogni2e tbe lirut.ationsoftbe \ILC tables used k> code lbe vectas. 'Themaxim~m ra~ge or the 
vector depends upon forwardJ_code or baclcW'"ad_f_code. The molioo ve(tOrrnnges are givem in table D.7. 
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Ta•le D.7 -· Range of motioa vectors 

f<XW<IdJ_code ()f Motion ~ran2e 
OOckward r code full _pel=() faJLnel=l 

1 -8 tO 7,5 -16to 1.5 
2 ·-16 to 15,5 -32to31 
3 -~tO 31,5 -64to63 
4 -64 tO 63,5 - 128 to 127 
5 - 128 to 127 ..s -256 to255 
6 -256 to 255..5 -512 to 511 
1 . -512to 511 5 - 1 024 10 1 023 

The range depends on the valueoffuD_pel_fcxward_ vectOr or fuB_pel_backward_ vector in tbe picnre 
bearer. Thl.6 if all lle mcticn vectors were fouad to be 15 pels or It!$, lbe encoder \\Ould usually ~lect 

half pel3CCU13Cy 3lld a forward....f_C(J(k oc backward_f_Olde value of 2. 

The searclt must be oonstnined to take place withi.D the boundares of the decoded refere1ce picture. Moli011 
vectors wbidl refer rope~ outside tbe picwe are notalbwed. Any lXtslreiDl wllich refers to such pels does 
not conform to this part of JSO/I.EC 11172.. 

0.6.2.2.3 2-0 search strategy 

The.re a:e ouny possible metl:ioos of ~b.~ w<Xher picklte for tbe best 11\~h to a cUJrent bloclc, a.d ~ 
few simple ooes will be desetibed. 

The simplest seardl is a full~d. Within tie chosen searcb n111;e all po$Sible d isplacements ~.re 
evaluated using tre block tnaiChing criterion. 

The full search is compltationallyexpeosive, 31id prncticalencodets may nOt be Able to afforct the time 
required for a full sea-cb. 

A si11ple modifiCation of lbe full~clt is to search using only integer pel di ;p~ments. Once the best 
inle~ au1Cb has beeCI found, tile eight oeig!Dowing half-integer pel di~Piacements rue evalumd. and tbe 
best one sele;:tfd as ilustra~ below: 

• ~ * ~ * y 

* • • ~ * y+1 
+ + + y+l,5 

* * + * + ~ • y-+2 
+ -+ + y+2,5 

• ~ " y+3 

* * * 11 y-t4 
X x+l x+2 X+3 x-+4 

Figure D.25 ·- l11teger pel and 11a1r pet displacemen ts 

Asswne that the position x+Z.Y+2 gives lie be~ integer displacemelt match.ilg usin& tlle selecled blod: 
matching crlerion, thea the enc<l<l:r woolll evaluare the eiz.ht pasiti011s with ball pel displacements IJUlicOO 
by+ sigru i• f~gure D.2.'i. If ooe of them we.rea better match tb.ea il would become the mot.ioo vector, 
otherwise tie nolio• vec10rwould remam d!atoft.be illte&er di'J)Jacement x+2.y+2. 

U duri.llg the integer pel search, two or mae positiJns have lie u'lme block matching value, t1'.e enooder en 
adopt a consist.ent tie-brealcing rule. 

The modified full searcb algorilbn is approximately an ocder ofmag~tlde simpler than the fill sem:b. 
UsiDg only ilteger <lsjiacenents roum first stage or tte sewell redu::es lhe number of evaluations by a 
factor of fotr. In addioon, tbe evaluati<Jns are simpler s ince the pel differences can be calcUated dir-....ctly and 
do DOt have to be interpolate:!. 
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For S<liDC app~oos even the modified full search nay be too time consuming, and l faster ~cb m..."ihod 
may be reqa~. Chesucb me.tflod is tbelogaritlmic search. 

0.6.2.2 .4 Logarithmic search 

ln this seard:l methOO, grids of9 displacemetts are examined. arnJ tle ~cb conlinued ba;ed oo a smaller 
grid centmd oo lbepositi011 of the 'besl matd\. It the grids are redaced io size by a factor of 3 at each step 
the. the sea-ell is maximally efficieat in lhe sense that my integer sbift bas a unique selection pilll to iL 
This method will find the best mata only f<r a ralher limited set of image types. A nore robust metiod is 
to reduce tbe s!ze of the grids by a smaller f<etoc at ead slep, e.g. by a factor of2. n e scaling fa.ct:~rs em 
also be adje.sted to match the search ratJges ct'Uble 0.7. 

The method will be illustrated with m example. Consider the set of integer shifts in figure D.26: 

... * • • * * * * * .. • ,. .. " • 
• * * * * * * * * • • ,. ,. .. • 
* * . • * * * * * • * * .. .. .. * 
* * 1 * * * 1 • .. * 

,. .. * 
* * * * * * * * * * * • • ,. 
* 2 * 2 * 2 * * * * • • .. .. .. 
* • * • * * * * * * * ... * .. 
* 2 * 1 * 2 * 1 * * • 1 .. .. 
• 1 • • 3 3 3 * • • • .. " • " 
* 2 * 2 3 l 3 * * .. • .. .. " • 
• * * 3 3 3 * • * * • • • • 
* * 1 * * * 1 • • • .. • " 
* * * * * * * * • • • .. " >I 

• * • * * * • * * • • • " . 
• * * * * * * * * * 

,. • .. 

Fir;ure D.l6 - Lcgarilhmic searc• md.h()d fer inter;er pel sbifts 

The first grid ).as a spacing of 4 peh. The first step examines ~Is al slifu of 0, 4, or -4 pels in each 
direction, marl:ed 1 in figure 0.26. The best positioa is used as the center poilt of lhe second grid. 
A.ssunle ·it is tile pet mulred 1 directly 10 the lett of tl.e center peL The serond grid bas a spacin8 of 2 pels. 
The socond stq> examile> pels at shifts ot 0, 2, or -2 pels il eadl direction fran lbe center of tlle new gro, 
ma•kerl2 in the figure. The best position is llSed as the center poillt of dte lhirdgrid,assume it is the lower 
right pel of the secc:nd grid. The third grid bas a spacing of 1 peL The Child step elanilles pels at sbifts of 
0, 1, ()' -1 pels in each direction from the center of llie grid. lbe besl position is used as the remer P<int of 
the foutl grid The fourth grid has a spacing of 1/2-pd. Tbe fourth St.ep examines pels atshifu of o; 112, 
or -l/2 pels in each direction from tile center of the grid using the same melhod as in tbe modified full 
rearch. The best position deteimW!es tie motioo ~tor. 

Some po$siblegrid sp2eings for vari:>us search ranges a-e given in tableD.&. 

Table: D.8 •· Grid spacings for logarithmic starches 

f~_l.rode RANGE STEPS GRID SPA.Cll'GS 
1 ±7,5 4 421 1/2 
2 ±15,5 5 842 1 1/2 
3 +315 () Hi 84 2 11/2 

For P-pictures only fontard searches are perfcmred. bot B-pictures require both forwud an.1 OOclcward 
seatcbes. Not all tbe vec.lllrS caculaled during Lhe seardi rue necessarily used. In B-pictwes eilber forv.axd 
<>r backward motion c(Jillpensat.iOil wgllt be used insieail of iaterpOlaled motion conperuatioo, and in bolh 
P aad B-pictures tbe ellCOder mgbt decide that a block: is better coded as in1ra, in wbid case no vectOrs are 
nansmittt:d. 

0 .6.2.2 .5 Telescopic search 

Even with llle faster metllom f:L tlle mali.fie() full sea-ch, <Y tle lo~c search, tbe sean:b migbt be 
quite expensive. F<r etample, if tae encoder decides to use a muimum searcb range of 1 pels per picture 
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interval, and iftbet'e are 4 8-pictu'es precedng a P -piawe. then tlefull seascbl'30ge foc the P-pictl.re would 
be 35 pcls. This large searcb range may exceed the capabilities or tile eiXXJCEr. 

One way o f reducing tllesem:b ran,e is 10 asea telesoopc searcl ucmique. This is rest eJ.plaioedby 
i.Uustnlillg 111itl au ex&Ill'le. Cmsiler tbe group of pictw"eS in fig an: 027. 

l B B B P B B B P E B B P 
0 1 2 3 4 5 6 7 8 9 lO 11 12 

Figur« D.l7 -- &ample group of pictaru in display order 

Theencodel migtlt pnx:eed using its selected liodc matchin! <nterioo ancl D sean:b stm.tegy. For eacb p. 
picbreaod be preceding B-picttres, it rust cakulatts all the fotv~artl YedOn, then c:aJcuJates all tbe 
baclcward vectors. The ftrst ~t of picll.rCS roJ.Sists of picttre5 0 tJuough 4. 

To calculate the OJmplete se1 rf forvrard \'ectors, 1be ellCOOCf fmt calculates aU the forward ~ from 
p icblreO to pictme I usmg a 2·0 search StnlleiY ce•tered ()ll zero disp acemett.. It DCJ!l calculatts alllhe 
forward ...ectOO from pickJre 0 to picture 2 ~ing a .2-D search strate'y centered ou t:be displacement.s 
calculaed for dle COTtSponding block of picture 1. It next <alculil~ ~~ the forw:u-d vectors from pictwreO. 
10 pk:aire 3 asing a 1-D ~arcb strategy cmtered on b e displacements calculated for tbc correspOilling block 
of pictare 2 . Finally, it calculates all de forward vectors from picture 0 '>picture 4 using a 2 ·0 search 
strategy C&Jterrld on the clsplacements cal:ulattd for tre correspoeding block of plctl.rC 3. 

To calrubl.e tbe COO!pleteset cL bl.ckwu'd veciOJS, tk..meo<b; fmt caleulatei all tbe baclcward vectors fran 
pi;Wre4 ro piawe 3 usiJlt a 2-D seardl sraegy ceau:red o. zttO d isplacemeuL. lt ae>.t calculates a llbe 
backward vectors from pictue410 picao:t 2 usin& a2-D 5C8Ch sracegy cenlercd on the <Espacements 
alculaod for tbec.crre:spDOding bloclcofpicture 3. Finaly, it cak:ulales ill the baclcwud vcctof's from 
pict.ure4 10 picture l usi~ a 2-D seacll Slralegy centered on tbe displarements calculrued fa tle 
comspnliag block of paure 2. 

FIIJ'tl\er metbods of nruoo estimation are given by Netravali Md Haskell rtJ. 

0 .6 .2.3 Coding o f motion vectors 

The motioo vector cL a IJ\laoblock lellds to be well com:lattd will 1he vector of tbc previous na;:robloct. 
For exanple, ia a pm all vect.ors would be r~hly the same. Motion vectas are codoo using a DPCM 
techn i~ to 1111ke use oftru> a:mel.ati.on. 

In P·picu es t.lle mai<n vector used foc DPCM, the predtction vector, is set to uro at tile s rut of eu;h slice 
rutd 1t eac:b intra~d maaoliock:. Note that ma:roblod.s whicb are coreo as predktive blL wbicb have no 
moOO.O vec10r, also $et the pre4iction vector to zero. 

In B -picttres there arc two motioo vectors, fotvlarcl and backwfr'd. E.'\Cb \eCIOr is coded relative 10 the 
predicted vectcr of the same type. Both motioa vecton are ~t to zero at lhe start of caeb slice and at each 
inlra-c<lded ma<:rdllock. Nae tbat predictive macroblocks which !lave only a f«Ward vec10rdo not affect 
the valle of the predicted back1Vard veaor. Similarly, prdicthe matl"'d>locks wiUcb bave only a badcwaro 
vector clo not affed ClJe value or the p-edicted fa-ward vector. 

Tie taJ!geof the \ICO.OlS is stt by two panmeters. The fuDJCIJOfWal\l_ YeciOC aad 
full~blckward-\ector flags in tbe picture bearer cletenn.Oe wbet:ber the ~ are detintd in hall-pel or 
in:eget·pcl wits. 

A seoood parameter, forvaJtl_ f_c:ock! oT bachratd_f_rode, is reblt'd '> 1be ntmbet or bits aweaded to the 
VLC codes W. tlble D.9. 
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Table 0.9 - Differential meUon mde. 

VJ::.ccde Vauc 

0000 0011 001 ·16 
0000 0011 0 ll -15 
0000 0011 101 -14 
0000 0011 1 11 -13 
00000100001 -12 
0000 0100 011 -11 
()000 0100 11 -10 
0000 0101 01 -9 
0000010111 -8 
00000111 ·7 
0000 1001 .(i 

00001011 ·5 
000011 4 
00011 ·3 
0011 ·2 
011 .J 
1 0 
011) 1 
0010 2 
00010 3 
()())() 110 4 
00001010 5 
()())() 1000 6 
!)())()()]]() 7 
[)() )()·010 1 1 0 8 
[)())() 0101 00 9 
()())() 0100 10 10 
()())() 0100010 11 
()())() 0100 ()()() 12 
0000 0011 110 13 
(}())() 0011 100 14 
0000 0011 010 15 
00:>00011000 16 

Advantage is tal:eoor tre fact t.bat !be range of dispaceoert vector values ib constrained. Each 'vLC 
rep resell IS a pair or difference values. Onl! one of the pair will 1iekl a motlon vector falling wiilitl the 
permitted range. 

The mnge of the vector is limited to the values sbown in table 0 .7. n e values d>Uioro by deco:llng lbe 
diffeJential va1~ES must be kept withi» this range by adding or s~trncling a modulus which dcpeads 01 tlie 
f val.e as sbown in table D.lO. 

Table 0.10 -- M odulllS for motion l'edors 

bward_L<nde MOOOLUS 
or 'badt'\Wd.J code 

1 31 
2 64 
3 12& 
4 256 
5 511 
6 1 024 
7 2 04S 
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~use of the n odulus. wbich refers only to tlentmben ia tables D.8 Ulrougk D.IO, wil be illustrated 
by an example. Assume that a slice bas the following vectas, e"')ressed in lhe UJi~ set by ile full pel 
flag. 

3 10 30 30-14 -16 Zl 24 

The ran&e is ruch that an f valueof2 can be used 1be ir:itial pre4iction is zero, so r.be differential values 
are 

3 7 2.0 0 -44 -2 43 ·3 

The cifferential values are redoetd t> the range -32 to +31 by adding ()t sub meting tbe modulus 64 
~ing to the forward_ LO>de of 2. · 

3 7 20 0 20 -2 -21 ·3 

To create tile codeword, (mvd f- (sign(mvd)>t(fa-ward_f·1)) )is divided by forward_f. The signed quotient of 
this division is used tD find a Yariable length codewOI'd from table09. "!ben the absolute value of the 
rem.ainde:r is used tu generate a fued length code lhat is coocatenat:d wilh the vaiable leoglh code. The 
codes generated by this exampe are sbo""n below: 

Value VLC Code 

3 0010 0 
7 00001100 

20 0000 0100 101 
0 1 

20 0000 0100 101 
-2 0111 
-2l 0000 0100 0110 
-3 0)11 0 

0 .6.3 Codin9 1-pictures 

ln ooding l·pietures. the encoder has two main decisions to nake tlat are not manmted by this plltof 
lSO/JEC 11172. ThC$e are: how to divire tbe picture ap into sllces, and how to set. tbe quantizer scak. 

0 .6 .3.1 Slices In 1-plctu 1es 

Division of the picture iato slices is described in 0.5.4. 

0.6.3.2 '"acroblccks In !-pictures 

0 .5.3.2.1 Macroblock tvpes in 1-plctures 

There are two types of macrohlock in !-pictures. Bolb use intra cooing. (be uses the current quanlizer 
scale, wbetea.s tlle olller defines a new vallJe fm tre (JJalltirer sclle They are Identified in the coded 
bitstream by lheVLCC<ldes given iD 1able D.ll. 

Table D,tl -· Macroblock t)'pe VLC for 1-pictures (table E.2a.) 

TYPE Ol)ANT VLC 
iotra-<l 1 
intta-<l ] 01 

The types a-e refened to rumes in tbis annex. lntra-d is the deflUl t)pe where the quantizer scale is oot 
changed btrHj sets the quantizer scaJe. 

ln ()rder to albw for possible futnre exteasion to MPEG video, the YLC for inua-q is Ot r.uh.."T th<n 0. 
AddilioJ.al types could l:e add:d to Ibis table "itlloa illterfering \litll tbe existing entries. Tie VLC 1able is 
tbus open for future additiCilS, and llot closed. A policy of making tle coding Ubles ()pert in this way was 
adopmd by in developing litis part ct IS01EC 11172. The advantage of future extensio• was judged 10 be 
watb tl:e slight coding inefficiency. 
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0 .6.3.2 .2 a uantl:za r s eale 

If the nacrd>lock type is intsa-q, dlen the ma...-roblocl header co•tains a five-bit integer v.tlich defines lhe 
quantirer: sca.Je. This is used by tre recooa to cai<lll:lte lbe ocr coefficerus from the transJniaed qaaxtized 
coefficieats. A valu: <X 0 is forbidden, so the qoant.iltr scale Call bave any valae between 1 and 31 
inclusive. 

Noe thataho dlequaruzer $cale is ~tin a slice header. 

If the blcdc ty)le is i!ltra-<1, then no q11antizer ~cale is traDSm.ired and llle decoder uses the p reviously set 
.... -a~ue. For & discu~io• oo ~gies e11calers :night use to set tbe quantizer scale, see D.6J. 

Noce tllat the msl of transmitting a new qoantizer scale is six biiS.: one for the ext:ra length of the 
macroblodc type code, and five t o define lhe value. Allhougll t:Jiis is !lomully a small fraction of the bits 
allocated to coding eadl maaoblock, the encoder sholld e:xel'cise sane rest.rain and av()id making a large 
number m very snall manges. 

0 .6.3.3 OCT tra n s fort;n 

'fhe J.X:T is illusraled in fi~ure D.23. 

I 

y 

(a) Pels 

X 

v, increasing 
vertical frequency 

u, increasing 
horizortal freque.ncy 

(b) DCTCoefficierus 

Figur e D.28 - - Transforma.tioo of pels to coefficien ts 

The pels are sho"'n in raster scan order, whereas the mefficiettS ace arranged in freqllency orrtet. The rop left 
coefficieat is tle de term and is proJX>rtiOOal to the a~enge value or the component pel vtlues. The othe1 
ooefficients ar~ called ac coefficients. 'The ac ooefficieniS to the right of the de coefficient represeDt 
illcreruint bOI'ir.mtal freqaencies, wrereas ac coefficients below be de coefficient represent increasing 
vertical fret).leacies. Tbe rem.abing ac coefficients cmtain botb horizontal and vertical freq..ency 
COOlponents. N04e lhat a. image co•taining only vertical lines corta.ins cmly horizontal frequencies_ 

The cceffici!ol array conlllins &I tbeinfonnalion cl'tle pel array and dlepel array can beexWJy 
rec<lnstru:tfd fron fie coefficient array, e!tceptfor illfonmtion lost by tbe usc o f finite arithmetic precision. 

The two-di.IJ.ensional ocr is defmed as 
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C(u ) 
C(v) 

u, v, X. y = o. 1, 2, ... 7 
x, y = spatia coordila:es in the pel domain 
u, v = c:oontinatel in the ~raasfonn domain 
= lfv2foru = O 
= 1fv2forv=-O 
- I otberw:se 

'Ibis uan;form is ~ble, i.e. a Olle-di:mCllsiooal DCT tnnsfonn may be applied first ia the bcri20I!tal 
drectioo and llen in cbe vertical directioo. The fOIUlllla foc cbe 0~ dimensiooal transfollll is: 

1 7 
F(u ) = 2 C(a) l f(x)cos(n[lx+l).tl6) 

x::O 

C(u ) = I N2 for u = 0 
= 1 otherwise 

Fasl OCT tsansforras exist, analogous to fast Fourer tnmsfonns. See refereace (3]. 

The input pel value; have a ra~ge fro11 0 to 255. giving a dyaamic range for the de ooemcieot from 0 to 
2040. The maximum dynamic ra11ge for 2Il) ac coefficient is about -1 000 to 1 000. ~otetbat forP and 
B-pictarcs dlecanponeut ~s re~tdiffereoce values and nn&e from -255 to 255. lbis ghes a 
DlallimWD dytJa!Jiic ra:tge for any mefficient of about -2 000 to 2 ()()). TI-e encoder may lh•s repr~tlhe 
coefficiea ts uring 12 bits whc.se v--.Jues range from -2 048to 2 )47. 

0.6.3.4 a eantization 

Fach lWT3)' of & by 8 coemcieatsproduced bytbe OCT tranSfom qJeration is quanti~ to produce an 8 by 8 
array r:i ~tized mefflcients. Nonrully the own ber of rm-z.ero quat~~ ooeffieient.s is q tite small, and 
this is one of lbe m'lin reasons vrby me comp-ession scleme worts as well as it <bes. 

ThecmfficielliS arequaruzed witba uniform quamiur. The ctu~tcristicoftlis quantizer, only fori­
blocks, i s ~ol'lll below: 

Index 

Coefficont 

Fign~ D.Z9. ·- U11ilonn quantizer c ltaradtrl5tics 

The value or the coeff'tieotis ilhided by lhe quantirer s~ si7e md roundOO 10 lbe nearest w~le number 10 
prod!ce tbe qi.Mtiz.ed coefticienl Half in~er valu::s may be ro:mded up a down wilhoul dilectl y aifectillg 
ima,e quality. Howe...er, rwJXJing IOwatds zero teeds kl give tre smallest code si2e and so is ptefened. For 
example, witba ru:p size of 16 ai codrtienu \\ itb V:llres belweea 25 md 40 inclusive ~uld gjTe a 
q.attized ~fficiert of 2. 
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The q1~ $1ep Stze is derived imn the quantiz1tioo maru and tbe quartiu:r scale. It can tllu5 be 
different ror dilfetent codfKienlS, ao:t may dat;ge betw~ maaoblocks. The only exception is the de 
coefficient wb.i.t:b is treated dffer-ently. 

The e)"c is cpie sensitive to large area lt~minmre errors, and so lbe a.muac! of <»ding the de Vcllre is fixed. 
The q•attizer step size for tre de coefficients 'Of the Iunin:nce and cbromimnce components u fued at 
eight. lbe de qumtized roe11icient is obtaneJ by dividing tbe de c:oelfioett by eight md mmd~ 10 tile 
nearest wbde llumror. Thiseffectivelyquamzes lhea"¥t:ngedc v~uc to one past i.l256for the 
reeonsttucted ~Is. . 

For example, a de coefficient of2l is qaanti:ttd to a value of 3, independent of ttc value of 6\cql.BDiiztr 
!aOO. 

The ac C()Officients arequanlized using the inltaqUllltizaticn mrurix. The quMti~coefficienc i(u,vJ is 
produced by qa811ti2ing the coefficient c[u, v] for 1-blocts. One equation is given by tOO fomula: 

i[u,v) = 8 * cJu,v) II (q"' m[u,vl) 

where m[u, v) 6 the co~proling ek:ment oC the inua quantizaUon IOOuix, and q is the quantizer scale. 'lbe 
quantized coefficient is limiled to the ran~ -255 to +255. · 

Tile irua qllaDiization matrix migllt be the defa1Jtmalrix, or it roig)t !lave been downloaded in tile seqael!Ce 
header. 

D.6.3.5 Coding of quantized coefficients 

The u:p leftcoetrscientin figure D..2!b is ca.l.kd tbe de coeffioent. tberemandet areca led ::c ooefficielts. 
The <k coefficient u ~ witb tbe de coefficient of w prered:ng. block. and advan~e is taken of this 
in codng. Theacc::oeff"Jcients 2re ncx wei.ICO!relattd.an• a:-e coded indepenlelltl:J. 

Afru 1bedc coefficient of a block has beea qoaati.u:d it is coded lo$Slessly by-a DPCM tecbnjque. Codin~ 
of the lumin8D:e blocks vilhin a m.acroblock follows the sasler scm order of figure 0 .5, 0 to 3. Thus the 
de value of blodc 3 becomes the 0:: JrediClorfor bloQ: 0 Of tm following tmerOOlock.. Tie dcva!ue Of each 
cbrominanm l:iodc is ro&d using the de value of lbe c:orre+ponding b!odc Clf tile previous maaol:iock as a 
predictor. At dlebegimingofeadl ~lire.alltbreedc predictors for Y, Cb and 0 , are .saw 1024 (128*8). 

The differemtial de values tbts generated are auegcri2.Cd according 10 their lbsohtt value as sbown in Uble 
D.l2. 

'Jable D.12. -· Differential de sbe and VLC 

DIFFEREI'\"TIAL DC SIZE VLCCOOO VLC CODE 
(absolute value) (hminance) ( chromintmec) 

0 0 100 00 
1 l ()() Ol 
:!to 3 z 01 10 
4to7 3 tm 110 
3 to 15 4 110 lllO 
16 co 31 5 1110 11 110 
32 co 63 6 11110 11 11 10 
64 to 127 7 lll l l O 1111 110 
128 10 255 8 1111110 ll ll 1110 

The s il:.e is crustniued using a VLC. This VLC is different for Juminan<e and cl~ snce tie 
statistics are di'ferent. 

The sire defmes tle nt.mberof additlooal bits reqlired to deime the level uaiquely. nus a sized 6 is 
followed b) 6 additlonal bits. These bits define lbe evel il order, froollo"' [I) high. Thls lbe frst of these 
exba \its gives tile sign: 0 for ne~tiveand 1 for positiYe. A size C!f zero requires no adoditioJUl bits. 

The additional cales are given in La1:ie D.13. 
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Tablt D.13 . -· Differential de additiortal (Otle 

OlFFERENTIAL DC SlZE ADDffi~ALCOOE 

-255 to -128 8 00000000 to 011 11 111 
-127 to -6' 7 0000000 to 0111111 
-63 (!) -32 6 000000 ., 011111 
-31 (!) -16 5 00000 (!) 01111 
-15!0-8 4 ()()()() 10 0111 
-7 to-4 3 000 to 011 
3 to -2 2 00 toOl 

I -1 1 0 
: 0 0 

1 1 l 
2to3 2 -10 to 1 J 
4to7 3 100 to 1 n 
8 to 15 4 1000 to 1111 
16 to 31 5 10000 10 Jl]l] 

32 to 63 6 100000 10 11llll 
64 to 127 7 1000000 to 1111111 
128 to 255 8 10000000 to 11111111 

For example, a luminan:edccbangeoflO would beco:led as 1101010. tabl~ 0.12 mews tbattbe first 
lbreebilS 110 illdi~ that the size is4. This ~s lbat four add~onal bits are reqUJterliD define the exa::t 
value. The nex1 biL is a l ,anl table 0 .13 shows that !be differential de value ~St be sou:e~cre~ 
8 and 15 inclusive. The hst three bts. 010, show that the exact Y31ue is tO. 

TOO deaxkr JeCOmt.nc(S d:: qumtired coetfkiens by folowing lhe invezse pnx:ahre. 

Tbe ac qWI'Itized coefficients are oodtd using a run lengdl and level tec.hni~. The quatti.zed coefficients a-e 
fmt ~ned in the zigzag oroer 5bovn in figure 0.30. 

lntreas·ng Horilor.tal Frequency 

1- 2 6 - i 

/ // 
15 l6 28 29 

~/ 5/ 8 1< 17 n 30 43 

4 9 l3 18 26 31 4l 44 

/ 
10 12 l9 25 32 11 45 ~ 4 

11 20 H 33 40 46 53 ss 

21 23 34 39 47 52 56 el 

Increasing 
22 35 38 4& £1 57 60 62 Vertical 

Frequency 
3€ 37 49 so ~8 59 63 64 

Figllre 0 .30. - Q •antizecl coefficient block in zigDg scart order 

Tbe scauin& order starts at 1, pa..~ t.Uwgb 2, 3 ~it order,e~u&ly rtaebing 64 in the bottom rigtt. 
concc. 'The length of a run is the nlllllbel" of zero quanized ooefflcienu st iwed ovri. For example, t.be 
q~~ coefficientS n figue 0 3 1 pro<b:e l)e list of run le~ths and levels it table D.l4 . 
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1 (} 0 0 0 0 0 0 (o 

2 -3 0 0 0 i) 0 0 ~ 

' -5 0 0 0 i) 0 0 () 

1 0 0 130 0 i) 0 0 0 

0 0 0 0 0 !) 0 0 () 

0 0 0 0 0 i) 0 0 0 

0 0 0 0 0 i) 0 0 (i 

0 0 0 0 0 i) 0 0 (i 

F igure D.3l. -· Ex2mple quant ia,ed cod rk:lents 

Table D.l4. ·- Example nn lengths and levels 

RUN-LE!'GJ'H LEVEL 
1 2. 
0 4 
0 ·3 
3 -5 
0 1 

14 130 
end 

The scan slai1S a positi<Jil 2 since tile top lefl quanti.zed coefficient is coded separntely m the de qllant.i.zed 
codficienL 

Using a zig zag scan rather th<m a raster scan u more erficieat as it gives fe-wer runs and can be coded witb 
6h<JWJ \1 LC c:x:xEs. 

Tbe list or ruo leogJhs aDd levels is cOOed nsng ~able D.l5 Not all possible combiaations of run leogtb 
and l evel are in Olese Ialli~ ooly the more commou CJles. For rombiD.ations not in tre ubles, an e~ 
se(JlellCt is used. I'D table D.lS, the last bit's' deao~ the sign of the level; 0 means a positive level aJXl 1 
111eans a ne,ative level. 'llle escape code is nse:l follo\Oied by the run length rerived from able D.l6 ald then 
·tbe level from trole D.17. 
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Table D.t5. •• Combination codes for 
DCT quanthed c:oeff"tcients. s ; f for 
positive level, s = 1 for negative level 

RUN LEVFL VLCCODE 
EOB 10 

0 I 1s IF tst roEFF 
0 1 1 h NOT l>t COEFF 
0 2 0100 s 
0 3 0010 Is 
o· 4 0000 l lOs 
0 5 0010 0110 s 
0 6 0010 0001 s 
0 i 0000 0010 lOs 
0 a 0000 0001 1101 s 
0 CJ' 0000 0001 I 000 s 
0 10 0000 000 1 0011 s 
0 11 0000 0001 0000 s 
0 12 0000 0000 l 101 Os 
0 13 0000 0000 l 100 Is 
0 14 0000 0000 1100 Os 
0 15 0000 0000 lOll ls 
0 Hi 0000 0000 0 Ill 1 Is 
0 17 OOOOOOOOO UllOs 
0 18 0000 00)() OU 1 Ols 
0 19 0000 0000 0 111 OOs 
0 20 0000 0000 0110 lis 
0 21 0000 0000 0 ll 0 1 Qs 
() 22 0000 0000 0110 Ols 
0 23 0000 0000 0110 OOs 
0 24 OOQO 0000 0 II) 1 11 s 
0 25 0000 0000 0 10 I l. 0$ 
6 26 0000 0000 0101 Ols 
0 27 0000 0000 0 10 I 00s 
0 28 0000 0000 0 100 lis 
0 29 0000 0000 0100 l Os 
0 ,, 30 00(1() 0000 0 100 0 Is 
0 3 1 0000 0000 0 100 00. 
0 32 ooco 0000 0011 OOOs 
0 33 0000 0000 0010 llls 
() 34 OOCO 0000 0010 llOs 
0 35 OOCO 0000 0010 lOis 
0 36 OOCO 0000 0010 100s 
0 37 ooco 0000 001 0 011 s 
0 38 OOCO 0000 0010 0 10s 
0 39 ooco 0000 0010 0016 
0 40 ooco 0000 0010 OOOs 
1 1 Olls 
1 2 0001 lOs 
1 3 0010 0181 $ 

1 4 0000 oo: I 00> 
I 5 0000 OOt I l Oll s 
1 6 0000 0000 l Oll Os 
1 7 0000 0000 I 01 0 Is 
l 8 0000 0000 0011 Ills 
1 9 0000 0000 0011 I lOs 
1 10 0000 0000 0011 lOls 
1 11 0000 0090 0011 l OOs 
l 12 0000 ·0000 0011 Olls 
1 13 0000 0000 0011 0 lOs 
1 14 0000 0000 0011 001s 
1 15 0000 0000 000 I 00 Its 
1 16 0000 0000 0001 OOl(k 
1 17 0000 0000 000 I 000 ls 
1 18 0000 0000 000 L 00001 
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RUN JE\'EL VLCCODE 
l l 0101 s 
l 2 0000 lOOs 
2 3 0000 0010 1h 
1 4 0000 0001 0100 s . . 5 000) 0000 1010 Os 
~ I OOll I s 
3 2 00 11) 0 l(j() > 
3 3 0000 0001 1100 s 
3 4 0000 0000 1001 ls 
4 1 0011 Os 
4 2 0000 00 II lls 
~ 3 0000 0001 0010 s 
5 I 0001 lh 
5 2 0000 0010 Oh 
5 3 0000 ooco 1001 Os 
IS I 0001 Ols 

.. 

cs 2 000000011ll0 s 
6 3 0000 0000 000 1 0 100; 
1 I 0001 OOs 
') 2 0000 0001 0101 • 
8 I 0000 I l ls 
8 2 0000 0001 000 1 ~ 
9 I 0000 LOis 
9 2 ()){)() 0000 1000 l s 

10 I OHO 0111 s 
10 2 0000 0000 1000 Os 
I I I 0010 0011 s 
11 2 0000 0000 0001 1010$ 
1 2 1 0010 0010 s 
12 2 0000 0000 0001 100 h 
13 1 0010 0000 s 
13 2 0000 0000 0001 1000> 
14 1 0000 0011 LOs 
14 2 0000 0000 0001 0 11 h 
15 1 0000 00 ll 0 ls 
15 2 Qo)()O 0000 000 1 011 Os 
16 1 0000 0010 ~ 
16 2 000 0000 0001 OlOls 
17 1 0000 COOl ~ ll1 s 
18 1 0000 COOl :010 c 
19 1 0000 COOl : 00 1 c 
20 1 0000 COOl 0111 c 
21 1 0000 COOl 0110 ' 
22 1 0000 C~ 1111 Ls 
23 1 0000 OO<D 1111 Ds 
24 1 0000 0000 11 10 ts 
25 1 0000 0000 ; 110 Os 
26 1 0000 OO<D i\01 Is 
27 1 0000 0000 000 1 lllh 
28 I 0000 0000 000 1 1 tiOs 
29 1 0000 0000 0001 l lOls 
30 1 0000 0000 0001 1100s 
3 1 1 0000 0000 0001 101 h 

ESCAJ>t:: 0000 Ol 
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T able 0.16. - Zero nn Jmgtb c:•d es 

RUN.uNGTH CODE 
0 ()()()() ()() 

1 000001 
2 000010 

62 1111 10 
63 llllll 

Table D.17. •• uvd .:odes for DCT quantize«! cot(lichnts 

lEVEL I Cl)DE 
-256 FORBIDDEN 
-255 1000 0000 0000 0001 
-254 1000 0000 0000 0010 

-129 1000 COO}O 111 1111 
-128 1000 oooo 1 oro oooo 
-127 1000 COOl 
-126 1000 0010 

-2 lllllllO 
-1 llll 1111 
0 FORBIDDEN 
1 0000 0001 
2 0000 001() 

126 Oll l 1110 
127 mn nu 
128 0001) 0000 1000 0000 
129 0000 0000 1000 0001 

. 
2S4 0000 0000 11 11 1110 
2.'i5 0001) 0000 11 11 111 1 

Using tables D.1S through D.l1 we caa rerive the VLC codes for lhe C-)amp1e cf tab~ D.l4: 

Table 0 .18. •· Example ru11 lengths, 'l'~lus, and V LC codes 

RUN VALUE VLCa:>DE COMMENT 
1 2 0001100 
0 4 0000 1100 
0 ·3 0010 11 
3 -5 0000 0100 0011 1111 1011 esc seq 
0 1 110 

14 130 0000 0100 1110 0000 0000 1000 0010 esc seq 
F.OB 10 

The ftsttbreeco:tes ill till( 0.18 are lbived c1red:ly from ti>le 0 .15. T'be next caleis derived mdirecdy 
Unce table 0 .15 does not cmtainan eruy COfTeSJX)ruJing _,a run length of 3 and a JeyeJ of 5. Instead the 
escape rodeOOOOOl is~ lbu is fcilowed by lbesix-lit codeOOOOll from table D.16 indcaling a nn 
leogtll of 3. lasdy the eight-bit core from table D.l7 (11111011 . iootcalilg a level of -5) is appc:odtll. 

Afb' the 1a>t coeff"Jcient bas breD <XXIed. m EOB core i' med to inform dle dfttdet tballbere are no OXlre 
quantized <nefficieats in !.be ClJrnllt 8 by 8 block. liis EOB code IS ased ~ if tre l'lst quattiztd 
coetrdeot is at fle bct:tam rigbt of the block. 

There are two cedes for tbeO,l run leJl:tll, level (l)[Jibinatiort. as i.tdk:ated in table 0 .15 lntJa block 
codinz always bas the rU'St qJ3lltized ooefficimt. tile de . IJ3ltil.ed coofficieot. coded using~ de size rrethod. 
Conseq..enUy intra blocks alwa)'l u>e the C<XIe 11s tn deoote a ruu lenglh, leYel C(lllbinltion of O,l. It will 
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be seen ~t.bat prediaively<Xided liodcsco:letbe d: quantized cref!icien t dffereDlly, a 1dtiuy use tlie 
sboner code. 

0.6. 4 CodIng P-pictures 

As !A l ·pittllres. each P-pic:Ure is dhided up iB:o one or more sliCtS, w~icb are. in wm, divided inro 
maaoblocb. Coding is noJe conpe x thm for 1-pictwes, silce motioo-compeasated macroblocks may be 
~- ne difference between lhe motion COOlpecsa:ed macroblo<X md tOO ament m.acrobJoc:k. is 
cransformed with a two-dimensiotal DCT giving m amy of S by 8 t.ransform coofficients. 'I1.e oodficients 
rue qu.·vuiz:ed to prod.Jre a set of qu~ coefficients. The c:pa.ot.Ued <XJefficeots ue then eocx:xblusing a 
nm-lellgth vlllue technique. 

A~ ia I-pic~c;, ~e encoder needs to store tbe dewred P-picture since Chis may be used as the stutin& p:>O;t 
for modo• a>lqM:rlS.alion. Therefore, t.re. enmder will reconslruCt lbe lma~ from the qumlized coeff'JCienu. 

Jn coding P-piawes, the enmdet kas more dtcisims 10 make than in the C:lse of 1-picrures. These decisiom 
are: bow 10 ell vide tlJe picture ~ into slices,. derermi11e Cle best mrum Yectors 10 use, decide whether to 
oode each macroblock as intra or Jredicted, and bow 10 set the quarti:rer scale. 

0.6 .4.1 Slices in P-pictures 

P-pienres rue divided into slices m lbe same way as £-pictures. The same coasidetations as to tbe best 
method oi d tviding a pictare ilto ilires apply, see 0 .5.-4. 

0.6.4.2 Macroblocks in P-pictures 

Slices are divided inro ma::roblods in !be S311le wty as ior I-pictures. The majOT difference is the 
COJllpi<:Jtily .,troducro byiDQtiOD co;npemali011. 

The rn.acrobkx:k bealJel may COlWD Stiff Ill g. The posiliOI d the lll3CI"'bloct is detetuuned by the 
maaohloek: addreM. Wbcreac; lheGUCIDblodc aktess iliCI'eiJleOt willin a slice for I-pi cures is restric:IM 10 
one, it may be hrx~ fa P..picruei. ADy nacroblocts lbus skipped over are called "skipped macrcblocks". 
The decoder cq>ies fle:m from thepreV10us pictJre iato the Cln'elll pictue. Slcipped macroblocks are as 
predicted maaobbcks wilh a zero m>oon vecwr fur wl:idl no additimal correcooa is a\ailable. They 
require very fe.., bits to transmit. 

The next field in the macroblock: header defines the llUlCtobloek type. 

0 .6 .4.2.1 Macroblock types in P-pictures 

Thee are eixhttypes of macroblock in P-pictures: 

Ta blt 0 .19 -· Macr oblock type VLC for l'-pictures (table B.lb) 

TYPE YLC INTRA MOTI<l'l CODED QUANT 
FORWARD ?ATIERN 

pled-me 1 0 1 I 0 
plfJ(k 01 0 0 1 0 
pled-m 001 0 1 0 0 
iroa-d 00011 1 0 0 0 
~IDCXl 0001 0 0 1 1 1 
ped<xl ()(J)() 1 0 0 1 1 
ii1Ja.q 0000 01 1 0 0 1 
skiooCd N/A 

Not aU possible combinatiOflS of notioo rompensati(lD, ccdiag, quawzation, 3Jid intra coding occur. For 
example, wilh inuacoded macroblocts., inr.HJ md in:ra-q, motion vecun ue n<lt transDJjtttd. 

SldweJ macroblcx:k> have no VLC rode. Jn..qead they aecoded by bavingtbe macroblcx:tad1ress 
irlcremenl code skip over than. 
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0 .6.4.2.2 Quantizer scale 

If the macrobbd: type is pred-mcq pred-eq or iotn-q, i.e. if lbeQUANT column in table 0 .19 bas a 1, 
tlea a qmllizer scale is IJ'a!lSmitreC. If lbelll9.Ct0tiock t}'feSate peed-me, peed~ or inln--d, thea die OCT 
correcticn is axlcd using tre previously established value for 1be quantiza $C31e. 

0 .6.4.2.3 Motion vectors 

1f ue macrobbck type is pred-m, Jred-mc or pred-mq, i.e. if tie MOTION FORWARD cdumn in table 
0.19 .lias a 1, then bortzontal and vertical forward moti911 \ottiOrs are ttansmitte<l in sucression.. 

0.6.4.2.4 Cocfed block pattern 

1f tle macro bloc~ type is ped-e, pred·mc, pred-cq or pred-mcq, i.e. if the CD DID PATIERN column ix1 
table 0.19 bas a 1, t.bro a coded block panem is tratSJJliued. Ttis infoms the decoder whicll of tbe .siJt 
blocks in lh! maaoolock 8fe cOOed. i.e. have trailSDlitted ocr quantized crefficieniS, and wllich are not 
coded, i.e. have 110 additional correction after moooo compensation. 

The coded blo:lc pattern is a number from Q to 63 that indicates wbictl of tl1e blocks are coded, i.e. llave at 
least tllC transmitted roefficient, and which are not coded To understand rre stncture of the coded block 
pa~n. we refer to figure D.5 and introruce the variables PN to indicate tbe status of each oftbe six ~locks. 
1f block N is coded !hen PN has the value one. if it is not COded lhm PN is zero. Theoo:Jed block prut.em is 
defJDed by 1beeqmtio.: 

CBP = 32*PO + 16*P1 + S*P2 + 4*P3 + 2"P4 + P5 

Thi> is equivaleut to tJ.edefmition give• ill 24.3.<5. 

Fore]l(lllple, if the top twolllllUlance bbcts am lbeCb bloct ~coded, and tbe ot.ber tbreeaR rot. then 
PO = 1, Pl = 1, P2 = 0, P3 = 0, P'l = 1, md P5 "' 0. The coded block pauem is: 

CBP = 32*1 ~ 16*1 ~ s•o + 4*0 ~ 2"1 + 0 = 50 

Certain pauems are moce coouncn !han otre~. Advantage is taken of this faa. ro ilcrease tbe coding 
efficiency and banSmit a VLC representing the coded block pau:rn, ratler than the coded block pattern 
itself. Tbe VLC c00es :we given ill table 0.20. 

Ta ble D.20 -· VLC ta•le ftr c~cd block p atter. 

CBP VLCCODE CBP \'LCCOOE CBP VLCCODE 

60 111 5 0010 11] 51 0001 0010 
4 HOI 9 0010 110 23 ()()() l 0001 
8 1100 17 0010 101 43 0001 0000 

16 1011 n 0010 100 25 ()()()() 1111 
32 1010 6 0010 01 I 37 ()()()() 1110 
12 1001 l 10 0010 010 26 ()()()() llOl 
48 1001 0 18 0010 001 38 ()()()() 1100 
w 10001 34 0010 000 29 0000 1011 
40 lOCOO 7 0001 1lll 45 ()()()() 1010 
2.8 0111 1 ll 0001 1110 53 00001001 
44 01110 19 0001 1101 57 0000 1000 
52 0110 l 35 0001 1100 30 OJOO 0111 
56 0110 0 13 0001 1011 46 OJOO 0110 
1 0101 l 49 0001 1010 54 0000 0101 

61 0101 0 21 0001 1001 58 ())()() 0100 
2 0100 1 -ll 00011000 31 0000 (()11 l 

62 0100 0 14 0001 0111 41 0000 (011 0 
2,4 0011 l1 50 00010110 55 0000 COlO l 
36 0011 10 . 22 0001 0101 59 ()J()() co 10 0 
3 0011 01 42 0001 0100 27 0000 0001 I 

63 0011 ()() 15 0001 0011 39 0000 0001 0 
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nu~ ~ oodedbloct Jllllenl of tbe previous eli3Dpe. 50, wou!d be represemied by tbe code "00010110". 

Note tba.t there is noccderepreseu!Dg lhe state io wllid:l aoae of tbe blocts ue coded, a <Dded bloct plUCm 
equal to :uro. ~ Ibis state is indicared by tbe mac:rd>lock t)pe. 

For macrcblocl:s in 1-pic:mtes. and for intra coded macroblocJa ill P and 8-picturts, the ax1ed bloct p::U.tem 
is oct uaosmil.ltd. bit is assumed to bave a valle of 63, i.e. all the blocks in ~ tl.lJICJ"d>lock are coded. 

Tie 11se of coded block pmeros instead of transmitting em of bloclc cod~ for all blocks foUows tbepnclice 
io CCfiTReccmmendation H261. 

0 .6A.3 Selection of rnacroblock type 

An encoder has the difficult taslc of dloosing between tlle different t)'pcs d macrobloclcs. 

All exhaustive method is to lfY coding a ma:robt:>ck tn the same degree of accuracy asiDg ea:h type, then 
clx>ose the type that requires tbe lea!~ mmber of coding ats. 

A simpler metlod, and one that is computatiroally l ess expeusive, is to make a series of decisions. One: 
way to order these deci5ioos is: 

1: motion com])ensatioa cr r.Q motion conpensatioa, ie. is a ma.ion vector ua:nsmitted or 
is it assumed to be zero. 

2: intra o r non intra ca:lilg, i.e. is the maaobla:Jc type intra or i~ it predic1ed wing lhe 
motion vecto- f<>tad in step I. 

3: if be maaobloc:k type is r.oo-il'l~ is i t coded or aoc <Xldcd, i.e. is tbe residual error large 
eoou:Jl 10 be cOOed using tleDCT ttansfoon. 

4: decide if tl:e quaotizer scale is satisfactory or sbould be chaaged. 

These cb::isions are ~ ia figure D.32. 

lDtra 

Begin 

lDtn 

N01coded 

M t 

Coded 

Not coded 

Pm:I-1DCQ. 

Pred-mc 

Preli-m 

Ski d 

Figure 0 .32 - Seledien of macrobloc:k types ill P-pictures 

0.6.4.3.1 Motion compensation decision 

Tbe enaxlar lw a. cptioo wbetber to tr.mmlit IOOlioo -.ector3 oc mt for prediCtiv~ed macrobloct:s. If 
lbe motion vec10r is r.ero then !Ome code may be sa-.ed b:f rot transmitting lbe moiDn vectors. Th•s one 
algoritbm IS to ~ for lle best matcb ud COIDplre tt.e ecror of lhc: piedlcttd block with that iormed with 
a :zeco vec10r. Ir tk motion-compemaled bloct: ~ o•ly slightly better tlu the ullU)mpen>aled bloct. •sing 
lbe setecrect block matcbing criterion. thelllhe 1ero vec'..ormigbL be ased to save ood1ng blts. 
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An aJgoritJim used in lhe <kvelo}:ment of b<t:b ccrrr Recolllllleroatio• H.261 and this pat of JSO/lEC 
Il l 72 ~as follows. 

1be ljocJc-tn.alcling critmon is the sun of roSDl~dilferences of all tbe ltJminan<:e pels in amt:erobbct. 
w~ C()IIIparcd wilh tbe motioo-<:010pensat«1 ma:robloct.lf the rum isM for tbe motim-co111pcruat«< 
bklclc. 3lld Z for lhe uro vectN, then the decision of wlaeber to tmke use of tbe motion vee!« is de.fined by 
Ogure 0 .33. 

7 

6 

5 

4 

3 

2 

0 

y:~256 

1\:oMC ~- • 

y~1 .~-:·:·:·:· : · : 
~·.·. · .· . ·.· . · . · . ·.· 

2 '1 -,.. •. •••• ••••• • •.• •••.•• .•••.• 
• I . ~ .. . . . . . . . . . . . 

1 ,s~ · . ·.· . ·.· . ·.· oo .·. · .·. · . · . 

o,s r .·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 
2 3 4 6 

x=Z/256 

Figure D.33 ·- CbaraehrisU~ MC/No MC 

7 

Points on the lire dividDg theN> MC (110 lllttioo compeosstion, i.e. zen> vec10r). from the MC (motion 
COIII~nsation> regnru, are regarded as beloJging to tbe no nooon compeasaticn region. 

It can be seen that if the etTOf' is wffia etllly low,lhal no motion com _pen$\ lion sh:>uld be used. Thus a 
W""' I!> speed ttp the dccition is to el.31lline tbe :wo vector fust and <b;i;le if it is good eaotgla. 

The foregoing algorittm was design::d for celecomm mi:ations ~IJCDCCS il v.hicb lhe ~era wcs fvted, and 
in wbic.b any 'II\OVement of tbe b~lcground caU>Cd by tile 'dng aloog elf ea." of nearby moving cbjects was 
vezy objecliOilable. G'eat care was laken tO reduce Ibis spurious notion. axl this accoolts for tile curioiS 
shape of the ooundary between tile two regiom in figure D.33. 

0.6.4.3.2 lntrafnon--lntra coding ·decision 

Aftertlle encoder bas determined lbe best motion veci.CI', it is in a position to decide wbelbtr to ose it, or 
disre,ard il eJJtilely and code lbe macroblock as iatra. Tht obvious way oo do tbis is 10 code lbeblock as 
intra. and mmpare the total otmter of bilS reqvired when coded as motion compensated plus correaion with 
lhe same quantizer scale. The melh:>d using the fewest bits may be used. 

!bis lll3Y be too com]11tationally e:xpeasive ror the encoder to oo, and a faster algorilhm may be required 
One rudl algoridlm, used ia ~e sinulation tnodel during the development o r tllis part (1 ISO/IEC llln, 
was based on the vui.mce of tbe lumimnce component of the macroblock:. The va~iance or tbe WITent 
macrobloct a~d oC the difference maaobloct ( aurent - motion-compensated previrus) is rompaiOO. 11 is 
cabllat.ed tJSing the metlod represented ~Y the following C pr<wam fragnent Note that in calculaJing tbe 
varia.ce of tbe differell<:e ~ode. the a~e value is assumed to be z:ro. 
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inl pelp[l6Jl 6); 
int peJc[l6J16); 
lon! .(if; 
long sum: 
loo, van!.; 
lonz vare; 
inlll,) ; 

sum = 0: 
\'ani =0; 
varc ca O; 

ISO/IEC 11172-2: 1993 (E) 

I* Pel values m lbe Previous macroblock after motion canpemad011 *f 
I* Pel values m 1be Cwnnt uw:roblodc •f 
I* Differenre between two pel values •1 
I* Sum m tlle cln'ellt pel values •1 
I* Variance of t.re Diffem1ce lll3CI'Oblock • ; 
I*Variam:e of the Omeot maaolllock •1 
I* axroilales . , 

for (y=O;y<16;y++){ 
for (ll=0;x<l6;x++) { 

sum- sum 4 pelqj][xJ; 
varc= varc -+ (pelc(yJrxJ*pelc(yJ(xl); 

dif = pelcly][x]- pclp[yl(x]; 
vard = Yard .. ( dif'l'dU); 

} 
\ ani = va-d/256; l• assumes mea. is close to zero •1 
~an ~ ( van:/256 )- ( (sum.IZ56)"(SIUIY'256) ); 

1be deciston as to wbelher to rode 31 i•tn or non intra is eben b:l.std on figure D.34. 

varc 

256 ._----..,....--- ----- - -::::ooo4 
Ncn-4-ltra ~-. 

192 1----------~--=----:---i 

~-:-:-:-: -:-:- : 128 1------'"'""::::: ....... ~..,..:.,.~~..,..:.,..:..,.:.,~ 
~ . ....•. . :. -.... k)tfi3 :. : . :. 

~ ~======1:· =~~:-~:-~:-~:-~:=-:=-:=-:=-:=-:~·~:-=:-=: =-: =-:=-:=-:=· 
0 " 123 1!12 256 

va<d 

Figure D.J4 -- O.aracteristic lntra/non-i11tra 

Points on the li•e dividing tre uon-iutrn from lbe intr<1 reg~•-.s. are regarded as belonging to ue non-intn 
region. 

0.6.4.:J.S Coded/not coded decisicm 

Tbe choice cf coded or not coded 6 a result d <pantization; \Wben aU coetrJCien ts are zero then a block is not 
coded. A mac:roblod is rot coded ifnc block ia it is coded. else it is code<!. 

D.6 .4 .:J.4 Quantlzar/no quantizer decision 

Generally !he qoaatizersale iscban!ed based ooloal ~ecootmt to improvetbe pictllre quality, and on 
tbe 1ufler fuJness of tbe n:orel tlecoder' to prevent ovetfbw 3lld underflow. 

D.6A.• OCT transform 

CoefficientS of wtra blocks~ tta1Sforme4 iato quaJliud coeffiCients in llx: same way that tbey were fOJ 
intra blocks m I-pi:lllreS. Prtdictiro of tbe de crefficie"' diffas, however. 100 de prulicted val~ are aD 
set to 1 024 1128• &) fOt iitra bk>ds io P lmd B-picnres. unless the pre\iOIS bloclc wu intta coded 

Coefficients ofnon-intJa blodcsare rodW in a similat way. Tbem'lin differe• cc is lhu flero:fficients to 
be tnmformed represent (fiffermces between pel valtes rattler tmn the~~ valLJeS tbensclves. The 
differences we oblailled bJ s•blraal~ tlemotion-con peruated pel values from lhe previollS pcture from 
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tbe pel values in the curreotmacroblock. Snce the coding is of differences, tbeJe is no spatial predicticn of 
tbe dcteun. 

0 .6.4.5 Quantiz~tion of P-p ictures 

Intra maaoblock> in Paro B-pictu.res are quantized using the same metllod as dcsaired for I-pictwes. 

NOll-intra maaobloc:ks iD P and B-picwes lre quantized using lbe qtanti.zer scale and tbe non-intra 
qualt.izalion matrix. Boll de and the ac coefficients are quartiud tbe same way. 

The following quantization fomula was derived by inverting the reconstruc1lon formula Biven in 2.jl42. 
Nole tbat the divisor indicates truncation 10\l'atds zero. 

int ooeffurig; 
int coeffqat; 
intcoetrrec; 
int niqmtrix; 
int quaniSCale: 

t• original coefficient *f 
1• quanti7.00 coeffiCient*'/ 
• reronstruc~ coefficient*/ 
I" non-intra quantization malrix *I 
1• quantizer scale "I 

ooeffqart = (8 • coeffori~ I (qJ.aDtscale * niqnntrix); 

The proass is illlsttated below: 

niqmani.x 16 16 16 
quaniSCale 10 10 10 
cretTorig -39-20 -19-19 20-39 
coeffqaJt -1 0 1 
axffieC -29 0 29 

16 16 
10 10 

40-59 fiJ- 79 
2 3 
49 69 

The last line sbo'IS lhe m:onstructed coeflicieat , ·alles. The following diagtam shows the dame~ tics of 
this qllanti.Ur. The lla!.spotaround ze10 gives Ibis type of quartizer ilS name: adead-zroequantizu. 

Quantized Coeff 

Coefficenl 

Figure D.35 -- ~d woe «J UaoCizer cllaraderistic 

0 .6.4.6 Coding of quantized coefficients 

0 .6.4.6 .1 Coding of Intra blocks 

lotJa blocks ill P-picrures are oocled the same W<rf as intra blocks in 1-picure s. The cnly difference lies in 
the prediotion of t.be clc coefficient The de predicted value i s 128, unl~s lhe p~e'llious block was intra 
COdOd. 
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0 .6.4.6.2 Coding of noD-Intra blocks 

The CO<kd block plltun is tnnmutted indicatiag whicll blocks have coetrlcient data. nese are coded .. a 
Qmilar "'ay to the coding of inlra blocks except tballlle de ccefficieot is CXlded in lbe same way as the ac 
coeff"lcien ts. 

0 .6 . 5 Coding B-pictures 

As in I aod P-piclures, each B-picture is divided up into o•e or more slices, wbicb are, 10 aut1, di'rided into 
oaaublocks. Coding is uxm complex tbm for P-pt::nres. since se\'enl cypes of motion compe~~Saled 
aacroblcck may be <XJO~ forward, tBckward. 4lld iltefpolaLcd. The difference bawee.lbe IDOC.ion­
a>Oipensated OlaCI'Obloct: 3lld the curreot oaaoblc:x:Jc is transfonned wilb a tw~irnensional ocr givilg an 
lrniY or 3 by 8 ttaosfcrm CXJeffidenrs. Thecoetricems are quantized to prod ace a set of quattiz.ed 
coefficients. The q113.11ti.zed coeffideDtS are tren erealed usit18 a nm-lengt.b Vcllae ledmique. 

The er~C<dcr <bes oot ~~ Lo >I:IJre tbe decoded B-pictures slnce tbey wil111ot be used fer moi011 
compensation 

In a:xlin_g B-pictures, the enccder bas more decisioos to nuke Lban in lbe case a P·pictues. These 
~is ions are: bow to dhide the picture up inlo sli<eS, retennine the best motion vectoJS to use, <!«:ide 
V'betber 10 use forward or tadc\l!ard cr int:.erpolaed motion compen5Won or to code as inua, and •ow to set 
t.k qumtizer a:ale. 

0.6.5.1 Slices In B-pktures 

B-pictures are divided i!XO slice$ in the same way~ I a.d P-piaures. Since B-pic:ures are not used as a 
refc:reuce few motioo compuL<:alioo. errors in B-picture:s ate stigtltly Jess imzx>nant Ulan in I or P-picnues. 
Coosoquenlly, it migtt be ~prq>ria.te to we fe"'er slices fur B-pictwes. 

0 .6.5.2 Macroblocks in 8 -pictures 

Slices are divided iatoow:JObloclc$ in tbe sane way as for 1-pictures. 

The maaoblodc header JDay <:olltam stuifing. 'Die po'ition of tte macroblock is determined by tbe 
maaobta:kaddtess. Whereas themacrobl.ock addJess iacrement ~illlina ~ice forl-piCilreS is re.suicted to 
one, it may be larger for B-j)iaures. Any oaaoblccks lbus st.iJl)Cd over are called ·sq,p:d DUCroblocks". 
SlOpped l\liCI'Obbcks in B-pictures differ from skipped na::roblocts in P-piaures. Whereas in P-piawes 
stiJl)ed lllaC1'001ocks la\'e a m0Cio11 ..utoreqJal to zero. in B-pic:t.lres skipped ma:roblods llavelbe same 
motion vectora.I¥1 lhe same macroblcck type as the pre"ious macrobbclc, whicb canno1 be intra coded. As 
there is no additional ocr correction, tbey require very few bits to tr.uumit. 

The nett field in lhe macro block header defmes the macroblock t)'l:C. 
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0 .6.5.2.1 Macroblock types in 8-pictures 

There are 12 t)pes cf macrobloclc in B-pictures: 

Table D.n -- Macreblod type VLC for B-pictures (table B.2d) 

TYPE VLC lNIRA MOTIO,'l MallO~ CODED 
FORWARD BACXWARD PATIERN 

p-00-i 10 0 1 1 0 
pred-ic 11 0 1 1 1 
p-ed-b 010 0 0 ] 0 
pred-bc 011 0 0 1 1 
p-cd-f 0010 0 1 0 0 
p-ed-fc 0011 0 1 0 1 
illtra-d 0001 1 ] 0 0 0 
ped-icq 0001 0 . 0 1 1 1 
JXOO-fot Ooooll 0 1- 0 I 
pOO-bcq 0000 10 0 0 1 I 
iDIJa-<) 0000 01 ] 0 0 0 
ski~ N/A 

QJANT 

0 
0 
0 
0 
0 
0 
0 
] 

1 
1 
J 

Compuo:l with P-li.cllll"~. lbere are extra zypesdue u:> the inll"Oduc:tion a tbe backward molioo vec10r. If 
onJy a forward av:>OOn vector is present, tllen the motion com~ma.croblock is comtrucled from a 
pre•tious picture, as in P-pidl.JfeS. If oaly a backward notion vector is present, !ben tbe motion­
cam:pensated macro!> lock is coostrocted from a futue piCO)re. lftxxh forwml ancl bactwud IIX)tion vecta-s 
are present, then mction~pensated macrobloclo are construcled from bah previous and futJ.re pictaes, 
and the rt.Stl)l S 3'1/etaged to rOIDl ib(. "interpolated' BOOOD-COIDpeDsated macrotJiodc. 

D.$.5.2:'2 Ouantber scale 

It u e &naerOblock.t)pe is pred-icq, pred-faj, pred-bcq, or illtra-q. i.e. if tile QUANT cdumn in tableD.Zl 
has a 1, eben aquantizcr scale is transmitted. For tberenaini11g·macrobloct cypes, the OCT correction is 
~ usinl! the pe-rioosly estroli>hed Talue for the q.wtizersca:Je. 

0.6.5.2.3 Notion . vectors 

If tbe MOTION FORWARD rolumn il table 0.21 bas a 1. tben borizottal and vertical forward motioo 
-vectocs are transmitted in succession. If tbe MOTICN BAC~ ARD cohmn ill table 0 .21 has a I, then 
horizontal md verticiu bd......ard medon vecton are traJ.'lSillitted in succe&Sion. If both l'yp!s are present ~ 
four c.oa:J1)01leat vettors ..-e traDSmiued in the followmg order. 

b:ltizODtaJ f(ll'W3rd 
vertical fiJrward 
b:ltizonta) backw..-d 
'Wrical backwa:d 

D.6.5.2.4 Coded block pattern 

lf the CODED PATTERN column iD ubJe D.2l has a 1, thea a coded block pauem is tmnsmtted llis 
informs 1he decoder Wbidl of tbe six blocks in lhe macrobk>ct are coded, i.e. bve ITallsmitted OCT 
quootized coefficietJts, and vbich are nol codOO, i.e. lnve no additiooal correction af~ermotion 
compensation. 

D.6.!i.3 Selection of macroblock type 

The ei<Xldec Ins mc.-e types of macroblo<X to dloose from in B-pictures. than in P-picnues, ud 
consequently Is job is a little harder. 

For tle simul~oo model used during develcpu.ent of lhis p~ of ~0/IEC 11172, the rouowing sequential 
decision algorilm was ured: 
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1: 

2: 

mot.ion rom~ mxJe. ie. is rorwmt or ba:kwa'd or int::rpOlalhe mttioo 
com~ best? What of -the vector vUJe$? 
intra or ooo ilttra a>ding, ie. is the oucroliodt rype ilua or is it motion canpeasated 
umg m Dde :n<1 the veaJn roum il step 1! 

3: if fle maaoHock type ~ DIJO-inua, is it oodc:d Of DOl coded. i.e. is tbe resid1al error large 
enou&h to becoded ming lbeDCTtr.msfocm. 

4: dedre if tile quauil.ef scale is sasiactOI)' a sboiJd be cha~ed. 

Forward MC 
A 

Begin Backward MC 
A 

lnlerpolated MC 
A 

OLBnt Pred·"cq 
Coded 

No Quant Pred-•c 
Non-lnlra 

Not Coded Pre<} • or Skiwe:f 

A 
Ol:snt 

Intra 
·: NoOuant 

• = i, f, orb 

Fl&ure 0.3, ·· Selection ot m:~croblock t ype in B -p ictures 

The four dedsionstepsare discus..<ed in the 11ext four clauses. 

0.6.5.3.1 Selecting motion- compensation mode 

ntra-q 

ntra-d 

An enaxler $hould attempt to code B-pictures using skipped macro blocks if possible. This su~ thai 
tbe encocler sbould fiTS I e~ine tbe crue where lbe molioa compensation is the same as fa ue previous 
maaoblodc. H t.be prerioos macroblodc was non-intra, and ir tlle notim-compensaood block i s good 
euougb. tben ~ill be no additional OCT correction required and lhe bloclc can bC cOOed as skipped. 

H !he maao\lock cannot l>e coded as skipped, then tile following proced.lte may be followed. 

For nesimdaaiOil model. the seJea.ioo of a motion compensation mode fer a macroblock wm tBsed on the 
mininiuuios or a oost fur:ction. The cost fUDCiiOD \\"aS the MSE of tbe luminance difference betweea lhe 
motioo-canpema:ed rmcroblodc md 1m cunert macroblock. The encoder calclllaled the rest motion· 
com~ macrobloct: for rowan~ trotion ccmpensaioa. lt t!lea ca1wlaled the best oolioo-aurpeosated 
maaoblock rorbackwardmotion oomp;:nsatioc by a s ilnilar method. Rnaly ita~e:S tbe rwo motios­
co~ macrobloclcs to prodoc.e lle n~ macrolllodc It then se1eced the ooe that tad the 
smalest mem MI&We difference~ it aad the arrent macrob:ott. In l.be event of a tie, iltup.)lative 
mode vras dlosen. 
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0 .6.5.3.2 Intra/non- intra c oding d ec ision 

Based on too smallest MSE, a decision is made betwc:en tbe best of the three po~ibl! predittic:n modes and 
the [on mode. The calwlation is similat to mat of P-]icwns. The vari:utces of tbe dffcrcoce macroblock, 
\'atd. andoftbe correntmaaoblock. varc, arecalculated. 

In tbe s iDulalion model tbe final decision was based on simp y lhe DDCJOblock 1ype witll the smallest 
vatimce. If tbc two variances wee equal, non-intra a:xling was c~ 

0.6.5.3 .3 Coded /not- coded dec ision 

The clloice of coded or not coded is a result c1 quantiz:ation, wben all coefficients are zero then a block is not 
coded. A DJaCJObloclc is DOt coded if no bl.ock in it isco:Jed, else lt is coded. 

O.f3.5.4 OCT transform 

Coefficients of blocks are transformed into quantized coefficients in the sarte way tbat they are for bloclcs in 
P-picture!l. 

0 .6.5.5 Quantizat ion of 8-pictures 

Bloclo in B-pietures are quantiz.ed in the same way as fa- P-pictlltcs. 

0 .6.5.6 Coding qu antized coefficients 

Bloclo in B-pictures are coded the same way as blocks in P-pict~~res. 

0.6.6 Coding D-pictures 

D picblreS coolai.D only low frequency information. They are int:nded to be used fa fast visible search 
modes. It is iitendW thai the low frequeocy information the) cont.un is s ufficient for the user to locate de 
desi"ed video. 

D picrures are coded as tbe de coefficients of blocks. 1bere is a bit lT2nSII\itted for L'le moc:roblock t>'J)e. 

altboogb only one lJLacroblock type exists. Ia additicn there is a b it denoting end of macroblo:k. 

0.6.7 Coding at lower picture rates 

This part ofJSOIJEC 11172 dres no I aUow pictures to be dropped al t11e encoder. Thi$ differs from the case 
cf CCITT RecoTJX:Ilendation H26l [5] 'Nrere temporal sub-sa~pling may oo dore by omitting ceded 
])ictures frOII\ tlle sequence. This pari of ISOJlEC 11172 requires that al l wurce pictures must be enroded 
a1d that <;oded pictures must be insen.ed into tbe bl:stream oomiDaiJy at the r.ue defmed by the 
picture_rale field in the SC(juence beader. 

Despite Ulis reql1Iemeu it is possible for en(.'()(krs to o~ate at a lower effectivepicu.-e rae tllan tl!e one 
def'ned ia the ~eace header by using P-pictures orB-pictures that oonsisl entirely of maetoblocks tbat are 
oopied from a aeigbl>owing reference p cture witb no OCT infom1ation. This creates ~ &xible met'lod of 
ttmporal sub-sampling and picture repetiti.:>n tlut may be impleme.med iu the encoder by inserting a defined 
block of clata. F<l' example, to encode at an effective tale of I 2,5 Hz in a 25 Hz biutrean, alttroar.e pictures 
can be copied from the pr-ecOOing picture by inserting th! block of data in table 0.22. 
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Table D.21 ·• Example of the coded data elements needed to &uerate 
rcpc.atccl pictures 

Value (bits) Mne111onic LenS!tb (bits) 

0000 0000 0000 0000 pCllre_SWLrode 32 bits 
()())() 0001 0000 0000 
ltX.tx Xl.XX JU ~_ref'erenc.e 10 bits 
010 picaR_CDdlng_type 3 bits 
KX.U JUXX llUX XXXX wv_delay 16 bits 
0 full~forwad_axJe 1 bit 
OOL forwcudJ _eode 3 \its 
0000000 stuffing 7 bits 
()()()() 0000 0000 0000 slice_9att_cod! 32 bits 
()()()() 0001 0000 0001 
0000 1 CJ1311tUer.$81C 5 bits 
l naaoblo:k._address_illCremtnt 1 bit 
OOL nacroblo::k_cype 3bits 
0 noti01l_roriwntal...:.tn-MI_code }bit ', 

0 norio•uerticaiJ;ntatd_code 1 bit 
0000 0001000 (x 11) naaoblo::k_eg:ape (x 11) 121 bits 
0000 0011 001 macrulll~_irlctement 11 'bits 
001 macroblo::k_type 3bits 
0 motioo....l'l>ri:rontaUor"'W'(}J:Ode 1 bit 
0 motioo_ verticai.Jorwald_code 1 bit 
0000 Shlfl:i~ .. bits 

Total 255 bits 

D. 7 Dec oding MPEG video 

D. 7 . 1 Decoding a sequence 

0 .7 .1.1 Decoding for forward playback 

At lbe beginning c6 a St:qlEilce, the decOOer will deoodethe sequence header including lbe s:qlJOice 
pcr.me~en: lf a parameter e~ceeds the capability of \be dcax'ler, tbea t.be de:co<b' sbould report this. If the 
decoder detemlines lbal. itC<Il deaxk 0e bitstteam, then il. will set up itS rantrelfrs to IIIJ'ttcl ~defined 
in the seq1ence bearer. This will include the horiz.oDtal a1d vectical rcsolutioru and aspect ratio, the bi. 
rare. and the quantization m:trices. 

Next the Wcoder will decode t.be ,group of pi«ures header, indldi11g lbe closed_gop and broken_li:nlc. 
i.nfotmation, and take any appropriate a::tion. It will decode the rii'St picture bea.der in the group of pictures 
aro rea4 tle vbv_dehy field. If tb: d'.coder uses the vbv_dehy lnbl'll'l2Llon lO Slall-up dxodilgratber tim 
tbe iafamaooo in the sys:em stream (ISOIIEC 11 172-l) then it must deny di!'l)laying pictLreS t.Dltil after a 
timedetennlned by tile vbv_deay information ooda tnowledgeofthe <b::oder'sarchitecture. 

If the closed·gop flag is 0, illdicating that the gro•p is open, and lbe bn:>kcnJi:ak nag is 1. lien any B­
picn.es pectdilg (ia djspay c:nJer) tlefust 1-pcturt in 1.12 Jli'O'P cannot t:e deo:>d!d. 1be deaxJet may 
acbpt ooe of seveaal stntegies. It may display tbe fust l,.PctlJt'e duing the time tbat !be u:adeccdable B­
picnres ~d be displayed. This strategy maiDtaitu a~di> syncbrooizat.ion anf butler fuDness. However it 
is likely tbal the broken link ba> oxved boow3e of po.."t coding atitin:, ill wbcb case audio may be 
discontinuous. All altemati.ve SJategy mi&btbe 1.0 discard the B-p{aures ent.rely, anll relay decoding t.be r­
picttre umi.l tbe hlffer fullness is within linits. 

If playback begins from a random point in the bitstream, tbedeoodea should discard all the tits ur.tll it fuds 
a ~ence SWt code, a groop or pictures stat code, ora piCIUre start code wbicb intJO<bces an l-piC1!.Ue. 
The sUcesand mac:rd>lods in lbepirture are<kx:odod andwriuen in«D a display buffer, mil perhaps into 
aoot.ller b~er. The decodl:d picturesnu.y be pa;t processro and displayed in lbe order defmed by me 
templral teftreoce att:be pcture rate defined in tbe sequence header. 
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Subsequent pictues are p-ocessed at tre aprropriate tin~ to avoid bllffec overflow a.d underflow. 

D.7 .1.2 D~oding for fast playback 

Fast for.vard can be SllJ>JXWled by D picnres. It can also be oupportfd by an appropriate spacing cL ~· 
pictures in a seqllente. fur exuq>le, ifi-pictuJes were spactd Jegullny ew:ry JO·p~ltS. then a decoder 
ni&ht be able to playbac~ tlle sequence at 10 times lhenormal s~ by recooing aro displaying only tbe I­
picrures. TbissimpleCOAcqlt places coruiderabl~. bardens oo themooia and tbe decoder. The media most 
be capable of speeding up aod deliveri•g 10 times t.re data rate, !be Wcodec must be capable of acrepting 
&lis higher data l3te and ileco<in& de }-pictures. Si.Jce 1-pittmes typically require signlficattly more bits 10 
code than P OJ B -pictures, tbedecoderwilllla-.e to decode significattly trore tllan 10% of the mta, even if it 
can search rOrpictnre staJt axles and discard the daca fcc P aild B-picures. 

For exarape, a. sequence might re ooded as ronows: 

IB fBPBPBPBIB P .B PBPBPBI ... 

Assume that tbe average cooe s ize per piclure is C, 1hat eacb B-pi:.:urc requires 0,3C, that each P-picture 
req.Wes 1,5C, and Chat eadl ! -picture requires z.sc. then tb.el-pict.ures require 25% or lbccode for tbeulO% 
of the display time. 

Another way to a.cllieve f~ for.vard in a constant bit rate applicaticn, is for the media itself to s<rt out t.re 
I-pi<:tures md transmit tkm. 1bis would allow lbe data ra~ to remain co~t.anL Since ~is selectiOn 
precess car1 be made to puduce a valid ISO.'IEC 11172-2 bitstream, the decoder sbould beallleto clecode it. 
If every [-pctun: of the p-ecedng example were ~lected, then ooe I -picture would be transmitted every 2.5 
pictwe period>, and lile speed up rae would be ton.s::: -' times. The deco<ler might be able to d6play the 
!-pictures at aactly 2,5 periods. or it mightallenlate displays at 2 and 3 periods. 

If alternate I -picklreS of the pmcedag example were selected. then o.e !-picture would again be tr31Smitted 
every 2,S picturt paiod.s. but lbe speed up ra1e would be 1m..5 = 8 tilDes. 

If one inN !-pictures of 1hc:< preceding elt3Dllle were selected. then the >peed up rate would re 10NI2.5 = 4N 
times. 

0.7.1.3 Decoding tor pause and step modes 

Decoding for pansere:tuires the deaxler 10 be able to c()ntrol tbe inc()lllinl! blstrearn, ard display a decoded 
picwre wi~out decoding a~~y addioonal pictures. It the decoder has full cottrd over llle bitstream, tllcn it 
ca11 be slOwed for pause and resamed wren playback tesumes. If the decoder lias le>s control, as in 1be case 
of a CD ROM, therJ there may be a delay before playback can be resumed. 

0.7.1.4 Decoding for reverse playback 

To decode a bitsl.reml ard playback in reverse, the decoder DIU~ recooe each group cL pictUTeS in de foiW:nl 
direc1ioo, siOre the decoded pictt:res, then display tbem in reverse order. This places severe S!Orage 
requuements on the decodtt i• additioo to any problens in &aining acre~ IAJ the cocl!d bitsttean in tbe 
coaect ocder. 

To reduce decoder memory requirements, gro1ps of pictures slould be smal. There is no Jreehanim in tbe 
syntat for tle ea:oder to state whattbe decoder requisements are n order to playback in reverse. 

The amotmt ct disJiay buffer stora~e may re redaced by rettdtring the p.icturel, citrer by bavilg !he storage 
unit read ud transmit them in a:rodler order, or by reordering oo coded picttres ill a decoder buffer. To 
illustr.ue tile savings, coosi:Jer t.be folloVIing typical group of pictures: 
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B B I B B p B B p B B ' pi::tllreS in displayoroet 
0 1 2 3 4 5 6 7 & 9 10 11 temlX>f31 refereoce 

I B B ' B B p B B p B B pirores in ceded adeT 
2 0 1 ~ 3 4 8 6 1 11 9 10 tem)X>I'31 refereoce 

J p p p B B B B B B B B picrures in new order 
2 5 8 11 10 9 7 6 .. 3 1 0 tempOral r...feralCe 

Figvre D.37 -- Example group or pictures 

The deoooor would decode the pic:ttres in tile ne'lt order, and display them in the reverse of the nomul 
display order. Since the B-pictures are •ot decc:xJei wtil they are ready to be dispbycd, the display buffer 
storage is minimi2ed. The flfSt two B-pictureS. 0 and 1. would remain stOred in tre input buffer until the 
wt P-picti!J'e in the previous ~roupofpic.tures is decoded. · 

o. 8 Post processing 

0.8. 1 ·Editing 

Editing of a video sequence is best pedonned before compression, but situations arise wbere only the coded 
biiStte:am i> available. One possible method would be to dec<><Je the l>itstream, perfonn the required editing, 
ard recode tre bit:stream. This usually leaas b a lo;s in vicko quality, and it is betto-, if possiNe, to edit 
tbe coded bil$1reaiD itself. 

AlthouEh editing n ay take several forms, the following disc:us>ioo penains only to cditin~ at tlJe piCUJ.Te 
level: deletiot c:L coded video material fro111 a bitstrtam, insertion of coded video maerial into a bilstream, 
orreamn~t of roded vire.otru.terial witbil a btstream. 

If editing 6 ooticipatcd, e.g. dip video is provided arudogous to clip art for still picture$, thea the video coo 
be CllCOde4 witlJ ~u defined cttling points. Thesectttiug ;x>ints are places at wb.icb. tle biutrean nay be 
broken apart or joined. Each cutting point should re followed by a c:Jo;ed gr~ of pictures. This allows 
SDiooth plllybaclc after editing. 

At editor m11>t take care to eisure tbat the bitstream it pro<bces is a legal bitstream. In particular it must 
emure tbal tbe De'~~' bitslream ccmplies witl tile requiremenlS of lhe video bafferi11g verifier. This is a 
diificull ta>lcand in genera itwiU 001 be possible to edit to~elher arbitrary sections ofbitstreams !hat 
can ply with Ibis tnrt or ISOIIEC 11172 to prodace anomer bitstrean that also complies with this pan of 
ISO/JEC 11172(see forexample ftgure D.38). 

Origilall L.... _ A_jL.-_s ---..~1'--_c ___.I 
Edited A I c I 

Figure D.33 •• Scqueaces 

It may howe~er be possible to dtliberatel y encode bitstreams in a manner that allows S()me editing to occur. 
FOt" instance, if all Groups or Pitttres bad t:be same number of piaures aud VIeR e.1coded Yo~itll tbe >ame 
number of bits, tben many o f the problems of compying with the vileo buffering verifier would be solved. 

Tk easiest e:Jitlng task is to cur auhe beginning or gro~s of pic:tures. If ue group of pi:tnres following 
the cut is cpcn, which can be detected by exanining tbe dosed_gop Dag in the groupo( pictllres header, 
then the editor lllUSt set the broken_link bit tO 1 10 ildica!e to tbe decoder that the prt!vious WOUp Of 
pictures cmnot be used for dec.oding any B i)icmres. 
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0.8.2 Resampling 

1bedcro1ed bit.suwnuuyn<X match tbe petmerale or- dlespatial resolutioo oftbe di..<play device. In lhis 
C)1ite fi'eqlent situafun. tbe decoded video must be resampled or scaJei. 

One e:~.Miple.. ronsidet'Cd undel preproa:ssing, .is tile ca..<e vbere tbe decoded ,.ideo lw SCF reroluticn and 
ouu be converted to CCIR 601 resolution. 

0.8.2.1 Conv•rsion o f MPEG SIF to CCIR 601 fonnat 

A SIF is C(l(lvened to iu oorresponding CCJR 601 format by spatial upsampli11g. A linea' phase FIR 
filter u applied after t.be insertion of zeroes between samples. A ffiter that can ~ used for upsa.mping tke 
tt.minance i ' stlown in fiJwe D.39: 

I -t2 I o I 14(} I 2~ I t4o I o I -t2 I 112s6 

:Figure D.39 •. Upsampling filter for Juminanc:c 

At d:le end of tbe lines some stecial techniqae, such as replicating tbe last pel, must 'be ad oped. 

Aca>nling to CCIR Rec. 601 tbe chroninance samples ored to be co-sited with th: IWllinance $3D~ pEs 1, 
3, 5, ... ln order to achieve the pr~ locaticn, the upsanpHng filer shou.ld have an even nut:tber of taps,as 
s!lown in figure DAO. 

Figtre D.4D · - Upsamping ffiter for cbrominance 

The SIF may be fe(X)nstnJcttd by adding f<nr blade pels to eacll od of the horizol\ral ltml.nance lines in die 
decoded hi~. and two gray pels ID eadl e.'ld oftlle borirontal cbrominaACe lite~. The lunlinalce SIF 
may tiJen be upsanpled '->riwntally an1 vertically. The cbrominsnce S1F should be up;ampled once 
borizootally ard twice vertically. This process isillastraled by lbe followrns diagram: 

720 

360 
2~ 

720 
2~ 

1288 12B8 
SIF CCI=t 601 Y 

HorizCl1tal Vertcal 
Upsamplng Upsarrpling 
Filter Flte· 

(a) Luma 360 

120 
180 

240 
360 

240 180 
/H4 /:288 /288 CCI A 601 480 

Vertical t-brilontal Vertical 
u.v 1576 

Upsanpling 4Jsarrpling Upsamplirg 
Filer F;fter Filer 

(b) Ctvona 

Figtar e D.U -- Sintplified decod er b lo<k diagram 

0 .8.2.2 Te111poral resampling 

Since the picture rates are t.mited to tlx>se commonly used ia t)e televisicn indus k)', tbe !Wlle teehniql£5 
may be applied. F<lr eltample, CCD~on froo. 24 piclure:sls to 60 fields" may be achieved by the 
ttehn.iilue or 3:2 puldown. 
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Video coded at 25 pictures/5 can be co•verud 10 50 fields's by displayiog the original decoded lines in tbe 
odd CClR 601 fields., and lbe interpolatc<llines in lhe even fields. \'id:o coded a1 29,CJ7 or 30 pictmesfs 
may be converted to a field ~ twire as large usng the same methoo. 

Video coded a123,976 or24 pict:ues/s may be carver~ to 50 f1eldsls by speerlmg it up by about 4% an4 
dcccdiog it as if i1 had been encoded at 25 picture&'s. The decoded picures could be displayed in tlle OOJ 
fields, and ilt.etpOiaJed pictures i11 tlie evm fields. The audio must be maintained in syncllroniultion, eithec 
by i~ing the piccb, 0' by speeding it up v.it.lx>IJ. a pitcb claoge. 

Video coded at 23,976 or 24 pict:Dres/s may be cmverted to 59,94 or 60 fields/; using lhe tech:ai<pe of 3:2 
poll dOWD. 
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Annex F 
~nformative) 

List of patent holders 

Tbe user's arention is called to the possibility thaJ - for sane o f the processes spetirJCd in this part of 
ISOJIEC 11 172- compliance \loith Ibis lntemati()IU) St:a.l\datd tru\y require t se of :u inventiln covered by 
patent rigilt.s. 

By publication of this part of ISO'IEC 11172, no position is talea witb res~ to tre Yalidity of this 
clalm cr of my pate•t riglts in colUlectioa tberewilb However. eacfl compaay listed in Ibis am:e x bas filed 
with the Information Tecbnology Task Pocce (IT1F) a ~uuemenl. of willingness to grant a license tndec 
sucb rigbiS lhattbey hold on reasooabte and aondiscrimmatory renns and comlitiOGS 10 Cl>JiicaniS desiring 
to obtain such a license. 

Information regarding rucb patents can t>eoblained f10m : 

AT&T 
32 Avenue c:L lhe Anlericas 
New York 
NY 10013-2412 
USA 

A~ 

I Mtm!)ria.J Drive 
Cunbridge 
02142 Massachuset:u 
USA 

Bellrore 
290 W MOUllt Pleasmt A YCllUe 

Livingston 
NJ 07039 
USA 

The British :Broad~ting Corp<:ration 
Broadcasting House 
Lon<lon 
WlAlM 
Uniled Kingdom 

British TdecoOUllUnicaioos pic 
lnteDeaual Propelty U~t 
13th Fboc 
lSI Gower Sueet 
Loodoo 
WClE6BA 
Uniltd TGngbn 

CCEIT 
4 Ru:: du Clos-Crunel 
BP59 
F-35512 
Ctsson-Sevip~e Q:dex 
Fiance 
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CNE1 
3840 Rue du Geneml Leclerc 
F-92131 Issy-Jes.Moulineaux 
France 

C0111pressicn Labs, lncofi>OOUed 
28<n Junction A venue 
San Jose 
CA 95134 
USA 

CSELT 
Via G Reiss Romoli 7:74 
1-10148 Torino 
lt.aly 

CompoSonics CoJlX)ration 
PO Box. 61 01? 
Palo AJto 
CA943C6 
USA 

Daimler Benz AG 
PO Box 800 230 
Epplestrasse 225 
D-'iOCO SlUt~ 80 
Gennany 

DomierGmbb 
Ander Bunde..~~ 31 
D-'i900 Friedricb;hafen 1 
('..eanany 

Fraunhofer Gesselschaft zur R:Jecderung rer Angerwandten For~liun& e.V. 
Lemrodstrnsse 54 
80CO Mt£ocben 19 
Gennany 

HiUIChiLtd 
6 Kauda-Surugadai 4 chotne 
Chiyo:la-ku 
Tokyo 101 
Japan 

Insliwt rur Rundfmlktecllnik Gmbh 
F1orianmi.lhlstralle 60 
8000 MUncben 45 
Gennany 

Int.enlational B u!iness Macllires Ccrporatioo 
Annonk 
Nev Y01k 10504 
USA 

mo Capornlioo 
2-3-2 Nishishinjuku 
Shiojuku-ku 
Totyo 
Japan 
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Liceutia Pat.ent-Ven\'altungs-Gmbh 
~01'-~-Kai & 
D-6000 Fl3nkfut 70 
Getmany 

Massaclluseus rnstilllte ofTectmolcg)' 
20 Ames Streel 
Cambridge 
Massachusetts 02l39 
USA 

Matsushita Electric Industrial Co. Ltd 
1006 Oaz.a.Kadoma 
Kroana 
Osak:a571 
Japan 

Mitsubisl¥ Electric Corporation 
2-3 Marunouchi 
2-Cbome 
Cliyod.<t-Ku 
Tokyo 
100 Japan 

NEC Corpozation 
7-1 Sbiba5-0iome 
Minato-ku 
Tokyo 
J~ 

Nippon Hoso Kyokai 
2-2-1 Jio-nall 
S•iboya-tu 
TokYo 150-01 
}~I 

Plilips Electronics NY 
Goenewoueseweg 1 
5621 BA Eindlloven 
The Nelberlands 

Pioneer Electronic Corpontiat 
4-1 Meguro 1-Cbome 
Meguro-ku 
Tokyo 153 
Japoo 

Ricoh Co, Ltd 
1-3-6 Natamagome 
Obta-ku 
Tokyo 143 
Japal 

Schmartz Engiaecriag & Dcsitn 
l S Buckland Conrt 
San Carli>S, CA 94070 
LSA 

Page 121 of 124 

ISO'IEC 11172-2: 1993 (E) , 

111 



ISO/IEC 11172-2: 1993 (E) 

Sony Caporaticn 
6-7-3S Kita>hinllgawa 
Shiaagawa-ku 
Totyo 141 
Japan 

S" )'Wlbiouic;; 
St Jobn's bmovatim Centre 
Cowley Road 
Cambridge 
CB44WS 
United Kingdom 

Telefu.nlen Femseh und Rundfunk: GmbH 
Gou.ing<.'f Chaussee 
D-3000 Hannover91 
C'..etmlllly 

Thomson Co1.sumtt Electronics 
~. Place des Vosges 
La Defense 5 
n 400 Courbcvoie 
France 

FQ~Jpan Printing Co, Ltd 
1-S.l Taito 
Taito-ku 
Totyo 110 
fapm 

Toshiba Corp:>ntlon 
l -1 Sbibaru 1-Chome 
MinatO-ku 
Tokyo 105 
fapan 

Victor Company of Japan Ltd 
12 Moriya·cbo 3 chome 
Kallapwa-bJ 
Ydcobruna 
Kroagawa221 
Japan 
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UDC 681.3.04(084.14) 
Descriptors: dllta proce~slrg, moving :~ict.Jres, video data, v"de' reccrcing, d~ta SICif896 de\4Ces, di9<te· st:lflge, CX>ded 
represe1ta:ion, cocino (cbta conversion). 
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